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Mejoramiento genético
_ de cultivos para el futuro
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Ing. Agr. MSc.
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Domesticacion

s ¢QUEHIZO
A2 AL HOMO SAPIENS
adioses LAESPECIE
MAS EXITOSA
o DEL PLANETA?

Visual Ananda (2016)

primeros cultivos domesticados?

C)ﬁ ¢Por qué el trigo fue uno de los

¢Quién domestico primero?

¢El hombre a los cultivos?

(0

¢Los cultivos al hombre?
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Papa: ;Cuanto de lo que comemos esta mejorado?

Papa Papa Papa
Tomasa Qeqorani Sumacc Soncco

/¥

e B
Papa Papa blanca Papa Papa
Papa Papa Papa Papa Tomasa Amarilla Yungay Peruanita Morada

Colorada Wenccos Tarmeia Negra

Papa Papa Papa
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Domesticacion de cultivos

i w 7000 years
A ‘K —————
\2 ' - Increased plant size
*Q - Increased fruit size
s - Diversification in fruit shape
- Diversification in fruit color
» ‘ - Smaller seeds

Solanum pimpinellifolium Solanum chbpersicum

é 9000 years

- Decreased side branching

- Upright leaves

- Increased ear and kernel sizes
- Reduced shattering A
- Shorter and compact plants Y

Zea mays ssp. parviglumis
(teosinte)

Zea mays ssp. mays

(, 10000 years

{ - — — — — — —
l

! - Decreased brittlenes in spikes

- Appearance of six-rowed spikes
| - Emergence of naked caryopsis
i - Reduced dormancy

/ - Decreased vernalization

I

\
n
{

Hordeum spontaneum

8000 years

- Increased tuber size

- Decreased stolon

- Diversification in tuber color

- Development of round shape tubers
- Reduction in glycoalcaloid content

Solanum stoloniferum Solanum tuberosum

Guangbin Luo et al. (2022)
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Mejoramiento de cultivos: linea de tiempo

1973

Foreign DNA
transferred to bacteria®

Domestication’®

| ‘Flavr-savr' tomato J

5 g £ &k | First genetically modified crop®® ‘
1st hybridization performed”® 1760

[ 1859 {Theory of evolution®’ ‘

Restriction fragment polymorphism
linkage map®®

Selection theory® 1856 Random amplified polymorphic

markers®’

1992 Simple sequence repeat markers®

Pure line theory83 1903

|) Arabidopsis sequenced "'

Rice genome sequenced'® 2002

Amplified fragment Iepogth

Bulk selection breeding®* 1912 polymorphic markers

‘ 1914 ‘ “Heterosis” coined for hybrid vigor®®

1918 | Introduction of experimental design and
phenotypic variation B

87
Recurrent selection 1919 Single nucleotide

polymorphic markers'®

2002

Pedigree and backcross

breeding® 1922 7

i 489
Mutation breeding® 1928 ’ 1st commercial hybrid ‘

Zinc-finger nucleases for
2002 genome editing'®

| Genomic selection applied in maize Transcription activator-like

2011 effector nucleases'”’

Colchicine for
chromosome doubling'® 1937

105 l

Clustered regularly interspaced
2012 short palindromic repeats
(CRISPRY)/cas9 system'®

Single seed decent?' 1941 {ﬂ}\ oy Maize genome sequenced'® ( 2009

—‘ AR iy
Reciprocal recurrent ~1946 NI [ ¢

\ \
selection 1949 Green il { | A .”\: Wheat genome sequenced'® ( 2017
revolution® [ N ¢

Ideotype breeding®* 1968 Late 1960s
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Cultivos: Mejoramiento vs. Optimizacion

- ¢Por qué hay que mejorar los
cultivos?

- "Acaso no estan bien”
- “Déjalo asi, ya lo vas a malograr”
= Terminologia:
- Mejoramiento de cultivos

- Optimizacion

ter Steeg et al. (2022): “El fitomejoramiento es el arte y la ciencia de cambiar la composicion
genética de las plantas para mejorar su utilidad economica para el ser humano.”
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Eventos climaticos extremos

 d e f e Variabilidad climéatica y climas
nature OO extremos
o Enlafrecuencia, intensidady
extension espacial
e Impacto directo en la agricultura

o Variabilidad interanual en los
rendimientos de los cultivos

o Riesgo a la seguridad
alimentaria mundial

. S e e Consideraciones

events

o Tecnologia agricola
m Cultivos tolerantes
o Infraestructura
" o Distribucion de la produccion
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Pera: déficit de lluvias

16 NOV 2022 | 22:46 h

SOCIEDAD Ila Repﬁblica
Senamhi

La sequia en la sierra seguira hasta
d ICIem bre Seg u n el Senamhl Sierra: octubre de 2022 registro un déficit de lluvias similar al

Falta de precipitaciones afecta a regiones del sur y centro. Esta anomalia tan octubre de 1976
marcada no ocurre desde el afio 76 y se debe al fendmeno de La Nifa. =

Jueves , 17 de Noviembre 2022 | 15:00

e Paro indefinido de transportistas EN VIVO: gremios contintian en protesta hoy, 23 de noviembre
* Minedu anuncia que seran nombrados todos los docentes gue aprueben el examen con el puntaje minimo

« El Servicio Nacional de Meteorologia e Hidrologia del Pert i) it que las iencias de lluvias istradas en la sierra del
s ] et 2 T Peru durante octubre de 2022 son parak en itud, con las idas en octubre 1976 en el contexto de un evento triple de
Sequia. En Puno, los campos estan secos y la siembra se ha postergado. Hay quienes incluso estan haciendo ofrendas a los La Niria en el Pacifico Central. Asimismo, en i del sur de Cuscoy la parte central y sur de Puno el mes de octubre de

apus pidiendo que llueva. Foto: difusion 2022 fue considerado como el mas seco de los dltimos 58 afios.
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Mejoramiento de cultivos para alimentar a 10 billones

nature biotechnology

Explore content v  Journal information v  Publish with us v

nature > nature biotechnology > review articles > article () Pa ra el 2050

Review Article | Published: 17 June 2019 O PObIaCién +25% = 1 O bi”ones
Breeding crops to feed 10 billion

Lee T. Hickey &, Amber N. Hafeez, Hannah Robinson, Scott A. Jackson, Soraya C. M. Leal-Bertioli, Mark [ LOS re n d i m i e ntos a Ctu a | es d e |OS
Tester, Caixia Gao, lan D. Godwin, Ben J. Hayes & Brande B. H. Wulff &3 C u ItiVOS SO n i n S Ufi C i e ntes

Nature Biotechnology 37, 744-754 (2019) | Cite this article

e Limitantes

HUMAN POPULATION
GROWTH CHART , ,
(including projections) e o Largo tiempo para mejorar los
MAN, HOPE | CAN... A ) o - cu IthOS
o Tabues en el uso de nuevas
tecnologias
%—- ;&wﬁnm m
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Acelerar el mejoramiento de los cultivos

Traditional Mutation Genome
breeding breeding editing
‘ Wild type

b gene

.

< . Unwanted

1 mutation

\q o\ Desirable

mutation

=)

.‘.. Spontar.leous Randf)m Precn.se
..‘. mutations mutations mutations
: | (>1,000 years) | (5-10 years) (2-5 years) J
Ancestral crop i ' i (—
loss of genetic genetic diversity
Guangbin Luo et al. (2022) diversity maintained
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Técnicas de mejoramiento

Modern cultivars
Loss of
pho(operiodism\ Determinant
- growth
10,000 yrs of domestication Artificial selection Loss of vemalization =

depend
(natural and artificial selection) (crop improvement) Loss of Sk

seed shattering

A Ancestral wild species

*
° *
& o _ * 2 No fruit
° B T NS abscission
* e O ok o ® & Y = \ -
. ® o0 © _ % : e % * ® ! * * * \ 1
CX b ¢ L S *x® @
*  * 0* ° *| k o ) -
° i * * Internode length 5
. teo AT /_ i
* o °% e, ®e "X o reduction “ ‘
) o, LEJ \ ‘
Wild species Early domesticates Modern cultivars 4 6{ :::z:::":f:; 7 c‘ologm‘
u
Loss of 3 size variation
dormancy

B C
Conventional breeding for crop improvement Genome editing assisted breeding

N
)I ) ]

’ Serles of back crosses (7-8 cycles) r:c:t:/?r?eattalrll:::l:;ra"s Phenotyplc selection
A\ -y
\
—_—
\ ™
A-50%
Elite cultivars - A B -50%
(stress susceptible) \
A-T75%
/ B -25%
X4 %%¢¢¢¢
B-12% B 02%

Genome Edmng pre-commercial k
. Modnfymg promoter testing
| + Creating allelic series 4
- + Disruption of target gene(s)
+ Remodeling protein
A-94% function
B -06% : gz s
Resistant source - B A-97% Exf:l?i?/aerme New lines with
Breeding line(s) :

B-03%

Improved trait(s)

Kumar et. al (2021)
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Fitomejoramiento: convencional vs métodos modernos

4 Nax1 Fhb1

|||I||| I 1/ WA ™" e e.g. mejoramiento para
VA A I R’ 4 % introgresion de 4 caracteristicas
Donor1 Donor2 Donor3 Donor 4 Elite variety

I!lh'l ] | / o preharvest sprouting (Phs-A1)
1l B,
lill

.

x

Z o wheat rusts (Lr34)

o fusarium head blight (Fhb1)

o salinity tolerance (Nax1)

e Tiempo usual > 8 afios

o Reduccién del tiempo con las
nuevas tecnologias

EAA M NN

Y

‘Super wheat with enhanced traits
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Speed breeding

. 7 . o o E."[y);ys posljanlr:s'I:wJ d F—— e  Sunlight HPS ‘ LED' Laser
Reduccion del tiempo de generacion  *, S Sl L | \ | ‘
de semillas | ol | S L

. : Embryo rescue j | 14: Early harvest i e
o Uso de fitohormonas =y |- S | T f =" g st

o Luces artificiales: LED vs LASER? e —_t / R e o

'dif Light intensity CO, enrichment
o Control del tiempo y temp. By ,

d 1. Heat-promoted growth

o Incremento de CO2

Y, para cultivos lefosos?

o Seleccidon gendmica W o
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Do you know where biotech crops are grown?

More than 30 countries have planted biotech crops since 1996. See where they were grown in 2019.

USA

is the largest producer
of biotech crops
in the world, planting
37.6% of global
biotech crop area

Mexico ——
Costa Rica
> Colombia ——
<@
Bolivia
10 countries
in Latin America Chile
planted biotech ii
crops in 2019 :
Argentina e

4¥

2.7 Billion g !

Biotech canola’s
adoption rate in
Canada reached

95%

Canada

v

USA
§as %'«

@

Honduras

Brazil

Portugal

| Spain

Nigeria

——

* -

Paraguay

—— Uruguay /,f

BRAZIL
is the top
developing country
in the world
planting

biotech crops

+< 17 MILLION

small, resource-poor farmers
and their families totaling

SPAIN :
is the leading . More than
country plantin;
biol;zhpmaizeg s M"-I-|°N
in Europe farmers in India
planted
11.9 million hectares
of Bt cotton
in 2019
Chma
@
I .
Pakistan ——— Vietnam
Sudan G
v — Philippines
——Ethiopia
India |- ~— Indonesia
.
Malawi Niyanmar
I Bangladesh -.
_South Africa
4 Eswatini
» MALAWI, Australia
ETHIOPIA, & : ?*
NIGERIA ;

planted Bt cotton
for the first time

>65 million people benefited
from biotech crops in 2019

S B
hectares of biotech crops g g 4 soybeans e Allalfa ¢ Eggplant Sri
planted since 1996 & Maize @ Papaya .= Sugarcane
& For more information
{} E::;: i:l:::oh }yy :':f::t:: on bif)tech crops, visit
Source: ISAAA, 2019, Global Status of Commercialized Biotech/GM Crops in % Sugar beets @ Apples o www'isaaa'org
2019. ISAAA Brief No. 55. ISAAA: Ithaca, NY.
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OGMs: Promesas rotas

G.M.O.s used

,,,,, Corn crop yield UNITED STA‘E;
’-—.
—
-
——
77777 .—-—_—‘"”’
o

" G.M.O.s not used

WESTERN EUROPE

10,000 Genetically modified

varieties introduced in
the U.S.

Russell & Hakim (2016)

Pesticide use in the United States

HERBICIDES

h/‘_\ s

INSECTICIDES AND FUNGICIDES

Pesticide use in France

FUNGICIDES

HERBICIDES
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Maiz: vigor hibrido

N
|
®

® Open-pollinated varieties o ©

—
o
I

ke

g O Hybrid varieties Q0 "

o 8 @ )
o

(l; (xs)o @)

- 20

S 6 |- CDOO o ®

o ®oo

(@)}

5 40 é@&)

Z

eRclo
2r 4'.%‘:5'4'%@ .
0 L L l l

1860 1880 1900 1920 1940 1960 1980 2000 2020
Current Biology

| | | J

Hochholdinger & Baldauf (2018)
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Mejoramiento por mutaciones

Wild-type lﬂi’,m, \
Selection (1)\¢ \@ \k ¥

Selection (2)\¢ \ﬁ

W W&
Selection (3) é \y \k’;
Ry, Wo s
Cultivar e s, o5
Selection (n)

E

v

Lx o \F
X
x|/ \

oF
‘ Aia%. \é E

Genetic variability

% I

Chemical/Physical/Biological/Genome editing

SR“JSE;
Ebeling et. al (2019)

Variability creation

Selection/Mutation

Genotype directly used
as a commercial cultivar
or in crossing blocks
for target traits transfer

detection techniques

e Desarrollo de cultivos por mutacién

O

©)

©)

O

Fisico
Quimico

Biologico

Edicién gendmica

e Fvitarla erosién de la diversidad

©)

Silvestre = mejorado
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Mejoramiento para el cambio climatico

=
leaner
: P i
Journal of Cleaner Production »f%ﬁf" b
b+ S8 " [ " 12
e\ o Volume 377, 1 December 2022, 134326 5000 o
ELSEVIER ik s
. . z ) 1 L
Breeding progress reduces carbon footprints of . **# *** douel || ‘ *
2 2
wheat and rye | 5 #-' * 1T
i :
| |
L. Riedesel 3, F. Laidig ®, S. Hadasch ®, D. Rentel ¢, B. Hackauf ¢, H.-P. Piepho , T. Feike * & =i g v
c b a f e d c b a f ed i h g Ik j
Line variety Line variety Population Variety Hybrid Variety Population Variety Hybrid Variety
Winter wheat Winter rye
a | " ] 12 [ " ] 2 C " 12 i 2

0. 0.
12 |
— - | |
o o |
< < i |
&= — g o o Bl S BN Bie g ol L | | |
b4 2 o o
2 2 2 2
=l = Y b4 i i a !
3 3 5 f ‘ 5 ‘
5 > 0 021 | | |
f e d c b a onm jkI ghi def fil ehkdgj c b a
0.04 0.04
Line variety Line variety Population Variety Hybrid Varlety Population Variety Hybrid Variety
a b a b b c
Line variety Line variety Population Variety Hybrid Variety Population Variety Hybrid Variety Farm # 100ha # 500ha # 1500ha

I1: Input intensities are given (without fungicide and with reduced growth regulator application) | I2: full pesticide application
Greenhouse gas emissions per unit land (GHGL) | Carbon footprint (CFP)
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Inteligencia Artificial (IA) en la agricultura

PhenoBtix Lab: field high-throughput

o Por |a neceSidad de analizar gran phno1$p\ingisreadyforaclose-up
cantidad de informacion = |

Phenomics

o Desarrollo de algoritmos
automatizados de evaluacion

Gy N
Théfmal IR \
sensor for early .
<diagnostics of trek healtii\

Genomics

e Asociaciéon de las caracteristicas
cuantitativas y cualitativas con o
analisis genéticos " - ammonae

Artifical

3DLIDAR scanner intelligence

for measuring tree height, & L E,OOI Qhenoty

o Estudios de asociacion
genémlca (GWS) Accelerate plant
breeding for

climate resilience

e Uso deimageny videos parala
extraccion de informacion Harfouche et al. (2019)

Trends in Biotechnology
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Retos y perspectivas
- No tener miedo a la nuevas tecnologias
- El problema no es el “qué” sino, el “cobmo”

- Promover el uso racional de los recursos
geneéticos

- Actitud proactiva con nuestros recursosy
la nuevas tecnologias

[l - Invertir en preparacion de recursos

humanos para nuestro pais
a%]"{-{]‘i\[—)E%hNO - Incentivar a las nuevas generaciones

N come ni de ja comer - Transferencia de conocimientos

<< Lope de Vega >> - Aprender idiomas
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