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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 Genomica Avanzada, CINVESTAV, México

Dr. Alejandra Covarrubias Robles
Instituto de Biotecnologia, Universidad Nacional Auténoma de México (UNAM)

Dr. César Cuevas Velazquez
Facultad de Quimica, Universidad Nacional Autonoma de México (UNAM)

Dr. Gustavo Rodriguez Alonso
Centro de Investigacion en Dinamica Celular, Instituto de Investigacion en Ciencias Basicas y
Aplicadas. Universidad Autonoma 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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Keynote Lecture

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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Keynote Lecture

How interorganellar communication regulates plant adaptive responses

Katayoon Dehesh

Institute of Integrative Genome Biology and Department of Botany and Plant Sciences
UC Riverside, USA

Interorganellar communication is an evolutionary necessity for maintenance of cellular
homoeostasis in response to prevailing environment that, in part, is exquisitely controlled via
retrograde-signaling pathways.

We have identified a novel stress-specific plastidial retrograde signalling metabolite,
methylerythritol cyclodiphosphate (MEcPP), previously known solely as an intermediate in the
isoprenoid biosynthetic pathway. The 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.

To identify the underlying molecular mechanism of the MEcPP-mediated stress responses, we
have performed a multi-omics approach. These studies have led to the identification of a
transcriptional hub activated by MEcPP and have further established a previously unrecognized
link between this plastidial retrograde signal and the transcriptional reprogramming of
endoplasmic reticulum genes critical for readjustment 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 required for stress-
induced developmental and adaptive responses.
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Keynote Lecture

Root system diversity in Mexican native maize

Ruairidh J. H. Sawers

Department of Plant Science, The Pennsylvania State University, State College, PA, 16802, USA.

The domestication of maize (Zea mays ssp. mays) about 9000 years ago in Mexico was one of the
most significant events in the history of agriculture. Within Mexican territory alone, the tireless
efforts of generations of farmers have produced almost 60 different recognized native varieties
(razas), adapted to elevations from sea level to well over 3,000m, and environments ranging from
semi-desert to the hot, humid tropics. As maize dispersed, it was the roots that most directly faced
many of the challenges posed by new environments. While the diversity of ear morphology readily
illustrates the richness of Mexican maize, it is what is happening below ground that may be of
greatest importance with regard to resilience in the face of climate change. Here, 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 maize. 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 maize and
illustrate its application in testing adaptive hypotheses.
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Keynote Lecture

Reprogramming ABA receptors for new plant functions

Sean Cutler

Botany and Plant Sciences Dept.
University of California, Riverside, USA

Plants sense the hormone abscisic acid (ABA) using chemical-induced dimerization (CID)
modules, including the receptor PYR1 and HABI, a protein phosphatase inhibited by ligand-
activated PYR1. This system is unique because of the relative ease with which ligand recognition
can be reprogrammed. To expand the PYR1 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. We used this module
to create new CID modules, PYRI*MANDI/HABI1* and PYR1*AZIN/HAB1#*, that possess nM
sensitivities to their activating ligands mandipropamid and azinphos-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.
Our new modules enable ligand-programmable multichannel CID systems for plant and eukaryotic
synthetic biology that can empower new plant- and microbe-based sensing modalities. We 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 PYRI-derived sensors can recognize 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. The biochemical features
that make PYR1 an excellent scaffold for designing orthogonal receptor-ligand interactions are
shared by GA 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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Plenary Talk
Engineering synthetic CAM and tissue succulence into C3; photosynthesis
plants to improve water-use efficiency and drought tolerance

Arely V. Lépez Pérez!, Johnathan S. Lomas', Mia L. Swain!, Lisa M. Petrusa', Won Cheol
Yim', Sung Don Lim?, and John C. Cushman""

'Department of Biochemistry and Molecular Biology, University of Nevada, Reno, NV 89557-330, USA
’Department 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 Kalanchoé 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 Cs 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 CO> assimilation,
nocturnal malate accumulation, and plant biomass whereas the decarboxylation module
improved water-use efficiency. Combining the carboxylation and decarboxylation modules
resulted in increased CO> 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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Plenary Talk

Salt stress resilience; think global, 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. I 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.

F
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Plenary Talk

Two pathways for post-transcriptional regulation of gene expression during
stress responses in plants

José Luis Reyes Taboada

Instituto de Biotecnologia, 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. In 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 Phaseolus 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 P. 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 IncRNAs 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. In 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 ECTS
and its contribution to stress responses.

G

“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”



Plenary Talk

Genomics for conservation of Mexican Agave and cacti

Tania Hernandez Hernandez

Research, Conservation and Collections
Desert Botanical Garden
Phoenix, AZ, USA

Twitter:
@HdzHdz Lab
@ican_cactaceae

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 84% 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, I 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. In particular, I’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. I 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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Plenary Talk

Aethionema arabicum; a novel model to study the light control of seed
germination

Zsuzsanna Merai

Gregor Mendel Institute
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 (Lactuca 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 (Brassicaceae)
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. In 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 4. arabicum, we
identified koy-1, a mutant that lost light inhibition of germination, due to a deletion in the promoter
of HEME OXYGENASE 1, the gene for a key enzyme in the biosynthesis of the phytochrome
chromophore. Hormone 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 4. 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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Plenary Talk

Photosynthetic cell identity is triggered by a root transcription factor

Carlos Alcala Gutiérrez', Daniel Camo Escobar!, Ernesto Palafox Figueroa!, Bruno Guillotin?,
Keneth D. Birnbaum?, Carlos Ortiz Ramirez'*

'UGA Laboratorio Nacional de Gendmica para la Biodiversidad, CINVESTAYV Irapuato, 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. However, we know remarkably little about how plant
tissues differentiate to acquire photosynthetic functions. For 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 C4 plants where the bundle sheath and not the mesophyll
acquires photosynthetic identity. In this work, we have generated several CRSIPR mutant lines
showing defects in photosynthetic tissues in the C4 model plant Setaria 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.
Finally, we show this has important consequences for photosynthetic efficiency and plant
productivity.
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Plenary Talk

Mining plant-pathogen interactions: Insights from genomics, transcriptomics,
and machine learning

Alejandra Rougon-Cardoso

Laboratory of Agrigenomic Sciences, Universidad Nacional Autonoma de México, ENES-Ledn, Ledn 37689, México;
Plantec National Laboratory, ENES-Leo6n, Leén 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 PTI or PAMP-triggered immunity triggers responses that can stop
microbial growth. However, successful pathogens that can surpass PTI 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 ETI 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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Plenary Talk

Untangling biological complexity to reveal root metabolites the drive
microbiome assembly

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.

L
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Plenary Talk

New and old tricks used by a protist to manipulate plant immunity

Edel Pérez Lopez

Université Laval
Québec, Canada

Plasmodiophora 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 PbChiB4,
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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Plenary Talk

Evolution of CAM photosynthesis in the Agavoideae

Karolina Heyduk

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 — which
includes iconic desert plants like Yucca and Agave — has multiple origins of CAM
photosynthesis, providing a unique opportunity to examine the mechanisms underlying repeated
evolution of CAM. Further, 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). Here I will explore how the independent origins of CAM
are in some ways not convergent, recruiting different gene families to accomplish the same
enzymatic functions. I’ll further discuss how new genomic data is highlighting the difficulty of
classifying plants as CAM or Cs, and what implications this has for the evolution of CAM in the
Agavoideae.

N
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Plenary Talk

Harnessing plant metabolism for new catalysts, medicines, and materials

Jing-Ke Wang

Institute for Plant-Human Interface
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. In this talk, I will discuss our current effort in elucidating a
number of specialized metabolic pathways in various medicinal plants using such workflow.
Facilitated 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. In 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. I 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.

O
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Plenary Talk

Discovery and engineering of plant metabolic pathways for plant and human
health

Elizabeth Sattely

Department of Chemical Engineering and HHMI
Stanford University, USA

Abstract: Humans are extraordinarily reliant on plants and plant-derived molecules for food,
medicine, and energy. However, 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) Identifying 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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Plenary Talk

“To self or not to self”’: Pollen rejection in Nicotiana

Felipe Cruz Garcia

Depto. de Bioquimica, Facultad de quimica, UNAM, México

In Solanaceae, self-incompatibility (SI) is under the S-locus control, which encodes both the
female (S-RNase) and male determinants (a suite of SLF proteins). However, other non-S-locus
linked genes, called modifiers genes (MG), such asHT-B, 120K, NaStEP, NaTrxh,
and NaSIPP, are essential to correctly perform the pollen rejection response in S-RNase base SI
systems. NaTlrxh 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 Nicotiana 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. NaStEP 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 S-specific
manner. Another crucial pistil protein for SI is called HT-B. It is degraded in PTs from compatible
crosses but not in SI ones. However, in the absence of NaStEP, HT-B is degraded inside PTs no
matter if the cross is compatible or incompatible. It suggests that with its proteinase inhibitor
activity, NaStEP protects HT-B from degradation.

We looked for NaStEP PT protein interactors by Y2H. By this approach, we recovered a
mitochondrial phosphate carrier called NaSIPP, specific and highly expressed in mature pollen of
SI Nicotiana species.

A loss of function approach shows that NaSIPP is essential to SI, and BiFC assays demonstrate
that the interaction of NaStEP with NaSIPP occurs in the PT mitochondria.

In this talk, I propose a new model for the pollen rejection response in Nicotiana, in which all
products of these modifier genes integrate the genetics and biochemistry pathway that underlies
the pollen rejection response S-locus depending on Nicotiana.

DGAPA IN204622, PAIP-FQ 50009128
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Morphogenetic determinants of plant female germ cell precursors
specification and plasticity

Inés Ouedraogo', Gabriella Mosca?, Luciana Delgado®, Olivier Leblanc!, Elvira Hernandez-
Lagana', Ethel Mendocilla Sato*, Olivier Hamant’, Arezki Boudaoud®, Christophe Godin®, Ueli
Grossniklaus®, Marc Lartaud®, Geneviéve Conéjéro®’, Célia Baroux** and Daphné Autran*!
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7. Research Unit AGAP Institute, CIRAD, INRAE, Institut Agro, University of Montpellier, France.

8. Research Unit IPSIM, CNRS, INRAE, Institut Agro, University of Montpellier, France.
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In 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. However, 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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Mechanisms of Imprinting Heterogeneity in Arabidopsis

Mary Gehring

Whitehead Institute for Biomedical Research, Cambridge MA USA
Dept. of Biology, Massachusetts Institute of Technology, Cambridge MA USA

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. Imprinting 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.

“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”



Plenary Talk

Rational search of hypoglycemic natural products from cloud forest plants:
application of a computational-chemotaxonomic selection approach*

Cecilia Isabel Mayo-Montor

Programa de Doctorado en Ciencias, Laboratorio de Quimica de Productos Naturales, Red de Estudios Moleculares
Avanzados, Instituto de Ecologia (INECOL), A. C., Carretera Antigua a Coatepec, 351, Xalapa, México.
cecilia.mayo@posgrado.ecologia.edu.mx

Diabetes mellitus type 2 (DM2) is a disease considered a worldwide public health problem. In
order to discover new alternatives for its treatment, we explored the potential of the cloud forest
(CF), 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 CF 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 a-amylase (aA), a-
glucosidase (aG), and dipeptidyl peptidase IV (DPP4). 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 DPP4, aG, and oA, respectively, at 1 mg/mL. Of the total species evaluated, Sida
rhombifolia (SR, Malvaceae) showed a selective inhibition profile towards DPP4 (inhibition
percentages: DPP4= 39.2 + 241, aA= 1.8 £ 1.49 and aG= 6.9 £ 0.60) in contrast to Sida
glabra (SG, Malvaceae) (inhibition percentages: DPP4=47.4 + 2.07, aA= 50.0 £ 1.29 and aG=
62.5 = 1.32). In 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 40 metabolites accumulated in SR (fold
change>2), which are now being studied as potential selective inhibitors of DPP4, aG, and aA
by in silico and in vitro methods. In 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. I. Mayo-Montor
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Mapping biomolecules using AI/ML: Protein Structural and Functional
Insights

Annabel Romero Hernandez

SFL Scientific / Deloitte
New York, USA

In 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. In this talk, I’ll present our most recent development for
protein function insights.

Firstly, I will show how pLMs are harnessed to discover unique connections among proteins across
diverse species characterized by similar structures and, consequently, comparable functions. Then,
I 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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From Vine to Wine: Innovative Approaches to Enhance Grape Breeding

Luis Diaz-Garcia

Department of Viticulture and Enology
University of California, Davis, USA

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 44% 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 conditions—particularly concerning the context of climate change. In 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. For 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, Al-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 Vitis germplasm with potential for rootstock breeding. I
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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A long non-coding RNA involved in shade avoidance

Irving J. Garcia-Lopez', Aaron Vélez-Ramirez?, Stewart Gillmor!, Selene Fernandez Valverde'~

Langebio, CINVESTAV-IPN, Irapuato, Mexico
2ENES, UNAM, Le6n, Mexico
SRNA Institute, University of New South Wales, Australia

Long non-coding RNAs (IncRNAs) 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 IncRNAs have been identified in plants through RNA-seq and bioinformatic
analyses. So far these IncRNAs 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 IncRNAs differentially expressed in cotyledons and 530 IncRNAs differentially
expressed in hypocotyls. By employing co-expression networks, we inferred possible biological
functions of IncRNAs in the SAS.

We selected 18 Arabidopsis IncRNA genes for functional characterization using T-DNA
insertional mutants and phenotyping under high and low R/FR ratio. Loss of 7 IncRNA 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 IncRNA to see patterns
expression in the plant and silence the gene using amiRNAs. These experiments will allow us to
determine whether these IncRNAs do indeed play a role in shade avoidance and will broaden our
knowledge of IncRNA biology.
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Determinate root growth in Cactaceae: new data on the incidence and
unveiling of genetic regulation.

Svetlana Shishkova'”, Gustavo Rodriguez-Alonso', J. Pablo Villa Nufiez!, Ramsés U. Albarran
Hernandez!, Kenia A. Galvan Alcaraz!?, Joel Rodriguez Herrera !, Sofia Esteban Hernandez',
Julieta Olvera Berruecos!*, Y. Corin Pacheco Blancas!, Kelly Juarez Hernandez!, Alejandra
Lara Vargas', Selene Napsucialy-Mendivil', Joseph G. Dubrovsky'

'Departamento de Biologia Molecular de Plantas, Instituto de Biotecnologia, Universidad Nacional Autonoma de
México, Cuernavaca, México *svetlana.shishkova@ibt.unam.mx

Licenciatura en Ciencias Gendmicas, Universidad Nacional Auténoma de México, Cuernavaca, México

3Centro de Investigacién en Dinamica Molecular, Instituto de Investigaciones en Ciencias Basicas y Aplicadas.
Universidad Autonoma del Estado de Morelos. Cuernavaca, Morelos, México.

To thrive in deserts, Cactaceae plants possess a jackknife 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, 1997). 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 (cardon) transcriptome of the primary-root apex;
and inferred genetic regulatory network that operate in the root apex (Rodriguez-Alonso ef 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, Zhen et al., 2021) allowed
us the exploration in Cactaceae of the PLT and WOXS5 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
CONACyT-CF 304301.
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Natural variation in Mexican maize leaf anatomical traits

José Luis Coyac-Rodriguez', Marcela Hernandez-Coronado!, Daniel Oswaldo Camo-Escobar!,
Armando Espinoza-Banda?, Oralia Antuna-Grijalva?, Carlos Humberto Ortiz-Ramirez!"

'Developmental Genetics and Genomics Lab. Advanced Genomics Unit. CINVESTAV-Irapuato. Libramiento Norte
Leon km 9.6, 36821 Irapuato, Guanajuato. jose.coyac(@cinvestav.mx, carlos.ortiz@cinvestav.mx

2Departamento de Fitomejoramiento. Universidad Auténoma Agraria Antonio Narro, Unidad Laguna. Periférico
“Ratl Lopez Sanchez” km 2, 27054 Torredn, Coahuila.

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 Cs 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. Our first results confirmed a wide
variation in rank-2 vein density (R2VD) of V5 stage leaves between landraces, with values ranging
from 44.1+4.1 to 79.644.6. Studies sampling leaves at the later stage V9 showed a decrease in the
variation, where a tendency to reach a R2VD around 62.943.7 to 80.4+4.5 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 (~22°C) and hot (~28°C),
simulating the origin regions of landraces. Preliminary results in the hot environment revealed a
significant increase in the R2VD from V5 to V9 stages in several landraces, demonstrating high
plasticity in response to this environment, but not in cool environment. Also, changes in rank-
I/rank-2 vein ratio (Ri/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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Towards Associative Transcriptomics to Study Meristem Activation in
Perennials
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Sawers, R.J%.
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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 QTL studies using the perennial teosinte Zea diploperennis
allowed the identification of three loci related to regrowth (regl, reg2 and reg3) (c, d). However,
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 Z. diploperennis and the maize inbreeds CML312 and P39, 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. Sustain. Sci. Pract. Policy. 10:2192.

®Zhang, S., et. al. (2023) Sustained productivity and agronomic potential of perennial rice. Nature
Sustain. 6, 28.

¢ Ma A, et. al. (2019). The Genetics and Genome-Wide Screening of Regrowth Loci, a Key
Component of Perennialism in Zea diploperennis. G3. 9(5):1393-1403.

4 Swentowsky K.W., et. al. (2021). QTL Map of Early- and Late-Stage Perennial Regrowth in Zea
diploperennis. Front Plant Sci. 12:707839.
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Tracking the poison: The subcellular pathway that S-RNases follow inside the
pollen tube toward its death

Sandra Rios-Carrasco !, Emilio Garcia-Caffarel?, Yuridia Cruz-Zamora', Felipe Cruz-Garcia'”
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*fcg@unam.mx

Several hermaphroditic species have genetic mechanisms to prevent self-fertilization to avoid
inbreeding depression. These are the incompatibility systems based on rejecting the self-pollen. In
gametophytic self-incompatibility systems (GSI), pollen rejection occurs by inhibiting pollen tube
growth. In Solanaceae, the female determinant is an S-RNase expressed in mature pistils. At the
same time, the male determinant is a cluster of genes called SLF expressed in mature pollen, both
linked to the S locus. In addition, modifier genes (MG) independent of the S locus are also essential
in the pollen rejection genetic pathway. Nevertheless, in interspecific incompatibility, the pollen
rejection response exclusively relies on the S-RNases, in some species since MGs are not required.
However, the cellular and molecular mechanisms underlying the pollen rejection 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 N. 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 N. 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 Lat52 promoter. Pollen from these transgenic plants was germinated in vitro and incubated
with fluorescent labelled-Sci0-RNase. Confocal microscopy results revealed that when Sci1o-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 IN204622, PAIP-FQ 5000-9128
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Long distance signaling in developmental plasticity for light.

Lisa Oskam', Kyra van der Velde', Sanne Matton!, Jesse Kiipers'~, Kasper van Gelderen® and
Ronald Pierik ' #*,

!Plant-Environment Signaling, Dept. Biology, Utrecht University, the Netherlands

?Present address: Laboratory of Plant Physiology, Wageningen University, the Netherlands

3Present address: Light Signaling and Cell Biology Lab, COS, Heidelberg University, Germany.

4Address per September 2023: Laboratory of Molecular Biology, Wageningen University, the Netherlands

* r.pierik@uu.nl

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 adjust plant
physiology and development. One 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.

Here 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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Effect of transposon mobilization on genomic imprinting in Arabidopsis

Del Toro De Leodn, Gerardo'; van Boven, Joram; Santos-Gonzalez, Juan'; Wen-Biao, Jiao;
Schneeberger, Korbinian®; Kéhler, Claudia'”
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3.Department of Chromosome Biology, Max Planck Institute for Plant Breeding Research, 50829 Cologne, Germany;
Faculty for Biology, LMU Munich, Planegg-Martinsried 82152, Germany; Cluster of Excellence on Plant Sciences,
Heinrich-Heine University, Diisseldorf 40225, Germany

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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Transcription-directed membrane association organizes the chloroplast
nucleoid structure.

V. Miguel Palomar'? *, Andrzej T. Wierzbicki' *

'Department of Molecular, Cellular and Developmental Biology, University of Michigan, Ann Arbor, MI 48109,
USA
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* Co-corresponding authors

Email addresses: vpalomar@umich.edu, wierzbic@umich.edu

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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High-throughput and high-precision phenotyping for studying plant stress
responses

Nuria De Diego'*, Francisco Ignacio Jasso-Robles', Carlos Eduardo Aucique-Perez!, Klimes
Pavel!, Xenia Roviralta-Travieso!, Markéta Ulbrichova', and Lukas Spichal'.

'Czech Advanced Technology and Research Institute (CATRIN), Palacky University Olomouc, Slechtiteli 27,
Olomouc CZ-783 71, Czech Republic.
*Corresponding author: nuria.de@upol.cz

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.

High-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. Our pipeline based on a Multi-Trait High-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 RGB!. The variants represent combinations
of concentration ranges of tested chemicals/products, genotypes, individual abiotic (water and
nutrient limitation, salinity, heavy metals) or biotic (Botrytis, 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 conditions®>.

'"Ugena et al. (2018). Front. Plant Sci.
2Marchetti et al. (2019). Front. Plant Sci.
3Blicharz et al. (2021). Plant J.
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Evaluation of SHORT-ROOT as a regulator of leaf development and its
importance in C4 photosynthesis.

Daniel Oswaldo Camo-Escobar!, Carlos Eduardo Alcala-Rodriguez!, Ernesto Palafox-Figueroa!,
Marcela Hernandez-Coronado', Vincent Eloel Cerbantez-Bueno', Stefan de Folter!, Carlos
Humberto Ortiz-Ramirez'”

1" Advanced Genomics Unit. CINVESTAV-Irapuato, Irapuato, México. Km 9.6 Libramiento Norte Carretera
Irapuato-Leon Irapuato, Gto. México. C.P. 36821, daniel.camo@cinvestav.mx, carlos.ortiz@cinvestav.mx

C4 photosynthesis evolved from anatomical modifications of specific cell types in leaves that
resulted in a unique tissue patterning known as Kranz anatomy. This structural modification allows
plants to increase CO: concentration around RubisCO, 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 Kranz anatomy is
extremely limited. In this work, we performed histological and physiological analyses in mutant
plants of Setaria viridis (millet), a C4 model, of the SHORT-ROOT (SHR) gene to evaluate its
possible role during leaf development in C4 plants. We observed that in the C4 monocot S. viridis,
the Kranz patterning is regulated by SHR 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 CO, compensation point, confirming a negative effect on photosynthetic efficiency. The
results indicate a fundamental role of SHORT-ROOT as part of the Kranz anatomy modeling gene
network.
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Development of a biosensor based on an Arabidopsis intrinsically disordered
protein for tracking the effects of osmotic stress in plants

Guadalupe Itzel Meneses-Reyes', César Luis Cuevas-Velazquez'*

! Facultad de Quimica, Universidad Nacional Auténoma de México. Circuito Exterior S/N Ciudad Universitaria,
Coyoacan, CP 04510 CDMX, México itzel. mere21 @gmail.com , *cuevas@quimica.unam.mx

Plants are constantly subjected 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, Nicotiana benthamiana, and human cells. The
biosensor, named Sensor Expressing Disordered protein 1 (SED1) uses the Arabidopsis thaliana
AtLEAA4-5 as the sensor domain. AtLEA4-5 dynamically changes its structure depending on the
osmolarity and the macromolecular crowding of the cellular environment. However, the major
limitation that SED1 presents is the inability of reporting osmotic changes in Arabidopsis. Since
AtLEA4-5 is an Arabidopsis protein, the lack of response could be the result of
hyperphosphorylations that might prevent AtLEA4-5 compaction. Also, the donor (mCerulean3)
fast photobleachingcould directly affect FRET efficiency measurements. Here, we aim to modify
SED1 togenerate functional versions in Arabidopsis. We generated two variants: AtLEA4-5
protein incapable of being phosphorylated (SED1-phosphonull) and a construct with a different
FRET pair (mTurquoise2 and mNeonGreen; SEDI1-mTq2-mNG). These variants were
characterized in yeast cells and Nicotiana 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 Nicotiana under stress, SED1-phosphonull exhibited a lower FRET change in yeast
and did not accumulate in Nicotiana leaves. Our 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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Comparative biochemistry beyond chemotaxonomy: Using evolutionary
principles to predict biosynthetic pathways

Carlos E. Rodriguez-Lopez'*, Alma Gutierrez-Vences!, Yindi Jiang?, Mohamed O. Kamileen?,
Benjamin R. Lichman®, Benke Hong?, Brieanne Vaillancourt’, C. Robin Buell®, Sarah E.
O'Connor’
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2 Center for Synthetic Biochemistry, Shenzhen Institute of Synthetic Biology, 518055 Shenzhen, China
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4 Department of Biology, University of York, YO10 5DD York, United Kingdom

3> Center for Applied Genetic Technologies, University of Georgia, Athens, GA 30602, USA
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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. However, 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 project, 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 P450 enzyme that catalyzes the oxidation of bartsioside to aucubin, predicted by our
model and previously unreported. We found active orthologues in Callicarpa americana, Vitex
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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Dissecting the integration of immune response in maize by studying Sympathy
for the ligule 1 (Soll)

Rodrigo Mufioz-Javier!, Qingyu Wu?, Sarah Hake? & Jazmin Abraham-Juarez'*.
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Sympathy for the ligule (Soll) is a genetic modifier of Liguleless narrow (Lgnl). Lgnl encodes a
plasma membrane-localized receptor-like kinase required for the proper formation of diverse
tissues in maize development. The absence of Lgn/ 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 So// is
the maize ortholog of Arabidopsis ENHANCE DISEASE RESISTANCE 4 (EDR4) whose activity
possibly represses the severe developmental defects produced by Lgn/ mutation. However, the
restoration of this severe phenotype is dependent on temperature and maize background because
the developmental defects are significantly attenuated by So//-Mo17 but not by the So//-B73 one.
Based on previous genetic and biochemical analyses of two allelic versions of So// and its target,
we propose studying the molecular mechanisms of So// activity. To investigate how So// mediates
immune response modification, we are characterizing so// mutants produced by CRISPR-Cas9,
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 N. benthamiana plants. Preliminary results suggest that
the increased level of So/l expression possibly drives the repression of MAP-kinase high activity
triggered by Ignl. Besides, subcellular localization of the So//-B73 allele is affected by
temperature, but So//-Mol7 is not. Our findings are providing insights of the Soll 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 Soll activity
and identifying interacting proteins.
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Functional genomics annotation insights of Quercus macdougallii (Fagaceae),
an endemic oak from Qaxaca

Pacheco-Cruz, N.J."*, Alfonso-Corrado, C.L.2, Clark-Tapia, R.2, Salazar-Rojas, V.M.3,
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Candidate genes for local adaptation were identified from RAD-seq data of 79 individuals of
Quercus macdougallii, an endemic oak in the Sierra Juarez of Oaxaca that is considered
endangered (IUCN) and threatened (NOM-059). 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 Quercus
lobata and Quercus 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 Q. lobata and 1791 from that of Q. 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 Q. lobata and 18 with that of Q. 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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microRNA function during zygote elongation and early embryogenesis in
Arabidopsis thaliana

Andrea Tovar-Aguilar and Stewart Gillmor*

Langebio, Unidad de Genémica Avanzada, CINVESTAV-IPN, Mexico
Presenting author: andrea.tovara@cinvestav.mx
*Corresponding author: stewart.gillmor@cinvestav.mx

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 project 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
dcll 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 WOX2, WOXS8, DRN.
So far, we have found ectopic expression for the apical cell marker pDRN::GFP 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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Effects of engineering synthetic de/carboxylation modules on the
photosynthetic performance in Arabidopsis

Arely V. Lopez-Pérez!, Johnathan S. Lomas!, Lisa M. Petrusa!, Won Cheol Yim!, Sung Don
Lim?, and John C. Cushman'”

'Department of Biochemistry and Molecular Biology, University of Nevada—Reno, Reno, NV 89557-330, USA
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aperezlopez@unr.edu
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Crassulacean acid metabolism (CAM) is an elaboration of C3 photosynthesis present in 6-7% of
vascular plant species that improves water-use efficiency and allows plants to occupy
environments with seasonal or intermittent water supply. Our recent omics datesets from the
common ice plant (Mesembryanthemum crystallinum), a facultative CAM plant, have revealed
CAM-associated genes to create synthetic versions of CAM (SynCAM) in Cs photosynthesis
plants. We have built gene circuits to recreate versions of the carboxylation (CGC),
decarboxylation (DCGC), and core C4 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 ~83% increase in dawn/dusk AH",
~96% more malate accumulation at night, and a §'*C change of ~0.8%. Twenty four hour gas
exchange analysis showed a 1.86-fold decrease of nocturnal photorespiration in CGC module
expressing plants. The DCGC module expressing plants showed a 1.75-fold improvement in
WUE.. These results will inform new iterations of the SynCAM design cycle and flux balance
analysis (FBA) in 4. thaliana and crop plants.

Keywords: Crassulacean acid metabolism, synthetic CAM, water-use efficiency, drought
tolerance, Arabidopsis thaliana
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The contribution of the root microbiome to local adaptation and plant
performance in traditional Mexican maize

Ana Laura Alonso-Nieves'”, Stewart Gillmor! and Ruairidh Sawers?
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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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Insights in polyamine transport under biotic stress: roles in local and systemic
responses.
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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 (4¢PUT) 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 conjugated
forms at the infection site. Hydrogen peroxide is generated by polyamine catabolism, it signals in
plant defense and interconnects polyamines with other important stress-responsive pathways.
Herein, we describe for the first time that polyamine transport is essential for plant defense.
Arabidopsis thaliana Atput single mutants (Atputl-1 to Atput5-1) were screened in response to
Pseudomonas syringae pv. tomato DC3000 (Pst) and Botrytis cinerea (Bc) infection. Among the
Atput family, two genes were identified to be differentially expressed in response to these
pathogens. Under Bc 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 ROS levels, polyamine oxidase activity, and the expression of SA and JA/Et
marker genes were found, which suggests that polyamine transport impacts ROS homeostasis and
hormone signaling. In addition, under Ps¢ infection, local and systemic responses to the pathogen
were assessed, observing that one A#put mutant line abolishes systemic acquired resistance to Pst
and Bc. RNA-seq data revealing changes in the systemic transcriptome of WT and A#put 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.

RR

“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”



Short Talk Selected from Abstract

Identifying heat-tolerant bread wheat for the Yaqui Valley: from source-to-
sink.

Andrea Romero-Reyes!, Katheryne Fernandez-Padilla', Matthew J. Paul?, Sigrid Heuer®, Elisa
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In wheat, yield relies both on the efficiency of flag leaf photosynthesis and sugar export to
grains. Under heat stress (HS), photosynthesis is mostly limited by biochemical factors, like
chlorophyll degradation and/or reduced CO> fixation by Rubisco. Thus, the increased frequency
of HS 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 HS. Six potentially heat-tolerant bread wheat genotypes (SOKOLL,
WEEBLI1.P, SOKWB.1, SOKWB.4, SOKWB.6, and BORLAUG100) were planted in the field
conditions of the Yaqui Valley, a semi-arid zone, and the main wheat producer region in Mexico.
Field temperatures during the reproductive stage of wheat plants were 26/10 °C and 32/11 °C in
the control and HS planting, respectively. Chlorophyll content was not reduced by HS in any of
the genotypes. Analysis of Rubisco activity showed that carboxylation was maintained in two
genotypes and increased in four of them (WEEBLI1.P, SOKWB.1, SOKWB.4, SOKWB.6) under
HS, indicating that all genotypes sustained photosynthetic activity efficiently. HS induced a
tendency to increase sucrose in most genotypes and reduced starch accumulation in the flag leaf
of SOKOLL, SOKWB.1, and SOKWB.4, 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 SOKWB. 1. Grain
quality analysis showed that HS did not affect starch content, which was increased in genotypes
WEEBLI.P, SOKWB.4, and SOKWB.6. Although these results point to the identification of
wheat genotypes apt for the Yaqui Valley producers, they also evidence the complexity of the
source-sink relationship under HS conditions in wheat, as yield was not directly dependent on
photosynthate accumulation in grains.
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Transcriptomic analysis of the desiccation-tolerant moss Pseudocrossidium
replicatum in response to multiple abiotic stressing factors
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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 (Rios-Melendez et al., 2021). Its gametophores rapidly lost more than 90% of their water
content when exposed to a low-humidity atmosphere (23% RH), 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 (-80°C). To study the molecular response of P. replicatum to
abiotic stress, here we performed an RNAseq study using protonema cells subjected to different
stressing conditions: Control, slow Dehydration (63 % HR), Rehydration, ABA 10 uM, NaCl 200
mM, Sorbitol 400 mM, and Glucose 300 mM. Our 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 CONACYT grant A1-S-35357, SRM, AAB and MAVL thanks to SIP and
COFFA IPN funds, RMNN, TRL, GAGP, and LLA thanks CONAHCYT and BEIFI-IPN
fellows.
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Transcriptional responses to Fusarium spp. infection in a Mexican avocado
variety
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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 (IncRNAs). 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 IncRNAs 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 IncRNAs. 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 IncRNAs, and de novo
emergence. Based on this previous knowledge and using as a study model an avocado (Persea
americana. drymifolia var.) - Fusarium spp. pathosystem, two types of RNAseq libraries (miRNAs
and mRNAs) were generated at 1,7,14 and 21 days post-infection (dpi). As a result of performed
analyses, we identified 13,700 protein-coding genes that are differentially expressed, 29 new
potentially predicted miRNAs and 2,810 putative IncRNAs, all of them responsive to Fusarium
infection and involved in different biological processes related to plant immune response. Besides,
the potential target genes of miRNAs and the putative function of IncRNAs 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 IncRNAs are holistically considered to describe the
host responses to a pathogenic agent such as Fusarium spp.
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Genomic and transcriptomic studies of the root hydrotropic response and their
association with natural variation in drought tolerance of maize (Zea mays L.).

Martinez-Guadarrama J.!, Sdenz-Rodriguez M.N.!, Lujan-Diaz R., Vazquez L.2, Puentes-Béez
C., Lledias F., Hurtado-Ramirez J.M.!, Sallas-Barreto, M. !, Eapen, D.!, Nieto-Sotelo J.2, Cassab
G.L'*

'Departamento de Biologia Molecular de Plantas, Instituto de Biotecnologia, Universidad Nacional Autonoma de
México, Av. Universidad 2001, Cuernavaca, Morelos, 62210 México.

?Laboratorio de Fisiologia Molecular, Jardin Botanico, Instituto de Biologia, Universidad Nacional Auténoma de
México, Av. Universidad 3001, Ciudad de México, 04510, México.

Email: gladys.cassab@ibt.unam.mx

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. Hydrotropism
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 (>40° angle of curvature)
and weak (<39° 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 (RHR) versus
weak hydrotropic response (WHR). 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. Our
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. Our 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 CONACYT FOINS 267732 and DGAPA-PAPIIT: IG200515 and IN208322.
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Time-course RNA-seq analysis unveils molecular mechanisms underlying
natural variation of primary root penetrability in Arabidopsis thaliana

Gonzalez-Morales Sandra I', Bello-Bello Elohim?, Oropeza-Aburto Araceli', Herrera-Estrella
Luis*!'*

"Laboratorio Nacional de Genémica para la Biodiversidad/Unidad de Genémica Avanzada, Centro de Investigacion
y de Estudios Avanzados del Instituto Politécnico Nacional, Irapuato, Gto 36821, México.

2Department of Plant and Soil Science, Institute of Genomics for Crop Abiotic Stress Tolerance, Texas Tech
University, Lubbock, TX 79409, United States.

3Plant Molecular and Cellular Biology Laboratory and Integrative Biology Laboratory, Salk Institute for Biological
Studies, La Jolla, CA, USA.

Presenting author email: sandra.gonzalez@cinvestav.mx

*Corresponding author email: lherrera@cinvestav.mx

Humanity is confronted with an unprecedented crisis resulting from global warming and climate
change. The excessive emissions of atmospheric CO; 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 CO;
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 major 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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Physiological and anatomical responses of Agave fourcroydes Lem.
under drought stress

Lorena Rodriguez-Lopez!, Jorge M. Santamaria®, Yessica Bautista-Bautista?, Hilda
Zavaleta-Mancera®, Eugenio Carrillo-Avila!, Eliana Noguera-Savelli*, and Fulgencio
Alatorre-Cobos’*

!Colegio de Postgraduados Campus Campeche, Campeche, México. 2Centro de Investigacion Cientifica de
Yucatan, Unidad de Biotecnologia, Mérida, México. 3Colegio de Postgraduados, campus Montecillo,
Texcoco, México. *Conahcyt-Colpos Campus Campeche, Campeche, México. *Conahcyt-Centro de
Investigacion Cientifica de Yucatan, Unidad de Bioquimica y Biologia Molecular de Plantas, Mérida,
Meéxico. *fulgencio.alatorre@cicy.mx

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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Contribution of different sequence motifs on the structural sensitivity of
Arabidopsis AtLEA4-5 disordered protein

Alcantara Gonzalez M. Rocio' 2 y Cuevas Velazquez César Luis '*

! Facultad de Quimica, UNAM, CDMX
2 ro0.brocoli@gmail.com
* cuevasvelazquez@gmail.com

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
AtLEAA4-5 could be key to confer resistance to drought stress. The mechanism by which
AtLEAA4-5 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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Regulation of SnRKI1 activity not only depends on canonical
threonine phosphorylation

Avila-Castafieda B Alejandra, Aitana Lopez Zequeira and Coello-Coutifio Patricia*.

Departamento de Bioquimica, Facultad de Quimica, UNAM. México, CDMX. pcoello@unam.mx

SnRK1 1is an important energy-sensitive regulator involved in maintaining cell
homeostasis. SnRK1 consists of two regulatory subunits ( and y) and one catalytic subunit
(a0); the latter has two isoforms (SnRK1al and SnRK1a2). It has been postulated that for
SnRK1 to be active, phosphorylation at threonine 175/176 of catalytic subunits by
upstream kinases Grikl and Grik2 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. We studied the activation and
phosphorylation of the catalytic subunits using different mutants of the catalytic domain
(DC-SnRK1a). We found that serine adjacent to the T-loop was also crucial for SnRK
activity in vitro. To understand whether this serine participates in the activation of SnRK1
in plants, we generated transgenic lines of 4. thaliana that overexpress the different
phosphorylatable versions of the SnRKlal catalytic subunit. We will discuss the
importance of this results in terms of SnRK 1 activation under energetic stress.

PAPIIT IN201922, CONACYT A1-S-8674, PAIP 5000-9126.
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ATGSD is a positive modulator of autophagy in responses to water and
endoplasmic reticulum stresses in Arabidopsis thaliana

Luis Castillo-Olamendi' and Helena Porta'

'Departamento de Biologia Molecular de Plantas. Instituto de Biotecnologia, Universidad Nacional
Auténoma de México. Av. Universidad 2001, Cuernavaca, Morelos 62210, México
luis.castillo@ibt.unam.mx, helena.porta@ibt.unam.mx

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 47G8b 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 Kb promoter region of the A7TG8b gene.
Our analysis showed twenty-seven TFs had binding sites in the promoter of ATGSb.
Related to the response to water deprivation or ER stress we found ATHB6/7/12 and
bZIP60, respectively. A co-expression analysis indicates that ATGS8Db is co-expressed with
ATHB7/12 and bZIP60 then these TFs may be regulating ATG8b expression.

Going further, autophagy induction was analyzed throw the observation of specific ATG8b
autophagosomes by confocal microscopy in the root of the line pATG8b:GFP:ATGS8b.
Three days old seedlings were treated and transferred from the control medium to Water
Stress Medium (WSM). Results showed the formation of GFP-ATG8b 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 GFP-ATG8b fluorescent dots between 10 min and
30 min. We also analyzed the root growth of the azg8h mutant in DTT compared with atg8i
mutant and wild-type plants in Control, WSM, and DTT. Results showed that azg8h mutant
grew at a slower rate than the other lines. We suggest that ATG8b 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 ATHB7/12
in the ATG8b promoter in response to water deficiency and bZip60 in the ER stress
response.
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Impact of the sound of running water on jalapefio peppers under
drought conditions.

r . . * . y
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Ramén G. Guevara-Gonzalez*, Juan F. Garcia-Trejo’, Irineo Torres-Pacheco®, Ana A.
Feregrino-Pérez’

! Centro de Investigacion Aplicada en Biosistemas (CARB-CIAB), Facultad de Ingenieria-Campus
Amazcala, Universidad Autébnoma de Querétaro, Carretera Chichimequillas, s/n km 1, El Marqués.
xochcc27@gmail.com

2* Centro de Investigacion Aplicada en Biosistemas (CARB-CIAB), Facultad de Ingenieria-Campus
Amazcala, Universidad Auténoma de Querétaro, Carretera Chichimequillas, s/n km 1, El Marqués.
Imcontrerasuag@gmail.com

3 Centro de Investigacion Aplicada en Biosistemas (CARB-CIAB), Facultad de Ingenieria-Campus
Amazcala, Universidad Autéonoma de Querétaro, Carretera Chichimequillas, s/n km 1, El Marqués.
inglauraclo23@gmail.com
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"Centro de Investigacion Aplicada en Biosistemas (CARB-CIAB), Facultad de Ingenieria-Campus
Amazcala, Universidad Auténoma de Querétaro, Carretera Chichimequillas, s/n km 1, El Marqués.
feregrino.angge@hotmail.com

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 subject. 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 jalapefio bell
pepper, exposed to the sound of running water for 20 minutes at 80 dB for 7 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 10.79% more yield than the group with
acoustic treatment without irrigation, with a total of four groups 1) Water Sound with
Irrigation, 2) Water Sound without irrigation 3) White Noise and 4) Control. Sound as an

elicitor in agriculture becomes a real option with scientific basis for its application in the
field.

Key words: Sound, POD, SOD, Proline.
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CHARACTERIZATION OF CHANGES IN THE STRUCTURAL
CONFORMATION OF LEA PROTEINS IN DIFFERENT
ENVIRONMENTAL SETTINGS AND THEIR POSSIBLE
RELATIONSHIP TO THEIR PROTECTIVE FUNCTION

Flor Cumplido Moreno!, Laura Daniela Palomino Navarrete!, David Moses?, Yu Feng?,
Shahar Sukenik2, Cesar Luis Cuevas Velazquez'"

! Departamento de Bioquimica, Facultad de Quimica, Universidad Nacional Auténoma de México, Ciudad
de México 04510, Mexico, flormorenoc3434@gmail.com

2 University of California, Merced. 5200 Lake Rd, Merced, CA 95343, USA

* Author for correspondence: cuevas@quimica.unam.mx (C.L.C.V)

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 Arabidopsis
thaliana 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 subjected 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 project 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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ABSCISIC ACID INCREASES THE TOLERANCE OF P.
REPLICATUM PROTONEMATA TO ULTRA-FREEZING STRESS

Katia De La Cruz Blanco'?, Selma Rios Meléndez!, Analilia Arroyo Becerra!, and
Miguel Angel Villalobos Lopez'*

! Centro de Investigacion en Biotecnologia Aplicada, Instituto Politécnico Nacional. Ex -Hacienda San Juan
Molino, Carretera Estatal Santa Inés Tecuexcomac-Tepetitla, Km. 1.5, Tepetitla, Tlaxcala, Mexico. C.P.
90700. mvillalobosl@ipn.mx*

2 Universidad de las Américas Puebla. Ex-Hacienda Santa Catarina Martir S/N, San Andrés Cholula, Puebla,
Mexico. C.P. 72810.

katia.delacruzbo@udlap.mx

The moss P. replicatum 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 subjected for 10 days at -78°C and then transferred to
standard growth conditions to monitor subsequent growth. Immediately after the freezing
stress, the efficiency of Photosystem II (QY) decayed in the first two groups. In contrast,
in groups 3 and 4, surprisingly, the PSII was still active, showing values of QY of 0.5 and
0.49, respectively. After the freezing stress, all samples were transferred to standard growth
conditions (23°C, 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 P.
replicatum possesses protection mechanisms against ultra-freezing stress, which are ABA-
dependent and probably also ABA-independent. This was reflected in the QY values,
indicating that P. replicatum remained dormant during ultra-freezing. Understanding this
can provide valuable insights for improving the tolerance of sensitive crops affected by
low temperatures.

MAVL, AAB, and SRM, thanks to SIP IPN. MAVL thanks to CONACYT-CB-A1-S-
35357.
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Comparative analysis of Cornichon gene homologues of
Pseudocrossidium replicatum and Physcomitrium patens in response to
extreme abiotic stress

De La Trinidad-Garcia, P. M. '; Martinez-Navarro, A. C. !; Villalobos-Lopez, M. A. !;
Pantoja, O.%; Arroyo-Becerra, A. '*

!Centro de Investigacion en Biotecnologia Aplicada-Instituto Politécnico Nacional, Ex-Hacienda San Juan
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’Instituto de Biotecnologia, Universidad Nacional Autonoma de México, Cuernavaca, Morelos.

* 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 Physcomitrium patens
model moss it has been identified two Cornichon protein homologs, whose function has
been associated with protonemal cell development. Pseudocrossidium replicatum, a highly
desiccation-tolerant moss is an excellent candidate for studying extreme stress tolerance
responses. We have recently identified a Cornichon gene homologue (PrCNIH) 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 CNIH gene expression analysis
of P. replicatum gametophores response to extreme temperatures (45°C heat and -80°C
freezing) as well as desiccation, compared to P. patens.

We thank Instituto Politécnico Nacional and CONAHCYyT for financing the Ciencia de
Frontera 2041 Project and PMDLTG master’s scholarship CVU al264631 s well as
SIP2023 and BEIFI-IPN for financial support.
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Controlled elicitation effect in swiss chard (Beta vulgaris L. var. Cicla)
in open field with hydrogen peroxide
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*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 objective of this
study was analyzed the effect of controlled elicitation with hydrogen peroxide (H20>),
through total polyphenol content, and 1,1-diphenyl-2-picrylhydrazyl (DPPHe), 2,2’-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTSe+), 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 75 mM H>O; 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 H>O; can be a strategy to increase the functional and nutraceutical
properties of chard, which can encourage its consumption in both humans and animals.

Keywords: hydrogen peroxide, eustress factor, elicitation, chard
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Titanium signalling pathway study in Arabidopsis thaliana

Nallely Dorantes S'*., Sandra I. Gonzalez M'., Araceli Oropeza A.!, Luis R. Herrera E.!-?

!Unidad de Gendmica Avanzada LANGEBIO, Centro de investigacion y Estudios Avanzados, Irapuato,
Mexico.

2 Institute of Genomics 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 Botrytis cinerea 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 Arabidopsis thaliana.
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Study of changes in carbohydrate synthesis in heat-tolerant bread
wheat genotypes
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analauraencinasm@gmail.com

Elisa M. Valenzuela-Soto. 6622892400. elisa@ciad.mx

Wheat (Triticum aestivum L.) is one of the world’s most important staple food crops. Wheat
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. Genotypes 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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Evaluation of Rhodotorula sp (Rh4) effect on germination and root
growth of Zea mays L. and Arabidopsis thaliana

Franco-Castillo D!, Lledias-Martinez F?, Cassab-Lopez G*

'Centro de Investigacion en Biotecnologia, UAEM, Cuernavaca Morelos, México, Av. Universidad No.
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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 Rhodotorula. The yeast Rhodotorula sp. (Rh4) isolated by Tapia et al. (2020%*)
from the Arenaria 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 objective of this project is to
evaluate if the Rh4 strain is capable of degrading parathion and see if it acts as a growth
promoter for Zea mays 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-Vazquez I, Sanchez-Cruz R, Arroyo-Dominguez M, Lira-Ruan V, Sanchez-Reyes
A, Sanchez-Carbente MR, Padilla-Chacon D, Batista-Garcia 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/j.micres.2019.126394.

Supported by DEGAPA-PAPIIT: IN 208322.
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soybean genotypes subjected to water deficit
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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 700) genotypes were evaluated in a randomized
block design with at least two replicates under well-watered (WW) and water-deficit (WD)
conditions. The WD was applied at the R2 stage of plants by reducing soil irrigation
gradually (from 11% to 3% gravimetric humidity) for 17 days. Plants under WW were
irrigated normally. After that, accumulation profiles of amino acids, chlorophyll, and
carotenoids were measured in the third leaf. The number of leaves plant™!, and the wilting
rate of plants were also recorded. Under WD, proline increased drastically in H02-2309
and Huasteca 700 genotypes (almost 60-fold). Histidine, cysteine, tyrosine, and glycine
were raised (1.37-3.16-fold) in both genotypes. Meanwhile, Huasteca 700 excelled in
asparagine and threonine (3.04 and 7.61-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 700 showed the highest accumulation in total chlorophyll (1.75-fold),
chlorophyll A (1.74-fold), chlorophyll B (1.66-fold), and carotenoids (1.54-fold) content.
Interestingly, Huasteca 700 recorded the highest number of leaves plant! and the lowest
wilting rate under WD. Therefore, Huasteca 700 showed better adaptative characteristics
to WD, since it accumulated important amino acids for osmotic adjustment 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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Participation of ABA and ROS in the strawberry fruit response to UV-
C postharvest application

Jestus Alonso Gardufio-Hernandez and Edmundo Lozoya-Gloria*
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The strawberry (Fragaria x ananassa) 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 (UV-C). We know that the application of UV-C to strawberry fruits is an
efficient method to increase their anthocyanin content; however, the molecular mechanism
by which UV-C can increase the production of these compounds is not clear. We have
hypothesized that abscisic acid (ABA) and reactive oxygen species (ROS) could be the
first molecular signals in the response of strawberry fruit to UV-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, UV-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 UV-C (2 kJ/m?) 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). We found that ABA content and SOD activity were significantly
increased by UV-C application compared to controls. This confirms the involvement of
ABA and ROS in the UV-C signaling mechanism in postharvest treated strawberry fruits.

We thank CINVESTAV-IPN for the facilities for the research work, and to CONACYT
for the financial support to J. A. G-H. (CVU: 858889).
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Translational regulation analysis of the phosphate deficiency response
in Arabidopsis thaliana
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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 Arabidopsis thaliana plants subjected to Pi deficiency. We
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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Phylogenetic analysis reveals conserved residues from the MYB-CC
gene family potentially involved in the regulation of the Phosphate
Starvation Response in monocot and dicot species

Gonzalez-Coronel IM!, Coello-Coutifio MP%*
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*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 SnRK1 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, T287 and S297. These residues are located at the N-terminal site and between the
MYB and CC domains, suggesting a potential regulatory effect. We will discuss the
relevance of these findings.

PAPIIT IN201922, CONACYT A1-S-8674, PAIP 5000-9126
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Determination of Capsicum annuum L. capsiate producer as growth
promoting on C57BL/6J mice
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Capsiate is a non-pungent analogue of capsaicin in pepper (Capsicum 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. Capsicum annuum L. (accession 509-45-1) is known for
producing capsiate, previously we found that through elicitation by foliar application of
hydrogen peroxide (H20> 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 C57BL/6
male mice. Results showed major content of fiber, flavonoids and tannins in capsiate-
producing chili, while habanero chili has a higher content of protein, phenols and
antioxidant activity. /n vivo 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 jejunum and downregulating TLR4
in jejunum and colon compared to mice that did not receive supplementation. TLRs 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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MADS-Box XAANTALI transcription factor plays a crucial role under
osmotic stress in Arabidopsis
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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. XAANTALI (XAL1/AGLI2), 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 WT; hence, XALI is a
root development promotor. Furthermore, X4AL I orthologous in rice, OsMADS?26, acts as a
negative regulator of drought as its lost-of-function mutant is more tolerant to drought than
the WT 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 XALI1 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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Salicylic acid regulates the CRK33 expression during leaf and fruit
development in Arabidopsis thaliana.
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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 CRKs (cysteine-rich receptor-like proteins) family, CRK33 was
identified in previous reports and related to tolerance to water stress. However, it is still
unknown how CRKs are regulated. For the present project, the regulation of salicylic acid
on CRK33 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 CRK33 and salicylic acid.

Key words: Fruit, leaves, CRK33, salicylic acid.
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Analysis of water stress tolerance of amaranth varieties.
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Amaranth belongs to the Amaranthaceae family, which has about 70 genres and within
these genres we find Amaranthus with its different species (hypochondriacus, cruentus,
caudatus, edulis). 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. Within 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 project consists
of studying the behavior of 5 varieties of amaranth: nutrisol, revancha, tlahuicole, (4.
hypochondriacus) amaranteca and Benito (4. cruentus), subjected 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|.

Key words: drought, resistance, yield
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Antioxidant and Metabolic Responses of Diverse Bread Wheat Plants
Under Heat Stress
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Wheat (Triticum aestivum L.) is one of the main crops worldwide, providing more calories
and proteins than any other cereal. Wheat 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
H>O, 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 (GB) concentration was higher
in all stressed plants, while proline was decreased. Both GB 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 GB under the HS.
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Possible role of the protein Vacuolar Protein Sorting 29 from
Mesembryanthemum crystallinum on salt stress tolerance in Arabidopsis
thaliana.
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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 $27.3 billion/year [1].
Halophyte plants are a good model for understanding the salt tolerance mechanisms, such
as Mesembryanthemum crystallinum, 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 Vacuolar Protein Sorting from
M. crystallinum (Mcvps29) increased its abundance in plants treated with 200 mM of NaCl
[3]. VPS29 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 McVPS29 in salt conditions, we proposed to study its
overexpression in a TDNA mutant line of vps29 obtained from ABRC (accession number,
SAIL 158 BO03). We detected one independent homozygous line of vps29 mutant (vps29-
5) 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
DAG. This result could indicate that Atvps29 plays a role in salinity conditions. On the
other hand, vps29-5 showed a delay in the emerging time of the stem, and the rosette was
smaller than the wt. The vps29-5 mutant will be complemented with the Mcvps29 gene to
analyze its effect on salinity tolerance in Arabidopsis.

Acknowledgments: Research funding by Conahcyt (A1-S-8007).
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Molecular analysis of Arabidopsis ECTS8 protein in mRNA recognition
and processing
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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
(m°®A) to mRNASs and its recognition via RNA-binding proteins (RBP) containing a YTH
domain. In Arabidopsis thaliana, 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 m°A reader protein ECTS using a translational fusion to GFP.
Whether it forms condensates or not and its colocalization with P-bodies and stress
granules was also analyzed. Confocal microscopy analysis of Nicotiana benthamiana leaf
discs transiently overexpressing ECT8:GFP revealed that it can be localized in both nucleus
and cytoplasm forming protein aggregates in response to ABA, PEG, and NaCl. Which are
the ECTS target transcripts? Are they methylated? To know this, an ECT8-based pull down
assays are under way to demonstrate ECT8-mRNA interactions in vitro. We are also using
as heterologous system the moss Physcomitrium patens to express a Cas13b-guided ECT8
protein along with a gRNA targeting GFP mRNA which will serve as a reporter. We 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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Far-red light PHYTOCHROME A receptor controls cell
proliferation/survival in the root meristem
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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
Arabidopsis root against genotoxic stress. Genetic and molecular analysis show that the
PHYA photoreceptor was critical for the protection of root meristems from cell death
caused by genotoxic agents. PHYA 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 ERF115 and RADS 1. Interestingly, phyA-211 mutants treated with zeocin did not
express the repressor of cell cycle progression MYB3R3, which leads mitotic cyclin
CycBl1, 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 HYS 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 PHY'A 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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Correlation of the root hydrotropic and gravitropic response with cell
wall lignification of teosinte (Zea mays mexicana L.)

. 7 e ’ *
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The hydrotropic response of maize is highly diverse since some accessions developed root
curvatures from 120° to 20°. The lines with root curvatures higher than 40° were classified
as robust, and those with curvatures <39° 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. We examine the hydrotropic
response of teosinte using teosinte lines from different geographical areas of Mexico. We
found that teosinte readily responded to hydrostimulation Teocinte roots also showed a
diverse hydrotropic response with curvatures from 100° to 25°. 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 ‘O’ to discern whether lignin
is synthesized in response to water deficit. We 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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Participation of HXK on the tolerance of Arabidopsis thaliana to cold
acclimation and freezing temperatures.

King-Diaz B!, Papaqui DO', Burgos-Palacios A', Sanchez-Nieto S'*
King-az b
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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 (HXKs) 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 HXKs 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. MAHXK1 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 HXK during cold acclimation and the freezing
tolerance on different Arabidopsis plants, wild-type ecotype Ler, gin2-1 mutant unable to
synthesize the glucose sensor HXK1, and in the gin 2-1 complemented ZmHXK4 plants
(glucose sensor). Anthocyanin synthesis is induced after 5 to 7 days of acclimation on WT
plants and in the gin 2-1 complemented with ZmHXK4. However, gin2-1 plants did not
accumulate anthocyanin.

Acknowledgements. This research was supported by Direccion General de Asuntos del
Personal Académico, Universidad Nacional Autonoma de México (PAPIIT IN225220;
IN208123), Chemistry Faculty (grand number PAIP 5000-9125) and CONACYT (CB-
2017-2018-A1-S-17269).
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Genome-wide in silico identification and classification of RLK genes in
Capsicum annuum and expression analysis in response to cold an UV-B
combined stress
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The receptor-like kinases (RLKs) 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 Capsicum
annuum, an economic important crop, only a few RLKs have been identified. Thus, in this
study we identified and classified 804 RLKs in Capsicum genome by using a hidden
Markov models approach. These sequences were aligned with RLKs from other species
for the construction of a maximum likelihood phylogenetic tree. Chromosome distribution
of the genes was determined as well. Following, RLKs gene expression during cold and
UV-B combined stress was analyzed from RNA-seq data, revealing a diverse regulation
pattern and suggesting a potential role for the many RLKs during the response to these
conditions.

27
“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”



Abiotic Stress

Arabidopsis primary meristem activity modulated by Iron and
SOMBRERO during Phosphate deficiency
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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
Arabidopsis, 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 Arabidopsis plants under Pi deprivation.

1. Sanchez-Calderdn et al., Phosphate starvation induces a determinate developmental
program in the roots of Arabidopsis thaliana. Plant & cell physiology 46, 174-184 (2005).
2. Miiller et al., Iron-dependent callose deposition adjusts root meristem maintenance to
phosphate availability. Developmental cell 33, 216-230 (2015).

3. Ravelo-Ortega et al., Early sensing of phosphate deprivation triggers the formation of
extra root cap cell layers via SOMBRERO through a process antagonized by auxin
signaling. Plant molecular biology 108, 77-91 (2022).
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Species-specific phyllosphere responses to external pH change
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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. Genes 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
(Gossypium, pH ~8.8, Beta, pH ~7.8, Nepenthes, pH ~4.8). 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. We found specific buffering ability and differentially expressed
genes linked to each genus. Gossypium were the only species that showed a strong
buffering ability. At the pH 6.5 and pH 4 treatments, both Gossypium 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, K" potassium
transporters, auxin responsive protein and ABC transporters were differentially expressed
in response to pH changes mainly in both Gossypium. 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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Role of the m®A-reader protein ECTS in the response to stress
conditions in Arabidopsis thaliana
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Methylation of adenosine at the N6 position (m®A) 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 m®A through a highly conserved domain known as YTH. In Arabidopsis, the
transcript encoding for a protein with this domain, AtYTHO6/ECTS8 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 ECTS transcript accumulates after 9 hours of treatment
with ABA, and this accumulation is not observed in the later hours of treatment. ECTS
expression is affected during germination in the abi5-4 mutant and on the other hand, the
expression of ABI5 is affected in the ect§ mutants, indicating that they regulate each other.
To determine the role of ECTS8, we are currently performing the identification of
differentially expressed genes in response to ABA during germination in the ect8 mutant.
We obtained pECT8:ECT8:GFP/ect8 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 larpla mutant has a phenotype similar to that of ect8 mutants and
the ect8/larpla 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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Submergence stress diurnally activates subsets of transcripts of the
different glycolytic pathways in Brachypodium distachyon.

Lucisabel Medina-Chavez ', Blanca Estela Barrera-Figueroa 2, Dawn H. Nagel *,
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Glycolytic 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, Brachypodium distachyon, 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 (NG) 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. We 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. We
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. We
observed that in tolerant Bd21-3, during submergence, there is a subset of transcripts with
an early response at ZT0 and ZT8. We concluded that the three glucose-catabolic pathways
are activated in Brachypodium distachyon 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 Family: Functional Diversity and Neofunctionalization
orchestrate Response to Water Stress in Arabidopsis.
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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 RING-H2
domain. Among them, nine genes show functional diversity in response to water stress. A
neofunctionalization event has been described in ATL78 which arose from ATL77. 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 4. thaliana to drought
stress. ATL72 and ATL73 play a role in anther dehiscence. About 75% of the genes
involved in anther dehiscence respond to water deficit, indicating a relationship between
these processes. We 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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Influence of organic fertilizers at different environmental conditions on
the quality of corn seed.
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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 objective of this
project 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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Anatomical changes and sucrose metabolism in common bean
(Phaseolus vulgaris L.) pod subjected to water restriction
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The common bean (Phaseolus vulgaris 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 objective
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 INV 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). We 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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Identification of Transcriptional Factors involved in the signaling of the
responses mediated by ABA or abiotic stress in the desiccation-tolerant
moss Pseudocrossidium replicatum
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Plants are subjected 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 P.
replicatum to abiotic stress, 21 transcriptomes were generated from 7-d protonema
subjected to different conditions for 3 h: control, 10 uM 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 Kallisto 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 GeNorm), 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. We 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,
ABIS, WRKY, GATA, AREB1/ABF2, VP1/ABI3, ABIS5, HATS, MYB106, bHLH87, 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. MAVL thanks to CONACYT grant A1-S-35357, SRM, AAB and MAVL
thanks to SIP and COFFA IPN funds, RMNN thanks to CONAHCYT and BEIFI IPN
fellows.
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The role of intrinsically disorder regions in the activity of transcription
factors of the MYC family

Nava-Ramirez, Teresa' & Covarrubias Robles, Alejandra A.!"

'Departamento de Biologia Molecular de Plantas, Instituto de Biotecnologia, UNAM
E-mail: teresa.nava@ibt.unam.mx, alejandra.covarrubias@ibt.unam.mx

A high proportion of eukaryotic proteins (30%) are intrinsically disordered proteins (IDPs)
or contain intrinsically disordered regions (IDRs) (70%)'. In Saccharomyces cerevisiae
and in Arabidopsis thaliana a substantial proportion of transcription factors (TFs) and
signaling proteins are part of this set of proteins! 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. We focused on RTGI, an
intrinsically disordered TF (IDTF) of the MYC family involved in the yeast nutrient and
osmotic stress response signaling pathways®. To evaluate RTG1 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 Forster resonance energy transfer
(FRET) upon different yeast growth conditions. RTG1 sensor construct produces FRET in
the presence of high concentrations of NaCl, KCl, and PEG-4000. Yeast cells grown under
0.8 M NaCl induced the migration of RTG1 to the nucleus and the formation of
biomolecular RTG1 condensates. The search of RTG1 orthologous within the A. thaliana
genome revealed the presence of MY C-type TFs containing IDRs with high similarity to
the RTG1 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 jasmonate
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.

! French-Pacheco, et al. PLOS.ONE. 2022,17(3):0265422.
2 Salladini, et al. Int.J.Mol.Sci. 2020,21(24):9755.
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Proteomic analysis of tepary bean seed germination reveals changes in
storage protein with low water potential

Daniel Padilla-Chacén'”, Cecilia B. Pefia-Valdivia?, Laura Patifio-Campos®
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Tepary bean (Phaseolus acutifolius L.) is one of the five species domesticated of the genus
Phaseolus 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 (PEG-6000) at ww of -0.49 MPa for 24, 48 and 72 hours. Our physiological
analysis showed that seed germination in water reached maximum after 48 h; in contrast,
at -0.49 MPa seeds spend 72 h to get 85 % germination. In each case, the differences was
not statistically significant at 48 and 72 h; however, root growth at -0.49 MPa was 40-50
% less than the control. Based on the protein banding patterns by SDS-PAGE abundant
seed storage proteins showed changes in Phaseolin (50 KDa) and lectins fractions (20-30
KDa). Two-dimensional gel electrophoresis (2-DE) analysis revealed the mayor proteins
with pl value in the 4-7 range. A second group of proteins was observed in the alkaline pl
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 spectrometry (MS)-
based shotgun proteomics and Uniprot’s legume database with 99 % probability score
(PLGS score) and “OK” value equals to 2. The Gene Ontology (GO) analysis show that
GO terms proteins in PEG-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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Functional characterization of the Arabidopsis chloroplast ribosomal
protein CL15, which interacts with Glycine-Rich Domain Protein 2
(AtGRDP2)

Pérez-Patifio M.A.", Castro-Bustos S.!, Becerra-Flora A.!, Ortega-Amaro M.A !,
Jiménez-Bremont J.F!.

"Laboratorio de Biotecnologia Molecular de Plantas, Division de Biologia Molecular Instituto Potosino de
Investigacion Cientifica y Tecnoldgica (IPICYT) AC, Camino a la Presa de San José 2055,78216, San Luis
Potosi (SLP), México

2Coordinacién Académica Region Altiplano Oeste, Universidad Autonoma de San Luis Potosi, Salinas de
Hidalgo, SLP, México

AtGRDP2 protein is constituted by a DUFF1399 located at the N-terminal, a potential
RNA recognition motif in the central region, and a Glycine-rich domain at the C-terminal.
This protein plays an important role in response to abiotic stress and development in
Arabidopsis. AtGRDP2 gene overexpression lines display enhanced growth and
development, early flowering, and increased tolerance to abiotic stress, whereas atgrdp?
mutants exhibit the opposite phenotype. In a previous study, we identified CL15 protein as
an interactor of AtGRDP2 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 CL15 overexpression lines, which
were subjected to 125 mM and 150 mM NaCl, 4% mannitol, and 1 pM ABA. Our results
showed that the CLI5 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 WT seedlings. Interestingly, some of the CL15
overexpression lines presented a chlorotic phenotype, which did not produce seeds. We are
currently overexpressing CLI5 in E. coli for further functional characterization of this
gene.
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A rapid, non-invasive method to predict drought survival in
Arabidopsis using quantum yield under light conditions

Thelma Y. Rico-Cambron' and Luis Herrera-Estrella!-**

"Laboratorio Nacional de Gendémica para la Biodiversidad/Unidad de Gendémica Avanzada, Centro de
Investigacion y de Estudios Avanzados del Instituto Politécnico Nacional, Irapuato, GT 36821, Mexico.
2Department of Plant and Soil Science, Institute of Genomics for Crop Abiotic Stress Tolerance, Texas Tech
University, Lubbock, TX 79409, USA.

Presenting author email: thelma.rico@cinvestav.mx

*Corresponding author email: lherrerae@cinvestav.mx

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. Quantum 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. We found a high correlation between a plant's Fv’/Fm’ value before
recovery irrigation and its survival phenotype 7 days after. This correlation was maintained
in the Arabidopsis ecotypes Col-0, Ler-0, C24, and Kondara 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 @ 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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Pseudocrossidium replicatum owns tolerance mechanisms to salinity at
different developmental stages

Selma Rios Meléndez!, Giselle Azucena Gastellou Peralta', Mishael Sanchez Pérez?,
Analilia Arroyo Becerra! and Miguel Angel Villalobos Lopez!*

Centro de Investigacion en Biotecnologia Aplicada, Ex-Hacienda San Juan Molino Carretera Estatal
Tecuexcomac-Tepetitla Km 1.5, Tlaxcala C.P. 90700, México. Phone: (55) 57296000, Ext. 87816. 2Centro
de Ciencias Gendmicas, Universidad Nacional Autonoma de México. Avenida Universidad S/N, Col.
Chamilpa, Cuernavaca, Morelos México. Presenting author: sriosm@ipn.mx. Corresponding author:
mvillalobosl@ipn.mx

Salinity is the second abiotic stress that affects crop productivity worldwide. Thus,
studying plant mechanisms to face this injury is pivotal to secure food production in the
future. Recently, moss P. replicatum was reported as highly tolerant to desiccation (Rios-
Meléndez et al., 2022). The present work evaluated the tolerance of P. replicatum under
salinity at different developmental stages. First, the germination kinetics of P. replicatum
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%, 87.5%, and 45%, respectively. After
germination, P. replicatum 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 P. replicatum 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 P. replicatum PSIL. Additionally, P. replicatum
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 P. replicatum could be ABA-mediated. Finally, a transcriptome analysis of P.
replicatum under 200 mM of NaCl revealed a set of DEGs that will be presented. MAVL
thanks to CONACYT grant A1-S-35357, SRM, AAB and MAVL thanks to SIP and
COFFA IPN funds, GAGP thanks to CONAHCYT, BEIFI IPN, and IPN-QMUL fellows.
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Biochemical response of four bread wheat genotypes subjected to heat
stress.
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Wheat (Triticum aestivum L.) 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 major 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 H>O; scavenging under HS is mainly by APX. GB
content was increased in tolerant genotypes, while proline was decreased in most genotypes
under HS. Both proline and GB 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 GB under HS.
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CHARACTERIZATION OF MACROMOLECULAR CROWDING
OF Arabidopsis thaliana ROOT CELLS USING GENETICALLY
ENCODED MULTIMERIC NANOPARTICLES

Delia L. Rodriguez-Bustos!', Sterling Field?, Seung Y. Rhee?, Cesar L. Cuevas-
Velazquez!”

! Departamento de Bioquimica, Facultad de Quimica, Universidad Nacional Auténoma de México, Ciudad
de México 04510, Mexico, delialuisa2@gmail.com
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* Author for correspondence: cuevas@quimica.unam.mx (C.L.C.V)

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 in vivo is passive
microrheology, a technique that tracks the movement of tracer particles within the cell. The
genetically encoded multimeric (GEM) 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 Arabidopsis thaliana 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.
Quantifying 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.

44

“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”



Abiotic Stress

GENETICALLY ENCODED FLUORESCENT BIOSENSORS TO
STUDY THE RELOCATION OF PROTEINS IN RESPONSE TO
HYPEROSMOTIC STRESS

Esau-E. Rodriguez, Constanza Enriquez-Toledo, César Ponce, César L. Cuevas-
Velazquez
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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.
Genetically 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 S.
cerevisiae 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 in vivo. These results will help to understand how hyper-osmotic stress induces
the re-location of intracellular proteins.
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AFP1 transcriptional activation through a IncRNA under abiotic stress
conditions
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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 major stress phytohormone and takes part in plant adaptation through regulation of
physiological processes. ABIS 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 FIVE
BINDING PROTEIN 1 (AFP1) mediates the proteasomal degradation of ABIS,
nonetheless, the mechanism of this regulation is still unknown. Moreover, long non-coding
RNAs (IncRNAs) have emerged as major products of the eukaryotic transcriptome with
regulatory importance and an intergenic IncRNA was identified within AFP1 locus, hence
we named it as /incAFP. In this study, we characterized the function of /incAFP, and we
showed that acts positively in the regulation of AFPI 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 lincAFP as a novel regulatory factor within ABA signaling pathway.

46

“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”



Abiotic Stress

Identification of Pseudocrossidium replicatum transcriptional factors
involved in response to salt stress.
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Becerra', Miguel Angel Villalobos Lopez'™.
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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. P. replicatum 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 (Rios-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, P. replicatum 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. We 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,
VPI1/ABI3, and HATS, 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. MAVL thanks CONACYT grant A1-S-35357, SRM, AAB and
MAVL thanks to SIP and COFFA IPN funds, TRL thanks to CONAHCYT and BEIFI IPN
fellows.
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Genome-wide transcriptome and translatome analysis of nodulated
soybean roots under water deficit
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Soybean can establish a mutualistic interaction with nitrogen-fixing soil rhizobacteria. Via
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 (WD); evidence suggests that its nodulation status—whether it
is nodulated or not—can 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 subjected to WD
since it allows them to respond rapidly. Here, we analyzed the differential responses of
nodulated soybean roots to WD. 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 roots—including the nodulation and WD
conditions—were analyzed. We identified gene modules associated with the nodulation
and WD conditions of soybean plant roots through a weighted gene co-expression network
analysis (WGCNA) followed by differential expression analysis (DEGs). Protein-protein
interaction network analysis was performed for some subsets of mixed DEGs of the
modules more associated with the plant responses to nodulation, WD or the combination
of nodulation + WD. 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 WD, terms related to transmembrane transport, response to ABA, pigment
metabolic process were associated with the plant responses to nodulation + WD. 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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Photosynthetic, anatomical, and transcriptomic characteristics of leaves
from two drought resistant Phaseolus species
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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 CO:
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 (Phaseolus vulgaris) is one of the most affected crops by water shortage.
By studying two drought resistant Phaseolus species, we found that they present different
transpiration strategies to optimize their water use efficiency'. To get insight into these
differences, in this work we examined the relation between their physiological adjustments
and anatomical modifications in response to drought. We compared different
photosynthetic related characteristics, water status and leaf anatomical parameters between
P. vulgaris var. Pinto Saltillo and P. acutifolius 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 CO» diffusion and the abundance of photosynthetic cells,
even though they have contrasting stomatal dynamics. We also found that P. acutifolius
did not show changes in the major vein density under drought, whereas for P. vulgaris 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 closing'; hence, exhibiting a water saving strategy. The enrichment of transcripts
related to these functions will be discussed.

' Polania JA, Salazar-Chavarria V, Gonzalez-Lemes I, Acosta-Maspons A, Chatter CCC,
Covarrubias AA. (2022) Front Plant Sci/3:894657. doi: 10.3389/fpls.2022.894657
AVSC is a PhD student in the Biological Sciences Graduate Program-UNAM, and is
supported by a CONAHCyT PhD fellowship.
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Unveiling the role of iron in dehydration adaptation dependent of
ubiquitin ligase ATL78 in Arabidopsis thaliana

PhD. Daniel Sierra Cacho', PhD. Plinio Guzman*

!Cinvestav Unidad Irapuato, Km 9.6 Libramiento Norte Carretera Irapuato-Leén, C.P. 36824 Irapuato,
Gto., México

*Cinvestav Unidad Irapuato, Km 9.6 Libramiento Norte Carretera Irapuato-Leén, C.P. 36824 Irapuato,
Gto., México (plinio.guzman@cinvestav.mx)

Water 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 ATL78 expression, during the evolution of Brassicaceae, is
fundamental for water deficit adaptation in plants. A transcriptomic analysis of the
Arabidopsis thaliana atl78 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 IncRNA-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 ATL78 ubiquitin ligase in regulating iron-related
proteins.
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The Fabaceae miR2199 induced by water deficit downregulates a
transcription factor involved in root development.
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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 Phaseolus vulgaris
(common bean), a species of agronomic importance, and in the model species Medicago
truncatula. Among of them, miR2199 is induced by water deficit in P. vulgaris', and in M.
truncatula®. Transcripts encoding for members of the bHLH family (basic-helix-loop-
helix) of transcription factors were bioinformatically predicted as targets of miR2199, and
in M. truncatula the bHLH factor TSAR1 was experimentally confirmed as the target for
this miRNAZ. This transcription factor is required to initiate the pathway for saponin
biosynthesis in M. truncatula®. In assays employing compound transgenic roots in M.
truncatula 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 TSARI and the
effect of this regulation module on the development of the root system of M. truncatula
plants.

! Arenas-Huertero, C. et al. (2009) Plant Molecular Biology.
2Romero-Pérez (2015) Tesis de maestria, UNAM.

3Devers, E. A. et al. (2011) Plant Physiology.

“Mertens, J. et al. (2016) Plant Physiology.
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Biolistics cisgenic vector transformation of Capsicum annuum L. tissue
cultures (cv. ‘serrano’) with pyrophosphatases fused to the iLOV
fluorescent reporter.
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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 Capsicum annuum 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, C. annuum proteins were expressed using
a pCAMBIA 1300 vector with a cisgenic cassette composed of the C. annuum promotor
for fructose-1,6-bis-phosphate aldolase, one C. annuum ORF in frame with the fluorescent
reporter iLOV (differing only by three mutations from the photosensitive domain of C.
annuum phototropin receptor) and one of four putative terminators from the C. annuum
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 C. annuum 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 iLOV reporter make it an excellent
alternative to GFP, with its advantageous smaller size and quick photobleaching recovery.
Observations of iLOV fluorescence fused to different C. annuum 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 iLOV 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.

Funding PAPIIT-DGAPA-UNAM IN216815, CONAHCyT CB- 2018-A1-S-8650. PAIP
FQ-5000-9122
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Long noncoding RNA involved in the response to heat stress in
Arabidopsis thaliana.
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Av. Chapultepec 1570, CP 78295, San Luis Potosi, México.

Long non-coding RNAs (IncRNAs) are RNAs with a size greater than 200 nt. and it is
participate in the regulation of gene expression. In plants, various IncRNAs have been
identified, but only some of them have been characterized. The IncRNAs 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 IncRNAs have been identified to be over-expressed under this condition.
One of these IncRNAs is known as /incEIN2, which is located downstream of the EIN2
gene. The EIN2 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, in silico studies suggest that lincEIN2 interacts
with the EIN2 protein through its C-terminal-EIN2 domain. This interaction implies that
lincEIN?2 plays a regulating role of the EIN2 protein. Under heat stress conditions, /incEIN2
is found to be overexpressed, indicating that this IncRNA might play a possible role in the
heat stress response mediated by EIN2. Therefore, characterizing this IncRNA 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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The role of eIF4E and elF(is0)4E proteins in root development during
cold acclimatation
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Eukaryotic initiation factor 4E (elF4E) binds to 7-methyl-guanosine cap structure on
mRNA 5" end for translation initiation. During cold response (4°C) elF4E and elF(iso)4E
isoforms are up-regulated concomitantly with 7CF1 and COR15A4 cold responsive genes.
Both isoforms participate in cold-stress response since rosette leaves of Arabidopsis
thaliana eif4e and eif(iso)4e null mutants are more vulnerable to freezing damage than Col-
0 WT plants (Salazar-Diaz et al., 2021). Nonetheless, eif4e and eif(iso)4e mutant root
development might also be altered (Martinez-Silva et al, 2012; Liu et al, 2022). It was
previously shown that phosphate transporter 1 (PHOI), sucrose transporter 3 (SUC3) and
cold- TCFI mRNA translation is impaired in the absence of elF(iso)4E (Martinez-Silva et
al., 2012), while elF4E is involved in root development via auxin signaling pathway (Liu
et al, 2022). Here we present a work focused on understanding the role of elF4E and
elF(is0)4E in root development during cold stress acclimatation. Under control conditions
at 22°C and cold acclimatation at 4°C, both, eif4e and eif{iso)4e mutants, had reduced root
growth compared to Col-0 WT. When 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 WT. The synergistic effect between cold and ABA on root growth reduction was
maintained in all lines, but eif4e displayed a more sensitive phenotype than eif(iso)4e. To
understand the possible effect of either elF4E isoforms on root growth under stress
conditions, each line was crossed with fluorescent PLT1 and CycBI 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 WT was screened to
decipher the molecular relevance of eIF4E isoforms.

Reference.

1. Salazar-Diaz K., et al. (2021). Frontiers in Plant Science 12:69858.
2. Martinez-Silva A. V., et al. (2012). PLOS ONE 7:¢31606.

3. Liu T., et al. (2022). Front. Plant Sci. 13:938476.

This work was supported by Universidad Nacional Autéonoma de México PAPIT
IN218921 and Facultad de Quimica PAIP 5000-9118 and by postdoctoral scholarship from
DGAPA.
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Humidity restriction, high temperature, and elevated CO: on phenotype
and physiology of Agave salmiana
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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 objective of the
study was to evaluate simple and combined effects of elevated CO; (eCO»), high
temperatures and humidity restriction on the physiology and phenotype of plants of A.
salmiana. 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 CO; (400
ppm) and 2) nocturnal eCO; (800 ppm). Evaluation of phenotype using RGB 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 eCO» effect depends on environmental conditions. Also, the effects of eCO> 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, eCO; + 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 4. sa/miana and will help researchers devise adaptation
strategies for crops in agricultural systems.
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The function of the ABI4 transcription factor during the evolution
the land plants and its roles in Marchantia polymorpha
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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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Determination of genomic diversity and identification of favorable
alleles for breeding of traditional and hybrid corn
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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 (Hufford et al.,
2012), identified 3 transporters PHT, 3 NRT 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 Sequencing 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
quality of corn seed, crossing schemes using favorable alleles of DGAT1-2, FAD2y WRII
were stablished. These alleles were discovered in recurrent selection breeding populations
by using DArTseq genotyping. Experimental hybrids were obtained with oil contents with
8% or more. Crosses that considered high genetic distances allowed to keep yields above
11 Ton / Ha. Favorable allele mining in maize genomes allows to develop varieties and
lines that improve nutritional quality and fertilizer use efficiency.
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Characterization and evolution of the large RIP family in Agave
tequilana var. azul.
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Ribosome inactivating proteins (RIPs) are rRNA N-glycosylases enzymes that cleave an
adenine (A4324) from 28S rRNA and arrest protein synthesis. RIPs are found in fungi and
bacteria, but they are more abundant in plants [1]. Plant RIPs are commonly classified into
three types: type A, formed by a single catalytic chain of approximately 30 kDa; type AB,
are heterodimers of ~ 60 kDa formed by catalytic chain A plus a B chain with lectin
properties: type AC, are inactive precursors that require proteolytic processing to obtain a
functional RIP [1]. RIPs are involved in the plant response to abiotic stress, pathogens, and
herbivory, but their biological roles are still sketchy.

Few RIPs from monocots are known so far, and only one report describing RIPs from
Agavoideae subfamily has been published [2]. Using both genomic and transcriptomic data
we identified 44 type A RIPs from A. tequilana var. azul. Transcript and protein expression
profiles for several members of the family were confirmed by RT-PCR, and by mass-
spectrometry, respectively. Phylogenetic reconstruction showed that RIPs from A.
tequilana var. azul 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 RIP family evolution. Some RIPs from A.
tequilana might be used for biotechnological applications and as molecular markers to
derive phylogenies within Agavoideae.

1. de Virgilio, M. et al. (2010). Toxins 2: 2699-2737.
2. Lledias, F. et al. (2020). Frontiers in Plant Science 11: 753.
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Ataxin-2 (ATXN2) is an RNA-binding protein (RBP) that interacts with poly(A) binding
protein (PABP), RNA helicase (DDX6), and poly(A) polymerase D4 (PAPD4) as part of a
ribonucleoprotein complex. It plays a role in the formation of stress granules (SG) and
processing bodies (P-bodies). Originally identified in human neurodegenerative diseases,
ATXN2 has also been found to be involved in RNA metabolism in flies, worms, and mice.
Transcriptome profiling studies have revealed that Arabidopsis thaliana orthologs of
ATXN2, 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 ATXN2, represented by CID16 and CID17, may associate with PABP
assemblies, leading to interference with paralogs. Additional modes of regulation include
ubiquitination, as E3 ligases that interact with CID4 have been identified, and alternative
splicing events, as CID4 generates splicing variants. To understand the role of ATXN2 in
plants, we are using the florigen component FLOWERING LOCUS T (FT) as a model. FT
transcript levels are downregulated in the cid3cid4 mutant, and these mutant lines display
a late flowering phenotype. Intriguingly, the 3' untranslated region (3'UTR) of FT contains
potential ATXN?2 binding sequences.
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The role of the IncRNA gene located downstream of EIN2 in the
regulation of crosstalk between ABA and ethylene in Arabidopsis
thaliana.
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The long non-coding RNAs (IncRNAs) are a diverse group of RNA molecules that are
greater than 200 nucleotides in length and have limited protein-coding potential. These
molecules play important regulatory roles within the genome by interacting with other
RNAs 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 IncRNAs primarily function as non-coding RNAs, recent studies have revealed
that some of them can also be translated into small peptides with specific physiological
functions (sSORFS). In this study, we characterize by analysis in silico the conservation of
a putative IncRNA-encoded peptide downstream of the Ethylene Insensitive 2 (EIN2) gene,
which is a central component of ethylene signaling in plants. We analyzed the genomic
context of the EIN2 gene and identified a conserved region downstream of it where
IncRNA-coding genes were present in several angiosperm plant species. These IncRNAs
had variable lengths and showed conservation of secondary structure and sequence
similarity in a small conserved region that corresponded to an sORF. We proposed that
these IncRNA-coding genes downstream of E/N2 might have originated from an ancestral
protein-coding gene through a neofunctionalization process. We hypothesized that the
retained SORF within the IncRNA might represent a remnant of the protein-coding region
of the ancestral gene. The conservation of this IncRNAs, its proximity to the EIN2 gene
and the altered phenotype in the triple response in knockdown lines of the IncRNA, suggest
that it could have functional relevance, either as a translated peptide or as a functional RNA
molecule with a secondary structure. However, further investigations are needed to
elucidate the precise roles and putative of these IncRNAs and their encoded peptides in
ethylene signaling and plant development.
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The basal unit of biological information is the DNA sequence. 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
sequencing 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 Zygnematophyceae, the green algae lineage
leading to plant terrestrialization.

Funding: Vetenskapsradet, project 2020-06424
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Skotomorphogenic growth patterns and genes associated to deep-sowing
tolerance in maize landraces.
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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 40 cm depth to ensure
adequate 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 QTLs 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 30 seedlings
from each one of the 12 accessions was assessed for seven days in the laboratory on a deep-
planting assay system in the dark. Each seedling was individually genotyped by DArTseq
to obtain SNPs prior to Genome-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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The plant growth promoting rhizobacterium Achromobacter sp. SB1
helps Arabidopsis seedlings to grow under phosphate scarcity
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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-Vazquez 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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Peroxisomal polyamine oxidation in the Arabidopsis-Botrytis interaction
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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 FAD-dependent polyamine oxidases. This study aims to
understand the role of peroxisomal spermidine and spermine oxidation during the
Arabidopsis thaliana - Botrytis cinerea interaction. In 4. thaliana plants of the wild-type
Col-0 ecotype, an increase in PAO activity for the substrate’s spermidine and spermine
was observed 24 hours post-inoculation with the fungus. Furthermore, the lesion size
caused by B. cinerea was determined in 4. thaliana leaves treated with the PAO inhibitor
1,8- diaminooctane and with polyamines (spermidine and spermine), or with combined
treatments. Expression levels of the Arabidopsis 4tPAO gene family were determined,
showing that the 4tPAO3 gene expression increased 72 hpi. Little is known about the
participation of the AzPA0O3 gene encoding a peroxisomal enzyme in plant defense, for this
purpose, a T-DNA insertional mutant line and two 35S::4tPAO3 overexpression lines were
used. Both mutant and 35S::4tPAO3 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 4tPAO3 gene in plant defense is discussed.
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Deciphering the mechanism by which Trichoderma elicitors EPL1 and
SM1 act in plants
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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 atroviride and T.
virens, respectively. Herein, we generated Arabidopsis thaliana lines that express the EPL1
gene from 7. atroviride. It was observed that 35S::TaEPL1 expression lines exhibited
increased resistance to pathogen attacks and improved growth compared to wild-type
plants (WT). 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. We detected significant increases in hydrogen
peroxide accumulation in the TaEPL1-expressing lines compared to the WT plants. We are
currently in the process of generating Arabidopsis lines that express 7. virens SM1 to assess
its efficacy compared to its EPLI1 ortholog. Furthermore, 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.

65
“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 Biotic Interactions

Defensive host responses of Prosopis laevigata against mistletoe
Psittacanthus calyculatus
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Mesquite (Prosopis laevigata) 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 calyculatus 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. calyculatus 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, B-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. calyculatus trigger early and late resistance
responses in the host tree P. laevigata, from the activation of signaling pathways through
phenotypic resistance traits during the initial infection stage. For this purpose, we
inoculated mistletoe seeds onto young mesquite branches, and quantified H>O> 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. We found that the host increases resin production, suggesting that
it is an additional important trait in mesquite resistance against the mistletoe infection. Our
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.

We thank CONACyT México for financial support (Grant 931994 CAAH y 194769 to
DOT).
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Transcriptional characterization of plant innate immunity using the
mutant eca?2 of Arabidopsis thaliana as a model
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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. Five mutants, called eca, have been isolated because
they constitutively express the elicitor-induced early response gene ATL2. Recently, it has
been determined that the eca? mutant is resistant to the fungus Botrytis cinerea and the
bacterium Pseudomonas syringae, 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 A7L2 in the defense responses and in order to identify
molecular elements that intervene in the regulation of A7TL2 mediated by ECA2, we
performed genetic screening to identify reca mutants, which are revertants of the
constitutive expression of A7L2 in the eca? background. We isolate the mutant recal and
it presented a reduction of the rosette size, as well as an increase in the number of leaves.
The recal mutant is susceptible to B. cinerea, but is resistant to P. syringae, and has a more
permeable cuticle compared to the wild plant. It was determined that the phenotype of
recal is mediated by an independent recessive gene of eca? mutation. Therefore, RECA I
could be acting as a new molecular element, which positively regulates the expression of
ATL2. According to the phenotypes evaluated in recal, we determined that are not
completely reverted to those observed in the wild plant, but in many of the cases, recal
presented intermediate phenotypes between the wild plant and the eca? mutant. In this
work, we characterize the transcriptomic response of recal 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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Common bean (Phaseolus vulgaris) STYLISH (STY) transcriptional
factors (TF) as key regulators of nitrogen fixation symbiosis with
Rhizobium etli.
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The symbiotic nitrogen fixation (SNF) 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 TF
and microRNAs, among other regulators.

In the model legume Lotus japonicus, NIN, the master TF regulator of symbiosis, was
shown to regulate NF-Y (A, B, C) that in turn, regulate STY TF. 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 STY TF in SNF of common bean, the most
important legume for human consumption. The common bean genome encodes 10 STY
TF genes that are highly expressed at different stages of nodules / roots during SNF (2).
Recent qRT-PCR analyses confirmed the increased expression pattern of the STY genes in
inoculated roots and nodules of the BAT93 common bean genotype in symbiosis with R.
etli. In addition, the expression of NFY-A1/B7/C1 and NIN TFs were also increased in
symbiotic tissues. /n silico bioinformatic analysis of the promoter of the STY/0 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 MADS/AGL TF and NFY TF, respectively. Experiments
in progress show the transcription regulation of common bean S77Y genes not only by NF-
Y TF (1) but also by AGL TF and indicate their relevant role in SNF.

1. Hossain et al. MPMI 2016, 29 (12) 950-964
2. O’Rourke, et al. BMC Genomics 2014, 15:866
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Double-stranded RNAs (dsRNAs) as biofungicides against Penicillium
digitatum for the protection of orange fruits (Citrus sinensis) in the
postharvest stage
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Orange fruits (Citrus sinensis L.) are affected by Penicillium digitatum, 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. digitatum spores by up to 80% with respect to water-treated spores. With
the aim of evaluating the potential of SIGS on orange fruits, three genes involved in the
virulence of P. digitatum, called FET5 (iron transporter), Mic-33 (ethylene precursor
protein), and NIP (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 vitro 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. digitatum 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. Ongoing assays will reveal the effects of applying additional doses of
dsRNAs and the use of MgAI-LDH nanoparticles as carriers to improve the delivery and
stability of dsSRNAs.

69

“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 Biotic Interactions

Endoglucanase gene family in Solanum lycopersicum: Genome-wide
identification and characterization, and expression profiling analysis
during arbuscular mycorrhizal symbiosis.
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The main load-bearing polymer of the cell wall (CW) is cellulose, which is comprised of
chains of B (1,4) D-glucopyranosyl units that form crystalline structures. Enzymatic
degradation of cellulose in CW 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. Solanum lycopersicum 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. CW 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 SIEC proteins are secreted and localized in the extracellular region, while
six are in the plasma membrane. An analysis of regulatory elements indicated functions of
SIEC genes in gibberellins, SA, auxins, and ABA signaling, cell development, and defense
and stress responses. Finally, 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. Differential expressions of SIEC],
SIEC2, and SIECS were observed in roots and leaves in response to the symbiosis, which
are now targets for future studies.
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The XTH?2: a potential gene involved in cell wall biogenesis in Solanum
Iycopersicum during arbuscular mycorrhizal symbiosis.
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Xyloglucan (XyG) is the most important component of hemicellulose, composing up to
25% of the cell wall (CW). XyG is a polysaccharide formed by B1—4-linked D- glucan
backbone branched with various glycosyl residues, playing essential roles in growth
regulation and  biotic and abiotic stress responses. Xyloglucan
endotransglucosylase/hydrolase (X7Hs) 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 CW modification
genes, including X7Hs, are essential to trigger a priming mechanism that improves defense
against pathogens. Solanum lycopersicum 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 X7Hs genes encoded
in the S. lycopersicum genome, and we analyze the possible role of XTH2 gene in the CW
biogenesis in leaves of mycorrhizal plants. We identified 37 SIXTH genes through genome-
wide screening using bioinformatics approaches. The relative expression by qRT-PCR
revealed that SIXTH genes had a differential expression in colonized plants, in which,
SIXTH2 was the only overexpressed gene in S. lycopersicum leaves. Protein-protein
interactions revealed that SIXTH2 regulates proteins involved in CW biogenesis such as:
SIEXPA2, SIEXPAS, SIEC7, SICsIE2, SIXTH14, SIXTH16, and SIXTH33, that at
transcriptional levels are differentially induced in response to AM symbiosis. 3D predicted
protein showed that SIXTH2 wuses D-xylopyranose, D-glucopyranose, and D-
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 CW modification genes play an essential
role during AM symbiosis.

This work was funded by CONACYT (CB Al S 31400) and SIP-IPN (20232056,
20230746).
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The maize defense compound, benzoxazolinone, induces oxidative stress
and fumonisin B1 production in the fungal pathogen Fusarium
verticillioides
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Fusarium verticillioides is a fungal pathogen that causes several diseases in maize (Zea
mays L.) that include seedling blight, stem rot, and ear rot. F. verticillioides ability to
colonize maize plants depends on the production of various glycohydrolases and toxic
metabolites. Among the latter, fumonisin B1 (FB1) 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-BOA) is an hydroxamic acid derivative that
accumulates in maize tissues and has insecticidal and antifungal activities. However, F.
verticillioides 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 F. verticillioides
strains isolated from maize on their capacity to produce FB1, to metabolize 2-BOA and to
cause seedling blight. We found that the four strains differ in FB1 production in maize
seedlings (range 2.0-13.7 nmol FB1/g tissue), which were associated with growth
inhibition of the main root. For the high-FB1 producing strain (MY3), 2-BOA stimulated
FB1 synthesis in vitro. Although this strain was quite competent in transforming 2-BOA
into non-toxic metabolites, we found that 2-BOA 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 F. verticillioides response to plant defense molecules is through boosting FB1
synthesis. (Acknowledgements: DGAPA-PAPIIT IN217720 and PAEP-2023).
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PDLPS protein participation on root development of Arabidopsis during
its interaction with Azospirillum
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Azospirillum 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-
Flores et al., 2022 observed that Azospirillum 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. On the other hand, it has
been reported that IAA can difunded through plasmodesmata (PD) (intercellular channels
small that connect the cytoplasm of neighboring cells) by a symplastic transport, which
depends of PD permeability. This permeability is regulated by callose accumulation
(polymer og glucoses linked by B-1,3 bond), throught the synthases (CALS/GSL) and
clases two of proteins that help polymer deposition in PD neck: PLASMODESMATA
CALLOSE-BINDING PROTEIN (PDCB) and PLASMODESMATA-LOCATED
PROTEIN (PDLP), while callose degradation is carried out by [-1,3-glucanases.
Regarding PDLP, it has been shown that PDLPS5 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 PDLP5 are involved in LR development, for which we
analyzed the auxins level and the callose accumulation in the pdip5-1;DR5:GUS mutant
and the lines PDLP5OE;DR5:GUS overexpression of Arabidopsis. The results showed that
LR decrease in pdip5-1 seedlings inoculated with the rhizobacteria, a phenotype that could
be related to a transient decrease of auxins caused by the PD opening in said mutant. These
results suggest that PDLPS5 participates on LR development of Arabidopsis when it is
exposed to Azospirillum.

Bibliography
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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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Molecular characterization of small peptides involved in plant-
microorganism interactions
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Peptides have been described to participate as key components in the regulation of plant
growth, development and stress responses. During 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 Botrytis cinerea.
Among the genes with the higher expression, we identified the 4. thaliana AT3G04184 and
AT5G23411 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-B. 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 B. cinerea in leaves of the at3g04184 and at5g23411 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. Future experimental work on the small peptides will be
contribute to expand our understanding of plant-microorganism relationships.
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The role of phytosulfokine in the modulation of root immune responses
to beneficial rhizobacteria Pseudomonas simiae WCS417 in Arabidopsis
and Camelina.
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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 WCS417, 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. Furthermore, it has been
shown that live WCS417 bacteria possess, in interaction with Arabidopsis, a capacity to
attenuate host immune responses otherwise triggered by its flg22 flagellin proteins. We
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 WCS417,
thus interfering with the establishment of a growth-promoting relationship. Protocols for
evaluating microbially-induced differential growth promotion and gene expression!
were adapted and applied to the loss-of-function Arabidopsis mutants tpst and r1r2 as well
as to Camelina sativa, whose interaction with WCS417 was tested in the presence of
exogenous PSK. Our 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 WCS417 in Arabidopsis.

' Banday ZZ, Cecchini NM, Speed DJ, et al. Friend 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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Functional characterization of the NPR1-NPR3 interaction in the
Pseudomonas syringae-Arabidopsis thaliana pathosystem
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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 Fluorescence Complementation (BiFC) 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/POZ and
ankyrin repeats domains, and the SA binding site of NPR3, respectively. We 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 npr3-
2 mutant of 4. 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 syringae.
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Participation of the AtPUT2 gene, encoding a polyamine transporter, in
the plant defense response against Pseudomonas syringae.
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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 (4/PUT2) in the interaction between Arabidopsis thaliana
and Pseudomonas syringae pv. tomato DC3000 was analyzed. We found that 4tPUT?2
expression is induced in response to P. syringae in the early stages of interaction. In turn,
the absence of the transporter (in the Azput2-1 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 (promAtPUT2::GUS) it was found that AtPUT?2 gene expression decreased in response
to salicylic acid treatment. On the other hand, we found that the Azput2-1 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 A¢tPUT2 transporter
in the defense response of Arabidopsis against Pseudomonas syringae.
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Characterization of bacteria from the skin of axolotls (4Ambystoma spp.)
as promoters of plant growth and defense
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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 (Ambystoma sp.) with an inhibitory role against the
phytopathogenic fungus Botrytis cinerea. However, we do not know if these strains could
be also used as phytostimulant agents. To characterize the morphological effects on plants,
in vitro- and greenhouse- interactions of each bacteria with the Arabidopsis thaliana model
plant were carried out. /n vitro interactions revealed a phytostimulant effect in the primary
root length and root hairs number. While under greenhouse-conditions, tests revealed that
bacteria-inoculated plants are resistant to Botrytis 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 study in the interaction Arabidopsis thaliana
- Streptomyces ambofaciens.
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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, MYB72 and MYC2
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, COI1, JARI1. 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-S.
ambofaciens, 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 S. ambofaciens 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 syringae and Botrytis 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.

80

“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 Biotic Interactions
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tomato plants
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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
Meloidogyne incognita is one of the most damaging plant parasitic nematodes in the world.
In this study, the effect of a cystatin from Amaranthus hypochondriacus (AhCPI) as a
potential control agent for M. incognita was evaluated in greenhouse conditions.
Recombinant AhCPI obtained in E. coli was applied to the soil around the stems of thirty-
day tomato plants. Five days after treatment, plants were inoculated with about 10,000 M.
incognita 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
M. incognita-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 M. incognita-infected
tomato plants, reduced the number of galls by 93 + 8%, as compared to the control M.
incognita-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 M. incognita in tomato plants.
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and overexpression line in interaction with Pseudomonas syringae
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Polyamine catabolism by polyamine oxidase enzymes mediates signaling and stress
responses through hydrogen peroxide production. Five genes encode polyamine oxidases
in the Arabidopsis thaliana genome, with cytoplasmic and peroxisomal localization.
Recently, we analyzed the phenotype of Afpao single mutants in response to Pseudomonas
syringae pv. tomato DC3000 and identified that the Atpaol-1 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 RBOH 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 WT (4. thaliana ecotype Columbia). All these data
suggested that cytoplasmic polyamine oxidation through AtPAOI impacts hydrogen
peroxide production and hormonal signaling. To further understand the participation of the
AtPAOI gene in plant defense the Atpaol-1 mutant and a 35S.::4tPAOI overexpression
line were sequenced by RNAseq. Herein, we present an analysis of the Atpaol-1 mutant
and 355::4tPAOI transcriptomes under control and stress conditions (24 hpi with P.
syringae). In the WT, 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 Atpaol-
1 mutant, these processes were down-regulated 24 hpi. In accordance with previous
observations, the ethylene synthesis and signaling pathway was repressed in the Atpaol-1
mutant line in control and stress conditions. Furthermore, the auxin and cytokinin signaling
pathways were deregulated in the mutant A¢paol-1 mutant and a 35S::AtPAOI. 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 region 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 TOR (Target of Rapamycin) protein, which regulates cell growth and
development through the integration of various environmental signals. On the other hand,
phospholipase D (PLD) 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 PLD and its relationship with the TOR protein during the growth promotion
of A. thaliana is studied. Enzymatic assays showed an increase in PLD activity after 5 min
of interaction with LPS. Furthermore, an increase in the production of phosphatidic acid
was detected by TLC. Finally, through histochemical assays with the TOR::GUS reporter,
an increase in TOR expression was observed in plants treated with LPS and with different
molecular types of phosphatidic acid.
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Bioinformatic characterization of the cellulose synthase gene family in
tomato (Solanum lycopersicum) reveals the involvement of SICsID2
during arbuscular mycorrhizal symbiosis.
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The cellulose synthase (Ces4) and the cellulose synthase-like (Cs/) genes belong to
glycosyltransferases 2 family, which are involved in cellulose and hemicellulose
biosynthesis, respectively. Ces4 and Cs/ are essential for the structural integrity of plant
cell wall (CW). Symbiosis with Glomeromycota fungi induces a systemic response in
plants that regulates the expression of many genes, in which CW modification genes,
including CesA and Cs/, are essential to trigger a priming mechanism that improves defense
against pathogens. However, the complete characterization of all the CesA family members
in Solanum lycopersicum and their expression under symbiotic conditions are limited. In
this work, we identified 16 CesA4 and 20 Cs/ genes in the tomato genome bioinformatically
based on the presence of the PF03552.16 domain. These genes were grouped in one CesA
subfamily and four Csl subfamilies (SICsIB, D, E, G). The majority of SICesA and SICsl
proteins were located in the Golgi membrane. Promoter analysis showed that some
members of SICsID subfamily have MeJA and stress-responsive elements. In
silico analysis revealed that for some genes, expression is ubiquitous, whereas, for others,
it is  tissue  specific. During  pathogenic  interactions  with Sclerotinia
sclerotiorum and Botrytis ~ cinereathe  expression  levels  were  differential
for CesA and Cs!/ genes; SICs/D2 was the only gene that showed a higher expression level
in response to AM symbiosis by RT-qPCR. The 3D predicted protein showed
that SICs/D2 uses D-mannose as donor substrates, which could be responsible for the
chemical modifications of CW, which was consistent with the sugar analysis by HPLC in
colonized leaves. We performed a comprehensive analysis of the S/Ces4 and SICs/ 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
CONACYT (CB Al_S 31400) and SIP-IPN (20232056, 20230746) (RGB (14, 16, 26)).
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The Xyloglucan xylosyltransferase gene family: bioinformatic
characterization reveals its involvement during arbuscular mycorrhizal
symbiosis in Solanum lycopersicum.
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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 a-(1,6)-
xylose, a-(1,2)-galactose or a-(1,2)-fucose. XyG biosynthesis involves a diversity of
glycosyltransferases (GTs). GT family 34 (GT34) belongs to xyloglucan
xylosyltransferases (XX7’s), which transfer UDP-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 Solanum lycopersicum. We identified five
GT34 genes (SIXXT1-5) based on the presence of the GT34 domain (PF05637). Gene
structure analysis and the identification of the conserved catalytic domain in XXT proteins
supported this idea. Synteny and phylogenetic relationship analysis of SIXXTs and other
model plants were also evaluated. In silico expression profiles showed that SIXXT genes
have differential expression patterns in several tissues and on pathogenic interactions. The
relative expression by qRT-PCR revealed that SIXX7/ and SIXXT2 genes display
differential expression levels in S. lycopersicum leaves and roots in response to AM
symbiosis. Finally, 3D predicted protein analysis corroborated that XXT members uses
UDP-xylose as donor substrate, in which xylose concentration significantly differed under
symbiotic conditions in S. lycopersicum leaves. All these results provide a comprehensive
understanding of XX7 genes as priming-related genes induced by AM symbiosis. This work
was funded by CONACYT (CB Al_S 31400) and SIP-IPN (20232056, 20230746).

85

“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 Biotic Interactions

N-acetyl transferases are involved in Arabidopsis response to
Pseudomonas syringae infection.
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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: AtNATAI and AtNATAZ2. 1t has been reported that AtTNATAT1 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 AINATAI1 negatively affects Arabidopsis resistance to Pseudomonas
syringae (Pst) by suppressing antimicrobial defenses. However, the role of AINATA2
regulating Arabidopsis response to Pst remains unknown.

Our study aimed to characterize single mutant lines of A¢tnatal-1 and Atnata2-1 during Pst
infection, with and without Put supplementation. We 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, Atnatal-1 exhibits resistance
to Pst, and the Put supplementation further improved it. Moreover, the Atnata2-1 mutant
line exhibited the most favorable response with or without Ps¢, 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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Unraveling the polyamine back-conversion catabolism enigma: the role
of AtPAO?2 in Arabidopsis resistance to Pseudomonas syringae infection
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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 PAO
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 4tPAOI and AtPAO?2 genes in the
Arabidopsis-Pseudomonas syringae pv. tomato DC3000 (Ps?) interaction employing PAO
single and double mutant lines (Atpaol-1, Atpao2-1, and Atpaol-1 x Atpao2-1) and
overexpression lines (35S.:4tPAOI) by combining high-throughput phenotyping
screening, targeted metabolomics, and gene expression analysis. Our results demonstrated
that AfPAOI1 regulates Arabidopsis resistance by modulating the RBOH (respiratory burst
oxidase homolog) activity in the presence or absence of Pst, and that response is influenced
by spermine supplementation.

Furthermore, we reveal that resistance to Pst relies on the fine tune balance between 4AfPAO
back-conversion and terminal catabolism, which significantly affects the overall AfRBOH
activity and the content of various polyamines. Interestingly, we found that peroxisomal
polyamine catabolism, mainly through 4/PAQO?2, is the primary regulator of defense against
Pst. Specifically, AfPAO back-conversion facilitates putrescine accumulation, reduction of
spermine and conjugated/bound polyamines levels, and increase of specific amino acids,
including glutamate, acetylornithine, y-aminobutyric acid, f-alanine, proline, and glycine.
These metabolic changes ultimately improve plant resistance. Our study indicates that Ps¢
resistance depends on the plant strategy. Whereas a strong upregulation of terminal
catabolism (mainly by cytoplasmic AfPAO1) to produce 1,3-diaminopropane can condition
plant resistance, Spm catabolism via back-conversion (by peroxisomal AfPAO2), which
conduct to putrescine production, confer resistance.
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Role of the root cap in the interaction between Achromobacter sp. SB1
and Arabidopsis that modulates root growth direction
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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 FEZ, the rhizobacterium caused susceptibility of roots to form
supercoils, whereas in seedlings harboring mutations in SOMBRERO the change in root
growth direction did not occur. These effects coincided with expression analysis of
FEZ::FEZ:GFP and SMB::SMB:GFP in the root cap. Measurements of the root cap and
amyloplast content revealed that interaction with Achromobacter sp. SB1 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 fez-2 and smb-3
mutants inoculated with other plant growth-promoting bacteria did not modify the direction
of root growth, indicating specificity in the response. Our 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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Phenotype assay of miR161 and its target in Arabidopsis thaliana during
the interaction with the mutualistic symbiotic fungi Serendipita indica
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Serindiptica indica (syn. Piriformospora indica) is a filamentous root endophyte fungus
that belongs to the order Sebacinales (Basidiomycota). S. indica colonizes the root
epidermal and cortex cells without penetrating the central cylinder and displays a biphasic
colonization strategy. During the initial phase of biotrophic colonization, the fungus
invades the root cells inter- and intra-cellularly. Subsequently, S. indica switches to a host
cell death-associated phase, although a defined switch to necrotrophy with massive cell
death does not occur. S. 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 S.
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 S. 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 S. 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 S. 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 S. indica in A. thaliana roots.
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The cilantro (Coriandrum sativum L.) from Puebla and analysis of the
presence of Cyclospora cayetanensis
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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 Food and Drugs
Administration of the United States (FDA) implemented Import Alert 24-23, which
prohibits the entry of cilantro (Coriandrum sativum 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 Cyclospora
cayetanensis) within the USA from 2012 to 2015. Yet, 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 C. cayetanensis 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 C. cayetanensis oocysts using Real-Time PCR following the protocols
described in the Bacteriological Analytical Manual (BAM) of FDA. 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. Furthermore, 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
CONACYT grant A1-S-35357, AAB and MAVL thanks to SIP and COFFA IPN funds,
LLA thanks to CONAHCYT, COFAA and BEIFI IPN fellows.
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Pseudomonas aeruginosa LasI-dependent plant growth promotion
requires the host nitrate transceptor AtNRT1.1/CHL1 and the nitrate
reductases NIA1 and NIA2
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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. aeruginosa WT (PAO1) or Alas] mutants
defective on the synthesis of the quorum-sensing signaling molecule N-(3-
oxododecanoyl)-L-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/ NPF6.3 and the nitrate reductases NIA1 and NIA2. CHLI-GUS was
induced in Arabidopsis primary root tips after transfer onto P. aeruginosa Alasl 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 chll-5 and chll-12 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 NH4NO:s.
WT P. aeruginosa PAO1 and P. aeruginosa Alasl mutant promoted the accumulation of
nitric oxide (NO) in roots of both the WT and nia Inia2 double mutants, whereas NO donors
SNP or SNAP did not improve growth or root branching in nia/nia2 double mutants with
or without bacterial cocultivation. Thus, inoculation of Arabidopsis roots with P.
aeruginosa drives gene expression for improved nitrogen acquisition and this
macronutrient is critical for the plant growth promoting effects upon disruption of the Las/
quorum-sensing system.
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Contransting Arabidopsis develomental effects of P. brassicae and P.
chlororaphis under Phosphate deficiency
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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. Despite 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 DR5:GUS 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
CYCA3:GUS 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.
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Gene expression related to biotic stress by application of peroxyacetic
acid in Capsicum annuum L and induction of geminivirus resistance.
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In this work, a strategy for the induction of resistance to geminivirus in Capsicum 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, PEPGMYV and PHYVV. 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, NPRI1, PR1, MnSOD and B-ACT. In addition to the above, phenological
characteristics such as stem diameter, plant height and leaf area by treatment were
evaluated.
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Insights into Resistance Mechanisms Against Dactylopius coccus Costa
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Cactus pear (Opuntia 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
(Dactylopius spp.) being recent a significant threat. Mismanagement of domestic cochineal
(Dactylopius 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 DLI-ESI-mass spectrometry, and analyzed
the obtain metabolic features by unsupervised and supervised learning clustering methods
PCA and PLS-DA. Out of the 376 mz features detected by DLI-ESI, we identified 81
relevant features distinguishing infested and non-infested cladodes, with 28 induced by D.
coccus infestation, potentially related to defense responses. We 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. Furthermore, by comparing mature and young cladodes
and their relationship to induced responses, we identified 11 features which may explain
why infestation by D. coccus does not occur typically on these tissues.

Overall, this study provides insights into the metabolic plasticity of Opuntia 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 D. coccus infestation and to enhance food
security in arid regions.

Keywords: Opuntia spp., Cactus pear, (DLI-ESI)-mass spectrometry, metabolic profile,
plant resistance, Arid crop plants, domesticated cochineal, Dactylopius coccus

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”



Plant Biotic Interactions

Identification and functional analysis of genes involved in symbiotic
interactions through comprehensive approaches in the model legume
Lotus japonicus
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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 Lotus japonicus (Lotus) has been extensively used to
study the legume-microbe associations, since valuable biological resources have been
developed for this organism, for instance the Lotus-retrotransposon (LORE1) 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. We performed a large-scale mutant screening in 200,000 LORE1 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 (FST 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
Lotus roots inoculated with different rhizobial species, we found that several cell wall- and
metabolic-related genes were upregulated. For several candidate genes we have obtained
homozygous mutants and constructs to monitor their promoter activity and subcellular
localization during Lotus-microbe associations by confocal microscopy. These approaches
unveil novel players required for mutualistic interactions in legumes.
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Expression analysis of the PR-1 gene in CRISPRa-edited tomato plants
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Tomato (Solanum lycopersicum) is an important vegetable in Mexico, being the first
exporter worldwide. However, this crop has been greatly affected by bacteria such as
Clavibacter michiganensis subsp. michiganensis (Cmm), 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, PRs), thanks to the use of transcriptional activators, such as the synthetic
activator domain VP64 (M12) or the histone lysine methyl-transferase SET-domain (ST4).
We 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 PR-
1 gene, against pathogens like Cmm. Thus, our main goal was to analyze PR-1 gene expression and
plant resistance against Cmm, in CRISPRa-edited plants and in combination with the use of
ASM. Our results show that 6 h after pathogen infection there is an increase in PR-/
transcript levels in edited and ASM-treated tomato plants, in contrast to the control and
WT plants. Furthermore, we detected reduced leaf damage and disease severity
(M12=80%, ST4=90%. WT=60%) in edited plants, when compared to our controls. We
conclude that CRISPRa-edited tomato plants treated with ASM show a synergism and
developed greater resistance against Cmm.
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Down-regulation of a Phaseolus vulgaris aquaporin Pvpip2-4 impairs
the nodulation
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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. On the other hand, hydrogen peroxide (H20O>) 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 H>O», 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 (ROS) are highly involved
in polar growth, as well as during mutualistic interactions such as mycorrhizal or rhizobia-
legume associations. ROS generated in the apoplast by NADPH oxidases and SOD
activity, such as H>0O2, 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. vulgaris and their potential role to transport H2O>
in root hairs during the polar growth and during rhizobia-legume interaction, has been
poorly studied. In this study we determined the role of PvPIP2-4, a gene encoding for an
aquaporin that could be involved in the H>O, transport. By silencing and overexpression
of the gene in Phaseolus vulgaris, we have also evaluated the effect on the nodulation
process. We have found that PvPIP2-4 depict an early increased transcript accumulation
in roots inoculated with Rhizobium 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 DGAPA IN-210321 and CV200519 to LC, and CONACyT
253247 and 319643 to LC.

97

“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 Biotic Interactions

EFFECT OF MULTIVARIATE WALL CARBON NANOTUBES AND
LIPOPOLYSACCHARIDES FROM Azospirillum baldaniorum Sp245
IN A. thaliana PLANTS” GROWTH.
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Azospirillum baldaniorum Sp245 is a Gram-negative bacteria that belongs to a group of
plant growth-promoting bacteria (PGPR). One 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. On the other hand, multivariate
wall carbon nanotubes (MWCNT) 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. For A.
thaliana, MWCNTs 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 MWCNT 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 MWNTC 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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Common bean patatin-related phospholipases A (PvpPLA-I1y)
negatively regulate nodule development
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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 vulgaris 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, PvpPLA-IIy, in bean-rhizobia interaction. In silico analysis
showed that the genomes of common bean and Medicago truncatula Gaertn. encode 21
and 16 pPLA 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, PvpPLA-IIy being one
of the duplicated genes; this evolutionary characteristic has not been reported to date in
another plant model. Transient expression in Nicotiana benthamiana leaves revealed a
cytosolic localization of PvpPLA-Ily. Quantification of PvpPLA-IIy 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. Overall, our results
show that legume pPLA families exhibit typical phylogenetic features not found in other
plant species. In particular, PvpPLA-Ily seems to function as a negative regulator in
rhizobial symbiosis.
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IDENTIFICATION AND CHARACTERIZATION OF COMMON
BEAN (Phaseolus vulgaris) NON-NODULATING MUTANTS
ALTERED IN RHIZOBIAL INFECTION (1)
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The symbiotic N»-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). For 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. Our initial screening of Rhizobium etli CE3-inoculated
mutant lines revealed different alterations in nodulation. We 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 SNF 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 ef al. (2023). Plants. 12, 1310-1327.
2. Roy et al. (2020) Plant Cell. 32, 15-41.
3. Ferguson et al. (2014). Plant Biotechnol. J. 12, 1085-1097.
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Symbiotic and non-symbiotic phenotype of mutants disrupted in
EXPANSINS in the model legume Lotus japonicus
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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 Lotus
Jjaponicus (expl-1 and exp2-1) showed reduced nodule formation. Also, we detected strong
promoter activity of EXPANSINI at early events of the rhizobial infection process.
Similarly, a EXPANSIN1-YFP 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
EXPANSINI (expl-2) and the non-symbiotic phenotype of the mutants exp /-1, exp/-2 and
exp2-1.

We found that the exp/-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 exp/-1. The non-symbiotic
phenotype tested in plants grown in nitrogen-replete medium revealed that in the exp/-1
mutant, the aerial part was 25% shorter compared to the wild type, but the exp2-1 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 EXPANSINI and EXPANSIN?Z 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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Reproductive capacity in plant of endophytic strains of Bacillus
thuringiensis
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Bacillus thuringiensis (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 HD-73 strain labeled with the gfp 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 CFU counts increased throughout each generation, indicating
that the bacterium is vertically transmitted through the seed. To assess whether the toxicity
was maintained, toxicity on 7. 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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Lipid-producing green microalgae Neochloris oleoabundans responds to
extracellular self-DNA as a damage-associated molecular pattern
(DAMP)
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Damage-associated molecular patterns (DAMPs) are endogenous molecules coming from
damaged cells, indicating an injury, and inducing stress responses on the neighbor intact
cells. One of most reported DAMPs is extracellular self-DNA (self-DNA), which is
extracellular DNA from the same species. Microalgae, as any other organism, are
permanently exposed to factors that can potentially damage them. Our study model,
Neochloris oleoabundans is a lipid-producing green microalga with high potential in
industry. N. oleoabundans can respond to extracellular self-DNA application by increasing
peroxidase enzymatic activity, phenolic compounds content and lipids content. However,
mechanisms involved in lipids biosynthesis by extracellular self-DNA application remains
unknown. The main objective of the present work is to characterize the N. oleoabundans
responses to extracellular self-DNA 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 N. oleoabundans respond to extracellular self-
DNA application by increasing the production of reactive oxygen species (ROS), as well
as duplicating the lipid content at 24 h and 48 h after extracellular self-DNA application.
Furthermore, we’ll look for differential protein profiles between treated and control cells.
Our results demonstrate that self-DNA application activates metabolic machinery in N.
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.

We thank CONACyT México for financial support (797227).
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Bacteria from amphibians' skin help plants to grow and protect
themselves against the Botrytis cinerea pathogen.
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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 Batrachochytrium 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 B. 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
B. 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.
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Search of maize seed endophytes with antagonistic activity against
Fusarium verticillioides
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Mexico produces over 22 million tons of maize (Zea mays L.) 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, Fusarium verticillioides 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. Fumonisin 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 DNA was
purified for PCR amplification. Fungal isolates were analyzed by DNA sequencing of the
ribosomal RNAs Internal Transcribed Sequence (ITS) and the following genus were
identified: Fusarium sp., Acremonium sp., Phialemoniopsis sp., Talaromyces sp. For
bacterial isolates, the 16S ribosomal RNA gene was amplified and sequenced. An isolate
(CEL1) identified as Bacillus subtilis inhibited the growth of several F. verticilliodes
strains in a plate assay. We are currently analyzing the metabolites excreted by this
bacterium and investigating whether it inhibits fumonisin B1 production by F.
verticillioides.
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Analysis of resistance to Clavibacter
michiganensis subsp. michiganensis in tomato plants epigenetically
edited via CRISPRa/dCas for WRKY29 gene activation
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To ensure global food security and adequate nutrition, increasing crop production and
addressing agronomic constraints are critical. Tomato (Solanum Ilycopersicum) 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 Clavibacter michiganensis subs. michiganensis (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 ATXI1, to the dCas9 (dCas9-VP64:SET, or TS3H
construct), and the VP64 domain to dCas12 (dCas12-VP64, or LF9H construct), and used
such vectors for biolistic transformation of tomato cotyledonary explants. Guide RNAs
were designed to the promoter region of the WRKY29 gene, which codes for a transcription
factor related to plant development and defense processes. Plants were regenerated in vitro,
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. Our results indicate that in TS3H,
expression of WRKY29 was 9 times higher, when compared to WT (whereas in LF9H it
was 7.9 times higher). Colony forming units per 100 mg of tissue were reduced in the edited
plants (when compared to WT). Also, TS3H (62.5%) and LF9H (81.25%) had lower leaf
damage and disease severity, than WT. Interestingly, the root area of TS3H (15.7 cm?) and
LF9H (12.7 cm?) was larger than in WT (6.9 cm?). 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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Bioinformatic characterization of the p-galactosidase gene family reveal
its involvement during fungal interactions in Solanum tuberosum
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B-galactosidases (B-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, (-
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.
B-galactosidases have been characterized in fruit ripening, such as apple, strawberry,
melon, and other plant species. Potato (Solanum 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 B-gal gene family has been characterized in many plants,
the knowledge about it in S. tuberosum is limited. In this study, the B-gal gene family was
characterized using bioinformatics approaches. The results revealed that the B-gal family
consists of 30 genes (StBGAL) through genome wide screening based on the PF00332.21
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 [B-galactosidases were
heterogeneously distributed among all chromosomes across the potato genome. In silico
expression profiles showed that the f-gal have differential expression patterns during
pathogen attack, as well as under abiotic stress in roots and leaves. These results
demonstrate that StBGAL 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 CONAHCYT for Alejandra Vallejo-Sanchez master’s
scholarships.
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30DQW '"HYHORSPHQW

,PSULQWHG JHQH I)SQUMDELR® S U WDIHM\H V L V

JUDQFLVFR $JXLUUH )DOFyQ -DLPH $0ODQL] )DELIiQ 6

/IDQJHELR &,19(67%$9 ,31 ,UDSXDWR OHJ[LFR

'‘XULQJ GRXEOH IHUWLOL]DWLRQ LQ $QJLRVSHUPV RQH VSH
LQ D GLSORLG HPEU\R RQH PDWHUQDO DQG RQH SDWHUQD((
ZLWK D GLSORLG FHQWUDO FHOO FUHDWLQJ WKH WULSORL
JHQRPHV ,PSULQWHG JHQHV DUH WKRVH JHQHV ZKLFK DUI
PDWHUQDO RU SDWHUQDO DOOHOH EXW QRW ERWK +XQ
LPSULQWHG LQ WKH WULSORLG HQGRVSHUP ,Q WKH GLSOR
EH LPSULQWHG DQG RQO\ RQH LPSULQWHG JHQH KDV EHI
HPEU\R

‘H FRPSDUHG SDWHUQDOO\ ELDVHG JHQHV LQ SDUHQW RI R
HPEU\RV IURP WKUHH GLITHUHQW K\EUIIX) 6 RPEQ RDW LRIV

UHDVRQHG WKDW WKDW JHQHV ZKLFK VKRZ SDWHUQDO EL
FRPELQDWLRQV ZRXOG EH PRVW OLNHO\ WR KDYH ELRORJL
H[SUHVVLRQ JHQHV ZHUH IRXQG WR EH SDWHUQDOO\ EL
DW OHDVW WZR RI WKHVH K\EULGYVY 7KHVH SDWHUQDOO\ ELI
ELRORJLFDO IXQFWLRQV :H DUH FXUUHQWO\ FRQGXFWLQ
PXWDQWYV IRU WKHVH JHQHY DQG YDOLGDWLQJ WKHLU

GHWHUPLQLQJ ZKHWKHU DQ\ RI WKHVH SXWDWLYHO\ LPSUL
HPEU\RJHQHVLV RI $UDELGRSVLYV
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([SORUDWLRQ RI WKH2SD BWWKZIDWIQRWKH UHJIXOD
GHWHUPLQDWH URRW JURZWK LQ &DFWD]

$OEDUUIQ +tHUQIOGIHH GWIRXPY $ORQEFRLVMIMVMRYDPR6YHWODQD

'"HSDUWDPHQWR GH %LRORJtD GHO 'HVDUUROOR GH SODQWDV ,QVWLW
ORUHORV Op[LFR

AUDPVHV DOEDUUD W#IHEIWORQDPVRILVKNRYD#LEW XQDP P|

ORVW SODQW URRWV FDQ JURZ LQGHILQLWHO\ L H SUHV
SUROLIHUDWLRQ RFFXUV LQ WKH URRW DSLFDO PHULVWHP
URRW RI PRVW FDFWL LV H[KDXVWHG VRRQ DIWHU JHUPLQTL
WKH URRW VKRZV GHWHUPLQDWH JURHW KD O XE BRI VN\
PDLQW H GL@EH GRSV LVVWHKRIDOLDR®OHG E\ GLITHUHQW UHJXO
DV 3/(7+25$% 3/7 6+257 5227 6&$5(&52: 6+5 6&5 DQG :86
5(/$7(" +20(2%2; :2: WUDQVFULSWLRQ IDFWRVKIWDWKZD\V
VFDQG GREAWORBOMD QWY GLVSOD\ TXLHVFHQW FHQWHU 4&
WKDW LV GHWHUPLQDWH JURZWK RI WKH SULPDU\ DQG OD'
RZR[ PXWDWVYRUYWHQG GROIWOEMANJIJURXQG DFFHOHUDWHYV 5%
6DUNWUDO :2; LV H[SUHVVHG VSHFLS$LMDKDD (EEDMKH 48& LC
VDWLRRWYV HOPIDD 7R H[SORUH WKH SDUWLFLSDWLRQ RI
GHWHUPLQDWH URRW JURZWK LQ &DFWDFHDKHZBRYRHQWLI
DVVHPEOHG WUDQVFULSWRPHV RI WKH SUBPFK\FUHRFRAX\DSH|
SULQD@EUQHJILHD DLY® GNWHDDFWHG :2; SSRWHKDQ MHIXHQF
VDWR@BHWD YXTKH BROHFXODU SK\ORJHQ\ RI WKH :2: SURWI
SRVVLEOHSDUDORJY DQ:@: E DUH SUHVHQW LQ &DFWDFHD
7UDQVFULSWRPLF GDWW DWRYVQPHHWI®] UHYHDO WKDW
&J:2; SDUDORJV LQFOXGH FRPSOHWH 25) JDQRREN D SHBUH V
WUDQVFULSWRPH *HQRREIR VBDRBREHEKBRYHERVQKH LQWURQ D
WZR H[RQV VLPLGBUD\ WWRDWEDWLRIQ ZH LGHRWLILHG WZI
RUWKRORBRSHKRFAHUHXV VFKRWWLL DEHEWMMHILAEFHHHHNV XVQ IGDWE
SUHOLPLQDU\ JHQRPHV

$FNQRZOHGJHPHQWY 7KLV ZRUN ZDV SDUWLDOO\ IXQGHG
&21%$&\7 &)

3;;, 1DWLRQDO 30DQW %LRFKHPLVWU\ DQG OROHFXODU %LRORJ\ &RQJU|
WKH $PHULFDQ 6RFLHW\ RI 30DQW %LRORJLVWYV WK OH[LFR 86%
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7UDQVFULSWLRQDO UHJXODWLRQ RH @KVLE\ DWKG FF
%2/ WUDQVFULSWLRQ IDFWRU

$OD &HFLOLD $VFHQFHB HEUDELHNE®N H R (D G KR K D VG
"XUiQ OHGLRYHOOL ODUVFK ODUWtQH]

'"HSDUWPHQW RI %LRWHFKQRORJ\ DQG %LRFKHPLVWU\ &HQWHU IRU 5H

3RO\WHFKQLF ,QVWLWXWH NP JLEUDPLHQWR 1RUWH &DUUHWHUD |, !
$GYDQFHG *HQRPLFV 8QLW /DQJHELR &HQWHU IRU 5HVHDUFK DQGC
3RO\WHFKQLF ,QVWLWXWH NP JLEUDPLHQWR 1RUWH &DUUHWHUD !

SUHVHOWLQJ IMDXOVMKBYFH PPLR#YFLQYHVWDY P|

&RUUHVSRQGLQRODXMIKKRUPDBDER#FLQYHVWDY P|[

30DQWYV KDYH WZR PDLQ VWHP FHOO QLFKHV NQRZQ DV WK
URRW DSLFDO PHULVWHP 5%$0 ZKHUH QHZ RUJDQV DUH IF
RUJDQ IRUPDWLRQ LV UHJXODWHG DQG PRGXODWHG E\ VHY
WUDQVFULSWLRQ IDFWRUV DQG WKH PHFKDQLFDO SURSH
%2/,7% %2/ DQ $3 WUDQVFULSWLRQ IDFWRU H[SUHVVF
WUDQVFULSWRPLF DQDO\WVHV VKRZHG WKDW LW DIIHFWV E
FHOO ZDOO JHQHUDWLRQ H[SDQVLRQ DQG GLIIHUHQWLDW
EH PRGXODWHG E\ WKLV WUDQVFULSWLRQ IDFWRU LV DX]
DFLGLILFDWLRQ OHDGLQJ WR FKDQJHV LQ FHOO ZDOO VYV
GLIIHUHQWLDWLRQ +RZ %2/ UHJXODWHV DX[LQ DQG FHOO
UHOHYDQFH LQ %2/ IXQFWLRQ LV XQNQRZQ LQ WKLV ZRUN

WKDW DOWHUDWLRQV LQ WKH H[SUHVVLRQ RI WKLV IDFWR
ZDOO UHODWHG WUDQVFULSWV DQG WR YLVXDOL]H WKH F
FKDQJHV LQ SODQWV ZLWK LQFUHDVHG RU GHFUHDVHG HJ[S
WKH JHQHWLF LQWHUDFWLRQV EHWZHHQ %2/ DQG FDQGLGEL
WKH HITHFW RI DX[LQ DQG DX[LQ WUDQVSRUW LQKLELWRUYV
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&/( SHSWLGH LPSDLUV URRW WLS UHIJHQHUDWL
$UDELGRSVLV WKDOLDQD

$GULIQ EYDOR\RORQHYVO* X W L pAXULN ] +$HODUH DD (MW U HMO D
*RQJIOHRVp /ySH] %XFLR

,QVWLWXWR GH ,QYHVWLJDFLRQHV 4XtPLFR %LROYJLFDV 8QLYHUVLGE
(GLILFLR % &LXGDG 8QLYHUVLWDULD ORUHOLD OLFKRDFiQ Op[LF
,QVWLWXWH RI *HQRPLFV IRU &URS $ELRWLF 6WUHVV 7TROHUDQFH ,*&$
7H[DV 7HFK 8QLYHUVLW\ &DQWRQ $YH IXEEREN 7;

)DFXOWDG GH 4XtPLFR )DUPDFRELRORJtD 8QLYHUVLGDG OLFKRDFDQD
7]JLQW]XQ]DQ &RO ODWDPRURV ORUHOLD OLFKRDFiQ Op[LFR
DGULDQ DYDORV UDQJHO#XPLFK P[ MEXFLR#XPLFK P]

&/( EHORQJV LQWR D IDPLO\ Rl SODQW VHFUHWHG SHSWLG
UHFHSWRU OLNH NLQDVH /55 5/. UHFHSWRUV WR RUFKHV\
VWXGLHV LQGLFDWHG WKDW &/( SOD\V DQ LPSRUWDQW
KRPHRVWDVLVY DQG VHQHVFHQFH EXW LWV VSHFLILF LQYR
RUJDQRJHQHVLY UHPDLQV ODUJHO\ XQH[SORUHG +HUH W
FHOO ELRORJ\ DSSURDFKHV ZH VKRZ WKH FULWLFDO UROH
EHWZHHQ FHOO GLYLVLRQ DQG GLIIHUHQWLDWLRQ LQ UF
1DQRPRODU FRQFHQWUDWLRQV RI &${UDERLUG RSSINRYWHWI[S L
SULPDU\ URRW JURZWK DQG WULJJHUV URRW EUDQFKLQJ DC
WKH SULPDW&URRYEW)S[SUHVVLRQ ZDV ORFDWHG VSHFLIL
OD\HU DGMDFHQW WR WKH FXWWLQJ DQG DW WKH RXWHUP]
QHZO\ URRW FPGHFRUWPHEWY KDG FRPSDUDEOH URRW WLS
FRPSDUHG WR :7 VHHGBGQUQJWHHEGBAUGDW IDLOHG WR UHJHQH L
URRW WLS DIWHU UHVHFWLRQ 7KH GH GLIIHUHQWLDWLRQ
DQDO\]|HGFO® I/Q6 &/( VWHP H[SODQWYV JURZQ LQ FDOOXV L(
UHVXOWVY VKRZHG FRPSDUDEOH FDOBGM EXWPD GV BRR\G X F DM
UHGXFHG FDOOREIAQHYSUDORWY 2XU GDWD VKRZ WKDW &/(

IRU URRW WLS UHJHQHUDWLRQ DV ZHOO DV FDOOXV IRUPD\
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&HOO YLDELDEMARSBII2S PXWDQWY LQFUHDVHV
SKRVSKDWH VFDUFLW\

0DUtD JHUQDQGD % D O$GHMW® ERD @FDW BB Q DH O
/HyQ JUDQFLVFR 5XRVpHYSHIUBXFLR

,QVWLWXWR GH ,QYHVWLJIJDFLRQHV 4XtPLFR %LROYJLFDV 8QLYHUVLGD(
(GLILFLR % &LXGDG 8QLYHUVLWDULD ORUHOLD OLFKRDFiIiQ Op[LF
$Y )J)UDQFLVFR - OXMLFD 6 1 &RO )HOLFLWDV GHO 5LR ORUHOLD OLFK
MEXFLR#XPLFK P][

'XULQJ WKHLU OLIH F\FOH SODQWYVY H[SHULHQFH YDULRXV D
RI WKHLU JHQHWLF PDWHULDO ZKLFK FRXOG OHDG WR WKH
SKHQRPHQRQ LV PDQLIHVWHG PDLQO\ LQ WKH DSLFDO PH
IODQNHG E\ WKH VWHP FHOO QLFKH 6&1 6WUHVV LQGXFH!
DSLFDO URRW PHULVWHP KDV EHHQ UHSRUWHG DV D NH\
LQIOXHQFHG E\ HQYLURQPHQWDO IDFWRUV 5HFHQWO\ RX
0(' PHGLDWRU FRPSOH[ VXEXQLW LQ URRW FHOO YLDELOL
RI SKRVSKDWH GHILFLHQF\ RQ FH®B GG HFDMWWD Q@ W& IPFHLUHLQ/M
WKH 0(' JHQH XQGHU FRQWUDVWLQJ SKRVSKDWH DYDLOI
DQDO\VLV EDVHG RQ WKH JURZWK RI WKH PDLQ URRW DQG !
WKDW SKRVSKDWH VFDUFLWRHXSSRRWYH YQF FRQ@FG K B WRKQL QN
REWDLQHG LQ WKLV UHVHDUFK LQGLFDWH WKDW ORZ SKR
SURFHVVHV DQG RU FHOO UHJHQHUDWLRQ DIIHFWLQJ LQ \
PHULVWHP
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BKHGGLQJ OLJKOMD RQLPHDWI R PRIOAFF XODU ULSHQLC
IRXQGDWLRQ E\ SURWHRPLFV DSSURDFK

OLUQD 9 %DXWOQDUWKIDROKMDPDFKR/PM TKH]]JDOGH &RQWUH
-XDQ /XLV ORQULERMWEYDBDOP @XHWYDBOMD+LRRMYyUTXH]
9HOI]TXHV~V $OHMDQGUR =D\WP-RUD %RUYEBIRRIRBRL] 0D\

5HG GH (VWXGLRV OROHFXODUHV $YDQ]DGRV &OS%VVONW LA KGR t G.H R
(FRORJtD $ & ,1(&2/ ;DODSD 9HUDFUX] Op[LFR &DUUHWHUD $QWLJIXI
HO +D\D &3

'HSDUWPHQW RI %LRFKHPLVWU\ DQG OROHFXODU %LRORJ\ (76,$30 8QL
8&2 &HLS$

3UHVHQW LBLUMXOWKRUWLVWD#LQHFRO PJ
&RUUHVSRQGLQUHIDXWXKIRBLQHFRO P|

ODQJR LV D WURSLFDO IUXLW RI JUHDW HFRQRPLF LPSRUWLE
DERXW WKH PROHFXODU IRXQGDWLRQ RI LWV PDWXUDWLRC
YDULHW\ Rl SURWHLQ H[WUDFWLRQ PHWKRGV WKH FKDUDF
GLIILFXOW WR ILQG WKH PHWKRG WR JLYH XV WKH JUHDW
FRQWULEXWH WR PDMRU LQIRUPDWLRQ DERXW WKH PROHF.
7KXV FDUULHG RXW D FRPSDUDWLYH VFUXWLQ\ Rl WZR SUR
DQG D PHWKDQRO FKORURIRUP DQG WZR SHSWLGH IUDFW
H[FKDQJH DQG KLJK S+ SKDVH UHYHUVH :H FRQGXFWHG DQ
‘H LGHQWLILHG PRUH WKDQ SURWHLQV LQ WKH WZR ULS
PRUH WKDQ GLIIHUHQWLDOO\ DFFXPXODWHG 6RPH RI
GLYHUVH ELRORJLFDO SURFHVVHV VXFK DV UHVSRQVH WR |
DFLG ELRV\QWKHWLF SURFHVV DQG UHVSRQVH WR MDVP
FRURQDWLQH LQVHQVLWLYH SURWHLQ &2, 2 DQG F
03. 4 ERWK LQYROYHG ZLWK WKH MDVPRQDWH UHJXC
R[RSK\WRGLHQRDWH UHGXFWDVH 235 4 *<% ZKLFK
235 LQGHSHQGHQW SDWKZD\ IRU MDVPRQLF DFLG ELRV\QW
PHWKRG VKRZHG D EHWWHU SHUIRUPDQFH WKDQ WKH PHWK
UHYHUVH SKDVH SHSWLGH IUDFWLRQLQJ DOORZHG WKH LG
FRPSDUHG WR WKH VWURQJ FDWLRQ H[FKDQJH +RZHYHU D
VLIQLILFDQW FRPSOHPHQWDWLRQ LPSURYLQJ WKH SURWH
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SURWHRPLF DQDO\VLV RI PDQJR IUXLW FXWLFOH L
HQJLQHYV 7KH FRQWULEXWLRQ RI DUWLILFLDO LQ

%RMYUTXH] 9HOI]TXH] ( %DXWLVWD 9DOOH 09 5H\HV 6RU
(OL]DOGH &RQWUHUDYV -0 5XL] 0D\ (

5HG GH (VWXGLRVY OROHFXODUHYV $YDQ]DGRV &O~VWHU &LHQWLtILFR \ 7
(FRORJtD $ & ,1(&2/ ;DODSD 9HUDFUX] OH[LFR &DUUHWHUD DQWLJIX
+D\D HYVDX ERMRUTXHHBLBBFROLPHLOQHFRO P]|

ODQJR LV RQH RI WKH ZRUOG V PRVW FXOWLYDWHG WURSLF
DUH ORVVHV RI XS WR LQ SRVWKDUYHVW SHULRGV 'XUL
VHULHV RI PROHFXODU DQG VWUXFWXUDO FKDQJHV PDLQC
SK\VLRORJLFDO FKDUDFWHULVWLFV VXFK DV GHIHQFH RU
ELRORJLFDO VWLPXOL ZKLFK LPSDFW VKHOI OLIH 8QIRUW]
DERXW WKH UHJXODWLRQ DQG PROHFXODU G\QDPLFV WKDW
IUXLW VR WKLV ZRUN DQDO\WHG WKH SURWHRPLF SURILO
&ULROOR DQG 7RPP\ $WNLQV WKH ODWWHU HVWDEOLVKHG
EHWWHU RUIJDQROHSWLF FKDUDFWHULVWLFV DQG ORQJHU
]JHUR DQG VL[ GD\V DIWHU KDUYHVW WR H[WUDFW WRWDO
FKORURIRUP PHWKRGYVY WKHVH H[WUDFWV ZHUH DQDO\VHG
ODEHO IUHH TXDQWLWDWLYH SURWHRPLFV DQG WKH UDZ
SURFHVVHG ZLWK WKUHH DOJRULWKPV IRU SURWHLQ LGHQ
&+,0(5<6 YLD 3URWHRPH 'LVFRYHUHU Y 2XU VFUXWLQ\ I
PRUH WKDQ SURWHLQYVY UHSUHVHQWLQJ a Rl WKH Sl
JHQRPH 2YHUDOO &+,0(5<6 RXWSHUIRUPV 648(67 +7 DQG
TXDQWLILFDWLRQ EXW WKH RSSRVLWH ZDV REVHUYHG ZlI
LGHQWLILHG SURWHLQV EHWZHHQ FXOWLYDUYVY DQG PDWXU
ELRVI\QWKHVLVY RI MDVPRQLF DFLG DQG FXWLQ IDWW\ DFLC
ZLWK DOWHUQDWLYH VSOLFLQJ SURFHVVHYVY DQG WUDQVFU
VWUHVV WKHVH ODVW WZR JURXSVY UDUHO\ UHSRUWHG LQ
DEXQGDQFH LQ GLIITHUHQW ELRORJLFDO V\VWHPYV
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3URWHLQ SURWHLQ LOQWHUDFWLRQV EHWZHHQ
WUDQVFULSWLRQ IDFWRUV

&DVWRUHQD 9D]TXHRWDAKWY Q $WBHUPHY QLUDQGD )DELRO]

L, QVWLWXWR 3RWRVLQR GH ,QYHVWLJDFLYQ &LHQWItILFD \ 7THFQROYJLFI
GH 6DQ -RVp 1R /RPDV DUDHKHIOy@DEBWRUHQD#LSLF\W HGX P[
DOD URVLOHV#LSLF\W FRP

&RQDF\W 'LYLVLYQ GH %LRORJtD OROHFXODU ,QVWLWXWR 3RWRVLQR
6DQ /XLV 3RWRVL Op[LFR &DPLQR D OD 3UHVD GH 6DQ -RVp 1R /IRP
IDELROD MDLPHV#LSLF\W HGX P][

OXOWLSURWHLQ %ULGJLQJ )DFWRU 0%) SURWHLQV DUH
WKH VXSHUIDPLO\ RI KHOL[ WXUQ KHOL[ SURWHLQV SUHVH
EHWZHHQ D WUDQVFULSWLRQ IDFWRU DQG WKH EDVDO WUD
RQ HOXFLGDWLQJ WKH UROH RI 0%) E\ HYDOXDWLQJ SURW
WUDQVFULSWLRQ IDFWRUV ‘H KDYH GHPRQVWUDWHG WKH 1
IDFWRUV E\ \HDVW WZR K\EULG DQDO\VLVY ,Q DGGLWLRQ .
IDFWRUV DVVRFLDWHG ZLWK 0%) LQ SODQWV %LRLQIRU
WUDQVFULSWLRQ IDFWRUV DUH LQYROYHG LQ GHYHORSPHC
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30DQW '"HYHORSPHQW

,GHQWLILBDWERSBFHQHOMDPO@LOODULD VDQ DQJHOF
&DFWDFHDH IURP WKH QRYR ZKROH JHQRPH VHT.
GHYHORSPHQW HYROXWLRQ

IXLY JHUQDQGR &LVQIHRKRDWH CH B XWAILWVKD QRV DV

3RVJUDGR HQ &LHQFLDV %LROyYyJLFDV 8QLYHUVLGDG 1DFLRQDO $XWyQ
8QLYHUVLWDULD OXLWRIFDHQRY #JPDLO FRP

&HQWHU IRU *HQRPLFV DQG 6\VWHPV %LRORJ\ 1HZ <RUN 8QLYHUVLW\
-DUGtQ %RWIQLFR GHO ,QVWLWXWR GH %LRORJtD 8QLYHUVLGDG 1DFLF
7THUFHU FLUFXLWR H[WHULRU 6 1 &LXGDG 8QLYHUVLWDULD &R\RDF

30DQWV LQ WKH VXEIDPLO\ & DFWRLGHDH H[KLELW GHWHUP]
PHULVWHP 5%$0 H[KDXVWLRQ :LWKLQ WKLV FDFWXV VXE
ODPPLO®DNUDDPRGHO V\WVWHP JLYHQ LWV UHODWLYHO\ VKR
HDVH Rl UHSURGXFWLRQ <HW WKH H[SIDRPPLWORDQ LI SUL
KLQGHUHG E\ WKH ODFN RI LGHQWLILHG JHQHV WKDW FR
SURFHVV ,Q WKLV VWXG\ ZH LG H Q ®/70lHHIEHBXRPL\Y DYVH KIR P R
VDQ DQJKOHQVYIPBLRLQIRUPDWLF DQG PWROHBBXGDUSRH\RRRIGW
KDYH EHHQ GHBYVPHLERGSVL® QGKBODD @ NH\ UROH LQ URRW
UHJXODWLQJ SURFHVVHV LQFOXGLQJ WKH PDLLQWMDHQDQFH F
DQJHOBRVLVHTXHQFHG XVLQJ WKH 3DF%LR ORQJ UHDG V
ELRLQIRUPDWLF SLSHOLQH ZDV HVWDEOLVKHG WKURXJK ZK
VHTXHQFHV :H XVHG WKRVH VHTXHQFHV D¥ IWK®D® DVQWK H
3/ WKDW FRXO G HG®H ROFQIE HOQD FVQISEEMRVFHUH XV SULQJO
&DFWDFH B WD YGEPIDWRYWKDFHDH WR EXLOG JHQH WUH
UHSHDWHG VHTXHQFHV ZH @HVBEQDE QBKWRROMYR MAL L QV WHK
3/7 3/7 DQG/7VXEFODGHWB/7TERWLQRWULPHUV GHVLJQHG I
VHTXHQFHV ZH ZHUH DEOH WR YDO LG DWDH) D BRHBCBHRIVW YK H V H
DQG D WRWDO RI JHQHV IURP F'1$ EHOBQBPQO OMRJLALIIH
JHQXV :H GLVFXVV WKDW 3WKHQUWNVDH\Q PHEDE @R QIEFDRI SKHQ
FRXOG EH LPSRUWDQW WR H[SODLQ 0ORR NQGH Y HDREG®WIQW D
SURYLGLQJ WKH EDVLF IUDPHZRUNARIHWKY DXQEF WKRQDQJ R

0 VDQ DQIHRBHDN\HORSPHQW
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30DQW '"HYHORSPHQW

7KH WUDQVFULSWLRQ IDFWRU $,% -$0 UHJXODWHYV
HDUO\ GHYHGRBOSEHQRSIVQV WKDOLDQD

&UX] /ySH] 0, B5RGUtJH] $ORQVR * $JUHGD /DJXQD .$ /H

'HSDUWDPHQWR GH %LRORJtD OROHFXODU GH 30DQWDV ,QVWLWXWR G
$XWyQRPD GH Op[LFR &XHUQDYDFD Op[LFR $YHQLGD 8QLYHUVLGDG
PDULD FUX]#LEMOX[IIEFHWK FRUGRED#LEW XQDP P[

*OXFRVH *OF LV DEOH WR PRGXODWH VSHFLILF DVSHFWV
SODQW WKURXJK LWV IXQFWLRQ DV D VLIJQDOLQJ PROHFXO
WKDW *OF DIIHFWV WKH H[SUHVVLRQ RI D ODUJH JHQH QXPI
OHYHO BILYHUVMDWRU\ HOHPHQWY &5(V KDYH EHHQ LGHQ
UHVSRQVLYH JHQHV 7KURXJK WKH DQDO\VLV RI7T®% KH SURPR
68*$5 75$163257(5 3527]HIQH LW ZDV IRXQG WKDW D E
SURPRWHU FRQWDLQV WKH &5(V IRU WKH *OF UHVSRQVH
UHJLRBG3RIUHYHDOHG WKH SUHVHQFH RI &5(V GHVFULEHG L
DQ $0< %2$7&&$ D * ER[ UHODWRT*HDBBHWKWH ( ER[ YDULTL
&$&$7*7KH WUDQVFULSWLRQ IDFWRUV 7)V WKDW UHFRJQL
QRW IRU WKH RWKHU WZR PRWLIV %\ D VHDUFK LQ WKH O
$%$ ,1'8&,%/( E+/+ -$6021,& $662&,$7(' 0<& /,.( 7) UHFRJ
WKH ( ER[&3BRSIZRQWKH MDVPRQLF DFLG VLIJQDOLQJ DQG WK
LQ WKH DEVFLVLF DFLG $%$ VLJQDOLQJ 'XH WR WKH FURYV
ZH HYDOXDWHG WKH SDUWLFLSDWLRQ RI SNBFPXOVDRQWQF UF
H[KLELWHG D *OF K\SHUVHQVLWLYLW\ SKHQRW\SH HYLGH
DUUHVWHG GHYHORSPHQW DW ORZ *OF FRQFHQWUDWLRQV
$ WUDQVFULSWRPMPPERWVQW RNWKBG W\SH DW  *OF GH
JHQHV ZHUH GLIIHUHQWLDOO\ H[SBJI3V$HRK URPWWH QP X\
LPPXQRSUHFLSLWDWLRQ DVVD\ HYLGHQFHG WKDW $,% -$0
673 LQ SUHVHQFH RI *OF 7KHVH UHVXOWV VXJJHVW WKDYV
HITHFWRU LQ WKH VXJDU VLJQDOLQJ SDWKZD\ GXULQJ HDUC

7KLV ZRUN ZDV VXSSRUWHG E\ &21%$+&<7 &)
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$ ES GHOHAW(RURRPRWHU OHDGV WR ORVV RI V
UHFRJQLWIERWLDRQD SOXPEDJLQLIROLD

<XULGLD &UX]5HIMRAD 6D O F HGP BHURAKRI [+ HUUHUD 8EDOG
9LQFHQW &H U E DEDWHY WBXFLERR/ 68\DHI D QVE RDYR® WHHAL SH & U X]

*DUFtD
'HSDUWDPHQWR GH %LRTXtPLFD )DFXOWDG GH 4XtPLFD 8
Op[LFR &G O] Op[LFR

8*$ /$1*(%,2 &LQYHVWDY ,31 ,UDSXDWR *WR Op[LFF

IFI#XQDP P[

3ROOHQ UHMHFWLRQ LQ VHYHUDO VSHFI6HVRE X ISH\R B ® PWR/H
7KH 6 51DVH IHPDOH GHWHUPLQDQW DQG 6/)V PDOH GHWH
0* DUH HVVHQWLDO IRU D SURSHU SROOHQ UHMHFWLRQ U
JURXSDIBW (3 1LFRWLDQD DODWD 6WLSPBW HDUWHV L QBULREEW W
VSHFLILF H[SUHVVLRQ LQ WKH PDWXULF RWV SRBLRIVV IBEDLQF
FRPSDWLEOH 6& VYSSOKXKREDVMKIR®HDVKLY JHQH LQ WKHLU
LW LV QRW H[SUHV\6MG3[BKH DEVRI® FRX0G EH UHODWHG WR
PXWDWLRQV LQ WKH SURPRWHU UHJLRQ RU DQ\ WUDQVFULS
XSVWUHDID RWARIGHL QJ UHIJLRQ S$1DOWFWDNHRW WKLV K\SRWK|
HYDOXDWHG LWV S$RPRMGRE \DIVVUINQVWIRD@DQWY ZLWK WKI
SURPRWHUSEDEBEIWRXWFRPHVWURP ¥JWXKDFOLREY LQGLFDW!}
S1D6W(3 GREHBSWMVVLRQ LQ PDWXUH SLVWLOV 7R HY
RBW(H[SUHVVILRROXK@EDJIJVWLUPO®MD LY EHFDXVH RI PXWDWLR
WUDQVIRBRWEEQDR GV SBME3BRQVWUXFW 5HVXOWY VKRZH
SURPRWHU FRUYHANSQ\HENVURBDWNVR VWLIPDV LQGLFDWLQJ C
WKLV 6& VSHFLHV 7R VGEWRPRPAL QY SORWPED KO\ IGRVYD RI

IXQFWLRQ PXWDWLRQV ZH FORQHG WKLV SURPRWHU DQG F
DODMHD/XOWYV VKRZBGWEKRWRWKKW KDV D ES GHOHWLRC
WUDQVFULSWLRQ VWDUW V1BV [BK\H® FHR X P83 BV ¥ RRKQ W) LR
LGHQWLI\ 7)VIDBEWHIDWHYMLRQ ZH FRQGXFWHG D \HDVW RC
GLITHUHQW Y HD8MRBQ\R RR WHKEH \D V$ D VERT) WICDLED DU\ IURP DQW
DQG SLVWLO :H LGHQWLSLB6W @O \G IMKHDRW ELIQSRWWHU JHQH

3$3,,7 ,1 3%$,3 )4 & % $ 6
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)YXQFWLRQDO FKDUDFWHUL]DWLRQ RI JOXFDQ
GHYHORSPHQW

'DQLHOD 'H OD ORQOG SWHQBPR GH )ROWHU

3UHVHQWSRGGDEVWH *HQYPLFD $YDQ]DGD 8*$ /$1*(%,2 &HQWUR GH ,Q
(VWXGLRV $YDQ]DGRV GHO ,QVWLWXWR 3ROLWpPFQLFR 1DFLRQDO &,19¢
Op[LFR

&RUUHVSRQGHQFH VWHIDQ GHIROWHU#FLQYHVWDY P|

30DQW JOXFDQDVHV DUH HQJ\PHV LQYROYHG LQ WKH V\QV
ZDOO FRPSRQHQWY GXULQJ PXOWLSOH SK\WVLRORJLFDO SU
JOXFDQDVHV RU FHOOXODVHV ZKLFK GHJUDGH FHOOXOR\
JO\FRVLGLF ERQGV WR UHPRGHO DQG GLVDVVHPEOH W
FHOOXODVHV DUH FODVVLILHG LQ WKH *+ IDPLO\ ZKLFI
SK\WLRORJLFDO UROHV WR SODQW JURZWK GHYHORSPHQW
'XULQJ J\QRHFLXP GHYHORSPHQW WKH IHPDOH UHSURGX
PRGLILFDWLRQV RFFXU LQ WKH FHOO ZDOO WKDW LQYRO
HQJ\PHV VXFK DV FHOOXODWR®D QX I UD E BER-E VI8 NFYF LR Q
SDWWHUQV RI $WZR- PARH®X OGD®HE%7RP&HO KDYH EHHQ GHVF
LQ HDUO\ VWDJHV Rl JJQRHFLXP GHYHORSPHQW +RZHYHU
YHULI\ WKH UROH RI WKHVH FHOOXODVHV GXULQJ WKH GH
PDNH XS WKH J\QRHFLEP OD QIGRWACLNIHZRHW ZLOO EH IXQFWLI
FKDUDFWHUL]HG E\ JHQHUDWLQJ ORVV RI IXQFWLRQ DQG F
WKHLU H[SUHVVLRQ SDWWHUV ZH KRSH WR HOXFLGDWH WK
GHYHORSPHQW DQG ZKHWKHU WKHUH LV UHGXQGDQF\ RU I

3;;, 1DWLRQDO 30DQW %LRFKHPLVWU\ DQG OROHFXODU %LRORJ\ &RQJU|
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,QFLGHQFH DQG GLVWULEXWLRQ RI GHWHUPLQDWH
VSHFLHV IURP WKH VXEIDPLO\ &DFWRLGHDH

6RItD (VWHEDQ +6DJQGQ 6 HJRUD GHO\H ¥ DQWE UO Q' RD DFHIDDI D V
5DPtUH] <BUW®HQH 1DSVXFLBO®OAH R GILHL-O8D 00Q¢HHQWH
ODUWtQRVHSK 'XEWRYWBYR 5RGUtJXH]HMDRMYMER 6 KLVKNRY D

'HSDUWDPHQWR GH %LRORJtD OROHFXODU GH 30DQWDV ,%W 81$0 &X
&HQWUR GH ,QYHVWLJDFLYQ HQ 'LQiPLFD &HOXODU 8$(0RU &XHUQDYD
'HVHUW %RWDQLFDO *DUGHQ 3KRHQL[ $= 86$%

VRILD HVYWHEDQAXEFWDMNROBRPGULJIX N MHWWDIDFKAVKNRYD#LEW XQDP P]

7KH IDPLO\ &DFWDFHDH FRQWDLQV a VSHFLHVY GLVWULE?
7KH &DFWDFHDH IDPLO\ LQFOX®HWRIRSHD HV X B OLAKXOHLAHLMR
2SXQWLRLGHDH DQG 3HUHVNLRLGHDH WKH ILUVW RQH FRC
VSHFLHV RI ADHEWMRPHADOWUWXGLHY LQ WKH ODERUDWRU\ 'XEU
HW DO UHY HDSODOHGV WKW RBWWLHY H[KLELW GHWHUP
SuLpbu\ URRW L H WKH URRW DSLFDO PHULVWHP 5%$0 L\
JHUPLQDWLRQ DQG WKHQ DOO FHOOV DW WKH URRW WLS
JURZLQJ ,Q WKLV ZRUN ZH IXBWWHKWH MVEHOQRE WHEHPDQD ORR
LQGHWHUPLQDWH RU GBQ/MHW\RPHQDWPH FDBGLQBRP WKH &DFWR
JRU VRPH RI WKHP SULPDU\ URRW JURZWK NLQHWLFV ZHUH
EXW RQH &DFWRLGHDH VSHFLHVY DQDO\JHG XQWLO QRZ H[KI
URRW )XUWKHUPRUH ZH PDSSHG WKH QDWXUDO GLVWULE
ZKHWKHU WKH GHWHUPLQDWH SULPDU\ URRW JURZWK LV
HQYLURQPHQWY 2XU UHVXOWYV IXUWKHU VXJJHVW WKDW W
FRXOG UHSUHVHQW DQ DGDSWDWLYH DGYDQWDJH LQ HQYL
K\SRWKHVLYVY ZDV VXSSRUWHG HYHQ IRU HSLSK\WLF &DFWDF
KXPLG HQYLURQPHQWY KDYH URRW V\VWHPV H[SRVHG WR I
GHILFLW 7RJHWKHU ZLWK SUHYLRXVO\ DQDO\|HG VSHFLHV
KDYH D UHFRUG RI SULPDU\ URBWWDUFRIDWKVWHNFHHNRULQFO
&DFWRLGHDH VSHFLHV

7KLV ZRUN ZDV SDUWLDB®®\7VKSIRUWHG B\QG ,1
&21%$&\7 &)
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$ FRPSDUDWLYH WUDQVFULSWRPLFV DSSURDFK
UHJXODWLRQ RI WKH GHWHUPLQDWH SULPDU\ UF

. HQLD $ *DOYiQ $OFDUD]i *XVWDYR 5RGUtIJIXH] $ORQVRI

TLQVWLWXWH RI %LRWHFKQRORJ\ 81%0 &XHUQDYDFD ORUHORV OH[LFR
&XHUQDYDFD ORWHOMRWIDEODEPRIRVWPBRR URGULIXH]#LEW XQDP P]|
VYHWODQD VKLVKNRYD#LEW XQDP P

&DFWDFHDH LV D SODQW IDPLO\ GLVWULEXWHG DORQJ WKE
DQG HQGHPLVP LQ FRXQWULHV VXFK DV OH[LFR &DFWDFH
DQDWRPLFDO DQG SK\WLRORJLFDO DGDSWDWLRQV RQH RI
SULPDU\ URRW D GHYHORSPHQWDO DQG JHQHWLFDOO\ UH.
PHULVWHP 5%$0 H[KDXVWLRQ :LWK WKH H[FHSWLRQ RI D U}
IR&DUQHJILHD &DBWQWHDH JHQRPLF DQG WUDQVFULSWRPLF
PRVWO\ ORZ FRYHUDJH DQG KLJKO\ IUDJPHQWHG JHQRP
WUDQVFULSWLRQDO UHJXODWLRQ RI URRW GHWHUPLQDWF
WUDQVFULSWRPH RI WKH &S UILLPDQUWHIR W DG HE LRIIHUH Q W L I
H[SUHVVLRQ LQ WKH LQLWLDO DFWLYH 5$0 YV WHUPLQDO
GHYHORSPHQW DQG IRXQG GLIIHUHQWLDOO\ H[SUHVVHC
WR WKH URRW DSHBDFEDRRUFHIX S DERIR I WOHHUIL Y SIH B DBW IRD
VHTXHQFHG DW VLPLODU VWDJHV RI URRW JURZWK 2XU |
ODQGVFDSH RI 5$0 H[KD X V3V LRQ Q@ PEFRIQ YBIQMKIBELQYLQJ D
FRUUHODWLRQ LQ JHQH H[SUHVVLRQ SDWWHUQ LQ PRUH W
WKHVH VSHFLHV )RU WKH SUHYLRXVO\ 3 \SWHRBPORE QKR RW D

RI WKH FRQWLJV ZHUH QRW DQQRWDWHG 7KHUHIRUH Z
WKHVH VHT&XHQRABWWEDLVFDUG DVVHPEO\ DUWLIDFWV DQG
WUDQVFULSWV 2XU UHVXOWV VKRZHG WKDW WKHVH VHTXH
VRPH Rl WKHP DUH GLIIHUHQWLDOO\ H[SUHVVHG DFURVYV
LQYROYHPHQW RI OLQHDJH VSHFLILF WUDQVFULSWV LQ &D
FRPSDUDWLYH WUDQVFULSWRPLFV DQG JHQRPLFV ZH LG
SXWDWLYH OLQHDJH VSHFLILF JHQHV SUHVXPDEO\ LQYRO
SULPDU\ URRW

7KLV SURMHFW ZDV SDUWLDOO\ IXQGHG E\ 3%3,,7 81%0 ,1
&)
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&KURPDWLQ PRGLILFDWLRQ DQG WKH FRQWURO |
DIJHWHYV

ODUFHOLQD *DUFKXEFL$J X LOpMG HHUPWIQR *RQJiOH] 6RWR

8QLYHUVLGDG 3ROLWpPFQLFD GH OD =RQD OHWURSROLWDQD GH *XDGD
&DMLWLWOIQ 70DMRPXOFR GH =~xLJD -DOLVFR Op[LFR (PDLO PDUFH:!

&HQWUR 8QLYHUVLWDULR GH &LHQFLDV %LROYJLFDV \ $JURSHFXDULD\

5DPyQ 3DGLOOD 6iQFKH] 1R &3 IH[WLSDF =DSRSiIiQ -DOLVFR C
8QLYHUVLGDG 3ROLWpFQLFD GH OD =RQD OHWURSROLWDQD GH *XDGD!
&DMLWLWOIQ 7ODMRPXOFR GH =~xLJD -DOLVFR Op[LFR

7KH JHDXMWMVZLGHO\ YDOXHG IRU LWV RUQDPHQWDO
FKDUDFWHULVWLFV ,Q OH[LFR WKH &HPSDV~FKLO LV WKH
FXOWLYDWHG PDLQO\ IRU LWV XVH LQ WKH FHOHEUDWLRQ
SURGXFWLRQ Rl FDURWHQRLG FRPSRXQGV DV ZHOO DV LV
KLJK YDOXH WUDLWV H[SORUHG LQ WKH LQGXVWU\

7KH UHSURGXFWLR Q7R U MWKSHYP DIM\R RIEWX BY WKURXJK VHHG
PRVW FRPPRQ zZD\ IRU LWV VRZLQJ DQG SURSDJDWLRQ 7
&HPSDV~FKLO ZLWK KLJK SURGXFWLRQ RI FDURWHQRLGV
JHQHUDWHG WKURXJK GRPHVWLFDWLRQ VHOHFWLRQ DQC
VWURQJO\ GHSHQGHQW RQ WKH VH[XDO UHSURGXFWLRQ RI
YDULHWLHV Rl 7DJHWHV ZLWK UHSURGXFWLYH SUREOHPV
VXFK DEQRUPDOLWLHY FDQ EH DFWLQJ DV D EDUULHU LQ W
SUREOHP LQ REWDLQLQJ K\EULGV ,Q $UDELGRSVLV VHYH
FKURPDWLQ PRGLILFDWLRQV ZLWK WKH PROHFXODU FRQWU
JHQXV WDJHWHV OLWWOH LV NQRZQ DERXW WKH UHSURG)
SUHOLPLQDU\ F\WRTIRIHWH @ DR BV ZHHU HAEEXMDG VW URQJ
DEQRUPDOLWLHYV LQ WKH IRUPDWLRQ RI WKH IHPDOH JD
UHSURGXFWLRQ LQ WKHVH SODQWY FRXOG EH VHYHUHO\ DI
7KH REMHFWLYH RI WKLV SURMHFW LV WR DQDO\]H WKH
PROHFXODU FRQWURO RI UHSDRISW AW DY GHDH @ RES i FOWD |
%DVHG RQ F\WRORJLFDO VWXGLHV LPPXQRORFDOL]DWLRQ
VHHNLQJ WR LPSURYH WKH XQGHUVWDQGLQJ DERXW WKH V
HOXFLGDWLQJ WKH RULJLQ RI F\WRORJLFDO DEQRUPDOLWL
RQH Rl WKH ODUJHO\ XQH[SORUHG UHVHDUFK DUHDV LQ WK

3;;, 1DWLRQDO 30DQW %LRFKHPLVWU\ DQG OROHFXODU %LRORJ\ &RQJU|
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'KLFK FRQIRUPDWLRQDO FKDQJHYV DUH LQYROYHG
DFWLYLW\ LQFUHDVH IROORZLQJ WKH UHGXFWLR

(PLOLR *DUFtD<&DILBWUE G UX)HMPSRHU KU X]D'DIVHFWUD$S QG U pV
-XiUH] 'tD]

'HSDUWDPHQWR GH %LRORJtD &RPSDUDGD )DFXOWDG GH &LHQFLDV 8¢

&G O] Op[LFR

'HSDUWDPHQWR GH %LRTXtPLFD )DFXOWDG GH 4XtPLFD 8QLYHUVLGDG
OH[LFR

S3UHVHOWW®BOJ #FLHQFLDV XQDP P]

&RUUHVSRQGM @J \DXWKRGLD]#FLHQFLDV XQDP P[

7KH 51DVH 7 IDPLO\ LV RQH RI WKUHH PDMRU JURXSYV
HQGRULERQXFOHDVHYV ZKLFK FOHDYH 51$ WKURXJK D 9 YF
51DVHV DUH IRXQG RQ EDFWHULD SURWR]RDQV DQLPDOV

ELRORJLFDO UROHV IURP KRXVHNHHSLQJ WR WXPRU VXSS
EHJDQ ZLWK WKH GLVFRYHU\ RI 6 51DVHV D JURXS RI 7

LQFRPSDWLELOLW\ 6, LQ IORZHULQJ SODQWYV 6LQFH WKHC
LGHQWLILHG 3K\ORJHQHWLF VWXGLHYVY GLYLGH SODQW 7 5.
RULJLQDWHG LQ JUHHQ DOJDH DQG DQJLRVSHUPV UHVSHI
H[FOXVLYH RI FRUH GLFRWV $00 SODQW 7 51DVHV SRVVHYV
WKH FRQVHUYHG DFWLYH VLWH VHJPHQWY &%$6 , DQG &%$6
UHVLGXHV LQ VLPLOBUE GRVISMLROYVYXBPY®RUMHQ ZKLFK LQ SOD
KHOL[HVY DQG VWUDQGY 30DQW 7 51DVHV FRQVHUYH KD
DOO 7 51DVHV DQG DUH WKRXJKW DV HVVHQWLDO IRU V\V
ILFRWLDYBROWWDW D WKLRUHGR[LQ LQYROYHG LQ 6, 1D7L
DQG UHGXFHV WKH FRQVHUYHG & & LS LBDDYVIHGHIKEIRQG (
VSHFLILF UHGXFWLRQ UHVXOWY LQ D VHYHQ IROG LQFUH
HVVHQWLDO IRU VHOI SROOHQ UHMHFWLRQ WR RFFXU 6L
VXJIJHVWV FRQIRUPDWLRQDO FKDQJHV LQ WKH SURWHLQ V
VROYLQJ WKH VWUXFWXUH RI DQ 6 51DVH YDULDQW WKI
VWDWH FRQIRUPDBEYDRE &L H & 6 6 'H DUH FXUUHQWO\ JH
WDEDWXJDQVIHQLF SODQWYV WKDW BRRVM W X6N& Y HBO\LB[S U
RUGHU WR SXULI\ DQG FU\VWDOL]JH WKH SURWHLQ IRU ; UD!
WR REVHUYH WKH FRQIRUPDWLRQDO FKDQJHYV UHTXLUHG IF
IRU VHOI SROOHQDOBWHDFWLRQ LQ

3%3,,7 ,1
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7TUDQVFULSWLRQ IDFWR&W UAFXDPWHILOLFDEAEIR Q L
GHYHORSPHQW

*DUFtD /XQD 9RUIRGHIRFEXUWRQY UDHIHCRUDOHY 6DQGUD
+HUUHUD (VWUHOOD /XLV 5

&HQWHU IRU 5HVHDUFK DQG $GYDQFHG 6WXGLHV RI WKH 1DWLRQDO 3
/LEUDPLHQWR 1RUWH &DUUHWHUD ,UDSXDWR /HYyQ ,UDSXDWR *WR
7TH[DV 7THFK 8QLYHUVLW\ /XEERFN 7H[DV %URDGZD\ /XEERFN 7;
SUHVHQWLQJ DXWKRU H PDLO YLULGLDQD JDUFLDO#FLQYHVWDY P]|
&RUUHVSRQGLQJ DXWKRU H PDLO OKHUUHUDH#FLQYHVWDY P|[

SWULFXODUWD DX HETXDWLF FDUQLYRURXV SODQW WKDW ElI
IDPLO\ ,W LV FKDUDFWHUL]HG E\ KDYLQJ D PLQXWH JHQRPF
WKH DEVHQFH Rl URRWV DQG LWV WUDS ZKLFK LV FDSDEO
LV GXH WR D UHOHDVH RI VWRUHG HODVWLF HQHUJ\ LQ Wi
PRYHPHQWY LQ QDWXUH DQG XQLTXH WR WKH 8WULFXODUL
SODQW WR WKULYH LQ GLYHUVH HQYLURQPHQWYVY DQG G
%ODGGHUZRIDQW MULSSVLRQ IDFWRUV SOD\ D FUXFLDO UROH
WKH SK\WVLRORJ\ PRUSKRORJ\ DQG HYROXWLRQDU\ WUDMF
KDYH H[SORUHG WKH JHQRPH DQG WUDQVFULSWRPH WKH V
IRU UHJXODWLQJ WKH GHSWOR B RE QMILBH JWHREHDMWR) ES LG H QW
7KXV RXU IRFXV LQ WKLV UHVHDUFK LV WR HYDOXDWH W/
H[SUHVVHG LQ WKH WUDS %DUHGGRG W KHWIKOY R DAQHIDLHFQY R
IRXU WUDQVFULSWLRQ IDFWRUV NQRZQ WR EH LQYROYHG
JHQHUDWHG DORQJ ZLWK RYHUH[SUHVVLQJ OLQHV LQ 8WL
7KHVH OLQHY DOORZHG XV WR HOXFLGDWH WKH UROH RI Wi
DVVHVV WKHLU LPSDFW RQ WUDS GHYHORSPHQW LQ 8WL
LPSOLFDWLRQV IRU $UDELGRSVLVY GHYHORSPHQW

3;;, 1DWLRQDO 30DQW %LRFKHPLVWU\ DQG OROHFXODU %LRORJ\ &RQJU|
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$ WHWUDWULFRSHSWLGH GRPDLQ SURWHLQ LPSC

%YHUHQLFH *DUFtD 3RQFH &DUROLQD &UX] OyQLFD 5RGUtJ
DQG $QGUp 9i]TXH]

,QVWLWXWR GH (FRORJtD 81%0 &LUFXLWR H[WHULRU V QR MXQWR D
&'0; Op[LFR EJDUFLD#HFRORJLD XQDP P]|

$UDELGRSVLWRRYD OLMD @D G\QDPLF PRGHO IRU VWXG\LQJ

GLIIHUHQWLDWLRQ SURFHVVHV ,Q WKLV V\VWHP ZH FDQ IF
GLIIHUHQWLDPMWERGH ORQJLWXGLQDO ]JRQHV FDQ EH GLVWI
PHULVWHP JRQH WRZDUGV WKH WLS ZKHUH WKHUH LV D KL
RI FHOO HORQJDWLRQ ZKHUH SUROLIHUDWLRQ GHFUHDVHYV
D JRQH RI FHOO GLIIHUHQWLDWLRQ ZKHUH FHOOV UHDFK W
,Q WKLV ZRUN ZH FKDUDFWHUL]JHG D PXWDQW ZLWK D VK
PXWDQW URRW KDV D PHULVWHP RI WKH VDPH VL]H DV WKH
LV VKRUWHU WKDQ :7 &HOOXODU DQDO\VLVY UHYHDOHG WK
SODQWYV +RZHYHU LW SURGXFHV WKH VDPH QXPEHU RI FH(
HORQJDWLRQ LV VSHFLILFDOO\ DIIHFWHG LQ WKLV PXWDQW
7KH PXWDWHG JHQH LV DQQRWDWHG LQ 7KH $UDELGRSVLYV
DV D SUHQ\O\OWUDQVIHUDVH SURWHLQ +RZHYHU DIWHU S
LW LV L7158, &23(37,'( 5(3($7(' 35235, 1&RPSOHPHQWDWLR
DQDO\VLV FRQIZLYP HEQW KW WKSHRQVLEOH IRU WKH SKHQRW
RI SURWHLQ V IXQFWLRQ LV XQFOHDU EXW LV FRQVHUYHC
SRVVLEOH LQYROYHPHQW RI 735 IXQFWLRQ LQ KRUPRQHV |

*UDQWV 3%$3,,7,1 1 DQG &)
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30DQW '"HYHORSPHQW

526 GHPHWK\ODVH LV LQYROYHG LQ GHWHUPLQLC
$PDUDQWKXV K\SRFKRQGULDFXV

*DUGXXxR 7DPD\R < 4 6LOYD ODUWLtQH] * $ * $FRVW

'"HSDUWPHQW RI %LRFKHPLVWU\ 7HFKQRORJLFDO ,QVWLWXWH RI &

*DUFtD &XEDV 6 1 )29,6667( &RORQ\ &HOD\D *XDQDMXDWR OH[LF
'"HSDUWPHQW RI %LRFKHPLVWU\ 7HFKQRORJLFDO ,QVWLWXWH RI &
*DUFtD &XEDV 6 1 )29,6667( &RORQ\ &HOD\D *XDQDMXDWR OH[LF

'"HSDUWPHQW RI %LRFKHPLVWU\ 7HFKQRORJLFDO ,QVWLWXWH RI &
*DUFtD &XEDV 6 1 )29,6667( &RORQ\ &HOD\D *XDQDMXDWR
JHUDUGR DFRVWD#LWFHOD\D HGX P[

$PDUDGMIKUDQWK XV K\SRIPKPQEHQRP¥ XM KHUEDFHRXV SODQ
DQQXDOO$PDR DIDKMHKDFHOWH ZKLFK FRPSULVHV PRUH WKDQ
DSSUR[LPDWHO\ VSHFLHV LW KDV EHHQ UHSRUWHG DV D
F\FOH LW LV FXOWLYDWHG LQ D ZLGH UDQJH RI DJURFOLP
GURXJKW DFFRUGLQJ WR VRPH VWXGLHV LW UHTXLUHV XS
EDUOH\ KHDW DQG SHVWV KDYLQJ D VPDOO VPRRWK ZKL)
WK H IRRGV RI WKH IXWXUH FODVVLILHG DV VXFK E\ WKH
WKH\ DUH QXWULWLRXV DFFHVVLEOH WDVWH JRRG KDYH
PHDW IRRGV DQG DUH DYDLODEOH LQ D ZLGH YDULHW\ RI |
GLVWLQJXLVKHG E\ DQ LOQOWHUHVWLQJ QXWULWLRQDO FRQW
KDYH D SURWHLQ FRQWHQW DQG KLJK FRQFHQWUDWLF
DFFRUGLQJ WR WKH )$2 LV WKH LGHDO SURWHLQ FRQWHQV
EHHQ VKRZQ WR EH LPSRUWDQW LQ WKH B26] KRWKRY Rl H
UHVSRQVLEOH IRU FDUU\LQJ RXW '1$ GHPHWK\ODWLRQ LC
IRUPDWLRQ ,Q WKLV SURMRBWH®HKHZDX¥QBWDRYQ HRE ®WXULQ
GHYHORSPHQW LQ $PDUDQWK SODQWY D FRPSDULVRQ RI
526 IRX@G2U\]D $DWELY®RSVL\D WK@DRIMKB U FHUHDOV ZDV
WKH SUHVHQFH RI GRPDLQV ZDV LGHQWLILHG EHORQJLQJ
DQDO\VLV RI WK36 IX®D PWDRQ RWK LV EHLQJ FDUULHG RXW E\
PLFUR51$V WKH UHVXOWV REWDLQHG VR IDU ZLOO EH SUH
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2SWLPLIDWLRQ SURWRFRO WR ,VRODWLRQ RI S
JDPHWRSK\WLF FHOOV WR JHQHWLF H[SUHYV

ODUFRV ,YiQ *RQJicHM~\DBBKHVWIQ % B3QICAGRD SRYRQI$SIXLOD
ODUtD GHO &DUPHQ 2DRYHD GPHOWDPERWIiQ )LIXHURD

L QVWLWXWR 3ROLWpPFQLFR 1DFLRQDO 83,%, Op[LFR
&LQYHVWDY ,UDSXDWR
&RUUHVSRQGLQJ DXWKRU

(PDIQGEXUDQI#LSQ P]

7KH IHPDOH JDPHWRSK\WH LV FRPSRVHG Rl VHYHQ FHOOV
GLVWLQFW W\SHV WZR VLQHUJLG FHOOV RQH HJJ FHOO F
$OWKRXJIK EHLQJ D PXOWLFHOOXODU RUJDQ LW GHYHOR:
OHJDVSRUH ORWKHU &HOO 00& ZKLFK PHLRWLFDOO\ GL°
OHJDVSRUH )0 6HYHUDO JHQHV KDYH EHHQ DVVRFLDWHG )
KRZHYHU WKH HVVHQWLDO PROHFXODU PHFKDQLVPV LQ
XQNQRZQ ,Q WKLV SURMHFW ZH RSWLPL]JHG D SURWRSOI
JDPHWRSK\WLF FHOOV ZH FRQILUP WKH SUHVHQFH RI FHO
PDUNHUV E\ FRQIRFDO PLFURVFRS\ DQG IORZ F\WRPHWU\

EXON E\ )$&6 WR REWDLQ WKH WUDQVFULSWLRQDO SURILO
WKH 75$3 V\VWHP ZLOO EH LPSOHPHQWHG WR LVRODWH UL
SDWWHUQ 7KH DFTXLULQJ RI WKHVH H[SUHVVLRQ SURILOH\
PROHFXODU PHFKDQLVPV GXULQJ WKH IHPDOH JDPHWRJHQ'!
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%2/DV D WUDQVFULSWLRQDO UHJXODWRU RI PXO'
FHOOXODU UHSURJUDPPLQJ LQ FDOOXV DQG QH
$UDELGRSVLV

+HUHQLD *XHUWRORDMADIRXUIQ OHGLQD %KW L] 5XL] &F
$VFHQFLR % UDBEHOWEDODUVFK ODUWLtQH]

%LRWHFKQRORJ\ DQG %LRFKHPLVWU\ '"HSDUWPHQW &HQWUH RI 5HVHD!
3RO\WHFKQLF ,QVWLWXWH &,19(67%$9 ,31 ,UDSXDWR 8QLW NP /ILEUD
/HYyQ ,UDSXDWR *XDQDMXDWR OH[LFR

3UHVHQWLQJ KDXWKRWD HPHDLOHUR#FLQYHVWDY PJ

&RUUHVSRQGLQIODXMWKRUPDBBER#FLQYHVWDY P|[

OXOWLSOH ELRSURFHVVHVY DVVRFLDWHG ZLWK FHOO SUROL
RUJDQ GHYHORSPHQW LQ SODQWV 7KHVH ELRSURFHVVHYV
IDFWRBN7$ %2DQ $3 (5) WUDQVFULSWLRQ IDFWRU LV H[SL
FHOOMORVV RI IXQFWLRQ FDXVHV FRW\OHGRQV IXVLRQ DQG
,QWHUHVWLQJO\ WKH PXWDWL®REZ/LRI W R HADVOR TNOHV KR R RO .I
PHULVWHP ODFNLQJ DHULDO WLVVXH FRW\OHGRQV DQG OF
RI %2/ FDXVHV YLWULILFDWLRQ DQG UHGXFWLRQ RI DHULDC
URRWY LQGLFDWLQJ FHOO UHSURJUDPPLQJ ZLWKRXW KR
VXJIHVWN2 WFRXWW G UHJXODWH YDULRXV SURFHVVHV LQYR
HOXFLGDWH WKHVH ELRSURFHVVHY DQG JHQHV RXU UHVHD
%2/LQGXFLEOH OLQH $IWHU D GHWDLOHG ELRLQIRUPDWLI
JHQHV ZH VHOHFWHG VRPH UHOHYDQW JHQHV DQG HQU
SUROLIHUDWLRQ DQG GLIIHUHQWLDWLRQ WR VWXG\ WKHP
VWXGLHG FDWHJRULHV OLNH DX[LQ WUDQVSRUW FHOO Z
SURGXFWLRQ VFDYHQJLQJ RI UHDFWLYH R[\JHQ VSHFLHV ZK
LQ SODQW GHYHORSPHQW LQ WKH ODVW IHZ \HDUV 7KH R
UHODWLRQWK2B EG WEKRNG VHOHFWHG ELRSURFHVVHV WR X
WKHP 7R WKLV SXURVIHQ GWFWHRE MG RIRVY RI IXQFWLRQ
DQG HYDOXDWHG XVLQJ GLIITHUHQW SKDUPDFRORJLFDO WHF
DV FURVVHV ZLWK PDUNHU OLQHV :H DUH JRLQJ WR VHOHF
WR DQDO\]H LWV ELRORJLFDO UHOHYDQFH2/ZRQWRX\EKBJ Wk
UHJXODWRU\ VHTXHQFHYV
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([SORULQJ WKH JHQHWLF EDVLV RI SKRWRV\QWK
YDULHWLHY DGDSWHG WR GLYHUVH FOLF

(OLIDEHWK +HUQIQGBUORWHXPEHUWR 2UWL] 5DPtUH]

'"HYHORSPHQWDO *HQHWLFY DQG *HQRPLFV /DERUDWRU\ $GYDQFHG *H
/LEUDPLHQWR 1RUWH /HyQ .P ,UDSXDWR *WR
HOL]DEHWK KHUQDQGH]M#FLQYHVWDY P]|

Op[LFR LV FRQVLGHUHG WKH FHQWHU RI RULJLQ RI PDL]H

EHFRPH D PRGHO IRU VWXG\LQJ & SKRWRV\QWKHVLV DV S
KLJKHU JUDLQ SURGXFWLRQ UDWH JURZ IDVWHU DQG XVF
SODQWY KDYH D VSHFLDO W\SH RI YHLQV NQRZQ DV UDQJH
DQDWRP\ DQG LV UHVSRQVLEOH IRU LQFUHDVLQJ SKRWRV\(
'KDW V HYHQ PRUH LQWHUHVWLQJ LV WKDW WKH GHQVLW\

JURXS KDV GHPRQVWUDWHG WKDW YHLQ GHQVLW\ LV PRGX
KDV EHHQ REVHUYHG LQ GLIIHUHQW QDWLYH PDL]H YDUL
FRQWUDVWLQJ FOLPDWHY 7KHUHIRUH ZH DUH LQWHUHVW
LQYROYHG LQ WKH SODVWLFLW\ RI YHLQ GHQVLW\ LQ PDL
WUDQVFULSWRPHV :H HYDOXDWHG WKH WUDQVFULSWRPHV
HQYLURQPHQWDO FRQGLWLRQV DQG DW WZR VWDJHV RI HD
SKHQRW\SLF FKDQJHV LQ YHLQ GHQVLW\ ZLWK FKDQJHV LQ

DQG WKXV LGHQWLI\ WKH JHQHV UHVSRQVLEOH IRU SKRW
ILQGLQJV FRXOG SRWHQWLDOO\ KHOS XV LQ WKH IXWXUH
LPSDFWLQJ UHVLVWDQFH DQG DGDSWDWLRQ WR KLJK WHPS
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7UDQVFULSWRPLF DQDO\VLV RI GLITHUHQWLDO H[S
IUXLW W U DIDVQLLVOLORI) SKDGU MR B LDR5&+, ' $&($(

+HUQIQGH] OLUD QS&IDP SRS &RQW BIDQIE\R Y-D @ = DSFARW MWWDO D (
&DUPRQD ®D®D]DU 5RMDV 9 0

)DFXWDG GH (VWXGLRV 6XSHULRUHV ,]JWDFDOD 81$0 (VWDGR GH Op[LF
-DUGtQ %RWIiQLFR ,QVWLWXW & DGHGH.BIRFRD 81$0

1RGR GH &LHQFLD &LXGDGDQD ;DQDWK 3XQWLOOD $OGDPD 6DQ 5DIDH
3RVJUDGR HQ &LHQFLDV %LROyJLFDV 81$0 &LXGDG GH Op[LFR Op[LFR
3UHVHQWLRQ ®XWKRWFK#IJPDLO FRP

&RUUHVSRQGDGRBXWKRDLO FRP

7KH IORZHU WR IUXLW WUDQVLWLRQ ))7 KDV EHHQ GHVFU
ZLWK SRVW SROOLQDWLRQ VIQGURPH 336 VXFK DV 9DQLO
SUHVHQW D GHYHORSPHQWDO PRGLILFDWLRQ FKDUDFWHU
DQWKHVLV ZKLFK KDV QRW EHHQ IXOO\ GHVFULEHG LQ RUI
PROHFXODU SKHQRORJ\ RI RYDULHV GXULQJ 7)) LQ YDOQL
DQDO\VLVY DQG DQ DQDWRPLFDO DQDO\VLV ZHUH SHUIRUP
LGHQWLILHG DPRQJ GHYHORSPHQW VWDJHV ZKLFK GHILQ]
FRUUHVSRQGHG WR WKH RYHU H[SUHVVLRQ RI WKH JHQH
GHYHORSPHQW DQG KHDW VWUHVV PHPRU\ DQG WKH UHJLYV
WKH 3UH SROOLQDWLRQ DQG 3ROOLQDWLRQ VWDJHV (3°
9S<$% 9S1)<$ RYXP GHYHORSPHQW DQG 9S%/+ RUJDQ
IRUPDWLRQ Rl WKH HPEU\RQLF VDF GXULQJ 3RVW SROOL(
H[SUHVVLRQ RI JHQHV UHODWHG WR UHVSRQVH WR HQYL
9S35 9S2/(2 DQG 9S&26 IUXLW \LHOG 9S1$3 DQG KL
VHHG IRUPDWLRQ DW WKH IHFXQGDWLRQ VWDJH
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7UDQVFULSWRPH ZLGH DQDGRQANQRIPPWHKIERWRE X B \
LOGXFHG LQ F\WRNLQLQ FRQWDLQLQJ PHGLXP DC
GDUNQHVV

/[LVVHW +HUUHWWDLDQDGAD/QH QFR\Dp /R{DQRDEUHUD 3RQFH

8QLGDG 3URIHVLRQDO ,QWHUGLVFLSOLQDULD GH ,QJHQLHUtD &DPSXV
3ROLWpPFQLFR 1IDFLRQDO $Y OLQHUDO GH 9DOHQFLDQD &RO )UDFF
9LFWRULD *XDQDMXDWR OH[LFR OKHUUHUDL#LSQ P|

'"HSDUWDPHQWR GH ,QJHQLHUtD *HQpWLFD &HQWUR GH ,QYHVWLJDFLY(
&,19(67$9 8QLGDG ,UDSXDWR *XDQDMXDWR OH[LFR MOFDEUH#\DKRR

SRWORVRD Q XP WXEKDRMX®PPHUJHG DV D NH\ QRQ JUDLQ FUF
ZRUOGZLGH LDKWRWBRQLTXHYV LW LV SRVVLEOH WR REWDLQ
KLIJK TXDOLW\ SRWDWR VHHGYVY ‘H JHQHUDWHG D UDSLG DQ
GHYHORSPHQW LQ PHGLXP ZLWK VXFURVH ZY JHOULWH
GDUNQHVV 7R XQGHUVWDQG WKH PROHFXODU PHFKDQLVP'
SHUIRUPHG D WUDQVFULSWRPH ZLGH DQDO\VLV :H IRXQG
UHJXODWHG JHQHV ZHUH LQYROYHG LQ WKLV ELRORJLFDC
LQWHUDFWLRQ 33, QHWZRUN DQDO\VHV SHUIRUPHG LQ W
KLIKHVW FRQILGHQFH ZH IRXQG JHQHV WLJKWO\ DVVR
FOXVWHUV RI XS UHJXODWHG SURWHLQV IXQGDPHQWDO IRU

ULERVRPDO SURWHLQV 53V LQWHUDFWLQJ ZLWK 3(%3
&& SURWHLQV 7KH 33, QHWZRUN RI XS UHJXODWHG WUDQ
OHDVW VL[ 7)V 0<% 76) E=,3 E=,3 +$7 DQG :2; PD\ E
07V GHYHORSPHQW 53V DUH HVVHQWLDO GXULQJ 07V GH
LOQWHUDFWLRQ ZLWK 3(%3 IDPLO\ PHPEHUV DV SRWHQWLDO
PROHFXODU ELRORJLFDO PHFKDQLVPV JRYHUQLQJ 53V DC
LPSURYH WKH UHVLOLHQFH RI SRWDWR FURSYV LQ WKH IDFH
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)XQFWLRQDO DQDO\WVHV RI DQ XQFKDUDFWHUL]HG |
RI (5) $3 WUDQVFULSWLRQ DEE®R $VILDP WK\DIOQ D (

+HQUL -LPHQH]ODLPHOQHOR UD @ H IV VOMIOFD %HWVDEHWK OLUDY
%HDWUL] 5XL& RARUWWPVSDPRVDQOPD\RHUQIQGHKREDQBIGH]
'XUiQ OHGLQD 1D\HOOL ODUVFK ODUWtQH]

BRO\WHFKQLF ,QVWLWXWH NP /LEUDPLHQWR 1RUWH &DUUHWHUD ,U
$GYDQFHG *HQRPLFV 8QLW /DQJHELR &HQWHU IRU 5HVHDUFK DQG $G
BRO\WHFKQLF ,QVWLWXWH NP /LEUDPLHQWR 1RUWH &DUUHWHUD ,U
'"HVHUW %RWDQLFDO *DUGHQ 1 *DOYLQ 3DUNZD\ 3KRHQL[ $UL]IRQ
&RUUHVSRQGLQJ DXWKRU H PDLO QD\HOOL PDUVFK#FLQYHVWDY P|[
SUHVHQWLQJ DXWKRU H PDLO KHQUL MLPHQH]#FLQYHVWDY P]|

$W OHDVW WUDQVFULSWLRQDO UBWDELWRSEVLKDW K DEH.H
JHQRPH UHSUHVRIQWAY HVWLPDWHG WRWDO QXPEHU RI1 JH(

EHORQJLQJ WR WKH $3(7%$/$ (WK\OHQH 5HVSRQVH )DFWRU
LQYROYHG LQ ELRORJLFDO SURFHVVHV VXFK DV JURZWK
UHJXODWLRQ RI KRUPRQDO DQG VWUHVV UHVSRQVH
'2515096&+(1 '51 388&+, 1($)< 3(7,2/( /(3 %2/,7%
%2/ '15/ (65 HWF DUH LQ WKLV IDPLO\ +HUH ZH VWXG
FRQWDLQV DQ $3 GRPDLQ WKDW HQFRGHV D PHPEHU RI W
WUDQVFULSWLRQ IDFWRU IDPLO\ 7KLV LQWHJUDVH W\SH '1
EHHQ SUHYLRXVO\ VWXGLHG RU FKDUDFWHUL]JHG VR WKH
HOXFLGDWH WKH IXQFWLRQ RI WU BHG@RISVQ VAVRN® DOH DIYOR
SODQWYVY )RU WKLV DQ RYHUH[SUHVVLQJ XVLQJ WKH 6
&5,635 &DV DQG D UHSRUWHU OLQH IXVLQJ LWV SURPRWF
JHQHUDWHG
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*HQRPH :LGH $VVRFLDWLRQ 6WXGLHV PHWD DQDO
6*6 QRYHO JHQHW UDYRORSNAYWKDO\LDRRW
GHYHORSPHQW DQG SODVWLFLW\

%UHQGD $QDEH O %HIH QR *D 0PIt BFREQGF 8D 3 DY 16 QDF KH]
5 EOYDUH] %X\D[QR 8UWBEWLDQD *DUD\ $UUR\R

IDERUDWRULR GH *HQpWLFD OROHFXODU 'HVDUUROOR \ (YROXFLYQ C
,QVWLWXWR GH (FRORJtD 8QLYHUVLGDG 1DFLRQDO $XWyQRPD GH Op[LF
&HQWUR GH &LHQFLDV GH OD &RPSOHMLGDG 81%0

IDERUDWRULR GH *HQYPLFD (YROXWLYD \ )XQFLRQDO ,QVWLWXWR GH
OLOQHU &HQWUH IRU (YROXWLRQ 'HSDUWPHQW RI /LIH 6FLHQFHV 8QL
B3UHVHQWLQJ DXWKRU
%UHQGD $QDEHO /ySH] 5Xt] ORSH]JUXL]ED#JPDLO FRP
&RUUHVSRQGLQJ DXWKRUYV

$GULDQD *DUD\ $UUR\R DIJDUD\#LHFRORJLD XQDP P]

$UD[L BUUXWLD $GDEDFKLDQ D XUUXWLD#LHFRORJLD XQDP P]

3RVWHPEU\RQLF SULPDU\ URRW JURZWK UHOLHV RQ PHULVYV
WKDW SURGXFH QHZ FHOOV WKDW ZLOO GXSOLFDWH DQG
$UDELGRSVLYUWRDOLDRRW JURZWK KDV EHFRPH D PRGHO IF
LWV VLPSOLFLW\ DQG IDFLOLW\ WR UHFRUG FHOO SUROLIH
JHQHWLF FRPSRQHQWY UHOHYDQW WR SULPDU\ URRW JURZ
6WXGLHV *:$6 PHWD DQDO\VLV DSSURDFK XVLQJ GDWD Wtk
GHFDGH ,Q WKLV ZRUN ZH SHUIRUPHG LQWUD DQG LQWHU

FRPSRQHQWYV WKDW FRXOG SDUWLFLSDWH LQ SULPDU\ URF
QLQH GLIIHUHQW VWXGLHVY DQG SHUIRUPHG GLIIHUHQW *:$6
SDLUZLVH DQDO\VLV ZLWK KLJK FRUUHODWLRQ DVVRFLDYV
DFFHVVLRQV LQ GLIIHUHQW VWXGLHV WR XVLQJ WKH GDLO\
UHVHDUFK :H IRXQG WKDW SULPDU\ URRW JURZWK FKDQJ}
ORFL RI ZKLFK VL] KDYH EHHQ SUHYLRXVO\ GHVFULE
SULPDU\ URRW JURZWK 7KH NQRFNGRZQ RI JHQHV DVVRFL
WKDW SDUWLFLSDWHYV LQ 7UDQV DFWIX®BEWHBYRW RUDVHGH
6LOHQBt®JIJDQG D JHQH ZLWK D 6WHULOH $OSKD ORWLI

SDUWLFLSDWLRQ DV UHSUHVVRUV RI SULPDU\ URRW JURZV
SDUWLFLSDWH LQ WKLY GHYHORSPHQWDO SURFHVV EHIRUH
WKDW SDUWLFLSDWH LQ SULPDU\ URRW JURZWK 2YHUDOO
WKH JHQRPLF EDVLV Rl URRW GHYHORSPHQW DQG IXUWKHL
PHWD DQDO\VHV LQ QRQ KXPDQ VSHFLHYV
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7KH URMHBE RIGXULQJ VRPDWLF HPEU\R3IHOQWNDV LQ
DPHULFDQD

/JRUHQ]R 0DQ]DQOIQHLTXH] 9D O HBIFWD D /D FEXH\\V W (
*RQJiOH] 5DQJHHUEHRID 9i]TXHIVWD $RVDV 0

5HG GH ODQHMR %LRWHFQROYJLFR GH 5HFXUVRV ,QVWLWXWR GH (FRO
5HG GH (VWXGLRYVY OROHFXODUHYV $YDQ]DGRV ,QVWLWXWR GH (FRORJtL
*UXSR GH (SLIHQpWLFD \ %LRORJtD GHO 'HVDUUROOR ,QVWLWXWR GH
8QLYHUVLGDG 9HUDFUX]DQD ;DODSD 9HUDFUX] Op[LFR

OXLV OR PDQ]DQDUH]#IJPDLO FRP

7KH PLFUR51$V DUH VPDOO QRQ FRGLQJ 51$V WR QXFO|
UROHV DV QHJDWLYH UHJXODWRUV RI JHQH H[SUHVVLRQ GX
WR LQWHUQDO DQG H[WHUQDO VWLPXOL 6RPDWLF HPEU\R
HPEU\RV IURP GLIIHUHQWLDWHG VRPDWLF FHOOV DQG LV R
PDVV SURGXFWLRQ RI HFRQRPLFDOO\ UHOHYDQW SODQW V
KDV EHHQ KDPSHUHG GXH WR H[WUHPHO\ ORZ HIILFLHQFL
UHJHQHUDWLRQ $X[LQ SOD\V DQ LPSRUWDQW UROH GXULQ
DUH DVVRFLDWHG ZLWK WKH PRGXODWLRQ Rl WKH HPEU\R
PL5 IDPLO\ RI PLFUR51$V ,Q WKLV ZRUN ZH SURILOHG
PL51$ DQG $5) E\ 57 3&5 DVVD\V LQ J\JRWLF HPEU\RV LF
DQG WKUHH NH\ VWDJHV RI 6( HDUO\ JOREXODU (* ODWH .
IURP DYRFDGR YDULHW)\ 3+DVV" :H REVHUYHG D UHPDUNDE(
PL5 DQG LWD$W)DUQHWRWLF HPEU\RV UHODWLYH WR WKF
'KLOH LQ ]\JRWLF HPEU\RV WKH H[SUHVVLRQ RI PL5 ZDV O
LQ 6( WKH H[SUHVVLRQ RI PL5 ZDV LQFUHDVHG LQ (* /*
FRQFRPLWDQW UHGXFWLRQ LQ EDVDO OHYHOV RI 3D$5) 2
ZKHUH WKH H[SUHVVLRQ RI 3D$5) LV QHJDWLYHO\ UHJXO
GLIIHUHQWLDO PRGXODWLRQ RI DX[LQ VLJQDOLQJ LV RQH F
ORZ HIILFLHQF\ Rl 6( LQ DYRFDGR
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8VLQJ &5,635 &DV WHFKQRGRDSE/WRQPMIER\QWIKH
WRPDWR IORZHUV DQG IUXLWV

ODUWLtQH] (VWXIHUGBLHUR (VSHUDIY]RUMFH])ROWHU 6

8*$ /$1*(%,2 &HQWUR GH ,QYHVWLJDFLRQHV $YDQ]DGDV GHO ,QVWLWX"
&,19(67%$9 ,31 ,UDSXDWR *XDQDMXDWR Op[LFR
&RUUHVSRQGLQJ DXWKRU VWHIDQ GHIROWHU#FLQYHVWDY P]

,Q DGGLWLRQ WR WKHLU IXQFWLRQ LQ SUHVHUYLQJ DQJLF
FRPSRQHQW RI WKH KXPDQ GLHW 6LQFH D IUXLW GHULYHYV
IDFWRUV WKDW JXLGH LWV FRUUHFW GHYHORSPHQW LV

WUDQVFULSWLRQ IDFWRUV RI J\QRHFA3S7 SIBHYBDREPHQW L (
DLP RI WKLV VWXG\ LV WR GHWHUPLQH WKH IXQFWLRQ RI
DFKLHYH WKLV ZH JHQHUDWHG VWDEOH ORVV RI IXQFWL
WHFKQRORJ\ +HUH ZHOGBHEPRQVWEDWH WKDRWDO RUJDQ JUR
LQ VWDPHQ IXVLRQ OHQJWK DQG FRUUHFW GHYHORSPHQW
IRUPDWLRQ RQ WKH FDUSHOV $OVR GXULQJ IUXLW GHYHO
LQFRUUHFW SLIJPHQWDWLRQ RI WKH H[RFDUS LQ ERWK GHY
DQDO\VLV RI WKH H[R F D53 3PXKRYME VW MIXW LK) IWKB VLIQLILF
LQ VHYHUDO SDWKZD\V IODYRQRLG ELRV\QWKHVLV JO\I
JO\FHUROLSLG PHWDEROLVP WKDW FRXOG DIIHFW WKH QX\
UHVXOWY VKRZ YDULRXV H[SHFWHG FRQVHUYHG IXQFWLRQ)\
RI QRYHO IXQFWLRQV WKDW 6BJUHGK WX HONMHYRKZ OHGSLIW R W |
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7KH SODVPD PHRBEBDQH BFWDBVWE XF) DUDRRWX P
LQ UHVSRQVH WR DQ DYRFDGR VHHG GHULYH

OHGLQD 2VWL/)RRLROIDUR*RQUBBYBH OD 9DUD /XLV (XJH
ODUWtQH] $QWRQLR $JXVWLOQR

'"HSDUWDPHQWR GH ,QJHQLHUtD *HQpWLFD &HQWUR GH ,QYHVWLJDF
&,19(67$9 ,31 ,UDSXDWR Op[LFR )DELROD PHGLQD#FLQYHVWDY P]
'HSDUWDPHQWR GH %LRWHFQRORJtD \ %LRTXtPLFD &HQWUR GH ,QYHYV
&,19(67%$9 ,31 ,UDSXDWR Op[LFR

'HSDUWDPHQWR GH ,QJHQLHUtD *HQpWLFD &HQWUR GH ,QYHVWLJDF
&,19(67%$9 ,31 ,UDSXDWR Op[LFR &RUUHVSRQGHQFH DJXVWLQR PDUW

7KH DFWLYLW\ Rl WKH $DDDAPHD PFHVWEVIDVQ\HLO® WKH FHOO LV U
RI SODQW IXQFWLRQV LW LV LQYROYHG LQ WKH RSHQLQJ R
WKH QXWULHQW XSWDNH LQ WKH URRWV DPRQJ RWKHU 2¢
KDV OHG WR DJULFXOWXUDO EHQHILWY OLNH DQ LPSURYHC
\LHOGV DQG IHUWLOL]HU VDYLQJV 7KXV LQ WKLV ZRUN ZF
DYRFDGR VHHG K\GURO\WDWH ZKLFK KDV EHHQ XVHG DV D
&DSVLFXP CRIQWXM SODVPD$FHPEHDDFWEYLW\ LQ URRWV
SUHSDUH PL[HG PHPEUDQH IUDFWLRQV IURP WKHVH URRW
PHPEUDQ#¥3DVH DFWLYLW\ YDQDGDWH VHQVLWLYH $73DV
PHPEUDQH IUDFWLRQV 7KLV $73DVH DFWLYLW\ ZLOO EH

LQWHUHVWLQJ YDULDEOHV SODQW KHLJKW QXPEHU RI EUI
FKDQJH DV D UHVXOW Rl WKH DSSOLFDWLRQ RI WKLV ELRV\
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([SUHVVLRO®2RI'$6( D QHZ SOD\HU LQYROYHG LQ \
URRW SULPRUGLXP PRUSKRJBQHVLYV LV UHJX

6HOHQH 1DSVXFLDO\ OHQGLYLO 6YHWODQD 6KLVKNRYD

'"HSWR GH %LRORJtD OROHFXODU GH 30DQWDV ,QVWLWXWR GH %LRWH
Op[LFR $Y 8QLYHUVLGDG &RO &KDPLOSD &XHUQDYDFD ORUHORYV
(PDLMHOHOH ODSVXFLDO#LEW XQDP P[ MRVHSK GXEURYVN\#LEW XQDP

,Q VHDUFK RI QHZ JHQHV LQYROYHG LQ ODWHUDO URRW
WUDQVFULSWRPLF DQDO3ELVERWWRW GRIRMF ILKQWKIHQ P HW K\
DFWLYLW\ RAHWKLOYWERDGVIHUDVH $5$%,'236,6 +202/2* 2) 75
$7; $7: FDWDO\]HV WKH + . WULPHWK\ODWLRQ WR PDLQ
FKURPDWLQ VWDWH DQG FRQWUROV URRW JURZWK E\ UHJ
VWHP FHOO QLFKH DQG SDWWHUQLQJ GXULQJ SULPDU\ DQC
HW DO :H KDYH IWXZXG/WKDWMZiAJHQH IURP D FODVVLFDO SC
.., SHUR[LGDVH VXEIDPLO\ ZDSVEGRERRIH DXQED ARG LLWDP W& H. W
T3&5 DQDO\VLV ORUHRBMHRQVMHKIW DEXQGDQFH ZDV X
WK#H WWRMHUH[SUHVVLRQ OLQH 7KH S5HDFWLYH 2[\JHQ 6S
FHQWUDO WR PDQ\ SURFHVVHV LQ SODQW GHYHORSPHQW
PDLQWDLQ WKHLU KRPHRVWDVLV ,W LV NQRZQ WKDW SHUR
ZDOO UHPRGHOLQJ GXULQJ /53 GHWHD®SP HE&WU RIRRIHQ ZAH |
H[SORUHG WKW ZB®OGHRLQVKRRW GHYHORSPHQW :H IRXQG
JHUPLQDWLRQ GDJ WKH SULP D%\ @ FKW RQ W K D RWR\D RH U X
WKH :W &RO URRW $OWKRXJK QR /5 SULPRUGLXP /53 C
WK EiPHWDQW WKH /53 PRUSKRJHQH VW% \(EZRWHBBQRUWPDO
FRPSDUHG WR WKH :W 7KHVH DEQRUPDOLWLHV ZHUH
WKEAis BXWDQW LQ ERWK PXWDQWV WKH /53V IRUPHG KD
GRPHV 7KH TXDQWLILFDWLRQ RI WKH DEQRUPD® /53V DIWF
VKRZHG DQ LQFUHPHQW RI WWHEHPOWQRWPDOLWRIR'S DLUH &/ |
XQWUHDWHG VHHGOLQJV 2XU GDWD W XIFHQMW WKDW
H[SUHVVLRQ DQG XQFRYHU D QHZ SOD\HU LQYROYHG LQ WK

5HVHDUFK ZDV VXSSRUWHG E\ '%1$3% 3%3,,7 81%0QG
&21%$&\7 6
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, QWHUDFWLRQ RI PDL]H &'.V ZLWK WKH FDWDO\V

6LOYLD OLUQD 20O LNDIIWDH V~)XWHD GXR R UD

J)DFXOWDG GH 4XtPLFD 81$%$0 &LXGDG 8QLYHUVLWDULD &'0; Op[LFR /D
,QYHVWLIDFLYQ 6 1 PLUQD ROLYDUHV#JPDLO FRP

7KH FHOO F\FOH && SOD\V D IXQGDPHQWDO UROH LQ WI
RUJDQLVPV ZKLFK WRJIJHWKHU ZLWK FHOO GLIITHUHQWLDWI
LV D VHULHV RI KLJKO\ FRRUGLQDWHG WHPSRUDO VSDWL
ZKRVH EDVLF SXUSRVH LV WR JHQHUDWH WZR LGHQWLFDO
,Q SODQWV SURSHU && SURJUHVVLRQ UHTXLUHV FKDQJHYV
NLQDVH DFWLYLW\ RI KHWHURGLPHULF SURWHLQ FRPSOHI[H
&'. FDWDO\WLF VXEXQLW DQG WKH F\FOLQ UHJXODWRU\
DFWLYLW\ FDQ EH UHJXODWHG E\ SRVW WUDQVODWLRQDO P
SKRVSKRU\ODWLRQV 7KHVH FRPSOH[HV UHVSRQG WR LQWL
LQIOXHQFH WKH DFWLYLW\ RI FHQWUDO UHJXODWRUV WR G
&& SURJUHVVLRQ

$ SULQFLSDO FRPSRQHQW RI WKH VWUHVV UHVSRQVH LV 6
NLQDVH ZKLFK GULYHV H[WHQVLYH PHWDEROLF DQG WUD
SURFHVVHV IRU FRQVHUYLQJ HQHUJ\ DQG PRELOL]LQJ UHVHI
D KLJKO\ FRQVHUYHG SURWHLQ IDPLO\ LQ HXNDU\RWHV WK
IHUPHQWLQJ DQG PDPPDOLDQ $03. $03 DFWLYDWHG NL
FRPSOH[HV DUH FRQVHUYHG LQ DOO HXNDU\RWHYV DQG VKD
RI D FDWDO\WLF . VXEXQLW DQG WZR UHJXODWRU\ VXEXQL)
6Q5. KDV EHHQ GHVFULEHG WR KDYH DQ LPSRUWDQW UR
GLITHUHQW WDUJHWYV VXFK DV 725 (Q WKEV.38RMIBFWHWH V S
WKDW 6Q5. PLJKW WDUJHW WKH &'. &\F FRPSOH[ WR UHJ
WKHUHIRUH FRQWURO WKH SURJUHVVLRQ RI WKH &&

%LEOLRJUDSK\
'"HZZLWWKH HWXDOD\
0ODJ\BW DO

<X ML D RH:\B @JO
BHXQIPW DO

%DHQD *RIQJiDB]
*XpULQHWUDD
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$Q HIILFLHQW SURWRFRO IRU HIWUDFWLQJ KLJK P
&DFWDFHDH DQG RWKHU FKDOOHQJLQJ V¢

-XOLHWD 20YHUDB Y%iMODXHF MW RNRRDBRGUtIXH] $ORQVR

'HSDUWDPHQWR GH %LRORJtD OROHFXODU GH 30DQWDV ,QVWLWXW
$XWYyQRPD GH Op[LFR &XHUQDYDFD ORUHORV Op[LFR MXOLHWD ROYH.L
&HQWUR GH ,QYHVWLJDFLYQ HQ 'LQiPLFD OROHFXODU ,QVWLWXWR C
$SOLFDGDV 8QLYHUVLGDG $XWyQRPD GHO (VWDGR GH ORUHORV &XHU(
JXVWDYR URGULJXH]#LEW XQDP P|

ORVW RI WKH ELRPDVV RQ (DUWK LV SURGXFHG E\ SOD!
XQGHUUHSUHVHQWDWLRQ RI JUHHQ JHQRPHV DVVHPEOLF
VHTXHQFHG JHQRPHV ,Q SODQWV SULRULW\ KDV EHHQ J
VLIQLILFDQFH $OWKRXJK &DFWDFHDH LV D QXPHURXV IDP
VWULNLQJ DGDSWDWLRQV DW WKH DQDWRPLFDO SK\VLF
IUDJPHQWHG JHQRPH DVVHPEOLHV ZHUH UHSRUWHG IRU R(
&DFWDFHDH KDYH EHHQ KLQGHUHG E\ WKH GLIILFXOWLHV
TXDOLW\ JLYHQ WKH HOHYDWHG FRQWHQW Rl SRO\VDFFKLC
IDPLO\ 3RO\WDFFKDULGHV DQG SKHQROLF FRPSRXQGV FDC
IXUWKHU HQJ\PDWLF UHDFWLRQV GXULQJ OLEUDU\ SUHSDU
+HUH ZH SURSRVH D SURWRFRO IRU KLJK PROHFXODU ZHL.
DQG RWKHU FKDOOHQJLQJ SODQW VSHFLHV 7KH VSHFWURSE
VKRZV OLWWOH WR QR FRQWDPLQDWLRQ SUHVHQWLQJ $

. UHVSHFWLYHO\ L H ZLWKLQ RSWLPDO YDOXHV IRU '1$
HYLGHQFHG WKH LQWHJULW\ DQG KLJK PROHFXODU ZHLJKW
IRU IXUWKHU DSSOLFDWLRQV VXFK DV ORQJ UHDG JHQRPH
ZLWK WKH SUHVHQW SURWRFRO FDQ EH DSSOLHG LQ HQJ\PC
)XUWKHUPRUH WKH VDPH SURFHGXUH FDQ EH XVHG IRU '1$
IDPLOLHV VXFK DV $VSDUDJDFHDH <XFFD VS DQG O\UWDF
SURWRFRO FRXOG EH XVHG WR LQFUHDVH WKH DYDLO
XQGHUUHSUHVHQWHG SODQW IDPLOLHV DQG WKHUHIRUH
XQGHUVWDQGLQJ DVVHVVLQJ DQG FRQVHUYLQJ SODQW EL

$FNQRZOHGJHPHQWYV 7KLV SURMHFW ZDV VXSSRUWHG E\
&21$&\7 &) JUDQWYV
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'R9,0 JHQHV KDYH D UROH LQ HPEU\R DQG HQGRYV

.DULQD 2UR]JFROQ® IEYWHADAJ W *LOOPRU

/IDQJHELR &,19(67%$9 ,UDSXDWR OHJ[LFR
NDULQD RUR]JFR#FLQYHVWDY P][
VWHZDUW JLOOPRU#FLQHVWDY P|[

'1$ PHWK\ODWLRQ DQG KLVWRQH PRGLILFDWLRQV DUH NQR
PDPPDOV '107 LV WKH PDLQ UHVSRQVLEOH IRU &* '1$ PHW
UHFUXLWHG WR KHPL PHWK\ODWHG '1$ E\ LWV FRIDFWRU
KLVWRQH PDUNV DQG UHFUXLWYV HIIHFWRUV IRU FKURPDWL
EHWZHHQ '1$ PHWK\ODWLRQ DQG KLVWRQH PRGLILFDWLRC
KRPRORJXHV DUH FDOOHG 0(7 DQG 9,0 YHVSIFHWLYHO\ $UD
9,0 DQ@GO DUH IXQFWLRQDOO\YWUR G XXGDRW SQEVWRWY DOV
LQ FKURPDWLQ PRGLILFDWLRQV DQG '1$ PHWK\ODWLRQ \
PDPPDOLDQ FRXQWHUSDUW,O0 JH@E\G PWLRERYZHSBWBOQDOC
H[SUHVVLRQ GXULQJ VHHG GHYHORSPHQW 7KRXJK LPSULC
WKHLU IXQFWLRQDO LPSRUWDQFH LQ SODQWV LV QRW XQG|
'"HVSLWH WKHLU SRWHQWLDO LPSULQWHG H[SUHVVLRQ DC(
IXQFWLRQDQOURQHMVRAXULQJ VHHG GHYHORSPHQW KDV QR
ZRUN ZH WHVW W KHOKHSRWKBIVHVSWKDM HQWLDOO\ H[SUHV\
DOOHOH DQG WKDW WKLV LPSULQWHG H[SUHVVLRQ KDV D I}
EHJLQ WR DGGUHVV WKLV K\SRWKHVLV , H[DPL®W®WG VHHG G
JHQMVO YLPYLPYLPYLPDQGLPVKRZHG HPEU\R GHIHFWV T
SHQHWUDQY¥HP VAR ZIHE HQGRVSHUP GHIHFWV ZLWK KLJK S
XQGHUVWDQG WKHLU UROH GXULQJ GHYHORSPHQW , DP
3UHOLPLQDU\ DQDO\WL\P VPXWD QYW WKRIW WRHMH VHYHUH SK|
VLQJOH PXWDQWYV ZKLFK ZRUVHQ ZKHQ SURSDJDWHG DV K
RQ WKH JHQHUDMIROWRIU OLQHY WR YHULI\ WKH SDWHUQD
LQ 51$VHT VWXGLHV 2XU XOWLPDWH JRDM HYSWRVEHR® UP |
LV LPSRUWDQW IRU IXQ FYWLIFRQND\QW/NVWKLRYZ IIXWWHEEIDO HIIH
DQG HQGRVSHUP PRUSKRORJ\ DQG JHQH H[SUHVVLRQ
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$QDO\VLV RI WKH IXQFWLRQ RI /*1 DQG 12' PDL]F
WUDQVFULSWRPLF DQG SURWHRPLF DSSU

(QULTXH 3ROD6®IQFKHIDRRE 2 % UX@NDL GD]PtQ $EUDKDP
“XiUH]

8QLGDG GH *HQYPLFD $YDQ]DGD /DQJHELR &LQYHVWDY ,UDSXDWR *XI
30DQW *HQH ([SUHVVLRQ &HQWHU 86'$ $56 DQG 8& %HUNHOH\ $OEDQ
/IDERUDWRU\ RI *HQHWLFV 8QLYHUVLW\ Rl :LVFRQVLQ ODGLVRQ ODGL\
7HO

MD]PLQ DEUDKDP#FLQYHVWDY PJ

JLIXOHOHVV QDDQEXUURZ RGG AXDH PDQARIE PXWDQWV ZLWK
GHYHORSPHQWDO SKHQRW\SHV WKDW DIIHFW PRVW YHJH
DGGLWLRQDOO\ GLVSOD\ DXWRLPPXQH GHIHFWV 12' LV I
PHPEUDQH DQG SDUWLFLSDWHVY LQ FDOFLXP LPSRUW DC
WUDQVPHPEUDQH GRPDLQ DQG D VPDOO H[WUDFHOOXC
SKRVSKRSURWHRPLF HYLGHQFH VXJJHVWV WKDW WKHVH P}
KDV EHHQ DGGUHVVHG RQ WKLV LVVXH :H GHFLGHG WR SH!
RI WEK® 5D NLQDVH GHDREEP RWOQVBURWHLQ PXWDQW DQG W
QRG /J@¥%U UHVXOWV VKRZHG D JHQHUDOL]HG LQGXFWLRQ
DELRWLF VWUHVV )XQFWLRQDO HQULFKPHQW DQDO\VLV Vk
GHIHQVH DJDLQVW IXQJL VHFRQGDU\ PHWDEROLVP V\VWH
VWUHVV DUH VWURQJO\ RYHUUHSUHVHQWHG LQ WKH PX
H[SHULPHQWY WR GHWHFW UHDFWLYH R[\JHQ VSHFLHV V
DFFXPXODWLRQ LQ WKHVH PXWDQWV ,Q DGGLWLRQ WKU
IROORZHG E\ PDVV VSHFWURPHWWVRVVXH LDH: TRX@& DEXC
LQWHUDFWLRQ RI PXWDWHG /*1 ZLWK SURWHLQV LQ WKH C
ILQGLQJV VXJJHVW WKDW WRJHWKHU 12' DQG /*1 SURWHLC
UHVSRQVH LQ PDL]H 1H[W H[SHULPHQWY ZLOO EH FDUULHG
WR SDWKRJHQLF IXQJL LQ WKHVH PXWDQWV FRPSDUHG WR
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6ROYLQJ WKH VWUXFWXUH RI WKH 1D7U[K 6 51DV

3RUWLOOR 0&WD0+DWP RUFDQ J¥OH] 6 HJIXUM| *DUFtXiYH]
"tD] -$

'HSDUWDPHQWR GH %LRORJtD &RPSDUDGD )DFXOWDG GH &LHQFLDV 8
&LUFXLWR ([WHULRU V Q &LXGDG 8QLYHUVLWDULD &G 0[ OH[LFR
'HSDUWDPHQWR GH %LRTXtPLFD )DFXOWDG GH 4XtPLFD 8QLYHUVLGDG
GH OD ,QYHVWLJDFLYQ &LHQWLtILFD V Q &LXGDG 8QLYHUVLWDULD <
3UHVHQWLQJ SRUWLOR #FLHQFLDV XQDP P|

&RUUHVSRQGLQJ DXWKRU M D MXDUH]GLD]#FLHQFLDV XQDP PJ

7KLRUHGR[LQV 7U[V DUH ZLGHO\ GLVWULEXWHG R[LGRUHG
DFWLYH VLWH RI WKHVH SURWHLQV 7US &\V *O\ 3UR &\V
WDUJHW SURWHLQV 7KH SODQWYV H[KLELW D FRPSOH[ 7U[ V
LGHQWLILKGBU[IMASRAU[K IRUP WKH ODUJHVW DQG PRVW KHYV
VXEGLYLGHG LQWR WKUHH VXEJURXSV
1D7U[KILVRPWLD QD [BOMDOXIY WHUHG ZLWKLQ VXEJURXS  ZKL
SRVVHVVLQJ H[WHQVLRQV WRZDUGV WKH 1 DQG RU & WHU
FULWLFDO UROH LQ LWV LQWH W DB ONRR/QD EHMNV K KW \6 W DN H W |
WKH 1 WHUPLQXV FRPSULVHV WZR PRWLIV 1. OHW $0OD
WHUPLQXV FRQWDLQV RQO\ RQH & *OX *OQ 'KLOH ER
LQ LWV 6 51DVH LQWHUDFWLRQ RQO\ WKH 1 WHUPLQXV LV
$OWKRXJK WKH WHUWLDU\ VWUXFWXUH RI DOO 7U[V LV K
VSHFLILFLW\ WRZDUGV WKH FRUUHVSRQGLQJ WDUJHW SUR
ULVHV WKH TXHVWLRQ UHJDUGLQJ WKH EDODQFH EHWZHHQ
1D7U[K IRU LQVWDQFH LW UHG X FIVV KIQWIXFORLD GHRGMON KGIH E
ODWWHU LV XQDEOH WR UHGXFH 6 51DVH 7KH PDMRU GLIIH
WKH 1 DQG & WHUPLQL H[WHQVLRQV LQ 1D7UI[K

7KLV SURMHFW DLPV WR DQDO\H WKH VWUXFWXUH RI WKH
KRZ 1D7U[K HWHQVLRQV SDUWLFLSDWH LQ WKLV VSHFLILF
WKLV FRPSOH[ E\ D FRYDOHQW ERQG ZH JHQHUDWHG WKF
VHFRQG &\V UHVLGXH RI LWV DFWLYH VLWH SUHYHQWLQJ W
R[LGL]JHG 1D7U[K 6ROYLQJ WKH VWUXFWXUH RI WKLV 3GLPF
WR H[SODLQ WKH VSHFLILFLW\ EHWZHHQ ERWK SURWHLQ\
FRQWULEXWH WR XQGHUVWDQGLQJ WKH IXQFWLRQDO GLYH

3$3,,7 ,1
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BWUXFWXUH IXQFWLRQ DQDO\VLV RI '1$ /LIJDVH 9
KRPRORJRXV HQG MRLQLQJ 1+(- LQ SODQW

&ODXGLD ' 5RRIRJQD (OL]DEHWKD}P{Q $HUDKDPQXiUH]
IXLV * %ULHED

8QLGDG GH *HQYPLFD $YDQ]DGD /DERUDWRULR 1DFLRQDO GH *HQYPLF
,UDSXDWR *XDQDMXDWR Op[LFR

&RUUHVSRQGHQFH

-D]PtQ $EUDKDP -XiUH]

MD]PLQ DEUDKDP#FLQYHVWY P[

IXLV * %ULHED

OXLV EULHED#FLQYHVWDY P|

30DQWYV DV VHVVLOH SKRWRV\QWKHWLF RUJDQLVPV DUH
HQYLURQPHQWDO VWUHVV LQFOXGLQJ 89 % UD\V JDPPD UL
UHTXLUHG WKH HYROXWLRQ RI KLJKO\ HIITHFWLYH '1$ UHSD
RQJRLQJ GDPDJH WR WKH QXFOHDU DQG RUJDQHOODU JHQ
LQWR WZR JURXSV 6LQJOH VWUDQG GDPDJH DQG 'R X
GRXEOH VWUDQG EUHDNV WKLV EHLQJ OHWKDO GDPDJH VL
FHOO GHDWK 5HSDLU RI GRXEOH VWUDQG EUHDN RFFXL
+RPRORJRXV UHFRPELQDWLRQ +5 1RQ KRPRORJRXV H
OLFURKRPRORJ\ PHGLDWHG HQG MRLQLQJ 00(- 1RQ KRPR
RULJLQDO XVHG WR GHVFULEH DQ LOOHJLWLPDWH UHSDLU
UHSDLU SDWKZD\ LQ SODQW RUJDQHOOHY DUH FXUUHQWO\
HQJ\PHV LQYROYHG LQ WKLV PHFKDQLVP KDYH EHHQ IRXQG
OLJDVH ZLWK VLJQDO SHSWLGH WR$PWKRPKER@EOH L F XOO HGS
$W/,* ZKLFK HQFRGHV D SURWHLQ ZLWK D GRPDLQ VWUXF!
LW FRQWDLQV D QXFOHDVH GRPDLQ DW LWV 1 WHUPLQXV D
& WHUPLQXV ,Q WKLV SURMHFW , ZLOO HYDOXDWH WKH UF
UHSDLU RI GRXEOH VWUDQG EUHDNV DQG LWV UROH LQ W
1+(- SDWKZDWKRBUDRQHOOHYV
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,Q VHDWKKIRI'236,6 +202/2* 2) 75, 7+2%BUIJHWYV
LOYROYHG LQ URRW GHYHORSPHQW

-DOHWW 5tR V6 HRM]QB®IHIDSVXFLDORVHYIG Y DOEDRGV N\

'"HSWR GH %LRORJtD OROHFXODU GH 30DQWDV ,QVWLWXWR GH %LRWH
Op[LFR $Y 8QLYHUVLGDG &RO &KDPLOSD &XHUQDYDFD ORUHORYV
(PDLMODOHWW ULRV#LEW XQDP P[ MRVHSK GXEURYVN\#LEW XQDP P]|

Z | KwAa/n KDK>K' K& dzdd,KAyYyi D KLVWRQH PHWK\OWU
+ . PH DVVRFLDWHG ZLWK D WUDQVFULSWLRQDOO\ DFWL
2XU SUHYLRXV VWXG\ VKRZHG WKDW $7; LV UHTXLUHG WI
PDLOQWHQDQFH DQG ODWHUDO URRWHWHIDXBIORSP WGIWUER SV
RI $7; WDUJHWY LQYROYHG LQ URRW GHYHORSPHQW ZH S
WKH URRW WLEXHYURILWKEU (] ] vé Jv ~d }u]lv 8&JA]sC
e 0 SWKRVH WUDQVFULSWLRQ IDFWRUV ZKRWBHEHPFSIUHVVLRQ
upd v8X u}vP v ] 8§+ }( 8Z dy 8§ EP § P v e+ JVA}JoA v E}}
] v38](] </ Z] ~< Ze v d, 71U v &Z]e AYEI % E + v3s §Z E -
§Z + §E ve E]%E]PHQFR@HY D QRQ '1$ ELQGLQJ +HOL[ /RRS
WUDQVFULSWLRQ IDFWRU LQYROYH®QUBWEDDVVLQRVWHU
DQ@, 1iLV OB ] }%-+]+ SV OFV IIKRFHRGRPDLQ SURWHLQ
JHQRW\SIHErRXKMHD QW DQG REWDLQHG KRPR]\JRXV ) JHQHUI
JURZWK ZDV VOE&EFPXKWDQW KRPSDUHG WR WKH :W &RO V)
5 LQ URRW JURZWK ,Q SODQWYV JURZLQJ LQ WKH VRLO U
DOVR VORZHU WKDQ S WHEHITSWR$RWAH\WYW MWK RZHG WKH SUHVH
UHVSRQVH HOHPHQWYV VXJJHVWLQJ D OLQN ZLWK DXJ[L
UHODWLYWUDQVFULSW DEXQGDQFH DIWHU DX[LQ WUHDWRP
WKDW H[RJHQRXV BXILE[BHBVWVROIG:H ZLOO GLVFXVV WKH
WKHVH UHVXOWY 7KLV SUHGLPERQ®) iVWHKGNW XZHEHNK D WHK
SXWDWLYH $7; WDUJHWYV FRXOG KDYH DQ LPSRUWDQW UF
WKEZ iPXWDQW LVRODW LGRM® XDVD® WX SWHORW\SH FKDUDFWH
SURJUHVYV

5HVHDUFK ZDV VXSSRUWHGQG E\ "*#8@G 813D\ 8
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5ROH RI ;$/ LQ WKH UHJXODWLRQ RI IORZHULQJ 1
LQFUHDVHG WHPBHBIDBARSYHM /KDOLDQD

OyQLFD 5RGUtJX H7]DQR ODXRE/B/WYOQ M} Xd WHHIO O D 4XIGURH D
'RPtQJXH] (OHQD 5 EMYDWGH @X\DPIOPGIQEK@D *DUD\ $UUR\R
DQG %HUHQLFH *DUFtD 3RQFH

, QVWLWXWR GH (FRORJtD 81%$0 &LUFXLWR H[WHULRU V QR & 8 &R\R
/IDERUDWRU\ RI 3 DWKRJHQV DQG +RVW ,PPXQLW\ 8QLYHUVLW\ RI ORQW
PERODQRV#LIF XQDP P[ EJDUFLD#HFRORJLD XQDP P][

(QYLURQPHQWDO FXHV VXFK DV OLJKW TXDOLW\ SKRWRSHU
UHJXODWH |IGRZAWDQBDPFWLRQ RI ORQJ GD\ /' SKRWRSH
&2167$16 &2 WUDQVFULSWLRQ IDFWRU 'XULQJ GD\ KRXI
SURPRWHYV WKH GHJUDGDWLRQ RI &2 ZKLOH GXULQJ WKH D
)7 7KH ODWWHU WUDQVODWHYV LQ WKH OHDIfV SKORHP DQ
ELQGV WR )' WUDQVFULSWLRQ IDFWRU WR LQGXFH RWKHU |
EHHQ FRQVLGHUHG D QHJDWLYH UHJXODWRU RI IORZHULQJ
WKH DSH[ 3+<% PHGLDW}$ITISIKW LQQBFRWMLROURIHQHYV *H(
DQDO\VLV VKRZBQOAMKDUWLFLSDWH LQ WKH VDPH VLJQDOLQ
DUH JURZQ XQGHU /' SKRWRSHULRG DW f& $OVR ZH IRX
GRZQVWUHDP IDFWRUV LQ D GHSHQGHQW DQG LQGHSHQGHF
LGHQWLILHG GLUHFW ELQGLQJ RI ;$/ 6WR /NHDQEBRZHULQJ JI
,QWHUHVWLQJO\ ZH DOVR REVHUYHG WKDW HOHYDWHG WH
LQGHSHQGHQWO\ LQ WKH IORZHULQJ SURFHVV 7KHUHIRUFE
WUDQVLWLRQ LQ UHVSRQVH WR OLJKW DQG KLJK WHPSHUD
OLJKW DQG WHPSHUDWXUH VLJQDOLQJ DW WKH VKRRW DSL
VLIQDOLQJ GHULYHG IURP WKH OHDYHYV

*UDQWYV 3%$3,,7 ,1 1,1 &)
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7KH 3/(7+25% WUDQVFULSWLRQ IDFWRUV UHJXODWH
WR RUFKHVWUDWH FHOO SUROLIHUDWLRQ D¢

-RHO 5RGUtIXHI6¥HWOHDUWID QIGLY)NRNDYR 5RGUtIXH] $ORQ\

'"HSDUWDPHQWR GH %LRORJtD OROHFXODU GH 30DQWDV ,QVWLWXWR G
$XWyQRPD GH Op[LFR &XHUQDYDFD Op[LFR JXVWDYR URGULJXH]J#LEW
&HQWUR GH &LHQFLDV *HQYPLFDV 8QLYHUVLGDG 1DFLRQDO $XWyQRPEL
MRHOUK#OFJ XQDP P[

7KH URRW DSLFDO PHULVWHP 5%$0 FRQVLVWV RI SOXULSRW
DSH[ WKLV LQFOXGHV WKH TXLHVFHQW FHQWHU LPSRUWDOC
FHOOV DGMDFHQW WR WKH TXLHVFHQW FHQWHU 7KH 3/(7+.
FUXFLDO UROH LQ PDLIUDELGRED OUGIPEL GRSRHW R

3/7V DUH VWURQJO\ H[SUHVVHG LQ WKH 530 DFW DV PDVW
PDLQWHQDQFH DQG WKHLU IXQFWLRQ LV SDUWLDOO\ UH
SDWKZD\V E\ ZKLFK 3/7V VKDSH WKH JHQH H[SUHVVLRQ SUR
DYDLODEOH GDWD ZH PRGHOHG D JHQH UHJXODWRU\ QHW.
E\ LQWHJUDWLQJ JHQH FR H[SUHVVLRQ WUDQVFULSWLRQ
H[SUHVVLRQ SURILOH DQG VLQJOH FHOO WUDQVFULSWRPL
3/7 WDUJHW JHQHV DQG$UDELQRISVMIDEMW VRIPWIL@J DV KXE QF
DGGUHVV *51 SODVWLFLW\ ZH SHUIRUPHG D FURVV VSHFI
LQFOXGLQJ PRQRFRW DQG GLFRW VSHFLHV 2XU UHVXOW\
51$SRO , WUDQVFULSWLRQ RI ULERVRPDO 51$ JHQHV U'1$
LQ 51$ PHWDEROLVP WKXV VXJJHVWLQJ WKH UROH RI
PRGLILFDWLRQV LQ WKH 5$0 PDLQWHQDQFH )XUWKHUPRUH
IRXQ @ WME LGRS IDIOVR FRQVHUYHG LQ RWKHU GLFRWV QD
VR\EHDQ DQG HYHQ LQ WKH PRQRFRWV ULFH DQG PDL]H
FRQVHUYDWLRQ RI WKHVH LQWHUDFWLRQV WKDW FRUUHOD'
PDLQWHQDQFH DQG D VLJQLILFDQW SUHVHUYDWLRQ RI Wk
PHGLDWHG FR H[SUHVVLRQ PRGXOH 2YHUDOO RXU VWXG\
LQWHUDFWLRQV PHGLDWHG E\ 3/7V LQ PDLQWDLQLQJ 5%$0 D
GLFRWVY DQG PRQRFRWV VSHFLHV

7KLV ZRUN zZzDV SDUWLDOO\ IXQGHG E\ 3%$3,,7 81%0 ,1 DQ
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0%) SURWHLQVY DQG WKHLU FKDUDFWHUL]

5RVLOHV 2UWSHEIDD&DP -XiUHDLOPHY OLUDQGD )

,QVWLWXWR 3RWRVLQR GH ,QYHVWLJDFLYQ &LHQW!tILFD \ 7THFQROYJLFL
/IRPDV WD 6HFFLYQ BRQ WRWLBHNELUBEERDBGMPPHV#LSLF\W HGX P|

8QLGDG GH *HQYPLFD $YDQ]DGD /DERUDWRULR 1DFLRQDO GH *HQy
/$1*(%,2 /LEUDPLHQWR 1RUWH FDUUHWMDTIP L9y QE.PDK D RY DISXDNARN DW R

7KH OXOWLSURWHLQ EULGJLQJ IDFWRU 0%) IDPLO\ RI Sl
WKDW IRUP D EULGJH EHWZHHQ WUDQVFULSWLRQ IDFWRUYV
HXNDU\RWHV ,Q SODQWV WKLV IDPLO\ LV UHODWHG WR G
WKH OHYHO RI WKH H[SUHVVLRQ RI WKHLU WUDQVFULSWYV
FRUUHVSRQGLQJ SURWHLQV ,Q WKLV ZRUN ZH REWDLQH(
SURWHLQV ZKLFK ZLOO EH XVHG LQ WKH LGHQWLILFDWLR
IURP LQIHUUHG FRH[SUHVVLRQ VXEQHWZRUNYV ZH LGHQWLIL
WKDW ZH WHVWHG H[SHULPHQWDOO\ E\ WKH ELPROHFXODU
)LQDOO\ WKH VXEFHOOXODU ORFDOL]DWLRQ ZDV GHWHUPL
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,Q SODQW ORFDOL]DWLRQ RI 177 LOQWHUDFWLR

6RODQR *DUFtD 'tBUGDP®RI] %HAHUUD *DUFtD 5®ND (VPHU
JROWHU DBQVGHI ODQUVFK ODWRWtQH] 1D\HOOL

'"HSDUWDPHQWR GH %LRWHFQRORJtD \ %LRTXtPLFD &HQWUR GH ,QYHV)

,QVWLWXWR 3ROLWpPpFQLFR 1DFLRQDO &,19(67%$9 ,31 .P JLEUDPLHQ\
&3 ,UDSXDWR *WR OH[LFR

8QLGDG GH *HQYPLFD $YDQ]DGD /$1*(%,2 &,19(67%$9 ,31 .P /ILEUDP
,UDSXDWR /HyQ &3 ,UDSXDWR *WR OH[LFR

© ERUUHVSRQGLQJ DXWKRU ODUVFK ODUWtQH] 1D\HOOL QD\HOOL PDU\

30DQW GHYHORSPHQW DQG JURZWK DUH D KLJKO\ FRQWUR
RI LQWHUDFWLRQV EHWZHHQ ELRPROHFXOHV VXFK DV

LQWHUDFWLRQV DV ZHOO DV WKH UHFRJQLWLRQ RI VLJQDC
RI LQWHUDFWLQJ ZLWK '1$ WUDQVFULSWLRQ IDFWRUV 7
UHJXODWLRQ PRGXODWLQJ JHQH H[SUHVVLRQ E\ DFWLYDW
WKH UHJXODWRU\ SDWKZD\ SK\WRKRUPRQHV SOD\ D FHQW!|
WKH PRVW VWXGLHG KRUPRQHV LQ $UDELGRSVLV DUH F
PROHFXOHV WKDW SOD\ YDULRXV UROHV LQ WKH SODQW V.
SODQW JURZWK DPRQJ RWKHUV &. VLIJQDOLQJ RFFXUV
&RPSRQHQW B6\WWHP 7&6 :LWKLQ WKH 7&6 $UDELGRSVLV
SOD\ D FUXFLDO UROH E\ UHFHLYLQJ WKH WUDQVORFDWH
UHJXODWLQJ WKH WUDQVFULSWLRQ RI & UHVSRQVH JHQHYV
$55 ERWK $ W\SH $55V DUH DEOH WR LQWHUDFW ZLWK
177 177 LV D & + JLQF ILQJHU W\SH 7) WKDW KDV EHHQ IR
GHYHORSPHQW Rl WKH WUDQVPLWWLQJ WUDFW DQG UHSC
UHJXODWRU RI VHYHUDO UHODWHG JHQHV PDLQO\ LQ KRUP]
DERXW WKH ELRORJLFDO IXQFWLRQ RI 177 LQWHUDFWLRQ\
NQRZ LMQKSIOORMDID L]DWLRQ RI WK H VIHQOL O@HL\E EDVIVADQV ZIIRQJOZ
EH SHUIRUPHG XVLQJ WKH SURPRWHU JHQH JHQRPLF VHTXH
FHOOXODU ORFDOL]DWLRQ Rl WKH SURWHLQ SURWHLQ LQYV
GLPHUV 7KH UHVXOWV REWDLQHG LQ WKLV UHVHDUFK ZLOC
UHJXODWRU\ QHWZRUN LQ 7&6 DFWLYLW\ DQG LWV ELRORJL
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5HIXODWLRQ EHWZHHQ PHPEHUV RI WKH 0%$'6 ERJ[ I
IDFWRUV IDPLOLHV GXULQJS$SIWDDRAHIRSMLWUDQV

(GXDUGR 7R U UGHWVHORD H®HQM] EO Y D UHI Wk B\@DID®ED UG M
OD 3D] 6i QRKHWHUHQLFH *DUFtD 3RQFH

, QVWLWXWR GH (FRORJtD 81%$0 &LUFXLWR H[WHULRU V QR & 8 &R\R
/IDERUDWRU\ RI 3 DWKRJHQV DQG +RVW ,PPXQLW\ 8QLYHUVLW\ RI ORQW
HWRUUHYVY VPD#JPDLO FRP EJDUFLD#HFRORJLD XQDP P][

JORZHULQJ WUDQVLWLRQ LV FRQWUROOHG E\ D JHQHWLF
HQYLURQPHQWDO FXHV DQG FXOPLQDWHY LQ IORZHU IRUP
IORZHULQJ WLPH FDQ LQIOXHGQFH$WE E L IGWEIHAW RD QWK_AV RRIC
SURPRWHG E\ ORQJ GD\ /' SKRWRSHULRG MR W GD
LQGXFWLYH FRQGLWLRQVOLUNAMLQ VKREWHGBRHKOBLQV *$V D
WKH DJH PHGLDWHG VLJQDOLQJ EHFRPH HVVHQWLDO IRU IC
JORZHULQJ LV UHJXODWHG E\ PDQ\ WUDQVFULSWLRQDO IDF
ER[ DQG WKH 648%$026% %,1',1* 3527(,1 /,.( 63/ IDPLOLHV
VKRZHG WKDW WKH 0$'6 GRPDLQ SURWHLQV $*$0286 OLNH
'S/ DQG :$$17$/ :$/ IXQFWLRQ DV IORZHULQJ UHJXO
SKRWRSHULRG DQG WHPSHUDWXUH FRQGLWLRQV ,Q WKL\
UHJXODWLRQ EHWZHHQ WKHVH 0$'6 ER[ DQG 63/ 63/ 63/
TXDQWLWDWLYH 57 3&5 DVVD\V ZHUH SHUIRUPHG LQ OHDY}
/' DQG 6' FRQGLWLRQV 7KH UHVXOWV RQ /' VKRZ WKDW 63/
UHIJX®DWHS$/ DQS/ LQ ERWK RUJDQV ORVW RI WKH 63/ ID
H[SUHVVLRQ RI WKH 0$'6 ER[ LQ WKH OHDYHV H[FHSW IRL
$*/ /LNHZLVH :$/ DQG &3/ DQGXEMSUHW WKH OHDYHV
,QWHUHVWLQJO\ 68/ WHMIKHFG \D W OVOK H D PH[L $8O\G HQ BXFH G
LQ WKH VKRRW DSH[ E\ 63/ DQG 63/ ZKLFK DFFXPXODWH L
WKDW 63/ DQG 63/ SI3UWLDEXFWLHRAQLEBEMWSUDWLQJ KRUPRQ
DJLQJ VLIJQDOV )XUWKHUPRUIB2&$/ /)<D @E LLDGOGOR FRH.RICD W
UHVSRQVH WKRHVHE ILQGLQJV FRQVWLWXWH D VWDUW SRLC
UHJXODWLRGO EHWWZBEB® DQG 6BKH

*UDQWYV 3%$3,,7,11 1 DQG &)
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 GHQWLILFDWLRQ DQG3FKD2BSIMQUHYV D\YLIRYHR |
&DFWDFHDH VSHFLHV

- 3DEOR 9LOO®OXVIKIXHR 5RG UL BXHWODR@ BKLVKNRYD

'HSDUWDPHQWR GH %LRORJtD OROHFXODU GH 30DQWDV ,QVWLWXWR G
$XWyQRPD GH Op[LFR &XHUQDYDFD Op[LFR MXDQ YLOOD#LEW XQDP P]

'XULQJ GHWHUPLQDWH SULPDU\ URRW JURZWK WKH URRW D
DOO WKH FHOOV RI WKH URRW DSH[ GLIIHUHQWLDWH VRRQ
URRW VWRSV JURZLQJ $OPRVW DOO VSHFLHVY UHSRUWHG W
LQ ZLOG W\SH SODQWY EHORQJ WR WKH IDPLO\ &DFWDFHDF
5$0 HIKDXVWLRQ LQ &DFWDFHDH LV SRRUO\ XQGHUVWRRG
3/(7+25$% 3/7 WUDQVFULSWLRQ IDFWRUV LQ WKLV SURFHVV
SULPDU\ URRW GH/\DHEQ B RS K Q WRX § DFOXW CRIHQIHV DUH VWURQJ
H[SUHVVHG W& DWEM QD JRQH RI IUHTXHQW FHOO GLYLVLRQV
LQ WKH URRW JRQH ZKHUH FHOOV DUH GLIIHUHQWLDWHG 7
WKHWKDBOS®SDHVHQW DQG DFWLH @ RYRDICEQNCRWWREVFUL
IURP WKH SULPDU\ URRVSDFXMfHRIHWWK GEREDENOHMHSO R Q V R
DO LQGLFBWBHQKNMWUH H[SUHVVHG HYHQ ZKHQ WKH 5%$0
URRW DSH[ FHOOV DUH GLIITHUHQWLI®WWGE UH L\& KIQWZ RUHNG R
FKDUDFWHUL]JHG LQ ILYH &DFWDFHDH VSHFLHV 3ZLWK SXE(
SULQ&OHQHJILHD /RSIHORFHRIBI X & \WH-G IR FAHW HLO G- ®ORAUHEHHIXLY
XQGDWKYRXQG WKDW WKH BRGLQN KIRIDIR.RQ LRI WIKHVH FDFWL
D FRQVHUYDWLRQ DERYH DQG WKH 875V DQG SRVVLEC
DERYH DQG UHVSHFWLYHO\ )XUWKHUPRUH WKH QXP
DV WKHLU SRVLWLRQ LV VLPLODU EHWZ$ H@W KWW K% DRIDW K R C
SUHOLPLQDU\ DQDO\VLV RI WKH UHJXODWRU\ HOHPHQWV LC
FDF®/XYHQHV VKDUH UHJXODWRUWKDEBPBQWY SUHVHQW LQ

$FNQRZOHGJHPHQWY 7KLV ZRUN ZDV SDUWLDOO\ IXQGHG
&21$&\7 &)
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)XQFWLRQDO DQDO\VLY RI ORQJ QRQ FRGLQJ 51$%)\
JHQRPH WRSROEILIGRSVLY WKDOLDQD

<XEXSLFLR /XBIRPtUH] &ROPHQEBORRWY)RUGBDQGH] 9DOYHUGH
/ 2NWDED

8QLGDG ,UDSXDWR &HQWUR GH ,QYHVWLJDFLYQ \ GH (VWXGLRV $YDQ]
>3UHVHQWOQUEDIXWMKREXSLFLR&RBUMNVISRQ B Y WIDEWKRLU Y HVWDY P|
8QLGDG GH *HQYPLFD $YDQ]DGD /DQJHELR &HQWUR GH ,QYHVWLJDFLYy
,UDSXDWR Op[LFR

6FKRRO RI %LRWHFKQRORJ\ DQG %LRPROHFXODU 6FLHQFHV 51$ ,QVWL
6\GQH\ $XVWUDOLD

OHFKDQLVWLF OLQNV EHWZHHQ JHQH H[SUHVVLRQ UHJXODW
WR XQFRYHU IXQFWLRQDO LPSOLFDWLRQV RI WKH DUUDQJI
,Q PDPPDOV LQVHFWV DQG SODQWV LW LV NQRZQ WKDW
SDUWLFLSDWH LQ WKH UHJXODWLRQ Rl WKH WKUHH GLPHQ
YHU\ IHZ KDYH EHHQ IXQFWLRQDOO\ FKDUDFWHUL]JHG ,Q R
JHQRPH WR$HDRUGRSVLVZWKDBGDMEZKROH JHQRPH DSSURD

FKURPDWLQ DVVRFLDWHG OQF51$V %DVHG RQ WKHLU 5
SDWWHUQV DQG SXWDWLYH WDUJHW JHQHV IRXU FDQGLG
DQDO\WHV 7 '1$ LQVHUWLRQDO PXWDQWV IRU WKHVH OQF&
VKRRWY DQG URRWV ZKHQ FRPSDUHG WR ZLOG W\SH &RO.
VXJJHVW D UHODWLRQVKLS EHWZHHQ WKHVH FKURPDWLQ D
JHQH H[SUHVVLRQ LQ WKH GHYUDRISCRIQW.\RI ERWK RUJDQV
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30DQW OHWDEROLVP

,Q YL¥WWRJPDFRORJLFDO 6FUHHQLQJ DQG OHWDER
$PDUDQWKXV/FUXBQUWYYM RI $SPDUDQWK $ )XQFWL

-HV~V $O0IUHGR S$UHXWRRJ) /HYQAL ODU, ¥ROQQH GIMFKH] GHO 3LQF
5ROII\ 2UWL] $P®UDBHLGD O X HOKXEDORDHUDRIJIDQHVWRYVD
*XDGDOXSH %UIBSWRGBURHJOH]6EHQBFKRI]S 3HUD$D G UPWKH ]
' LQJ~ /ySH]

&HQWUR GH ,QYHVWLJDFLYQ &LHQWtILFD GH <XFDWiQ $ & &DOOH 1R

OpULGD <XFDWiQ Op[LFR

)DFXOWDG GH 4XtPLFD 8QLYHUVLGDG $XWyQRPD GH <XFDWiQ &DOOH

OpULGD <XFDWiQ Op[LFR

&21$+&\7 'LYLVLYQ GH %LRORJtD OROHFXODU ,QVWLWXWR 3RWRVLQR G

$ & 6DQ /XLV 3RWRVt Op[LFR

8QLYHUVLGDG -XiUH] $XWyQRPD GH 7DEDVFR * 'LYLVLYQ $FDGpPLFD C

9LVD 7HDSD .P 5DQFKHUtD OD +XDVWHFD 7DEDVFR Op[LFR

IDERUDWRULR GH ,QJHQLHUtD $PELHQWDO )DFXOWDG GH ,QJHQLHUtD
Op[LFR

H PDYDFWRU DJXLODWHGERHPHFLF\ P]

$PDUDQWK D ZHOO NQRZQ SVHXGR FHUHDO LV KLJKO\ YD
FRPSRVLWLRQ SDUWLFXODUO\ LWV SURWHLQ FRQWHQW
QXPHURXV KHDOWK EHQHILWY KDYH EHHQ DWWULEXWHG W
PDQDJLQJ GLDEHWHV K\SHUWHQVLRQ EDFWHULDO LQIHFV
ZRUN DLPHG WR FRQGXFW D FRPSUHKHQVLYH SKDUPDFRORL.
HITHFWV Rl DPDUDQWK H[WUDFWV RQ FULWLFDO HQ]\PHV DV
)XUWKHUPRUH ZH VRXJKW WR H[SORUH WKH DQWLR[LGDQ'
IRXQG WKDW LW UDQJHG IURP W R RI DFWLYLW\ SRWH
JOREDOO\ SUHYDOHQW GLVHDVHYV

7KH SKDUPDFRORJLFDO VFUHHQLQJ UHYHDOHG WKDW DT}
VLIQLILFDQW HQJ\PH LQKLELWLRQ RI . JOXFRVLGDVH WR
ZKLFK DUH FUXFLDO HQ]\PHV LQYROYHG LQ WKH EUHDNC
FDUERK\GUDWHY LQ GLDEHWHV PDQDJHPHQW $GGLWLR:
DQJLRWHQVLQ FRQYHUWLQJ HQJ\PH $&( LQKLELWLRQ UDQ
FULWLFDO HQ]J\PH LPSOLFDWHG LQ K\SHUWHQVLRQ (OHYDYV
IURP UHGXFHG $&( DFWLYLW\ FRQWULEXWH WR K\SHUWHQ\
,Q SDUDOOHO ZH VWXGLHG DQG DQDO\J$H GF WXHID B/K\W R F K |
DFFHVVLRQV XVLQJ +3/& '$* WR LGHQWLI\ DQG TXDQWLI\ EF
DFLGV )XUWKHUPRUH PROHFXODU GRFNLQJ WHFKQLTXHV
HQHUJLHY DQG W\SHV RI LQWHUDFWLRQV EHWZHHQ WKH L
JOXFRVLGDVH . DP\ODVH DQG $&(

7KLV VWXG\ VKRZV WKH DOWUR HGWGMVSTURSM UG WRHLU
UROH LQ SURPRWLQJ KXPDQ KHDOWK ORUHRYHU WKH SKDU
WKH SUHVHQFH RI PDLQ EHWDOD L QY F UXB RNURAG W ¥ QX B U
ILQGLQJV VKRZ WKDW DPDUDQWK FDQ EH FRQVLGHUHG |
WKHUDSHXWLF LPSOLFDWLRQV
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30DQW OHWDEROLVP

8QYHLOLQJ OHWDEROLF &URVVWDONV LQ 30DQWYV
2QH &DUERQ & STDUDKEZIG\WRSVQV WKDOLDQD

,WJHO $VWULG $YBIXUDDEXYDWIOWLWD 3BDUDD $IXEGQRD 5DPRV
SDUUIRFtR ,VDEHO 'tD] GH OD *DU]D

,QVWLWXWR 7HFQROYJLFR \ GH (VWXGLRV 6XSHULRUHV GH ORQWHUUH\
Op[LFRY (XJHQLR *DU]D 6DGD 6XU FRORQLD 7HFQROYJLFR & 3
,QVWLWXWR 7HFQROYJLFR \ GH (VWXGLRV 6XSHULRUHV GH ORQWHUUH\
ORQWHUUH\$Yp[XBRQLR *DU]D 6DGD 6XU FRORQLD 7HFQROYJLFR &
( PDLO_$ #WHF P[ URFLRGLD]#WHF P|

30DQWY KDYH GHYHORSHG LQWULFDWH PHWDEROLF QHWZR
FKDOOHQJHYV DQG PDLQWDLQ FHOOXODU KRPHRVWDVLV $P|
YLWDPLQ & IRODWHV DQG RQH FDUERQ & PHWDEROLF .
JURZWK GHYHORSPHQW DQG VWUHVV WROHUDQFH $V$ LV
IXQFWLRQLQJ DV DQ DQWLR[LGDQW UHJXODWLQJ D ZLGH V
HQYLURQPHQWDO VWUHVVHV )RODWHV YLWDPLQ % VHI
IDFLOLWDWLQJ WKH WUDQVIHU RI & XQLWV DQG SDUWLF
FRPSRQHQWYV LQFOXGLQJ DPLQR DFLGV QXFOHRWLGHV D
DOO OLYLQJ RUJDQLVPV 7KH REMHFWLYH RI WKLV VWXG\ L
WKHVH PHWDEROLVPV LQ SODQWV )RU WKLV SXUSRVH ZH
LGUDELGRSWDWYW OLQHV LQYROYHG LQ DWERUERVWR DFLG PH)
LQRVLWRO R[\VJHQDVMWRFYHBH[SDOYRVRQSKRVSKRU\ODVH P>
DQWGWF *'3 / JDODFWRVH SKRVSKRU\ODVH PXWDWLRQ XVLQJ
WR ZKLFK IRODWHY DQG WRWDO SURWHLQ FRQWHQW ZLOO
WRWDO DD FRQWFHQW DLAQNVWAKH VLIQLILFDQWO\ KLJKHU FR
DQDO\]HG OLQHV 3DUWLFXODUO\ DUJLQLQH NQRZQ IRU L
VWUHVV WKURXJK WKH SURGXFWLRQ RI QLWULYMWR[LGH ZDV
WKDQ LQ WKH ZLOG W\SH ZW $UDELGRSVLV ORUHRYHU E
DQG WLPHV PRUH PHWKLRQLQH VHULQH DQG JO\FLQH
YWF  H[KLELWHG D ORZHU 6HU *O\ UDWLR FBRPRSDUHG WR
GLG QRW H[KLELW VLJQLILFDQW FKDQJHV LQ DD DFFXPXOI
VXJJHVW D SRWHQWLDO FURVVWDON EHWZHHQ DVFRUELF D
LQYHVWLIJDWLRQ WR XQFRYHU WKH XQGHUO\LQJ PROHFXC
UHODWLRQVKLSY FRXOG OHDG WR YDOXDEOH LQVLJKWV L
RYHUDOO JURZWK SHUIRUPDQFH
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30DQW OHWDEROLVP

, QWHUDFWLRQ EHWZHHQ WKH PLWRFKRQGULDO PD
JOXFRVLGDVH DJJUHJDWLQJ IDFWRU DQG LWV U

$QGUpPV %XUJRGRBHIDFDL BVQFKH] 1LHWR

/IDERUDWRULR GH 7UDQVSRUWH \ 3HUFHSFLYQ GH $]~FDUHV HQ 30DQV
GH 4XtPLFD 8QLYHUVLGDG 1DFLPENXOJRWEB®RFREGHFRPHXFRD P P |

+H[RNLQDVHV +:.V WKH ILUVW JO\FRO\WLF HQJ\PH DUH D
+:.V FDQ VHQVH JOXFRVH FRQFHQWUDWLRQ DQG DFW HLW
NLQDVH ,W KDV EHHQ GLVFRYHUHG WKDW PRVW RI WKH P
SURWHLQV IRU H[DPSOH $W+;. D PLWRFKRQGULDO SURWHL
DQG PRYH WR WKH QXFOHXV WR LQWHUDFW ZLWK WZR RWK
UHSUHVVRU FRPSOH[ ,Q WKLV FRQWH[W LW ZRXOG EH LQW
RWKHU SURWHLQ SDUWQHUV RU UROHV WKDW DIIHFW SODQ
‘H KDYH LGHQWLILHG SXWDWLYH LQWHUDFWRUYV EHWZHHQ =
XVLQJ SXOO GRZQ DVVD\V LQFOXGLQJ WKH %HWD *OXF
=P%*$) ‘H FRUURERUDWHG WKDW =P%*$) LV LQWHUDF\
JOXFRVH VHQVRU SURWHLQ =P+;. E\ )DU :HVWHUQ %ORW
FRPSOHPHQWDWLRQ %L)& LQ WUDQVLHQW DQG VWDEOH ¢
H[SUHVVLQJ ERWK UHFRPELQDQW SURWHLQV VKRZ ZLOWHC
WLPH

=P%*$) LV D SURWHLQ ZLWK WZR GRPDLQV WKH MDVPRQD
WKH MDFDOLQ UHODWHG OHFWLQ GRPDLQ 7UHDWPHQW R
LQFUHDVHG WKH H[SUHVVLRQ RI =P+;. DQG =P%*$) :H I
WUHDWPHQW RU RYHUH[SUHVVLRQ RI =P+;. DQG =P%*$)

SKRWRV\QWKHVLY GHFUHDVHV WXUJRU DQG SURPRWHV FH
DIIHFWV WKH =P+:. PLWRFKRQGULD LQWHUDFWLRQ LQ SOD
WKH HQ]\PH IURP WKH PLWRFKRQGULD 6XFK SURFHVV PD\
=P%*$) =P+;. DQ LPSDFW RQ WKH SODQW SK\VLRORJ\ RI W

$FNQRZOHGJHPHQWY 7KLV UHVHDUFK ZDV VXSSRUWHG E\

3HUVRQDO $FDGpPPLFR 8QLYHUVLGDG 1DFLRQDO $XWYyQRP

1 &KHPLVWU\ )DFXOW\ JUDQG QXPEHU 3%,3 [
$ 6
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%DVHV RI PHWDEROLF HQJLQHHULQJ RI DQWKRF\D
EUDFW FRORU LRQSERUEV BWW OBFKHW UHLPDORW ]V FK

JHUQDQGR &XpOODU *RQJ]iOH] (GPXQGR /R]R\D *ORULD D

'"HSDUWDPHQWR GH ,QJHQLHUtD *HQpWLFD 8QLGDG ,UDSXDWR &HQWUF
GHO ,QVWLWXWR 3ROLWpPFQLFR 1DFLRQDO &LQYHVWDY ,31 ,UDSXDWR
IHUQDQGR FXHOODQHRWDYHVRAKRBE#FLQYHWDY P|

7KH SRLQVHWWLD (RSKRBE KB ESOHQCH ULPDORW]VFK QDW
OH[LFR LV WKH RUQDPHQWDO SODQW V\PERO RI &KULVWP|
GLYHUVLW\ RI FRORUV H[KLELWHG E\ WKH EUDFWV D NLQ
DQWKRF\DQLQV EDVHG RQ F\DQLGLQ DQG SHODUJRQLGLQ S
FRORUV 7KH FRPPHUFLDO VXFFHVV RI SRLQVHWWLD OLHV |
QRYHO FRORUV KRZHYHU WKH DWWUDFWLYH EOXLVK FR¢
GHOSKLQLGLQ EDVHG DQWKRF\DQLQV 7KLV GHILFLHQF\ LV
« « K\GURJ\ODNVMHQH HQFRGLQJ D NH\ HQ]\PH IRU GHOSKLQ
SUHVHQW VWXG\ LV IRFXVHG RQ GHWHUPLQLQJ WKH EDVHYV
ELRVIQWKHVLV LQ SRLQVHWWLD WR VHW WKH SUHIHUHQW
EOXLVK SLIJPHQWDWLRQ WKH S+ RI WKH EUDFWV IURP IF
GHWHUPLQHG DQG WKH FRQWHQW DQG W\SH RI GLIIHUHC
FRSLIPHQWY ZHUH TXDQWLILHG DQG LGHQWLILHG E\ +LJK 3
,Q DGGLWLRQ+#HBONHRGLQJ VHTXHQFHV IURP GLIIHUHQW V
ZHUH LVRODWHG D/Q@KBRHGARRHQVLRQDO VWUXFWXUH PRG
PROHFXODU GRFNLQJ $XWR'RFN 9LQD XVLQJ GLK\G
GLK\GURNDHPSIHURO '+. DV OLJDQGV 7KH FRPSDUDWLYH |
SRLQVHWWLD YDULHWLHV H3UHVWLJH 5HGY DQG H&RUWH] %
DQG GLVSOD\ D EOXLVK SLIJPHQW GXH WR WKH OHVV DFLG!
FRSLIPHQWYV )XURKHUPRBERYKELD NRXHQHBUN VKRZHG

D KLJKHU DIILQLW\ IRU '+4 DQG '+. VXEVWUDWHY 7KHUHIRU
FDQGLGDWHY WR SURYLGH WKH JHQHV WR HIIHFWLYHO\ LQ
UHSUHVHQW D SURPLVLQJ ILUVW VWHS IRU WKH HIIHFWLYH

‘H WKDQN &LQYHVWDY ,31 IRU WKH IDFLOLWLHYV IRU WKH Sl
IRU WKH ILQDQFLDO VXSSRUW WR ) & * &98
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SURWRSODVW LVRODWLRQ DSUG HFKPQD PW HUFID|Q B/ L |

0ODULD )HUQDQGD GH OR\IUKUPBEQGERVOBXXRQ BHOMK H]
*RQJIOHHOLSH 9i]TXH] JORWD

8QLGDG GH %LRTXtPLFD \ %LRORJtD OROHFXODU GH 30DQWDV &HQWUF
$ & 6WUHHW 1R &KXEXUQI 0pPWLGD RXKDAWILG-\ (PI[LFR
IHOLSH#FLF\ P

$UJHPRQH OH[LFERAPRQO\ NQRZQ DV FKLFDORWH SURG:
EHQ]\OLVRTXLQROLQH DONDORLGV %,$V PDLQO\ VDQJX
LPSRUWDQW PHGLFDO DQG LQGXVWULDO DSSOLFDWLRQV

SURFHVV FRPPRQO\ DVVRFLDWHG WR SODQW WLVVXH RU
ELRVIQWKHVLY DQG DFFXPXODWLRQ RIWHQ SUHVHQW VSHF
SURFHVVHV $,QPAPLWRMBQWY VDQJXLQDULQH LV UHVWULFW
VHHGY ZKHUHDV EHUEHULQH LV IRXQG LQ ERWK URRWV DQ
DERXW KRZ VDQJXLQDULQH DQG EHUEHULQH DUH DOORFDW
DQG VDQJXLQDULQH SUHVHQW SURWRQDEOH 1 DWRPV LQ
DXWRIOXRUHVFHQW SURSHUWLHV 6DQJXLQDULQH DQG |
IOXRUHVFHQFH UHVSHFWLYH®89 ZKBIQL BIY\SLRRWH G7 MR/ DOOR
GHWHFWLRQ LQ FHOOV DFFXPXODWLQJ WKHP E\ IOXRUHVFH
7R XQGHUVWDQG WKH PHFKDQLVP RI GLVWULEXWLRQ DQG
WKLV SODQW ZH KDYH LPSOHPHQWHG WKH XVH RI SURWRS
VWUDWHJ\ DOORZV WKH GLVVHPLQDWLRQ RI WKH FHOO

FKDUDFWHUL]DWLRQ ,Q DGGLWLRQ EHWWHU LPDJHV RI W
FRPSDUHG WR ZKROH WLVVXH GXH WR WKH DEVHQFH RI D
UHOHDVHG PLFURVFRSLF REVHUYDWLRQ XQGHU IOXRUHVF
VSHFLILF FHOO W\SHV LQYROYHG LQ WKH DFFXPXODWLRQ

8QWLO QRZ D SURWRFRO IRU SURWRS@DYRND\WRREUIHVLRQ U
PH[LFEKQY EHHQ GHYHORSHG ,QFXEDWLRQ RI WLVVXHV Zl
SHULRGVY XQGHU K UHOHDVHG SURWRSODVW WKDW UHPD
SHSDUDWLRQ RI HDFK WLVVXH SURGXFHG FHOOV ZLWK GLIII
WR GLIIHUHQW ZDYHOHQJWKYV HPLWWHG GLVWLQFWLYH ¢
GLIIHUHQWLDO FKHPLFDO FRPSRVLWLRQ

6XSSRUWHG E\ &21$+&<7 &%
0)&9 UHFHLYHV D &21%$+&<7 VFKRODUVKLS IRU 06F VWXGLHYV
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OHWDEROLWHY DQG SURWHLRWRISQ WV B YD HXYLL\W BIWSF

I XLV 'tD] % D WHM@A > X VOVMIHO/Q. O LR VY WIMDQN RKLHV

,QJHQLHUtD $JURLQGXVWULDO 8QLYHUVLGDG 3ROLWpPFQLFD GH )UDQ
Op[LFR ( PDLO OGLD]#XSILP HGX P[
SRZHWW ,QVWLWXWH 8QLYHUVLW\ Rl $EHUGHHQ )RUHVWHUKLOO S$E

BURVRSLV OPHWLXDWH® LV D ZLOG OHJXPH WUHH WKDW JUR
OH[LFDQ 6WDWHYV ZKHUH DJULFXOWXUH LV D GLIILFXOW DF
VRLO IHUWLOLW\ OHVTXLWH WUHH SURGXFHV DQ LQGHKI
SURSHUWLHYV KLJKOLJKWLQJ WKH FRQWHQW RI VXJDUV
FRPSRXQGV 'HVSLWH WKHVH LPSRUWDQW QXWULWLRQDO
XQGHUXWLOL]HG QDWXUDO UHVRXUFH PDLQO\ XVHG IRU IH
ZRUN SRGV RI PHVTXLWH WUHHYVY ZHUH FROOHFWHG DW WK
3RGV ZHUH JURXQG WR REWDLQ PHVTXLWH SRG LQWHJUDC
06) ERWK IUDFWLRQV ZHUH XVHG IRU SURWHRPH DQG PH\
DQDO\VLY ERWK VDPSOHV ZHUH VHSDUDWHG XVLQJ DQ A
TXDGUXSROH PDVV VSHFWURPHWHU )RU SURWHRPH DQDO\
QDQRIORZ OLTXLG FKURPDWRJUDSK\ WDQGHP PDVV VSHFW
ORUH WKDQ PHWDEROLWHY ZHUH LGHQWLILHG LQ PHVTX
IORXU 7KH PDLQ ILYH FRPSRXQGV E\ TXDQWLW\ IRXQG LQ
PHVTXLWH VHHG IORXU ZHUH VV\ULQJDUHVLQRO JDOORFD\
YLWH[LQ ,Q WKH PHVTXLWH SRG LQWHJUDO IORXU ZHUH IF
VHHG IORXU SURWHLQV ZHUH IRXQG LQ ERWK PHVTXL)
SURWHLQV LQ ERWK VDPSOHV ZHUH EHWD FRQJO\FLQLQ YL
DQG NXQLW] W\SH WU\SVLQ LQKLELWRU OHWDERORPH HYD
RWKHU OHJXPH VHHGVY PHVTXLWH SRG KDV VSHFLILF VHEFR
DQG WKDW LVRIODYRQHYVY DUH DEVHQW 2Q WKH RWKHU KD
PHVTXLWH SRGV VKDUH VLPLODULWLHYVY LQ SURWHLQV SUR
DQG HQJ\PH LQKLELWRUV 7KLV VWXG\ FRUURERUDWHG WK
DQRG WKHLU VLPLODULW\ ZLWK RWKHU OHJXPH VHHGV XVHG
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,Q VLOD®®\VLV RI PDL]H 9'$& VHTXHQFHY DQG SLU
=P9'$& E UHFRPELQDQW LVRIRUP

*DUFtD 2UWIXUJRYV 3DOIRFGARNM $H] 6DDYQ G UD B% G
6iQFKH] 1LHWR 6

/IDERUDWRULR GH 7UDQVSRUWH \ 3HUFHSFLYQ GH $]~FDUHV HQ 30DQWI
4XtPLFD 8QLYHUVLGDG 1DFLRQDO $XWyQRPD GH Op[LFR OH[LFR &l
( PDLO GROQDML JDUFLDRUWL]#JPDLO FRP VREHLGD#XQDP P|

9ROWDJH GHSHQGHQW DQLRQ FKDQQHOV 9'$&V DUH WKF
PLWRFKRQGULDO RXWHU PHPEUDQH 7KH\ IXOILOO D YDU
H[FKDQJH Rl KLJK HQHUJ\ PROHFXOHV DQG PHWDEROLWHYV
GHDWK KDYLQJ DQ LPSRUWDQW UROH EHWZHHQ F\WRSODV
,Q SODQWYV WKH VWXG\ Rl 9'$& LV OLPLWHG ZKDW LV NQR:
WKDW FRGH IRU VHYHUDO LVRIRUPV ZKLFK KDYH EHHQ VKT
ELRWLF DQG DELRWLF VWUHVVHVY +RZHYHU WR GDWH WKH
IDPLO\ LQ LPSRUWDQW D FHPOQRPHWE HS 2B GW W WHKEW BAKH L G H (
DQG MDKWLFKUIFRD FWH U l9/BW LR O LN WREHPD'S] ZKLFK LV WKH
VWDUWLQJ SRLQW WR FRQWULEXWH WR WKH XQGHUVWDQG!
VWUHVV UHVSRQVHY DQG LQ WKH SK\VWLRORJ\ Rl PDL]H

'H LGHQWLILHG JHQHAP W & &I VPR ROR SNUKLVR Y\RMBE®\V LYV WKDW
KDYH KLJK SRWHQWLDO IRU FRGLQJ IXQFWLRQDO 9'$& SURYV
SURSRVHG LQ DFFRUGDQFH ZLWK WKH SK\ORJHQHWLF UHC
IDPLO\ IURP =P9'$& D WR =P9'$& E $OVR E\ REWDLQLQJ W
WKH JHUPLQDWLRQ WLPHYDBIQ® LKL QBHFSRERYH ZOR GHWHUPL
=P9'$& E LV RQH Rl WKH SRWHQWLDO LVRIRUPV ZLWK DQ
-P9'$& E ZDV FORQHG DQG WKH UHFRPELQDQW SURWHLQ
FRQWLQXH WR H[SORUH WKH SDUWLFLSDWLRQ RI WKLV LVF
DOVR WR VHDUFK SURWHLQ LQWHUDFWRUV WR VHDUFK LW\

$FNQRZOHGJHPHQWY 7KLV UHVHDUFK ZDV VXSSRUWHG E\

3HUVRQDO $FDGpPPLFR 8QLYHUVLGDG 1DFLRQDO $XWYyQRP

1 &KHPLVWU\ )DFXOW\ JUDQG QXPEHU 3%,3 [
$ 6
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&KDUDFWHUL]DWLRQ RI 30DQW OHWKLRQLQH 6\Q\
3URWHLQ

6DUD ODUJDULWD *DUJRDSIXORBH )U(tDW HIXOXR] ' DPDULYV
*XHUUHUR DRVODL QD% RFDQHMILWDP UHD Qi Q GHR]FARS H |t D ]
GH OD *DU]D

6FKRRO RI (QJLQHHULQJ DQG 6FLHQFHV 7HFQRORJLFR GH ORQWHUUH)\

ORQWHUUH\ 1N DOBPUBRWHF P

,QVWLWXWH IRU 2EHVLW\ 5HVHDUFK 7HFQRORJLFR GH ORQWHUUH\ $Y
1/ Op[LER

8QLGDG $FDGpPPLFD GH &LHQFLDV 4XtPLFDV 8QLYHUVLGDG $XWyQRPD

=DFDWHFDV =DF

)DFXOWDG GH 4XtPLFD 'HSDUWDPHQWR GH %LRTXtPLFD 8QLYHUVLGD(

8QLYHUVLGDG \ &RSLOFR &LXGDG GH Op[LFR Op[LFR

JRODWHV DUH FRIDFWRUV WKDW GRQDWH RQH FDUERQ XQ
QXFOHLF DFLGV DQG RWKHU PHWDEROLWHV VXFK DV 6
GHULYDWLYHV H[LVW LQ QDWXUH LQ D YDULHW\ RI SRO\JC
XWLOL]JLQJ HQJ\PHV KDYH PRUH DIILQLW\ WR WKH 3* IRUP)\
SHEHLOOH HW DO 2QH VXFK HQJ\PH LV OHWKLRQLQH
&+ 7+) 3* DV D FRIDFWRU IRU PHWKLRQLQH OHW V\QWKH\
GRQDWHY RQH FDUERQ XQLWV WR 6$0 VIQWKHVLV D SUHF]
SODQW GHYHORSPHQW SURFHVVHV )RU LQVWDQFH HWK\
ULSHQLQJ DQG SRO\DPLQHV DQG QLFRWLDQDPLQH DUH IF
$UDELGRSVLV FREQWDBEN DIQB& HAKLFK SURGXFH OHW WKUR
VDOYDJH SDWKZRLFEQGQWKG M LQRYWRIHSWHYLRXV DQDO\VLV \
WKDBWHQH H[SUHVVLRQ DQG SURWHLQ DFWLYLW\ FRXOG EH
GRZQVWUHDP VXFK DV HWK\OHQH LQ ULSHQLQJ DQG OHW
5KL]RERDRE OHJXPHV 7KH UROH RI WKH LQWHUDFWLRQ EHW
SURGXFWV LQ WKH GHYHORSPHQW SURFHVV KDV \HW WR E
FKDUDFWHUL]H WKH 06 :H UHWULHYHG DQG FRPSDUHG WKHF
SODQWY SUHGLFWHG WKHLU VXEFHOOXODU ORFDOL]DWLRC
DQG SULPDU\ VHTXHQFH $GGLWLRQDOO\ ZH FRQGXFWHG D
DQG IRODWH 3* )XUWKHUPRUH ZH GHWHUPLQHG WKH IUHH
LQ IL[LQJ DQG QRQ IL[LQJ QRGXOMKBKLEREDQEK D VIHRIGRX\LV E |
YXOJDHURXQG WKDW RWKHU SODQWY HQFRGH DW OHDVW W
RQH SODVWLG LVRIRUP VLPLODU WR $UDELGRSVLV 7KH S
HVVHQWLDO DQG KLJKO\ FRQVHUYHG GRPDLQV LQFOXGLQ
ELQGLQJ GRPDLQ DQG IRODWH ELQGLQJ GRPDLQ LQGLFD)!
GHYHORSPHQW
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$YRFDGR /LSLG &RPSRVLWLRQ )DWW\ $FLG DQG $F
DQG OHDYHYV

EOYDUR &ROt6D2YDR HWGRJDULWD DWW\ G DOLLO DREJE D\QER *
SRGUtJXH] 6i @QERMIRU 7&BIVRKR +HUQIQ BHRIF¥RUHQBY GH OD
*DU]D

7HFQRORJLFR GH ORQWHUUH\ 6FKRRO RI (QJLQHHULQJ DQG 6FLHQFHYV

ORQWHUUH\ 1/ Op[LFR

7HFQRORJLFR GH ORQWHUUH\ ,QVWLWXWH IRU 2EHVLW\ 5HVHDUFK $Y
1/ Op[LER

VDPDJD#WHF P[

URFLRGLD]#WHF P]

$YRFDGR OLSLGYV DUH ZLGHO\ VWXGLHG LQ WKH SXOS KRZlI
WLVVXHV VXFK DV VHHGVY DQG OHDYHV UHPDLQV LQFRPSO!
DFLG DQG DOLSKDWLF DFHWRJHQLQ SURILOHV LQ WKH JHU
OHDYHV IURP VHHGOLQJ DQG WUHHV (PEU\RQLF D[LV FRQW
DQRG DFHWRJHQLQV DQG KDG WKH ELJIJHVW IDWW\ DFLG
,(QWHUHVWLQJO\ GXULQJ OHDI GHYHORSPHQW FDUERQ X
DFHWRJHQLQ SRROV ZKLOH VHHGV FRQVLVWHQWO\ KDG PR
ZH K\SRWKHVL]HG WKH XVH RI WKH DFHWRJHQLQ DF\O FKEC
R[LGDWLRQ )XUWKHUPRUH FRUUHODWLRQV DPRQJ DOO DF
QHIJDWLYH DVVRFLDWLRQ RI DFHWRJHQLQ ZLWK XQVDWXUD
DQRG GRFRVDKH[DQRLF DFLG )DWW\ DFLG H[WUDFWV ZHUH |
7% PRQRJO\FHULGHV 0%* GLJO\FHULGHV '$* DQG SR
, QWULJIXLQJO\ DFHWRJHQLQ EDFNERQHV ZHUH IRXQG WR

DQDO\]HG DYRFDGR WLVVXHV 7%$*V ZHUH ZLGHO\ FRQVXPHG
PRVWO\ DFFXPXODWHG LQ OHDYHV DV WKH\ GHYHORSHG

YDOXDEOH LQVLIKWY LQWR WKH GLVWULEXWLRQ DQG DOC
YDULRXV DYRFDGR WLVVXHV VKHGGLQJ OLJKW RQ WKHLU

OLSLG UHJXODWLRQ
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$VVRFLDWLRQ RI PDL]H FHOO F\FOH UHODWHG SUF
5$' $

*XHUUHUR ORM®IQED Ai]TXH] 5DPRV - 0

JDFXOWDG GH 4XtPLFD 'HSDUWDPHQWR GH %LRTXtPLFD 8QLYHUVLGD
8QLYHUVLGDG \ &RSLOFR &LXGDGIGHPIPYLKER #KRVWORURPBECRERQDP P [

&URS SURGXFWLYLW\ LV GLUHFWO\ OLQNHG WR WKH JHQRP
*HQRWR[LF DJHQWV VXFK DV FKHPLFDO PROHFXOHV RU UDG
GXULQJ VHHG IRUPDWLRQ FDQ FDXVH '1$ GDPDJH ,Q VRPH
LV VHYHUHO\ GDPDJHG DIIHFWLQJ PHWDEROLF SURFHVVHYV
OXOWLSOH '1$ GDPDJH UHSDLU PHFKDQLVPV H[LVW DOORZ
GLIIHUHQW W\SHV RI GDPDJH ORVW RI WKH '1$ UHSDLU PHF
FRQVHUYHG LQ SODQWV LPSO\LQJ WKH SUHVHQFH RI KRPR
LQ HXNDU\RWLF RUJDQLVPV DQG $70 DQG $75 NLQDVHV DU
SUROLIHUDWLRQ &HOO 1XFOHDU $QWLJHQ 3&1$ LV D S
LQWHUDFWLRQ EHWZHHQ GLIIHUHQW SURWHLQV 3&1$ LV I
'1$ UHSOLFDWLRQ FHOO F\FOH UHJXODWLRQ DQG '1$ GDPD
VLIQLILFDQW UROH LQ VHYHUDO UHSDLU PHFKDQLVPV SDU
+5 LQ ZKLFK WKH DFWLYLW\ RI 5$' UHFRPELQDVH LV HVV
&\F &'. SURWHLQ FRPSOH[HV DUH FUXFLDO IRU FHOO F\FC
LQKLELWHG XSRQ GHWHFWLRQ RI '1$ GDPDJH &\F% &'.%
VSHFLILFDOO\ LQYROYHG LQ WKH UHSDLU RI GRXEOH VWUD
,Q WKLV SURM HWAEBWQERYWWMWXELHY LQ PDL]JH VKRZ WKH H[LV\
FRPSOH[HV FRPSRVHG Rl FHOO F\FOH SURWHLQV VXFK DV
SURWHLQ 5%$' $ ,Q DGGLWLRQ LW ZDV IRXQG WKDW WKH NI
RU &\F% SKRVSKRU\ODWH 5%' $ VXJJHVWLQJ WKH SDU
FRPSOH[HV GXULQJ WKH UHVSRQVH WR '1$ GDPDJH
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30DQW OHWDEROLVP

+RZ GRHV WKH IXVDULF DFLG DIIHFW SODQW PHW
IRUHVWU\ DQG DJURQRPLF VSHFLHV

*XWLpUUH] 6iQFXMY HEEUD 0D\ *XHUUHUR $Q®IQFRHB
5DQJHO

/IDERUDWRULR GH %LRORJtD OROHFXODU ,QVWLWXWR GH (FRORJtD $

':DODSD 9HUDFUX] Op[LFR

IDERUDWRULR GH 4XtPLFD GH 3URGXFWRV 1DWXUDOHV ,QVWLWXWR G
':DODSD 9HUDFUX] Op[LFR

'HSDUWDPHQWR GH %LRTXtPLFD )DFXOWDG GH 4XtPLFD 8QLYHUVLGD

(IWHULRU 6 1 &R\RDFiQ &G 8QLYHUVLWDULD &LXGDG GH Op[LFR

/JDERUDWRULR GH 3URWHYPLFD ,QVWLWXWR GH (FRORJtD $ & &DUUH

9HUDFUX] Op[LFR

,QYHVWLJDGRU SRU Op[LFR &RQVHMR 1DFLRQDO GH +XPDQLGDGHV &l

MRVHDQWRQLR JXHUUHUR#LQHFRO P[ GLDQD VDQFKH]#LQHFRO P]

)XVDULF DFLG )$ LV D FKDUDFWHULVWLF YLUXOHQFH IDF
JHQXV LQFOXGLQJ W)OHVEBHXB LNQIDWRS/FKRLPRYL QWDLQV D V\PE
ZLWK WKH DPEMYRD DD EFHWD®ORYKQR LW WR LQIHFW D ZLG
VSHFLHV RI DJULFXOWXUDO DQG IR WKV WHVIERE SRR W)ISQFEQ |,
KRVWV RXURMKULR HYDOXDWHG WZR VSHFLHV3RUWHDRHFRC
DPHUL PIXEDNUXV VRDQBQVKVHH VSHFLHV RDRY HODVLR DMHSR L
JLTXLGDPEDU DVBRDNFQXVXTKHUDHDYHYV ZHUH H[SRVHG WR )§
K ODWHU WKH HYDOXDWLRQ RI SDUDPHWHUV UHODWHG
NQRZ WKH GDPDJH FDXVHG E\ )$ ,Q DGGLWLRQ WKH SOI
PHWKDQRO DQG DQDO\]HG E\ OLTXLG FKURPDWRJUDSK\ FI
VSHFWURPHWU\ 8+3/& 472) WR LGHQWLI\ WKH PHWDEROLF
E\)$ 7KH VSHFLHV PRVW VXY FW8 WLOERGMHOWR B KoM E DR 6 HZDLW
3 QLDUBG DPHULE®QDLQM@RVEMOO GHDWK ZDV REVHUYHG 7
DQDO\VLY VKRZHG WKDW WKH SDWKZD\V DOWHUHG E\ )$
PHWDEROLVP DV ZHOO DV WKH ELRV\QWKHWLF SDWKZD\V
ODWWHU WR D VSHFLILF VWXG\ RI WKH SKHQROLF FRPSRXQ
SKHQROLFV ZHUH GHWHFWHG WKH PDMRULW\ GHFUHDVFH
)$ KRZHYHU VRPH RWKHUV LQFUHDVHG WKHLU SUHVHQFH
VFRSROHWLQ DQG OXWHROLQ RU DQWLIXQJDO IHUXOLF
LQKLELWLRQ IXQJDO VHFRQGDU\ PHWDEROLVP NDHPSIHL
UHLQIRUFHPHQW FRXPDSUIAREXPPIUG FVLRIOS LB O®EWWERYH PHQW
KRZ HDFK VSHFLHV KDV GLIIHUHQW UHVSRQVH FDSDFLW\ Z
WKH NQRZOHGJH Rl WKH SODQW VXVFHSWLELOLW\ WR WKH
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30DQW OHWDEROLVP

([SUHVVLRQ SDWWHUQV RI JO\FRV\O K\GURODVHYV
UHODWLRQVKLS ZLWK FDUERK\GUDWH DFFXPXODW
$IJDYH WHTXLODQD

_.DUHQ 0 +HUQIQGH]0DDIDW-RIQ $SEUDKBP-XRMWIBLPSVRQ

'HSDUWDPHQWR GH ,QJHQLHUtD *HQpWLFD &,19(67$9 ,UDSXDWR .P
,UDSXDWR /HyQ ,UDSXDWR *XDQDMXDWR Op[LFR

8QLGDG GH *HQYPLFD $YDQ]DGD /DQJHELR &LQYHVWDY ,UDSXDWR *XI
7HO

MXQH VLPSVRQ#FLQYHVWDY P|

$JDYH WHIXLID V@BFXOHQW SODQW ZLWK JUHDW HFRQRPLF
VWRUH KLJK OHYHOV RI IUXFWDQV ZKLFK DUH XVHG LQ WK
PDLQ VWRUDJH SRO\WDFFKDULGHV LQ WKLV SODQW DQG
GLIIHUHQW FDWDO\WLF HQJ\PHV VXFURVH IUXFWRV\OWU
IUXFWRV\OWUDQVIHUDVH ))7 VXFURVH IUXFWDQ IUXFW
IUXFWDQ * IUXFWRV\OWUDQVIHUDVH *))7 2Q WKH RWKH
LV SHUIRUPHG E\ IUXFWDQ H[RK\GURODVHV )(+ HQJ\PHV 7
HQJ]\PHV EHORQJ WR WKH JO\FRV\O K\GURODVH IDPLO\

YDFXRODU DQG FH®OWHTNVORMED BW DKHVIHZ SODQWY WKDW
PHWDEROLVP ZLWK FUDVVXODFHDQ DFLG PHWDEROLVP &$0
IUXFWDQ PHWDEROLVP LQ WKHVH VSHFLHV DQG KRZ WKLV F
\HW IXO0\ XQGHUVWRRG 6WXG\LQJ WKLV ZRXOG SURYLGH
WKH FRRUGLQDWHG UHJXODWLRQ RI WKHVH SURFHVVHV

7KHUHIRUH LW LV Rl JUHDW LQWHUHVW WR LQYHVWLJDWH |
UHJXODWLWBATXQOIRUGHU WR LGHQWLI\ NH\ JHQHV WKDW U
PHWDEROLVP D WUDQVFULSWRPLF DQDO\VLV ZDV FDUULHG
FRQGLWLRQV $GGLWLRQDOO\ JHQH H[SUHVVLRQ RI 3*+)

WKH &$0 F\FOH ZDV TXDQWLILHG XVLQJ T3&5 /DVWO\ D FI
SHUIRUPHG WR HYDOXDWH IUXFWDQ DFFXPXODWLRQ GXULQ
JDLQ D EHWWHU XQGHUVWDQGLQJ RI LWV UHODWLRQVKLS 2
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1 PRWLI IURP 1D7U[K LV D SURWHLQ ORFDOL

=DUDJR]D *yPBUS$tD &DIKIUMHCGEDPRWIRMKOH] ) ORWB\D -
0XxR] 9+&UX] *DUFXDUH] 'tD] -$

'"HSDUWDPHQWR GH %LRORJtD &RPSDUDGD )DFXOWDG GH &LHQFLDV 8

&LXGDG 8QLYHUVLWDULD &G O0[ Op[LFR

'"HSDUWDPHQWR GH %LRTXtPLFD )DFXOWDG GH 4XtPLFD 8QLYHUVLGDG
8QLYHUVLWDULD &G O[ OH[LFR

'"HSDUWDPHQWR GH %LRORJtD &HOXODU )DFXOWDG GH &LHQFLDV 8QL"
&LXGDG 8QLYHUVLWDULD &G O[] Op[LFR

(VFEXHOD 1DFLRQDO (VWXGLRV 6XSHULRUHY 8QLGDG ORUHOLD 8QLYHU\
&DPSXV ORUHOLD ([ +DFLHQGD GH 6DQ -RVp GH /D +XHUWD ORUHOLD

&RUUHVSRQGLQJ DXWKRU ™M D MXDUH]GLD]#FLHQFLDV XQDP P]|

3URWHLQ ORFDOL]DWLRQ LV HVVHQWLDO IRU DFWLYLW\

SK\WLRORJ\ (DFK FHOOXODU ORFDOL]DWLRQ LV XVXDOO\ D
DQ RUJDQHOOH+ RU E\ D VLIQDO SHSWLGH 63 LI WKH SU
SURWHLQV FRQWDLQLQJ DQ 63 DUH FR WUDQVODWLRQDOO\
(5 WR FRQWLQXH WKH ZHOO NQRZQ FRQYHQWLRQDO VHF
*ROJL DSSDUDWXV DQG VHFUHWRU\ YHVLFOHV +RZHYHU W
LQFUHDVHG DQG GLIIHUHQW VHFUHWLRQ URXWHV KDYH E
SDWKZD\V#

,Q WKLV ZRUN ZH GHVFULEHG QHZ IHDWREBWY IR ISWHK ¥YLRXNO!
LGHQWLILHG LQ WKH H[WUDEHPRWDDQN IMKLKW BSIRILYH U
FRQYHQWLRQDO 63V WKH 1 PRWLI LV D QHIJDWLYHO\ FKDU.
UHVLGXHV ORQJ +RZHYHU WKH 1 GLUHFWHG VHFUHWLR
SDWKZD\ HOHPHQWV (5 DQG *ROJL ,Q DGGLWLRQ ZKHQ \
WHUPLQXV RI *)3 LW GLUHFWHG SURWHLQ VHFUHWLRQ WK
UHWHQWLRQ VLJQDO .'(/ VXJJHVWLQJ WKDW WKLV PRWLI C
DQ 63

6LPLODU VHTXHQFHV WR 1 ZHUH IRXQG LQ RWKHU 63 ODFN
SRVVLEOH ZLGHVSUHDG XVDJH RI WKLV PRWLI DV D VHI
H[SHULPHQWDO GDWD LQGLFDWHG WKDW 6HU DQG 6HU T
VLIQDO DW OHDVW LQ SODQW FHOOV :KHQ GLIIHUHQW WK
FRPSDUHG WZR PDMRU JURXSV ZHUH LGHQWLILHG F
VXJIJHVWLQJ DQ H[WUDFHOOXODU ®WE[XOLYVYKWERQ VDNJERZQ R
EH D PLWRFKRQGULDO SURWHLQ $Q LQWHUHVWLQJ IHDWXU
*OX LQVWHDG RI B6HU DPRQJ RWKHU YDULDWLRQV WKD
ORFDOL]J]DWLRQ RI WKLV W\SH RI SODQW WKLRUHGR[LQV

3$3,,7 ,1
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30DQW OHWDEROLVP
&HQWUDO FDUERQ PHWDEROLVP DQG &HOO &\FC
, QWHUDFWRPH PDS LQ PDL]H

/IDUD 1~xHPBUJIDV &RAIONNPDUHY )UDQFR 60

JDEFXOWDG GH 4XtPLFD 81%$0 &LXGDG 8QLYHUVLWDULD &'0; Op[LFR /D
L QYHVWLIDHLYQREDOQ#XQDP P[

7KH PDFKLQHU\ UHJXODWLRQ Rl WKH FHOO F\FOH && FRQ
HYHQWY WDNLQJ SODFH GXULQJ SUROLIHUDWLRQ 7KH &\FC
&'.V SURWHLQ IDPLOLHV DUH WKHLU PDLQ FRQWUROOHU
FRPSOH[HV ZLWK VHULQH WKUHRQLQH NLQDVH DFWLYLW\ 6
DUH 5%5 DQG +LVWRQH + WZR QXFOHDU SURWHLQV WKDW
&& HYHQWYV

5SHFHQWO\ XQH[SHFWHG PROHFXODU WDUJHWV IRU &\F &".
$PRQJ WKRVH SKRVSKRU\ODWLRQ WDUJHWY DUH SURWHLQV
PHWDEROLVP VXFK DV 3). DQG 3. UHSRUWHG RQ FDQFHU F}
7R DGGUHVV ZKHWKHU &\F &'. FRPSOH[HV ZHUH DOVR D
SKRVSKRU\ODWH PHWDEROLF UHJXODWRUV FRQWUROOLQJ
DQDO\]LQJ SDLUZLVH SURWHLQ SURWHLQ LQWHUDFWLRQV
PHWDEROLF UHJXODWRU

$IWHU ILQGLQJ WKDW VRPH JO\FRO\VLV HQJ\PHV ZHUH DEOH
DQG &'.% ZH H{WHQGHG WKH DQDO\VLV LQ VHDUFK IRU PRUI
SKRVSKRU\ODWLRQ WDUJHWYV

7KLV ZRUN JLYHV DQ LQVLJKW LQWR WKH && LQWHUDFWRPH
SDWKZD\V JO\FRO\VLV .UHEV F\FOH R[LGDWLYH SHQWRV
UHDFWLRQV DQG HYHQ WKH FDWDO\WLF GRPDLQ RI 6Q5.

‘H IRXQG WKDW QRW DOO WKH PHWDEROLF SURWHLQV ZHUF}
DQDO\]HG EXW LQ JHQHUDO DOO PHWDEROLF SURWHLQV Z
&'. VXJIJHVWLQJ D SUREDELOLW\ WKDW WKH\ DUH SKRVSKR
SURWHLQV VKRZHG RQH RU PRUH &'. SKRVSKRU\ODWLRQ PR
DFLG VHTXHQFHV EXW HYHQ JO\FHUDOGHK\GH SKRVSKDW
ZDV SKRVSKRU\ODWHG E\ &\F' &'.$ RU &\F' &'.$ LQ YLWUR I
S5HVXOWV VXJIJHVW WKDW &\F &'. FRPSOH[HV KDYH DQ LPS
PHWDEROLVP ZKRVH VFRSH ZH DUH RQO\ EHJLQQLQJ WR XQ

3;;, 1DWLRQDO 30DQW %LRFKHPLVWU\ DQG OROHFXODU %LRORJ\ &RQJU|
WKH $PHULFDQ 6RFLHW\ RI 30DQW %LRORJLVWYV WK OH[LFR 86%



30DQW OHWDEROLVP

OHWDEROLF FKDQJHV LQ EHDQ IUXLW SHULFDUS
GHYHORSPHQW XQGHU VHYHUH UHVWULFWLFE

%HUQDO *UDFLGD /$ ODUWtQH] %DUDMDV (

'HSDUWDPHQWR GH %LRTXtPLFD &RQMXQWR ( )DFXOWDG GH 4XtPLFD
Op[LFR
HPW]#XQDP P[

7KH ODUJH GHPDQG IRU PHWDEROLF UHVRXUFHV GXULQJ V¢t
VXVFHSWLEOH WR DGYHUVH HQYLURQPHQWDO FRQGLWLRQ)\
D KDUVK HQYLURQPHQW RQ SODQW SURGXFWLYLW\ ZLOO Z
XQGHUVWDQGLQJ RI WKH PHFKDQLVPV WKDW SODQWYV XVH
IUXLW SHULFDUS QRW RQO\ SURWHFWY GHYHORSLQJ VHHG
VWRUHV VXUSOXV VXFURVH WR EXIIHU FKDQJHV LQ QXWULI
IUXLW SHULFDUS LV DOVR SKRWRV\QWKHWLFDIO®'GDIRWLYH
WKH SHULFDUS WR GHYHORSLQJ VHHGY FRXOG EH HVVHQW
$00 WKHVH IDFWV WRJHWKHU VXJJHVW WKDW WKH PHWDE
GHFLVLYH LQIOXHQFH RQ VHHG GHYHORSPHQW 2XU REMHF!
PHWDEROLVP FKDQJHV WR IDYRU VHHG GHYHORSPHQW LQ |
7R GR VR ZH LOQWHUUXSWHG WKH SKORHP FRQWLQXLW\ LQ
JURZWK VHHG VWDJH :H XV&85 BN KHKHQIFRUWSR BB WILRIQURBR ISKR
DFWLYLW\ WR DVVHVV KRZ IUXLW PHWDEROLVP UHVSRQGHG
WKDW WKH IUXLW SKRWRV\QWKHWLF DFWLYLW\ GLG QRW LQ
LQ KRZ WKH SKRWRV\QWKHWLF SURGXFWV ZHUH GLVWULEX\
ZDV UHGXFHG ZKLOH WKH DPRXQW LQ WKH VROXEOH IUDF
DFFRPSDQLHG E\ DQ LQFUHDVH LQ WKH DPRXQW RI ODEHO
LQYHVWLJIDWLQJ LI WKH VIQWKHVLV RI VXFURVH LV VWLPXO
LQ QXWULHQW VXSSO\

7KLV UHVHDUFK ZDV VXSSRUWHG E\ '*$3% 81%$0 3%$3,,7 ,1
4XtPLFD 81%0 3%,3
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30DQW OHWDEROLVP

7KH 30DQW OLWRFKRQGULDO *HQRPH 5HSDLU I
SHFRPELQDWLRQ OHFKDQLVP

-RVXp 'DQLHO ORUBDRDDGXERIUWD GStTDNURORQL BBUDOWD &DV
&RULQD (OL]DEHWK/XDY 4aRBUDRGEGD %YULHED GH &DVWU|

/IDQJHELR &LQYHVWDY ,UDSXDWR Op[LFR /LEUDPLHQWR 1RUWH /HyQ .
MRVXH PRUD#FLQYHVWDY P][

IDQJHELR &LQYHVWDY ,UDSXDWR Op[LFR /LEUDPLHQWR 1RUWH /HyQ .
OXLV EULHED#FLQYHVWDY P]|

30DQW PLWRFKRQGULDO '1$ PW'1l$ LV H[SRVHG WR D YDUL
WKDW FDXVH GDPDJH VXFK DV GRXEOH VWUDQG EUHDNV 5F
WR PDLQWDLQ WKH LQWHJULW\ RI WKH PLWRFKRQGULDO JI
WKHUHIRUH FHOO YLDELOLW\ 7KH KRPRORJRXV UHFRPELQ
VWUDQG EUHDN UHSDLU PHFKDQLVP DW SODQW PLWRFKRQC
, BUDELGRSVLYD WHKHROEMRQMXFOHDU JHQHVY WKDW FRGH IRU .
ORFDOL]DWLRQ VLIJIQDOV KDYH EHHQ LGHQWLILHG DQG WK
UHSDLU YLD WKH KRPRORJRXV UHFRPELQDWLRQ SDWKZD\ K
EHHQ GHVFULEHG D ELRFKHPLFDO PHFKDQLVP RI KRPRORJ
KRZ KRPRORJRXV UHFRPELQDWLRQ RFFXUV LQ WKH SODQW
XQGHUVWDQGLQJ RWKHU SKHQRPHQD FKDUDFWHULVWLF R
QXFOHRWLGH VXEVWLWXWLRQ UDWH DV D UHSOLFDWLRQ
JHQRPH DQG WKH UHSDLU RI GRXEOH VWUDQG EUHDNYV

,Q WKH SUHVHQW ZRUN WKH KHWHUR® R W\WO/S HBPSWIHIVQYV. R Q
ZDV FDUULHG RXW VXFK DV WKH $W5HF$ DQG $W5HF$ UHI
SURWHLQ VLQJOH VWUDQGHG '1$ ELQGLQJ SURWHLQV 66%
-XQFWLRQ PLWRFKRQGULDO UHVROYDVH $W<TJ)L ,Q YLWUR
ZHUH FDUULHG RXW XVLQJ WKLQ OD\HU FKURPDWRJUDSK
HYDOXDWLRQ ' ORRS IRUPDWLRQ DVVD\V DV ZHOO DV DVVLE
IRU ELQGLQJ WR '1$ VXEVWUDWHY DQG FXWWLQJ DVVD\V
SUDELGPRWIRFKRQGULDO UHFRPELQDVHV ELQG WR '1$ RI
GLITIHUHQW OHQJWK DQG VWUXFWXUH IRUP ' ORRSV DQG |
ZKLFK LV LQKLELWHG E\ WKH $W5HF; SURWHLQ 2Q WKH RW
SUHIHUHQWLDOO\ WR '1$ VXEVWUDWHY WKDW HPXODWH +R(
GHPRQVWUDWLQJ LWV SRWHQWLDO UROH DV D SRVVLEOH U
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30DQW OHWDEROLVP

7ZR_ 0XOWLGUXJ $QG 7R[LF &RPSRXQG ([WUXVLRQ
SXWDWLYHO\ LQYROYHG L$Q DHONREFREBQDUD QV SF

/OR\G /R]D 08DPHWR 3pUH] YRQLSHHPiI]TXHU PORS B
0XxR] 6iQFKH]

&HQWUR GH ,QYHVWLJDFLYQ &LHQWUtILFD GH <XFDWiQ 8QLGDG GH %L]
&DOOH 1~P HQWUH FDOOH \ &RO &KXEXUQD GH +LGDOJR &
&RUUHVSRQGIHDL DXMKRU P

$UJHPRQHLFD®WRGXFHY WKH EHQJ\OLVRTXLQROLQH DONC
VDQJXLQDULQH DQG FKHOHU\WKULQH 7KHVH DONDORLGV ¢
DOVR KDYH SKDUPDFRORJLFDO LQWHUHVW 7LVVXHV LQY
DFFXPXODWLRQ GLIIHU LQ WKLY SODQW DQG WKHVH GLVFU
GLVWDQFH PRELOL]DWLRQ PHFKDQLVPV PHGLDWHG E\ WUD
$73 %LQGLQJ &DVVHWWH SURWHLQ $%& IURP URRWV DQ
EHUEHULQH DQG VDQJXLQDULQH PRELOL]DWLRQ ,Q DGG
OXOWLGUXJ DQG 7R[LF &RPSRXQG ([WUXVLRQ SURWHLQV
&MO0$7( ZDV VXJIJHVWHG WR LP SR &R SEMIUEROLEPH W B @/ R i@
FXOWXUHYV
8VLQJ 0$7( VLIQDWXUHV IURP WKH 3IDP 3) ZH VHDUFI
VHTXHQFHV L@ PHYHHDEIPDQYFULSWRPH FDQGLGDWHV ZH
ZHUH VHOHFWHG IRU D SK\ORJHQHWLF WUHH QHLJKERU MR
ZHOO FKDUDFWHUL]HG 0$7( WUDQVSRUWHWEWR RYRFR AR WK H
LQFOXGH 7ZR FODGHV ZHUH IRU P H&R M RT (W KZHKRH DN DR F L L
WKH RWKHU ZDVLFRWYWQEWR &DKHEH DQG JURXSHG  $POS
DQG $P0$7( $D PG [ FOB3QDFDQGLGDWHY UHVSHFWLYHO\
RI HDFK JURXS ZDV SLFNHG IRU LV RCREBAWMHRIDD VHE BPD ¥ DF W F
VHTXHQFH GLVSOD\HG WKH W\SLFDO 5:61(/*$ DQG &*4$ G
H[SUHVVHG LQ OHDYHV DQG URRWY ORUHRYHU WUDQVLHQ
EHQWDRIXDQBVWHG ORFDOL]DWLRQ LQ WMREORWOEQWWRG WK
$P0$7( H[SUHVVLRQ KDV EHHQ GHWHFWHG PDLQO\ LQ URR
7KH UROH Rl WKHVH WUDQVSRUWHUV RQ DONDORLG PRELOI

6XSSRUWHG E\ &21$+&\7 &% /10 DQG 53* DUH |
&21%$+&<7 VFKRODUVKLSY IRU SRVWGRFWRUDO DQG 06F VW?

SHIHUHQFHYV
> @ /R]D 0XOOHU HW DO 30DQWD
> @ 7TDNDQDVKL HW DO 3K\WRFKHPLVWU\
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30DQW OHWDEROLVP

,GHQWLILFDWLRQ RI WUDQVFULSWLRQ IDFWRU JF
UHJXODWLRQ RI WKH VKRUW EUDQFKHG FKDLQ
FDSVDLFLQRLG ELRVI\QWKH®DWVYODFRKRLDQGBSHSSHU

8OLVHV 1HUP RWMWIBFXRR 0DIHWWPHIt 2FKRD $OHMR

'HSDUWDPHQWR GH ,QJHQLHUtD *HQpWLFD &HQWUR GH ,QYHVWLJDF
&,19(67%$9 ,31 ,UDSXDWR O0p[DFERLWH P DILHOUD BRELUWRNVAW W DY P |

8QLGDG GH *HQYPLFD $YDQ]DGD /$1*(%,2 &HQWUR GH ,QYHVWLJDFLYy!
&,19(67%$9 ,31 ,UDSXDWR Op[LFR

'HSDUWDPHQWR GH ,QJHQLHUtD *HQpWLFD &HQWUR GH ,QYHVWLJDF
&,19(67%$9 ,31 ,UDSXDWR Op[LFR| /WU HN/BSKRRIGHQBEN HVWDY P

&KLOL SHSSHU IUXLWV FRQWDLQ D YHU\ SHEXOLDU JURXS
DUH GHULYHG IURP WKH FRQGHQVDWLRQ RI YDQLOO\ODPL
SDWKZD\ DQG PHWK\O QRQHQR\O &R$ SURGXFHG IURP
SDWKZD\ 7KLV FDSVDLFLQRLG LV IRXQG LQ KLJK FRQFHQW
IUXLWV DOWKRXJK RWKHU VWXGLHV GHVFULEH WKHLU SUF
ORZ FRQFHQWUDWLRQV &DSVDLFLQRLGY DUH NQRZQ WR \
SDWKRJHQV DQG KDYH EHHQ GHPRQVWUDWHG WR KDYH PHG
DFLG ELRV\QWKHVLVY SDWKZD\ LV UHJXODWHG DW WKH W
WUDQVFULSWLRQ IDFWRUV 7) LQYROYHG LQ WKLV SDWKZD
LGHQWLILHG XVLQJ DQ DOJRUGWXWPDKQFKKZAD Y S BiFNDU PIL DG
RQ WKH H[SUHVVLRQ SURILOHV 6(3V RI VWUXFWXUDO ELRYV
GHYHORSPHQWDO VWDJHV '3$ )RXU FDQGLGDWHYV ZHUH V
E+/+ :5.< IDPLOLHV DQG WKH 6&$5(&52: VXEIDPLO\ 6XEVH]
JHQH IXQFWLRQ YLUXV LQGXFHG JHQH VLOHQFLQJ 9,*6
759 759 YLUDO YHFWRU EHDULQJ D SDUWLDO VHTXHQFH R
ZLOO EH FDYSUURBDEXWHELXP WXPH DRPNKB \K QG H.DWLIGHWRIRW k
DQG LQ WKH DSLFDO PHULVWHP WR DFKLHYH D PRUH HIILFL
SHUIRUPHG WR REVHUYH WKH DEVHQFH RI JHQH H[SUHVVLI
ELRVIQWKHVLV SDWKZD\ +3/& DVVD\V ZLOO EH FRQGXFWHG
FRQWURO DQG VLOHQFHG IUXLWV &KLOL SHSSHU IUXLWYV
FDQGLGDWH JHQHV ZLOO H[KLELW ORZHU FDSVDLFLQ OHYH
UHSUHVHQW DQ LPSRUWDQW OHDG LQ WKH VWXG\ Rl WUDQ
LQWR REWDLQLQJ FKLOL SHSSHU YDULHWLHV ZLWK KLJK RL
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30DQW OHWDEROLVP

725 VLIQDOLQJ LQ WKH RLO SURBWELRB RIFAKH/Q P
EUDXQLL

7TDNHKLUR $ 2]DzZD 8\HGD DQG (GPXQGR /R]JR\D *OFK

'"HSDUWPHQW RI *HQHWLF (QJLQHHULQJ &,19(67%$9 ,31 ,UDSXDWR 8QLW
OH[LFR (\WDNB®KLUR R]DZDHEIFXQHORVOR]REID#FLQYHVWDY P[

7KH FRORQ\ IRUPLQJ %BRMHIQ RFERFFBNGEDOPHILIODUIH DPRXQ
SHWUROHXP OLNH K\GURFDUERQV WKDW FDQ EH XVHG DV
FRPEXVWLRQ HQJLQH IXHOV 7KHVH K\GURFDUERQV DUH PD
LQ FRQWUDVW WR PRVW RWKHU ROHDJLQRXV PLFURDOJDH

% EUDXQLURXSHG LQWR DW OHDVW WKUHH FKHPLFDO UDFF
K\GURFDUER M SEBRGXBIWERFDUERQYV DUH GHULYHG IURP IDW\
LVRSUHQRLG SUHFXUVRUV JHQHUDWHG E\ WKH SODVWLG
SDWKZD\ LQ % DQG / UDFHV +RZHYHU LWV SRWHQWLDO X\
KLQGHUHG E\ LWV FKDUDFWHULVWLFDOO\ VORZ JURZWK Ul
FRQVHUYHG HXNDU\RWLF NLQDVH WKDW UHJXODWHVY WKH F
ZLWK WKH HQHUJ\ DQG QXWULHQW VWDWXV ODQLSXODWLR:
PD\ KHOS WR RYHUFRPH WKH PHWDEROLF WUDGH RIlI E}
DFFXPXODWLRQ RI HQHUJ\ VWRUDJH PROHFXOHV%,Q WKLV Z
EUDXQREH $ <DPDQDND VWUDLQ DQG UDFH % 6KRZD VWU
RUGHU WR DQDO\]H LWV HIIHFW RQ DOJDO FHOO JURZWK S
K\GURFDUERQ PR RVUHQNMAHNYRWEKQG % VKRZHG LQKLELWLRQ
HQKDQFHG FDURWHQRLG DFFXPXODWLRQ LQ UHVSRQVH W
WUHDWPHQW QR VLJQLILFDQW GLIIHUHQFH% LBURVGQULRFD U]
UDFH % FHOON EWKBXIPBY$ FHOOV VKRZHG DQ LQFUHDVH
DFFXPXODWLRQ 7KHVH UHVXOWY LQGLFDWH WKDW 725 PRC
IDWW\ DFLG GHULYHG K\GURFDUERQ SURGX%WERQXBXW QR
FHOOV

'H WKDQN &21%$&\7 OH[LFR IRU ILQDQFLDO VXSSRUW WR 7
IHOORZVKLS
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30DQW OHWDEROLVP

, QVLIKWYV LQWR PHW DEROLFPHSHKSIDQEXHW IDQVN GLITHU
ULSHQLQJ VWDJHV XQGHU DUWLILFLDO PD

JUDQFLVFR $QOWRQLRB® VK \6 RRQD L ERRV 9 L'OXGIQ XK RD
$QDORRLHO 5XL] 0D\

/IDERUDWRULR GH BURWHYPLFD ,QVWLWXWR GH (FRORJtD $ & ;DODSD
/IDERUDWRULR GH 4XtPLFD GH B3URGXFWRYV 1DWXUDOHV ,QVWLWXWR GF
BUHVHQWLQJ DQG FRUUHVSRQGLQJ DXWKRUV IUDQFLVFR UH\HV#SRVJU
HOLHO UXLI]J#LQHFRO P

&DULFD SDSEBORQJV WR WKH &DULFDFHDH IDPLO\ DQG L
VXEWURSLFDO UHJLRQV ZRUOGZLGH 7KH ULSH IUXLW LV WK
JURZWK WKH SHULFDUS LV JUHHQ VKLQ\ DQG ILUP SUH F
SK\WLRORJLFDO PDWXULW\ WKH\ XQGHUJR DQ HWK\OHQH I
\HOORZ WR RUDQJH UHG DQG UHGXFLQJ VNLQ ULJLGLW\ OH
SDSD\D IUXLW PHWDEROLWHY LGHQWLI\LQJ GLIIHUHQFHYV
TXDOLW\ GXULQJ WKH VXSSO\ FKDLQ &RPPHUFLDOO\ WKH
LQGXFHG E\ DJHQWV OLNH F DD FMLKIPV ADMEGG HZH. &8HVFULE F
PHWDERORPH FKDQJHV LQ WKUHH ULSHQLQJ VWDJHV RI S
&$& :H XVH 06 EDVHG PHWDERORPLFV DQG FKHPRPHWULFV
VHHG WR XQGHUVWDQG PHWDEROLWH WXUQRYHU XQGHU Wk
PDVV WR FKDUJH UDWLR P ] VLJQDOV RYHU WLPH VKRZLQ
EXW QRW WKH VHHG 7KLV VXJJHVWV WKH DSSHDUDQFH RI
SXOS GLVWLQFW IURP WKH VHHG/ ORID N W& G URMGXEQ QW B BV
LQ SDSD\D IUXLW DQG VKHGYV OLJKW RQ WKH VSHHG RI PHWI
WLVVXH OHYHOV ORUHRYHU LW HQDEOHV WKH GHWHFWLR
DUWLILFLDO PDWXUDWLRQ GXULQJ ULSHQLQJ VWDJHV ,Q V
&$& LQGXFHG ULSHQLQJ RQ WKH PHWDERORPH RI SDSD\D |
LQWR WKH XQGHUO\LQJ SURFHVVHV DQG IDFLOLWDWLQJ W
GLIIHUHQW ULSHQLQJ VWDJHV
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S3KRVSKRU\ODWLRQ RI '3( DW 6 E\ 6Q5. NLQDVH SDUWL
GHJUDGDWLRQ

SRGUtJXHB&BXE] *D\RVVR ( ODUWtQH] %DUDMDV 3 &F

'"HSDUWDPHQWR GH %LRTXtPLFD )DFXOWDG GH 4XtPLFD 813%0 &G O]
SLWXLWDULD#FLHQFLDV XQDP P

'"HSDUWDPHQWR GH %LRTXtPLFD )DFXOWDG GH 4XtPLFD 81%0 &G O]
SFRHOOR#XQDP P

,Q SODQWV WUDQVLWRU\ VWDUFK LV VIQWKHVL]HG GXULQ.
WKH FDUERQ QHHGHG IRU JURZWK DQG GHYHORSPHQW 6WL
SURFHVV WKDW UHTXLUHV PHWDEROLF UHSURJUDPPLQJ W
VWLPXOL :LWKLQ WKH SURFHVV Rl VWDUFK GHJUDGDWLRQ
GLVSURSRUWLRQDWLQJ HQJ\PH '3( LV UHVSRQVLEOH IRL
DPRXQW RI '3( UHPDLQHG XQFKDQJHG EXW LWV DFWLYLW\
GXULQJ WKH QLJKW VXJJHVWLQJ WKDW SRVWWUDQVODWL
XQGHUO\LQJ WKH UHJXODWRU\ DFWLYLW\ RI WKLV HQ]\PH ¢
6Q5. LV D PHWDEROLF VHQVRU WKDW LQGXFHV FDWDER
SURFHVVHV E\ GLUHFWO\ SKRVSKRU\ODWLQJ NH\ PHWDET
KRPHRVWDVLV :H VKRZHG WKDW 6Q5. ZDV DEOH WR LQWHU
GLIIHUHQW UHVLGXHV ORFDWHG LQ WKH D JOXGTHQRWUDQV
GHILFLHQW PXWDQWV ZLWK WKH ZLOG W\SH :7 DQG 6 $
ODWWHU RQO\ SDUWLDOO\ UHVWRUHG VWDUFK GHJUDGDW
SKRVSKRU\ODWLRQ RI RWKHU UHVLGXHV LV DOVR LQYROYH
FRPSOHPGRMKNEDQW SODQWV ZLWK D WULSOH QRQSKRVSK
FKDUDFWHUL]H SODQW JURZWK DQG VXJDU PHWDEROLVP

3%$3,,7 ,1 &21%$&<7 $ 6 3%,3
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*HUPLQDWLRQ RI IRXU PDWHBKDONRROXAWMRPRA QDBEH

5RVD ,VHOD 6ROBD/BIRQTXLOORKR GHDHY%DMWDOOD

ODHVWUtD &LHQFLD \ 7THFQRORJtD GH $OLPHQWRYV 8QLYHUVLGDG 3RO
+LGDOJR Op[LFR

( PDLO #XSILP HGX P

7R LPSURYH WKH JOREDO IRRG V\VWHP WKH FRQVXPH RI O
FDSDFLW\ WR IL[ QLWURJHQ DQG LWV GHQVH FRQWHQW R
SURWHLQ DQG DFWLYH FRPSRXQGV OHJIXPHV DUH DQ LPS
KHDOWK\ DQG VXVWDLQDB®B \GLROKW ERGRRBKMEHDHYXPH IR
DUH DQ H[WUDRUGLQDU\ VRXUFH RI QXWULHQWYV KRZHYHL
SK\WLF DFLG ROLJRVDFFKDULGHYV DQG SURWHDVH LQKLEL
7KH JHUPLQDWLRQ RI FRPPRQ EHDQ VHHG FDQ EH XVHG \
QHJDWLYH FRPSRQHQWY DQG WR LPSURYH WKH FRQWHQW F
DFLGV 7KH JHUPLQDWLRQ SURFHVV LV D FRPSOH[ ELRFK
FKDQJHV WKHLU FRPSRVLWLRQ LQ RUGHU WR SURGXFH D Q
WKH VHHG LV WKH ILUVW VWHS WKDW OHG WR HQ]J\PDWLF D
PHWDEROLF SDWKZD\V LQYROYHG DUH WKH PDLQ GULYHUYV
GHVFULEH WKH LPELELWLRQ DQG JHUPLQDWLRQ SURFHVV F
HYDOXDWH IRXU PDWHULDOV Rl FRPPRQ EHDQ LQ LWV ZDW
JHUPLQDWLRQ UHVSRQVH 7KH ZDWHU XSWDNH IRU WKH IR
'DOLD DIWHU WZR KRXUV RI LPELELWLRQ ZHUH DQG

KRXU HLJKW ZHUH DQG UHVSHFWLYHO\ 2QFH Wi
WKH VHHG ZHUH VWRUHG LQ GDUNQHVV DQG WKH JHUPLQTE
KRXUV RI LPELELWLRQ DQG K Rl JHUPLQDWLRQ WKH SHU
PDWHULDOV ZHUH DQG UHVSHFWLYHO\ 7KH ZDV
PDWHULDO DQG LW KDV LPSDFW LQ WKH VHHG DFWLYDWLRC
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30DQW OHWDEROLVP

1RYHO LQVLIKWY LQWR SODQW * SURWHLQ VWU
UHJXODWLRQ

ODUtD 'DQLHOD 7RUWHWY BRE BRX&KRRKBE X B\R- RWH S K
H] 'LZDNDU 6BBXOBDEL @GEUD OR@IX 3DQGH\

'RQDOG 'DQIRUWK 30DQW 6FLHQFH &HQWHU 6W /RXLV 02 8QLWHG 6W
( PDIOVRUUHVURGULJXH]#GDQIRUWKFHQWHU RUJ

'RQDOG 'DQIRUWK 30DQW 6FLHQFH &HQWHU 6W /RXLV 02 8QLWHG 6W
'DVKLQJWRQ 8QLYHUVLW\ LQ 6W /RXLV 6W /RXLV 02 8QLWHG 6WDWH
'DVKLQJWRQ 8QLYHUVLW\ LQ 6W /RXLV 6W /RXLV 02 8QLWHG 6WDWH
8QLYHUVLW\ Rl ,OOLQRLYV S8UEDQD &KDPSDLJQ ,/ 8QLWHG 6WDWHYV
8QLYHUVLW\ Rl ,OOLQRLV S8UEDQD &KDPSDLJQ ,/ 8QLWHG 6WDWHYV
'RQDOG 'DQIRUWK 30DQW 6FLHQFH &HQWHU 6W /RXLV 02 8QLWHG 6V
( PDIMBDQGH\#GDQIRUWKFHQWHU RUJ

+HWHURWULPHULF *73 ELQGLQJ SURWHLQV DUH PHPEUDQH
YDULRXV FHOO VLJQDOLQJ SDWKZD\V 7KH BEWHURWULPHU
VXEXQLWYV IXQFWLRQV YLD ELPRGDO DFWLYH YHUVXV QRQ
WKHVH VWDWHY UHOLHV RQ WKH ELRFKHPLFDO SURSHUWLF
*73 LV H[FKDQJHG DROHDHB RQI*WR WKH GLVVRFLDWLRQ RI W|
IXQFWLRQDO HQWLWD DY GWEMH: PH B R XABGKAG DRDKVEX E\ *
LV DOVR D *73DVH GHDFWLYDWHY WKH VLJQDO DOORZLQJ \
*D SURWHLQV KDYH UHODWLYHO\ VORZ LQWULQVLF *73DV
$FWLYDWLQJ 3URWHLQ *$3 VXFK DV 5HJXODWRU RI * SUF
FDWDO\VLVY DQG KDYH DQ HIIHFWLYH GHDFWLYDWLRQ

'H DUH VWXG\LQJ WZR LQWHUUHODWHG DVSHFWV RI WKH Ul
DSSURDFK IRFXVHV RQ VWXG\LQJ WKH SRVWWUDQVODWLF
VXEXQLW $UDELGRSVLV $W*3$ XQGHUJRHV VHYHUDO 37
R[LGDWLRQ 1 JO\FRV\ODWLRQ VXPR\ODWLRQ DQG XELT
LQIOXHQFH RI WKHVH 370V RQ WKH ELRFKHPLFDO SURSHUW
UHJXODWRU\ SURWHLQV KDV \HW WR EH H[SORUHG ,Q R
PXWDJHQHVLYV RQ VSHFLILF DPLQR DFLGV LQYROYHG LQ C
YDULDQW SURWHLQV RI $W*3$ :H VXEVHTXHQWO\ DVVHVVFE
ELRFKHPLVWU\ RI $W*3$ XVLQJ %2',3< EDVHG IOXRUHVFHQ!
370V DIIHFW WKH *73DVH DFWLYLW\ RI *

2XU VHFRQG DSSURDFK IRFXVHV RQ WKH D HBHXRBWLRLRQHR W
FU\WWDOORJUDSKLF VWUXFWHKO B YL QRHD W/ R6MIO0 QMIEE R i FILLH
2U\]D VDWLFB 5*$ DQG IRXQG FRQVHUYHG VWUXFWXUD
VXEXQLWYV 8VLQJ PROHFXODU G\QDPLF VLPXODWLRQV Z
LQWHUDFWLRQ DQG LGHQWLILHG FUXFLDO UHVLGXHV LQ *.
DQG WKHLU FRQWULEXWLRQ WR WKH 5*6 PHGLDWHG *73DV}t
XVLQJ \HDVW WZR K\EULG DQG *73DVH DFWLYLW\ DVVD\V :F
SODQW 5*6 DQG *. SURWHLQV LV FRQVHUYHG DFURVV SODC
YDOXDEOH LQVLJKWY LQWR WKH UHJXODWRU\ PHFKDQLVPV
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X25)V LQ WKH SR O\DP$QBE R ELREDM D WRHHEF @ DIQ U P
RI WUDQVODWLRQDO UHJXODWLRQ

.LQEHUOL ODUFHOD 9DO(DHE H P@G/HK] *XHUNBEQRUBQFL®AR
-LPpQH] %YUHPRQW

,QVWLWXWR 3RWRVLQR GH ,QYHVWLJDFLYQ &LHQWtILFD \ 7HFQROVYJLFI
GH 6DQ -RVp 1R /RPDV D VHFFLYQ &3 NLQEHUOL YDOOHV#LSLF
8QLYHUVLGDG $XWyQRPD GH 6DQ /XLV 3RWRVt 6DQ /XLV 3RWRVL OpJ[L
ODWHKXDOD 6ROHGDG GH *UDFLDQR 6iQFKH] &3

,QVWLWXWR 3RWRVLQR GH ,QYHVWLJDFLYQ &LHQW!tILFD \ 7THFQROVYJLF
GH 6DQ -RVH 1R /RPDV DMHFEFPRQWESSLF\W HGX P|

3RO\DPLQHV 3%V DUH SRO\FDWLRQLF GHULYDWLYHV RI I
GHYHORSPHQW DQG JURZWK LQ OLYLQJ RUJDQLVPV 8QGHU
3$ OHYHOV E\ UHJXODWLQJ WKH HQ]J\PHV UHVSRQVLEOH IR
WKURXJK YDULRXV HOHPHQWY RQH RI ZKLFK DUH WKH XS
IRXQG LQ WKH 875 UHJLRQ RI P51$V 7KH WUDQVODWLRQ F
LV UHJXODWHG E\ WZR X25)V DW KLJK 3$ FRQFHQWUDWL]I
WUDQVODWLRQ RI WKH PDLQ RSHQ UHDGLQJ IUDPH P25) E
DW ORZ FRQFHQWUDWLRQV WKH WLQ\ X25) VWLPXODWHYV
3RO\DPLQH R[LGDVHV 3$2V FDWDEROLF HQJ\PHV DUH DC
FXUUHQWO\ SHUIRUPLQJ WKH FKDUDF®$RUSBSW L@ RI WKH

$W$2 SVISQUDELGRSHVIMMHSRUWHU OLQHV ZH IRXQG WKDW V
$W$2 H[HUWV D UHSUHVVLYH HIIHFW RQ WKH WUDQVODWLF
GHSHQGHQW DQG ZH VKRZ WKDW WUDQVODWLRQ RI WKH X
HITHFW ORUHRYHU WKH 1 WH$RISQD S HSWILRE RLWSIOW\X2B
GHJUHH RI FRQVHUYDWLRQ 7R DQDO\]H WKHLU UROH LQ

VHYHUDO UHSRUWHU FRQVWUXFWVY WKDW LQFOXGHG VSHFL
RI WKH X25) 382 SHSWLGH /HX 6HU I H X ,Q DGGL
FKDUDFW HBIS|2Z QU QEE2 X25)V XVLQJ ZLOG W\SH :7 DQG PXW
$7* FRQVWUXFWYV

&ROOHFWLYHO\ WKH GDWD REWDLQHG IURP WKHVH X25)V Z
WKH X25) PHGLDWHG UHJXODWLRQ RI SRO\DPLQHV LQ WKHL
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30DQW OHWDEROLVP

*O\FRO\WLF HQ]J\PHVY LQWHUDFW ZLWK FHOO F\F

7HUHVD 9DUPDW WRIUMM]'DPDULV *X+DWUWHURS PRWOAR DD UL Q
-RUJH ODQXHO 9i]T X$X BMPRYDUD 1~xH]

)DFXOWDG GH 4XtPLFD 'HSDUWDPHQWR GH %LRTXtPLFD 8QLYHUVLGD
GH Op[LFR BIpM/ARHY #JP\DR OPPORPE X IDXR RUDOQ#XQDP PJ

&\FOLQ F\FOLQ GHSHQGHQW NLQDVH &'. KHWHURGLPHUV
WDUJHWY DQG PD\ DOWHU WKH DFWLYLW\ RI WKHVH WDU
SURFHVVHV DUH DPRQJ WKH SKRVSKRU\ODWLRQ WDUJHW)\
HQJ\PHV 7KLV ZRUN H[SORUHV WKH LQWHUDFWLRQ RI &\F
PDL]H JO\FRO\WLF HQ]J\PHV KH[RNLQDVH +;. DQG JO!
GHK\GURJHQDVH *$3 SKRVSKRIUXFWRNLQDVH 3). DQG S\
+;. *$3 3). DQG 3. LQWHUDFWHG ZLWK VHYHUDO FHOO F\F
&\F % &\F' &'.$ DQG &'.% +RZHYHU LQ WKH SXOO C
LOWHUDFWHG ZLWK &'.% +RZHYHU &\F &'.% UHFF
SKRVSKRU\ODWHG WKH IRXU HQ]J\PHV DQG GHFUHDVHG WKt
DQG 3). $IWHU NLQDVH DVVD\ WUHDWPHQW ZLWK D &'. \
ODPEGD SKRVSKDWDVH UHVWRUHG WRWDO +;. DFWLYLW\
DVVD\V LQFUHDVLQJ FRQFHQWUDWLRQV RI &' % EXW
&\F' &". % FRPSOH[ GHFUHDVHG *$3 DFWLYLW\ &HOO F\F
FDUERQ FKDQQHOLQJ LQ JO\FRO\VLV E\ WZR GLIIHUHQW
SKRVSKRU\ODWLRQ RI WDUJHWV H J +;. FDQRQLFDO PHF
LOQOWHUDFWLRQ RI WKH PHWDEROLF HQJ\PH H J *$3 ZLWHK
DOWHUQDWLYH PHFKDQLVP 7KH &\F &'. FRPSOH[HV HIIHFW

EXW SUHOLPLQDU\ UHVXOWYVY RQ 3). VKRZ D VLPLODU GHFUF
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,Q VIORFDOL]DWLRQ RI HQJ\PHV LQYRONIIDT H Q IUXF
WHTXLOEGD YDU D]XO

&ODULVVD 9DUJDXQHIQUHRBYB QD]PtQ $EUDKDP -XiUH]

'"HSDUWPHQWR GH ,QJHQLHUtD *HQpWLFD &LQYHVWDY 8QLGDG ,UDSXD)
8QLGDG GH *HQYPLFD $YDQ]DGD /DERUDWRULR 1DFLRQDO GH *HQYPLF]
,UDSXDWR *XDQDMXDWR Op[LFR

&RUUHVSRQGHQFH
-XQH 6LPSVRQ
MXQH VLPSVRQ#FLQYHVWDY P|

-D]PtQ $EUDKDP -XDUp]
MD]PLQ DEUDKDP#FLQYHVWDY P|

JUXFWDQV DUH IUXFWRVH SRO\PHUV IRXQG LQ RI DQJLR
RQO\ DV UHVHUYH FDUERK\GUDWHY EXW DOVR DV RVPRWLF
VXFFXOHQFH DQG DUH LQYROYHG LQ VLJQDOLQJ UHVSRQVE
RI YHJHWDWLYH DQG UHSURGXFWLYH GHYHORSPHQW )UX
DFWLRQ RI YDULRXNY YHUXPWWQM DUH VIQWKHVL]HG IURP V
LQLWLDOO\ E\ WKH DFWLRQ Rl WKH 667 HQ]\PH DQG DUH
UHVLGXHV E\ WKH FDWDO\WLF DFWLRQ RI VHYHUDO W\SHYV
))7 *))7 DQG 6)7 WKDW DGG IUXFWRVH XQLWV )UXFWDC¢
HQJ\PHV LQ FKDUJH Rl GHJUDGLQJ IUXFWDQV DQG UHOHD\
IXQFWLRQV LW LV OLNHO\ WKDW WKH EDODQFH EHWZHHQ |
DQG GHJUDGDWLRQ HQ]\PHV )(+V SOD\ D NH\ UROH LQ PRG
SRO\PHUL]DWLRQ '3 RI IUXFWDQV DV ZHOO DV GHWHUF
PRELOL]DWLRQ DQG GLVWULEXWLRQ LQ GLIIHUHQW WLV\
YHIJHWDWLYH RU UHSURGXFWLYH GHYHORSPHQW $OWKRX.
IUXFWDQV LQ WKH YDFXROHVY DQG DSRSODVW WKH SUHFLV
$JDYH WHWTKLOMDXHY LV XQNQRZQ ,GHQWLI\LQJ WKHLU OR
VXEFHOOXODU OHYHO ZRXOG SURYLGH YDOXDEOH LQIRUPD)
RI IUXFWDQ PHWDEROLVP
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TUDQVFULSWRPH EDVHG LGHQWLILFDWLRQ DQG |
WUDQVFULSWLRQ IDFWRU JHQHV SRVVLEO\ LQYF
FDURWHQRLG ELRVI\QWKHVEWD $QLFXPORQSIHKXFHU I

=DUDWH 9LOODURPWIQ#®JFKRD $OHMR 1

'HSDUWDPHQWR GH ,QJHOQLHUtRHEWRWLED ,@FHEWGE JDBLSXDWRH (VWXG
GHO ,QOVWLWXWR 3ROLWpPFQLFR 1DFLRQDO &LQYHVWDY ,UDSXDWR *X

DUHO\ I DUDWH#FLQYHVWDY P][

'"HSDUWDPHQWR GH ,QJHQLHUtRHEQWPWRLED ,0¥ HE WG J PSP WRH (VW X
$YDQ]DGRV GHO ,QVWLWXWR 3ROLWpPFQLFR 1DFLRQDO &LQYHVWDY ,U
QHIWDOL RFKRD#FLQYHVWDY P|

8QLGDG GH *HQYPLFD $YDQ]DGD /DQJHELR &HQWUR GH ,QYHVWLJDFL
,QVWLWXWR 3ROLWpPFQLFR 1DFLRQDO &LQYHVWDY ,UDSXDWR *XDQDN
RFWDYLR PDUWLQH]#FLQYHVWDY P]

&KLOL SHROPSWWULVYEBV\QWKHVL]H DQG DFFXPXODWH FDURWH
UHVSRQVLEOH IRU WKH \HOORZ RUDQJH DQG UHG FRORU
FRPSOHPHQWDU\ SLIPHQWYV IRU SKRWRV\QWKHVLV DQG IXQ
LQWHUHVW LQ FKLOL SHSSHU IUXLWV KDV LQFUHDVHG GXH
EHFDXVH WKH\ KDYH DQWLR[LGDQW DQG DQWL LQIODPPDW
UHVSRQVH SUHYHQWLQJ FDUGLRYDVEXODU GLVHDVHV DQG
SDWKZD\ Rl FDURWHQRLGY LQ FKLOL SHSSHU IUXLWV KDV I
LWV WUDQVFULSWLRQDO UHJXODWLRQ LV VWLOO XQNQRZQ
IDFWRUV 7) (5) 5.< DQG :5.< SRVVLEO\ LQYROYHG
FDURWHQRLG ELRVV\QWKHVLV E\ 51$ 6HT FR H[SUHVVLRQ I
FDURWHQRLG K&GURQ® FDVDQWKE®REFDSYRBWEKIUPO JHQHYV
WKRVH Rl DOO WUDQVFULSWLRQ IDFWRU VHTXHQFHV RI RX!
WKH LGHQWLILFDWLRQ RI SXWDWLYH ELQGLQJ VHTXHQFHV |
&+:DQ&E&EHQHY )XQFWLRQ DQDO\VLV RI WKH VHOHEWHG 7) |
E\ YLUXV LQGXFHG JHQH VLOHQFLQJ 9,*6 XVLQJ D PRGLIL
7REDFFR UDWWDHGMUUXMG FRQVWUXFWYV EHEBYLQJ SDUWLD
:5.< DQG :5.<OROHFXODU DQDO\VLY DQG SKHQRW\SLILFDW
WKH HIILFLHQF\ DQG SHUVLVWHQFH RI WKH VLOHQFLQJ SUR
LQ D URRP ZLWK FRQWUROOHG WHPSHUDWXUH DW *“ f&
LQGXFHG VUOGHQEBEQJ RIE5.< JHQHV D UHGXFWLRQ LQ JHQH
DQG D GHFUHDVH LQ WKH WRWDO FDURWHQRLG OHYHOV ZD
WKH WUDQVFULSWLRQDO UHJXODWLRQ RI FDURWHQRLG EL
DQDO\VLV E\ +3/& ZLOO EH SHUIRUPHG WR FRQILUP WKH F
VSHFLILF FDURWHQRLGYV LQ FKLOL SHSSHU IUXLW DW GLIIH
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1HZ PHWKRG WR LGHQWLI\ OQF51% WKDW LQWHUL

$QGUHD %D\RQD +XWQI@I MXWRL B3QJIJpOLFD -LP B@HPD5DPLUH
/DXUD 5RGUtIJXOPBLEDDFHO\ *RQ]i(@H]L TIXGIWEXDQ/ W D x R

8QLGDG GH %LRTXtPLFD \ %LRORJtD OROHFXODU GH 30DQWDV &HQWUF
OpULGD <XFDWiQ Op[LFR &DOOH 1~PHUR &KXEXUQi GH +LGDOJR
$QGUHD %D\RQOD BEGQHDGEHD\RQD KHU#JPDLO FRP

(QULTXH &DVWDXR HQULTXHF#FLF\ P[

5HVHDUFK RQ ORQJ QRQ FRGLQJ 51%$V KDV GHVFULEHG QHZ
LQWHUDFW ZLWK OLSLGV WKDW KDYH VKRZQ ELRORJLFDO |
LPSRUWDQW UROH LQ JURZWK GHYHORSPHQW DQG WKI
3KRVSKROLSLGY DOVR KDYH UHOHYDQW UROHV LQ VLJQDOL
IXQFWLRQV > @ 5HVHDUFK RQ SKRVSKROLSLGV ZLWK ELR
PHPEUDQHV DV ZHOO DV 51%$ OLSLG LQWHUDFWLRQV LV D
WKH QHHG IRU QHZ PHWKRGV WR H[SORUH WKH LGHQWLW
OQF51$V PRVWO\ DERXW WKH LQWHUDFWLRQ ZLWK SKRVSK
RU IRU PHGLFDO DSSOLFDWLRQV DQG OQF51%$ UHVHDUFK |
ZRUN ZH GHVFULEH D PHWKRG IRU WKH VHOHFWLRQ RI 518%
BWHQRFHUHXV T2MNUHWYXROMON HYLGHQFH D SRSXODWLRQ |
OLSLG FRDWHG EHDGV DQG FRQWURO EHDGV Rl ZKLFK

LOQWHUDFWLRQ DQG OQF51$%$V ZHUH HQULFKHG LQ WKLV O
OQF51$% ZHUH VHOHFWHG DQG XVLQJ DQ 57 3&5 DQDO\VLV Z

DQG ;5B VKRZHG 3,3 DQG 3% LQWHUDFWLRQ UHVSHFWL
%D\RQD +HUQDQGH] $ *XHUUD 6 -LPpQH] 5DPLUH] , $
5RGULJXH] =DSDWD / & 3HUHLUD 6DQWDQD $ &DVWDX|

PHWKRG WR GLVFRYHU OLSLG LQWBUHBR®DQ JY%LIRBWRI\ BHBRE
KWWSV GRL RUJ v

'DQJ : )DQ + :DQJ % <XDQ ) 5HVHDUFK SURJUHI
OQF51$V LQ SODQW GHYHOR S)RHR@W DHUEY VLV UFHODYQWH ¥ 5 IRHQYF
KWWSV GRL RUJ ISOV

<DR + < XH + 3KRVSKDWLGLF DFLG SOD\V NH\
GHYHORSPHQW DQG VRWIHID/OURIVSROWHM WROH 30,V WH% LR
SS + %ODFNZHOO 3XEOLVKLQJ /WG KWWSV GRL R
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7KH DSSOLFDWLRQ RI D VIQWKHWLF GV51%$ EDVH!
FRQVWLWXWLYH WULSOH UHVSRQVH LQ WRI

&KULVWRSKHU $OH[LV5RRARBQOGIR B URSHRQHH YIDQUDU PRQEDRH]
+HUQDQGH]

30DQW %LRWHFKQRORJ\ /DE DW )DFXOWDG GH ,QJHQLHUtD &DPSXV $P
4XHUpWDUR &DUUHWHUD D &KLFKLPHTXLOODV V Q .P (O ODUTXHV O0p
&XHUSR $FDGpPPLFR GH %LRVLVWHPDV )DFXOWDG GH ,QJHQLHUtD &DP
AXHUpWDUR &DUUHWHUD D &KLFKLPHTXLOODV V Q .P (O ODUTXHV O0p
(VEFEXHOD GH $JURQRPtD 8QLYHUVLGDG 'H /D 6DOOH %DMtR &DPSXV &D
/RPDV GHO &DPSHVWUH /HyQ Op[LFR ( PDLO DQGUH[ #KRWPDLO

7KH ILHOG Rl 51% LQWHUIHUHQFH EDVHG WHFKQRORJ\ IR
HPHUJLQJ ZLWK D SULQFLSDO IRFXV RQ UHVLVWDQFH T
PHFKDQLVPV RI 51$ LQWHUIHUHQFH IRU SRVWWUDQVFULSWI
WR WKRVH LQYROYHG LQ PLFUR51$ VLOHQFLQJ $V WKH P
51$ PLFUR51$ KDV QXPHURXV GDWDEDVHV GHGLFDWHG WR
LQWR WKHLU VHTXHQFHVY DQG WDUJHWV ,Q WKLV VWXG\ R]
DQ HQGRJHQRXV JHQH WULJJHUHG E\ WKH DSSOLFDWLRQ

PROHFXOH ZDV SUHGLFDWHG RQ WKH PLFUR51$ DQG WDUJH
ZKLFK LV OLQNHG WR HWK\OHQH SHUFHSWLRQ LQ WRPDWR

\RXQJ WRPDWR VHHGOLQJV ZKLFK ZHUH WUHDWHG WKURXJ
RI GV51$% DW DQG SPRO —/ FRQFHQWUDWLRQV XVLQJ
GHPRQVWUDWHG WKH GLVWLQFWLYH WULSOH UHVSRQVH F
K\SRFRW\O OHQJWKV E\ XS WR DQG UHVSHFWLYHO\ D\
DFFRPSDQLHG E\ QRWLFHDEOH KRRN IRUPDWLRQ REVHUYH
H[SUHVVLRQ RI &75 VY ZDV UHGXFHG E\ XS WR DW WKH |
7KHVH UHVXOWY VHUYH DV D SURRI Rl FRQFHSW WKDW NC
LQVWUXPHQWDO LQ GHYHORSLQJ VWUDWHJLHY SHUWLQHQ!
SODQW VSHFLHV
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SK\WLFRFKHPLFDO SURSHUWLHV RI FRUQ DQG D\F

(OED 5RQTXLOOROTHUCHVGN 9i]TXHFRWI GRIDD 6ROtV /HyQ
ODULHOD 3 )ORAXHV DYDAIDNDOOD

8QLYHUVLGDG 3ROLWpPFQLFD GH )UDQFLVFR , ODGHUR 'LUHFFLYyQ (
+LGDOJR Op[LFRR Q@ PDUL@MOR#XSILP HGX P|[

&XUUHQW IRRG LQGXVWU\ UHVHDUFK WUHQGYV HPSKDVL]H \
SURGXFWV WKDW FDQ EDODQFH FRQYHQLHQFH DQG KHDOW
SURWHLQ 7KLV UHVHDUFK ZDV DLPHG DW SUHSDULQJ VQD
7KH EDNHG WRUWLOODV ZHUH IRUPXODWHG DFFRUGLQJ W
YDULDEOHV EHDQ FRUQ IORXU UDWLR DQG SDI
DQDO\VLV YLVFRVLW\ DQDO\VLV )RXULHU 7UDQVIRUP ,C
SUR[LPDWH DQDO\VLV ZHUH SHUIRUPHG WR HYDOXDWH WKH
LQFUHDVH RI WKH VQDFNV +LJKHU EHDQ FRUQ IORXU UDWI
YLVFRVLW\ RI LQ EDNHG WRUWLOODV FRPSDUHG WR OR?Z
KDUGQHVYV YDOXHV IRXQG LQ RXU VWXG\ “ 1 LQ E
KLJKHU WKDQ UHVXOWV LQ EHDQ FRUQ IORXU UDWLR RI

PP DQG “ PP UHVSHFWLYHO\ )7,5 VSHFWUD DQG
VKRZHG DQ LQFUHDVH LQ SURWHLQ FRQWHQW ZLWK WKH E
EHDQ FRUQ IORXU UDWLR VQDFNV VKRZHG WKH GHYHOF
WK H FP ZDYHOHQJWK DQG PROHFXODU LQWHU F
DVVRFLDWLRQV ZLWKLQ WKH $PLGH ,,, EDQGV FRPSDUHC
)XUWKHUPRUH WKH DGGLWLRQ RI EHDQ IORXU OHDGV WR D
7KHVH UHVXOWY GHPRQVWUDWH WKDW WKH DGGLWLRQ RI
VQDFNV DQG WKH PL[WXUH ZLWK FRUQ IORXU DV D VRXUF]
SURSHUWLHY FDQ EH EDODQFHG WR SURGXFH D IXQFWLRQEL
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*HQHWLF WUDQVIRUPDWLRQ RIIWRHKIDG&RHWDYLQR X
ROHRDEXQE&EDLROLVWLF XVLQJ JODVV SDUW|

JORUHV *DVFD ' /IRJR\D *ORULD (

&HQWUR GH ,QYHVWLJDFLYQ \ GH (VWXGLRV $YDQ]J]DGRV GHO ,QVWLWX!'
,UDSXDWR *XDQDAVLOIMRI ORYJ HVR #H G@ XIDEGWRDYRPR\D#FLQYHVWDY P]|

OLFURDOJDH DUH XQLFHOOXODU SKRWRV\QWKHWLF RUJD(
GLYHUVLW\ HVWLPDWHG LQ PRUH WKDQ VSHFLHV HD
7KH\ FRQVWLWXWH DQ DWWUDFWLYH RUJDQLVP IRU DSSOL
RWKHU VI\VWHPV VXFK DV ORZ SURGXFWLRQ FRM/HHOQQG DE|
PLFURRBBBPKORULV ROPHRE®EKHMAGD KL IJK DPRXQW RI WULDF\O
RI WRWDO OLSLGV ZKLFK PD\ EH FRQYHUWHG LQWR ELRGL
DQ LQWHUHVWLQJ DOWHUQDWLYH WR UHSODFH SHWUROHX
ROHRDEXQMWD @HFHVVDU\ WKH HVWDEOLVKPHQW RI JHQHW
LPSURYH LWV FKDUDFWHULVWLFV ORUH WKDQ  W\SHV RI V
VXFFHVVIXOO\ WUDQVIRUPHG E\ Y8®% MR 1) RZO Bl @ D FRUPDMQL\R
KDV EHHQ WUDQVIRUPHG MXVW E\ HOHFWURSRUDWLRQ 6R
SURWRFRIDH QRHUWWK RV U D QV IRQ PR IVEM@GEAIK ELROLVWLF XVL
SDUWLFOHVY 7KHVH ZHUH FRDWHG ZLWK SODVPLG '1$ S.
SDUDPHWHUV ZHUH HYDOXDWHG VXFK DV WKH VKRRWLQJ G
SUH WUHDWPHQW SODVPLG FRQFHQWUDWLRQ DQG WKH XV
WHVW VKRZV WKDW VROHERDIROPEIRMWQEFOH E\ ELROLVWLF C
JODVV SDUWLFOHV LQVWHDG WKH FRPPRQGUNVHGWINR O®
DGYDQWDJH EHFDXVH Rl WKH ORZ FRVWV RI WKH SURFHVYV
385 GHWHFW )R QHRIHWIQV HUWLRQ

'H WKDQN &21%$&<7 OH[LFR IRU WKH ILQDQFLDO VXSSRUW *l
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((WUDFWDELOLW\ RI VROXEOH VROLGV IURP LQWt
PHVTXLWBURR/®RSELY ODHYLJDWD

ODULHOD 3DWULFLDOEDIRYRY TXDOIRDG Ht D H ¥%-DMW D O OD

8QLYHUVLGDG 3ROLWpFQLFD GH )UDQFLVFR , ODGHUR 7HSDWHSHF
( PDICEDWDOODG#\DKRR FRP P

/IHIXPHV DUH SODQWYV WKDW FDQ IL[ QLWURJHQ WKLV SUR!
ELRPDVV OBVRXRWHYV ODHYLIDMWMXPH WUHH WKDW JURZV L
SURGXFH D IUXLW OHVTXLWH IUXLW LV D SRG ZLWK D GHY
SURWHFW WKH VHHG OHVTXLWH SRG LV DQ LPSRUWDQW V
JOXFRVH DQG IUXFWRVH VXEVWUDWHY IRU ELRWHFKQROR
PDWHULDOV IRU WKH IRUPXODWLRQ RI JURZ PHGLD IRU IHU
WKH LQWHJUDO IORXU RI WKH PHVTXLWH SRG DQG WKH UHV
RI WKH HIWUDFWDELOLW\ RI VXJDUV DV VROXEOH VROLGV ¢
OHYHOV RI ZDWHU VROLGV ZDWHU DQG UL
PL[ ZHUH PHDVXUHG DV %UL[ GHJUHHV )RU WKH LQWHJUDO

DQG UHVSHFWLYHO\ )RU WKH KDUG FRDW IUDFWLR
DQG UHVSHFWLYHO\ KHQ WKH GLOXWLRQ ZDV H[SUHV\
HIWUDFWDELOLW\ IRU LQWHJUDO IORXU ZDV H[SUHVVHG E\
WKH KDUG FRDW IUDFWLRQ ZDV H[SUHVVHG E\ WKH HTXDW|
%UL[ GHJUHHVY DQG ; ZDV SHUFHQWDJH RI GLOXWLRQ ZLWK
UHVSHFWLYHO\ $ GLOXWLRQ RI RI LQWHJUDO IORXU LQ
GHJUHHYV DQG D GLOXWLRQ RI Rl KDUG FRDW LQ ZDWH
GHJUHHV 7KLV HYDOXDWLRQ KLIKOLJKWYV WKH SRWHQWLD
Rl JURZ PHGLD IRU ELRWHFKQRORJLFDO SURFHVYV
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(9$/8$7,21 2) 7+( ,16(&7,&,'$/ ())(&7 2) (66(17,$/
2,/ 2)3HODUJRQLXP2BELTWYR\XR52/ 2)
3VHXGRFRFFXV ORQJLVSLQXV

+HUQIQGH] $i 5D]R $8 *X]PiQ 5 GHO &n

i 1IDWLRQDO 6FKRRO RI %LRORJLFDO 6FLHQFHYV 1DWLRQDO 3RO\WHFK
/lySH] ODWHRYV 3URIHVVLRQDO 8QLW =DFDWHQFR $Y :LOIULGR ODVVLH
& 3 H PDLO DGGUHVV DKHUQDQGH]J JPDLO FRP

0 1DWLRQDO 6FKRRO RI %YLRORJLFDO 6FLHQFHVY 1DWLRQDO 3RO\WHFK
/lySH] ODWHRYV 3URIHVVLRQDO 8QLW =DFDWHQFR $Y :LOIULGR ODVVLH.
& 3

i 1IDWLRQDO 6FKRRO RI %LRORJLFDO 6FLHQFHVY 1DWLRQDO 3RO\WHFK
/lySH] ODWHRY 3URIHVVLRQDO 8QLW =DFDWHQFR $Y :LOIULGR ODVVLH
& 3

,QVHFWV DUH YHU\ LPSRUWDQW LQ HFRV\WVWHPV KRZHYHU :
RI FDXVLQJ HFRQRPLF ORVVHV WKH\ DU \FRQVRERIFAXG/ D S|
KHPLSWHUD WKDW GHFUHDVHV WKH \LHOG RI DJULFXOWXUTL
$OWKRXJK WKHUH LV D ZLGH UDQJH RI RUJDQRSKRVSKR
RUJDQLVPV WKH\ KDYH GHOHWHULRXV HIIHFWV RQ WKH H
RWKHU KDQG HVVHQWLDO RLOV JLYHQ WKHLU FRPSOH[ FKI
IRUPXODWLQJ ELRSHVWLFLGHVY WKDW SUHVHQW D ORZHU G
UHVHDUFK LV WR HYDOXDWH WKH LQZHPWUBR®L® FDF MWL Y RW
HVWLPDWLQJ WKH PRUWDOLW)\ 8QXG RRA RFE PO ) OREDIE! \DII QX
ODERUDWRU\ FRQGLWLRQV 7KH PHWKRG FRQVLVWHG RI
DQG PDLQWHQDRFH S LWYKNM REWDLQLQJ RI WKH RLO E\ K\G
WR[LFLW\ ELRDVVD\V ZKHUH FRQFHQWUDWLRQV ZHUH HYI
RI LQVHFWY ZKRVH PRUWDOLW\ ZDV UHFRUGHG DW
FKDUDFWHUL]DWLRQ RI WKH RLO E\ KLJK SHUIRUPDQFH OLT
7KH HIWUDFWLRQ \LHOG E\ K\GURGLVWLOODWLRQ IRU NJ R
FRQFHQWUDWLRQV /& REWDLQHG ZHUH IRU KRXU /&
P/ /| DQG KRXU /& P/ / 5HJDUGLQJ WKH FKHPLFDC
SUHVHQWHG FRPSRQHQWYV DPRQJ ZKLFK JHUDQLRO VWD
HITHFW LW ZDV VKRZQ WKDW WKH PRUH WLPH HODSVHV W}
VROXWLRQ GHFUHDNHWURIURBEKDY\ WKH SRWHQWLDO WR Gt
LQVHFWLFLGHY DQG FRXOG HYHQ EH DQ DOWHUQDWLYH W

'LDJLQRQ
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JORFFXODWLRQ+ PHWEKW 8 ¥ R RIJXVRS OXWU D PW V
DVWD[DQWKLQ

+HUQIiQGH] 7DODQFYQ ) $ /R]JR\D *ORULD (

&HQWUR GH ,QYHVWLJDFLYQ \ GH (VWXGLRV $YDQ]J]DGRV GHO ,QVWLWX!'
,UDSXDWR *XDQDMXDWRHWUQPPOFBH]|AHFGCRXOSR DR \D#FLQYHVWDY P[

$VWD[DQWKEDK\GUR I\ FDURUAMHDHHG SIUREBW WKDW EHOF
RI FKHPLFDOV FDOOHG FDURWHQRLGY 7KH QDWXUDO VRXUF
WURXW NULOO VKULPS DQG FUD\ILVK ,W LV DQ DQWLRJ[LC
GDPDJH $VWD[DQWKLQ KDV EHHQ SURSRVHG WR LPSURYH W
IRU PDQ\ RWKHU SXUSRVHV LQFOXGLQJ $0O]KHLPHU GLVHDVI
PXVFOH VRUHQHVV IURP H[HUFLVH DPRQJ RWKHUV :H DUH L
WKH PLFYBBPDIHRFRFFXWBBPKYROOLWHG DV DVWD[DQWKLQ
VSHFKIGRJRSKREIRVLWY LQ WKH F\WRSODVP FRPSRVHG RI
+DUYHVWLQJ PLFURDOJDH IURP OLTXLG PHGLXP LV NQRZQ
FRVW HIITHFWLYH PHWKRGV LV FUXFLDO IRU WKH SURFHVVL
WKH PRVW XVHG PHWKRG LW UHTXLUHV D VLJQLILFDQW LQ
WKH RWKHU KDQG IORFFXODWLRQ KDV EHHQ LGHQWLILHG
LQLWLDO LQYHVWPHQW DQG RSHUDWLRQDO FRVW DV ZHOC
NQRZOHGJH UHJDUGLQJ WKH HI+HBW KXY R R B MWMVK IGNORFHF\X DD\
ZLGH DUUDQJHPHQW R 40R®RKXDODMAMMUI M\HDVWRG JRDLWK WK H
RQ WKH GLVUXSWLRQ OHVV DVWD[DQWKLQ H[WUDFWLRQ :H
GLIIHUHQW IORFFXODQWY SUHVHQWHG RQ D UDQJH RI S+ [
RI DVWD[DQWKLQ DIWHU # K3HO R WD CBNSIHPE Y DWKLIR G5 URHV H Q W
SURPRWH WKH XVDJH RI DQ HQYLURQPHQWDOO\ IULHQGO\
SRO\WWDFFKDULGHV WR UHSODFH WKH FHQWULIXJDWLRQ VV
EH FRXSOHG ZLWK FHOO GLVUXSWLRQ OHVV PHWKRGV RI C
DQG RSHUDWLRQDO FRVWV RI WZR Rl WKH FUXFLDO VWH
SURGXFWYV
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5DSLG JHQRW\SLQJ RI SODQWOVDWPSBDM\WY XVLQJ

/HDQQDK . +WNYURXORQL@WEHWK / :DONHU

30DQW %LRORJ\ *UDGXDWH 3URJUDP 8QLYHUVLW\ RI ODVVDFKXVHWWYV
SOHDVDQW 6W S$PKHUVWVHEPDVV HGX

30DQW %LRORJ\ *UDGXDWH 3URJUDP 8QLYHUVLW\ RI ODVVDFKXVHWWYV
SOHDVDQW 6W $PKHUVW 0%

'"HSDUWPHQW RI %LRORJ\ 8QLYHUVLW\ RI ODVVDFKXVHWWY $PKHUVW

6W S$PKHUVW 0%

'"HSDUWPHQW RI %LRORJ\ 8QLYHUVLW\ RI ODVVDFKXVHWWY $PKHUVW

6W S$PKHUVWHZPONHU#XPDVV HGX

 QVHUWLRQDO PXWDJHQHVLV LV D URXWLQH PHWKRG XVHG
HQG SRLQW 3&5 PROHFXODU VFUHHQLQJ PHWKRGYV DUH 10
UHVXOWYV DQG UHTXLUH ODERU LQWHQVLYH J'1$ H[WUDFYV
WUDQVSRVRQ LQVHUWLRQ P X'W DIQQVRW \ZSH GH DM Y R'SH & KDV 0D
FRPSDUH WKH FRS\ QXPEHU RI VSHFLILF DOOHOHV RI D JH
7KH PHWKRG LV HITHFWLYH ZLWK HPRQ WKH IO\]f WHPSODWH
VWUHDPOLQHG JHQRW\SLQJ RI XS WR JHORAVBS\GHQ I KDV K R K
HITHFWLYH LQ ERWK LGHQWLI\LQJ DOO SRVVLEOH JHQRMW
KRPR]\JRXV IRU LQVHUWLRQDO PXWDQWV DQG IRU GHWH!
LQGLYLGXDO WUDQVIRUPDWLRQ HYHQWYV LQ WUDQVJHQLF
LQVHUWLRQ DOOHOHV ZDV GHWHUPLQHG DQG WKH FRUUH(
ORFDWLRQ DQG LWV DELOLW\ WR DIIHFW JHQH H[SUHVVLRQ
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7KH FKLWLQ ELQGLQJ GRPDLQ IURP WKH FKLWLC
DQWLPLFURELDO DFWLYLW\ DJDLQVW SODQ

6KHLOD $ 0DUWt@N]p {DHDPDU %DUER]D &RURQD

3RVJUDGR HQ %LRFLHQFLDV 'LYLVLYQ &LHQFLDV GH OD YLGD 8QLYHU'
6DODPDQFD ,UDSXDWR *XDWIDNMXDWROHI]]DYUCHBIFRWYWDRHRQWR GH
$OLPHQWRYV 'LYLVLYQ &LHQFLDV GH OD YLGD 8QLYHUVLGDG GH *XDQD|
,UDSXDWR *XDQDMXDMRHEDU#Xp[WRRP [

7KH GHYHORSPHQW RI DOWHUQDWLYHVY WR FRQWURO SODQ
EHHQ RI JUHDW LQWHUHVW LQ WKH ODVW \HDUV ,Q WKLV
UHVHDUFK VXEMHFW LQ SODQW SURWHFWLRQ DV DQWLPLFI
DUH SURWHLQV ZLWK FKLWLQ ELQGLQJ DFWLYLW\ WKDW H[K
QHYHUWKHOHVVY OLWWOH LV NQRZQ DERXW VLPLODU SURW
VIQWKHVL]HG E\ D 0BRFDQOXW WDKRY RQINRBVAMNVK D PRG X
RUJDQL]DWLRQ DQG D FKLWLQ ELQGLQJ GRPDLQ LQ WKH 1
&KLS$ 9V &%' KDV QRW EHHQ FKDUDFWHUL]HG DV D VLQJOH
DQG LW LV XQNQRZQ ZKHWKHU LW KDV DQWLPLFURELDO D
FDUERK\GUDWH ELQGLQJ PRGXOHV DQG SURWHLQV ZLWK Fk
WR HYDOXDWH WKH DQWLPLFURELDO DFWLYLW\ DJDLQVW E|
WKH DQWLPLFURELDO SURSHUWLHV ZH SURGXFHG WKH &KL
IURP WKH HQJFRW®ILQDQG SXULILHG LW DV D SURWHLQ RI a
DQWLPLFURELDO DFWLYLW\ ERWK WKH DJDU ZHOO GLIIXV]
JRU WKH DQWLIXQJDO DFWLYLW\ WKH LQKLELWLDRQ RI FRQI
R[\WSRUX®H &KL$ YV &%' SRVVHVVHV DQWVYHREWPRQDY DF
VIUL@IDWHK D 0,& R —J P/ %HVLGHV LW LQKLELWYV WKH \
)XVDULXP R\USRUXP-J P/

7KHVH UHVXOWV GHPRQVWUDWH WKDW WKH &KL$ TV VKRZV
IRU WKH FRQWURO RI YDULRXV HFRQRPLFDOO\ LPSRUWDQW
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WKH $PHULFDQ 6RFLHW\ RI 30DQW %LRORJLVWYV WK OH[LFR 86%



THFKQRORJLFDO %YUHDNWKURXJKV

&RPSDUDWLYH HYDOXDWLRQ RI GLITHUHQW H[W
LGHQWLILFDWLRQ DQG TXDQWLILFDWLRQ RI JO\Sk

/LOLDQD + O0pQGH] %DUUHGR -XDQ / ORQULERW 9LOODQX
-RVp 0 (OL]DOGH &RQWUHUDV -RVp $ ®XHUUHUR $QDO

5HG GH (VWXGLRVY OROHFXODUHYV $YDQ]JDGRV ,QVWLWXWR GH (FRORJtD
$QWLIXD D &RDWHSHF &RQJUHJIJDFLYQ (O +D\D ;DODSD 9HUDFU.
SUHVHQWLQUMOOWPORRHOGH]#LQHFRO P
&RUUHVSRQGLIOILDXWKRHUQGH]#LOQHFRO P[ MRVHDQWRQLR JXHUUHUR#L
HOLHO UXL]#LQHFRO P

2YHU WKH SDVW GHFDGH WKH XVH Rl JO\SKRVDWH DQG PR
DFWLYH SULQFLSOH RI PDQ\ KHUELFLGHV LQ FURSV KDYH
HYLGHQFH ZKLFK VXJJHVWHG KDUPIXO HIIHFWV RQ KXPDQ

GHWHFW LQ IRRGVY DQG UHODWHG PDWULFHV EHFDXVH RI L
SRODULW\ QRQ YRODWLOLW\ ORZ PROHFXODU ZHLJKW DQ
UHOLDEOH DQG VFDODEOH H[WUDFWLRQ DQG TXDQWLILFDYV
IRRG DVVRFLDWHG SURGXFWV LV Rl JUHDW LQWHUHVW

FRQFHQWUDWLRQV Rl VROYHQWYV DQG YDULRXV H[WUDFWL
ZLWKRXW WKH XVH Rl GHULYDWL]DWLRQ VWHSV LQ FRUQ IC
‘H XVHG G\QDPLF PXOWLSOH UHDFWLRQ PRQLWRULQJ PHWHEK
FKURPDWRJUDSK\ FRXSOHG WR D WULSOH TXDGUXSROH PD
UHVXOWVY VKRZ WKDW ZDWHU ZLWK YY PHWKDQRO ZIL
$FFHOHUDWHG VROYHQW H[WUDFWLRQ $6( DQG XOWUDYV
UHFRYHU\ YDOXHV KRZHYHU WKH H[WUDFWLRQ ZLWK WKH
('*( H[KLELWHG DQ HIILFLHQW UHVXOW LQ KDOI Rl WKH Wi
SURWRFRO WHVWHG LQ RXU VWXG\ 7KLV LQYHVWLJIJDWLR(
HWUDFWLRQ LGHQWLILFDWLRQ DQG TXDQWLILFDWLRQ R
PRQLWRULQJ WKH OHYHO RI WKLV SHVWLFLGH LQ FRUQ IOR
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THFKQRORJLFDO %YUHDNWKURXJKV

2SWLPLIDWLRQ RI DQ +&5 51% ),6+ PHWKRG WR UDSE¢
HI[SUHVVLRQ SDWWHUQV LQ & OHDYHV

(UQHVWR 3DODIRE§DUDRMIRDXDUGR $ OPLG HOMGUHUXHD G H]
&RURQDGEA &DUORV +XPEHUWR 2UWL] 5DPtUH]

(1(6 /HYyQ 81%$0 /HyQ *XDQDMXDWR Op[LFR %RXOHYDUG 81$0 & 3
HUQHVWR SDODIR[#FLQYHVWDY P[

8*$ &,19(67$9 ,UDSXDWR ,UDSXDWR *WR Op[LFR .P /LEUDPLHQWR
& 3 FDUORV RUWL]#FLQYHVWDY P][

7KH IXQFWLRQ RI D JHQH GHSHQGV WR D JUHDW H[WHQW R
SDWWHU@VLQJ WKHVH SDWWHUQV DFFXUDWHO\ LV FUXFLD:
ORFDOL]DWLRQ EXW DOVR WR LQIHU JHQHWLF RUJDQL]DWL
PDLQ PHWKRGRORJ\ WR VWXG\ WUMQVEVEXS W L)RWD R Q]DWEF
ZKLFK UHOLHV RQ FRPSOHPHQWDU\ ELQGLQJ RI D QXFOHF
ZLWKRXW ORVLQJ WKH VSDWLDO FRQWH[W 7KHLWMHODWLYH
VLWYULGL]DWLRQ ),6+ DQG LQ SDUWLFXODU K\EULGL]DW!|
KDV DOORZHG WKH VLPSOLILFDWLRQ RI WUDQVFULSW GHWFE
VLIQDO ZKLOH UHGXFLQJ EDFNJURXQG QRLVH PDNLQJ L\
WUDQVFULSWV %XW GHVSLWH WKHVH DGYDQFHV ZH VWLO
WLVVXHV VXFK DV OHDYHV ,Q WKLV ZRUN ZH VWDQGDUGL]
),6+ LQ VHFWLRQHG OHBMWWD RIDWRIRERFDWSOW SUHVHUYDW
KLJK VLIQDO WR QRLVH UDWLR ZDV DFKLHYHG OHDGLQJ V
UHOHYDQW GHYHORSPHQWDO JHQHV DQG WR FRQILUP WUI
JHQHV LGHQWLILHG LQ SUHYLRXV VWXGLHVWKRUHW B RRW O X (
JHQH H[SUGMBHERQD QG 6Y6+5EXQQOWMKRKKEDVOKIDYHY DQG Wi
YDOLGDWLRQ RI FHOO SRSXODWLRQV GHILQHG E\ VF51
LPSOHPHQWDWLRQ RI WKLV SURWRFRO DOORZV HIILFLHQW
SDWWHUQV LQ OHDI WLVVXHV ZLWK FRQVLVWHQW DQG PHEL
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)XQFWLRQDO YDOLGDWLRQ RI HQKDQFHU EDVHG
$UDELGRSVLV WKDOLDQD

' 5DPRV &DPBFKRQ]IOH] ORUDOHMUD (VWUHOOD

/IDERUDWRULR 1DFLRQDO GH *HQYPLFD SDUD OD %LRGLYHUVLGDG &HQ
$YDQ]DGRVY GHO ,QVWLWXWR 3ROLWpPFQLFR 1DFLRQDO ,UDSXDWR
QHVWRU UDPRVWHPQGUBVIRMYDRAH]#FLQYHVWDY P|[

'"HSDUWPHQW RI 30DQW DQG 6RLO 6FLHQFH ,QVWLWXWH Rl *HQRPLFV
7HFK 8QLYHUVLW\

7, 86 HPDLO OKHUUHUDH#FLQYHVWDY P]|

(QKDQFHUV DUH RQH RI WK H LRRN WO DRMSRRU WHD@MNP HEQW W D @
HXNDU\RWLF JHQHV DQG DUH UHVSRQVLEOH IRU PHGLDWL(
GHYHORSPHQWDO VWDJHV DQG LQ UHVSRQVH WR HQYLU
DSSOLFDWLRQ RI WKHVH &5(V IRU GLUHFW JHQH H[SUHVVLE
SXUSRVH DQG IHZ LQIRUPDWLRQ LV GLVSRQLEOH DERXW
H[SUHVVLRQ LQ SODQWV ,Q WKLV ZRUN ZH XVHG WKH GD!
HQKD QFHYWDIEQ GRSV LM OYRPBLBIGOHU GHVLIQLQJ WKH FRQV\V
JROGHQ JDWH PRGXODU FORQLQJ V\VWHP ZH PDQXDOO\
FRPSRVHG RI WKH VHTXHQFH Rl HDFK SUHGLFWHG HQKDQ
SURPRWHU IURP WKH FDXOLIORZHU PRVDLF YLUXV &DO09 7
D VIQWKHWLF SURPRWHU WKH UHSRUWHU JHQH *)3 *OXFX
VIQWKHWLF SURPRWHUV DQG UHSRUWHU PRGXOHV GHVFUL
QRW RFFXU QDWXUDOO\ $Q HQKDQFHU IXQFWLRQV LQGHSF
LQ UHODWLRQ WKH WDUJHW FRUH SURPRWHU WKHUHIRUH
HQKDQFHU DQG HDFK VIQWKHWLF SURPRWHU ZDV SHUIRUF
ERWK VHQVHV IRUZDUG DQG UHYHUVH RULHQWDWLRQ XVL
VIVWHPEHQWKDPLDQD Dm@EG3VWREODMHUHYSUHVVLRQ RQ WKH K
$ WKDO)LD@DOO\ ZH DQDO\]JHG WKHLU H[SUHVVLRQ SDWWH
GHWHUPLQH ZKHWKHU WKH SUHGLFWHG HQKDQFHU VHTXF
GHYHORSPHQW
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$Q HIILFLHQW DQG UHSURGXFLEOH ORFDOL]JHG YD
PHWKRG WRQHSSDWWYQVIRUPDWLRQ

8UUHD /ySH] 5DIDHO

8QLGDG GH %LRWHFQRORJLD 9HJIHWDO &HQWUR GH ,QYHVWLJDFLYQ \
(VWDGR GH -DOLVFR &,%$7(- =DSRSDQUUBODANVIFRWHM PGp[LFR

,Q YLOYQRDO\VLV RI JHQH IXQFWLRQ UHOLHV SULPDULO\ RQ
SODQW V\WWHPV KRZHYHU RYHUH[SUHVVLRQ LQ KHWHURG(
VWXGLHV RI XQLTXH SODQW SDWKZD\V WKDW UHTXLUH D &
DQDO\VLYV :H KDYH GHYHORSHG D PHWKRG WR YDFXXP LQIl
ZKROH SODQWQWHRXMMIGRI DO FKDUDFWHUL]DWLRQ RI JHQ
SODQWYV HVSHFLDOO\ WKRVH WKDW DUH H[FOXGHG IURP WK
GXH WR WKHLU ODUJH VL]H 8VLQJ ORFDOL]JHG YDFXXP LQIL
LQ SOWQWOVIRUPDWLRQ RI DYRFDGR DQG FDFDR WZR DJUR
WUHH FURSV WKDW DUH UH FOIQRENDE R LHE H\G UW QB IRRUR
H[SUHVVLRQ RI 58%< YHFWRU YLD YDFXXP LQILOWUDWLRC
DYRFDGR DQG FDFDR OHDYHV GHPRQVWUDWHG WKH YHUVE
RWKHU ODUJH SODQVWYUREDVXHHBKBW KGHVWBIGIV I RUPDWLRQ
OHDYHV E\ ORFDOL]HG YDFXXP LQILOWUDWLRQ FDQ EH SHU
FRVW HIIHFWLYH PDQQHU E\ ODERUDWRULHYV WKDW DOUHD
WKDW ILW LQVLGH D ODERUDWRU\ GHVLFFDWRU VLQFH WKF
ZLWK QR QHHG WR DGG FRVWO\ HTXLSPHQW 7KLV LV DQ
ORFDOL]HG YDFXXP LQILOWUDWLRQ WKDW QRW RQO\ SURYL
D WLPHO\ WRRO MR SUDIBQOEHO NXIWWHMRQ LQ DYRFDGR DQG FDF
WKSHUREDFWHGLBEMWHG YDFXXP LQILOWUDWLRQ PHWKRG IR
PHWDEROLF SDWKZD\ UHVHDUFK WR D JUHDWHU QXPEHU R
DGYDQFHG VWDJH RI GHYHORSPHQW

$FNQRZOHGJHPHQWY 7KLV UHVHDUFK ZDV VXSSRUWHG E
7THFQRORJtD GH -DOLVFR &2(&<7-%$/ DQG 6HFUHWDUtD GH ,
6,&<7 -DOLVFR Op[LFR *UDQW
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([SUHVVLR@ RA LD IOK V W KXV L §D LHIREURIL BDL Q
DUDELFARU UH YV L&RVDHH 6 MURU\ SERVUKIHIQ H P X V
KDPSHL

(OLDQD 9DOHQFRIN P HRKLQYR&D ERAE® DRARIGIF(XIJHQLR ,EDUUD 5p

'"HSDUWDPHQWR GH ,QJHQLHUtD *HQpWLFD &HQWUR GH ,QYHVWLJDFLYy(
,UDSXDWR ,UDSXDWR *XDQDMXDWR Op[LFR JRU SUHVHQWLQJ HO
MOFDEUH#\DKRR FRP P[

'"HSDUWDPHQWR GH %LRWHFQRORJtD \ %LRTXtPLFD &HQWUR GH ,QYHV)
8QLGDG ,UDSXDWR ,UDSXDWR *XDQDMXDWR Op[LFR

-RUJH LEDUUD#FLQYHVWDY P]|

&RUUHVSRQGHQFH -RUJH LEDUUD#FLQYHVWDY P][

6RPDWLF HPEU\RJHQHVLV 6( LV WKH PRVW LPSRUWDQW S(¢
UHJHQHUDWLRQ SURSDJDWLRQ JHQHWLF WUDQVIRUPDWLI
KLJKO\ FRPSHW QW U ERM@PHDRKLIJK UDWH Rl VHFRQGDU\ HP
FRQYHUVLRQ WR SODQWVY LQ PRQWK SODQW UHJHQHUDWL]
H[SUHVVLRQ DQDO\VLV RI PDV W40 U B QLN RHUFNERIRS ( VXF
GHYHORSPHQ@WW, VXAKQBVFHOO F\FOH SURJDKEXQRQ VXFK D
ZHUH DQDO\]HG GXULQJ LQGXFWLRQ DQG SURSDJDWLRQ RI
HPEU\RJHQLF OLQHV 7KLV SURWRFRO ZDV DSSOLHG LQ JH(
S0'& FRQWDLLQIQSIWERH LQ 7\SLFR FXOMALEWDE IRREDOLVWLF
7UDQVIRUPDWLRQ HIILFLHQF\ RI ZDV DFKLHYHG 6WDEC
TXDOLWDWLYH DQG TXDQWLWDWLYH PROHFXODU DQDO\VHV
WUDQVIRUPDWLRQ HYHQWYVY H[SUHVVLRQ OHYHOV IURP W
6RPDWLF HPEU\R 6(V FRQYHUVLRQ WR SODQWOHWV LV W
DSSOLHG XVH RI WKLV SURFHVV ,Q WKLV VWXG\ ZH IRFXV F
RI& DUDEDRED 7\SLFD 6(V FRQYHUVLRQ WR SODQWOHW XS
RVPRWLF VWUHVV XVLQJ J/ JHOULWH DV FRPSDUHG ZLW
7KLV LV WKH ILUVW UHSRUW DERXW WKH VWDEOH WUDQV|I
SURWHLQ LQ FRIIHH SODQWY 7URXJK Rl %LRDVVD\V ZLWK V
&%% ILUVW LQVWDU ODUYDH DQG DGXOWV LQGXFHG PRU
GD\V ,Q DGGLWLRQ WUDQVJHQLF IUXLWV VKRZHG D VHHG

RI FRQWURO IUXLWV DQG DGXOW PRUWDOLW\ 7KLV LV \
DQG H[SUHVVLRQ RI WKH &U\ $D SURWHLQ LQ FRIIHH SODQ
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IDWXUDOO\ RFFXUULQJ SKHEHFKINSSR P& RBYRGWHI U R
JHQRW\SHVY DV SRWHQWLDO LQKLELWRUV RI GL

(ULND 9DOHQF$SE WBIKDBD 0 9LGDXDQALPRORQULERW 9LOODQX
"RUJH &DGHQDDDMWFARWBRWR +RURQEKHUUHUR $QDOFR

5HG GH (VWXGLRV OROHFXODUHYV $YDQ]DGRV ,QVWLWXWR GH (FROR
7THFQROYJLFR %LROLPLFS &DUUHWHUD $QWLJIXD D &RDWHSHF
,QQRYDFLYQ HQ *HVWLYQ GH 5SHFXUVRV 1DWXUDOHV &ROHJILR GH 3RV

GH +LGDOJR 6DQ /XLV 3RWRVt Op[LFR
'"HSDUWDPHQWR GH %RWiQLFD &ROHJLR GH 3RVWJUDGXDGRV &DPSX
7H[FRFR 7H[FREFR Op[LFR

&RUUHVSRQGHQFH MRVHDQWRQLR JXHUUHUR#LQHFRO P[ HULND YDOH

'LSHSWLG\O SHSWLGDVH ,9 '33 ,9 KDV EHFRPH DQ HIIHFWL
GLDEHWHY PHOOLWXV 7 '0 ,GHQWLI\LQJ QDWXUDO '33
VLIQLILFDQW LPSDFW LQ GHYHORSLQJ DQWLGLDEHWLF WKt
HIILFDF\ Rl QDWXUDO FRPSRXQGV IURP GLIIHUHQW FKD\RW
'33 ,9 ZKLFK SOD\V D IXQGDPHQWDO UROH LQ JOXFRVH PH
EORRG JOXFRVH UHJXODWLRQ LQ SDWLHQWYV ZLWK 7 '0
7R GHWHUPLQH WKH LQKLELWRU\ FDSDFLW\ RI '33 ,9 D WR\
ZHUH VXEMHFWHBWFROWLF DVVD\V 5HVXOWYV VKRZHG WKE
SHUFHQWDJHV RI HQ]\PH LQKLELWLRQ FD %DVHG RQ WK
KLIJKHVW LQKLELWRU\ DFWLYLW\ ZHUH VHOHFWHG IRU GLUHI
WR SKHQROLF FRPSRXQGV XVLQJ D KLJK UHVROXWLRQ Ol
WR D WULSOH TXDGUXSROH PDVV VSHFWURPHWHU 83/&
FRPSRXQGV ZHUH LGHQWLILHG DQG TXDQWLILHG ZLWK V
SKHQ\ODODQLQH TXHUFHWLQ GL 2 JOXFRVLGH DQG NDF
)LQDOO\ YLUWXDO VFUHHQLQJ HQVHPEOH GRFNLQJ IL(
H[SHULPHQWDOO\ LGHQWBHMHAXPORGROHV DFHGWDLR® JDOO
JOXFRVH DQG TXHUFHWLQ =+ GL 2 JOXFRVLGH KDG WKH KL.
NFDO PRO DQG NFDO PRO UHVSHFWLYHO\ VKRZLQJ D
WR WKH GUXJ UHIHUHQFH VLWDJOLSWLLRD ¥ EWRBDWLR®/\ H
REVHUYHG DW H[WUDFW OHYHO 2YHUDOO RXU VWXG\ KLJK
FKD\RWH GHULYHG SKHQROLF FRPSRXQGV DUH SRWHQWLD
HITHFWLYH PDQDJHPHQW RI 7 '0
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(ITHFW RI  JOXFRVLGDVWHV¥HKURP RERBRMHHUHOHDVH
DURPDWLF FRPSRXQGV LEWKHGCHWHGH F\V LW (E RH

9iVTXH] /DUD 1@JDQODFtD (GPDWGH BHRGAWtI X H3 pHOHH U WR
&DPSRV (GXIDUGRY &HUYDQWHWRD UDRG DS ERWQWR *HUD L
ODUWtQH] %DUODVWOXH]LRUX] ODUJDULWR

7HFQRORJLFR 1DFLRQDO GH Op[LFR ,QVWLWXWR 7HFQROYJLFR GH 2D[D

$Y ,QJ 9tFWRU %UDYR $KXMD 1R (VT &D OIEGIDO T HFQWRD# IR B RO ZFR[D F
PFUX]#LWRD[DFD HGX P][

)DFXOWDG GH OHGLFLQD 8QLYHUVLGDG $XWyYyQRPD 3%HQLWR -XiUH]" GH
6XU 6DQ )HOLSH GHO $JXD 2D[DFD Op[LFR

&RQDKF\W &HQWUR ,QWHUGLVFLSOLQDULR GH ,QYHVWLJDFLYQ SDUD H
+RUQRV &RORQLD 1RFKH %XHQD 6DQWD &UX] ;R[RFRWOiQ 2D[DFD
)DFXOWDG GH ,QJHQLHUtD 8QLYHUVLGDG $XWyQRPD GH 4XHUpWDUR 6

&UDIW EHHU D IHUPHQWHG DOFRKROLF EHYHUDJH DWWUDF
DURPD DQG IODYRU WKDW LW SURYLGHV FRQVXPHU DFFF
KLIKOLJKW WKHVH FKDUDFWHULVYMIFEVWH® RYK H+ B Q UNWWL AL
JOXFRVLGDVH HQ]J\PHOOBKDURRBGEMNEY QDRQ WKHLU UHODWLR
LQFUHDVH RI WHUSHQHYVY VXFK DV OLQDORO DQG JHUDQLRO
IORUDO DURPDV DQG IODYRUYV

7KH JOXFRVLGDVHV ( & DUH DOVRHIRKAXE HG $SO0B QW
LVRIRURI , WKLV HQ]J\PH KDV EHHQ SXULILHG E\ RXUUHVHDUF
FODULILHG FUXGH FKD\RWH H[WUDFW &&( LQ WKH SURGXF
EHHU 7ZR KXQGUHG PO RI PXVW ZHUH GLVWULEXWHG SHU

K ILYH GRVHV Rl &&( ZHUH DGGHG —O0 —O0 PO P
VSHFLILF DFWLYLW\ VLPLODU WR WKDW RI WKH PDWXUDW
TXDOLWDWLYH FKDUDFWHULVWLFY DUH PRGLILHG ZKHQ P
ZLWK UHVSHFW WR WKH FRQWURO WKHVH ZHUH KLJK JDV

IODYRU LQ DGGLWLRQ WKH\ LPSURYH QRWDEO\ ZKHQ WKH
LV DSSUHFLDWHG KLJK IRDP DQG FUHDP\ DSSHDUDQFH F
HYDOXDWHG WHDULQJ ORQJHU UHWHQWLRQ WLPH RI WKH

WHUSHQHV LV LQ SURJUHVYV

+DQ ; (W DO $SSDEFRI/WRRNBY WOR TLWK KLJIK
JOXFRVLGDVH DFWLYLW\ WR HQKDQFH WHUSHQH UHODWHG

&UX] 5RGUtIJXH] $ (W DO $JJUHJDWLRQ DQG PF
JOXFRVLGDVH LVRIBRMHPK,L X HRDWHRAXID H V
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%D\HVLDQ ,QIHUHQFH (VWLPDWHY WKH 3DUDPHWH
&DHPPHUHU %HUU\ ORGHO IRU & 3KRWRV\QWK
7UDGLWLRQDO 5HIJUHVVLRQ $SSURDFKH

S8ULHO * 3pUH] ®QWRIPIUR &D S H HQ@G®U.[RW BAKRILY MLHRQ$ 3 D]
+HUQIQGBUYQ . 9pOH] 5DPtUH]

IDERUDWRULR GH &LHQFLDV $JURJHQYPLFDV (1(6 /HyQ 8QLYHUVLGDG
Op[LFR

IDERUDWRULR 1DFLRQDO 3/$17(&& /HyQ Op[LFR

,QVWLWXWR GH ODWHPiWLFDV 8QLYHUVLGDG 1DFLRQDO $XWyQRPD GF
&HQWUR GH ,QYHVWLJDFLYQ HQ ODWHPiWLFDV &21$&<7 *XDQDMXDWR
,QVWLWXWR GH ,QYHVWLJDFLRQHV HQ (FRORJtD \ 6RVWHQLELOLGDG ¢
ORUHOLD Op[LFR

BUHVHQWLQJ DQG FRUUHVSRQGLQJ DXWKRU DDURQ YHOH]#FRPXQ

7KH UDWH DW ZKLFK D OHDI IL[HV FDUERQ GLR[LGH YLD SK
UDWH DQG LW LV WKH UHVXOW RI QXPHURXV SK\VLRORJL
ELRFKHPLFDO WR WKH RUJDQ OHYHO 7R XQGHUVWDQG ZK\
KLJKHU DVVLPLODWLRQ UDWHYV WKDQ RWKHUV LW LV QRW
UbwWH ,QVWHDG ZH QHHG WR HVWLPDWH WKH FRQWULEX!
DVVLPLODWLRQ UDWH PHDVXUHPHQWY DUH ILWWHG WR WKF
DQG %HUU\ )Y&% ELRFKHPLFDO PRGHO ORVW SDUDPHWH
QXPHULFDO HVWLPDWLRQ RI LQGLYLGXDO VWHSV RI WKH &
VHTXHQWLDO OHDVW VTXDUHV UHJUHVVLRQV ILW H[SHULF
HTXDWLRQV LQ RUGHU WR HVWLPDWH WKH SDUDPHWHUV 7
7KH FRQVHFXWLYH OHDVW VTXDUHV UHJUHVVLRQV LPSO\ W
RSWLPL]IDWLRQV WKLV FRXOG UHVXOW LQ VXERSWLPDO F
SUHVHQW D EHWWHU PDWKHPDWLFDO PHWKRG WR HVWLP
LQIHUHQFH DQG D IXOO PRGHO SRVWHULRU VDPSOLQJ UH)
DOJRULWKPV 8VLQJ &,00<7 ZKHDW OLQHV ZLWK FRQWUDV\
VKRZ WKDW WKH XVH RI %D\HVLDQ LQIHUHQFH LQ WKH IXOC
DQG SUHYHQW VXERSWLPDO VROXWLRQV H VKRZ WKDW WK
SDUDPHWHU LV PRUH LQIRUPDWLYH WKDQ WKH VLQJOH H\
UHJUHVVLRQ DSSURDFK 7KH SRVWHULRU GLVWULEXWLRQ
YDULDELOLW\ RI HDFK SDUDPHWHU LQ WKH SRSXODWLRQ E
DQG RU GDWD VHW DUH LQIRUPDWLYH DERXW HDFK SDUDP
WKH SDUDPHWHUY DQG WKH XQFHUWDLQW\ RI LWV HVWLPD
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$ ORGXODU 7RROER[ IRU 6WXG\LQJ WKH "\QDPLFV
&RPSRXQGV 92&V LQ YLRORJLFDO 6\VWH

5D~0 $OFDOGHBMI®B]7RUUHM MRWHIXDL OOPBDLIORQ VR
ORUHQR 3HGU@DFLR 5RVDM GRBLGOGHTXH 5DPtUHR BKHY H]
OROLQD 7RBIVBYp 2YDQGRDRQDXHIPHOD 3DBWEGDVWDUWLQ

LONOHU
&,19(67%$9 ,UDSXDWR ,UDBEBDWW ZOINPRIU#FLQYHVWDY P]J
'"HSDUWPHQW RI %LRFKHPLFDO (QJLQHHULQJ 1DFLRQDO 7THFKQRORJLFDO
/HLEQL] ,QVWLWXW IlU *HPeVH XQG =LHUSIODQ]JHQEDX ,*= *UR% EHH
8QLYHUVLGDG GH *XDQDMXDWR 'LYLVLYQ GH &LHQFLDV H ,QJHQLHUtDYV
%XQGHVDQVWDOW I+U ODWHULDOIRUVFKXQJ XQG SU*IXQJ %$0 % H U (
&21%$&<7 ,3,&<7 6DQ /XLV 3RWRVt OH[LFR

9RODWLOH RUJDQLF FRPSRXQGV 92&V DUH FHQWUDO LQ EL
DQG ELRDFWLYH PROHFXOHV )RU H[DPSOH WKH IXQJDO F
VWLPXODWHY ODWHUDO SODQW URRW IRUPDWLRQ E\ PRGXC
SDWKZD\ 92& SURILOHV FDQ FKDQJH LQ VHFRQGV LQ VRPH
E\ SUHGDWRUV

+RZHYHU FRQYHQWLRQDO WHFKQLTXHV IRU VWXG\LQJ WKH
PLQXWHV WR KRXUV VDPSOH H[SHQVLYH 375 06 a PLOOL
PROHFXOH FODVVHV 375 06 630( 7KHUHIRUH ZH GHYHC
DQDO\WLFDO WRROV DQG VRIWZDUH IRU VWXG\LQJ 92&V LQ
UHOHYDQW WLPH VFDOHV 7R IXUWKHU SURPRWH WKH JHQI
WKH RSHQ GHYHORSPHQW SDUDGLJP DQG DOO FRPSRQHQW
2XU ORGXODU %LRORJLFDO 0DVV 6SHFWURPHWHU OR%LO6
DQG SURYLGHV VSHFWUD FRPSDWLEOH ZLWK WKH 1,67 GDW
VHW XS D WLPH UHVROXWLRQ RI OHVV WKDQ VHFRQG LV
a 86' DQG VHPL SRUWDEOH a NJ $V H[DPSOH DSSOL
LGHQWLILFDWLRQ RI LVRDP\O DFHWDWH IURP EDQDQDV DQC
LQ WRPDWRHV > @

‘H GHYHORSHG D ORZ WHPSHUDWXUH SODVPD SUREH WR L
ORQLWRULQJ WKH SHQW\O . S\URQH 33 VLJQDO GXU
7ULFKRGHUP DDOMIDELIGRSOHIR WWBQLORY ZH QRWHG D UH.
FRUUHODWLQJ ZLWK WKH GD\ QLJKW F\FOH 7LPH VHULHV D
SK\WLRORJLFDO YDULDEOH SURPRWLQJ WKH KRPHRVWDVLV
2XU 2SHQ /DE%RW DOVR DOORZV WKH KLJK WKURXJKSXV
LPDJLQJ RI YRODWLOH DQG VHPL YRODWLOH FRPSRXQGV L
$OWRJHWKHU ZH EXLOW D PRGXODU WRROER[ IRU VWXG\L
UHDOLVWLF FRQGLWLRQV DQG SURYLGHG RSHQ KDUGZDUH

)XQGLQJ &RQDF\W ')*
$OFDOGH 9i]TXH] 5 HW DO OLFURFKHPLFDO -RXUQDO
7RUUHV 2UWHJD 5 HW DO OHWDEROLWHYV
5RVDV 5RPiQ , HW DO OLFURFKHPLFDO -RXUQDO

3;;, 1DWLRQDO 30DQW %LRFKHPLVWU\ DQG OROHFXODU %LRORJ\ &RQJU|
WKH $PHULFDQ 6RFLHW\ RI 30DQW %LRORJLVWYV WK OH[LFR 86%



JXQFWLRQDO FKDUDFWHUL]|DWLRQUPRIELGRSY LV ($
WKDOLDQD

,OWL $ $UUR\R ORVVR 'DYLG ) 5HQGYQ /XQD DQG $OHM

'HSDUWDPHQWR GH %LRORJtD OROHFXODU GH 30DQWDV ,QVWLWXWR G
$XWyQRPD GH Op[LFR $SGR 3RVWDO LQ W& X¥HB®DYDF® PORU Op[LF

7KH VHHGY DUH DPRQJ WKH PRVW FRPSOH[ VWUXFWXUHV R
GHILFLW SODQWV DFWLYDWH FRPSOH[ VLIQDOLQJ QHWZ
DGDSWDELOLW\ $ SLYRWDO FRPSRQHQW LQ WKLV SURFHV
I($ SURWHLQV ZKLFK VXUJH LQ UHVSRQVH WR OLPLWH:
GHYHORSPHQW 2XU VWXG\ VSHFLILFDOO\ GHOYHV LQWR WK
FULWLFDO UROH LQ WKH SODQW V DGDSWLYH UHVSRQVH \
VWUHVV :LWKLQ WKLV VWXG\ ZH SUHVHQW FRPSHOOLQJ ¢
SW/($ SURWHLQ UHVXOWY LQ KHLIKWHQHG VHQVLWLYLW
VWUHVV 1D&O $GGLWLRQDOO\ ZH KDYH HVWDEOLVKHG V
GXULQJ VHHGOLQJ HVWDEOLVKPHQW 7R FRQILUP WKDW WK
IRU WKLV VHQVLWLYLW\ ZH FRQGXFWHG FRPSOHPHQWDWL
ZH FRQILUP WKDW WKH SKHQRW\SH LV UHVXOWHG IURP WKH
WKDW PXWDQW VHHGY ODFNLQJ $W/($ DOVR GLVSOD\ OR
W\SH FRXQWHUSDUWY XQGHU QRQ VWUHVV FRQGLWLRQV Z
ZHUH H[DPLQHG VXJJHVWLQJ WKDW WKH DEVHQFH RI WKL\
VXPPDWLRQ WKHVH ILQGLQJYV XQGHUVFRUH WKH SLYRWDO
LQ WKH SODQW V DGDSWLYH UHVSRQVH WR OLPLWHG ZDW
/IDVWO\ ZH FDUULHG RXW SURWHFWLYH SURWHLQ DVVD\V
OLJKW RQ WKH SRWHQWLDO PROHFXODU IXQFWLRQ RI /($ S

7KLV ZRUN ZDV SDUWLDOO\ VXSSRUWHG E\ JUDQW IURP
VXSSRUWHG E\ D 3K' &21%$+&\7 IHOORZVKLS

3;;, 1DWLRQDO 30DQW %LRFKHPLVWU\ DQG OROHFXODU %LRORJ\ &RQJU|
WKH $PHULFDQ 6RFLHW\ RI 30DQW %LRORJLVWYV WK OH[LFR 86%



3, IDWLRQDO 30DQW %LRFKHPLVWU\ BDWY\G 0R® WHAXIOWDL®Q %RR O/KH &R[QFR 6 WAWRIRID R D W KWL ROHRULVIMY 6 RIMKHOH[LPR 86% 30DQW %LRORJ\ 6\PSR\

$FDGHPLF 3URJUDP

ORQGD\ 2FW

7XHVGD\ 2FW

: HGQHVGD\ 2FW

7KXUVGD\ 2FW

JULGD\ 2FW |

30DQWV 3\WKRQ ZRUNVKRS|ORGHUB@HRMDQGUD &RYDUUXELDV ORGHUBMWRBKHH ORGHUMQR&KLWZRRG ['HSDUWXUH |
5HILVWUDWLRQ SELRWLF-RWQ HAKWKP D Q 30DQW ELRWLEQQWHUGEFEWERAYRQ &DUGROM QW 'HY HGIRSBHQINFXD *D U

HOFRPH 2SHQLQJ $ELRWLF&KWUHWAAULQN 30DQW ELRW LB DQMKHAHEHA VR Q 30DQW 'HYHOBBRH@WWUDQ

"H\QRWH, WH/OWH BHUIHFWR |$SELRWLF-RWh HVIW 5H\HV 30DQW ELRWLHFGQOHIpPFMILRQ 30DQW 'HY HITRE PHIGWL QJ

:HOFRPH FRENWDLO &RHH EUHDN &RHH EUHDN &RHH EUHDN

(FRORJ\ DQG RIYROXWHEQiQ

GH]

30DQW PHWDEROQNPAH\GXN

30DQW WHFRARDRUDHM\R 0RQ

RU

(FRORJ\ DQG HWRKOWKIWL®D 0

HUDL

30DQW PHWIDERCHQBP

30DQW WHFEQROHRA ERP HU

(FRORJ\ DQG HRDRIDRWLRWQW]L] 5DPLU

30DQW PHWOEJREHWK 6DWWHO

30DQW W HFKQ R O] E+IW

QVR

H]

VR 1LHYHV

PtQJXH] .HVVOHU

5H\HV

H]

YDV

E

/LIJIKWQLQJ WDONV |IRU SRYWHUV /LIJKWQLQJ WDONV |IRU SRVWHUV /IXQFK

IXQFK /IXQFK ORGHUDXWRMDYR 5RGUtJXH] $OR
ORGHURMNRDU & XHHO DN R H] ORGHUBWIRIDUW *LOOPRU 6KRUW WDQNLGILULHID SHUH] /R
6KRUW WDON ,UYLQJ -DLU *DUFtD /y6KIRUW WODLOXH® 3DORPDU 6KRUW WDON $QD /DXUD $OR(
6KRUW WDON 6YHWODQD 6KLVKNRYBKRUW WDON 1XULD 'H "LHJR 6KRUW WDIDIN.WODIRGUtIXH] \ 'H
6KRUW WDON -RVp /XLV &R\DF 5RGUBXKHIW WDON 'DQLHO 2VZDOGR &DPR (VBRERDW WDON $QGUHD 5RPHUR
6KRUW WDON ODUFHOD +HUQIQGH] SAKRRIQDBMON *XDGDOXSH ,W]HO OHQHVHMWBHWIWDON QIQOIXBIORERM Oy S
6KRUW WDON 6DQGUD 5LRV &DUUDVERRUW WDON &DUORV ( 5RGU[tJXH] /ySHFKRUW WDON OLFKHO 3DOH 51
6KRUW WDON S5RQDOG 3LHULN 6KRUW WDON 5RGULJR 0XxR] {DYLHU 6KRUW WDON *ODG\V , &DVVD
6KRUW WDON RUHUDUGRYEHO 7 6KRUW WDON 1HOO\ -D]PtQ 3D[FKHFR &UXKRUW WDON 6DQGUD ,VDEHOQ|

*RQJiOH] ORUDOHYV

$63%

6KRUW WDORYRBIX&EOBD 7

&RIHH EUHDN

&RHH EUHDN

&RHH EUHDN

%XVLQHVV PHHWLQJ

3RVWHU VHVVLRQ

SRVWHU VHVVLRQ

.H\QRWEBEHDQ &XWOHU

H\QRWEBNDWLH '"HKHVK

. H\QRWENXDLULGK 6DZHUV

&ORVLQJ UHPDUNV

*DOD 'LQQHU




