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Abstract: Plant systematics has transitioned from a discipline based primarily on morphology and single-gene sequences to

"Phylogenomics,"

utilizing whole-genome and transcriptomic data. This paper explores the evolutionary history of land plants

(Embryophytes), focusing on the critical transitions from bryophytes to tracheophytes and the explosive radiation of angiosperms during
the Cretaceous. We discuss the impact of Whole Genome Duplication (WGD) events on plant diversification and the resolution of long-
standing "'recalcitrant” nodes in the Tree of Life using High-Throughput Sequencing (HTS). Special attention is given to the APG IV
(Angiosperm Phylogeny Group) system and the emerging use of Artificial Intelligence in automated botanical identification and

Phylogenetic mapping.
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1. Introduction

The quest to organize the diversity of the plant kingdom has
been a central tenet of botany since Linnaeus. However, the
advent of Phylogenomics- the intersection of molecular
biology and evolution—has fundamentally altered our
understanding of plant relationships (Araus et al., 2024). By
analyzing thousands of genes simultaneously, researchers can
now resolve evolutionary mysteries that morphology alone
could not address.

This paper synthesizes recent findings (2024-2026) in plant
systematics, emphasizing how genomic data is redefining the
boundaries of families, genera, and species.

Resolving the Base of the Plant Tree

One of the most debated topics in botany is the origin of land
plants. Recent phylogenomic analyses of charophyte algae
and bryophytes have confirmed that Zygnematophyceae are
the closest living relatives to land plants (Xiang et al., 2024).

The Bryophyte Monophyly

Recent studies using hundreds of nuclear genes have shifted
the consensus towards a monophyletic bryophyte clade
(mosses, liverworts, and hornworts), suggesting that the last
common ancestor of land plants was more complex than
previously thought (Zhang et al., 2025).

Transition to Tracheophytes

The evolution of vascular tissue (xylem and phloem) was
preceded by significant changes in the genetic regulation of
lignin biosynthesis. Phylogenomic mapping has identified
specific transcription factor expansions that allowed plants to
grow vertically and colonize drier habitats (Qi et al., 2024).
The Angiosperm Explosion and Whole Genome
Duplications

Angiosperms appeared suddenly in the fossil record, a
phenomenon Darwin famously called an "abominable
mystery." Phylogenomics has provided the solution.

Whole Genome Duplications (WGD)

Nearly every lineage of flowering plants has undergone at
least one WGD event. These events provide a '"genetic
reservoir” for innovation, allowing plants to evolve new traits
such as complex flowers, specialized fruits, and diverse
secondary metabolites (Chen & Wang, 2025).

The Amborella Genome

The sequencing of Amborella trichopoda, the sister group to
all other flowering plants, has served as an evolutionary
"anchor," allowing botanists to reconstruct the ancestral
angiosperm genome (Wang & Chen, 2024).

Reticulate Evolution and Hybridization

While the "Tree of Life" implies a simple branching structure,
plant evolution is often '"reticulate" due to frequent
hybridization and Horizontal Gene Transfer (HGT).

Interspecific Hybridization

Phylogenomic data has revealed that many iconic plant
groups, including oaks (Quercus) and sunflowers
(Helianthus), are the result of ancient and ongoing
hybridization events. This challenges the biological species
concept and requires a more fluid, network-based approach to
systematics (Zhao et al., 2024).

APG 1V and Modern Classification Systems

The Angiosperm Phylogeny Group (APG) IV system
represents the gold standard for flowering plant classification.
Recent updates have utilized "Target Enrichment" sequencing
to refine the placement of "orphan" families, particularly
within the orders Malpighiales and Ericales (Purnhagen &
Wesseler, 2024).

Al and the Future of Systematics

The integration of Machine Learning with herbarium data is
revolutionizing plant identification. Al algorithms can now
identify species from leaf venation patterns or floral
morphology with over 95% accuracy, facilitating the rapid
mapping of biodiversity in under-explored regions like the
Amazon and the Himalayas (Smith & Johnson, 2026).
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2. Conclusion

Systematic Phylogenomics

has moved beyond mere

classification to become a tool for understanding the very
mechanisms of life. By integrating genomic, fossil, and
ecological data, we are finally uncovering the true history of
the plant kingdom. The challenge for the next decade will be
to apply this knowledge to the conservation of endangered
lineages in the face of the sixth mass extinction.
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