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Segundo:
Productividad?

« “Relacion entre la cantidad de productos
obtenida por un sistema productivo y los
recursos utilizados para obtener dicha
produccion’

* “Indicador de eficiencia que relaciona la
cantidad de recursos utilizados con la
cantidad de produccion obtenida”
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Productividad Agricola

e Método mas comun en cultivos:

—Rendimiento a través del tiempo:
« Ay: Ganancia en rendimiento (Kg/Ha/Ano)
— Rendimiento potencial (Yp)
— Rendimiento real (Yf)
— Brecha de rendimiento (Yg=Yp — Yf)
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https://www.wur.nl/en/show/Bridging-yield-gaps.htm
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Un Ejemplo;
Rendimientos Historicos en Maiz

Argentina 1961-1997 y = 774.08x - 2E+06
R?=0.8457
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Andorf et al., 2018




Un Ejemplo:
Rendimiento en Maiz - USA

. U.S. Corn Grain Yield Trends Since 1866
Y D D C k - Data Source: USDA-NASS (as of Jan 2017)
. DUVICK:

©1956-2016

®1937-1955

« Aue se debe este
incremento?
— ~50: Mejoramiento
— ~40: Agronomia y Manejo
— ~10% Tecnologia
Transgeénica

Grain yield (bu/ac)

1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 2030

D. Duvick. 2005:
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https://aae.wisc.edu/aae641/Ref/Duvick_maize_breeding_2005.pdf

Rendimientos en Frijol — USA
(1910-2012)

R?*=0.16
b=129 —> AY: ~13 kg/ha/afno

P<0.0001
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Vandemark et al., 2014



Rendimientos en Frijol Pinto
USA

Rendimiento
Potencial

Diferencial o
Brecha

Rendimiento en
Finca

=4¢=—0ON-FARM YIELD
=== POTENTIAL YIELD

2010

Vandemark et al., 2014




Rendimientos en Frijol Negro
USA

Rendimiento
Potencial

Diferencial o
Brecha

Rendimiento en
Finca

=4¢=0ON-FARM YIELD
==fe=POTENTIAL YIELD

2010

Vandemark et al., 2014




Nuevas Variedades Rinden Mas!
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Cambio en el rendimiento de
frijol (kg/ha) en América Central

29% 22% 12%

Fuente: FAOSTAT
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Rendimientos de Frijol

Paises en Via de Desarrollo

7 Avg. Yield .
(2008-10 Fotental Yield Gap
47 _\PA an ) Yield
- 600 : 1
; kg ha’ %
: e
T - 400 Amae:inca
S2 - o and 856 1800 944 52
= o ;
E 200X Caribbean
14 o East and
8 g South 675 2020 1345 67
<O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T O Africa
1980 1985 1990 1995 2000 2005 2010 West and
—— Area Yield Central 840 2125 1285 60

Africa

East and South Africa _ _ _
Latin America and Caribbean

N\

<
:5.5 T (_IT
é L - 4008
E g
Source: CGIAR Collaborative Research D5 - r 2000
Program for Grain Legumes (CRP 3.5 - 2012) < =
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 0

NORTH DAKOTA 1980 1985 1990 1995 2000 2005 2010
NDSU STATE UNIVERSITY ——Area Yield




Seed Yield Gap
USA vs. Developing Regions

.AVAW“"""

Yield gap=~30%

R?=0.38
b =15.2
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Pinto Seed Yields (1980-2012)
Source: Vandemark et al., 2014
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Situacion Actual y Necesidades

« Cambio Climatico

* Incremento poblacional

* Presion de Migracion?

« Expansion agricola es limitada

* Incrementos en rendimientos son
modestos para casi todos lo cultivos

« Como continuar el incremento en
productividad agricola?

NDSU EatERVERSiTy



Incrementando productividad a
Través del Fitomejoramiento

* Formula clasica (1930’s):
* Fenotipo =(Genotipo)+ Aridiente + (x-

— Fenotipo: cualquier caracteristica o rasgo
observable y/o medible en un organismo

— Genotipo: variedades, razas, hibridos, etc.
— Ambiente: region, clima, etc.

NDSU EatERVERSiTy



Version Mejorada

— Mas recientemente:
—F=G -A+ M+ GXA + GXM + GXAxXM

— Genotipo: genes (potencial genético)

— Ambiente: lo que NO se puede controlar
— Manejo: lo que se puede controlar

— A G = Ganancia geneética

NDSU EatERVERSiTy



Figure 1-3 Essentials of Genetics, 6/e
© 2007 Pearson Prentice Hall, Inc.



De vuelta a Mendel: Proporcion genotipica
- enlaF2: 1:2:1

3 genotipos

Genotype

. WW Ww ww
(homozygous) (heterozygous) (homozygous)

2 genotipos Phenotype

(l/l ,

) s \)f:} )
[ Purple I Purple . Whlte

Proporcion fenotipica
enlaF2:3:1



Varios problemas:

No podemos ver genes per se (genotipo), sino su expresion (fenotipo).
Expresion genética es afectada por el ambiente.

Muchas variantes de la misma caracteristica! (genotipo=fenotipo?)

© DNA test currently available

Adrenoleukodystrophy (ALD)®
Fatal nerve disease
Muscular Dystrophy e Azoospermia

Progressive deterioration
of the muscles Gaucher Disease ®

A chronic enzyme deficiency
Hemophilia A e occurring frequently among
Clotting deficiency Ashkenazi Jews

Ehlers-Danlos Syndrome

genotype phenotype e e /| comectve e dicae

Progressive degeneration
of the retina

Huntington Disease @
/_ Lethal, late-onset, nerve
degenerative disease

Familial Adenomatous Polyposis (FAP)e
/_ Intestinal polyps leading to colon cancer

Extremely high cholesterol

Myotonic Dystrophy e 2

Hemochromatosise
Abnormally high absorption
Form of adult of iron from the diet
muscular dystroph; %Q 5
PR p / Spinocerebellar Ataxia e
Amyloidosis e man Destroys nerves in the brain and spinal

Accumulation in the tissues — @18 chromosome 7 G-I cord, resulting in loss of muscle control
of an insoluble fibrillar protein /1 7 number 3 \ Cystic Fibrosis e
Neurofibromatosis (NF1) e 16 9 Mucus in lungs, interfering
Benign tumors of nerve 15 10 with breathing
tissue below the skin 14 13 12 11 \
Werner Syndrome o
Breast Cancere Premature aging

5% of all cases \
Melanomae
Polycystic Kidney Disease ®

Tumors originating in the skin
Cysts resulting in enlarged kidneys e
and renal failure Multiple Endocrine Neoplasia, Type 2e
Tumors in endocrine gland and other tissues
Tay-Sachs Disease ®
Fatal hereditary disorder W
5 S % Sickle-Cell Anemiae
:}‘t’:::;%l:e:: ";:':?’?‘I:es:;ﬁ Chronic inherited anemia, in which
Jews 9 red blood cells sickle, clogging
Alzheimer Disease arterioles and capillaries
Degenerative brain disorder

marked by premature senility Phenylketonuria (PKU) e
An inborn error of metabolism;

Retinoblastoma e if untreated, results in mental retardation
Childhood tumor of the eye

Potentially fatal digestive
disorder
Amyotrophic Lateral Sclerosis e
(ALS) Late-onset lethal
f degenerative nerve disease
EGdEE Dr ADA Immune Deficiencye
First hereditary condition
treated by gene therapy
Familial Hypercholesterolemia o \
Y
X 2
Q 3

/— Retinitis Pigmentosa e
4

Figure 1-18 Essentials of Genetics, 6/e
© 2007 Pearson Prentice Hall, Inc.



https://geneticsk8vaneckv.weebly.com/uploads/8/9/6/2/8962580/9334814_orig.gif?163

A Pesar de Este Problema
Geneéetico;

« Multiples logros en:
— Medicina
— Plantas/cultivos
— Produccion animal y microbiologia
— Etc.

« En algunos casos, progreso fue logrado a pesar
de no tener todas las respuestas:
— Que?
— Como?
— Por que?

NDSU EatERVERSiTy



Jerarquia del Conocimiento

DIKW hierarchy.... also in life sciences
Functional relationship model
Wisdom

connectedness

(now why”

Classification:
WHITE: The DIKW hierarchy (Bellinger et al., 2004) :
RED: Zeleny, 1987 quoted by Sharma, 2004. Understanding
principles
Knowledge
“Know how”
understanding
patterns
Information
“Know what”
Understanding
relations
Figura 1.3. Piramide Informacdional.
. Data understanding
“Anow noining’
http://www.gaoshan.de/kmchina/thesis.php?expand=1&show=6
NDS' l NORTH DAKOTA ' 7 Cantidad
STATE UNIVERSITY

Fuente: Dante, Ponjuan, Gloria. Gestién de la informacion en las

organizaciones. Principios, conceptos v aplicaciones. Santiago de Chile. 1998.



https://en.wikipedia.org/wiki/DIKW_pyramid#/media/File:DIKW_Pyramid.svg

Integrando Genotipo con Fenotipo

MANCHESTER
1824

ity

The Universit
of Manchester

Genotype to Phenotype

Phenotype

&
S
2
>

RNA Protein Protein-Protein Pathvsay Trait
_ i interaction
Dogma Central de la Biologia: Modelo es mas Complejo:
DNA = RNA - Proteina Interacciones, rutas metabdlicas

Regulacion de la Expresion!
P. Fisher

https://www.slideshare.net/fisherp/a-systematic-approach-to-genotypephenotype-correlations

BHIG



https://www.slideshare.net/fisherp/a-systematic-approach-to-genotypephenotype-correlations

Otro Problema: “my
El Dilema del Fitomejorador x4 “i=

0
’2 oy §
A J

* El mejorador es como un atleta de
Decatlon:

— “El mejorador es bueno en todo pero no es
excelente en nada”

I GW

/



Que Herramientas Nuevas Hemos Logrado
Usar Hasta Ahora en Fitomejoramiento?

Seleccion Asistida por Marcadores
Transformacion Genética / Mutagénesis
Explosion de Informacion Genodmica
Bioinformatica

* Protedmica?

» Fenotipado intensivo (High Throughput
ohenotyping)

NDSU EatERVERSiTy



‘Omics’

DNA sequencing, genetic profiling, genetic mapping, recombinant
DNA technology, structural and functional analysis of genome

Protein identification,
il quantification, post-

oy /—*—-%_\ -
~——a ».  translational

Proteomics modification

RNA sequencing,
expression profiling, _
transcriptional <
regulation i: Transcriptomics

Genomics

N,

/ \—' —
( Omics

Study metabolite
profiles,

- metabolic
| intermediates,
hormones and
other signaling
molecules

Element
profiling, ,
biochemical | Inomics 71 Metabolomics
regulation, \\w’/ N
element ——
interactions

Phenomics

Evaluation of morphological, biochemical and physical traits,
establish link between genetic, epigenetic and environmental factors

Deshmukh et al., 2014
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phenomics

https://rd-connect.eu/what-we-do/omics/


https://rd-connect.eu/what-we-do/omics/

Seleccion Asistida por
Marcadores

* Muy eficiente para genes mayores
— Enfermedades
— Insectos
— Tamano de semilla/fruta

« Un poco mas dificil para caracteres controlados
por genes multiples
— Rendimiento
— Sequia/calor

« Lo mas util: ayuda a reducir tamano de
poblaciones para ensayos de campo

NDSU EatERVERSiTy




Modified Pedigree Bean Breeding at NDSU

Stage in Breeding Program Breeding Activity
Cross Parents A and B (AxB) and produce F1 Marker Appl ication
seed in Fargo greenhouse
2 Evaluate F1 in New Zealand: P1xP2: Select parents for cross
select for vigor, appearance based on divergece
/ ¢ \ F1: Determine if F1is a true cross

Evaluate F2 in ND for vigor,
appearance; select F2 plant and
bulk F3 seed
F2: Evaluate plants for

tightly linked markers to

l l l l simple trait of interest

FELLED FPEFE CFFLLP  FPEFF i Vioor appearance

l i bulk F4 row

&F &F &F @FW Grow F4 row selection in ND;
evaluate for vigor, appearance;

bulk seed form select F4:Check for marker linked to
few (3-4) uniform plants quantitative trait

3 Y Grow F5 plant selection in PR;
&F%ﬂ&*@&{i QFW&F&F evaluate for vigor, appearance;
bulk row and enter into
preliminary yield trial

Y PP PPap Y P op Grow in multiple ND locations

over multiple yers in preliminary

PEPPL  PPPPP  PPpapyp vedvalnonoadaedyeival 7.0 Aingerprintine

for identity preservation

P  ARYYY  rYeay and IP protection
T SAYTY TTRAT

ND location 1 ND location 2 ND location 3
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Seleccion Asistida por Marcadores

(MAS)

« Muchisimos sistemas disponibles
* SNPs: Single Nucleotide Polymorphism

Eficientes, estables, y abundantes

~200k SNPs disponibles solo en frijol!

Genotype by Sequencing (GBS): Millones de SNPs?
Re-sequenciacion

La secuencia genomica nos ayuda a saber la posicion fisica de
cada marcador!

» Genes pueden ser mapeados con precision

Desventaja: Necesita algo de equipo sofisticado
» Solucién: Convertir SNPs en marcadores faciles de usar

NDSU EatERVERSiTy



InDel Markers

PBN-318/7/434

Great
Black Northern Navy Small red Pink Pinto
- ceeoococcoea e e -« o - .-
[ — - - ... -
PBN-411737
Great
Black Northern Navy Small red Pink Pinto

R—— —— oD G5 b a5 e - - .. .- - - - - — = -~

« Facilmente aplicables en un laboratorio basico

e Co-dominantes
* Muy bajo costo

NDSU ErasE URiversity USDA

nited States Department of Agriculture]
National Institute of Food and Agriculture]



Transformacion Geneética

« Tema ha sido cubierto en otras presentaciones
* Innegable impacto en la agricultura

* Pero existe un problema de conexion:

— La mayoria de caracteres transgenicos son a nivel de
finca, no necesariamente a nivel del consumidor final
(pocas excepciones):.

— Golden rice

— Innate potato

— Artic Apple

— Maduramiento lento

NDSU EatERVERSiTy



https://recuerdosdepandora.com/ciencia/biologia/el-origen-de-la-ingenieria-genetica/

Explosion Genomica
« 236 especies de Angiospermas han sido

secuenciadas!
— (Chen et al., 2018)

NDSU EatERVERSiTy



Plantas con Secuencia Gendmica
Disponible
2001-2019

2001 2002 2005 7 2008 1 2012 2013 2015

Arabidopsis thaliana Populus frichocarpa Lotus japonicus Glycine max Manihot esculenta Moringa cleifera Corchorus olitorius | Juglans hindsii
Carica papaya Cucumis sativus Medicago truncatula  Tarenaya hassleriana Boea hygrometrica | || Corchorus capsularis | = Quercus suber

Vitis vinifera Theobroma cacao Cucumis melo | | Vaccinium macrocarpen | Salvia miltiorrhiza || Ficus carica | | Bombax ceiba
Arabidopsis lyrata Micotiana tomentosiformis | || Humulus lupulus Macadamia integrifolia | Trema orientalis

Cajanus cajan Genlisea aurea Vigna radiata Drosera capensis | | Parasponia andersonii

Cannabis sativa Actinidia chinensis Ipomoea trifida | Momordica charantia | Rosa chinensis

Brassica rapa Morus notabilis Ocimum sanctum | Rhazya stricta | Juglans microcarpa

Thellungislla parvula Agthionema arabicum Gossypium hirsutum  Cephalotus follicularis Juglans nigra

Solanum tuberosum Nicotiana sylvestris || Selanum commersonii Quercus lobata  Juglans cathayensis

Fragaria vesca Manihot esculenta ssp. flabellifolia || Chenopodium quinoa | | Pterocarya stenoptera

Jatropha curcas Sisymbrium irio | Catharanthus roseus Fraxinus excelsior | Juglans sigillata

Malus domestica Hevea brasiliensis Vaccinium corymbosum Hibiscus syriacus | | Tectona grandis

Ricinus communis Leavenworthia alabamica Arabis alpina Barbarea vulgaris |~ Fagus sylvatica

Capsella rubslla Vigna angularis Mentha longifolia | Arachis monticela

2 2014-2018 IBG-2 Forzchungszentrum Jilich, Insfitute of Biology-1 RWTH Aachen

A JULICH

http://www.plabipd.de/portal/web/guest/sequence-timeline



http://www.plabipd.de/portal/web/guest/sequence-timeline

2017 2018 2019
Aug Sep Oct Nov Dec Jan Feb Mar Apr Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
ata Lagenaria siceraria Kalanchoe fedtschenkoi Eutrema yunnanense Boechera retrofracta Tectona grandis | Cuscuta australis Vernicia fordii Aquilegia coerulea Sclerocarya birrea Malania cleifera Actinidia eriantha
Cucurbita maxima Handroanthus impetiginosus Potentilla micrantha Artemisia annua Citrus reticulata Populus alba Chrysanthemum nankingense Lablab purpureus Antirthinum majus Scutellaria baicalensis
igopyrum tataricum  Camnegiea gigantea Eschscholzia califomica Coffea arabica Bombax ceiba Ochetophila trinervis Lindernia subracemosa Primula vulgaris Fragaria x ananassa
dendron dalavayi Rosa multiflora Calotropis gigantea Santalum album Trema orientalis Cuscuta campestris Papaver somniferum Lindernia brevidens Ostrya chinensis Crucihimalaya himalaica
Olea europaea var. sylvestris Eucommia ulmeoides Solanum chacoense Parasponia andersonii Begonia fuchsieid Prunus yed i Populus tramula Ostrya rehderiana
Cucurbita moschata Boehmeria nivea Eutrema heterophyllum Juglans sigillata ~ Datisca glomerata Populus tremuloides Jaltomata sinucsa
icum kok-saghyz | Durio zibethinus Citrus unshiu Fagus sylvatica Alnus glutinosa Ipomoea triloba Cucurbita argyrosperma
'omoea batatas Cucurbita pepo Pterocarya stenoptera Nissolia schottii Casuarina equisetifolia Broussecnetia papyrifera
pruincsa Capsicum baccatum Juglans cathayensi Cercis canadensi: Andrographis paniculata
Capsicum chinense Juglans nigra  Dryas drummondii Csmanthus fragrans
Panax ginseng Rosa chinensis Chamaecrista fasciculata Gelsemium sempervirens Nicotiana rustica
Juglans microcarpa Casuarina glauca Lavandula angustifolia Nicotiana undulata
Juglans hindsii Mimosa pudica Nicetiana paniculata
Arachiz monticola  Morella rubra Nicotiana knightiana
& 2014-2018 IBG-2 Forschungszentrum Jiilich, Insfitute of Biclogy-1 RWTH Aachen
RWTH #) J0LICH

http://www.plabipd.de/portal/web/guest/sequence-timeline



http://www.plabipd.de/portal/web/guest/sequence-timeline

Genomic databases - GenBank - Sequences

National Library of Medicine

Twenty Eight Years of Growth:
NCBI Data and User Services

Ant mirrah al
Recictan~e

m—GENB3NK SEQUENCES R s -
w—st s [Guerz g Corcortium Eath-gene
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“An annotated collection of all publicly available nucleotide and amino acid sequences”

https://www.nlm.nih.gov/about/2019CJ.html




Protein Structure Database - PDB -
Proteomics

PDB - Protein Data Bank
Yearly growth of Protein Structures

140000
120000
100000
80000
60000
40000
20000

1990 2000

-s-Yearly —=Total

http://www.rcsb.org/pdb/statistics/contentGrowthChart.do?content=molType-protein&seqid=100




Bioinformatica

* Investigacion, desarrollo, o aplicacion de
herramientas computacionales para
expandir el uso de datos biologicos
iIncluyendo:

— Adquisicion
— Almacenamiento
— Organizacion
— Visualizacion
— Analisis
NDSU S05E RSy

Definitions www.bisti.nih.gov



Major types of data in bioinformatics

Literature and ontologles

_ Gene expression

s
Genomes r

Protein sequence

= -
‘ DNA & RNA sequence ]

/,

Pratein structure

Chemical entities

Protein families,
motifs and domains

Protein interactions

. http://hpc.ilri.cgiar.org/beca/training/IMBB_201 7/Introduction_to_Bioinformatics.pdf



How does a central Dogma
looks like in a computer?

s¥ss Th Central Doogma S#gy

SESRSEEniEnn s rnnEsnisss

DNA

Translation . tr §RNA_seq,¢position,3) {

jonn = substr §RNA seq,§position,3;

PrOteln e 'L1n ‘:I:ﬂl‘.‘:‘l‘itf_:';‘dl):; (§
jdegradation — — — 20 ¢position = $position + 33
—_— 1

sub translate codon |
if (§_[0] =~ /GC./i) (return Ala;}
if (§ [0] =~ /UGC|UGU/1) {return Cys;)

(Vogel 2009) (Tisdall 2001)

http://pymkdb.com/articles/central-dogma-in-python




Nuevas Oportunidades

* Nuevas tecnologias en el campo

« Herramientas para fenotipado intensivo

— High-troughput phenotyping

— Speed and Fastrack Breeding (Australia y USA)
« Herramientas genomicas y bioinformaticas

— Nuevos métodos de secuenciacion gendmica (GBS, Pac Bio®,
etc.)

— Mapeo genético por asociacion (GWAS, NAM, MAGIC)
— Pan-genomics y sintenia
« Herramientas Genéticas
— Seleccion gendmica
— Edicidn de genes
— Plataformas integradas de mejoramiento

NDSU EatERVERSiTy




Agricultura Asistida por

Tecnologia

« Biologia Molecular/DNA
« Optimizacion de produccion:
— Sensores (suelo, aire, agua)
— GPS
— Comunicacion inalambrica (WiFi)
— Drones (UAV)
— Biometria
— Paquetes/software/Apps

 Automatizacion
 Precision

http://sdcorn.s3.amazonaws.com/legacy-
content/sdcornblog/uploads/2012/03/Connected-Farm-Image.jpg

NDSU EatERVERSiTy



High Throughput Phenotyping
UAV Sensing - Unmanned Aircraft Vehicles

Drone Technoloqy in Action

G RS WAl m‘ml\drlll
oo mmamwwllw'

Phil Miklas
USDA/ARS
Prosser, WA

il b
SU 'STate UNIVERS TY
Sindhuja Sankaran
Wash St Univ



PCCMCA - Costa Rica - 2016

Técnicas para desarrollar frijol con mayor
resistencia al cambio climatico

Porch, T.G., USDA-ARS, Mayaguez, Puerto Rico

Linares, J., USDA-ARS, Mayaguez, Puerto Rico
_ Hart, J., USDA-ARS, Mayaguez, Puerto Rico
Beaver, J.S., Estacion Exp. Agricola, Univ. de Puerto Rico, Mayagiez, Puerto Rico
Miklas, P.N., USDA-ARS, Prosser, Washington
Moghaddam, S.M., North Dakota State University
Rosas, J.C., Escuela Agricola Panamericana (Zamorano), Honduras n
White, J., USDA-ARS, Maricopa, Arizona

v "”!&‘wn Nacaome, Honduras, 8/2015



Mobile Data Collection Cart
USDA/ARS, Mayaguez, Puerto Rico

Based on deS|gn of Whlte and Conley 2013 Low cost cart for
proximal sensing. Photo: Isabela, PR (R. Goenaga)
DeS|gner/Operator Jesus Linares

bngSU STATE UNIVERSITY

T|m Porch, USDA/Mayaguez, leader
Jesus Linares




Speed Breeding

https://www.nature.com/articles/s414
77-017-0083-8?dom=pscau&src=syn

Speed brooding

Glasshouse control

- Australia

Testing and
Selection

T

Selfing F4
4
Selfing F3
4
Selfing F2
4
Selfing F1
4
Crossing parents

Speed breeding

S

Chiurugwi et al., 2018

Testing and
Selection

I

Selfing F4

|

Selfing F3
Testing and
Selection

T

Selfing F4 Selfing F2

*
Selfing F3 ‘

*
Selfing F2

f
Selfing F1

*

Crossing parents

Selfing F1

Crossing parents

Conventional breeding with Conventional breeding

winter nursery

T %

Selected parents -



https://www.nature.com/articles/s41477-017-0083-8?dom=pscau&src=syn

USDA-ARS and UC Davis
‘FASTRACK’ BREEDING

A TECHNOLOGY FOR THE RAPID IMPROVEMENT OF TREE FRUIT AND
OTHER LONG-GENERATION CYCLE SPECIALTY CROPS



https://www.ars.usda.gov/ARSUserFiles/80800000/FastTrackFruitBreeding/Fast%20Track%20project%20slides%20%20for%20AFRS%20Website%20II%202-12-10.ppt

Seleccion Gendmica

Reference population: Development of prediction equations

Associations

Phenotypes between SNP and
+ phenotypesz_

Thousands of SNP " Prediction |

Eguations

Genetic
relationships

Thousands of SNP .~
E - ‘mm)
Prediction Equations |

Main population: Application of prediction equations

https://wiki.groenkennisnet.nl/display/TAB/Chapter+8.15.1%3A+Principle+of+genomic+selection



https://wiki.groenkennisnet.nl/display/TAB/Chapter+8.15.1:+Principle+of+genomic+selection

Seleccion Genomica
GS 1n a Plant Breeding Program

Heftner, Sorrells & Jannink. 2009. Crop Science 49:1-12

Test
Tramning Population /vaneues and \ Breeding Population

release
Elite lines Advance lines
informative for with highest
model GEBV
improvement

Phenotype Model Line Make crosses
(lines have Training Development Rl adv;mce

already been Cycle Cycle generations
genotyped)

model

Train K /
prediction Genoty{

New
Germplasm

Genomic selection reduces cycle time & cost by reducing frequency of phenotyping



https://www.researchgate.net/publication/268121078_Genomic_Selection_in_Plants_Empirical_Results_and_Implications_for_Wheat_and_Barley_Breeding_Programs/figures?lo=1

Programa

Convencional

Programa con

Seleccion Gendmica

A Germplasm Germplasm
Pool Sampling Pool Sampling
Target Population Target Population
of Environments of Environments
Multi-environment trials Genotyping ~ Envirotyping /
y Intermediate traits
electic .. g 0
- Based on >
Based on § GEBV g
Performance § GEBV xE §
< <
Prediction .,
: Etested Eunleété'd

Data
analysis

Data
analysis

Phenotype Data
Analysis )

.| Enhanced
GxE modeling

Genomic
‘| Prediction

4s

Voss-Fels et al., 2018



Seleccion Genomica

 Diferente de MAS:

— Usa miles de marcadores simultaneamente

— NO es necesario saber la relacion exacta entre
caracter y marcador

« EXcelentes resultados para ciertos caracteres

« Gran ventaja: permite eliminar material genético
“basura’

« Modelos/algoritmos de prediccidon no son
perfectos (~50-85%), pero siguen mejorando

« Cuidado con la relacion costo-beneficio

NDSU EatERVERSiTy



e T
e gene-editing |
many  recent Cells yesr
immune- RNA
repeats
—




Edicion de Genes No es Nuevo!
Proceso Natural en Ceélulas

THE CAT SAW THE DOG |

Change of Loss of Gain of
one letter one letter one letter

Deletion

THE BAT SAW THE DOG THE ATS AWT HED OG THE CMA TSA WTH EDO G

THE CAT SAW THE HOG ‘ t
THE CAT SAT THE DOG Loss of C | Insertion of M

Point mutation Frameshift mutation
Figure 14-1 Essentials of Genetics, 6/e

2007 Pansson Prania il ke Resultado: ganancia/perdida de funcion del gen

Frameshift mutation

Tambien hay cambios post-transcripcion (epigenetics?):
* Regulacion de expression de un gen: cuanto producto se necesita?

Silenciamiento for RNA de interferencia (RNAi, mMRNA, etc.)
Modificacion de histonas (metyl + acetyl)




Edicion de Genes

* Varios métodos:

— Nucleasas recombinantes:
« CRISPR/CAS9: Sistema natural en bacterias para proteccion contra

virus
« Meganucleasas
« TALEN
« Zinc fingers
— Sistemas virales (rAAV)
— Transposones
— MAGE
— Otros?
* Ventajas:
— No se considera transgénico? - varia por pais/region
— Alta eficiencia de transformacion
« Desventajas:
— Off-target changes: Cambios en otros sitios del genoma?

— Cambios pueden afectar otras rutas metabdlicas o niveles de expresion
de otros genes?



Casos Aprobados (sin
regulacion) por USDA-APHIS

* A Noviembre del 2018: 22 aplicaciones
para GE plantas/cultivos:

— Papa, camelina, alfalfa, soya, maiz, arroz,
tabaco, tomate, trigo, champifion, pastos

* Recientemente: todas fueron aprobadas o
des-reguladas

NDSU EatERVERSiTy



Table 2: Overview of organisms penetically engineered with nucleases and classified as non-regulated by USDA f APHIS
{CBI: Confidential Business Information; PEG: polyethylene glycol (PEG)-mediated transformation method: Step 1 and Step

2! see Table 1))

1 16.12. 2001

[

off.03.2012

3 | 2B.8.2014

4 | 05.05.2015

§ |20.08.2015

& | 22042015

7 12112005

8 15.04.2016

9 | 1B.04.2006

10| 15.9.2016

11 | OLIL2O0IG

12 | 0122016

1} | O7.4.2006

14 | 2082017

15 | 2§.0.2017

16 | 16102017

17 |29.12.2017

18 | 1602008

Naot specified

Maize (corn)

Potato

Soybean

Soybean

Rice

Maize (corn)

Mushroom

Maize (corn)

Potato

Wheat

Potato

Green foxtail

Camelina

Alfalfa

S)G_\'hc‘.'l n

Tobacco

Maize (corn)

Cellectis
(now Calyxt)

Dow AgroSciences
(mow DowDuPomne /
Corteva Agriscience)

Cellectis
(now Calyxt)

Cellectis
(now Calyxt)

Cellectis
(now Calyxt)

lowa State University
Agrivida

Penn Seate
University

DuPont Pioneer
l:nUw DO“'DuPhn[Jr

Corteva Agriscience)

Calyxt

Calyxe

Simplot

Danforth Center

Yield 10

Calyxt

UsSDA
Universitit North

Carolina

Pioneer
(mow DowDuPomne /
Corteva Agriscience)

(1} mot specified
(2) mcga.nudcnscs

(1} mot specified

(2) zinc ﬁnge_'l nuclease

(1) PEG

(2) TALEN

(1) CBI

(2) TALEN

(x) CBI

(2) TALEN

(1} mot specified
(2) TALEN

(x) CBI

(2) mcga.nudcnscs
(1) PEG

(2) CRISPR

(1) 'g\:n canon’
(2) CRISPR
(1) PEG

(2) TALEN

(1) 'g\:n canon’

(z) TALEN

(1} Agrobact. rumefaciens
(2) TALEN
(1} Agrobact. rumefaciens
(2) CRISPR

(1) A gm.b', dct. frem e_'."-d:ir s
(2) CRISPR

(1} mot specified
(2) TALEN

(1} Agrobact. tumeficiens
(2) CRISPR

(1} ,4gm5m1. mmgﬁm:em
(2) meganucleases

o .
(1) ‘gene pun

(2) CRISPR.

Mot specified

]L’_‘d'l.lf\'_'d Ph}'t:l[\'_'ﬁ content

Mot specified / CBI

Changed fatty acid composition

Changed fatty acid composition

Improved resistance to bacterial

blight

Changed starch composition

MNon browning / improved

storage

Changed starch composition

(,,waxy corn”)

(no precise information, CBI)

For improved processing
(no precise information, CBI)

]mpm\'cc] resistance to pnwdcry

mildew

Improved storage

Change in timing of Howering

for higher yicld

Changed oil composition
(no precise information, CBI)

For improved digestibiliny
(no predse information, CBI)

}(n()ck—ﬂ‘ut ﬂrm‘ﬂ‘ gfnfs [J-l:lt are
assumed to affect stress and salt

[(]]\'_'T.]TICC

Reduced nicotine content

For improved resistance to
northern leaf blight (NLB), with

insertion of a repair template

DNA (SDNz).

Applicant Method Intended trait

For improved nutritional qua-

(1) not spcciﬁcd li.ry (exact gene and phcnol:ypc,
19 |20.3.2008 | Wheat Calyxt (z) TALEN CRI).
(1) A lgro bct. ?Jeme_';'-d:}: HE
20 | 14.5.208 Tomaro University of Florida | (2) CRISPR For casier harvesting
Changed oil composition
{increased number of changed
llionois State (1) Aprobuct. sumefaciens | penes) (exact gene and phenoty-
21 | B6.2008 Pcnnycrcss Univtrsiry' (2) CRISPR pe. CBI)

('_h:l.ngcd oil composition (nine
target genes changed) (Exact
gene and phenotype, CBI)

(1} Agrobact. mmefaciens
(2) CRISPR

C. Then, 2019 -TestBiotech.org

7.0.2018 Yield 10

The Promise
of Gene Editing

AGRI-FOOD CASE STUDIES

The first successful
application of Crispr came
in 2013, and it's been
driving buzz and
investment ever since. It is
currently the simplest,
most accessible, and
precise method of
genetic manipulation.

https://www.nationalgeographic.com/environment/future-of-
food/food-technology-gene-editing/



https://www.nationalgeographic.com/environment/future-of-food/food-technology-gene-editing/

Harvest GH@ Harvest PR

Selections for AZ
Harvest
XING Block

@ Harvest AZ

+ Harvest NZ. Genomic Selection
* Plant GH Results

Send PR,

CHN, ()

Pathology

XING Block@®

election-
Advancement:
NZ

PR 1 WK
AZ

China
Malting

Disease (foliar, . Harvest GH
DON)

Picking parents

for XING block
. Data Collection
Harvest ND .
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“Breeding Pipeline”
“Breeding Plattforms”

Automation

Scripting language N %\/.
(TT Security | server BPD i

: Bioinfo i r 4 v y
Maintenance i

Bioinformatics . O Data

Standardization

B 0iNfo ‘ Statistics

3 . .
B AT Efficiency

N Data Compliance

NDSU EatERVERSiTy



Benefits

1

Disponibilidad de datos
Acceso en tiempo real

A traves de un PC, tablet, tel
247

-/m Umnnerauo“ II‘

Analisis Integrado
Rutinas estadisticas

Randomizations, means, spatial
analysis, and ANOVA stored in DB.
Quickly create multiyear summary,
H2H and GxE analyses

2

Almacenamiento
Automatizacion

Backed up daily during
peak season work weeks
(i.e. planting, harvesting,
analyzing)

NDSU ErasE URiversity

Planeacion & visualizacion

Apoyo integral al programa de
mejoramiento

Field layouts, labels, reports,
and field books. Manage
pedigrees for self-pollinated and
hybrid crops.




Integrando Mejoramiento y
Genética

. Advancemen G i« Select
ts for Y- * enomic Selection

Results
Harvest GH . * Harvest PR
«  Selections for AZ

Harvest
XING Block

QTL mapping Genomicselection GWAS

' Statistical %"
X models 3

RILs/DH Cultivars/ Land races

Send PR,

CHN, ()

Pathology

XING Blocl@®
*

Selection-
Advancement

"l
1

« Malting

" Doy e Multi environment testing

4—‘ Model |—l

« Picking parents
for XING block

or Qs -
Major QTLS Evaluation GWAS Loci

Back crossing with MAS
Cuales de estas herraminetas se aplican en ‘ Model

Evaluation “;,-,

nuestro programa de mejoramiento en NDSU? and GS
Integration of QTLs  and GWAS loci

- Para el proximo afo!
Improved lines with major QTLs/ GWAS loci

NDSU NORTH DAKOTA along with optimized genetic back ground

STATE UNIVERSITY
Deshmukh et al., 2014




Conclusiones Generales

* Nuevas herramientas genéticas permiten
ser mas eficiente y preciso

* Ningun metodo es perfecto
— Herramientas integradas es la solucion

* Analisis de asignacion de recursos es
Importante
— Relacion costo/beneficio
— Ganancia (tiempo, espacio, dinero, etc.)

NDSU EatERVERSiTy
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