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From the director

As we compose this 2016-2017 Biennial Report, in the Spring of 

2018, we just celebrated the fifteenth anniversary of CRAG. The 

path that led to the current Center for Research in Agricultur-

al Genomics was initiated in 2003, when researchers from CSIC 

and IRTA joined forces in a consortium that aimed to promote 

the research, development, and training in plant genetics and 

genomics. Over subsequent years, the project became more am-

bitious, and both the Autonomous University of Barcelona and 

the University of Barcelona joined in. In 2011, the new CRAG fa-

cilities at the UAB campus were inaugurated, and the person-

nel from the four institutions that form the CRAG Consortium 

moved in. This ascending path reached a most significant mile-

stone in late 2015, when CRAG was recognized with the “Severo 

Ochoa Center of Excellence” award, by the Spanish Ministry of 

Economy and Competitiveness. This award placed CRAG among 

the top research Centers in Spain, and 2016 and 2017 repre-

sent the first two-years of the implementation of the “Severo 

Ochoa” program in our Center.

An institutional award for a research Center is always the re-

sult of the collective work of its personnel, and it is through its 
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and as illustrated in this Biennial Report, 2016 and 2017 were 

also and in many respects very productive years for CRAG. Sci-

ence and research progressed continuously, adding up to 21 PhD 

theses and 143 scientific articles, approximately 90% of which 

were published in first quartile journals and 50% in first decile 

journals. Scientific highlights spanned from discoveries in the 

mechanisms controlling the rhythmic growth of plants, the de-

velopment of trichomes, or to identifying an important regula-

tor of climacteric ripening in melon, among many others.

Browsing through this report you will find descriptions of these 

and other activities and achievements, the result of the effort of 

all CRAG members during the past two years. As we continue to 

implement our “Severo Ochoa” program in 2018, we look for-

ward to further consolidate CRAG as an internationally-leading 

Center.  

José Luis Riechmann

“people” that it can achieve excellence. The “Severo Ochoa” 

program at CRAG placed a strong emphasis on “people”, by 

recruiting young scientists and funding postdoctoral fellows 

and PhD students. Laura Botigué joined CRAG as a Junior Group 

Leader to initiate a research line on the genomics of ancient 

crops and domestication, and a selection process is currently 

underway to incorporate two additional researchers. In addi-

tion, sixteen postdoctoral fellows and twelve PhD students were 

recruited through the Severo Ochoa program, strengthening 

CRAG research groups and allowing us to initiate new collabora-

tive research projects, both within CRAG and with internation-

al colleagues. The training of researchers, postdoctoral fellows 

and PhD students in both scientific and transversal skills was 

also significantly enhanced. Another area of emphasis was in-

frastructures and facilities: resources were allocated to increase 

our plant growth, microscopy, and computing capabilities. At 

the institutional level, a Communications and Outreach Office 

and a Technology Transfer Office were established at CRAG, al-

lowing us to increase the societal impact of our activities.

Beyond the implementation of the “Severo Ochoa” program 
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In plants, light has a dual function as energy for photosynthesis and as infor-

mational signal. Captured by specialized photoreceptors, the light signals 

(intensity, quality and duration) inform the plant to optimize its fitness to 

the environment. Examples are the seasons or the first light exposure after 

germination in the dark. How these signals lead to the adaptation of plant 

growth and development has been an outstanding question in biology.

A mechanism for rhythmic growth:  The team led by Elena Monte dis-

covered the molecular mechanism by which plants precisely grow before 

dawn in the long nights of winter, when conditions are most favorable. 

In collaboration with researchers from the USDA-University of California 

in Berkeley, their study published in PNAS defined an antagonistic inter-

play between the phytochrome-interacting transcription factors PIFs and 

the circadian clock protein TOC1. PIFs are transcriptional activators that 

Dark and Light Signaling
New advances for understanding the regulation of plant development
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promote growth and accumulate progressively during the long night. In 

contrast, the transcriptional repressor TOC1 is most abundant earlier in 

the night. The researchers showed that TOC1 interacts with the PIFs to 

repress PIF activity, thus preventing early growth. This gating mechanism 

times growth at dawn, coinciding with maximum PIF abundance and lack 

of their transcriptional repressor. 

The nucleus and chloroplasts go hand in hand:   In another study pub-

lished in Nature Communications, the same team described, for the first 

time, the mechanism by which plants alter their development in response 

to excessive light. The endosymbiotic organelles mitochondria and chloro-

plasts use retrograde signaling to communicate with the nucleus to control 

the flux of proteins they need to produce energy. Elena Monte’s group 

discovered that, under excessive light during seedling development, the 

chloroplast is damaged and expression of the nuclear gene GLK1, central to 

photomorphogenic development, is down regulated by retrograde signals. 

This temporarily suppresses the separation of the embryonic leaves, effec-

tively reducing the exposed surface to prevent photodamage. This study 

contributes to understand how organelles can impact development, which 

in animals modulate processes such as cell division or tumor progression.

Soy J., et al. Proc. Natl. Acad. Sci. U.S.A. 113 (17), 4870-4875  (2016)

Martin G., et al.  Nat Commun , 7, 11431 (2016)
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SUMO and fungus wrestling 
SUMOylation inhibition confers plant susceptibility to necrotrophic fungal pathogens

In plants, as well in animals, SUMO (Small Ubiquitin-like Modifier) conjugation 

to other proteins is an essential process during embryo development. SU-

MOylation also modulates plant hormone signaling, root stem cell mainte-

nance and plant tolerance to a wide range of abiotic and biotic stresses. Since 

the physiological processes regulated by SUMOylation are key determinants 

for agriculture productivity, the study of SUMO conjugation has a major in-

terest as a source of new markers to the agro-food sector. In the last years, 

the group led by L. Maria Lois has focused in defining the molecular mecha-

nisms that facilitate the addition of SUMO to protein targets as a strategy to 

modulate the capacity of plants to cope with environmental stresses.

In a recent work, based on structure-activity relationship, CRAG research-

ers have developed a novel molecular tool that facilitates the study of 

the SUMO-mediated biological mechanisms. This strategy is based on 

inhibiting in vivo SUMO conjugation by peptide-mediated disruption of 

SUMO E1-E2 interactions. Another advantage is that it will allow its imple-

mentation in important crop plants regardless of its genetic complexity, 

and other non-plant organisms. In order to validate this technology, Lois 

collaborated with her colleague at CRAG Maria Coca, studying the role of 

SUMO conjugation in defense responses to necrotrophic fungi.

Fungal infections constitute a severe threat to human health and food 

security by destroying major crops globally, and contaminating food and 

feed through the production of mycotoxins that are detrimental to hu-

man health. In the article published in the journal Molecular Plant, CRAG 

researchers demonstrated that transgenic plants expressing the engi-

neered peptide displayed dose-dependent SUMO conjugation inhibition, 

and increased susceptibility to necrotrophic fungal infections by Botrytis 

cinerea and Plectosphaerella cucumerina. Early after fungal inoculation, 

host SUMO conjugation was post-transcriptionally down-regulated, sug-

gesting that targeting SUMOylation machinery could constitute a novel 

mechanism for fungal pathogenicity. These findings support the role of 

SUMOylation as an important mechanism involved in plant protection to 

environmental stresses.

Castaño-Miquel L., et al. Mol Plant  10 (5), 709-720 (2017)
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Plant Immune Responses
Tight regulation of plant immunity keeps cell death at bay

Plants have evolved an extremely sophisticated immune system to 

efficiently detect and confront potential invaders. Successful rec-

ognition of a pathogen often leads to what has been termed as the 

hypersensitive response, a plant-specific form of programmed cell 

death that occurs at the precise site of attempted invasion. The hy-

persensitive response eliminates plant cells that have been targeted 

by the pathogen and generates danger signals that alert the rest of 

the organism of the presence of a pathogen. This alert results in the 

activation of defense responses at the organism level. This immune 

“death and alarm” system has to be tightly controlled; cell death mis-

regulation could have extremely deleterious consequences. 

Proteases are at the core of programmed cell death processes, as 

regulators and executioners. In plants, the metacaspase AtMC1 was 

shown to act as a positive regulator of the hypersensitive response 

cell death. As most cell death proteases, AtMC1 has to remain inacti-

vated to avoid runaway cell death and only become activated when 

a pathogen is recognized. To achieve such regulation, many negative 

regulators of AtMC1 must be in place. 

A research led by Núria Sánchez Coll showed that the protease inhib-

itor AtSerpin1 is a very strong inhibitor of AtMC1. The team demon-

strated that AtSerpin1 interacts with AtMC1 via its catalytic domain, 

acting as an efficient suicide inhibitor. This mechanism is reminiscent 

of the activity of immune cell death regulators in animals. These 

results indicate a conserved function of a protease inhibitor on cell 

death regulators from different kingdoms –metacaspases in plants, 

caspases in animals– with completely unrelated modes of action, re-

vealing yet one more layer of the complex immune system in plants. 

Lema Asqui S., et al. New Phytol. doi:10.1111/nph.14446  (2017)
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Mutagenesis with Retrotransposons
Use of engineered retrotransposons as mutagenic agents

The moss Physcomitrella patens is a model organism to study plant 

biology by virtue of its highly efficient homologous recombination. 

This makes it particularly suited for reverse genetics, but, at the same 

time, it limits forward genetic approaches. In an article published in 

the journal New Phytologist, a team led by Josep Maria Casacuberta 

explored the capacity of engineering heterologous mobile elements 

to generate mutations for insertion mutagenesis that could circum-

vent this limitation. 

Their results showed that the tobacco retroviral-like retrotransposon 

Tnt1 efficiently transposes in P. patens, being the first retrotransposon 

from a vascular plant reported to transpose in a bryophyte. Tnt1 has a 

remarkable preference for insertion into genic regions, which makes 

it particularly suited for gene mutation. In order to stabilize Tnt1 in-

sertions and make it easier to select for insertion mutants, CRAG re-

searchers developed a two-component system where a mini-Tnt1 with 

a retrotransposition selectable marker can only transpose when Tnt1 

proteins are co-expressed from a separate expression unit.

This two-component system is a new tool to produce insertional mu-

tants in P. patens in a rapid and straightforward manner that comple-

ments the existing molecular and genetic toolkit for this important 

model species. Vives C., et al. New Phytol. 212 (3), 759-769 (2016)
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Chloroplasts are the plant’s main factory for the production of metabo-

lites such as isoprenoids of interest as drugs, pigments, and health-pro-

moting phytonutrients. The production of plastidial isoprenoids is lim-

ited by the activity of the enzyme DXS (deoxyxylulose 5-phosphate 

synthase). DXS is prone to misfolding, hence losing its enzymatically ac-

tive conformation. Besides losing functionality, misfolded forms of the 

enzyme tend to form protein aggregates that can be toxic for the chlo-

roplast. Research led by Manuel Rodríguez-Concepción published in 

two articles of the journal PLoS Genetics revealed how plants deal with 

this problem. Under normal conditions, chloroplasts get rid of defec-

tive DXS proteins by degrading them using the Clp protease. However, 

when stress episodes such as a sudden increase in temperature cause 

an overaccumulation of aggregated proteins that exceeds the ability 

Chloroplast protein homeostasis
A mechanism involving communication with the nucleus maintains chloroplast proteins in their active conformationt

of the Clp protease to remove them, chloroplasts generate a distress 

signal that travels to the nucleus of the cell to activate genes encoding 

plastidial chaperones. Once these chaperones reach the chloroplasts, 

they bind to the aggregates and unfold the proteins, allowing them to 

spontaneously fold back to their enzymatically active form. In this way, 

plants prevent protein aggregation in chloroplasts and ensure that 

enough DXS activity will be available for the production of essential 

isoprenoids even under stress situations. 

Knowing how plants respond to the challenge of having DXS and 

other plastidial proteins lose their original structure and function, be-

coming potentially dangerous, will help to improve crop adaptation to 

changing environmental conditions. Because several human nervous 

system diseases, including Alzheimer’s, Huntington’s, and Parkinson’s 

diseases, are associated with a similar basic disorder (i.e. the overac-

cumulation of toxic protein aggregates that can lead to cell death), 

the result of this research with plants could also be helpful to devel-

op new universal methods to correct the protein misfolding and thus 

impact the search for solutions to degenerative diseases that, to this 

day, remain incurable.

Pulido P., et al. PLoS Genetics, 12(1), e1005824  (2016)

Llamas E., et al. PLoS Genetics, 13 (9), e1007022 (2017) 
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Trichomes are epidermal “hairs” on the surfaces of the leaves and 

other aerial organs of most plants. They defend plants against insect 

herbivores, virus, UV light, and excessive water loss. In some plants, 

trichomes can also synthetize and store specialized metabolites with 

commercial value. As an example, the trichomes of the Artemisia annua 

produce the compound artemisinin (AN), a molecule with antimalarial 

effect whose discoverer, Prof. Youyou Tu, received the Nobel Prize in 

Medicine in 2015.  At CRAG, the research group led by Soraya Pelaz 

studies how trichomes are formed using Arabidopsis model plants. 

Previous models on trichome formation stated that trichome prolifer-

ation and development involved genetic regulatory pathways active in 

the epidermis, including those activated by the hormones Gibberellins 

(GA) and cytokinins (CK). In a research published in the journal Plant 

Physiology, CRAG’s team discovered that TEMPRANILLO (TEM) genes 

play a key role in trichome formation as they are repressors of trichome 

specific genes and of GA- and CK-biosynthesis. Surprisingly, they found 

that TEM expression in the mesophyll cells is crucial for the epidermal 

trichome formation, suggesting a previously unknown non-cell-autono-

mous regulation mechanism. This work provided significant findings as 

it unraveled communication from a cell layer (the mesophyll) that results 

in cell differentiation processes of another layer (epidermal trichomes).

Trichome development
Knowledge on trichomes key for obtaining antimalarial compound 

In another article published in The Plant Journal, Pelaz’s research 

group, in collaboration with international groups, transferred the 

knowledge gained with Arabidopsis to Artemisia. They discovered that 

AtMYB61 gene is a promoter of trichome formation in Arabidopsis and, 

interestingly, the ortholog AaMYB1 in Artemisia annua. Importantly, 

this research revealed that AaMYB1 not only promotes trichome for-

mation but also activates AN biosynthetic genes, promoting artemis-

inin synthesis inside the trichomes. As a consequence, the researchers 

were able to generate AaMYB1 overexpressing plants that had double 

amount of AN when compared with wild type plants.

Matías-Hernández L., et al. Plant Physiol. 170 (3), 1624-1639 (2016)

Matías-Hernández L., et al. Plant J. 90 (3), 520-534 (2017) 
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Fruit ripening
ETHQV6.3 is involved in melon climacteric fruit ripening and is encoded by a NAC domain transcription factor

Fruit ripening has been classically divided into climacteric and non-cli-

macteric types, depending on the presence or absence of a transient 

rise in respiration rate and the production of autocatalytic ethylene. 

The classical model to study fruit ripening has been tomato, a climac-

teric fruit type. Melon has been recently proposed as an alternative 

model to study fruit ripening, as both climacteric and non-climacteric 

varieties are found. 

The research team led by Jordi Garcia-Mas had previously described 

that two introgressions of the non-climacteric accession PI 161375, 

containing QTLs ETHQB3.5 and ETHQV6.3, into the non-climacteric 

‘Piel de Sapo’ background were able to induce moderate climacteric 

ripening independently. In a paper published in 2017 in the Plant Jour-

nal, the researchers used a positional cloning strategy allowing the 

identification of the gene underlying ETHQV6.3 as MELO3C016540 

(CmNAC-NOR), which encodes a NAC-domain transcription factor that 

is closely related to the tomato NOR (non-ripening) gene. Garcia-Mas’ 

team functionally validated CmNAC-NOR through the identification 

of two TILLING mutant lines carrying non-synonymous mutations in 

the conserved NAC domain region, which in a highly climacteric ge-

netic background provokes a significant delay in the onset of fruit 

ripening and in the biosynthesis of ethylene. This work demonstrated 

that the PI 161375 allele of ETHQV6.3 is close to that of climacteric 

lines of the cantalupensis type and partially restores the climacteric 

ripening capacity of the non-climacteric ‘Piel de Sapo’. 

The use of a comparative genetic approach in a species with both 

climacteric and non-climacteric ripening is a powerful strategy to dis-

sect the complex mechanisms regulating the onset of fruit ripening. 

These results suggest that ETHQV6.3 may be integrated into melon 

breeding programs in order to obtain long shelf life varieties. 

Ríos P., et al. Plant J. 91 (4), 671-683 (2017)
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Research Programs at CRAG

Plant Development 

and Signal Transduction

Brassinosteroid Signaling in Plant 
Development

Role of SUMO in Plant 
Development

Light Regulation of Plant 
Development

Molecular Mechanisms of 
Circadian Clock Function

Regulatory Mechanisms in Dark/
Light Growth and Development

Floral Induction and 
Development

Gene Regulatory Networks in 
Plant Development

Circadian regulation of growth 
and proliferation. 
Non-coding RNAs regulated by 
the clock

Plant Immune Responses to 
Pathogen infection. Antimicrobial 
Peptides for Crop Protection

Plant Viruses

Bacterial pathogens and 
Programmed cell death in the 
plant immune systems

Molecular Reprogramming and 
Evolution (MoRE)

Plant Responses 

to Stress

Animal Genomics

Genetics and Genomics of 
Vegetable Crops

Rosaceae Genetics and Genomics

Statistical and Population 
Genomics

Structure and Evolution of Plant 
Genomes

Plant and 

Animal Genomics

Bioengineering Lignocellulosic 
Biomass in Maize

Isoprenoid Metabolism in 
Tomato: Involvement in 
Development and Stress 
Response

Molecular Regulation of 
Chloroplast Metabolism

Plant Metabolism and 

Metabolic Engineering
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Personnel

2016

36
Researchers

4
Career track fellows

26
Postdocs

52
Predocs

21
Administration

43
Technicians

2017

3
Career track fellows

36
Researchers

43
Technicians

21
Administration

34
Postdocs

59
Predocs

Administration and 
General Services

TechniciansPredocs

PostdocsCareer track fellowsResearchers

Country of origin of CRAG´s personnel

2012

242
2013

195
2014

196
2015

196
2016

182
2017

196
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Funding

2012 2013 2014 2015 2016 2017

CORE FUNDING

Funding trustees 2.138.745,16 1.908.788,73 1.919.075,00 1.957.075,00 1.996.094,43 2.061.684,98

Other 498.571,12 372.607,12 525.220,11 448.665,01 443.163,51 513.018,58

EXTERNAL FUNDING 4.722.969,77 3.600.245,91 3.575.497,40 3.879.709,89 3.935.441,70 4.446.446,28

Running budget 7.360.286,05 5.881.641,76 6.019.792,51 6.285.449,90 6.374.699,64 7.021.149,84

Investments 486.664,40 153.724,58 55.883,11 154.277,52 126.809,59 604.451,54

BUDGET 7.846.950,45 6.035.366,34 6.075.675,62 6.439.727,42 6.501.509,23 7.625.601,38
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PhD Theses

Articles in 1st quartile 
journals (%)

Articles in 1st decile 
journals (%)

Articles Books and book chapters

Publications statistics
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78
2015

66
2016

78
2017

82
2013

66
2014

78
2012

5
2015

12
2016

13
2017

6
2013

14
2014

16
2012

17
2015

8
2016

13
2017

17
2013

16
2014

9
2012

90
2015

91
2016

85
2017

83
2013

89
2014

86
2012

55
2015

55
2016

41
2017

45
2013

58
2014

41
2012
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Financed projects Other Activities

A connected community

Communication & Outreach
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Sketching CRAG (2016): An outreach project aimed to publicise CRAG’s research re-

sults and their social repercussion through the accessibility and freshness of the art 

of sketching. The drawings of five professional sketchers and those from the nearly 

one hundred amateurs, who visited CRAG on an open house, set up an exhibition, an 

audio-visual and a book 

•	 More than 100 Mass Media Appearances

•	 40 talks for High School groups reaching 

an audience of 2700 students

•	 160 visitors at the CRAG Open Day (2016)

•	 Participation in Festa de la Ciència and 

YOMO Festivals, reaching more than 600 

people

Mutant Plants Workshop (2017): A collaborative design between researchers, science 

communicators and professionals in science education to create a hands-on workshop ad-

dressed at primary school children. A project that aims to create scientific vocations. 

SOCIAL MEDIA FOLLOWERS
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