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Plant cell suspension culture provides several advantages such as the capability of constant year-round production 

independent of climatic conditions, and the ability to produce compounds that are difficult or impossible to 

chemically synthesize under sterile environment [8]. In addition to other advantages, this technology may contribute 

to relive survival pressure in the case of endangered species [9]. Moreover, laboratory manufacturing guarantees 

quality and produces in accordance with Good Manufacturing Practices (GMP) standards[10]. Research has 

demonstrated that cell-cultured products are just as pure and efficacious as their plant-derived counterparts. For 

instance, paclitaxel made in this way was approved by the FDA after being demonstrated to be therapeutically 

equivalent to a natural product. In spite of these potential benefits, the industrial use of plant cell culture in 

pharmaceuticals is not widely used commercially [11]. This is mainly attributed to the low productivity and 

heterogeneity of cell culture, which cannot compete with chemical or agricultural origin[12]. However, with the 

advent of contemporary biotechnological techniques in the production process, a breakthrough is within reach [13], 

which putatively provides for a systematic optimization of cell strains and thus enhanced productivity. The revival of 

plant cell culture as a viable production platform for active pharmaceutical ingredients is enabled by the development 

of multigenomic approaches, precise genome editing (e.g., CRISPR) and synthetic biology. Such tools would allow 

―re-designing‖ of the ―cell factories‖ to enhance their productivity, emulating similar to what has been achieved in 

microbial fermentation [5]. This document deals with this subject from the industrial application point of view, on 

how bio-technological tools may be used to enhance plant cell lines. The practical approach to convert these farms 

into sustainable and efficient specialized commercial production centers for bioactive compounds is also discussed. 

 

 



University of Thi-Qar Journal of agricultural research 

Thi-Qar Journal of agricultural research 

ISSN Onlin:2708 -9347, ISSN Print: 2708 -9339  Volume 15, Issue 1 (2026) 

.56 https://doi.org/10.54174/utjagr.v13ii                https://iasj.rdd.edu.iq/journals/journal/issue/20226 

 

 

Page 392    

 

 

UTJagr This is an open access article under the CC-BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/ )  



University of Thi-Qar Journal of agricultural research 

Thi-Qar Journal of agricultural research 

ISSN Onlin:2708 -9347, ISSN Print: 2708 -9339  Volume 15, Issue 1 (2026) 

.56 https://doi.org/10.54174/utjagr.v13ii                https://iasj.rdd.edu.iq/journals/journal/issue/20226 

 

 

Page 393    

 

 

UTJagr This is an open access article under the CC-BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/ )  



University of Thi-Qar Journal of agricultural research 

Thi-Qar Journal of agricultural research 

ISSN Onlin:2708 -9347, ISSN Print: 2708 -9339  Volume 15, Issue 1 (2026) 

.56 https://doi.org/10.54174/utjagr.v13ii                https://iasj.rdd.edu.iq/journals/journal/issue/20226 

 

 

Page 394    

 

 

UTJagr This is an open access article under the CC-BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/ )  



University of Thi-Qar Journal of agricultural research 

Thi-Qar Journal of agricultural research 

ISSN Onlin:2708 -9347, ISSN Print: 2708 -9339  Volume 15, Issue 1 (2026) 

.56 https://doi.org/10.54174/utjagr.v13ii                https://iasj.rdd.edu.iq/journals/journal/issue/20226 

 

 

Page 395    

 

 

UTJagr This is an open access article under the CC-BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/ )  

 



University of Thi-Qar Journal of agricultural research 

Thi-Qar Journal of agricultural research 

ISSN Onlin:2708 -9347, ISSN Print: 2708 -9339  Volume 15, Issue 1 (2026) 

.56 https://doi.org/10.54174/utjagr.v13ii                https://iasj.rdd.edu.iq/journals/journal/issue/20226 

 

 

Page 396    

 

 

UTJagr This is an open access article under the CC-BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/ )  



University of Thi-Qar Journal of agricultural research 

Thi-Qar Journal of agricultural research 

ISSN Onlin:2708 -9347, ISSN Print: 2708 -9339  Volume 15, Issue 1 (2026) 

.56 https://doi.org/10.54174/utjagr.v13ii                https://iasj.rdd.edu.iq/journals/journal/issue/20226 

 

 

Page 397    

 

 

UTJagr This is an open access article under the CC-BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/ )  

[55] 
 

anticancer, antimalarial, and 

antiarrhythmic functions 

the production of 

terpenoid indole 

alkaloids 

ORCA3  and 

strictosidine 

glucosidase 

Roots 
Catharanthus 

roseus 
5 

[56]  

[57] 
 

 

anticancer agents 

The taxanes, 

paclitaxel and 

docetaxel, 

The  TXS gene 
Roots 

modified 
Taxus baccata 6 



University of Thi-Qar Journal of agricultural research 

Thi-Qar Journal of agricultural research 

ISSN Onlin:2708 -9347, ISSN Print: 2708 -9339  Volume 15, Issue 1 (2026) 

.56 https://doi.org/10.54174/utjagr.v13ii                https://iasj.rdd.edu.iq/journals/journal/issue/20226 

 

 

Page 398    

 

 

UTJagr This is an open access article under the CC-BY-NC-SA license (https://creativecommons.org/licenses/by-nc-sa/4.0/ )  

V. Bioprocess Engineering and Optimization 

A. Advanced Bioreactor Design 
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  The conversion of plant cell cultures into drug production platforms is an attractive development of modern 

biotechnology. In this review, we discuss a number of approaches that in combination overcome the major hurdles 

which have previously hindered large-scale industrial exploitation of plant cell culture systems. The coming together 

of critical technologies such as CRISPR-mediated genome editing, system biology analytics and synthetic biology 

regulatory circuits as well as sophisticated bioprocess control modi has substantially changed productivity. The 

earliest cell culture production concentrations were prohibitively low and biotechnologically more advanced systems 

are capable of titers that match or exceed the value of the parent plant for certain compounds. The commercial success 

of the industrial manufacture of paclitaxel, in particular, has illustrated the technical and economic feasibility of this 

strategy when systems engineering philosophies are consistently applied. However, the fact that these plant cells are 

converted to competitive biofactories still relies on specific substances and investments are considerable. Success 

entails the combined optimization of several bioengineering layers: precise genetic alteration to optimize biosynthesis 

pathways; metabolic engineering toward precursor supply, cofactor availability and nutrient distribution; synthetic 

biology for dynamic regulation and re-wiring of metabolic processes; and bioprocess optimization for scalable, 

robust production with consistent quality. 
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