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El Desafio de la Seguridad Alimentaria

 ElI rendimiento
incrementarse ~6
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Incremento necesario hasta 2050 ~2,4% ano!
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Existe consenso internacional que la
alternativa para lograr la seqguridad
alimentaria es el incremento del rendimiento
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El mejoramiento
genetico como
motor del
incremento del
rendimiento, en
un contexto de
cambio climatico
y sostenibilidad
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endimiento (t/ha)

N

El incremento del indice de cosecha fue la principal
causa del aumento del rendimiento

Argentina

r=0.95; p<0.001

(Calderini et al., 1995a)
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2.0
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1.0 r=0.93; p<0.001 r=0.68; p<0.05
(Siddique et al., 1989b) 5 (Hucl & Baker, 1987)
20 25 30 35 40 30 35 40 45
5
Italia g Inglaterra

Chapter Wheat Breeding: Calderini et al. (1999)
Wheat Ecology and Physiology




Cambios en la particion de biomasa de cultivares
argentinos liberados en distintos anos

Ano de Rendimiento Tallos
liberacion (g m2) (g m2)
1920 319.9 839.1
1990 649.1 496.4

Diferencia

Calderini et al. (1995)
Plant Breeding




Determinantes fisioldgicos del impacto del
mejoramiento sobre el rendimiento potencial
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Cultivos como trigo ya estan en la altura
optima

Alilirareptima

Rendimiento

Altura de planta (cm)

Richards (1992)
Miralles and Slafer (1995)



Particion de Biomasa Aerea en Trigo

Austin et al. Austin et al. Shearman et Consort The best DH
(1980) (1980) al. (2005) Herefordshire, UK
(4 most (Theoretical (4 most modern (Mean 1996/1997 (Mean S1 and S2)
modern cvs.) Maximum HI) Cvs.) and 1997/1998)
Crop
component g m2 % g m2 % g m2 % g m?2 % g m2 %
Grain 707 49 895 62 888 @ 1,103 1,556 @
Chaff 143 |10 181 13 171 195 329 @
Leaf lamina 139 |10 139 10 151 @ 183 @ 273 @
Stem+sheaths 453 | 31 226 15 536 490 @ 783 @
Biomass 1,442 - 1,141 - 1,746 - 1,971 - 2,941
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Adaptado de Foulkes et al. (2015)
Crop Physiology: Applications for
Genetic Improvement and Agronomy 2". Edition

Calderini et al.
(data not published)




El mejoramiento genético en distintos paises

Espana

Toas™ 0.96 (p< 0.01)

Australia fooe™ 0.92 (p< 0.01)
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Year of Release



El mejoramiento genético en distintos paises

Argentina

:
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Aproximaciones al Rendimiento

 Rendimiento = NUmero de granos m2 x PG promedio

e Rendimiento = Biomasa x Indice de Cosecha



Relacion entre el rendimiento y el numero de granos
en trigo, cebada y triticale

Rendimiento (t ha)
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R =0.95
0 10000 20000 30000

Numero de granos (m)

CROP PHYSIOLOGY
U 1 bk iew ot Mafewr i

M
|

Chapter Wheat: Slafer et al. (2021)
Crop Physiology: Case History for Major Crops
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Field Crops Research

joumal homepage: www.elsevier.com/locate/fcr

Critical developmental period for grain yield and grain protein 4
concentration in lentil

Lachlan Lake™*' Diego Godoy Kutchartt %1 Daniel F. Calderini”, Victor O. Sadras®

* South Australian Research and Development Institute, and School of Agriculture, Food and Wine, The University of Adelaide, Waite Campus, Australia
® Institute of Plant Production and Protection, Universidad Austral de Chile, Valdivia, Chile

Darwin (1859) observed “..very trifling changes, such as a little more
or less water at some particular period of growth, will determine
whether or not the plant sets a grain”. This notion of a critical devel-
opmental period has become a physiological paradigm, with agronomic
practices seeking to reduce the likelihood of stress in the more sensitive
stage for yield (Flohr et al., 2017; Lake et al., 2021).



Evolucion floral en trigo

Spikelet primordia e PRI (el of proximal floret
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Spikelets Floret within the spikelet Spike st Girain set,

within the b anthesis ’::I“ h:‘\:‘

9  Latc degencration (commonly
in imermediate florers)

Early degeneration (commaonly in distal florets)

Ferrante et al. (2010)
Journal of Experimental Botany



Trade-off PG-NG

El incremento del rendimiento en trigo y otros cultivos se
enfrenta a un trade-off entre el peso el numero de los granos

80 -
, . 70 -
Otras evidencias de
trade-off en trigo: 60 69
Molero et al. (2019); Rivera- _ 930 -
Amado et al. (2019) § e
'E 30 A
L 0.0011x 4 e
20 { Vrtos reoeer ! O Valdivia (Chile)

10 1 |y=-0.0023x+78526' () Ciudad Obregdn (Mx)
I R?2=0.74 P<0.001 ,

0 5000 10000 15000 20000 25000 30000
GN (#/m2)

Quintero et al. (2018)
European Journal of Agronomy



Trade-off PG-NG

Grain G2
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Trade-off PG-NG

Granos distales
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Intentos de Incrementar el
Rendimiento de Trigo Mediante
el Aumento del Peso de Grano



Rendimiento, numero de granos y peso
de granos en cultivares de trigo chilenos

Genotipo Rendimiento Numero de Granos Peso de Grano
(Mg ha) (N2 m=) (8)

Impulso Baer 10,0 20.818 47,9
Fritz Baer 10,5 15.200 68,8

A. Arenas (datos no publicados)



Trade-off PG-NG

Kernel Weight (Y =97.5 + 4 5*Cycle, r’ = 0.08)
Kernels per Spike (Y = 100.0 - 1.6*Cycle, r =0.83)
Tiller Number (Y = 100.] - 2.4*Cycle, = 0.91)
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Trade-off PG-NG

Table1 Mean thousand grain weight (TGW), yield and grain morphometric parameters of 5A near isogenic lines (NILs)

Year Genotype TGW (g) Yield (kg pef plot) Grain area (mm?) Grain length (mm) Grain width (mm)
2012 5A— 38.027 4.408 18.755 6.625 3475
5A+ 41554 4.437 19.930 6.900 3557
9.28%%** 0.66%"™ 6.26%"*** 4.15%%** 235%°%*
2013 5A— 40.772 6.157 19.969 6.705 3.674
5A+ 43544 6.159 20.979 6963 3727
6.80%*** 0.02%"™ 5.06%*** 3.86%*** 1.44%***
2014 5A— 47368 6.495 21.493 6.798 3.930
5A+ 50.729 6.636 22579 7.063 3979
7.09%%** 2.17%* 5.05%%** 3.90%*** 1.25%%*
2015 5A— 42734 7.582 18.044 6.426 3.479
5A+ 46201 7.712 19.293 6.730 3554
8.11%%** 1.72%"™ 6.93%*** 4.72%%** 2.16%***
2016 5A— 49292 5.974 19.829 6580 3735
5A+ 51266 6.064 20.610 6.816 3.745
4 00%* Q%™ 3.94%%* 3.58%%** 027%™
6.123 19.618 6.627 3.659
20678 6.894 3712
6.92%%** 5.41%°%** 4.04%%** 1.45% ***

"Percentages (%) indicate amount gained in 5A+ NILs compared with 5A— NILs. Asterisks indicate significance determined by ANOV A for either each
year, or across all years (final row). ns, nonsignificant; *, P<0.05; **, P<0.01;***, P<0.001; 2012-2013, BC,-NILs; 2014-2016, BC,4-NILs.




Milner em_LBMCHantB.faﬁogy (2021) 21:524 BM C Plant Bloloy

hittpsy//doi.org/10.1186/512870-021-03294-x

RESEARCH Open Access
®

Ectopic expression of TaBG1T increases
seed size and alters nutritional characteristics

of the grain in wheat but does not lead
to increased yields

Matthew J. Milner’, Sarah Bowden, Melanie Craze and Emma J. Wallington
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Fig.3 Comparison of seed length and width in TaBGI-A overexpression lines. A Ten seeds from the three independent TaBGI-A overexpression
lines aligned to show differences in length and width relative to WT Felder. Scale bar = 1 cm. B Average grain length in three independent TaBG1-A
over expression lines relative to WT Fielder. C Average grain width in three independent TaBG1-A overexpression lines relative to WT Fielder. * =p
val. < 0.05, *** = p val. <0.001 relative to WT Fielder




Consideraciones para
entender la determinacion del
peso de grano en trigo y los
genes que la controlan



TABLE 1 | QTLs for grain weight and size identified by all thres mapping methods in the Jing 411/Hongmangchun 21 RIL population.

Trait  QTL Physical Representative No. of Mecthod®  Peak Position (cM)  LOD or P-valued  PVE® (%)  Additive Effect
Interval (Mb)® Marker Environments

Citgw.ahau-18.1 648.1-652.1 b ICIM 164.0-185.0 327438 5480 Nowel for TGW;
164.6-185.4 274542 3563 Coui et al, 2014
MNWWIRA 187.2 0.00 19.8 [KNS)
2D-5137 ICIM 60.0-62.0 3276545 8285 203 Liw et al., 2018
61.5 352 5.0 1.94
MNWWIRA 61.3 0.00 30.4 3.34
ICIM 340440 505-14.74 9.6-20.3 1.97-4.77
435 2567-3.70 1.9-356 1.93-2.09
MWIN 35.0 0.00 i7.8 413
IS 115.0-116.0 3.37-10.25 5.2-23.2 1.47-3.26
115.2-116.2 2.80-8.63 26150 1.63-3.10
MNWWIRA 1156.2 0.00 a3is 5.72
B77.7-679.6 ICIM 73.0 432 B2 1.80 Lietal, 2019
733 286 ar 1.96
MNWVIRA 734 0.00 181 3.82
Qgw.ahau-20.32 2D-5137 ICIM 62.0 835 14.0 0.09 Liwat al., 2018
60.5 498 14.7 010
MNWVIRA 60.6 0.00 28.7 012
Ogw.ahau-48.32 ICIM 116.0 4211427 11.0-20.7 0.06-0.10
116.2 3447 8.1-26.0 0.09-0A47
NWWIRA 116.2 0.00 342 047
gl ahau-24. 18 ICIM 106.0-107.0 6.54-8.96 13.8-1565 0.21-0.25
103.6 6.42 10.4 0.22
MNWWIRA 211.0 0. B85 0.25
Markar 13172883 ICIM 6.0 5.16-16.88 6.5-18.0 0.14-0.22 Garcia et al., 2019
6.3-7.2 4.75-3.68 2153 0.12-0.20
MNWVIRA 6.4 0.00 1.9 0.19
676.8-678.2 ICIM B0.0-86.0 3.11-5719 4858 0.12-0.14 Lietal, 2019
838.0 347 1.7 0.1
MNWVIRA 91.8 0 i 0.22
ICIM 123.0 3.75-15.88 9.7-22.8 0.17-0.38 MNowel for GL;
1228 559 6.3 0.22 Wang et al., 2017
NWWIRA 63.2 0.02 a5 0.20 [KMNS)
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Nimero de granos m2
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Ugarte, Calderini & Slafer (2007)
Field Crops Research
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Kino et al. BMC Plant Biology ~ (2020) 20:170

https:/doiorg/10.1186/512870-020-02375-7 BMC Pla Nt BiOIOgy

RESEARCH ARTICLE Open Access

High post-anthesis temperature effects on 9‘,
bread wheat (Triticum aestivum L.) grain o
transcriptome during early grain-filling

Richard I. Kino', Till K. Pellny?, Rowan A. C. Mitchell’, Asier Gonzalez-Uriarte** and Paola Tosi™

Hierarchical clustering and gene ontology analysis resulted in the identification of a number of genes
implicated in the regulation of cell wall expansion, predominantly expressed in the pericarp and significantly down-
regulated under high p.a. temperatures, including endoglucanase, xyloglucan endotransglycosylases and a -
expansin. An over-representation of genes involved in the ‘cuticle development’ functional pathway that were
expressed in the pericarp and affected by high pa. temperatures was also observed.

Table 1 Knetminer output of the ten highest relevance scores of genes from pericarp specific cluster 2 cross-referenced with the
search term “cell wall'. *Unknown protein encoded.

Protein encoded

Accession number

Gane names Protein Function

TRIAE_C342_4AL_TGACY] 289281 AADS63300 Endoglucanase oell wall assembly

GLUZ/KOR3

> ——————
TRIAE_C542 405 _TGACY] 363058 AATIS3220 GLUZKORI Endoglucanase ( el wall aswmbrg ) 5488
A
TRIAE_CS42_4B5_TGACVI_3300Z7_AANIDSS40  GLUZMORI  Endoglucanase gell wall azsembh 537.96
TRIAE_CS42_TOL_TGACY] S03404_AAMEICN  XTHIT Xylaghiean eell wall reconstruction and W 24543
endotramglucosylase e
TRIAE_C342_TAL TGACY] 535004 AATTS2680  ¥TH Xyloghican oell wall reconstruction and @ 23403
endotransglucosylase
TRIAE_CS42_IDL_TGACY]_062395_AADZI3780  NIF1-2 MNod26-lie-intrinsic- facitate water tranzport in and out of cells 12299

PO AQUIDONN e

TRIAE_C542_BAS_TGACWI 485265 AAIS42080 ENPES Beta-expanzin ( facitate cell wall expansion )

TRIAE_CS42_34L_TGACV]_195682_AADE52630

proling rich protein spacify cell-type specific wall structuras

TRIAE C542 U TGACY] B41891 AAZ10670 Pas? nia* Ivohsed In cell division and differentiation 47.37




Estrategias para quebrar los
trade-off e iIncrementar el
rendimiento



Llamado de NIAB para propuestas de transformacion
de Arabidopsis, Trigo y Cebada

Community Resource for Wheat Transformation

Wheat transformation to increase grain yield and industrial
quality by improving kernel weight

Simon McQueen-Mason & Daniel Calderini

We propose to overexpress wheat ExpA 6, using the previously characterized
gene promoter. A common feature of this diverse group of genes is that their
expression is restricted to the developing kernel but not to the embryo, leaf, root
or shoot as the transcription was found restricted to the endosperm, aleurone
and pericarp layers in developing kernels. The expression was confirmed later in
aleurone and endosperm tissues and in endosperm and pericarp at very early
stages (3—9 DPA) of kernel development.



2 New N
=~ Phytologist Research

Overcoming the trade-off between grain weight and number in
wheat by the ectopic expression of expansin in developing seeds
leads to increased yield potential

Daniel F. Calderini' (), Francisca M. Castillo"* (%), Anita Arenas-M"? (3}, Gemma Molero’ (),

Matthew P. Reynolds® (), Melanie Craze" (), Sarah Bowden" (3}, Matthew J. Milner* (), Emma J. Wallington* (),
Adam Dowle’ (), Leonardo D. Gomez’ {5) and Simon J. McQueen-Mason’ (1)

'Institute of Plant Production and Protection, Universidad Austral de Chile, Campus Isla Teja, Valdivia 5090000, Chile; “Institute of Biochemistry and Microbiology, Faculty of Sciences,
Universidad Austral de Chile, Valdivia 5090000, Chile; *International Maie and Whear I provement Center (CIMMYT), El Batdn, Texcoco CP 56237, Mexico; “NIAB, 93 Lawrence Weaver
Road, Cambridge, CB3 OLE, UK; *CNAP, Bialogy Department, University of York, Wentworth Way, Heslington, York, YO10 5YW, UK
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Table2 Grain yield (GY), grain number (GN), and average grain weight (GW) per square metre of main stems, secondary tillers, and total in transformed lines and the control recorded in the field

GW (mg) GY(gm?) GN (m™?) GW (mg)

experiment at regular plant density of 300 m 2.

Wheat line Mean SEM  Mean

Line 4 11124 ns 47.1 sese 13148ns 42.7 ** i 24272ns 814 44.8**
Line 1 12533 * 425ns 12836ns 40.2ns v 2 25369ns 1803 413*
Line 2 A 10756 ns 433 ns 11627 * 40.7 ns . 22382ns 1684 419ns
Line 3 459 ns 11520 ns 39.8ns 12709ns 352 A 24229ns 1572 37.4ns
Control 4941 10781 40.6 13513 39.1 h 24294 724 398
ANQVA (P 0.270ns 0.019** 0.379ns 0.010** |

S\ ALLLE N 092* () 1S () () e

ANOVA P-value and relative difference (%) for each trait between line 4 and the control is shown at the bottom of the table.
All data are shown as mean and SEM. Control line corresponds to spring wheat cv Fielder that has undergone the same tissue culture process as the transformed lines. The phenotype data of each
line was compared with control using Fisher's least significant difference test post hoc; asterisks indicate significant effects: *, P <0.10; **, P< 0.05; ****, P <0.001; ns, not significant.
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Unleashing floret fertility in wheat through the
mutation of a homeobox gene

Shun Sakuma®*®“?', Guy Golan?, Zifeng Guo®, Taiichi Oiawa", Akemi Tagiri®, Kazuhiko Sugimoto™f,
Nadine Bernhardt?, Jonathan Brassac®, Martin Mascher ", Goetz Hensel", Shizen Ohnishi", Hirorp_bu .Iinnol,

Yoko Yamashita', Idan Ayalond, FAT] Pelegd, Thorsten Schnurbusch"'"“, and Taka

*Agrogenomics Research Center, National Institute of Agrobiological Sdences, 305-8602 Tsukuba, Japar;
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CONVENIO FINANCIAMIENTO PROYECTO FONDECYT REGULAR 2021

AGENCIA NACIONAL DE INVESTIGACION Y DESARROLLO-FONDECYT/INVESTIGADOR(A)
RESPONSABLE/INSTITUCION(ES) PATROCINANTE(S)

En Santiago de Chile, 2 05 de marzo de 2021, comparecen, por una parte, la Subdirectora de Proyectos
de Investigacion de la Agencia Nacional de Investigacion y Desarrollo, en adelante la Agencia, que se
individualiza al final del presente instrumento, en representacion de esta entidad domiciliada para estos
efectos en calle Moneda 1375, comuna de Santiago, y, por la otra parte, el(la)Investigador(a)
Responsable y la(s) Institucion(es) Patrocinante(s) que se individualizan al final del presente convenio,
quienes acuerdan lo siguiente:

PRIMERO: ANTECEDENTES DEL PROYECTO

La Agencia declara que en el Concurso Nacional de Proyectos FONDECYT Regular 2021 ha sido aprobado
el proyecto N°1211040 (Anexo N°1), titulado: "UNRAVELLING THE MECHANISMS CONTROLLING
THE TRADE-OFF BETWEEN KERNEL WEIGHT AND GRAIN NUMBER TO IMPROVE YIELD AND
CROP ADAPTATION OF WHEAT", con una duracion de 4 anos, por un monto total de $240.900.000,
como se indica a continuacidn:




MUTUAL NONDISCLOSURE AGREEMENT

THIS MUTUAL NONDISCLOSURE AGREEMENT (“Agreement”) 1s entered mto on the day

thelastPaxtyto sign it s:gns it, (“Effective Date™), by and between (1) Bioceres QopSoImQup (BCP),
_havmg offices at Ocampo 210bis, 2000, Rosano, Santa Fe,

Ch), a nonprofit educational corporation having offices at

Jnivers: vﬂkﬂNmk)abodymcorpmtedenglandand
Wales by Royal Charter with reg;stmuon number R

York, YO10 5DD, United Kingdom; and (1v) anle'AB 93, Lawrence Weaver Road, Cambridge, CB3
OLE, United Kingdom. Collectively BCP, UACh, UYork and NIAB may also be referred to as the “Parties”

andmdmduallyasa “Party.”

RECITALS:

WHEREAS, BCP, UACh, UYork and NIAB are each engaged in research and development of
wheatstimtoveracpmssexpansxononlymgramsmmgapmmoterwchasﬂmtusedmCaldenmetal

(2020)' by genetic engineering or by gene editing to mcrease gramn weight and crop yield,

WHEREAS, BCP, UACh, UYork and NIAB each have expertise and mformation mn their
respective research areas which they each desire to retain as confidential and proprietary; and

WHEREAS, the Parties desire to enter into discussions and possibly a business arrangement to
carry out research activities;

NOW, THEREFORE, in consideration of the promises and covenants hereinafter contained and
other good and valuable consideration the receipt of which 1s acknowledged, the Parties agree as follows:

1.  “Purpose” shall mean the disclosure between the Parties of their respective Confidential
Information under terms that wall protect the confidential and propnetary nature of such mnformation, and
thereby allowing the Parties to discuss possibly entering into and actually carrying out business and research
activities in the area of mncreasing grain weight and yield mwheat .




GN TGW Grain protein
(10°m?) Change (%) (@) Change (%) (%) Change (%)
Wheat Va C 21 +2 a - 64.2 + 21 - 105 + 0.2
S 20 +1a 5.7 §9.1 £ 08 -1.9 106 = 0.2
HT 24 +1a 13.6 60.6 + 0.4 5.6 110+ 02

Specie Expt. Treatment

04
43
23 t1a 6.9 §9.0+ 13 a
Cc 19 +3a - 56.6 + 0.7 a - 128 + 05
S 16 + 1 a -19.7 50.0+100Db -11.6 144 + 14 12.7
b
c

a
a
a

8.0 108+02a 2.1
a
a
a

HT 16 £1a -23.8 49.7 £+ 26 -12.1 130+ 04 1.7

S+HT 13 +1a -329 429 + 09 -24.2 147+ 10 a 15.0
Mean * standard error of mean. Different letters indicate significant differences between treatments within each expenment (p<0.05)

GN TGW Grain oil Grain protein
(10°m™)  Change (%) (] Change (%) (%) Change (%) (%) Change (%)
Rapeseed Va C M3 £ 17a - 29+£01 a - 482 £ 02 a - 179 £ 05 a -

219 =+ 19b -31.6 3.6+£01 bc 24.4 482 +£03 a 0.0 189 +£03 a 5.5
270 + 24 ab -14.2 33201 b 12.2 484 £ 01 a 04 188 £+ 03 a 5.1
194 = 24b -39.5 4201 ¢ 42.7 481 03 a 0.1 196 £ 05 a 9.5

a a

a a

a a

b a

Specie  Expt Treatment

151 £ 11a - 3.2+ 01 . 439 £ 0.7 - 219x06¢c .
97 £ 10b -36.1 3.7+£01 13.5 408 £ 1.1 71 244 £ 07 ab
125 £ 15ab -17.1 3.2 01 0.4 43515 0.9 2612k 3.1

116 £ 11 ab -23.2 24+£03 =246 404 £1.0 8.1 251+08a
Mean + standard error of mean. Different letters indicate significant differences between treatments within each experiment (p<0.05)




CONCLUSIONES

La seguridad alimentaria, el cambio climatico y Ila
sustentabilidad son los mayores desafios de la agricultura del
siglo 21

Para incrementar el rendimiento de trigo existen frade-offs que
no son simples de quebrar y no los conocemos en profundidad

La superposicion en la determinacion del numero y el peso de
los granos entre bota y 10 DDA podria ser clave para rompera
el trade-off

Puede haber algunas alternativas para incrementar los
rendimientos complementando e integrando conocimientos de
distintos niveles de organizacion (biologia molecular, genética,
fisiologia y agronomia)

La comprension de la resiliencia que experimentan diversos
cultivos en el sur de Chile nos podria proveer herramientas para
lograr la adaptacion de los cultivos al cambio climatico
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Estrategias para incrementar el rendimiento de
trigo quebrando el trade-off entre el peso vy el
numero de granos
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Relacion entre el numero de granos y el
cociente fototermal en trigo
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Relaciones Funcionales con el Numero de Granos en Trigo
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