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¢, Perque volem noves tecnologies
en agricultura?

A Per tenir una agricultura més eficient

A Per tenir una agricultura més adaptada de
cara a un futur canviant

APer tenir una ali ment
amb les nostres necessitats

A Perqgué sempre ho hem fet (i amb éxit)



Desarrollo de la mejora genética vegetal

-10000 afios Domesticacion
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La evolucion de las especies

Mendel: Leyes de la herencia
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}
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Watson y Crick: Estructura del ADN

Mejora de las técnicas de

cultivo Ain vitroo
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en plantas

Primer genoma de plantas

Plantas de disefio

Nacimiento de
La agricultura

1. Introduccién consciente
de diversidad génica
2. Seleccion

Introduccion dirigida
de caracteres

Plantas transgénicas



Centros de domesticacion de
lantas

INDEPENDENT CENTERS OF
DOMESTICATION

Rye 13,000 B.P.7
Emmer wheat 10,000 B.P.
| Einkorn wheat 10,500 B.P
Barley 10,000 B.P.
’ Fig 11,400 B.P.? ]
T ’

Broomcorn millet 8000 B.P.
Foxtail millet 8000 B.P. I

: pepo squash 5000 B.P.
o Suntlower 5000 B.P.

Chenopod 4000 B.P.
 Marshelder 4000 B.P 3G

W,
pepo squash 10,000 B.P. 2
Maize 90008000 B.P.

Common bean 4000 B.P.
&

J Rice 8000 B.P.
Foxnut 8000 B.P.

Moschata squash 10,000 B.P.
Arrowroot 9000 B.P.

Yam (D. trifida) 6000 B.P.
Cotton 6000 B.P. {
Sweet potato 4500 B.P. ¢
Lima bean 6500 B.P. i
Leren 10,000 B.P. fl J

e~y

. { African rice 2000 B.P. Mung bean 4500 B.P.
Q Pearl millet 3000 B.P. Horse gram 4500 B.P,

A000

S0ghum A0 P 3 Millets 4500 B.P.

— i
Potato 7000 B.P.? =_— &\’ ) e Yam (. a!am) 7000 B.P?

_Quinoa 5000 B.P. | "Peanut 8500 B.P. Banana 7000
Manioc 8000 B.P. Taro 7000 B.P?

Chili pepper 6000 B.P. — = {‘%ﬁ
(:_—- \

Multiple birth. People in many different parts of the world independently began to cultivate and eventually domesticate plants.




Evolution, consequences and future
of plant and animal domestication

Jared Diamond

MNATURE | VOL 418 | 8 AUGUST 2002 |

Horse

Sheep North American
bighorn sheep

Goat Rocky Mountain goat

Figure 1 Comparisons of domesticated wild species {left of each pair) and their never-domesticated close relatives (right) reveal the subtle factors that can derail domestication.



El maiz, regalo de los dioses

Allin the family. Maize and its wild ancestor teosinte
(left) are closely related despite their differences.
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Domesticacion del arroz

> l\\ A /i—'\\

Rice Domestication by
Reducing Shattering

Changbao Li, Ailing Zhou, Tao Sang"

Crop domestication frequently began with the selection of plants that did not naturally shed ripe
fruits or seeds. The reduction in grain shattering that led to cereal domestication involved genetic
loci of large effect. The molecular basis of this key domestication transition, however, remains
unknown. Here we show that human selection of an amino acid substitution in the predicted DNA
binding domain encoded by a gene of previously unknown function was primarily responsible for
the reduction of grain shattering in rice domestication. The substitution undermined the gene
function necessary for the normal development of an abscission layer that controls the separation
of a grain from the pedicel.



fw2.2: A Quantitative Trait
Locus Key to the Evolution of
Tomato Fruit Size

Anne Frary,’ T. Clint Nesbitt,"* Amy Frary,'f
Silvana Grandillo,’{ Esther van der Knaap,' Bin Cong,’
Jiping Liu," Jaroslaw Meller,? Ron Elber,? Kevin B. Alpert,’
Steven D. Tanksley'§

L. pimpinellifolium L. esculentum

Science 289, 888. (2000)



Molecular Basis of the cauliflower
Phenotype in Arabidopsis

Sherry A. Kempin,* Beth Savidge,* Martin F. Yanofskyf

silvestre mutant

Brassica

Arabidopsis

Kempin et al (1995) Science 267, 5525



¢, Qué comemos?

A Comemos aquello que nos alimenta

A Comemos aquello que escogemos en
funcion de nuestras necesidades,
nuestras posibilidades, nuestras creencias
Y nuestros gustos

Pero también:
A Comemos aguello que podemos cultivar

A Comemos aguello que nos facilita una
compleja cadena industrial




Los mayores cultivos

Proportions of major global cereals, roots, tubers and ol
crops in 2007 (Area corresponds to total production).
Source: FAOSTAT (2009)

Figure 1.1. Cereals, total 2,351,396,424 tonnes.

Figure 1.2. Roots and tubers, total 697,620,690 tonnes.

B Maize
Rice, paddy

| Wheat
Barley
Sorghum

m Millet

W QOats

= Rye
Triticale
Other

m Potatoes
Cassava
Sweet potatoes
M Yams and others

Figure 1.3. Qil crops, total 692,421, 195 tonnes.
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Figure 5. Evolution des rendements moyens
en céréales en France de 1790 a 1980
(Rdt. g/ha) [12].



Tendencias a nivel mundial
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L a revolucidn verde. Norman
Bourlaug

World Cereal Production-Area Saved
Through Improved Technology, 1950-1998
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A

Hace un ano y medio!

FAO calls for urgent steps to protect the poor from soaring food
prices

A Action needed to improve access to inputs to boost local food

A

production in most affected countries

17 December 2007, Rome 1T FAO is urging governments and the
international community to implement immediate measures in
support of poor countries hit hard by dramatic food price increases.

Currently 37 countries worldwide are facing food crises due to
conflict and disasters. In addition, food security is being adversely
affected by unprecedented price hikes for basic food, driven by
historically low food stocks, droughts and floods linked to climate
change, high oil prices and growing demand for bio-fuels. High
International cereal prices have already sparked food riots in several
countries.



2008 crop yield forecast. Maize

Favourable weather conditions and an increase in the planted area farmed should lead
to a total cereals harvest close to 301m tonnes for this year in the European Union, 43m
tonnes more than in 2007. This represents an increase of 16% on the 2007 harvest and
9% on the past five years' average production. This forecast, published today by the
European Commission, is based on an updated analysis by the Joint Research Centre
(JRC), using an advanced crop yield forecasting system.

The yield forecast for cereals is 5 tonnes per hectare across the EU and thus
significantly higher than last year and the average over the past five years. The total
EU27 area used for cereals in 2008 is estimated to have increased by 5 % compared to
2007, due to a 0 % set-aside rate and high cereals prices.

One of the greatest increases is in Maize yield, which is expected to be 20.1% higher
than last year and 9.5% higher than the past five years' average, with very high yield
increases for Romania (+122%), Bulgaria (+193%) and Hungary (+94%), countries that
had been suffering from drought last year.
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Amenazas para los cultivos
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L a Genética Interviene en
momentos decisivos

A En la domesticacion de las plantas y los
animales

A En las aplicaciones de las leyes de
Mendel durante el siglo XX

A Cuando se aplica la Biologia Molecular a
partir de 1970

A La Gendémica aparece al final del siglo XX






Arabidopsis thaliana

Chromosomes

DNA molecules lenght
Genes

Genes with EST
Gene density

Gene length

115 Mb
25.498
60 %
4,5 Kb/g
2 Kb



Arabidopsis thaliana

Chromosomes

DNA molecules lenght
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Genes with EST
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25.498
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Phylogenetic relations in multicelular organisms
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Growth of the
International Nucleotide Sequence Database Collaboration
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enoma del chopo

Elg Populus trichocarpa vi.o

Search | BLAST | Browse | GO | KEGG | KOG | AdvancedSearch | Download | nfo || HEL P!

Abuut the Consortium

With a genome of just over 500 million letters of genetic

i code, Populus trichocarpa was sequenced eight times over
to attain the highest quality standards. Poplar was chosen
as the first tree DNA sequence decoded because of its
relatively compact genetic complement, some 50 times
smaller than the genome of pine, making the poplar an ideal
model system for trees.

Sequenting the Genome

Public Release of the Poputus i WISl Comname
Genome Database

hutp://www.jgi doe.gov/popler
September 21, 2004 9:00am PST

Consortium Membership
The poplar genome, divided into 19 chromosomes, is four
times larger than the genome of the first plant sequenced
Conferences & Workuhops four years ago, Arabidopsis thaliana.

Thus far, researchers have revealed poplar's genome to be
{ about one-third heterochromatin, that is, regions of
chromosomes thought to be genetically inactive, which
should provide shortcuts to important regulatory features.

Sequencing News

Publications

A Genome Project Notes
SSR Resource

The Populus genome assembly 1.0 is a preliminary release
as part of the ongoing Popuwius genome project. A final draft
sequence will be released in early 2005. The current
assembly includes approximately 7.5X in small insert
end-sequence coverage. Additional mapping and
segquencing is ongoing.

Science Plan Draft

Links

" Our goal is to make the genome sequence of Poplar widely and rapidly available to the scientific community.

We endorse the principles for the distribution and use of large scale sequencing data adopted by the larger
genome sequencing community and urge users of this data to follow them. It is our intention to publish the
work of this project in a timely fashion and we welcome collaborative interaction on the project and analyses
as appropriate.




Genoma de |la papaya transgénica

The draft genome of the transgenic tropical fruit tree
papaya (Carica papaya Linnaeus)

Ray Ming"**, Shaobin Hou’*, Yun Feng***, Qingyi Yu'*, Alexandre Dionne-Laporte®, Jimmy H. Saw?, Pavel Senin?,
Wei Wang"®, Benjamin V. Ly’, Kanako L. T. Lewis’, Steven L. Salzberg’, Lu Feng*”*®, Meghan R. Jones',

Rachel L. Skelton', Jan E. Murray"?, Cuixia Chen?, Wubin Qian*, Junguo Shen®, Peng Du®, Moriah Eustice"?,

Eric Tong', Haibao Tang’, Eric Lyons'®, Robert E. Paull'!, Todd P. Michael'?, Kerr Wall'?, Danny W. Rice'?,
Henrik Albert'”, Ming-Li Wangl, Yun J. Zhu', Michael Schatz’, Niranjan Nagarajan?, Ricelle A. Acob"?®,

Peizhu Guan'®, Andrea Blas'®, Ching Man Wai"!'", Christine M. Ackerman’, Yan Ren* Chao Liu®*, Jianmei Wang*,
Jianping Wang?, Jong-Kuk Na®, Eugene V. Shakirov'®, Brian Haas'’, Jyothi Thimmapuram'®, David Nelson'?,
Xiyin Wang’, John E. Bowers’, Andrea R. Gschwend®, Arthur L. Delcher’, Ratnesh Singh"®, Jon Y. Suzuki'®,
Savarni Tripathi'”, Kabi Neupane®”, Hairong Wei*!, Beth Irikura'!, Maya Paidi"*® Ning Jiang??, Wenli Zhang®’,
Gernot Presting®, Aaron Windsor™*, Rafael Navajas-Pérez’, Manuel J. Torres’, F. Alex Feltus®, Brad Porter®,
Yingjun Li*, A. Max Burroughs’, Ming-Cheng Luo™, Lei Liu'®, David A. Christopher®, Stephen M. Mount”~°,

Paul H. Moore'®, Tak Sugimura®’, Jiming Jiang™, Mary A. Schuler®®, Vikki Friedman®’, Thomas Mitchell-Olds*,
Dorothy E. Shippen'®, Claude W. dePamphilis'®, Jeffrey D. Palmer'*, Michael Freeling'”, Andrew H. Paterson’,
Dennis Gonsalves'®, Lei Wang®™® & Magsudul Alam™*”




The grapevine genome sequence suggests ancestral
hexaploidization in major angiosperm phyla

The French-Italian Public Consortium for Grapevine Genome Characterization*

Nature advance online publication 26 August 2007 | doi:10.1038/nature06148;
Received 5 April 2007; Accepted 7 August 2007; Published online 26 August
2007
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Affiliations for participants: 'Genoscope (CEA) and UMR 8030
CMRS-Genoscope-Université d'Evry, 2 rue Gaston Crémieux, BPS706, 91057 Evry,
France. “Istituto di Genomica Afplicata, Farco Scientifico e Tecnelogice di Udine, Via
Linussio 51, 33100 Udine, Italy. “Dipartimento di Matematica ed Informatica, Universita
degli Studi di Udine, via delle Scienze 208, 33100 Udine, Italy."’URG"-.-', UMR INREA 11685,
CMRES-Université d'Evry Genomigue Végétale, 2 rue Gaston Crémieux, BF5708, 91057
Evry cedex, France. *Dipartimento di Scienze Agrarie ed Ambientali, Universita degli
Studi di Udine, via delle Scienze 208, 33100 Udine, Italy. ®*CRIBI, Universita degli Studi di
Padova, viale G. Colombo 3, 35121 Padova, ltaly, "URGI, URT64 Génomique Info, 523,
Flace des Terrasses, 91034 Evry Cedex, France, UMR INRA 131, Université de
Strasbourg, Santé de la Vigne et Qualité du Vin, 28 rue de Herrlisheim, BPZ0507, 68021
Colmar, France. “Dipartimento di Scienze Biomolecolari e Biotecnologie, Universita degli
Studi di Milano, via Celoria 26, 20133 Milano, Italy. 1""Ii'ili[::-artimEnt|::n di Biochimica e
Biclogia Molecolare, Universita degli Studi di Bari, via Orabona 4, 70125 Bari, Italy.
Mistituto Tecn ologie Biomediche, Consiglio Mazionale delle Ricerche, via Amendola 122/
D, 70125 Bari, Italy, ZUMR INRA 1097, IRD-Montpellier SupAgro-Univ. Montpellier (I,
Diversité et Adaptation des Plantes Cultivées, 2 Place Pierre Viala, 34060 Montpellier
Cedex 1, France. “UMR INRA 1098, IRD-Montpellier SupAgro-CIRAD, Développement
et Amélicration des Plantes, 2 Place Pierre Viala, 34060 Meontpellier Cedex 1, France
“Dipartimento Scientifico e Tecnologice, Universita degli Studi di Vercna Strada Le
Grazie 15 - Ca' Vignal, 37134 Verona, Italy. “Dipartimento di Scienze, Tecnologie e
fercati della Vite e del Vino, Universita degli Studi di Verona, via della Fieve, 70 370295,
Floriano (VR), ltaly. "VIGNA-CRA Initiative; Consorzio Interuniversitario Nazionale per
la Biologia Molecolare delle Fiante, c/'o Universita degli Studi di Siena, via Banchi di Sotto
55, 53100 Siena, Italy.



El genoma de la vina

| hese hndings are surnmarized m P 30 the trplicated arrange-
ment is apparent after the separation of the monocotyledons and
dicotyledons and before the spread of the Eurosid clade. Future gen-
ome sequencing projects for other dades of dicotyledons, such as
Solanaceae or basal eudicots, will hddp in situating the triplication
event more precisdy, and eventually in establishing its precise nature
( hexaploidization or genome duplications at distant times).

Public access to the grapevine genome sequence will help in the
identification of genes underlying the agricultural characteristics of

Maonocotylsdons Cicotyledona
Eurcsids | Eurcesids Il
., astiva P michocarpa W winifara A thaliana
i E o

~

Forrration of the
palssc-heapkoid
Ename

Floewering plants

Figure 3 | Positions of the pol yplcidization events in theevolution of plants
with a sequenced gensme, Each star indicates a WGD (tetraploidization)
event an that branch The question mark indicates that ancient events are
visiblein the fce genome that would require other monocotyledon genome
sequences o be resolved. The formation of the palaso-hexaploid ancestral

gename occurred after divergence from maonocotyledons and before the
radiation of the Burosids

this species, including d omestication traits. A selective amplification
of genes belonging to the metabolic pathways of terpenes and tannins
has occurred in the grapevine genome, in aomtrast with other plant
genomes. This suggests that it may become possible to trace the
diversity of wine flavours down to the genome level. Grapevine is
also a crop that is highly susceptible to a large diversity of pathogens
including powdery mildew, oidiuom and Pierce disease. Other Vitis
species such as V. npaniaor V. cnerea, which are known to be res-
istant to several of these pathogens, are interfertile with V. winifera
and can be used for the introduction of resistance traits by advanced
badicrosses™ orby gene transfer. Acoess to the Vitissequenae and the
exploitation of synteny will speed up this process of introgression of
pathogen resistance traits. As a consequence of this, it is hoped that it
will also prompt a strong decrease in pesticide use.



Los genes del aroma
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Enrichment of tomato flavor by o ' 0
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transgenic fruits over controls. Monoterpene accumulation was
at the expense of reduced lycopene accumulation. Similar
approaches may be applicable for carotenoid-accumulating
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Bread wheat is grown on over 95% of the wheat growing area and its sequence
holds the key to genetic improvements that will allow growers to meet the increasing
demands for high quality food and feed produced in an environmentally sensitive,
sustainable, and profitable manner. Further, because of its recent history, hexaploid
wheat is a very good model to study polyploidy, a driving force for plant genome evolution.
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¢,Por qué el melon ?

oA

w ||d melons

Inodorus g! i ‘
[ l Dudaim Makuwa

{ Flexuosus

Conomon Chinensis

S.d.
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Melon (wild form)




Melon as a vegetable

var tibish var flexuosus var chate




Melon for fragrance

var dudaim
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High quality BAC -to-BAC sequence of the melon genome

Development of genomic tools for the characterization of Spanish germplasm
Development of functional tools for screening fungal resistance
Exploring natural and induced variation in melon




WP1 Sequence
melon genome

WP3 Resistance to
fungal pathogens

1.1 melon physical map

1.2 BAC end sequencing

1.3 BAC sequencing 454

IMIDRA

1.4 Pair-end sequencing

1.5 WGS sequencing

1.6 Genome assembly

1.7 Annotation and
gene prediction

1.8 User interface

1.9 Synteny

2.1 identification of SNPs

2.2 genotyping
platform lllumina

2.3 evaluation
array melon landraces

2.4 Linkage
disequilibrium

3.1 Functional tools
for melon resistance
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/
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/
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/
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\
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Fit6
UAL
CBGP-UPM EELM
Savia

4.1 Optimal EMS
concentration

4.2 Generation of a
M2 mutant collection

4.3 DNA extraction

4.4 TILLING of genes
of interest

4.5. Generation of an
EcoTILLING platform

WP2 Genotyping
and phenotyping

EcoTILLING
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Variabilidad genetica

A Conservacion

A Analisis y aprovechamiento de la
variabilidad existente

A Creacion de nueva variabilidad por
mutagenesis

A Creacion de nueva variabilidad por
modificacion genética



Todo comenzo en 1983

article
Nature 303, 209 - 213 (19 May 1983); doi:10.1038/303209a0

Expression of chimaeric genes transferred into plant cells using a Ti-plasmid-derived vector

LUIS HERRERA-ESTRELLA, AMR DEPICKER, MARC Wak MOMTAGL & JEFF SCHELLT

xLal:-c-rat-:-rium woor Genetica, Rijksuniversiteit Gent, B-9000 Gent, Belgium
TMax—PIandc—lnstitut fiir Zichtungsforschung, D-5000 Kdln 30, FRG

Foreign genes introduced into plant cells with Ti-plasmid vectors are not expressed. We have constructed an expression vector derived from the promoter
sequence of nopaline synthase, and have inserted the coding sequences of the octopine synthase gene and a chloramphenicol acetyltransferase gene into this
wvector. These chimaeric genes are functionally expressed in plant cells after their transfer via a Ti-plasmid of Agrebacrerium fumefaciens.

Cell 1983 Apr,32(40:1033-43 Related Articles, Links

Regeneration of intact tobacco plants containing full length copies of genetically engineered T-DN A, and transmission of T-DNA to R1
progeny.

Barton EA, Binns AN, Matzke AdJ, Chilton MD.

Clened DA sequences encoding veast alcohol dehydrogenase and a bacterial neomycin phosphotransferase have been mezerted into the T-DIA of Agrobacterum
tumetaciens plastnid pTiIT37 at the "rooty” locus. Transformation of tobacco stetn segments with the engineered bacterial strains produced attermated crown gall tomnors that
were capable of regeneration into mtact, normal tobacco plants. The yeast gene and entire transferred DA (T-DIA) were present in the regenerated plants m multiple
copies, and nopahne was found i all tissues. The plants were fertile, and seedings resulting from self-polination also contamed mtact and multiple copies of the engmeered
T-DIA. Expression of nopalme i the genminated seedlings denved from one regenerated plant was vanable and did not correlate wath the levels of T-DIA present i the
seedlings. Prelmminary evidence mdicates that nopaline in progeny of other similarly engimeered plants 15 more uniform, The dizarming of pTiT37 by meertions at the "rooty”
locus thus appears to produce a usefiul gene vector for higher plants.



¢, Como se obtiene una planta transgénica?
regeneracion a partir de callos

Increasing Cytokinin Concentration —»

Increasing Auxin Concentration ——



Transformacion de protoplastos por
microinyeccion




Transformacion por Agrobacterium

Introduccion de un gen en el genoma
de la planta (transformacion) por

Agrobacterium tumefaciens

TR CELL




Transformacion de discos de hoja mediante
infeccion con A. tumefaciens

selectable gene

) - gene 1o be introduced

'8 B — border sequence T-DNA controlfing
transfer of sequence between borders
vector - to plant genome

vir genes infected

controlling infection leaf disks

and assistance in

transfer of T-DNA ¥/ test transgenic plant for

selectable new gene using

1
< T =y o Southern, Northern,
- \ / Western blots or
o enzyme aclivity method

bacterial chromosome DNA
A. tumefaciens regeneration




Como se obtiene una planta transgénica?
construccion de un gen quimeérico




El gen transferido se inserta al azar en el genoma




—pnos

tnos

seleccio: 100 mg/L kanamicina
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