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1. Introduction

A continuously changing climate has negatively impacted agriculture and threatened
food security worldwide. Climate change and the fast-growing human population have
caused the shrinking of arable land, soil erosion, water shortages, and the loss of genetic
resources in their natural locations. Environmental changes force plant breeders to develop
new and improved cultivars with better adaptability to biotic and abiotic stresses. The
genetic diversity of crops, gathered and protected from extinction in genebanks worldwide,
is essential for dealing with changing and more demanding environments.

Plant genetic resources are not only items to collect but are vital for securing breed-
ing gains in agricultural crops. An estimated number of 7.5 million samples are stored
in approximately 1800 genebanks worldwide [1], of which most are at least recorded
in information systems. There is a compelling need for the genotypic and phenotypic
characterization of whole genebank collections to efficiently increase their management
and generate information that is useful for plant breeders. Precise and comprehensive
characterization can be achieved through the intensive phenotyping and genotyping of
genebank collections, current and historic cultivars, landraces, and breeding materials
using advanced molecular, biochemical, and physiological tools and methods.

2. Overview of the Special Issue

The Special Issue “Germplasm Resources Exploration and Genetic Breeding of Crops”
was planned to cover all aspects of the characterization of crop genetic resources and their
applications in breeding, as well as genetics research and molecular breeding, including
gene/QTL detection or gene functional analysis in crops. In our Special Issue, we have united
16 papers addressing various aspects around the topic of plant genetic resources, including
quantitative trait loci (QTL) mapping/gene discovery [2,3], genetic diversity/variation [4–9],
breeding products [9–13], and genetic resource profiles for crops [14–16].

2.1. QTL Mapping

The first contribution [2] employed QTL analysis to investigate the genetic architecture
of panicle length in a biparental rice population that involved an accession of Dongxiang
wild rice (Oryza rufipogon L.). Three out of the four QTL found were derived from wild
species. After the development of a near-isogenic line for a major wild rice QTL on chromo-
some 7 and the establishment of a high-resolution genetic mapping population, the locus
was pinpointed to a genomic region that contains the well-known grain length on chromosome
7 (GL7) gene. Further studies suggested the locus in Dongxiang wild rice to represent a
new variant of GL7 that appears to control, besides grain size, inflorescence length.
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A second QTL study [3] addressed blast resistance in the Thai rice landrace variety
Phaladum through a QTL-seq approach. Inheritance studies indicated the presence of a
single, all-stage Magnaporthe oryzae resistance gene. QTL-seq analysis located the gene in
a 3.6 Mb region on chromosome 4 that harbours, among four other genes with putative
functions in disease resistance, the dominant resistance gene Pi63. Kompetitive Allele-
Specific PCR (KASP) marker-trait association analysis showed that all five genes were
highly associated with variation in disease reaction, with the highest phenotypic variance
explained by Pi63.

2.2. Genetic Diversity/Variation

The characterization of germplasm genetic diversity is critical for gaining information
on desirable traits and maximizing genetic resource exploitation for cultivar development.

Lee et al. [4] characterized the genetic diversity of Korean black soybean (Glycine max
(L.) Merr.) with green cotyledons. The evaluation of twenty seed composition traits in
469 accessions indicated that black soybean germplasm was divided into four clusters by
the differences observed in crude fat, lutein, chlorophyll, cyanidin-3-glucoside, palmitic,
α-linolenic, and oleic acid contents. This study highlights the genetic diversity of black
soybean germplasm, which may be useful for soybean breeding programs.

Mehmood et al. [5] assessed the genetic divergence and population structure of potato
genotypes collected from Punjab, Pakistan, using polymorphic retrotransposon-based DNA
markers. Analysis of molecular variance (AMOVA) and STRUCTURE arranged the eighty
genotypes into five distinct groups and indicated genotypes especially valuable for potato
cultivar improvement.

Kadluczka and Grzebelus [6] comparatively investigated the fruit morphology and
anatomy of 13 wild Daucus species and four closely related non-Daucus species as potential
sources of genetic diversity for carrot (Daucus carota subsp. sativus Hoffm.) improve-
ment. Evaluation of fruit morphology and anatomy and observation by light and scanning
electron microscopy revealed a wide range of variation in fruit morpho-anatomical charac-
teristics, including fruit size, shape, and weight, as well as fruit surface sculpturing and
some other anatomical characteristics.

In the study conducted by Madhavan Samyuktha et al. [7], 52 mungbean (Vigna radiata
L.) genotypes were evaluated for resistance to bruchids (Callosobruchus ssp., Coleoptera,
Bruchidae), insects that cause severe damage to seeds during storage, and 2 highly resistant
genotypes (V2802BG and V2709) were identified. In a population developed by crossing
V2802BG with a high-yielding bruchid-susceptible cultivar, seven highly resistant families
were identified and evaluated in the F4 and F5 generations. As a result, five highly resistant
lines were developed, which can be used as a potential source of genetic material for
improving bruchid resistance in mungbean breeding programs.

Noweiska et al. [8] used a fluorescence in situ hybridization toolbox and molecular
markers linked to the leaf rust resistance gene Lr63 (located on the short arm of the
3Am chromosome—3AmS) to track polymorphisms between Triticum monococcum subsp.
monococcum, T. boeoticum, and T. urartu (A-genome donor for hexaploid wheat) accessions
collected in different regions of Europe, Asia, and Africa. The authors distinguished three
groups of accessions and concluded that the polymorphisms observed in cultivated forms
of T. monococcum were induced by adaptation to local environmental conditions.

2.3. Breeding Resources and Breeding Products

Progress in plant breeding is achieved through the search for and introduction of
new valuable trait-conditioning genes into breeding materials. In this section, the authors
scanned plants of the Avena L., Setaria italica L., Zea mays L., and Brassica napus L. species,
utilizing phenotyping or molecular genotyping to detect useful breeding materials and
assess the diversity of the available breeding resources.

Ma et al. [9] investigated the genetic basis of the foxtail millet (Setaria italica L.) dis-
coloration rate caused by carotenoid degradation during storage and identified SiLOX4



Agriculture 2023, 13, 2258 3 of 4

as a potential key gene in regulating millet discoloration. This study provided critical
information on the mechanism of carotenoid degradation during millet storage and laid
the foundation for further understanding of carotenoid metabolism in millet.

Thiam et al. [10] evaluated the diversity, productivity, and stability of eleven advanced
breeding lines and the control cultivar ‘Avery’ of A. magna ssp. domestica in five locations
across three cropping seasons in Morocco. Consequently, they verified that the tested lines
were beneficial to be incorporated into breeding programs in Morocco and chose line AT5
as one with the highest grain yield and AT7 as the most stable in all environments, making
them the most promising breeding material.

Sowa et al. [11] tested the crown rust resistance of Polish National Genebank resources
for Avena strigosa Schreb. In addition to identifying Avena accessions that might be ideal
crown rust resistance gene donors (PI 51887) and sources of putatively new Puccinia coronata
resistance, they also proved the complexity and heterogeneity of the accessions gathered in
the genebanks. This confirms that once many potential sources of oat resistance have been
overcome, it is advisable to conduct a thorough search for desired breeding features among
the population plants of a given accession.

Sobiech et al. [12] scanned maize breeding lines with different field resistance to
Fusarium fungi using molecular markers linked to Fusarium verticillioides quantitative
resistance loci. They confirmed the utility of the markers used in evaluating fusarium-
resistant materials, presented optimal parental selection for crossbreeding, and developed
multiplex PCR reactions to facilitate the maize breeding process.

In the study of Wasuwatthanakool et al. [13], the genetic effect and combining ability
for both total carotenoids and their fractions of S2 super sweet corn lines developed from a
cross between tropical and temperate germplasm were examined. The authors identified
lines potentially useful in hybrid breeding of high-carotenoid content and improved nutri-
tional values and determined that the inheritance of carotenoid content was controlled by
non-additive gene activity, enabling further breeding strategies.

Finally, Łopatyńska et al. [14] assessed double haploid oilseed rape lines with varied
seed coat color and selected valuable breeding material connecting a light color of seeds
with high yielding. Based on the obtained results, the authors concluded that the most
crucial factors in breeding rapeseed with improved seed properties are seed weight and
color. They also proved the usefulness of statistical multivariate methods in the selection of
breeding material for rapeseed.

2.4. Genetic Resource Profiles

Three review articles in this Special Issue offer insights into the wealth of genetic
resources for wheat/oats [15], chestnuts [16], and tobacco [17]. All three articles point out
the significance of these plant materials to breeding for disease resistance and that the
potential of the wild relatives can only be fully used when coupled with genomics-assisted
breeding. Further, the utilization of gene signatures from distantly related species will be
accelerated by genome-editing techniques, as cross-compatibility is no longer a prerequisite
for information transfer.

3. Conclusions

This editorial summarizes the main scientific input from 16 research papers and
reviews comprising the Special Issue “Germplasm Resources Exploration and Genetic
Breeding of Crops”. The papers cover studies on QTL mapping, genetic diversity/variation,
breeding resources and breeding products, as well as the genetic resource profiles of
a variety of important crops. The Special Issue presents a variety of ideas, concepts,
and tactics for readers and researchers aiming to accelerate plant breeding through the
exploration of germplasm resources.
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