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The Taxus genus, commonly known as yew, represents one of the most significant 

sources of naturally derived anticancer compounds, particularly paclitaxel (Taxol). 

Recent advances in plant biotechnology, synthetic biology, and metabolic engineering 

have enhanced understanding of Taxus secondary metabolism and opened new avenues 

for sustainable paclitaxel production. This review provides an updated overview of 

Taxus taxonomy, phytochemistry, pharmacological properties, and biotechnological 

progress. Emphasis is placed on recent developments in endophyte-mediated paclitaxel 

synthesis, transcriptomic studies, and nanotechnology-based drug delivery systems that 

improve bioavailability and therapeutic efficacy. Moreover, the review highlights 

conservation strategies and sustainable exploitation methods to protect Taxus 

biodiversity under increasing global demand. Integrating traditional medicinal 

knowledge with modern biotechnological tools offers promising prospects for 

optimizing Taxus-derived therapeutics and ensuring long-term resource sustainability. 
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INTRODUCTION 

In 1753, Carl Linnaeus formally described the 

genus Taxus in Species Plantarum under the name 

Taxus baccata. [1, 2] It is a coniferous 

(gymnosperm) plant that is a member of the tiny 

family Taxaceae.[3,4] Taxonomically, the 

circumscription of Taxus is difficult because 

different taxonomic authorities recognize 

anywhere from 20 different species with numerous 

varieties to a single, broadly defined species with 

numerous varieties.[5] Approximately ten 

identified species, spread over the Northern 

Hemisphere's temperate to subtropical zones, 

make up the taxonomic group in many 

contemporary treatments. [6, 7] For instance, 

Taxus brevifolia is indigenous to western North 

America, while Baccata and Cuspidata are native 

to Europe and western Asia, and Wallichiana is 

indigenous to the Himalayas. The genus Taxus 

https://www.ijpsjournal.com/
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includes gymnosperms, or seed plants that do not 

bloom. It has the reproductive traits of a 

gymnosperm, which include producing ovules that 

are exposed to the environment rather than actual 

ovaries or flowers. Female ovulate structures and 

male microsporangia (pollen cones) are distinct 

entities. The "cone" is drastically altered in Taxus, 

where each seed is supported by an aril, a fleshy, 

cup-shaped structure, as opposed to a woody cone. 

[8,9] Among the conifers, Taxus and the family 

Taxaceae occupy a basal position 

phylogenetically. Current genomic research is 

illuminating the links between gymnosperms and 

the emergence of secondary metabolism in this 

lineage. [10] Multiple gene clusters linked to 

secondary metabolism, such as terpenes and 

taxane production, have been found in the genome 

of Taxus, indicating the genus's distinct metabolic 

ability. [11] 

Understanding the evolution of Taxus is 

particularly crucial for comprehending 

biogeographic history, as many of its species are 

regarded as relict in various regions of their range, 

representing Tertiary-era distributions. [12] 

2. Phytochemical Richness of Taxus  

The most pharmacologically significant class of 

chemicals in the plant are taxane-type diterpenoids 

(taxoids), which are among the many complex and 

varied secondary metabolites of the genus Taxus. 

The most well-known of these is paclitaxel 

(Taxol), a diterpenoid substance that is frequently 

used as an anticancer treatment for lung, ovarian, 

and breast malignancies [13]. Other similar 

taxoids, including cephalomannine, baccatin III, 

and 10 deacetylbaccatin III, have also been 

isolated from different Taxus species in addition to 

paclitaxel [14]. These substances accumulate 

differently in different species, plant organs, and 

environmental settings, and they are 

biosynthesised via the MEP (2-C-methyl-D 

erythritol-4-phosphate) route [15]. The 

antioxidant, antibacterial, and anti-inflammatory 

qualities of Taxus plants are attributed to a variety 

of bioactive ingredient classes, including 

flavonoids, lignans, phenolic acids, alkaloids, and 

volatile oils, in addition to taxanes [16]. 

Flavonoids including quercetin, taxifolin, and 

amentoflavone, as well as phenolic acids that boost 

antioxidant ability, have been found in 

considerable amounts in Taxus mairei and T. 

media, for example [17]. Furthermore, the plant's 

toxicity to people and animals is caused by toxic 
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alkaloids including taxine A and taxine B, which 

are found in the leaves and seeds [18]. 

3. Medicinal Importance of Taxus 

Because it produces paclitaxel (Taxol), a 

diterpenoid molecule with strong anticancer 

properties, the genus Taxus enjoys a unique 

position in medicinal plant research. One of the 

most potent chemotherapy drugs for non-small-

cell lung, ovarian, and breast malignancies, 

paclitaxel was initially isolated from the bark of 

Taxus brevifolia in the early 1970s [19]. It stops 

cell division and triggers apoptosis in cancer cells 

by stabilizing microtubules and preventing their 

depolymerization during mitosis [20]. In addition 

to paclitaxel, related taxane compounds that were 

created by semi-synthetic modification, such 

docetaxel and cabazitaxel, have found extensive 

usage in contemporary oncology [21]. Taxus 

extracts and secondary metabolites have anti-

inflammatory, anti-cancer, antibacterial, and 

cardioprotective qualities in addition to their 

anticancer function [22]. For instance, research on 

Taxus wallichiana has shown that its high phenolic 

and flavonoid content has substantial antioxidant 

potential [23]. Additionally, the plant has 

demonstrated antidiabetic and neuroprotective 

properties in preclinical trials, indicating broader 

medicinal potential [24]. Rheumatism, bronchitis, 

asthma, and inflammation have all been treated 

with Taxus bark and leaves in traditional medical 

systems, especially in China and the Himalayas 

[25]. It is crucial to remember that some Taxus 

species contain toxic alkaloids (taxine A and B), 

which, if ingested in excess, can result in 

respiratory distress and cardiotoxicity [26]. 

4. Biotechnological Advances of Taxus  

Due to the sluggish growth rate of the plants and 

the limited natural supply, the biotechnological 

development of Taxus species has mostly 

concentrated on the sustainable production of 

paclitaxel (Taxol). The development of plant 

tissue culture systems, including as callus, cell 

suspension, and organ cultures, has been one of the 

most important developments since it allows for 
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the regulated and scalable synthesis of paclitaxel 

and related taxanes [27]. A significant 

advancement for industrial-scale synthesis was 

made in the late 1980s when the first effective 

manufacture of paclitaxel in Taxus cell cultures 

was documented [28]. Since then, taxane yields 

have been greatly enhanced by optimizing culture 

conditions, precursor feeding, and elicitation 

techniques using methyl jasmonate, chitosan, 

salicylic acid, and jasmonic acid [29].  

Furthermore, Agrobacterium rhizogenes-induced 

hairy root cultures have become robust and 

genetically homogeneous systems for the 

synthesis of secondary metabolites [30]. Under 

ideal elicitation circumstances, these cells can 

continually collect paclitaxel and show greater 

biosynthetic stability [31]. Utilizing endophytic 

fungi that have been isolated from Taxus species, 

some of which are capable of producing paclitaxel 

without the assistance of the host plant, is 10 

another exciting field [32]. 

Additionally, to improve taxane production, recent 

developments in genetic engineering and 

metabolic pathway manipulation have made it 

possible to target the overexpression of important 

genes like taxadiene synthase (TS) and 10-

deacetylbaccatin III-10-O acetyltransferase 

(DBAT) [33]. New targets for metabolic 

engineering have been made possible by the 

identification of crucial enzymes and regulatory 

components involved in the biosynthesis of 

paclitaxel by transcriptomic and genomic 

investigations [34]. 

5. Ecological and Conservation Aspects of 

Taxus  

5 Due to habitat degradation, overharvesting for 

paclitaxel extraction, and their naturally sluggish 

growth and regeneration rates, many Taxus 

species are currently threatened [35]. The IUCN 

Red List lists several Himalayan species, including 

Taxus wallichiana, T. contorta, and T. fuana, as 

threatened or endangered. Populations of these 

species are falling in China, India, Bhutan, and 

Nepal [36]. The main source of paclitaxel, 

excessive bark removal, has had a negative effect 

on natural populations since it frequently results in 

the death of the trees [37]. Further impeding 

population recovery are Taxus species' low seed 

viability, extended hibernation, and restricted 

natural regeneration [38]. Both ex situ (off-site 

cultivation and preservation) and in situ (on-site 

habitat protection) conservation measures are 

being used to lessen these concerns. In areas like 

the Eastern Himalayas and Southwest China, in 

situ initiatives involve the creation of protected 

forest reserves and the implementation of 

sustainable harvesting practices [39]. To preserve 

genetic variety and generate superior planting 

material for reforestation initiatives, ex situ 

techniques including as micropropagation, 

somatic embryogenesis, and cryopreservation are 

being developed [40]. Clonal multiplication of 

elite genotypes and endangered species, such as T. 

Wallichiana and T. Baccata, has been particularly 

aided by micropropagation techniques [41]. Long-

term germplasm storage has also been 

demonstrated to be possible through the 

cryopreservation of embryogenic cultures and 

shoot tips [42]. Additionally, by supporting 

metabolite production and lowering the need for 

harmful harvesting, biotechnological interventions 

like the use of endophytic fungi and hairy root 

cultures align conservation with medicinal need 

[43]. 

6. Pharmacological and Toxicological Studies 

of Taxus  

A diterpenoid molecule with strong anticancer 

effects, paclitaxel (Taxol), is produced by the 

species Taxus, which is well-known in 
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pharmacology. By attaching itself to β-tubulin 

subunits, paclitaxel stabilizes microtubules and 

stops them from depolymerizing, which stops cell 

division at the G2/M phase and causes cancer cells 

to undergo apoptosis [44]. Because of its 

effectiveness, paclitaxel is now a mainstay in 

chemotherapy treatments for lung, breast, and 

ovarian malignancies. Its derivatives, including 

docetaxel and cabazitaxel, have been created to 

improve absorption and lessen adverse effects 

[45]. The toxicity linked to traditional paclitaxel 

formulations has been minimized by novel 

formulations, such as nanoparticle albumin-bound 

paclitaxel (nab-paclitaxel), which have 

demonstrated enhanced solubility and decreased 

hypersensitivity reactions [46].  

Compounds produced from Taxus have anti-

inflammatory, antioxidant, antidiabetic, and 

neuroprotective qualities in addition to their 

anticancer action [47]. In vitro, for instance, 

preparations of T. Wallichiana and Taxus baccata 

have shown anti-lipid peroxidation and free radical 

scavenging properties [48]. Taxus contains 

poisonous alkaloids, namely taxine A and taxine 

B, which disrupt cardiac ion channels and result in 

arrhythmias, hypotension, and potentially lethal 

cardiac collapse, despite its medicinal value [49]. 

Both humans and animals have been known to 

become poisoned by accidentally consuming 

Taxus leaves or seeds; symptoms include 

bradycardia, dyspnea, muscle spasms, and nausea 

[50]. Furthermore, taxine alkaloids' LD₅₀ values 
show severe acute toxicity, which makes 

appropriate extraction, formulation, and dose 

essential for medical usage [51]. 

7. Omics and Genomic Insights of Taxus 

Our knowledge of the genetic and metabolic 

complexity of Taxus species, particularly with 

regard to paclitaxel production, has significantly 

improved as a result of recent omics based studies. 

A big genome (~10.2 Gb) with a significant 

concentration of repetitive sequences and gene 

families linked to terpenoid production was found 

by genome sequencing of Taxus chinensis var. 

Mairei [52]. Clusters of genes encoding taxadiene 

synthase (TS), taxane 5α-hydroxylase (T5αOH), 
and 10-deacetylbaccatin III-10-O-

acetyltransferase (DBAT) important enzymes in 

the paclitaxel biosynthesis pathway were found by 

comparative genomic analysis [53]. In a similar 

vein, the Taxus baccata draft genome shed more 

light on the arrangement and duplication of 

transferase and cytochrome P450 genes, which are 

essential for the structural diversity of taxanes 

[54].  

By profiling gene expression across tissues and 

under elicitor treatments, transcriptomic 

investigations have supplemented these findings 

by demonstrating that biosynthetic genes are 

differentially regulated in response to salicylic 

acid and methyl jasmonate [55]. Finding 

transcription factors that control paclitaxel 

pathway genes, such as bHLH and WRKY 

families, has been made possible thanks in large 

part to these data [56]. A systems-level knowledge 

of taxane production has also been made possible 

by the correlation of gene expression with 

metabolite accumulation, which has been 

facilitated by metabolomic and proteomic 

investigations [57]. By combining these omics 

techniques, metabolic engineering has become 

possible, enabling the targeted modification of 

genes involved in the biosynthesis of paclitaxel in 

heterologous systems and Taxus cell cultures [58]. 

8. Industrial and Commercial Perspectives of 

Taxus 

Because it is the natural source of paclitaxel 

(Taxol), one of the most lucrative anticancer 

medications in the world, the Taxus genus has 

enormous industrial and financial value. Large-
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scale production systems combining plant, 

microbial, and chemical processes have been 

established as a result of the significant market 

demand for paclitaxel, which is fueled by its 

effectiveness against ovarian, breast, and non-

small-cell lung cancers [59]. 

Originally, paclitaxel was extracted from the bark 

of Taxus brevifolia, but because of the tree's 

sluggish growth and the enormous amount of 

biomass needed, this method was not sustainable, 

and biotechnological and semi-synthetic 

manufacturing pathways were developed [60]. 

Semi-synthetic methods are now the mainstay of 

commercial production, where paclitaxel is 

chemically produced from 10-deacetylbaccatin III 

(10-DAB III), a precursor derived from the 

renewable needles of Taxus baccata [61]. This 

approach is a standard in the pharmaceutical 

business since it maintains excellent output and 

purity while drastically reducing ecological effect 

[62]. The efficiency of manufacturing has been 

further enhanced by developments in plant cell 

culture technology; industrial-scale bioreactors 

using Taxus cell suspensions currently make a 

significant contribution to the world's paclitaxel 

supply [63]. Additionally, metabolic engineering 

and elicitor-based tactics have improved these 

systems' consistency and output [64]. With a 

projected revenue of over USD 5 billion by 2030, 

the global paclitaxel market is expected to 

continue rising due to the development of 

biosimilars and expanding therapeutic 

applications [65]. Innovative biotechnological 

techniques, such as synthetic biology and 

microbial biosynthesis, are being investigated as 

economical and environmentally friendly 

substitutes for conventional extraction [66]. 

9. Future Prospects of Taxus  

Future research on Taxus species will increasingly 

focus on combining metabolic engineering, 

synthetic biology, and nanotechnology to create 

paclitaxel and related taxanes in a sustainable and 

scalable manner. Advances in synthetic biology 

enable the reconstruction of the paclitaxel 

biosynthesis pathway in microbial hosts such as 

Saccharomyces cerevisiae and Escherichia coli, 

providing alternative production systems that 

circumvent the limitations of plant-based 

cultivation [67]. The successful expression of key 

Taxus genes in engineered microbes, including 

taxadiene synthase (TS) and 10-deacetyl baccatin 

III-10-O acetyltransferase (DBAT), has been a 

major step toward the generation of heterologous 

paclitaxel [68].  

Moreover, precise modification of rate-limiting 

enzymes and regulatory genes to improve flux 

through the taxane route is possible through 

metabolic pathway engineering, which is backed 

by transcriptome and metabolomic data [69]. 

Additionally, using nanotechnology into Taxus 

research has the potential to enhance paclitaxel 

formulations' bioavailability and drug delivery. 

Comparing nanocarrier systems to traditional 

formulations, polymeric nanoparticles, liposomes, 

and nanocrystals have shown improved solubility, 

targeted distribution, and decreased systemic 

toxicity [70]. Optimizing the extraction, stability, 

and delivery of new bioactive chemicals from 

Taxus is another use for these technologies [71].  

Additionally, a promising avenue for the discovery 

of new taxane analogs and bioactive metabolites is 

the investigation of underutilized Taxus species, 

including T. Cuspidata, T. Wallichiana, and T. 

Canadensis, as well as the endophytic fungi that 

are associated with them [72]. For large-scale 

production, endophytic microorganisms that can 

produce taxanes without the help of the host plant 

may be used as sustainable bioreactors [73]. 
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CONCLUSION  

The successful fusion of contemporary 

biotechnology innovation and ancient medical 

expertise is best demonstrated by the genus Taxus. 

After the discovery of paclitaxel (Taxol), a 

ground-breaking anticancer drug made from its 

secondary metabolites, Taxus, which has long 

been prized for its therapeutic qualities, has 

acquired international attention [74]. Research on 

Taxus has changed because to developments in 

biotechnology, synthetic biology, and metabolic 

engineering, which allow for the sustainable 

synthesis of paclitaxel and related chemicals 

without overusing wild populations [75]. 

Furthermore, despite improving production under 

controlled conditions, advancements like cell 

culture methods, elicitor treatments, and genetic 

investigations have expanded our knowledge of 

taxane biosynthesis [76]. Simultaneously, there 

are significant conservation problems due to the 

slow growth rate, habitat loss, and overharvesting 

of certain Taxus species [77]. To maintain genetic 

variety and ecological stability, sustainable 

exploitation by in situ and ex situ conservation— 

including endophytic fungal cultivation, 

cryopreservation, and micropropagation—is 

crucial [78]. Taxus will continue to be used as a 

model organism for creating high-value, 

environmentally friendly treatments in the future 

thanks to the integration of conservation biology 

and biotechnological innovation [79]. 
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