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Abstract

Crop improvement has been a vital goal as well as a challenge for human beings since modern
cultivation. Farmers and breeders always tried to obtain higher-output food; therefore, they
were initially focused on selecting the best-performing plants. They always adopted high-
yielding crops and discarded the other types, resulting in a loss of genetic diversity. Developing
breeding programs and utilizing crop genetic resources made it possible to achieve sustainable
goals in food production and keep increased genetic diversity concerned at different gene
banks. Modern plant breeding introduced ways to generate diversity in the crop germplasm,

and these newly formed types can also be conserved along with parent lines, landraces, or wild
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types. So, in this review, we are focused on discussing the utilization and conservation of crop
genetic resources using modern breeding tools and conservation strategies.

Keywords: Genetic resources, modern breeding, genetic diversity, climate change, sustainable
production

1. Introduction

Agriculture is an occupation in which more than 50% of the world population is directly or
indirectly engaged, especially in developing countries where the sole income of poor
communities depends on agriculture. The hot topic nowadays is unstable environmental
conditions, erratic rainfalls, global warming, and the most recent inclusion is that global
cooling is a part of our lives (Hakeem, 2015). There is an increase of 1.0, 1.6. 0.9 and 1.3% in
rice, maize, wheat, and soybean production per annum, respectively, which is less than 2.4%,
to meet acute hunger and food demand until 2050 (Ray et al., 2013). Considering the current
scenario, agricultural production cannot feed the world population, which is increasing so
rapidly that it is expected to reach 10 billion in the coming years (Razzaq et al., 2021). This
puts additional pressure on sustainable food production.

A growing threat crop faced during the past few decades is dynamic climatic conditions. This
is one of the most significant uncontrollable factors affecting agricultural growth and
production worldwide (Razzaq et al., 2021; Zafar et al., 2025). Local temperature and
precipitation are vital to productivity and crop variety. Due to increased temperature, erratic
rainfall, and fluctuations in precipitation, agricultural inputs and outputs vary severely across
the globe (Kim, 2012). The farmer must adopt climate-smart agricultural practices according

to changing local environmental conditions, which require extra effort and resources.

Furthermore, the effect of these changes cannot be measured. The daunting fluctuations in
climate directly and indirectly impact crop yield, irrigation/canal water availability. According
to the report issued by the International Food Policy Research Institute (IFPRI) in 2009, the
report presented a detailed crop growth modeling report using two climate scenarios to imitate
future climate. The outcome suggested the negative impact of a changing climate on human
well-being and crops (Nelson et al., 2009). Competing with these climatic factors is necessary
to maximize agricultural outcomes. The only way is to create novel variability and a source

population within the crop species that can withstand biotic and abiotic climatic effects.
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Genetic diversity is a prerequisite to initiating any breeding program (Reddy et al., 2018). The
presence of enough genetic variability is the basis for present and future food security. It is
essential to break yield barriers and introduce new cultivars to meet the ever-increasing
population's hunger (Mashilo et al., 2017). The selection of desired traits requires a wider
genetic base to induce a broad sense of heritability in germplasm in changing environmental
conditions. DNA-based molecular markers play a vital role in the early identification of
required genes that need to be incorporated against climatic stress (Awan et al., 2021; Razzaq
et al., 2021). These variations can be achieved by collecting varieties, landraces, and obsolete
cultivars through the acclimatization of imported germplasm. If there is not enough variation
present, manual efforts like induced mutation, polyploidy, genetic engineering and other

modern techniques can serve as a helping hand to create novel variations (Awan et al., 2021).

The Latest research proposes that there is a 21% reduction in total factor productivity for
worldwide agriculture since 1961 due to climatic trends (Ortiz-Bobea et al., 2021). Apart from
conventional breeding, which needs more duration and further causes genetic erosion and loss
of variability because of continuous selection (Abberton et al., 2016) modern breeding
approaches like molecular breeding using DNA markers and genome editing tools (CRISPR
Cas 9) (Razzaqg et al., 2021). Along with innovative agricultural practices and improvement in
plant microbiome conditions, it is an excellent way forward to attain desired food production
goals. Next-generation breeding tools are a few methods to develop varieties resilient to erratic
climatic conditions by utilizing genetic resources. Recent advances in genomic-assisted
breeding (GAB) give a full landscape of genetic variability within a crop species to revive the
lost gene. A well-known gene editing technique, and still evolving, known as next-generation
CRISPR Cas-9 (clustered regularly interspaced short palindromic repeat), has revolutionized

the idea that genome editing is restored for crop improvement (Jinek et al., 2012).

Furthermore, the discoveries of Cas orthologs, Cas9, Casl2, Casl3, and Casl4, has
strengthened the editing efficacy (Koonin et al., 2017). We should move agriculture toward
modernization and automation by adopting climate-smart agronomic practices and speed
breeding involving artificial intelligence and machine learning. The amalgamation of genomic
and phenomic tools with speed breeding allows us to quickly identify the desired gene. High-
throughput phenotyping is a multidisciplinary approach to accelerate next-generation speed
breeding and ultimately accelerate crop modification and improvement programs to develop

climate-ready crops toward global food security (Fasoula et al., 2020).
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This review highlights the use of genetic variability in its conservation with changing climatic
trends. The conventional breeding approach no doubt brings novel variability by crossing
diverse populations but causes genetic drag, genetic extinction, hybridization bottlenecks, and
a laborious selection process. To meet the food demand of this ever-increasing population and
to attain the zero hunger goals, we need to adopt modern breeding methods utilizing crop

genetic diversity.
2. Genetic Resources to Conserve Biodiversity

Genetic Resources are essential in serving the provisioning ecosystem based on genetic
material relevance to humans. They are also involved in improving and domesticating species
that can be utilized in food production, drugs, fiber production, and many other food
manufacturing for mankind (Nyadanu et al., 2017). Genetic resources also have some gradual
and sudden natural and human-induced factors, for example, climate change and fire, that can
lead to a big loss. So the proper tools can be used to evaluate genetic resources such as genetic
markers, golden trials, seed banks (Dreisigacker et al., 2005), pollen banks, and
cryopreservation, and field gene banks (Pastorino & Marchelli, 2021). The advancements in
conserving genetic resources for agricultural and food production are increasing day by day
and have changed the scope of the conservation of genetic resources. For example, using
economic tools (Wellband et al., 2021) such as gene banks, may be highly beneficial for
managing genetic resources (Gollin, 2020). The functional food supply is based on plant
biodiversity and benefits the resilience of climate change and ecosystem functions. To enhance
the values of crop conservation, gene bank management and integration of genomics and
phenomics were used, leading to the more sustainable and efficient conservation of resources.
For example, Genebanks and the integration of management tools may be involved in the
management of genetic conservation data which is a major challenge in plant biodiversity that

would be beneficial for breeders and other users (Ebert & Engels, 2020).

A decrease in biodiversity inhibits the capability of ecosystem functions to provide the
sustainability of genetic resources and other services like hygienic food and water and also
decreases the genetic variability that may potentially reduce the resources required for future
use. To overcome this reduction, some measures were used to protect biodiversity; for example,
modified habitats, natural habitats, legally protected areas, and invasive alien species (de Boef
etal., 2013).

3. Types of Conserving Biodiversity
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The sustainability index of the environment is directly proportional to the conservation of
biodiversity and in this regard, the preservation of biodiversity should be the priority of all
nations (Torchio et al., 2020). It is mandatory to have the centers of diversity information for
fragile habitats. Furthermore, the conservation of biodiversity is the obligation and

responsibility of every nation for environmental sustainability (Arora, 2018).

The types of biodiversity conservation involve ex-situ and in-situ conservation (Mondal &
Palit, 2022) The ex-situ strategy conserves all living organisms in an artful habitat that considers
natural living habitats, such as cryopreservation, Botanical gardens, aquariums, zoos, DNA
banks, etc. (Kasso & Balakrishnan, 2013). Insitu conservation is the strategy to conserve
endangered and wild species and refers to the restoration and protect the population of species
and their habitats (Wang & Li, 2021). The examples of in-situ conservation of biodiversity are

elaborated in Table 1.
4. Modern tools in plant breeding to boost biodiversity

Before the laws of genetics became known, the art of breeding was already developed. By
using the application of the principle of genetics to crops, a phenomenal increase in crop
production occurs, particularly in cereal grains (Jeeterwal & Nehra, 2018). But conventional
breeding methods may take 10 or more years to transfer a trait from one parent to another

cultivar and it also has various limitations in boosting crop biodiversity.

To meet the future demand and boost crop biodiversity, one way of increasing agricultural
production might be to breed with or without GMOs, as it requires less water, has better nutrient
usage, and is adapted to climate change (Gtowacka et al., 2018). But it is the only way to boost
biodiversity and in the current situation, the yield enhancement in major crop species (varying
from 0.8-1.2%) must be doubled (Li et al., 2018). So, to conserve crop biodiversity, scientists
have adapted new techniques and are moving towards modern genetics and breeding of crop
plants. Some biodiversity conservation applications have been mentioned that require whole-
genome sequences. So, mostly used approaches is reduced representation sequencing (RRS)
that targets a relatively large, about 1% unlinked, representative subsequence of the genome,
reducing costs per sample and letting more depth of coverage per locus or larger number of
individuals (Alex Buerkle & Gompert, 2013). Now in current studies, restriction site-associated
DNA sequencing (RADseq) uses sequence fragments adjacent to sites cut by restriction
enzymes (Andrews et al., 2016). RADseq use is not restricted to model organisms because it

does not require prior genomic information, as microsatellites are obtained from genomic data.
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Thousands of genome-wide SNPs can be identified for the cost of developing some
microsatellites so they are markers of choice (Kjeldsen et al., 2016). SNPs' main advantage is
that they are directly comparable between labs for collaborative studies (De Groot et al., 2016).
(Kim et al., 2016) reported the whole-genome sequencing of 137 rice mini core collections,
which presented approximately 25,604 rice germplasms in the Korean genebank of the Rural
Development Administration (RDA) based on the Nipponbare reference genome, and
resequencing data yielded more than 15 million (M) SNPs and 1.3 M INDELs. About
2,046,529 high-quality SNPs were assigned to the accessions of relevant subgroups for the
study of rice mini core with phylogenetic and population analysis, as SNPs capture the
evolutionary signatures that are present in rice subpopulations. Similarly, by using 201,817
SNPs, a population structure analysis of 300 rapeseed Chinese germplasm with 22 other
accessions of different origins was carried out to obtain sequencing (Zhou et al., 2017).

For sequence messenger RNA (RNAseq) the next generation sequencing (NGS) can be used
as that is the transcriptome (Todd et al., 2016). It requires the focus on only the functional parts
of the genome, and RNA-seq requires high-quality tissue samples, but RNA is rapidly
degraded. That’s why its use in conservation studies is restricted. The NGS platforms can be
used to assess the methylation of DNA, which is a major mechanism of epigenetic modification
(Verhoeven, Vonholdt, & Sork, 2016) The difference can be identified in methylated and
unmethylated cytosine bases by sodium bisulfite during sequencing (bsRADseq). Other
epigenetic modifications chromatin and histone have a lack of interest in conservation as these

are not heritable (Verhoeven et al., 2016).

Over the past two years, CRISPR/Cas9 has displaced other alternative tools such as zinc-finger
nucleases and transcription-activator-like effector nucleases (TALENS). It is less cost-effective
and simpler to use (Du et al., 2016). Performing in the molecular biology lab, genome editing
with CRISPR/Cas9 is very cheap, easy, and versatile, which is the main factor of biodiversity
conservation. Some applications are currently being explored in crops (Weeks et al., 2016) and
livestock (Reardon, 2016). That have relevance potential in conservation. These crops such as
maize (Svitashev et al., 2015), wheat (Sanchez-Ledn et al., 2018), rice (Zhou et al., 2015),
tomato (Brooks et al., 2014), soybean (Han et al., 2019), cotton (Zhao et al., 2017) have
improved by using different genetic resources. Using these techniques also contributes to

biodiversity conservation.
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In the future, it should become possible to obtain a complete understanding of the link between
genotype, phenotype, and environment by omic technologies (Yug et al., 2016). Although the
applications of integrated omics have not yet been developed for conservation (Table 2).

5. Marker-assisted breeding and genome sequencing

The advancements in genomic research are used to identify the genome sequence and loop
precisely several genes via linkage to DNA markers. For example, several genes are tightly
linked to genetic markers having resistance to virus diseases, drought, salinity, bacterial blight,
submergence, and improving the quality of traits (Duitama et al., 2015). Marker-assisted
selection can monitor the presence or absence of these genes in breeding populations. This
strategy may provide developments for high yield, better quality crop cultivators, and stress-
resistant for breeders. Studies were conducted in which the positive aspects of this breeding
device utilized, which would be applicable for new crop varieties and provide conversation
genetic diversity (Lei et al., 2021; Munda et al., 2022). The marker-assisted selection also
provides opportunities to develop high resistance to insects and diseases that would benefit
breeders (Haque et al., 2021; Jena & Mackill, 2008). Marker-assisted backcrossing effectively
integrates major genes or traits with high effectiveness into different grown varieties (Jena &
Mackill, 2008). A study highlights the utilization of marker-assisted backcrossing (MABC) to
preserve the important germplasm or genetic resources of rice crops to different types of
flooding stress (Panda et al., 2021). Plant breeding is based on selecting phenotypes that require
field observations, breeding cycles, and huge resources (Michel et al., 2017). Recurrent
selection is a strategy based on population improvement breeding that involves the selection of
phenotypes to improve the capability of favorable alleles between individuals through repeated
intercrossing (Singh et al., 2021). A study was conducted in China that demonstrated this
strategy for the development of new premium varieties of the crop with high quality and disease

resistance and varieties can be cultivated in monsoon climate conditions (Wang & Li, 2021).

The advancement of revolutions in genomics is caused by third-generation or long-read
sequencing technologies. The main aim of this advancement is to study transcriptomes,
metagenomes, and genomes at an unparalleled resolution and can be essential in serving the
provisioning ecosystem based on genetic material relevance to humans (Van Dijk et al., 2018).
Plant science is taking advantage of the improvements in the field of DNA sequencing that are
boosted by biomedical research intensives and influenced biodiversity protection and plant
breeding (Delseny et al., 2010). The recent revolutions in genomics with the combination of
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précised phenotypes and high throughput technology provide the identification of agronomic
trait-controlling genes. For example, crop wild relatives (CWRs) provide potential
domestication of new individuals. The annotations and assembling of high-quality crop plants
provide new research targets such as cis-regulatory regions and long noncoding RNAs
(IncRNAs). These advancements may also improve the selection for plant cultivation, and in
the future, the crops can approach the demands of the changing climate and growing population
(Pourkheirandish et al., 2020).

6. Genome Editing and Mutation Breeding

The main causes of biodiversity degradation are habitat/species loss, invasive species, over-
exploitation, pollution, and climate change. Biodiversity conservation, along with innovation
in plant breeding, has become a global concern requiring a comprehensive and integrated
approach. There are different recently adopted modern techniques and strategies to develop
novel plant types and conserve plant biodiversity (Ebert, 2020; Engels & Thormann, 2020).
Numerous gene editing tools, such as zinc-finger nucleases (ZFNs) (Basak, Verma, Kumar, &
Kumar, 2021), transcription-activator-like effector nucleases (TALENSs) (Becker & Boch,
2021) and clustered regulatory interspaced short palindromic repeat (CRISPR)/CRISPR-
associated 9 protein (Cas9) systems (Bessoltane et al., 2022). Based on biological cutting
techniques, have a wide range of applications in crop breeding and improvement. ZFNs are
created by fusing Fok | endonuclease (Osakabe et al., 2010), which has non-specific cutting
activity, with a synthetically altered zinc-finger protein (ZFP), which has specific binding
activity. A number of the amino acid residues on ZFP's helix directly contribute to the
recognition of the target site and can pair with bases nearby (Novak, 2019). Because TALENSs
use the transcription activator-like effector (TALE) as their binding domain and the binding
function mostly depends on highly changeable amino acids at the 12th and 13th positions on
the TALE, they vary structurally from ZFPs. A single base can be specifically identified when
combined with them (Barnett, 2018). One-guide RNA (sgRNA) and Cas9 were combined to
create the CRISPR/Cas9 system. Today’s extensive use of gene editing technology for crop
enhancement is largely made possible by the development of the CRISPR/Cas9 system (Zhu
et al., 2020). After undergoing particular alteration, the sgRNA can bind to the target location)
(Zhang et al., 2021). The Cas9 protein's HNH and RuvC domains can cleave DNA strands with
protospacer-associated motif (PAM) sites and are complementary to SgRNA, respectively. The

PAM location is close to the cutting site. Base editors (BEs) and prime editors (PEs) have been
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introduced, which has further enhanced the CRISPR/Cas system (Jacinto, Link, & Ferreira,
2020).

EvolvR system, which can continuously diversify all nucleotides within a tunable window
length at user-defined loci in bacteria, has been developed based on nCas9-recruitment of error-
prone DNA polymerases. It allows the identification of ribosomal mutations that confer
resistance to the antibiotic spectinomycin in E. coli (Halperin et al., 2018). CRISPR-Cas13
knocks down RNAs using RNA-guided RNA-targeting CRISPR-Cas effector Cas13a. Direct
adenosine-to-inosine deaminase activity performed by ADAR2 (adenosine deaminase acting
on RNA type 2) can be targeted toward the transcripts produced by mammalian cells
(Matsoukas, 2018). High-throughput mapping of genetic variants can be achieved using
CRISPR-enabled trackable genome engineering (CREATE). CREATE cassette designer can
be used to design PAM sequences near the target sites of interest It can rapidly design > 105

cassettes, which in turn increases editing efficiency (Ren et al., 2020).

RNA Interference Technology in maize silenced the Sel gene, which increased the soluble
sugar content by affecting the starch metabolism of the endosperm, making the mutant maize
more favorable for intestinal digestion (Zhang et al., 2019). (Pérez et al., 2019) used MIM168
to inhibit the expression of microRNAL68 in rice, increase the expression of the AGOL1 gene,
and then increase the number of panicles. Compared with the control rice, the yield was
increased by 30-40%. Knockout of the OsAAP6 gene using the CRISPR/Cas9 system then
promoted the rice tillering, thereby increasing rice yield (Lu et al., 2018). (Xiaoyu Zhang et al.,
2021) used the CRISPR/Cas9 system to edit the Ppo gene of wheat, which affected the
expression of polyphenol oxidase, inhibited dough browning, and improved the quality of
wheat. These initiatives have advanced the development of gene editing technology and given
us a powerful weapon for accelerating the domestication of crops, enlarging the crop gene pool,

and enhancing crop output and quality.

7. Future endeavors of plant breeding to achieve sustainable crop production with

maximum biodiversity

Climate change is a global phenomenon and a threat to food security in the future. Plant
breeders emphasize the higher yield in crop plants with a broader genetic base. To achieve
goals in plant breeding, the use of genetic resources is very crucial. It makes it possible to gain
maximum genetic diversity to boost crop yield with climate-resilient lines. The idea of climate-

resilient crops is growing very fast in the modern era as it protects the future of food security.
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Along with a broader genetic base and higher yield in changing climates, breeders are also
trying to develop nutrient-enriched crops. For this purpose, wheat, corn, and rice have been
improved in the recent past to get nutrient-enriched grains. Flavr Savr and purple tomatoes are
other examples of nutrient-enriched crops to fight against climate change. All these
developments were only made through the utilization of different genetic resources. Scientists
were not interested in conserving genetic resources after developing high-yielding crops, but
now they are firstly conserving the genetic base of any breeding material for the future and
then focusing on their desired products. So, the application of modern breeding techniques to

develop highly efficient crops from genetic resources is the only way to fight future hunger.
8. Conclusion

Conserving and utilizing different genetic resources for crop improvement to cope effects of
climate changes on agricultural production. Plant breeders and geneticists play a vital role in
this work. Genetic resources are the source of a broad genetic base for any crop to be developed
as climate resilient in the future. Modern plant breeding techniques make it more proficient to
get higher yield and nutrient enriched crops by utilizing conserved genetic resources to reduce
hunger in the scenario of climate change. Recently, different modern techniques have been
developed to target a specific trait in a crop or accumulate the desired traits in a single line. In
the future, these lines could serve as climate-resilient crops. Genetic resources are also being
conserved using different conservation techniques. When a breeder gets germplasm of any crop
from genetic resources later, they’ll have to submit the equal germplasm after multiplication.
So, the conservation of genetic resources and their utilization in modern breeding programs are

the ghosts to making highly nutritious, high-yielding crops with a broader genetic base.
Acknowledgment

We are thankful to Dr. Muhmmad Imtiaz Rashid from King Abdullah University, Saudi Arabia,
and Miss Maria Batool from Huazhong Agricultural University, China, for their assistance in

improving the language and clarity of this review paper.

Statements and Declarations
Funding

There is no funding for this review article.

10



317  Competing Interests
318  The authors have no relevant financial or non-financial interests to disclose.
319  Author Contributions

320  Allauthors contributed equally in designing outlines, collecting materials, writing manuscripts,

321 and reviewing them.
322  Data Availability

323  The current review article is not available in any repository and has not been submitted before

324 inany journal.

325

11



326

327

328

Table 1: In-Situ Conservation of Plant Biodiversity

In-situ Conservation

Types Examples

Biosphere Reserves

These are the sites nominated by national governments having multi- | Nanda Devi

protected areas of an ecosystem open for researchers and the traditional | Sundarban

lifestyle of inhabitants (Mengist et al. 2022). Nokrek
Manas

National Parks

These are reserves for the conservation of environmental sustainability
as well as wildlife maintained by the government.lts limitations are
highly demarcated and humans including habitat, cultivation, forestry,

and grazing are prohibited (Beissinger et al. 2017).

Kanha National Park

Bandipur National Park

Wildlife Sanctuaries

The type of conservation biodiversity that involved in the regions
where only wild animals and the human activities such as cultivation,
harvesting, forest products, and collection of woods are allowed
(Rahman 2017).

Abohar Wildlife sanctuary
Ghana Bird Sanctuary
Mudumalai Wildlife sanctuary

12




329

Table 2: Recent studies on utilizing crop genetic resources in breeding and pre-breeding programs

Targeted Crop

Genetic Resource

Technology

Outcome

References

assisted selection

responsive to Cd toxicity and boosting

genotypic effects

Wheat 32 genotypes RFLP Markers Assessment of genetic variability and | (Verma et al. 2020)
pathogenicity through the
identification of 30 unique and 36
shared alleles
Rice Two rice cultivars | SNP  marker-assisted | Salt tolerance improvement (Rana et al. 2019)
(Yukinko-mai and Kaijin) | selection +  speed
from the Niigata | breeding
Agricultural Research
Institute’s Crop Research
Center and Iwate
Biotechnology  Research
Center, Japan
Rice SWARNA Subl, CR Dhan | Marker-assisted Submergence  tolerance, bacterial | (Mohapatra et al.
800 backcrossing blight resistance and high-yielding | 2021)
near-isogenic lines under changing
climate
Rice 60 natural assessions QTL-based- Marker- | Identification of genotypes less | (Sun et al. 2022)

13




Tomato 63 assessions of 14 Spanish | The specific | A high degree of variation in the | (Cortes-Olmos et al.
Tomato landraces combination of SNP | population, heterozygosity detected | 2015)
markers spontaneous crossing, genetic
fingerprinting of landraces and In-situ
conservation of landraces  was
suggested
Tomato 426 tomato accessions High-density SNP | Identification of 7 sub-populations by | (Sim et al. 2012)
genotyping Principal Component Analysis, linkage
disequilibrium in each chromosome of
these populations, different patterns of
genetic variations,
Tomato 142 F1 cultivars of 4 | SNPs were generated | Genome-wide SNP discovery, DNA | (Kim et al. 2021)
different classes from genotyping by | barcoding, variety identification
sequencing
Cotton 50 representative Pakistani | SSR  primer pairs- | Genetic diversity assessment of cotton | (Dahab et al. 2013)
cotton cultivars based selection genotypes by using SSR markers
Cotton 25 cotton genotypes Selection based on | Genetic diversity determined by SSR | (Bardak and BOLEK
SSR and ISSR markers | and ISSR markers 2012)
Cotton 12 cotton varieties RAPD primer series | Assessment of variability by using | (Bukhari et al. 2021)

used for selection

RAPD markers

14




Millet 40 accessions of Italian | SSR markers | Development and use of novel SSR | (Zhao et al. 2012)
millet developed through | markers for molecular genetic diversity
SSR- an enriched
library from genomic
DNA
Chilli 20 local chili accessions of | Selection based on | To assess the molecular genetic | (Sharmin et al. 2018)
Bangladesh SSR markers diversity by SSR markers
Sugarcane PSJT-941, PS-862, and BL | Invitro selection using | In-vitro selection of sugarcane putative | (Hartati et al. 2021)

varieties

PEG-selecting agents

mutant for drought stress

Common bean

IAC Formoso x BRS

Perola

Marker-assisted

backcrossing

Combining disease resistance and
postharvest quality traits by early
marker-assisted  backcrossing  in

Carioca beans

(Paulino et al. 2021)

Chickpea ICCV 92944, ICCV 00108, | Marker-assisted Drought tolerance root traits into | (Kosgei et al. 2022)
ICC 4958 (Donor parent) | backcrossing Kenyan commercial chickpea varieties
Wheat 4 cultivars Backcross  selection | To improve stripe rust resistance by | (Zhang et al. 2022)
and  marker-assisted | backcrossing and  marker-assisted
selection selection
Barley Garnal x  Baisheshek, | Zinc- Finger | Use of ZFT Factors and SNP markers | (Baidyussen et al.

Natali x Auksiniai

Transcription Factors

and SNP markers

for drought tolerance

2021)

15
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