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Abstract This study explores the crucial role of teosinte in the genetic enhancement of maize. As the wild ancestor of modern
maize, teosinte possesses rich genetic diversity and novel alleles that were lost during domestication, making it an important genetic
resource for maize improvement. Research indicates that teosinte alleles can enhance various agronomic traits in maize, such as yield,
stress resistance, and nutritional quality. For example, the introduction of the UPA2 allele from teosinte has significantly increased
maize yield under high-density planting conditions by altering plant architecture. Additionally, teosinte's genetic diversity includes
strong alleles that control kernel composition traits, such as starch, protein, and oil content, which can improve the nutritional value
of maize. The integration of archaeological and molecular evidence has significantly advanced the understanding of the
teosinte-maize relationship, highlighting the potential of teosinte in modern maize breeding programs. Techniques such as
hybridization and backcrossing, marker-assisted selection (MAS), genomic selection (GS), and CRISPR/Cas9 gene editing allow
researchers to effectively utilize teosinte's genetic diversity to develop superior maize varieties with improved agronomic traits and
resilience to environmental stresses. Despite the genetic barriers, breeding difficulties, and regulatory and ethical issues associated
with using teosinte for maize improvement, these challenges can be overcome through global collaboration and germplasm
conservation. In the future, advanced genomic tools and techniques, the exploration of new potential traits from teosinte, and the
integration of teosinte into sustainable agriculture practices will fully realize its potential in maize genetic enhancement, leading to
the development of superior maize varieties that meet the demands of modern agriculture and contribute to global food security.
Keywords Teosinte; Genetic diversity; Maize improvement; Alleles; Sustainable agriculture

1 Introduction
Maize (Zea mays ssp. mays) is one of the most important cereal crops globally, and its domestication from its wild
ancestor, teosinte (Zea mays ssp. parviglumis), is a remarkable example of plant evolution driven by human
selection. The domestication process, which began approximately 9 000 years ago, involved significant
morphological and genetic changes, transforming teosinte's small, hard kernels into the large, soft kernels of
modern maize (Sahoo et al., 2019). This transformation was facilitated by the selection of favorable traits, such as
reduced branching and increased kernel size, which were controlled by a relatively small number of major loci
(Liu et al., 2019). However, this process also led to a reduction in genetic diversity due to domestication and
selection bottlenecks (Warburton et al., 2011).

Teosinte, the wild progenitor of maize, remains a valuable genetic resource for maize improvement due to its
greater genetic diversity and the presence of novel alleles that were lost during domestication (Karn et al., 2011;
Fang et al., 2019). Teosinte harbors alleles that can enhance agronomic traits such as yield, stress resistance, and
nutritional quality (Sahoo et al., 2021). For instance, the introgression of teosinte alleles has been shown to
improve high-density maize yields by altering plant architecture (Tian et al., 2019). Additionally, teosinte's genetic
diversity includes alleles that contribute to kernel composition traits, such as increased oil and protein content,
which are beneficial for both human and animal nutrition (Karn et al., 2011). The genetic basis of these traits has
been elucidated through various studies, highlighting the potential of teosinte in modern maize breeding programs
(Hubbard et al., 2002; Liu et al., 2019).

This study aims to provide a comprehensive overview of the role of teosinte in maize genetic enhancement. It will
explore the genetic and phenotypic differences between maize and teosinte, the potential of teosinte alleles to
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improve modern maize, and the mechanisms by which these alleles can be integrated into maize breeding
programs. By examining the current status and future prospects of utilizing teosinte in maize improvement, this
study seeks to underscore the importance of conserving and studying wild germplasm to ensure the continued
evolution and resilience of maize in the face of changing environmental conditions and agricultural demands.

2 Teosinte: Biological and Genetic Background
2.1 Taxonomy and species of teosinte
Teosinte, the wild ancestor of modern maize (Zea mays L.), belongs to the genus Zea and comprises several
species and subspecies. The primary taxa include Zea mays ssp. parviglumis, Zea mays ssp. mexicana, Zea
diploperennis, Zea luxurians, Zea perennis, Zea mays ssp. huehuetenangensis, Zea vespertilio, and Zea
nicaraguensis. These species are distributed from northern Mexico to Costa Rica, with the Mexican annuals Zea
mays ssp. parviglumis and Zea mays ssp. mexicana showing a wide distribution in Mexico, while other species
have more restricted ranges (González et al., 2018; Rivera-Rodríguez et al., 2023).

2.2 Morphological characteristics
Teosinte exhibits distinct morphological traits compared to domesticated maize. It typically has a more branched
structure with multiple stalks and smaller ears covered by a few layers of husks. The leaves of teosinte are
generally narrower and longer than those of maize. The husk traits, including husk length, width, and the number
of husk layers, show significant variation between teosinte and maize, with teosinte having fewer and smaller
husk layers (Fu et al., 2019; Zhang et al., 2021). Additionally, teosinte kernels are encased in a hard fruitcase,
unlike the exposed kernels of maize (Chen et al., 2020).

2.3 Genetic diversity in teosinte
Teosinte harbors a high level of genetic diversity, which is crucial for its adaptation to various environmental
conditions. Studies have shown that Zea mays ssp. parviglumis and Zea mays ssp. mexicana exhibit the highest
levels of genomic diversity among the teosinte taxa (Rivera-Rodríguez et al., 2023). This genetic diversity is
influenced by local adaptation to environmental factors such as temperature and soil phosphorus concentration, as
well as historical climate fluctuations during the Holocene and Pleistocene (Aguirre-Liguori et al., 2019;
Gasca-Pineda et al., 2023). The genetic structure of teosinte populations reveals significant differentiation between
and within subspecies, driven by both contemporary and historical environmental factors (Gasca-Pineda et al.,
2023). This diversity makes teosinte a valuable genetic resource for maize breeding programs aimed at improving
traits such as stress tolerance and nutritional content (Figure 1) (Xu et al., 2019; Zavala-López et al., 2018).

Figure 1 Metabolome divergence between maize and teosinte (Adopted from Xu et al., 2019)
Image caption: (A): Classification of metabolites that have annotated structures; (B): Principal component analysis (PCA) of the
maize and teosinte accessions with all metabolites (Adopted from Xu et al., 2019)

3 Historical Perspectives
3.1 Early studies on teosinte-maize relationships
The relationship between teosinte and maize has been a subject of scientific inquiry for many years. Early studies
focused on the morphological differences and similarities between the two plants. Teosinte, the wild ancestor of
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maize, exhibits a significantly different phenotype compared to modern maize, despite their genetic similarities
(Zobrist et al., 2021). Initial genetic studies revealed that a small number of major loci could explain a large
portion of the phenotypic changes observed during maize domestication (Liu et al., 2019). These findings
supported the hypothesis that selective breeding and domestication led to the remarkable transformation of
teosinte into modern maize.

3.2 Archeological evidence
Archeological evidence has played a crucial role in understanding the domestication process of maize from
teosinte. Fossil records and ancient maize cobs found in archeological sites provide insights into the early stages
of maize domestication. These records indicate that teosinte was first domesticated around 10 000 years ago in the
Balsas River Valley of southern Mexico (Adhikari et al., 2021). The archeological findings suggest that early
agricultural communities selectively bred teosinte for desirable traits, leading to the gradual transformation into
maize. This evidence underscores the importance of teosinte as a genetic reservoir that contributed to the
development of modern maize varieties.

3.3 Molecular evidence
Molecular studies have further elucidated the genetic relationship between teosinte and maize. Advances in
genomic technologies have allowed researchers to identify specific genes and quantitative trait loci (QTLs) that
differentiate teosinte from maize. For instance, single-molecule long-read sequencing has revealed extensive
genomic and transcriptomic variation between maize and its wild relative teosinte (Li et al., 2021). This study
identified 70 044 nonredundant transcript isoforms and constructed a draft genome of teosinte, providing a
valuable resource for maize breeding programs.

Additionally, molecular evidence has shown that teosinte harbors unique alleles that can enhance modern maize
varieties. For example, the UPA2 allele, which reduces leaf angle and improves high-density maize yields,
originated from teosinte but was lost during domestication. Introgressing such wild alleles into modern maize
hybrids can enhance agronomic traits and yield potentia (Tian et al., 2019).

Overall, the integration of archeological and molecular evidence has significantly advanced our understanding of
the teosinte-maize relationship, highlighting the potential of teosinte as a valuable genetic resource for maize
improvement.

4 Genetic Contributions of Teosinte to Maize
4.1 Genetic loci associated with domestication
Teosinte, the wild ancestor of maize, has played a crucial role in the domestication and genetic enhancement of
maize. The genetic architecture of teosinte and maize has been extensively studied to understand the loci
associated with domestication. One significant locus is the teosinte branched1 (tb1) gene, which has been shown
to have large effects on plant architecture and ear morphology. The tb1 gene is involved in the plant's response to
environmental conditions, influencing the development of long or short branches, which was a key factor in maize
domestication (Figure 2) (Studer et al., 2012). Additionally, other loci such as UPA1 and UPA2, which regulate
plant architecture, have been identified. These loci contribute to the upright plant architecture that facilitates dense
planting, a trait beneficial for modern agriculture (Tian et al., 2019).

4.2 Traits inherited from teosinte
Several important traits have been inherited from teosinte, contributing to the genetic diversity and adaptability of
modern maize. For instance, teosinte harbors stronger alleles for kernel composition traits, including starch,
protein, and oil content, which can be exploited for the improvement of these traits in maize (Karn et al., 2017).
Another inherited trait is the narrow plant architecture conferred by the UPA2 allele, which enhances high-density
maize yield (Figure 3) (Tian et al., 2019). Furthermore, teosinte has contributed to the morphological
diversification of maize, with traits such as ear structure and shattering being influenced by genes like ramosa1
(ra1) and zagl1 (Weber et al., 2008). These traits have been crucial in the adaptation and improvement of maize
for various agricultural practices..
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Figure 2 Phenotypic Means of Introgressed Segments from Various Zea Species (Adopted from Studer et al., 2012)
Image caption: Points are shaded on the basis of taxonomic origin of the tb1 introgressed segment: (purple) Zea mays ssp. mays
control populations, (blue) Z. diploperennis, (red) Z. mays ssp. parviglumis, and (green) Z. mays ssp. Mexicana; Error bars represent
the standard error for each genotypic class. The x-axis shows the introgression segments; the y-axis shows trait means (Adopted from
Studer et al., 2012)

4.3 Modern genetic analysis of teosinte
Modern genetic analysis techniques have provided deeper insights into the genetic contributions of teosinte to
maize. Single-molecule long-read sequencing has revealed extensive genomic and transcriptomic variation
between maize and teosinte, identifying numerous nonredundant transcript isoforms and providing a robust gene
classifier for complex genomes (Li et al., 2021). Additionally, association mapping studies have identified
significant associations between specific genes and trait variations in teosinte, suggesting new putative causative
relationships for domestication traits (Weber et al., 2008). These advanced genetic analyses have furthered our
understanding of maize domestication and provided valuable resources for utilizing teosinte germplasm in maize
breeding (Huang et al., 2016).
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Figure 3 Positional cloning of UPA2 (Adopted from Tian et al., 2019)
Image caption: (A): QTL mapping for middle leaf angle in the maize–teosinte BC2S3 population. LOD, logarithm of odds. UPA2
and UPA1 are the largest- and second-largest leaf angle QTL, respectively. The dashed gray line at LOD of 5 indicates the threshold
of claiming significant QTLs. (B) Gross morphologies of UPA2-NILW22 and UPA2-NIL8759. The white arrows indicate the lower,
middle, and upper leaves in which leaf angle was scored. Scale bars, 20 cm. (C) Comparison of leaf angle in lower, middle, and
upper leaves between UPA2-NILW22 and UPA2-NIL8759. (D) Scanning electron microscopy analysis of the ligular region of
UPA2-NILW22 and UPA2-NIL8759. The ligular band and the mature auricle region are indicated by white dashed lines. Scale bars, 3
mm (top) and 500 mm (bottom). (E) Comparison of the width of the ligular band and auricle margin between UPA2-NILW22 and
UPA2-NIL8759. (F) Cross-sections of the mature ligular region of UPA2-NILW22 and UPA2-NIL8759. Top shows the abaxial side
and bottom shows the adaxial side. Scale bars, 100 mm; (G) Comparison of number of the abaxial sclerenchyma cell layers (left) and
the adaxial sclerenchyma cell layers (right) between UPA2-NILW22 and UPA2-NIL8759. (H) Location of UPA2 on maize
chromosome 2; CEN, centromere; (I) Fine mapping of UPA2 using an NIL population (n = 3180). The number of recombinants
between adjacent markers is indicated below the linkage map. (J) Progeny testing of recombinants delimited UPA2 to a 240-bp
noncoding region (red lines). The graphical genotypes of the five critical recombinants are shown on the left. White, black, and gray
segments indicate regions homozygous for W22, regions homozygous for 8759, and heterozygous regions, respectively. The bar
graphs on the right compare middle leaf angle between homozygous recombinants and homozygous nonrecombinants within each
recombinant-derived F3 family. Black and white bars represent homozygous progenies that inherited the 8759 and W22 chromosome
from the parental recombinant, respectively. The 240-bp region of UPA2 is located 9540 bp upstream of the start codon (ATG) of
GRMZM2G102059 (ZmRAVL1). Pink and gray regions indicate the exon and untranslated regions (UTR), respectively; Values are
means±SD. **P<0.01 (Student’s t test); N.S., not significant (Adopted from Tian et al., 2019)

In summary, the genetic contributions of teosinte to maize are profound, with key loci such as tb1 and UPA2
playing significant roles in domestication. Traits inherited from teosinte, including kernel composition and plant
architecture, have been crucial for maize improvement. Modern genetic analysis techniques continue to uncover
the complex genetic architecture of teosinte, providing valuable insights and resources for future maize breeding
efforts.

5 Techniques for Utilizing Teosinte in Maize Breeding
5.1 Hybridization and backcrossing
Hybridization and backcrossing are traditional techniques used to introduce desirable traits from teosinte into
maize. By crossing teosinte with elite maize lines, researchers can create hybrids that combine the beneficial traits
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of both species. Subsequent backcrossing with maize helps to retain the desired traits while maintaining the
overall genetic makeup of maize. For instance, teosinte has been used to develop backcross inbred lines (BILs)
that exhibit resistance to pests like the red flour beetle and improved plant architecture traits (Joshi et al., 2021;
Adhikari et al., 2022). These BILs are evaluated for various agronomic traits, and quantitative trait loci (QTLs) are
mapped to identify genomic regions associated with these traits (Joshi et al., 2021; Adhikari et al., 2022).

5.2 Marker-assisted selection (MAS)
Marker-Assisted Selection (MAS) is a technique that uses molecular markers to select plants with desirable traits
during the breeding process. This method accelerates the breeding cycle by allowing for the early identification of
plants carrying the desired genes. In the context of teosinte and maize, MAS has been employed to introgress
traits such as pest resistance and improved plant architecture. For example, SSR markers have been used to map
QTLs governing traits like plant height, leaf length, and ear number in teosinte-introgressed maize populations
(Kumar et al., 2020; Adhikari et al., 2022). These markers facilitate the selection of superior lines that can be used
in further breeding programs.

5.3 Genomic selection (GS)
Genomic Selection (GS) is an advanced breeding technique that uses genome-wide markers to predict the
performance of breeding lines. This method allows for the selection of plants with the best genetic potential for
multiple traits simultaneously. In maize breeding, GS can be particularly useful for incorporating complex traits
from teosinte, such as stress resistance and yield improvement. Studies have shown that introgressed teosinte
alleles can enhance maize's adaptability to different environmental conditions, making GS a valuable tool for
developing resilient maize varieties (Calfee et al., 2021; Adhikari et al., 2022).

5.4 CRISPR/Cas9 and gene editing
CRISPR/Cas9 and other gene-editing technologies offer precise methods for introducing or modifying specific
genes in the maize genome. These techniques can be used to directly edit genes identified in teosinte that confer
beneficial traits. For example, CRISPR/Cas9 has been used to create waxy corn hybrids with higher yields
compared to those produced by traditional breeding methods (Gao et al., 2020). Additionally, gene editing can be
employed to introgress specific alleles from teosinte that have been lost during maize domestication, thereby
enhancing traits like plant architecture and yield under high-density planting conditions (Tian et al., 2019).

By leveraging these techniques, researchers can effectively utilize the genetic diversity of teosinte to enhance
maize breeding programs, leading to the development of superior maize varieties with improved agronomic traits
and resilience to environmental stresses.

6 Case Studies of Teosinte Utilization
6.1 Drought tolerance
Teosinte has been instrumental in enhancing drought tolerance in maize through various genetic approaches. For
instance, the development of hybrid models using artificial intelligence techniques has shown promise in
predicting drought tolerance indices in teosinte introgressed maize lines. The genetic algorithm-based support
vector machine (SVM-GA) model, in particular, has demonstrated high potential in forecasting drought tolerance
and stress tolerance indices, making it a valuable tool for improving drought resilience in maize (Kumar et al.,
2022). Additionally, the TCP family genes, specifically ZmTCP42, have been identified to play a significant role
in drought tolerance. Overexpression of ZmTCP42 in Arabidopsis has validated its function in enhancing drought
tolerance, suggesting its potential application in maize breeding programs (Ding et al., 2019).

6.2 Disease resistance
Teosinte-derived alleles have also been utilized to confer multiple disease resistances in maize. A notable example
is the teosinte-derived allele of the Mexicana lesion mimic 1 (ZmMM1) gene, which has been shown to provide
resistance to northern leaf blight (NLB), gray leaf spot (GLS), and southern corn rust (SCR). The strong multiple
disease resistance (MDR) conferred by this allele is linked to polymorphisms in the 3' untranslated region of the
ZmMM1 gene, leading to increased accumulation of the ZmMM1 protein. This discovery not only aids in



Maize Genomics and Genetics 2024, Vol.15, No.4, 171-181
http://cropscipublisher.com/index.php/mgg

177

developing broad-spectrum and durable disease resistance but also enhances our understanding of the molecular
mechanisms underlying MDR (Wanng et al., 2021).

6.3 Yield improvement
Teosinte has contributed to yield improvement in maize, particularly under high-density planting conditions. The
identification and introgression of the UPA2 allele from teosinte, which regulates upright plant architecture, have
been shown to enhance maize yields in densely planted fields. This allele, which was lost during maize
domestication, has been reintroduced to modern hybrids, resulting in improved agronomic characteristics and
higher yields under high-density planting conditions (Tian et al., 2019). Additionally, the identification of a new
QTL underlying seminal root number in a maize-teosinte population has provided insights into improving root
architecture, which is crucial for water and nutrient acquisition, ultimately contributing to yield improvement
(Wanng et al., 2023).

6.4 Nutritional quality enhancement
Teosinte has also been explored for its potential to enhance the nutritional quality of maize. Although specific
studies on nutritional quality enhancement were not directly cited in the provided data, the overall genetic
diversity and unique traits of teosinte, such as its ability to form aerenchyma under flooding conditions, suggest
that it holds promise for improving various agronomic traits, including nutritional quality. The introgression of
beneficial alleles from teosinte into maize can potentially lead to the development of maize varieties with
enhanced nutritional profiles, thereby addressing both yield and quality aspects of maize production (Mano et al.,
2006; Mano and Omori, 2007; 2013).

In summary, teosinte has played a crucial role in maize genetic enhancement, contributing to improved drought
tolerance, disease resistance, yield, and potentially nutritional quality. The utilization of teosinte-derived alleles
and genetic resources continues to offer valuable opportunities for advancing maize breeding programs and
addressing global agricultural challenges.

7 Challenges and Limitations
The integration of teosinte into maize genetic enhancement presents several challenges and limitations. These can
be broadly categorized into genetic barriers, breeding difficulties, and regulatory and ethical issues.

7.1 Genetic barriers
One of the primary challenges in utilizing teosinte for maize improvement is the genetic incompatibility between
the two species. The presence of specific loci such as Teosinte crossing barrier1 (Tcb1) restricts hybridization with
maize, making it difficult to crossbreed the two species effectively (Evans et al., 2001). Additionally, the extensive
genomic and transcriptomic variation between maize and teosinte further complicates the integration of beneficial
traits from teosinte into maize (Li et al., 2021). The genetic architecture of teosinte, which includes a high degree
of genetic diversity and unique alleles, poses significant barriers to the straightforward transfer of traits (Karn et
al., 2017; Yang et al., 2019).

7.2 Breeding difficulties
Breeding teosinte with modern maize varieties is fraught with practical difficulties. The differences in plant and
inflorescence architecture between maize and teosinte, controlled by loci such as teosinte branched1 (tb1), result
in phenotypic traits that are not always desirable in modern agricultural contexts. Moreover, the genetic
background of teosinte can affect the expression of these traits, making it challenging to predict and control the
outcomes of breeding programs. The process of backcrossing and selecting for desirable traits is labor-intensive
and time-consuming, often requiring multiple generations to achieve stable and beneficial hybrids (Karn et al.,
2017).

7.3 Regulatory and ethical issues
The use of wild relatives like teosinte in crop improvement also raises several regulatory and ethical concerns.
The introduction of wild alleles into commercial maize varieties may be subject to stringent regulatory scrutiny to
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ensure that the resulting crops are safe for consumption and do not pose environmental risks (Sahoo et al., 2021).
Additionally, there are ethical considerations related to the conservation of wild species and the potential impacts
of their domestication on biodiversity (Sahoo et al., 2021). The use of genetic modification techniques to
incorporate teosinte traits into maize further complicates the regulatory landscape, as these methods are often
subject to additional legal and public acceptance hurdles (Tian et al., 2019).

In summary, while teosinte offers valuable genetic resources for maize improvement, the challenges and
limitations associated with genetic barriers, breeding difficulties, and regulatory and ethical issues must be
carefully navigated to realize its full potential in agricultural applications.

8 Future Directions
8.1 Advanced genomic tools and techniques
The advancement of genomic tools and techniques holds significant promise for the genetic enhancement of
maize using teosinte. Single-molecule long-read sequencing has revealed extensive genomic and transcriptomic
variations between maize and teosinte, providing a robust resource for maize breeding (Li et al., 2021). The
development of state-of-the-art bioinformatics pipelines, such as DenovoAS_Finder, allows for accurate
annotation of teosinte transcriptomes without a complete reference genome, facilitating the identification of
beneficial alleles (Li et al., 2021). Additionally, the comprehensive transcriptome sequencing of teosinte
accessions has identified numerous unigenes with strong selection signals, which can be targeted for maize
improvement (Huang et al., 2016). These advanced genomic tools will enable more precise and efficient
utilization of teosinte genetic resources in maize breeding programs.

8.2 Potential new traits from teosinte
Teosinte harbors a wealth of genetic diversity that can be harnessed to introduce new traits into maize. For
instance, teosinte alleles have been shown to improve kernel composition traits, such as starch, protein, and oil
content, which are crucial for enhancing the nutritional value of maize (Karn et al., 2017). Moreover, the
identification of the UPA2 allele from teosinte, which confers upright plant architecture, has demonstrated
potential for increasing maize yields under high-density planting conditions (Tian et al., 2019). The exploration of
teosinte's genetic diversity can lead to the discovery of novel traits that enhance maize's adaptability, resilience,
and productivity.

8.3 Integrating teosinte in sustainable agriculture
Integrating teosinte into sustainable agriculture practices can significantly contribute to the resilience and
adaptability of maize. Teosinte possesses diverse alleles for resistance to abiotic and biotic stresses, which can be
introgressed into maize to enhance its stress tolerance (Sahoo et al., 2021). The development of teosinte-derived
maize lines has shown significant diversification in agronomic traits, yield, and adaptation, indicating the potential
of teosinte in improving maize's performance under various environmental conditions (Sahoo et al., 2021). By
leveraging teosinte's genetic resources, sustainable agriculture practices can be developed to ensure food security
and environmental sustainability.

8.4 Global collaborations and germplasm conservation
Global collaborations and germplasm conservation are essential for the effective utilization of teosinte in maize
genetic enhancement. The conservation of teosinte germplasm is crucial for maintaining its genetic diversity and
ensuring its availability for future breeding programs (Sahoo et al., 2021). Collaborative efforts among researchers,
breeders, and conservationists can facilitate the exchange of knowledge, resources, and technologies, promoting
the sustainable use of teosinte in maize improvement. Additionally, the establishment of international germplasm
repositories and databases can enhance the accessibility and utilization of teosinte genetic resources, fostering
global efforts in maize genetic enhancement (Sahoo et al., 2021).

By focusing on these future directions, the potential of teosinte in maize genetic enhancement can be fully realized,
leading to the development of superior maize varieties that meet the demands of modern agriculture and
contribute to global food security.
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9 Concluding Remarks
Teosinte, the wild ancestor of modern maize, has played a crucial role in the genetic enhancement of maize.
Several studies have highlighted the significant genetic diversity present in teosinte, which has been harnessed to
improve various agronomic traits in maize. For instance, the introgression of the UPA2 allele from teosinte has
been shown to enhance high-density maize yields by altering plant architecture to facilitate dense planting.
Additionally, teosinte alleles have been identified that improve kernel composition traits such as starch, protein,
and oil content, demonstrating the potential of teosinte to enhance the nutritional quality of maize. The teosinte
branched1 (tb1) gene has been linked to the suppression of growth in maize, contributing to its less branched
architecture compared to teosinte. Furthermore, the teosinte glume architecture1 (tga1) locus has been pivotal in
the evolution of maize by reducing the hardness of glumes, making kernels more accessible for harvest. The
discovery of a teosinte-derived allele of a MYB transcription repressor that confers multiple disease resistance in
maize further underscores the value of teosinte in crop improvement.

The future of teosinte in maize genetic enhancement looks promising, with several avenues for further research
and application. Advances in genomic and transcriptomic technologies, such as single-molecule long-read
sequencing, have provided deeper insights into the genetic and transcriptomic variations between maize and
teosinte, facilitating the identification of beneficial alleles for maize improvement. The development of robust
genetic transformation protocols for teosinte, such as biolistic bombardment, opens up new possibilities for
functional analyses of teosinte genes and their regulatory mechanisms. Additionally, the comprehensive
characterization of the teosinte transcriptome has revealed adaptive sequence divergence during maize
domestication, highlighting the potential of teosinte germplasm to enhance the adaptability of maize to various
environmental stimuli. As we continue to explore the genetic potential of teosinte, it is likely that new alleles and
genetic pathways will be discovered that can further enhance the yield, nutritional quality, and disease resistance
of maize, ensuring food security in the face of growing global demands.
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