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The goals of biomolecular research in agriculture
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Complexity of
agricultural traits

Interactions

Among loci
With biological factors

Between genotypes and
environment/management

With microbiota
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Landmarks in Agrobiotech Research

Single Cell Genomics

. §Esssentem o5 -
allle | T T
kS wot ooy
3

4 &
. CRISPR / Cas9

%

Spatial Transcriptomics

Co-housing

rom weaning
Inoculation at H‘ ’“ ”
7-8 weeks of age ”

on days Oand 1

with 5€6 TCIDSO ” A i
PRRSV-L, subtype 2 ” ”

strain BOR-57

CONFERENZA GARR 2024

Alessandra Stella- IBBA-CNR Navigare la complessita



Big Data and Genetics
and Genomics

Technological advancements have enabled
scientists to generate, analyse and data at a pace
exponentially faster than 20 years ago

DNA technologies (and physics) leaded the data
revolution
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How genome sequencing works
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PacBio

e Long-read lengths

e High consensus accuracy

e Low degree of bias

e Simultaneous epigenetic
characterization

Oxford Nanopore
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e Ultra-long read lengths

* Real-time sequencing

® Low degree of bias

e Simultaneous epigenetic
characterization and
direct RNA sequencing

o Cost-effectiveness

* Scalability and portability

C
IHlumina
e — ]
T
|l.|.‘|' Library and
- Sequencing
|
—r
[ 5]
s mmm ®™sm Reads
N e B .
= L™
—— ) Assembled
Genome
e High throughput and speed

® Accuracy and reliability
e Scalable and versatile
e User-friendly and well
established technology
e Low cost per gigabase

Ermini e Driguez, 2024
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It’s all about diversity
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It’s all about diversity

Genetic variation is crucial

Within and across:

Species, subspecies,

varieties, breeds.... \(p
gl

Induced or created

Within a species, individual plants carry different genetic information,
which shapes the distinct characteristics of each individual

Why genetic diversity is crucial:

Alessandra Stella- IBBA-CNR

ADAPTATION RESILIENCE COMPLEX TRAITS
Genetic variation allows Diversity helps plant In breeding, genetic
plants to adaptto a species to withstand pests, diversity acts as the building
range of environments diseases, and varying blocks for enhancing
climate conditions complex traits
&) computomics®
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Exploring diversity: from Hapmap to Pangenomes

Pangenome assembly methods
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Constructing a pangenome is d resource-
intensive process, requiring petabyte-scale
storage, thousands of CPU cores, and
terabytes of RAM
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Finding causative variants or QTLs

bi-parental populations
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Exploring molecular mechanisms: Epigenetics
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UAV-based phenotyping

Exploring phenotyplc
variation
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Designing plant and livestock for the future

Phenomics & Enviromics

= o

Genomic Selectl'o,,

Vo

Machine Learning

¥¥¥¥¥y
CXrr NN -
¥V V¥V Visual data ~ ——— \\‘)@ Q@\ -
NN N2 NS X A
YYY¥YYYY 1[[
\ AR Y High-
%(: %.’V: 3,5 %‘; §|; 3(, yielding
ATTGCCCAAGATAATCACCAGATCTTATAGCTCGAT Data
— — classification
L _1CCCCA ) — Lracer )
e
e w— Abiotic
stress-
Pangenomes & SVs tolerant
Data L Image
processing recognition
vef .bed
_ Biotic
stress-
tolerant
Prediction
Genotype data oacls %‘S\
&
Gene Editing
Wild Domesticated
Crop Wild Relatives
Ciirrant Oninian 15 Plant Rials

Saad et al. 2022

Alessandra Stella- IBBA-CNR 13

A8 000A41

2545003041
505440441

38083043041

SRR

2800400404041

TRN
population
¢ 4 ‘\
2 |
J
T .

population >

I

breeding

i
4

CONFERENZA GARR 2024
Navigare la complessita



Dealing with data in agro-biotech

STORAGE
International Archives

Novel methods for data
representation

MEMORY and COMPUTING
ML Methods

Trans-disciplinary approaches
STILLA MAJOR LIMITATION 9
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