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Potential impact

Likelihood

Mitigation/adaptation
Practices

Temperature

Precipitation

Air

Cold periods becoming warmer and
shorter; over most land areas, days and
nights becoming hotter.

Heavy precipitation events increasing in
frequency over most areas.

Drought-affected area increases.

Intense tropical cyclone activity increases.

CO,-induced warming resulted in rising of
sea levels (excludes tsunamis).

Positive impact on crop yields in cooler
environments particularly northern
hemisphere countries, but it is likely to be
either offset or severe reduction in warmer
environments (tropical and sub-tropical),
increased outbreaks of new insect pests and
pathogens resulting in potential impacts on
crop production; change in the life cycle of
bees, and as consequence, in pollination
and plant fertility.

Damage to crops; soil erosion; inability to
cultivate land owing to waterlogging
of soils.

Land degradation and soil erosion; lower
yields from crop damage and failure; loss of
arable land.

Damage to crops; change in the normal life
cycle of pests and diseases, changes in the
spatial distribution of weeds such as Striga
hermonthicat in cereals.

Salinization of ground water in coastal area,
estuaries, and freshwater systems; loss of
arable land due to inundation of low-

lying area.

Virtually
certain

very likely

Likely

Likely

Likely

Crop management practices:
Ecosystem-based integrated nutrients
(soil) and pests (diseases, insect-pest
and weed) management approaches
such as conservation agriculture,
alterations in cropping patterns and
rotations, crop diversification, mulch
cropping, cover cropping, organic
agriculture, irrigation management
and land fragmentation among others.

Crop improvement practices:

v increased access to high-quality
seeds/planting materials of
adapted varieties,

v closing of yield gap in developing
and least developed countries
through rapid integration of new
genomic technologies and

v development of improved site-
specific crop varieties
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RAPD AFLP SNP
Inheritance Dominant Dominant/Co-dominant Co-dominant Co-dominant
Genomic abundance High High Medium to high Very High
DNA quantity required Low Medium Low Low
DNA quality Lower than AFLP Higher than SSR Lower than SNP High
No. of polymorphic loci 1.5-50 20-100 1.0-3.0 Thousands
Reproducibility Low High High High
Accuracy Very Low Medium High Very High
Development effort Very Low Low High High
Development cost Low Medium High Low
Running cost Low Medium Low Low
Automation High Low High High

RAPD, Random Amplification of Polymorphic DNA; AFLP, Amplified Fragment Length Polymorphism; SSR, microsatellite or Simple Sequence Repeat; SNP, Single Nucleotide Polymorphism.
The number of polymorphic loci refers to the total count of loci that are polymorphic.
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System

CRISPR/Cas9

Editing efficiency

Multiplex Editing

Deliver efficiency into plant cells

Off-target effects
Side effects

Low regeneration rates lead to
high chimerism

Generation of transgene-free plants

Activation of gene expression

Precision

Epigenetic modifications

Use of double-haploid technology

Regulations

Possible solutions

Increase CG contents in the sgRNA by selecting
sgRNA with high CG content

Use of native U6 promoters

Use of Cas12a/b proteins to extend CRISPR
usage scope

Use of fluorescent labelling
Usage of PTG/Cas9 system
Use of multiplexed tRNA-gRNA2.0 system

Use of vector-mediated and nanoparticle delivery
systems; use of cut-dip-budding delivery system in
herbaceous and woody plants; use of merismatic
and plant germlines

Use of engineered precision variants of Cas9,
Casl12a and deaminases; use high-fidelity Cas9

Segregation, field evaluation

Use of adventitious regeneration protocols; use of
chimeric genes

Use of lipid transfection, viral vectors, delivery of
components directly as functional sgRNA and
Cas9 protein

Stabilization of donor DNA and CRISPR system
through the introduction of 5’-phosphorylated
double-stranded oligodeoxynucleotide (dsODN)

Use of base editor tool

Improve the efficiency of the primer editor
for usage

Use of more efficient epigenome editors

Higher production of haploids

Non-integration of foreign DNA/RNA into the
target site

Reference

Ren et al. (2019)

Long et al,, 2018; Zhou et al,, 2018; Ren
et al,, 2021; Zhang et al.,, 2022

Ming et al,, 2020

Ali et al,, 2023

Wang et al., 2018b

Pan et al, 2021

Laforest and Nadakuduti, 2022; Wang
et al.,, 2022b; Cao et al,, 2023; Ali

etal, 2023

Zhang et al,, 2019; Jin et al, 2020a; Chen
etal, 2017

Discussed below (This work)

Malabarba et al., 2020; Pan et al., 2022b

Mahmoud et al., 2022; Ma et al., 2020;
Pompili et al., 2020

Lu et al, 2020

Gao, 2021

Chen et al., 2021; Nelson et al., 2022

Wilson et al., 2020

Zhong et al., 2019a; Kuppu et al,, 2020;
Gao, 2021

Wang et al. (2022¢)
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c.  What breeding materials are
available?
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