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The breeder’s equation
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Grain yield (bu/ac)

U.S. Corn Grain Yield Trends Since 1866
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5G: the molecular genetics tools in the
hew breeding

*Genome assembly

§ * Germplasm characterization
*Gene Function
* Genomic breeding
*Genome Editing
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Previous genome reference

New genome reference

c

AGGT

ATCGCG

Deletion



Strength of resenquencing
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Benefit to plant breeding from pangenomics
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% 1. Identify genes lost
Link structural during
variation to ——ep-  domestication
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MACHINE LEARNING

https://pmc.ncbi.nlm.nih.gov/articles/PMC8910360/
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Domestication of
wild tomato
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Genomic
breeding
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Genomic
breeding

gebriss

Sequence variation in “QTL-hotspoel” region
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climate change

a safe operating space
for humanity
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In a reaction catalyzed by Rubisco,
CO, combines with the 5-carbon
RuBP to produce 2 molecules of
3PG (3 carbons each}.

Hublscn SF"G

C, cycle

NADP*

CO, from the
atmosphere enters
the chloroplast.

HuBF—*/

ADP

e

6 The remaining five-sixths of 6 The presence of G3P
the G3P molecules undergo is a branch point in the
a series of ATP-requiring cycle. About one-sixth
reactions to regenerate of the G3P molecules
RuBP, which is now ready are used to synthesize
to accept another CO,. sugars (carbohydrates).




What is the maximum yield we may expect
for a crop?

Wh = S Ei Ec: d
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PHOTORESPIRATION PHOTOSYNTHESIS
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Radical soluti

* introduction of
perennialism into
annual crops

* de novo domestication
of wild, perennial
species.

Thinopyrum intermedium






Toward an ideal
carbon-capturing
crop plant.
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Methane emissions
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Read more at odi.org/agricultural-reform

Source: World Resources Report (Searchinger et al, 2019)
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SUSIBA rice

CH,

SUSIBAZ2
rice

-taycorh gl e Reduced total CH4
_ MIN emissions
Araratormatin e Less microbes involved in

CHA4 emissions

* Yield traits are
comparable or greater

* Decrease in soil organic C
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a safe operating space
for humanity
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DROUGHT-INDUCED
PROMOTER FROM A

kRESURRECTION PLANT

\/

XvSap, XvPrx2 and XvAld
ANTIOXIDANT GENES FROM
RESURRECTION PLANTS

TERMINATOR

Xerohyta viscosa




T, Dataseourtesy Dr Suhail Rafudeen,UC

Water Efficient Maize for Africa
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HB4

e First drought and salt tolerant soybean
In 2019.

 The gene responsible for the new
technology is HB4, = soybeans, wheat

* The seed is owned by Bioceres.

R
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HaHB4 (Helianthus annuus homeobox 4) 2> wheat


https://isaaa.us5.list-manage.com/track/click?u=90d9912fca3d624d294e24b28&id=79a763dfa9&e=319718784f
https://isaaa.us5.list-manage.com/track/click?u=90d9912fca3d624d294e24b28&id=14cc255224&e=319718784f
https://isaaa.us5.list-manage.com/track/click?u=90d9912fca3d624d294e24b28&id=23eb20d045&e=319718784f
https://isaaa.us5.list-manage.com/track/click?u=90d9912fca3d624d294e24b28&id=31b49bd0bd&e=319718784f
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Adoption of drought-tolerant corn increased between 2012 and 2016

D ro u g h t G a rd :’oe(r)cent of U.S. Corn Acreage

:g ~ |nsect resistant (Bt) /__ '
ol |= ge(;bic'i‘cti? otlc:eraln(t é;i;l') uesmnes : ;/ >
. roug ran '..'//, e
* Cold shock protein B gene - Z
e 40 A
— Gene CspB, from B. subtilis % I

20 T —

* CSBs act as RNA chaperones |

— Bind and unfold tangled RNA molecules

1 Note: The insect-resistant and herbicide-tolerant lines also include acreage plant-
to p ro m Ote n O r m a I fu n Ct I O n ed with stacked corn varieties. Stacked varieties contain both herbicide tolerance
(HT) and insect resistance (Bt).

Source: USDA, Economic Research Service (ERS), “Adoption of Genetically
Engineered Crops in the U.S." data product; ERS and USDA, National Agricultural
Statistics Service, 2016 Agricultural Resource Management Survey; and seed
company data.



CRISPR and drought resistance

ARGOSS8 negatively regulates
ethylene response

Overexpression = reduced
sensitivity to ethylene = higher
vield under drought

CRISPR-Cas to obtain ARGOSS8
with more active promoter 2
higher levels of ARGOSS in all
tissues

Higher level even under irrigation




The breeder’s equation

. N
l* r*6G i Selection intensity Genome breeding

r Selection Genome assembly
G A accuracy/reliability

L 0g Genetic variance Genome editing

Lg Length of breeding
cycle



“Sometimes | feel unease thinking
of the quality of data that are
driving breeding innovation in

maize”

(Maize breeder, private company, 2024)




“It's not-a fantasy. This.isn’t a
thing that:maybe in 25 years-will
be -happening;it’s happemng right

NOW."

J..Doudna on’Editing applied to-plants,2024




Some references

5Gs for crop genetic improvement (Varshney et al., 2020)

Guo K., YangJ., Yu N., Luo L., and Wang E. (2023). Biological nitrogen fixation in cereal crops: Progress, strategies, and perspectives.
Plant Comm. 4, 100499.

Sub1 Rice: Engineering Rice for Climate Change. Emerick K, Ronald PC. Cold Spring Harb Perspect Biol. 2019 Dec 2;11(12):a034637.
doi: 10.1101/cshperspect.a034637.

Farrant JM, Hilhorst H. Crops for dry environments. Curr Opin Biotechnol. 2022 Apr;74:84-91. doi: 10.1016/j.copbio.2021.10.026.
Epub 2021 Nov 19. PMID: 34808476.

Zhang K, Mason AS, Farooq MA, Islam F, Quezada-Martinez D, Hu D, Yang S, Zou J, Zhou W. Challenges and prospects for a potential
gk;l)lfbengcl)%igo%?ssica crop. Theor Appl Genet. 2021 Sep;134(9):2711-2726. doi: 10.1007/s00122-021-03845-8. Epub 2021 Jun 4.

Bohra A, Kilian B, Sivasankar S, Caccamo M, Mba C, McCouch SR, Varshney RK. Reap the crop wild relatives for breeding future
crops. Trends Biotechnol. 2022 Apr;40(4):412-431. doi: 10.1016/j.tibtech.2021.08.009. Epub 2021 Oct 8. PMID: 34629170.

Rewiring of the Fruit Metabolome in Tomato Breeding Cell, Volume 172, Issues 1-2, 11 January 2018, Pages 249-261.e12,
Guangtao Zhu et al.

Bhat, J.A., Yu, D., Bohra, A. et al. Features and applications of haplotypes in crop breeding. Commun Biol 4, 1266 (2021).
https://doi.org/10.1038/s42003-021-02782-y

Xiong, W., Reynolds, M.P., Montes, C. et al. New wheat breeding paradigms for a warming climate. Nat. Clim. Chang. 14, 869-875
(2024). https://doi.org/10.1038/s41558-024-02069-0

Li, H., He, Z. Warming climate challenges breeding. Nat. Plants 7, 1164-1165 (2021). https://doi.org/10.1038/s41477-021-00996-w

Farrant, J.M., Cooper, K., Hilgart, A. et al. A molecular physiological review of vegetative desiccation tolerance in the resurrection
plant Xerophyta viscosa (Baker). Planta 242, 407-426 (2015). https://doi.org/10.1007/s00425-015-2320-6

Koua AP, Siddigui MN, HeR K, Klag N, Kambona CM, Duarte-Delgado D, Oyiga BC, Léon J, Ballvora A. Genome-wide dissection and
haplotype analysis identified candidate loci for nitrogen use efficiency under drought conditions in winter wheat. Plant Genome.
2024 Mar;17(1):e20394. doi: 10.1002/tpg2.20394. Epub 2023 Oct 25. PMID: 37880495.

Lu, Y., Xu, J., Yuan, Z. et al. Comparative LD mapping using single SNPs and haplotypes identifies QTL for plant height and biomass
as secondary traits of drought tolerance in maize. Mol Breeding 30, 407-418 (2012). https://doi.org/10.1007/s11032-011-9631-5



https://doi.org/10.1038/s42003-021-02782-y
https://doi.org/10.1038/s41558-024-02069-0
https://doi.org/10.1038/s41477-021-00996-w
https://doi.org/10.1007/s00425-015-2320-6




	Diapositiva 1: Il contributo della genetica alla soluzione dei problemi ambientali causati dall’intensificazione colturale
	Diapositiva 2: “I DON’T BELIEVE IN DNA”
	Diapositiva 3
	Diapositiva 4: The breeder’s equation
	Diapositiva 5
	Diapositiva 6: 5G: the molecular genetics tools in the new breeding 
	Diapositiva 7: Genome assembly
	Diapositiva 8: Pangenome graph
	Diapositiva 9: Strength of resenquencing
	Diapositiva 10: Benefit to plant breeding from pangenomics
	Diapositiva 11: Domestication of wild tomato
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14: Genomic breeding
	Diapositiva 15
	Diapositiva 16: Genomic breeding
	Diapositiva 17: The planet boundaries & biotech
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23: What is the maximum yield we may expect for a crop?
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26: The bypasses:  less photorespiration, more CO2
	Diapositiva 27
	Diapositiva 28: Radical solutions
	Diapositiva 29
	Diapositiva 30: Toward an ideal carbon-capturing crop plant. 
	Diapositiva 31: Methane emissions
	Diapositiva 32: Sustainable rice intensification (SRI)
	Diapositiva 33: SUSIBA rice
	Diapositiva 34
	Diapositiva 35
	Diapositiva 36
	Diapositiva 37: HB4
	Diapositiva 38: DroughtGard
	Diapositiva 39: CRISPR and drought resistance
	Diapositiva 40: The breeder’s equation
	Diapositiva 41: “Sometimes I feel unease thinking of the quality of data that are driving breeding innovation in maize”
	Diapositiva 42: “It’s not a fantasy. This isn’t a thing that maybe in 25 years will be happening; it’s happening right now.”
	Diapositiva 43: Some references
	Diapositiva 44

