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New variety for testing

Figure 1 | The central dogma of plant
breeding. The crop improvement cycle is
repeated for several generations until the breeder
is satisfied with the product and releases a new
variety for testing. In modern agriculture,
hundreds of varieties are released each year and
very few of these end up in the market place.

Dani Zamir (2001); Nature Rev Gen 2: 983-989
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The Nobel Prize in Chemistry 2020

The Royal Swedish Academy of Sciences has decided to award the Nobel Prize in Chemistry 2020 to

7 October 2020

Jennifer A. Doudna

University of California, Berkeley, USA

Emmanuelle Charpentier

Max Planck Unit for the Science of Pathogens, Berlin, Germany
“for the development of a method for genome editing”

Genetic scissors: a tool for rewriting the code of life

* In plant breeding, researchers can give plants
specific characteristics, such as the ability to
withstand drought in a warmer climate.
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The CRISPR/Cas? genetic
scissors

When researchers are going 10 edit a genome using
the genetic scissors, they artificiatly construct a guide
RNA, which matches the DNA code where the cut is 1o
e made. The scissar protein. Cas?. forms a compiex
With the guide RNA, which takes the scissors to the place
in the genome where the cut will be made.

GUIDE RNA

Clustered Regularly Interspaced Short
Palindromic Repeats/CRISPR-associated

proteins

QO™

-
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GENOME
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Researchers can aliow the cell itsel! 1o repair the cut
in the DNA. In most cases, this leads 1o the gene's
PUNCTIon being urned off

L.

ERROR-PRONE REPAIR

©Johan Jarnestad/The Royal Swedish Acadermy of Sclences
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If the researchers want 1o insert. repair or edil a
gene. they can specially design a smatl DNA
temptate for this. The cell witl use the template
when it repairs the cut in the genome, 50 the code in
the genome is changed

ﬂ FOR REPA
FOR REPAIR
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INSERTED DNA
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Figure 7 - The types of changes that CRISPR and similar genome editing tools can introduce in

the DNA
The unedited sequence CGTAGTCCGTGGATCGGATCGTTGACAACTCGAA
Delete afew letters of DNA CGTAGTCCGTGGAT....TCGTTGACAACTCGAA
Insert a few DNA letters CGTAGTCCGTGGATCGG I GATCGTTGACAACTCGAA
Change one or a few letters CGTAGTCCGTGGATIGGATCGTTGACAACTCGAA
Replace one gene with other version CITAGTCCGTCGATCGGATCGAAGACAACTCGAA
Insert a complete gene at desired location CGTAGTCCGTGG - gene X - ATCGGATCGTTGACAACTCGAA

EPRS | European Parliamentary Research Service (2022)
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multiple copies of a gene at thesame time ultlpl
|All six MLO genes altered by genome editing Multiplex genome editing
%\ MLO gene %{ edited
MLO gene . .
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cam» oD - S
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) 21";9’:::: using different guide
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copy of the MLO gene.
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European Sustainable Agriculture  https://www.eu-sage eu/index.ph
Through Genome Editing

Genome-editing techniques are promising tools in plant breeding. To facilitate a more comprehensive understanding of the use of genome editing, EU-SAGE
developed an interactive, publicly accessible online database of genome-edited crop plants as described in peer-reviewed scientific publications.

The aim of the database is to inform interested stakeholder communities in a transparent manner about the latest evidence about the use of genome editing
in crop plants. Different elements including the plant species, traits, techniques, and applications can be filtered in this database.

00000000

0000000000000

fafalsl

Displaying 1000 results on Oct 30. 2025

Displaying 904 results on June 04, 2024

Displaying 882 results on April 26, 204

Displaying 850 results on Jan 26, 2024
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Banana, removal of banana streak virus
Camelina with altered oil composition

Fungal resistant grapevine

Waxy maize hybrid

Maize with enhanced grain yield

Maize with enhanced yield under drought stress
Non-browning mushroom

Mustard with improved flavour
Amylopectin potato

Potato with no glycoalkaloids

Peanutwith altered oil composition

Rice with enhanced grain size and number
Rice with disease resistance

METEIFMBIEZER

Early floweringrice

Carotenoid enrichedrice

Soybean with increased oil and protein content
Strawberries that flower multiple times
Sugarcane adjusted saccharification behaviour
Tomato, self-pruning, early flowering

Tomato, improved shelf life

High lycopene tomato

High GABA tomato
Reduced allergens in wheat
High fibre wheat

Low glutenwheat

Fungal resistant wheat

EPRS | European Parliamentary Research Service (2022)
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Plant Breeding And
CRISPR Plants Global
Market Report

-— Piant Breeding And CRISPR Piants Giobai
b Market Report 2025

The plant breeding and CRISPR plants market

326 65 billion covered in this report is segmented —
ThelBiEREa 1) By Type: Conventional breeding, Other Types
RN Compay i 1 oo
\D«- 2) By Process: Selection, Hybridization and mutation
Gpeg breeding, Other Processes
'g 3) By Application: Cereals and Grains, Oilseeds and
Pulses, Fruits and Vegetables, Other Crops
S : .
billion g Subsegments:
c
s:l:?'SG = 1) By Conventional Breeding: Selective Breeding,
billion % Hybridization, Mutation Breeding, Polyploidy
5 Breeding, Other Types
=<
- g 2) By Other Types: CRISPR gene editing, Transgenic
2024 2025 2026 2027 2028 2029 Breeding, Marker-Assisted Selection (MAS),

Genome-Wide Association Studies (GWAS)

Plant Breeding And CRISPR Plants Market Size 2025 And Growth Rate

The plant breeding and CRISPR plants market size has grown rapidly in recent years. It will grow from $13.56 billion in
2024 to $15.59 billion in 2025 at a compound annual growth rate (CAGR) of 15.0%. The growth in the historic period
can be attributed to increasing global population, crop disease outbreaks, food security concerns, regulatory changes,
globalization of food trade.

https://www. esearchcompany.com/report/plant-breeding-and-

1 Y L 2025411 26 1 crispr-plants-global-market-report
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C l B U S ¥ Company Crops  Innovation Newsroom Contact
Pioneering Non-Transgenic Trait Development

Our Rapid Trait Development System, RTDS™, enables us to customize specific and predictable combinations of
value-enhancing traits into plants within months rather than years. RTDS functions effectively as a "trait machine"
enabling us toisolate a single plant cell, direct the desired edits without integrating foreign genetic material, and
grow the entire plant from the single cell. We have developed the know-how to design traits that meet specific
customer demands. In this regard, RTDS enables us to provide value to farmers and partners by combining multiple
desirable traits ("stacked" traits) within the same plant. The following trait selection menu outlines the potential
options for farmers and seed partners:

v v v v v

Parental or Herbicide Other Grower Abiotic Stress
Elite Genetics | Tolerant Traits Traits Stress Tolerances
Choose Starting e Herbicid Select all that apply Select all that apply | Select al that apply
Germplasm / Vadely | T O Pod Shetier Reduction | @ Pest Control 1 Q Drought Resistance Q Hoalther OF
Q o Gompiosm 1 Q Mo Q ScedingMotrtyEory | O Rositanco o Dsoaso | Hoal Tokranco Q Atorgen oo
Q e Gompinsm 2 Q ko o Acton 1 Q Seodinglistrty Lo | O Resistance o Dseasn? | O Othr O Heattier Starches
Q e Gompiasn 3 Q Mode of Acton 2 Q Oner Q Oter Q Oter

0 Otr Q Omer

i B8
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drought resistance genes in rice

[ Key Drought-Resistance Genes in Rice
1. Transcription Factors (Regulators)
These are major controllers of stress-responsive pathways.
*DREB/CBF family
* DREB1/CBF, DREB2A — Activate drought-responsive genes via DRE/CRT elements; improve tolerance
when overexpressed.
*NAC family
e SNAC1 (OsNAC9) - Enhances root architecture, stomatal control, and yield under drought.
¢ OsNAC6, OsNAC10 - Regulate stress signaling, strengthen roots, improve survival.
*bZIP family
¢ OsbZIP23, OsbZIP46, OsbZIP72 — ABA-signaling components improving drought resistance.
*AP2/ERF family
* OsERF48, OsERF71 — Regulate root growth and osmotic adjustment.
*MYB family
*  OsMYB2, OsMYB4 — Improve osmotic stress tolerance and ABA sensitivity.

[Z 2. ABA signaling and Osmotic Stress-Responsive Genes
*OsPYL/RCAR receptors (e.g., OsPYL5) — Gate ABA signaling, enhance drought responses.
*OsPP2C family — Negative regulators of ABA pathway; mutations can increase drought tolerance.

__ «OsDREB1F, OsLEA3-1 — Late embryogenesis abundant proteins that protect cellular structures

18
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2 3. Root Development and Architecture
Genes enhancing deep/robust root systems are central to drought avoidance.

*DRO1 (DEEPER ROOTING 1) — Controls root growth angle; introgressed into varieties like /IR64-DRO1 for
improved drought yield.
*WO0X11/12 - Promote adventitious and crown root development.

*OsNAC10 (root-specific expression) —

[Z 4. Water Transport (Aquaporins)
*OsPIP1;1, OsPIP2;1, OsPIP2;2 — Plasma membrane intrinsic proteins regulating water uptake.

*OsTIPs (tonoplast aquaporins) —

Maintain cellular water balance.

4 5. ROS Homeostasis and Stress Protection
*OsAPX (ascorbate peroxidases), OsCAT (catalases) — Detoxify reactive oxygen species.
*OsEREBP1, OsSAP1 — Improve oxidative stress tolerance and survival.

& s. Osmoprotectant Biosynthesis
*OsTPS1, OsTPP — Trehalose pathway genes stabilizing proteins and membranes.
*0sP5CS1/2 - Proline synthesis genes enhancing osmotic adjustment.

(2 7. Heat Shock Proteins (cross-tolerance with drought)
*OsHSP70, OsHSP101, OsHSP17.0 — Protein folding and stabilization under dehydration/heat.

(V| 8. QTL-Associated Genes / Major Loci

Well-known drought-yield QTLs from upland or stress-tolerant rice:
-qDTY2.1, qDTY3.1, qDTY12.1 - Large-effect QTLs enhancing yield under severe drought.
*Genes within these regions include regulators linked to root vigor, carbohydrate remobilization, and stress

signaling

=52 \is
ﬁ'l\‘
=,

Increases root diameter and drought yield.

PR

Gene / Locus

DRO1 (DEEPER ROOTING 1)

OsNAC10 (root-specific
expression)

SNAC1 / OSNAC (stress-
responsive NAC)

DREB2A (OSDREB2A)

0sbZIP23 / OsbZIP46 (ABF/AREB
family)

OsPYLS5 (ABA receptor)

Aquaporins (OsPIP/OSTIP
families)

ROS-scavenging enzymes (APX,
CAT, SOD)
Osmoprotectant biosynthesis

(PSCS, TPS/TPP)

qDTY family (qDTY2.1, qDTY3.1,
qDTY12.1, etc)

N
T jre R EX Rz

Main function / mechanism

Controls root growth angle —
deeper roots for subsoil water

capture

Promotes larger/thicker roots
(stele, cortex) — increased water
uptake

Regulates stomatal closure, root
development, and stress genes

AP2/ERF TF activating
drought/osmotic stress genes
(ABA-independent)

ABA signaling regulstors; activate

ABA receptor —modulates ABA
signaling and
stomatal/physiological responses

membrane:
hydraulic conductivity

Protect cells from oxidative
damage during dehydration

Accumulation of
proline/trehalose for osmotic
adjustment

Qs that co' |, ‘ently increase
grain yield under drought

20254711261

Key experimental evidence

NiLs with DRO1 show deeper roots and improved
grain filling/yield under drought. e

Root-specific overexpression increased root dismeter

O Acaderric

and grain yield under field drought

Overexpression enhances drought/salt tolerance
(reduced transpiration, better root traits). M

Overexpression improves drought tolerance in rice

(physiological protection). st

3 on increases drought
tolerance and ABA sensitivity, OsbZIP46 constitutive

activation improves tolerance.

n of PYLS enhanced drought tolerance

Multiple studies show PIP/TIP expression alters water

flux and drought responses.
Overexpression/co-expression improves stress
tolerance in transgenic plants.

Transgenic lines with elevated proline/trehalose show

better dehydration tolerance.

QDTY loci repeatedly detected and used in marker-
assisted breeding for drought yield s

S o2l

RENE

Breeding / biotech potential

5 it

High: used in marker-assisted
introgression to improve drought
avoidance and yield stability.

High: root-specific promoters useful
to avoid growth penalties while
improving yield

High: candidate for transgenic/edited
lines and for pyramiding with root
Qlls.

Medium-High: strong
but needs careful expr

to avoid growth ¢

High: modulate ABA responses;
inducible

useful with tissue- or stre:

promoters.

High: promising target for tuning
ABA perception (genetic engineering
or allele selection)

Mediun: target for fine-tuning water
use (careful

needed).

ie/context control
Mediun: good as part of multi

to reduce damage.
Medium: metabolic tradeoff:

managed

Very high: directly used in MAS to
improve drought yield performance.
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Key CRISPR/Cas Drought-Editing Cases in Rice
1. OsERA1
-Usmg CRISPR/Cas9, rice plants with frameshift mutations in OsERA1 showed enhanced response to ABA (abscisic acid)

pamt sraakl DI AC
Ty rfOOT §rowin. ruus

P a

varislht dalanaiman i Lla b addar cdbmma ksl
ulation and or ir

vcd dl Uuslll wiciaililc, VVI\.II UTLLTT Swiliaual |’
*Implications: OSERAL is a negative regulator of drought/ABA responses —> editing it reduces that repression, improving
tolerance without a major penalty on leaf growth.

*Breeding/biotech note: Good target for editing to boost root + ABA responsiveness, but need to check field/yield trade-
offs.

2. OsDST (Drought and Salt Tolerance gene)

*CRISPR/Cas9 was used in an indica cultivar (MTU1010) to generate a ~366 bp deletion in OsDST. The mutant had
broader leaves, reduced stomatal density, better water retention under dehydration. PubMed

*Mechanism: By reducing stomatal density (and presumably reducing transpirational water loss) the edited lines show
improved tolerance.

*Note: The study focuses on seedling/controlled stage; for breeding you’ll need performance data under field drought.
3. OsPYL9

«Using CRISPR/Cas9 to knock out or modify OsPYL9 (an ABA receptor) led to higher cuticular wax accumulation, lower
transpiration rate and improved grain weight under drought. PMC+1

*Mechanism: Modulating ABA signalling via PYL receptor influences physiological drought responses (wax,
stomata/transpiration).

«Implication: A very promising target for combining drought avoidance (water conservation) and yield retention.

4. Other candidate genes / negative regulators

«Arecent review highlights many other genes edited by CRISPR for drought tolerance in rice: e.g., OSWRKY5 (knock-out
increases drought tolerance) and others like OsSRL1, OsSRL2. Frontiers+1

«Broadly: many of these are loss-of-function edits of negative regulators of drought/adaptation, which is a recurring
theme.

+Also, a meta-review reports CRISPR-based editing of genes for root development, stomatal density, osmotic/oxidative

+ St PAEC
stressresponsesimricer Fivic

(AL 2 KRB R A

¥ RY 20254F11H26H

Practical Considerations for Your Research/Breeding

~Target gene selection: Focus on genes with proven functional roles in drought/ABA responses (e.g., OsERA1, OsDST,
OsPYL9).

*Phenotyping under field-like drought: Editing shows promise in seedlings/controlled conditions but verifying under
realistic drought + yield conditions is essential (especially given your interest in grain quality, heat tolerance etc.).
*Trade-offs: Some edits (e.g., stomatal density reduction) may reduce photosynthetic capacity, yield or adaptation to other
stresses—so multi-trait tests are needed. For example, one study edited the stomatal regulator EPFL10 to reduce stomata
gently (rather than radically) for improved water-use efficiency. Innovative Genomics Institute (IGI)+1

«Stacking strategies: Given your focus on multiple crops and traits (flowering time, grain quality, heat tolerance),
combining CRISPR targets (drought + heat + quality) may be more future-proof.

*Regulatory & breeding pipeline: Ensure created edits are free of off-target effects, segregate out Cas9 if necessary (for
regulatory/acceptance issues) and integrate edited alleles into elite varieties (for example, via backcrossing or direct
editing in elite background).

*Molecular & physiological read-outs: As you serve as editor for plant science journals, ensure your experiments report
detailed ABA signalling assays, stomatal conductance, root architecture, yield components, and ideally multi-season/field
data.

22
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CRISPR-Cas9 mediated genome editing of drought and salt
tolerance (OsDST) gene in indica mega rice cultivar MTU1010

V. V. Santosh Kumar' - Rakesh Kumar Verma' - Shashank Kumar Yaday'
Pragya Yadav' - Archana Watts' - M. V. Rao® - Viswanathan Chinnusamy'

@ CRISPR-Cas? Editing of OsDST for Rice Stress Tolerance

O HE

N
CRISPR-Cas9 Editing of OsDST for Rice Stress
Tolerance

12298 2020_Article_819.pdf

f::fﬂ"&)ﬁ?‘g (OsDST)
(japonica cultivar) REREHES: £
73]
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U ] {3 FH CRISPR-Cas9 45 /I e Fy i 52 A i b 4 2

I F CRISPR-Cas9 Ay 5 /K I Mo AL AN M B, L i S Y i B A A S oS AR PO IR, 8 7 2R BT P T LR R SR
HRABFROLRITEJC,  CRISPR-Cas9 Bl AR rh G AN BRPEIE K (OsDST), A& 7E 1 S RE AL AR R o A Y AT ARG o 2 AT G 9 1

LT 2 £ I CRISPR-Cas9 11567 R i 52 V11 FLA A0 BB -

1. i BEIE [N 4 (Gene Editing)

o JEIE E A W NEUESE | OsDST (Drought and Salt Tolerance, #7 SN Ei{E) FEIRI 1 245, OsDST Ji: DRI 4Rt — i $3H W I 1.

o CRISPR-Cas9 RELIMM:  EIFFUAER] 1 2R AR RIEA A (NHEN) SR8E 77501 CRISPR-Cas9 RATIMEATHE M4l . NHE) /& —FE 5y (R EEIIB 1G], G Bk
DNA B2 g 35 A h o el A R4

o Tk, BT WIEASFIIGRE] RNA (@RNA), ETERER OsDST 4R (1 n] ki JOR A F1- (U PUIR TLARF M 480, B, 5407 gRNA 1 Caso RiEAMELL
7G4 % (9] 41 pC1300-POsU3::5gRNA1-PUQ::SpCas9n-POsU3::5gRNA2) 5| AL (Agrobacterium tumefaciens) EHA105 ke, FIREMEAIRRSRE MTU1010 f6 s
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Germplasm Whole Genome
Resources sequencing
«+ Wild relatives + GBS, SBS, lon PGM,
+ Modern cultivars SMRT, MGISEQ-2000
« Mutants + Transcriptome study
« RILs, NILs, BILs, (RNA-seq, scRNA-Seq
MAGIC, NAM SAGE, MPSS)

Fig. 2 Trait discovery and genome based molecular breeding
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To Breeding an Early Curding Broccoli by
Marker-Assisted Selection

Searching genes/QTLs
responsible for early
maturation and heat

tolerant

Finding genetic
source for early
maturation and heat
tolerant in broccoli

Marker assisted
backcross/selection

s 20steumar et al. Biological Research (2024) 57:80
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Unveil New QTLs/alleles from Germplasm

192 Brassica oleracea inbred lines (Known-you seed Co.)
93 Cauliflower (8. oleracea var. botrytis)
86 Borccoli (B. oleracea var. italica)
13 kale derived (8. oleracea var. alboglobro)
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KNOWN-YOU SEED CO,, LTD,

BC;F, BLM25 BLM29
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Transplantation date .
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10 Sep 2010 F,
o
188F; 60 markers
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188 F,3 188 .., phenotyped for head quality
l 1203 genotyped by (1020310036 nd 22 markers
9 Apr2013 BLM 25 X 3F,;
300 BC/F, genotyped by (10203610036 and S0 markers
25 Nov 2013 BLM 25 x 10 BC/F,

192 BC,F, genotyped by ito203/6t0036 and S1 markers
10 May 2014 BLM 25 x 4 BC,F,
l \\? 128 BC,F, genotyped by fit0203/£it0036 and $3 markers. &
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Supplementary Figure 2 QTL mapping of days to curd induction (DCI) and curd quality (CQ)
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The Association of the Significant SNPs with DCI
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Identification of
transcribed genes,
proteins and
metabolites
responsive lo
treatments

Validation

Confirmation of the role of
transcribed genes,

proteins and metabolites ~
in response fo treatments;

] Understanding the

culture’s responses to

environmental stress

Plant breeding {shenomics).

Development of
tolerant plants
{Field trials)

Fig. 8.3 Application of “omics” in plant breeding programs: identification of genes, proteins, and
metabolites, and their validation relative to function and applicability. Adapted from Abreu et al.
(2013)
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Smart Breeding
Platform
) P
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Trends in Genetics

Figure 1. A roadmap of artificial intelligence (Al)-enabled plant breeding. The far left panel depicts the source of
germplasm from a genebank that is either used directly or subjected to breeding to utilize omic analyses to generate big data
(second panel). The big data from the germplasm could uncover genes and predict breeding values (third panel), which
would characterize the gene-editing targets and optimal lines for developing next-generation cultivars. Representative Al-
based methods are identified in purple boxes. The dotted box represents methods that require development.

Farooq et al. (2024) Trends in Genetics 40: 891 32
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FIGURE 1 | Basic schema of the genomic selection process.

In this approach, the individual effect of each marker is estimated, and the additive sum of all the marker effects is used for calculation of the genomic-
estimated breeding values (GEBV) of each individual. In the current scenario of climate change, GS is a promising tool for improving the genetic gain of
individuals under the breeding program (Yuan et al., 2019). The basic process of any genomic selection process starts with the creation of training
population, i.e., individuals having both genotypic and phenotypic information, and this information is used to build a model, where the phenotype is used
as a response and genotype as a predictor. The information from the developed model is later used to estimate the GEBV of breeding population, i.e.,
individuals having only genotypic information.

Budhlakoti et al. (2022) Front. Genet. 13:832153
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Alemu et al. (2024) Molecular Plant 17, 552-578
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Statistical methods in genomic prediction
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Parametric | I Semi-Parametric | I Non-Parametric |

_+Modified Least Squars Regression (WLS)

Roproducing Kernel Hilbert Spaces (RKHS)

Parsimonious linear
models

~Partial Least Square Regression (PLS) Mixed Models + RKHS

~Principal Components Regression (PCR) L+ Bayesian models + RKNS

Machine
Learning (ML)

* Independent Components Regression (ICR)
Mixed linear ~* Genomic Best Linear Unbiased Prediction (G-8LUP)

models

Bayesian models

"« Ridge Linear Unblased uPy

.BayesA (BA) Probabilistic Neural Network (PNN)
i o8 (82) Radial Basis Function (RBF) -
j Multilayer Perceptron (MLP)

S BayesC 18C) Bayesian Regularized Neural Network (BRNN)

Deep learning

_+BayesCw (8Cm) Convolutional Neural Network (CNN) «—

- BayesDr (80m) Poisson Deep Neural Network (PDNN) «—

Normal Deep Neural Network (NDNN) <~
“+BayesR (BR)

~BayosU (BU) Gradient Boosting Machine (GBM) ._

< Extreme Gradient Boosting (XgBoost) .
\Bayestp (2HP) ing (XgBoost) ..

Bayesian Additive Regression Trees (BART) «

" BayesHE (BHE)

Other ML

__~Least Absolute Shrinkage and Salection Operator (LASSO)  Support Vector Machine (SVM)
-~ Bayeslan LASSO (BLASSO) RankSVM -~
- Bayesian Ridge Regression (BRR)

~+ Adaptive LASSO (ALASSO)

Penalized regression
models

.

* Elastic Net (EN)

" Adaptive EN (AEN)

wrs 20siflefAlemu et all (2024) Molecular Plant 17. 552-578

Genomic Selection
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# Genomic selection, the application of genomic prediction (GP) models to select candidate
individuals, has significantly advanced in the past two decades, effectively accelerating genetic gains
in plant breeding.

# We delved into the pivotal roles of training population size and genetic diversity, and their
relationship with the breeding population, in determining GP accuracy.

# The density and distribution of single-nucleotide polymorphisms, level of linkage disequilibrium,
genetic complexity, trait heritability, statistical machine- learning methods, and non-additive effects
are the other vital factors.

# The search for high accuracy in GP—theoretically reaching one when using the Pearson’s correlation
as a metric—is an active research area as yet far from optimal for various traits.

# We hypothesize that with ultra-high sizes of genotypic and phenotypic datasets, effective training
population optimization methods and support from other omics approaches (transcriptomics,
metabolomics and proteomics) coupled with deep-learning algorithms could overcome the
boundaries of current limitations to achieve the highest possible prediction accuracy, making
genomic selection an effective tool in plant breeding.

Alemu et al. (2024) Molecular Plant 17, 552-578
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