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Mejora genética de variedades horticolas:
variabilidad y caracteres de mejora

1. Contribucion de la mejora genética plantas a la agricultura
2. Retos de la agricultura y de la mejora genética

3. Mejora genética vegetal: variacion y mejora
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1.1 Importancia de la agricultura

FACTORES A TENER EN CUENTA:

Global population size and annual growth rate: estimates, 1950-2022, and medium scenario with 95 per @
cent prediction intervals, 2022-2050
Prosjection 14

Alimentos
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Millones de personas no comen
lo suficiente o consumen

Poblacion mundial en crecimiento alimentos inadecuados.
A https://www.bancomundial.org/

https://population.un.org/wpp/Publications/
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1.2 Importancia de las horticolas
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La produccion de

ProdUccion en
EUrepaes de
cas| 68

hortalizas en el
mundo supera los
1.148 millones de

millenes de

toneladas
(EUROSTAT)

toneladas
ProdUucGcion (FAOSTAT, 2020)
MedIiaen
ESpanaiids
illenes els

toneladas

Produccion media
de Espafna
supone
aproximadamente
el 22% de la
produccion total
europea

Espana primer productor de hortalizas de la UE.

Espana es el principal exportador de productos horticolas de la UE.
https://www.mapa.gob.es/es/agricultura
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CEBOLLA MELON GUISANTE

https://www.mapa.gob.es/es/agricultura
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MELON BERENJENA

https://www.mapa.gob.es/es/agricultura
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1.2 Importancia de las horticolas | CONSUMO

Consumo doméstico de ]
T.HORTALIZAS FRESCAS INFORME DEL CONSUMO DE ALIMENTACION EN
ESPANA 2022. Ministerio de Agricultura, Pescay
! Alimentacidn

Volumen [miles kg) 2.322.700,64
Valor [miles €) 4.945.665,10
Consumo x cdpita (kg) 50,22
Gasto ¥ cdpita [€) 106,23
Parte de mercado volumen (%) 8,61
Parte de mercado valor (%) 6,69
Precio medio (€/kg) 2,13

Consumo per capita por ciclo de vida (2022)
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1.3 Papel de la mejora genética vegetal
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1.4 Avance en la produccidn con el desarrollo de nuevas variedades

Evolucién de la produccion del trigo en Francia Evolucidn de la produccidn de maiz en
- EE.UU.

Produccion de maiz en EE.UU.
Produccién de trigo en Francia 1866-20086)

(1815-2005) ‘/-f‘.
(/

Produseidn [shad
T

Producciin st

1815  ame 19451955 2005 A
1866 Ao 1955 2015

Bernard Le Buanec, Segunda Conferencia Mundial sobre Semillas (Roma, septiembre de 2009) (véase www.worldseedconfe-

rence.orgfen/worldseedconference/home.himl)

VENTAJAS OBTENCION DE NUEVAS VARIEDADES

Mavyor produccion
Resistencia a plagas y enfermedades
Tolerancia al estrés (sequias, calor, etc.)
Mayor eficiencia en el uso de insumos
Mayor facilidad de cosecha y calidad de los cultivos
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2.1 Retos de la agricultura

2.2 Retos de la mejora genética
vegetal
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2.1 Retos de la agricultura

Asegurar la produccion de alimentos saludables y sostenibles
(Incremento de poblacion).

Adaptacion a los efectos del cambio climatico.

Uso eficiente y responsable de los recursos naturales. Transitar
hacia modelos de alimentacion circulares mas sostenibles.

Transformacion digital de toda la cadena de valor. Incorporacion de
nuevas tecnologias.

Luchar en favor de la igualdad de género.
Enfrentarse al reto del envejecimiento.
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2.2 Retos de la mejora genética vegetal
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GLOBAL CHALLENGES FOR PLANT BREEDERS

PESTS
Z‘? In 2016 10-15% of glabal crop sroduction GROWING POPULATION
was lost ta pests. In 2030, this

numberincraases to 20-25% 2022 fy 2050
T billion 9.9 billion

CLIMATE CHANCE BATTLE FOR WATER @
Accorumg to NOAA's 2020 Avolume of water of around
Annual Climate Repoct the

B,200 km3fvear vas neaded n 2000
13,000 krvdfvear will be neaded
i 2050 and 16,500 kendfyeer 1 2100

combined land and ccaan tem-
peraturs has increased at

an average rate of 0.13 degrees
Fahrenheit[0.03 degrees Celsius)
per decade since 1880; hawever,
the average rate of increase snce
1981 (0. 18%C [/ 0.37°F) has bisen
more than twice that rate.

LESS ARABLE LAND

The world hes lost a third of its arable land
lland that can be used for growing crops) due ta
erosion or pellution in the past 40 years,

vath pateatizlly isastiraus corsequences

as glotal demand far load soars.

https://www.hudsonalpha.org/creating-better-crops-the-
role-of-genomics-in-crop-breeding/
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3. Mejora genética
vegetal: variacion
Yy mejora

3.1 Proceso mejora
genética vegetal

3.2 Importancia de la
variabilidad
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3.1 Proceso mejora genética vegetal

OBIJETIVO

Aumentar la productividad a |la vez que disminuimos Ia
perdida de produccion, por causas como enfermedades y
estreses abioticos, y proporcionamos una calidad integral
(sabor, textura, producto, nutricional,...) al consumidor.
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3.1 Proceso mejora genética vegetal

Es una disciplina en constante desarrollo

-10,000 1900 1980 1990
Y Conscious v v Muarker- v
¢ Unconscious mass i Mendelian Pedigree {0 assisted i Geneti Genoamie
sclecrion selecrion Crosses sclection backcross i transformation selection Genome editing
; Gmany Juer (ozany Jos

(tew loc) (many locty (few lous) (infinite loc) (few o

11| |12

Controlled
genetics

Genetic

(unmeasured loci) markers

. Molecular
(marked loci) :
design

(observed loci)

Fig.1 Timeline of plant breeding phases. Breeding 1. selection with unknown loci; Breeding 2, selection by controlled crosses: Breeding 3,
marker-assisted selection; Breeding 4, ideotype-based selection and transformation N R

FERSPECTIVE ARTICLE

Breaking the curse of dimensisnality to identify causal variants
in Breading 4

Gullliumes P Bameren' (D - Sah F beneen’ 0 Bdwand 5 leckler 250

@< —
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3.1 Proceso mejora genética vegetal

El pasado 7 de febrero, el Parlamento
Europeo aprobd la propuesta de la
Comision  Europea relativa a la
regulacion de las Nuevas Técnicas
Gendmicas (NGTs, en sus siglas en
inglés) en plantas, entre las que se
incluye la edicion genética con las
herramientas CRISPR.
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3.1 Proceso mejora genética vegetal

éComo se realiza este proceso?

Gene pools
Crosses / * Pnimary: modem cultivars

« Selfing » Secondary: traditional varieties (landraces)
» Qutcrossing + Tertiary: wild species
Induced genetic variation
Breeding system . Mu!atior?s
. * Vegetatve - Natural
New cultivars *\ * Open-pollinated - Artificially induced
* Self-pofiinated / + Genetic transformation
\ * Hybnd + Gene editing
Techniques
* Field'greenhouse trials
Selection » Phenotyping (high-throughput)
G » Molecular markers
+ Genomic selection and prediction

ter Sbewg, CAAE. Struik. PO, Vigser, RGF. of el Crucia factors for the feashility of
coenmerdial Fyhnd beesding in food crope, ar Ml § 455273 (202

Mtpsydoiong I00EL A 1477 DE2 01742 w
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3.1 Proceso de mejora genética vegetal

Las premisas de |la mejora genética vegetal son:
- la existencia de variabilidad o la posibilidad de crearla

- la capacidad o habilidad de detectar la variabilidad
- la habilidad para manipular la variacién para producir un nuevo cultivar.

Gene pools
Crosses * Primary: modem cultivars

* Selfing * Secondary: tradmonal varieties (landraces)
* Outcrossing « Tertiary: wild species
Induced genetic variation
Breeding system « Mutations
+ Vegetatve - Natural
New cultivars ~ ~ + Open-polinated - Artificially induced
+ Self-polinated » Qenwtic transiomation
* Hybrid * Gene editing
Techniques

* Fleld/groenhouse trials
Selection * Phenotyping (high-throughpet)
N * Molecular markers
* Genomic selection and predction

ter Sy, CALE. Struik. PO, Wisser, RGF. of el Crucia facters for the feasbility of
coenimerdial bghind Beesching in fond craps. far Phaes & 455273 (20270

Thpsy doiong 0058 54147 LE2 0142w
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3.1 Proceso mejora genética vegetal

A partir de la variacion existente:

tratar de encontrar nuevas caracteristicas que no estan presentes en
las variedades que se disponen hasta el momento

o bien tratar de desarrollar nuevas combinaciones de caracteristicas
gue no estan presentes en los materiales que se estan cultivando hasta
el momento.
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3.2 Importancia de la variabilidad

Tratar de encontrar nuevas caracteristicas que no estan presentes en las
variedades que se disponen hasta el momento

FUSARIOSIS VASCULAR
Melon y sandia

Sintomas:
Amarilleo
Marchitamiento
Necrosis vascular
Muerte de la planta

Agentes causales:
Fusarium oxysporum f. sp. melonis (Fom)
Fusarium oxysporum f. sp. niveum (Fon)
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3.2 Importancia de la variabilidad

Cuatro razas fisioldgicas de Fom

Fomo0 Foml | 1) 119 Foml pAY Foml.2 w

~ - B ) i
- ...‘I‘:‘.a .-\- E
X oo 7 . :

\ggﬁ/
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3.2 Importancia de la variabilidad

Cuatro razas fisioldgicas de Fon: 0,1,2y 3
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3.2 Importancia de la variabilidad
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BANCOS DE GERMOPLASMA DEL CITA (ZARAGOZA) Y COMAYV (VALENCIA)

Seleccion de variedades locales o tradicionales y especies silvestres proximas
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3.2 Importancia de la variabilidad

Evaluacion de la resistencia de las variedades mediante
inoculacion artificial con el aislado patogénico
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3.2 Importancia de la variabilidad

Re-aislamiento del patogeno
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3.2 Importancia de la variabilidad

a Evaluacion de sintomas de la enfermedad

A Scale (from 0 to 4) for symptoms of wilting
)

Figure 2. Typical symptoms of Fusarium wilt disease in melon seedlings (A) symptoms of wilting and (B) symptoms of
yellowing. Scale used for symptom evaluation: 0 = no symptoms; 1 = beginning of wilting or yellowing on leaves; 2 = leaves
heavily affected by wilting or yellowing; 3 = all leaves completely wilted or yellowed; 4 = death of the plant.
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3.2 Importancia de la variabilidad

Identificacion de variedades resistentes

BGHZ 5064 BGHZ 6021

BGHZ 5250
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Identlflcaaon de varledades resistentes

I

5 I‘SIC‘ e

@ 121 Spanish watermelon accessions

Fusarium oxysporum f. sp. niveum (Fon)
Monosporascus cannonballus

‘ BecEss - Macrophomina phaseolina

e e o R Powdery mildew caused by Podosphaera
ol Wawe ¥ e | ‘ xanthii

Our objective was to know the existing
Spanish variability in watermelon for resistance
to these fungal pathogens and, if so, the
selection of resistant/tolerantant genotypes to
be used in watermelon breeding programs.
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3.2 Importancia de la variabilidad

. frarticultrae I D Pl

Cuciomis melo Lo Germplasm in Tunisia: Unexploited Sources of
Resistance to Fusarium Wilt

Hela Chikh-Rauhima '*0, Maria Luisa Gomes-Gaillamin 20, Vicente Gunealer , Rafika Sta-Raba !
and Ana Garoes-Claver?

Comm Appl Bid Sd, Ghenl Unieersiy, B3 7098 B7

SCREENING FOR RESISTANCE TO RACE 1 OF FUSARIUM
OXYSPORUMF. SP MELONISTIN TUNISIAN MELON
CULTIVARS USING MOLECULAR MARKERS

H. CHIKH-ROUHOU®, A. GARCES-CLAVER?, ¥, GONZALEZ?, R. STA-BABA®
& M. DAAMI-REMADI*

Identificacion de nuevas
fuentes de resistencia:
inoculacion artificial e

identificacion molecular

Tun-5 Tun-26 Charentais Fom-1 Dine(o

Figure 5. Resistant healthy accessions, Tun-5 and Tun-26, in comparison to the susceptible control

(Charentais Fom-1) and resistant control (Dinero)
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Figure 4. (A) DNA analysis of Fom-1R CAPS marker. BspONI digest generates 182 and 356 bp products for resistant

genotype Fom-1/Fom-1; 182, 386, and 568 bp products for resistant genotype Fom-1/fim-1; and 568 bp products for
susceplible genotype fom-1/fm-1. “Charentais T and ‘Charentais Fom-2' (C and C2, respectively} were used as susceptible
controls. “Charentais Fom-1" (C1) was used as resistant control for the Fom=1 gene. M: 1 kb Plus DNA ladder (Invitrogen).
(B) PCR amplification of the Fom-2 allefes, in melon genoty pes, with SCAR primers (Fom2-R408; FomZ-5342) "Chasentais T
and “Charentais Fom-1° (C and C1, N?-;\‘Cﬁ'.‘tl:.‘:“-\'f.’l‘ used as susoeptible controls and ‘Charentais Fum-2' (C2) was used as
resistant control, for the Fom-2 gene. M: 1 kb Plus DNA ladder (Invitrogen).
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3.2 Importancia de la variabilidad

Interspecific hybrids of wild Cucumis species (‘Fian’
and ‘Fimy’): new rootstocks for melon highly resistant

to biotic soil stress

C. Gisbertl-3, A. Caceres!, G. Perpinal, A. Garcés-Claver?, V. Gonzalez?, M.L. Gomez-Guillamoén?
and B. Pico!

Figure 1. Plants of A) ‘Charentais T’, B) ‘Fimy’, C) ‘Fian’ inoculated with
Fom1.2 W isolate after 28 days of inoculation.
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3.2 Importancia de la variabilidad

Identificacion de nuevos agentes
causales de enfermedad

Eur ] Plast Pathal
hitps: ot ong/ 1L G0 a1 0058001 5] -2

Neocosmospora keratoplastica, a relevant human fusarial
pathogen is found to be associated with wilt and root rot
of Muskmelon and Watermelon crops in Spain:
epidemiological and molecular evidences

Chock for
updates

V., Gonedlez 0« &, Garcia-Martinez « A, Flores-Laedn «
S0 Ruiz s B Pied « AL Gareds-Claver

Accepred: 3 lansry 200
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First Report of Neocosmospora folciformis Causing Wilt and Root Rot of
Muskmelon in Spain

(U T T
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plant disease

Editor-in-Chief: Akson E. Robertson
Published by The Amercan Phytopathalogical Society

1ome > P Disases > bk ot Comems > il Tedt |1
Previous Acticle | Naxt Article

August 2018, Volume 102, Numder 8
Page 1662
hitps: /ol arg/10,1094/P0IS 1L -17-1740-PDN

DISEASE NOTES

First Report of Fusarium petroliphilum
Causing Fruit Rot of Butternut Squash in
Spain

V. Gonzalez,' Certro de Investigscdn y Tecnologia Agroslimentans de Aragén, Unidad de
Sarded Vegetal / Insttuto Agroslimentano de Awgoﬂ-lﬁl (CLTA-Universidad de

Zaragaza), 50055 Zaragoza, Spain; ). Atm.lnof‘". Insttuto Agroforestal Mediterrines,
Universitat Politéo ca de Valércla, 46022 Valenue, Spain; end A, Garcés-Claver, Certro
e [nvestgaain v Temokogis Agros’smertara de Aragon, Undad de Hurtofrubouturs /
Instituto Agrealimentario de Aragdn-TAZ (CITA-Univessidad de Zaragara), 50059
Zaragoza, Spain.
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Identificacidon de nuevos agentes causales de enfermedad: F. petroliphilum

Enfermedad - sintomas Aislamiento

Identificacion:
morfolégica y mole

o a5 2
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3.2 Importancia de la variabilidad

tratar de encontrar nuevas caracteristicas que no estan presentes en
las variedades que se disponen hasta el momento

CAPSIATOS compuestos analogos CAPSICINOIDES
OH OH
Q HN

\ O O
) \ \

PROPIEDADES BIOLOGICAS

antitumorales, antioxidantes, eliminacion del sobrepeso
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3.2 Importancia de la variabilidad

SELECCION: TECNICAS marcadores moleculares

Mol Breeding

DOI 10.1007/511032-011-9672-9

Maol Breeding
. N N A
A versatile PCR marker for pungency in Capsicum spp. 12 M3 4567509 101112131415 M 1 2 3 4
| e B——
P 404 bp B o]
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Fig. 2 aMetaPhor agamse gel of allele-specific marker MAP1 .
MNon-pungent genotypes showed a 479 bp fragment and pun gent
genotypes showed a 494 bp fragment. 1: “YW"; 2: "SCM-334";
M: 50 bpladder; 3 C-234" 4 "C-235°. 5:°C236": 6. 7C-237";
T (C-238; 8 °C-2617; 9: “Doux D"Alger”; 10: *C-306"; 11: *C-
323012 "Agridulee’; 13: "UF15"; 14: °C-342"; 15: “Marrdn de
Fresno'. b MetaPhor agamse gel of MAP] used in parentals and

two Fy genotypes from an YW {non-pungent) = “SCM-334"°
(pungent) cross. M: 50 bp ladder; 1: "YW 2: "SCM™-334: 3 and
4: Fy. ¢ Tailed primer fluorcscent capillary clectmophoresis of
allele-specific marker MAP1 used to discriminate between
pungent and non-pungent. Result of the marker application in
parental lines YW (non-pungent), SCM-334 (pungent) and a F,
plant (YW = SCM-334)
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Table 1 M B 3.1878
Concentrations of capsiate and dihydrocapsiate found in pepper frult extracts from different aceesslons determined by the HPLC-ESI-MS{QTOF) method developed. i | I
Values are showed as [means = SE (n = 3]]. . T == ] e i
Avcession Name Arvesion Specie Capsiale Dihydrocapsiale
MNumber
{ngsg W) (pg/g DW)
RU72-241 43 . chimerese 846 - 3253 332 * 252
Mlishme C-276 1.1 1.06 0,61 . 056
Hed Habanero G401 156,97 * &1l .46 # 87
Bhul Jalokia C-440 440,90 = 25322 725 + 373 O ——
Chille Serrand C-141 [ LT 61.04 4.1 4.03 * S.81
Chile de Arbol C-204 5.00 * 2497 Lo% + 027 Cinree e anadLabbe ap S relvie st E
Tabasea c1ol o 20,62 2z 107 158 + 291 l::rx!'?
RU727 G163 544.59 245.71 H1.95 . 40,35 Food Chemistry J
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Assessment of Capsaicinoid and Capsinoid Accumulation Patterns
during Fruit Development in Three Chili Pepper Genotypes
(Capsicum spp.) Carrying Punl and pAMT Alleles Related to
Pungency
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Figure 1. Chili pepper fruits assayed for theis capsinaid and upu cinaid accamulition patterns during development and maturation, Fruits
"Bhut Jolokia” at 10, 20, 40, and 60 days post-anthesis (dpa; A-D); fruits of “Chiltepin® at 10, 20, 40, and 60 xlpu (E-H); trits of “Tampiqueno
747 at 10, 20, 40, and 60 dpa (I-L).
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Figure 2. Accumulation patterns of major capsaicinoids, capsaicin and
dihydrocapsaicin, and capsinoids, capsiate and dihydrocapsiate, during
chili pepper fruit development in "Chiltepin” (A}, “Tampiquefio 74"

(B), and "Bhut Jolokia” (C).
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Ontogenetic Variation of Individual and Total
Capsaicinoids in Malagueta Peppers
(Capsicum frutescens) during Fruit Maturation

Oreto Fayos 1, Ana Carolina de Aguiar 1 Ana[iménez-Cantizano ¥, Marta Ferreiro-Gonzélez 1,
Ana Gareés-Claver !, Juliin Martinez %, Cristina Mallor !, Ana Rulz-Rodriguez ¥, Miguel Palma 4,
Carmelo G. Barroso * and Gerardo F. Barbero **
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Figure 3. Percentages of individual capsaicinoids in Malagueta pepper during fruit ripening (1 = 3).
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tratar de desarrollar nuevas combinaciones de caracteristicas,

Mildiu, Podosphaera xanthii (Castagne) U. Braun & N. Shishkoff
Amarilleo, Cucurbit yellow stunting disorder virus (CYSDV)
Pulgdn, Aphis gossypii

Plagasy
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Fig. 1. Fruits of *‘Bola de oro’, TGR-1551, and *Carmen’,
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Proceso mejora genética vegetal

/— Gene pools
Crosses * Primary: modermn cultivars

- Selfing ” + Secondary: traditional varieties (landraces)
« Outcrossing + Tertiary: wild species
Induced genetic variation
Breeding system » Mutations
. * Vegetative - Natural
New cultivars = ~—— + Open-pollinated - Artificially induced
+ Seif-poliinated / + Genetic transformation
« Hybnid + Gene editing
Techniques
* Field/greenhouse trials
Selection x * Phenotyping (high-throughput)

N » Molecular markers

+ Genomic sedection and prediction
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coenmerdial Fyhnd beesding in food crope, ar Ml § 455273 (202
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