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Steviol glycosides (SGs) are responsible for the sweetness of stevia (Stevia rebaudian 

Bertoni) which are 100–300 folds sweeter than sucrose. Stevioside and rebaudioside A 

present in stevia are the most prominent and desirable SGs as natural sweetening agents 

endowed with various medicinal properties. In vitro regeneration offers great potential 

to meet commercial demand for expanding stevia cultivation. This study aims in 

developing an efficient in vitro propagation protocol for stevia through callus induction 

and evaluates the effect of nutrient content in growth media on SGs biosynthetic gene 

expression and production of stevioside and rebaudioside A in the leaves. In order to 

enhance the production of the high-value rebaudioside A, the CRISPR/dCas9 a gene 

activation system was investigated as a novel way of improving the production of this 

metabolite. The efficacy of Clorox and ethanol as surface sterilizing agents for explant 

(leaf segments) was investigated. The highest percentage of survivability (88.90 ± 5.55) 

of explants was found at 15 and 30 days after inoculation (DAI) on Murashige and Skoog 

(MS) media by sterilization with 30% Clorox for 5 min and 10% Clorox for 10 min, 

respectively. Addition of 2, 4-D (0.00 to 2.00 mg/L) and Zeatin (0.1 mg/L) was evaluated 

for callus induction from the leaf explants. The MS media containing 0.50 mg/L 2, 4-D 

and 0.1 mg/L zeatin stimulated 50% of explants to develop callus at 15 DAI while 1.50 

mg/L 2, 4-D and 0.1 mg/L zeatin resulted in 76.67% callus at 30 DAI. The effectiveness 

of adding BAP (0.0 to 10.0 mg/L) and NAA (0.0 to 1.0 mg/L) for initiation of shoots 

from stevia calli was investigated. The highest shoot proliferation per callus was 

achieved with 10.0 mg/L 6-benzyl amino purine (BAP) in MS at 15 DAI (5.8) and 30 

DAI (12.33). The highest average length of shoots was achieved with BAP (10.0 mg/L) 

and 1.0 mg/L naphthalene acetic acid of 4.31 cm and 6.04 cm at 15 and 30 DAI, 

respectively. The different strengths of MS media were utilized as rooting media. MS 

media (0.50 strength) induced 2.86 and 6.20 roots per shoot and produced 3.25 cm and 

7.82 cm long roots at 15 and 30 DAI, respectively. The highest concentration of 

rebaudioside A (6.53%) accumulated in the leaves of stevia grown on 0.25 MS and this 

was correlated with its biosynthetic gene uridine-diphosphate-dependent (UDP)-
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glycosyltransferase 76G1 (UGT76G1) expression level. The dCas9 fused with VP64 as 

transcriptional activation domain (TAD) was produced and purified for the formation of 

ribonucleoproteins (RNPs) by mixing with four in vitro transcribed sgRNAs designed 

by online based tool, benchling. The protocol for efficient protoplasts isolation was 

optimized by utilizing the combinations of different cell wall degrading enzymes 

(cellulase R-10 and macerozyme R-10) at different concentrations. The highest 

protoplast yield was from leaf mesophyll of in vitro grown stevia plantlets (3.16 × 106/g 

of FW) using ES5 (1.25 % cellulase R-10 and 0.75% macerozyme R-10). The 

transcriptional activation efficiencies were evaluated from the transfected protoplasts 

with different RNPs through Polyethylene glycol (PEG)-mediated transfection. The 

highest endogenous activation of UGT76G1 gene expression was detected at 27.51-fold 

after 24 h of transfection with RNP30 consisting of CRISPR/dCas9-TAD with sgRNA30 

and similar activation level was obtained using RNP18, RNP33, and RNP34, produced 

using sgRNA18, sgRNA33, and sgRNA34, respectively. Activation of UGT76G1 by 

RNP18 led to significant increase in the expression of the rate limiting enzyme 

UGT85C2 by 2.37-fold and there was an increasing trend in the expression of UGT85C2 

using RNP30, RNP33 and RNP34. The results obtained from in vitro regeneration of 

stevia provided a protocol for high quality planting materials production for commercial 

cultivation. The expression of UGT76G1 can be a universal biomarker for monitoring 

the biosynthesis of rebaudioside A, the most desirable SGs in efforts to improve its 

production through growth media manipulation. Successful application of 

CRISPR/dCas9-TAD RNP in activating specific genes in stevia protoplasts provided a 

platform for gene functional studies in stevia while paving the way for production of 

DNA-free genetically modified crops that can improve public acceptance. 
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Steviol glikosida (SGs) bertanggungjawab terhadap kemanisan stevia (Stevia rebaudian 

Bertoni) yang mana 100–300 kali ganda lebih manis daripada sukrosa. Steviosida dan 

rebaudiosida A yang terdapat dalam stevia adalah SG yang paling utama dan diperlukan 

sebagai agen pemanis semulajadi yang dikurniakan pelbagai khasiat perubatan. 

Penjanaan semula in vitro menawarkan potensi yang besar untuk memenuhi permintaan 

komersial untuk mengembangkan penanaman stevia. Kajian ini bertujuan untuk 

membangunkan protokol pembiakan in vitro yang cekap untuk stevia melalui induksi 

kalus dan menilai kesan kandungan nutrien dalam media pertumbuhan ke atas ekspresi 

gen biosintetik SG dan pengeluaran steviosida dan rebaudiosida A dalam daun. Untuk 

meningkatkan pengeluaran rebaudiosida A bernilai tinggi, sistem pengaktifan gen 

CRISPR/dCas9 A telah disiasat sebagai cara baru untuk menambahbaik pengeluaran 

metabolit ini. Keberkesanan Clorox (15% natrium hipoklorida) dan etanol sebagai agen 

pensterilan permukaan untuk eksplan (segmen daun) telah disiasat. Peratusan 

kemandirian tertinggi (88.90 ± 5.55) eksplan didapati pada 15 dan 30 hari selepas 

inokulasi (DAI) pada media Murashige dan Skoog (MS) secara pensterilan masing-

masing dengan 30% Clorox selama 5 minit dan 10% Clorox selama 10 minit. 

Penambahan 2, 4-D (0.00 hingga 2.00 mg/L) dan zeatin (0.1 mg/L) telah dinilai untuk 

aruhan kalus daripada eksplan daun. Media MS yang mengandungi 0.50 mg/L 2, 4-D 

dan 0.1 mg/L zeatin menghasilkan 50% kalus pada 15 DAI manakala 1.50 mg/L 2, 4-D 

dan 0.1 mg/L zeatin menghasilkan 76.67% kalus pada 30 DAI. Keberkesanan 

penambahan BAP (0.0 hingga 10.0 mg/L) dan NAA (0.0 hingga 1.0 mg/L) untuk 

permulaan pucuk daripada kalus stevia telah disiasat. Percambahan pucuk tertinggi bagi 

setiap kalus dicapai dengan 10.0 mg/L 6-benzyl amino purine (BAP) dalam MS pada 15 

DAI (5.8) dan 30 DAI (12.33). Purata panjang pucuk tertinggi dicapai dengan BAP (10.0 

mg/L) dan 1.0 mg/L asid asetik naftalena dengan 4.31 cm dan 6.04 cm masing-masing 

pada 15 dan 30 DAI. Kekuatan media MS yang berbeza telah digunakan sebagai media 

pengakaran. Media MS (kekuatan 0.50) menginduksi 2.86 dan 6.20 akar bagi setiap 
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pucuk dan menghasilkan 3.25 cm dan 7.82 cm akar panjang masing-masing pada 15 dan 

30 DAI. Kepekatan tertinggi rebaudiosida A (6.53%) terkumpul dalam daun stevia yang 

ditanam pada 0.25 MS yang dikaitkan dengan tahap ekspresi gen biosintetik uridine-

diphosphate-dependent (UDP)-glycosyltransferase 76G1 (UGT76G1). dCas9 yang 

digabungkan dengan VP64 sebagai domain pengaktifan transkrip (TAD) telah dihasilkan 

dan ditulenkan untuk pembentukan ribonukleoprotein (RNPs) dengan mencampurkan 

dengan empat sgRNA yang ditranskripsi secara in vitro yang direka oleh alat berasaskan 

dalam talian, iaitu benchling. Protokol untuk pengasingan protoplas yang cekap telah 

dioptimumkan dengan menggunakan gabungan enzim pengurai dinding sel yang 

berbeza (selulase R-10 dan macerozyme R-10) pada kepekatan yang berbeza. Hasil 

protoplas tertinggi adalah daripada mesofil daun anak benih stevia yang dibiak secara in 

vitro (3.16 × 106/g FW) menggunakan ES5 (1.25 % selulase R-10 dan 0.75% 

macerozyme R-10). Kecekapan pengaktifan transkrip dinilai daripada protoplas yang 

ditransfeksi dengan RNP yang berbeza melalui transfeksi PEG-perantara. Pengaktifan 

endogenus tertinggi bagi gen UGT76G1 dikesan pada 27.51-kali ganda selepas 24 jam 

transfeksi dengan RNP30 yang terdiri daripada CRISPR/dCas9-TAD dengan sgRNA30 

dan tahap pengaktifan yang serupa diperoleh menggunakan RNP18, RNP33, dan 

RNP34, masing-masing dihasilkan menggunakan sgRNA18, sgRNA33, dan sgRNA34. 

Pengaktifan UGT76G1 oleh RNP18 membawa kepada peningkatan ketara dalam 

ekspresi enzim pengehad kadar UGT85C2 sebanyak 2.37-kali ganda dan terdapat trend 

peningkatan dalam ekspresi UGT85C2 menggunakan RNP30, RNP33 dan RNP34. 

Keputusan yang diperoleh daripada penjanaan semula in vitro stevia menyediakan 

protokol untuk pengeluaran bahan tanaman berkualiti tinggi untuk penanaman 

komersial. Ekspresi UGT76G1 boleh menjadi penanda bio universal untuk memantau 

biosintesis rebaudiosida A, SG yang paling diingini dalam usaha menambahbaik 

pengeluarannya melalui manipulasi media pertumbuhan. Aplikasi CRISPR/dCas9-TAD 

RNP yang berjaya dalam mengaktifkan gen tertentu dalam protoplas stevia menyediakan 

platform untuk kajian fungsi gen dalam stevia disamping membuka jalan untuk 

penghasilan tanaman diubah suai genetik bebas DNA yang boleh menambahbaik 

penerimaan awam. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

Stevia (Stevia rebaudiana Bertoni) is a member of the Asteraceae family and considered 

as the most promising plant having natural sweetening and medicinal values. It bears 

sweet steviol glycosides (SGs) which are 250 times sweeter than table sugar (Lemus-

Mondaca et al., 2012) and can be used as a sucrose replacement (Talevi, 2018; Michael, 

2017). Stevia is extensively utilized as a substitute for table sugar in beverages, foods, 

and medication in several countries, and many commercial products containing the 

derivatives of stevia have been developed (Momtazi-Borojeni et al., 2016). It is currently 

grown for food and pharmaceutical applications in Japan, China, Korea, Brazil, 

Thailand, Taiwan, the Philippines, Hawaii, Malaysia, and across South America 

(Noranida et al., 2015). China is the largest market of the manufactured products in the 

world. The Global Stevia Market has an estimated market value in 2021 of $539.68 

million and in 2028, it is projected to reach US$ 965.82 million with a growing 

Compound Annual Growth Rate (CAGR) of 8.7% from 2021 to 2028 (Global Stevia 

Market Forecast Report 2021-2028).   

 

 

According to recent studies, stevia derivatives might also be employed for various 

medicinal uses such as anti-diabetic (Kurek and Krejpcio, 2019), anti-microbial, anti-

oxidant, and anti-inflammatory (Lemus-Mondaca et al., 2018), anti-carcinogenic 

(Panagiotou et al., 2018), and anti-hyperglycemic (Kamath, 2016). The SGs does not 

break down in the human body due to them having zero-caloric potential but rather they 

just pass through the digestive tract making them safe for diabetic patients (Zaidan et al., 

2019; Kurek and Krejpcio, 2019). 

 

 

SGs are a complex combination of related chemicals, with some SG forms imparting a 

sweet flavour and others imparting a bitter or metallic flavour (Ceunen and Geuns, 

2013a). Out of the eight SGs, stevioside is the major constituent with sweetening 

potential and the rebaudioside A  is the most desirable sweetening ingredient having 

appealing flavour without bitter taste after consumption  (Yadav et al., 2011). The 

biosynthesis of SGs has been well researched and studied (Brandle and Telmer, 2007). 

Cytosolic UDP-dependent glycosyltransferases catalyse the majority of the critical 

processes in SGs production (UGTs). UGT85C2, UGT74G1, and UGT76G1 were 

identified as being crucial in the production of rebaudioside A, the most highly valued 

SGs based on the expression of these genes that encode UGTs in the biosynthetic 

pathway of SGs (Yadav and Guleria, 2012). The protein UGT85C2 converts steviol to 

steviolmonoside, UGT74G1 is responsible for the conversion of steviolbioside to 

stevioside and in the final step of the MEP-pathway, UGT76G1 converts the stevioside 

to rebaudioside A. The accumulation of rebaudioside A directly correlated with the 

expression level of UGT76G1 (Behroozi et al., 2017). 

 

 

In vitro regeneration of plants is the only tool for rapid and efficient development of 

stevia, which is needed to leverage the industrial application of stevia (Pande and Gupta, 
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2013; Yadav et al., 2011). Plant tissue culture techniques offer tremendous ability to 

improve consistency and abundance in the supply of stevia planting materials, as well as 

the bioactive compounds. The variety of explants used, the category and amount of plant 

growth hormones, and the in vitro growth environment all impact the formation of tissue 

culture plantlets from stevia  (Kazmi et al., 2019), and need to be optimized for 

commercial production. For the development of disease-free genotypes and enhanced 

production of active compounds, advancements in plant tissue culture technologies like 

refinement of growing media for in vitro production of plant are widely utilized. 

Furthermore, significant amounts of steviol glycosides have been extracted from in vitro 

regenerated plant cells compared to field-grown stevia (Golkar et al., 2019; Kazmi et al., 

2019). Under in vitro conditions, the plant tissue culture can be used to generate steviol 

glycosides on a long-term basis.  

 

 

The “Clustered Regularly Interspaced Short Palindromic Repeats” (CRISPR)/Cas9 

system with dysfunctional Cas9 endonuclease offers a powerful targeted genetic 

modification apparatus for gene functional studies and ultimately heritable trait 

improvement. Despite the fact that this dead variant of Cas9 is unable to break DNA, the 

dCas9 still can locate and attach to DNA with the same specificity as functional Cas9. 

CRISPR/dCas9 system has been recently proven to be a versatile tool that can recruit 

various modifying enzymes and transcriptional activators to the targeted genomic site 

through fusion with dCas9 (Moradpour and Abdullah 2020). Artificial transcriptional 

activators provide a useful means for gene activation by administering  a transcription 

activation domain (TAD) to a particular gene promoter at the native genomic locus via 

a programmable DNA-binding module (Li et al., 2017). Recruitment of these regulators 

to promoters adjacent to transcription start site (TSS) through the CRISPR/dCas9 system 

can modify the level of expression of the targeted genes (Lowder et al., 2018; Li et al., 

2017). A few efficient dCas9-based gene activation systems for plant cells have recently 

been reported (Li et al., 2017; Lowder et al., 2015; Piatek et al., 2015; Vazquez-Vilar et 

al., 2016). In terms of precision, efficiency, and versatility, it outperforms other methods 

such as utilization of transcription activator-like effectors (TALEN) and zinc-finger 

proteins (Qi et al., 2013).  

 

 

Although the modifications caused by the CRISPR/dCas9 systems are similar to 

naturally occurring mutations, the employment of transgenic systems during the creation 

of specific varieties needs to follow GMO laws in nations that rely on process-based 

regulations (Murovec et al., 2018). Furthermore, insertional mutagenesis that occurs as 

a consequence of the stable integration of DNA coding regions into plant genomes 

utilising CRISPR techniques, may result in mutations at off-target sites. These 

disadvantages can be avoided by delivering ribonucleoproteins (RNPs) complexes 

containing purified recombinant enzyme dCas9 and single guide RNA 

(sgRNA) produced in vitro. dCas9 binding competes with the natural transcription 

process at the targeted site, enabling reversible gene activation or suppression, rather 

than irrevocably changing the genome (Moradpour and Abdulah, 2020).     

 

 

This study focused on two strategies for enhancing SG production in stevia. The first 

was through media manipulation in tissue culture. The second was through 

transcriptional gene activation via a CRISPR/dCas9 platform of a key SG biosynthetic 
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gene, UGT76G1. UGT76G1 converts stevioside to rebaudioside A, which increases the 

organoleptic characteristics of SGs (Yoneda et al., 2017; Moon et al., 2020). Selection 

of the perfect transcriptional regulators, including the intended gene, particular target 

sites, and delivering the CRISPR/dCas9 and sgRNA complex is all critical to the 

application's success. The objectives of this study were : 

 

1) To develop an efficient in vitro propagation protocol for stevia and to evaluate 

the effect of nutrient content of growth media on SGs biosynthetic gene 

expression and production of stevioside and rebaudioside A; 

2) To design, and synthesize single guide RNAs (sgRNAs) through in vitro 

transcription to be used for direct formation of ribonucleoprotein (RNPs) 

complexes by preassembling of purified dCas9-TAD protein; 

3) To develop protoplast isolation and transfection methods for stevia; and  

4) To detect and evaluate the transcriptional activation efficiencies of the RNPs 

complexes composed of dCas9-TAD and different sgRNAs targeting key genes 

for rebaudioside A production in transfected stevia protoplasts. 

 

 

 



© C
OPYRIG

HT U
PM

  

126 

REFERENCES 

 

 

Abdelmaksood, A. W. M., Zavdetovna, K. L., & Arnoldovna, T. O. (2017). Effect of 

Different Plant Growth Regulators on the In Vitro Induction and Maintenance 

of Callus from Different Explants of Hyoscyamus muticus L. J. Appl. Environ. 

Biol. Sci, 7(3), 27–35. https://www.textroad.com/pdf/JAEBS/J. Appl. Environ. 

Biol. Sci., 7(3)27-35, 2017.pdf 

 

Abdelsalam, N. R., Botros, W. A., Khaled, A. E., Ghonema, M. A., Hussein, S. G., Ali, 

H. M., & Elshikh, M. S. (2019). Comparison of uridine diphosphate-

glycosyltransferase UGT76G1 genes from some varieties of Stevia rebaudiana 

Bertoni. Sci. Rep., 9(1), 1–10. https://doi.org/10.1038/s41598-019-44989-4 

 

Abdullah, S. N. A., Mayes, S., & Moradpour, M. (2021). Target Gene Identification and 

sgRNA Design for Waterlogging Tolerance in Foxtail Millet via CRISPR-

Based Transcriptional Activation. Cur. Chi. Sci., 1(5), 523–533. 

https://doi.org/10.2174/2210298101666210709104258 

 

Abou-Arab, E., & Abu-Salem, F. (2010). Evaluation of Bioactive Compounds of Stevia 

rebaudiana Leaves and Callus. J. Food Dairy Sci., 1(4), 209–224. 

https://doi.org/10.21608/jfds.2010.82109 

 

Adli, M. (2018). The CRISPR tool kit for genome editing and beyond. Nat. Commu., 

9(1). https://doi.org/10.1038/s41467-018-04252-2 

 

Ahmad, J., Khan, I., Johnson, S. K., Alam, I., & Din, Z. ud. (2018). Effect of 

Incorporating Stevia and Moringa in Cookies on Postprandial Glycemia, 

Appetite, Palatability, and Gastrointestinal Well-Being. J. Am. Coll. Nutri., 

37(2), 133–139. https://doi.org/10.1080/07315724.2017.1372821 

 

Ahmad, Naveed, Rab, A., Ahmad, N., & Fazal, H. (2018). Differential pH-Induced 

Biosynthesis of Steviol Glycosides and Biochemical Parameters in Submerge 

Root Cultures of Stevia rebaudiana (Bert.). Sugar Tech, 20(6), 734–744. 

https://doi.org/10.1007/s12355-018-0589-z 

 

Ahmad, Nisar, Fazal, H., Abbasi, B. H., Rashid, M., Mahmood, T., & Fatima, N. (2010). 

Efficient regeneration and antioxidant potential in regenerated tissues of Piper 

nigrum L. Plant Cell. Tissue Organ. Cult., 102(1), 129–134. 

https://doi.org/10.1007/s11240-010-9712-x 

 

Ahmad, Nisar, Fazal, H., Zamir, R., Khalil, S. A., & Abbasi, B. H. (2011). Callogenesis 

and Shoot Organogenesis from Flowers of Stevia rebaudiana (Bert.). Sugar 

Tech, 13(2), 174–177. https://doi.org/10.1007/s12355-011-0083-3 

 

Akbari, F., Arminian, A., Kahrizi, D., & Fazeli, A. (2017). Effect of nitrogen sources on 

some morphological characteristics of in vitro Stevia rebaudiana Bertoni. Cell. 

Mol. Biol., 63(2), 107–111. https://doi.org/10.14715/CMB/2017.63.2.17 

 



© C
OPYRIG

HT U
PM

  

127 

Akbari, Fariba, Arminian, A., Kahrizi, D., Fazeli, A., & Ghaheri, M. (2018). Effect of 

nitrogen sources on gene expression of Stevia rebaudiana (Bertoni) under in 

vitro conditions. Cell. Mol. Biol., 64(2), 11–16. 

https://doi.org/10.14715/cmb/2018.64.2.3 

 

Ali, A., Mohammad, S., Khan, M. A., Raja, N. I., Arif, M., Kamil, A., & Mashwani, Z. 

ur R. (2019). Silver nanoparticles elicited in vitro callus cultures for 

accumulation of biomass and secondary metabolites in Caralluma tuberculata. 

Artif. Cell. Nanomed. Biotechnol., 47(1), 715–724. 

https://doi.org/10.1080/21691401.2019.1577884 

 

Aliaga-Franco, N., Zhang, C., Presa, S., Srivastava, A. K., Granell, A., Alabadí, D., 

Sadanandom, A., Blázquez, M. A., & Minguet, E. G. (2019). Identification of 

Transgene-Free CRISPR-Edited Plants of Rice, Tomato, and Arabidopsis by 

Monitoring DsRED Fluorescence in Dry Seeds. Front. Plant. Sci., 10(1150), 

1–9. https://doi.org/10.3389/fpls.2019.01150 

 

Aman, N., Hadi, F., Khalil, S. A., Zamir, R., & Ahmad, N. (2013). Efficient regeneration 

for enhanced steviol glycosides production in Stevia rebaudiana (Bertoni). 

Comp. Rend. Biol., 336(10), 486–492. 

https://doi.org/10.1016/j.crvi.2013.10.002 

 

Andersson, M., Turesson, H., Olsson, N., Fält, A. S., Ohlsson, P., Gonzalez, M. N., 

Samuelsson, M., & Hofvander, P. (2018). Genome editing in potato via 

CRISPR-Cas9 ribonucleoprotein delivery. Physiol. Plant, 164(4), 378–384. 

https://doi.org/10.1111/ppl.12731 

 

Arif, I. A., Bakir, M. A., Khan, H. A., Ahamed, A., Al Farhan, A. H., Al Homaidan, A. 

A., Al Sadoon, M., Bahkali, A. H., & Shobrak, M. (2010). A simple method for 

DNA extraction from mature date palm Leaves: Impact of sand grinding and 

composition of lysis buffer. Int. J. Mol. Sci., 11(9), 3149–3157. 

https://doi.org/10.3390/ijms11093149 

 

Baazim, H. (2014). RNA-guided Transcriptional Regulation in Plants via dCas9 

Chimeric Proteins Thesis by. Thesis, May. 

 

Baltes, N. J., Gil-Humanes, J., & Voytas, D. F. (2017). Genome Engineering and 

Agriculture: Opportunities and Challenges. 1st ed.; Elsevier Inc. Amsterdam, 

The Netherlands. Volume 149.  https://doi.org/10.1016/bs.pmbts.2017.03.011 

 

Bart, R., Chern, M., Park, C. J., Bartley, L., & Ronald, P. C. (2006). A novel system for 

gene silencing using siRNAs in rice leaf and stem-derived protoplasts. Plant 

Methods, 2(1), 1–9. https://doi.org/10.1186/1746-4811-2-13 

 

Bayraktar, M., Naziri, E., Karabey, F., Akgun, I. H., Bedir, E., Röck-Okuyucu, B., & 

Gürel, A. (2018). Enhancement of stevioside production by using 

biotechnological approach in in vitro culture of Stevia rebaudiana. Int. J. 

Second. Metabol., December, 362–374. https://doi.org/10.21448/ijsm.496724 

 



© C
OPYRIG

HT U
PM

  

128 

Beerli, R. R., Segal, D. J., Dreier, B., & Barbas, C. F. (1998). Toward controlling gene 

expression at will: Specific regulation of the erbB-2/HER-2 promoter by using 

polydactyl zinc finger proteins constructed from modular building blocks. Proc. 

Natl. Acad. Sci. USA, 95(25), 14628–14633. 

https://doi.org/10.1073/pnas.95.25.14628 

 

Behroozi, P., Baghizadeh, A., Saei, A., & Kharazmi, S. (2017). Quantitative analysis of 

uridine diphosphate glycosyltransferase UGT85C2, UGT74G1 and UGT76G1 

genes expression in Stevia rebaudiana under different irrigations. Russian J. 

Plant Physiol., 64(1), 67–72. https://doi.org/10.1134/S1021443717010034 

 

Bergs, D., Burghoff, B., Joehnck, M., Martin, G., & Schembecker, G. (2012). Fast and 

isocratic HPLC-method for steviol glycosides analysis from Stevia rebaudiana 

leaves. J. Verbrauch. Leb., 7(2), 147–154. https://doi.org/10.1007/s00003-012-

0760-5 

 

Bernal, J., Mendiola, J. A., Ibáñez, E., & Cifuentes, A. (2011). Advanced analysis of 

nutraceuticals. J. Pharm. Biomed Anal., 55(4), 758–774. 

https://doi.org/10.1016/j.jpba.2010.11.033 

 

Blinstrubiene, A., Burbulis, N., Juškevičiute, N., Vaitkevičiene, N., & Žukiene, R. 

(2020). Effect of growth regulators on Stevia rebaudiana bertoni callus genesis 

and influence of auxin and proline to steviol glycosides, phenols, flavonoids 

accumulation, and antioxidant activity in vitro. Molecules, 25(12). 

https://doi.org/10.3390/molecules25122759 

 

Braatz, J., Harloff, H. J., Mascher, M., Stein, N., Himmelbach, A., & Jung, C. (2017). 

CRISPR-Cas9 targeted mutagenesis leads to simultaneous modification of 

different homoeologous gene copies in polyploid oilseed rape (Brassica napus). 

Plant Physiol., 174(2), 935–942. https://doi.org/10.1104/pp.17.00426 

 

Brandle, J. E., & Telmer, P. G. (2007). Steviol glycoside biosynthesis. Phytochemistry, 

68(14), 1855–1863. https://doi.org/10.1016/j.phytochem.2007.02.010 

 

Brooks, C., Nekrasov, V., Lipppman, Z. B., & Van Eck, J. (2014). Efficient gene editing 

in tomato in the first generation using the clustered regularly interspaced short 

palindromic repeats/CRISPR-associated9 system. Plant Physiol., 166(3), 

1292–1297. https://doi.org/10.1104/pp.114.247577 

 

Cao, J., Yao, D., Lin, F., & Jiang, M. (2014). PEG-mediated transient gene expression 

and silencing system in maize mesophyll protoplasts: A valuable tool for signal 

transduction study in maize. Acta Physiol. Plant, 36(5), 1271–1281. 

https://doi.org/10.1007/s11738-014-1508-x 

 

Casal, J. J. (2013). Photoreceptor signaling networks in plant responses to shade. Annu. 

Rev. Plant Biol., 64(January), 403–427. https://doi.org/10.1146/annurev-

arplant-050312-120221 

 

Casas-Grajales, S., Ramos-Tovar, E., Chávez-Estrada, E., Alvarez-Suarez, D., 

Hernández-Aquino, E., Reyes-Gordillo, K., Cerda-García-Rojas, C. M., 



© C
OPYRIG

HT U
PM

  

129 

Camacho, J., Tsutsumi, V., Lakshman, M. R., & Muriel, P. (2019). Antioxidant 

and immunomodulatory activity induced by stevioside in liver damage: In vivo, 

in vitro and in silico assays. Life Sci., 224(March), 187–196. 

https://doi.org/10.1016/j.lfs.2019.03.035 

 

Ceunen, S., & Geuns, J. M. C. (2013a). Influence of photoperiodism on the spatio-

temporal accumulation of steviol glycosides in Stevia rebaudiana (Bertoni). 

Plant Sci., 198, 72–82. https://doi.org/10.1016/j.plantsci.2012.10.003 

 

Ceunen, S., & Geuns, J. M. C. (2013b). Steviol glycosides: Chemical diversity, 

metabolism, and function. J. Nat. Prod., 76(6), 1201–1228. 

https://doi.org/10.1021/np400203b 

 

Chatsudthipong, V., & Muanprasat, C. (2009). Stevioside and related compounds: 

Therapeutic benefits beyond sweetness. Pharmacol. Ther., 121(1), 41–54. 

https://doi.org/10.1016/j.pharmthera.2008.09.007 

 

Che, P., Anand, A., Wu, E., Sander, J. D., Simon, M. K., Zhu, W., Sigmund, A. L., 

Zastrow-Hayes, G., Miller, M., Liu, D., Lawit, S. J., Zhao, Z. Y., Albertsen, M. 

C., & Jones, T. J. (2018). Developing a flexible, high-efficiency 

Agrobacterium-mediated sorghum transformation system with broad 

application. Plant Biotechnol. J., 16(7), 1388–1395. 

https://doi.org/10.1111/pbi.12879 

 

Chen, J., Jeppesen, P. B., Abudula, R., Dyrskog, S. E. U., Colombo, M., & Hermansen, 

K. (2006). Stevioside does not cause increased basal insulin secretion or β-cell 

desensitization as does the sulphonylurea, glibenclamide: Studies in vitro. Life 

Sci., 78(15), 1748–1753. https://doi.org/10.1016/j.lfs.2005.08.012 

 

Chen, L., Cai, R., Weng, J., Li, Y., Jia, H., Chen, K., Yan, M., & Ouyang, P. (2020). 

Production of rebaudioside D from stevioside using a UGTSL2 Asn358Phe 

mutant in a multi-enzyme system. Microb. Biotechnol., 13(4), 974–983. 

https://doi.org/10.1111/1751-7915.13539 

 

Cheng, A. W., Wang, H., Yang, H., Shi, L., Katz, Y., Theunissen, T. W., Rangarajan, 

S., Shivalila, C. S., Dadon, D. B., & Jaenisch, R. (2013). Multiplexed activation 

of endogenous genes by CRISPR-on, an RNA-guided transcriptional activator 

system. Cell Res., 23(10), 1163–1171. https://doi.org/10.1038/cr.2013.122 

 

Cheng, N., & Nakata, P. A. (2020). Development of a rapid and efficient protoplast 

isolation and transfection method for chickpea (Cicer arietinum). MethodsX, 

7(2020), 101025. https://doi.org/10.1016/j.mex.2020.101025 

 

Cheng, Y., Zhang, N., Hussain, S., Ahmed, S., Yang, W., & Wang, S. (2019). Integration 

of a FT expression cassette into CRISPR/Cas9 construct enables fast generation 

and easy identification of transgene-free mutants in Arabidopsis. PLoS ONE, 

14(9), 1–15. https://doi.org/10.1371/journal.pone.0218583 

 

Cho, S. W., Kim, S., Kim, Y., Kweon, J., Kim, H. S., Bae, S., & Kim, J. S. (2014). 

Analysis of off-target effects of CRISPR/Cas-derived RNA-guided 



© C
OPYRIG

HT U
PM

  

130 

endonucleases and nickases. Genome Res., 24(1), 132–141. 

https://doi.org/10.1101/gr.162339.113 

 

Cho, S. W., Lee, J., Carroll, D., Kim, J. S., & Lee, J. (2013). Heritable gene knockout in 

Caenorhabditis elegans by direct injection of Cas9-sgRNA ribonucleoproteins. 

Genetics, 195(3), 1177–1180. https://doi.org/10.1534/genetics.113.155853 

 

Chranioti, C., Chanioti, S., & Tzia, C. (2016). Comparison of spray, freeze and oven 

drying as a means of reducing bitter aftertaste of steviol glycosides (derived 

from Stevia rebaudiana Bertoni plant) - Evaluation of the final products. Food 

Chem., 190, 1151–1158. https://doi.org/10.1016/j.foodchem.2015.06.083 

 

Church, G. M., Esvelt, K. M., Guell, M., Mali, P., Norville, J. E., Yang, L., Aach, J., & 

DiCarlo, J. E. (2013). RNA-Guided Human Genome Engineering via Cas9. 

Science, 339(823), 823–826.  

 

Clasen, B. M., Stoddard, T. J., Luo, S., Demorest, Z. L., Li, J., Cedrone, F., Tibebu, R., 

Davison, S., Ray, E. E., Daulhac, A., Coffman, A., Yabandith, A., Retterath, 

A., Haun, W., Baltes, N. J., Mathis, L., Voytas, D. F., & Zhang, F. (2016). 

Improving cold storage and processing traits in potato through targeted gene 

knockout. Plant Biotechno. J., 14(1), 169–176. 

https://doi.org/10.1111/pbi.12370 

 

Çölgeçen, H., Koca, U., & Toker, G. (2011). Influence of different sterilization methods 

on callus initiation and production of pigmented callus in Arnebia densif ora 

Ledeb. Turk. J. Biol., 35(4), 513–520. https://doi.org/10.3906/biy-0911-161 

 

Cong, L., Ran, F. A., Cox, D., Lin, S., Barretto, R., Habib, N., Hsu, P. D., Wu, X., Jiang, 

W., Marraffini, L. A., & Zhang, F. (2013). Multiplex genome engineering using 

CRISPR/Cas systems. Science, 339(6121), 819–823. 

https://doi.org/10.1126/science.1231143 

 

Cradick, T. J., Fine, E. J., Antico, C. J., & Bao, G. (2013). CRISPR/Cas9 systems 

targeting β-globin and CCR5 genes have substantial off-target activity. Nucleic 

Acids Res., 41(20), 9584–9592. https://doi.org/10.1093/nar/gkt714 

 

Dacome, A. S., Da Silva, C. C., Da Costa, C. E. M., Fontana, J. D., Adelmann, J., & Da 

Costa, S. C. (2005). Sweet diterpenic glycosides balance of a new cultivar of 

Stevia rebaudiana (Bert.) Bertoni: Isolation and quantitative distribution by 

chromatographic, spectroscopic, and electrophoretic methods. Pro. Biochem., 

40(11), 3587–3594. https://doi.org/10.1016/j.procbio.2005.03.035 

 

Davey, M. R., Anthony, P., Power, J. B., & Lowe, K. C. (2005). Plant protoplast 

technology: Current status. Acta Physiol. Plant, 27(1), 117–130. 

https://doi.org/10.1007/s11738-005-0044-0 

 

Deltcheva, E., Chylinski, K., Sharma, C. M., Gonzales, K., Chao, Y., Pirzada, Z. A., 

Eckert, M. R., Vogel, J., & Charpentier, E. (2011). CRISPR RNA maturation 

by trans-encoded small RNA and host factor RNase III. Nature, 471(7340), 

602–607. https://doi.org/10.1038/nature09886 



© C
OPYRIG

HT U
PM

  

131 

Depuydt, S., & Hardtke, C. S. (2011). Hormone signalling crosstalk in plant growth 

regulation. Curr. Biol., 21(9), R365–R373. 

https://doi.org/10.1016/j.cub.2011.03.013 

 

Dey, A., Kundu, S., Bandyopadhyay, A., & Bhattacharjee, A. (2013). Efficient 

micropropagation and chlorocholine chloride induced stevioside production of 

Stevia rebaudiana Bertoni. Comptes Rendus Biol., 336(1), 17–28. 

https://doi.org/10.1016/j.crvi.2012.11.007 

 

Didovyk, A., Borek, B., Tsimring, L., & Hasty, J. (2016). Transcriptional regulation with 

CRISPR-Cas9: Principles, advances, and applications. Curr. Opin. Biotechnol., 

40, 177–184. https://doi.org/10.1016/j.copbio.2016.06.003 

 

Doench, J. G., Fusi, N., Sullender, M., Hegde, M., Vaimberg, E. W., Donovan, K. F., 

Smith, I., Tothova, Z., Wilen, C., Orchard, R., Virgin, H. W., Listgarten, J., & 

Root, D. E. (2016). Optimized sgRNA design to maximize activity and 

minimize off-target effects of CRISPR-Cas9. Nat. Biotechnol., 34(2), 184–191. 

https://doi.org/10.1038/nbt.3437 

 

Doench, J. G., Hartenian, E., Graham, D. B., Tothova, Z., Hegde, M., Smith, I., 

Sullender, M., Ebert, B. L., Xavier, R. J., & Root, D. E. (2014). Rational design 

of highly active sgRNAs for CRISPR-Cas9-mediated gene inactivation. Nat. 

Biotechnol., 32(12), 1262–1267. https://doi.org/10.1038/nbt.3026 

 

Dong, L., Lv, L. B., & Lai, R. (2012). Molecular cloning of Tupaia belangeri chinensis 

neuropeptide Y and homology comparison with other analogues from primates. 

In Dong wu xue yan jiu = Zoological research / “Dong wu xue yan jiu” bian ji 

wei yuan hui bian ji 33(1). https://doi.org/10.3724/sp.j.1141.2012.01075 

 

Enciso-Rodriguez, F., Manrique-Carpintero, N. C., Nadakuduti, S. S., Buell, C. R., 

Zarka, D., & Douches, D. (2019). Overcoming self-incompatibility in diploid 

potato using CRISPR-cas9. Front. Plant Sci., 10(376), 1–12. 

https://doi.org/10.3389/fpls.2019.00376 

 

Esmaeili, F., Ghaheri, M., Kahrizi, D., Mansouri, M., Safavi, S. M., Ghorbani, T., 

Muhammadi, S., Rahmanian, E., & Vaziri, S. (2018). Effects of various 

glutamine concentrations on gene expression and steviol glycosides 

accumulation in Stevia rebaudiana Bertoni. Cell. Mol. Biol., 64(2), 1–5. 

https://doi.org/10.14715/cmb/2018.64.2.1 

 

Esmaeili, F., Kahrizi, D., Mansouri, M., Yari, K., Kazemi, N., & Ghaheri, M. (2016). 

Cell dedifferentiation in Stevia rebauiana as a pharmaceutical and medicinal 

plant. J. Rep. Pharm. Sci., 5(1), 12–17. 

 

Fakhrul, R. H., Norrizah, J. S., Jaapar, S. S., & Noor Anilizawatima, S. (2014). The effect 

of potassium concentrations on the growth and development of Stevia 

rebaudiana (Bertoni) and production of Stevioside and Rebaudioside A. A. J. 

Sustain. Agric., 8(2), 42–51. 

 



© C
OPYRIG

HT U
PM

  

132 

Fang, G., Hammar, S., & Grumet, R. (1992). A quick and inexpensive method for 

removing polysaccharides from plant genomic DNA. BioTechniques, 13(1), 

52–56. 

 

Frederico, A. P., Ruas, P. M., Marin-Morales, M. A., Ruas, C. F., & Nakajima, J. N. 

(1996). Chromosome studies in some Stevia Cav. (Compositae) species from 

southern Brazil. B. J. Genet., 19(4), 605–609. https://doi.org/10.1590/S0100-

84551996000400013 

 

Fu, Y., Foden, J. A., Khayter, C., Maeder, M. L., Reyon, D., Joung, J. K., & Sander, J. 

D. (2013). High-frequency off-target mutagenesis induced by CRISPR-Cas 

nucleases in human cells. Nat. Biotechnol., 31(9), 822–826. 

https://doi.org/10.1038/nbt.2623 

 

Fu, Y., Sander, J. D., Reyon, D., Cascio, V. M., & Joung, J. K. (2014). Improving 

CRISPR-Cas nuclease specificity using truncated guide RNAs. Nat. 

Biotechnol., 32(3), 279–284. https://doi.org/10.1038/nbt.2808 

 

Gao, Xiuhua, Chen, J., Dai, X., Zhang, D., & Zhao, Y. (2016). An effective strategy for 

reliably isolating heritable and Cas9-free arabidopsis mutants generated by 

CRISPR/Cas9-mediated genome editing. Plant Physiol., 171(3), 1794–1800. 

https://doi.org/10.1104/pp.16.00663 

 

Gao, Xuefei, Tsang, J. C. H., Gaba, F., Wu, D., Lu, L., & Liu, P. (2014). Comparison of 

TALE designer transcription factors and the CRISPR/dCas9 in regulation of 

gene expression by targeting enhancers. Nucleic Acids Res., 42(20). 

https://doi.org/10.1093/nar/gku836 

 

Gerami, M., Abbaspour, H., Ghasemiomran, V., & Pirdasht, H. (2017). Effects of ethyl 

methanesulfonate on morphological and physiological traits of plants 

regenerated from stevia (Stevia rebaudiana Bertoni) calli. Appl. Ecol. Environ. 

Res., 15(3), 373–385. https://doi.org/10.15666/aeer/1503_373385 

 

Gerami, M., Abbaspour, H., Omran, V., Pirdashti, H., & Majidian, P. (2017). Effect of 

Chemical Mutagen on Some Biochemical Properties of Stevia rebaudiana 

Bertoni. J. Genet. Res., 3(1), 26–35. 

https://doi.org/10.22080/jgr.2017.13186.1073 

 

Ghaheri, M., Kahrizi, D., Bahrami, G., & Mohammadi-Motlagh, H. R. (2019). Study of 

gene expression and steviol glycosides accumulation in Stevia rebaudiana 

Bertoni under various mannitol concentrations. Mol.  Biol.  Rep., 46(1), 7–16. 

https://doi.org/10.1007/s11033-018-4250-4 

 

Ghazal, B., Saif, S., Farid, K., Khan, A., Rehman, S., Reshma, A., Fazal, H., Ali, M., 

Ahmad, A., Rahman, L., & Ahmad, N. (2018). Stimulation of secondary 

metabolites by copper and gold nanoparticles in submerge adventitious root 

cultures of Stevia rebaudiana (Bert.). IET Nanobiotechnology, 12(5), 569–573. 

https://doi.org/10.1049/iet-nbt.2017.0093 

 



© C
OPYRIG

HT U
PM

  

133 

Gilbert, L. A., Horlbeck, M. A., Adamson, B., Villalta, J. E., Chen, Y., Whitehead, E. 

H., Guimaraes, C., Panning, B., Ploegh, H. L., Bassik, M. C., Qi, L. S., 

Kampmann, M., & Weissman, J. S. (2014). Genome-Scale CRISPR-Mediated 

Control of Gene Repression and Activation. Cell, 159(3), 647–661. 

https://doi.org/10.1016/j.cell.2014.09.029 

 

Gitter, A., Lu, Y., & Bar-joseph, Z. (2010). Computational Biology of Transcription 

Factor Binding. Meth. Mol.  Biol., 674. https://doi.org/10.1007/978-1-60761-

854-6 

 

Gjaltema, R. A. F., & Schulz, E. G. (2018). CRISPR/dCas9 switch systems for temporal 

transcriptional control. Meth. Mol. Biol., 1767, 167–185. 

https://doi.org/10.1007/978-1-4939-7774-1_8 

 

Golkar, P., Moradi, M., & Garousi, G. A. (2019). Elicitation of Stevia Glycosides Using 

Salicylic Acid and Silver Nanoparticles Under Callus Culture. Sugar Tech, 

21(4), 569–577. https://doi.org/10.1007/s12355-018-0655-6 

 

Goyal, S. K., Samsher, & Goyal, R. K. (2010). Stevia (Stevia rebaudiana) a bio-

sweetener: A review. Int. J. Food Sci. Nutr., 61(1), 1–10. 

https://doi.org/10.3109/09637480903193049 

 

Gregersen, S., Jeppesen, P. B., Holst, J. J., & Hermansen, K. (2004). Antihyperglycemic 

effects of stevioside in type 2 diabetic subjects. Metabolism, 53(1), 73–76. 

https://doi.org/10.1016/j.metabol.2003.07.013 

 

Guilinger, J. P., Thompson, D. B., & Liu, D. R. (2014). Fusion of catalytically inactive 

Cas9 to FokI nuclease improves the specificity of genome modification. Nat. 

Biotechnol., 32(6), 577–582. https://doi.org/10.1038/nbt.2909 

 

Guo, Jiahui, Wang, T., Guan, C., Liu, B., Luo, C., Xie, Z., Zhang, C., & Xing, X. H. 

(2018). Improved sgRNA design in bacteria via genome-wide activity profiling. 

Nucleic Acids Res., 46(14), 7052–7069. https://doi.org/10.1093/nar/gky572 

 

Guo, Jianjun, Morrell-Falvey, J. L., Labbé, J. L., Muchero, W., Kalluri, U. C., Tuskan, 

G. A., & Chen, J. G. (2012). Highly Efficient Isolation of Populus Mesophyll 

Protoplasts and Its Application in Transient Expression Assays. PLoS ONE, 

7(9). https://doi.org/10.1371/journal.pone.0044908 

 

Gupta, E., Purwar, S., Sundaram, S., Tripathi, P., & Rai, G. (2016). Stevioside and 

rebaudioside a - Predominant ent-kaurene diterpene glycosides of terapeutic 

potential: A review. C. J. Food Sci., 34(4), 281–299. 

https://doi.org/10.17221/335/2015-CJFS 

 

Gupta, P., Sharma, S., & Saxena, S. (2014). Effect of salts (NaCl and Na2CO3) on callus 

and suspension culture of Stevia rebaudiana for steviol glycoside production. 

Appl. Biochem. Biotechnol., 172(6), 2894–2906. 

https://doi.org/10.1007/s12010-014-0736-2 

 



© C
OPYRIG

HT U
PM

  

134 

Gupta, P., Sharma, S., & Saxena, S. (2015). Biomass Yield and Steviol Glycoside 

Production in Callus and Suspension Culture of Stevia rebaudiana Treated with 

Proline and Polyethylene Glycol. Appl. Biochem. Biotechnol., 176(3), 863–874. 

https://doi.org/10.1007/s12010-015-1616-0 

 

Guruchandran, V., & Sasikumar, C. (2013). Organogenic plant regeneration via callus 

induction in Stevia rebaudiana Bert. Int. J. Curr. Microbiol. Appl. Sci., 2(2), 

56–61. http://ijcmas.com/Archives/vol-2-2/Guruchandran and Sasikumar.pdf 

 

Halim, M. A., Alam, M. F., Rahman, M. H., Hossain, M. B., & Uddin, M. B. (2017). 

Sterilization Process For In Vitro Regeneration Of Stevia ( Stevia rebundiana 

Bertoni ). Int. J. Bus. Soci. Sci. Res., 4(1), 320-323. 

 

Hamad, A. M., & Taha, R. M. (2008). Effect of benzylaminopurine (BAP) on in vitro 

proliferation and growth of pineapple (Ananas comosus L. Merr.) cv. smooth 

cayenne. J. Appl. Sci., 8(22), 4180–4185. 

https://doi.org/10.3923/jas.2008.4180.4185 

 

Hammond, R., Buah, J. N., Asare, P. A., & Acheampong, S. (2014). Optimizing 

Sterilization Condition for the Initiation of Sweet Potato (Ipomoea batatas) 

Culture in vitro. Asian J. Biotechnol., 6(2), 25–37. 

https://doi.org/10.3923/ajbkr.2014.25.37 

 

Harcum, S. W. (2008). Purification of protein solutions. In Biologically Inspired 

Textiles: A volume in Woodhead Publishing Series in Textiles. Woodhead 

Publishing Limited. https://doi.org/10.1533/9781845695088.1.26 

 

Hashem, M. M., AbdelHamid, R. I., AbuelMaaty, S., Elassal, S. S., & ElDoliefy, A. E. 

F. A. (2021). Differential UGT76G1 and start codon-based characterization of 

six stevia germlines in Egypt. Biocatal. Agric. Biotechnol., 33(October 2020). 

https://doi.org/10.1016/j.bcab.2021.101981 

 

Haun, W., Coffman, A., Clasen, B. M., Demorest, Z. L., Lowy, A., Ray, E., Retterath, 

A., Stoddard, T., Juillerat, A., Cedrone, F., Mathis, L., Voytas, D. F., & Zhang, 

F. (2014). Improved soybean oil quality by targeted mutagenesis of the fatty 

acid desaturase 2 gene family. Plant Biotechnol. J., 12(7), 934–940. 

https://doi.org/10.1111/pbi.12201 

 

He, J., Zhu, N. L., Kong, J., Peng, P., Li, L. F., Wei, X. L., Jiang, Y. Y., Zhang, Y. L., 

Bian, B. L., She, G. M., & Shi, R. B. (2019). A newly discovered 

phenylethanoid glycoside from Stevia rebaudiana bertoni affects insulin 

secretion in rat INS-1 islet β cells. Molecules, 24(22), 1–11. 

https://doi.org/10.3390/molecules24224178 

 

He, Y., Zhu, M., Wang, L., Wu, J., Wang, Q., Wang, R., & Zhao, Y. (2018). Programmed 

Self-Elimination of the CRISPR/Cas9 Construct Greatly Accelerates the 

Isolation of Edited and Transgene-Free Rice Plants. Mol. Plant., 11(9), 1210–

1213. https://doi.org/10.1016/j.molp.2018.05.005 



© C
OPYRIG

HT U
PM

  

135 

Hendawey, M. H., Abo, R. E., & Fadl, E. (2014). Biochemical Studies on the Production 

of Active Constituents in Stevia rebaudiana L. Callus. Global J. Biotechnol. 

Biochem., 9(3), 76–93. https://doi.org/10.5829/idosi.gjbb.2014.9.3.1112 

 

Ho, T. T., Lee, J. Du, Jeong, C. S., Paek, K. Y., & Park, S. Y. (2018). Improvement of 

biosynthesis and accumulation of bioactive compounds by elicitation in 

adventitious root cultures of Polygonum multiflorum. Appl. Microbiol. 

Biotechnol., 102(1), 199–209. https://doi.org/10.1007/s00253-017-8629-2 

 

Hofacker, I. L. (2003). Vienna RNA secondary structure server. Nucleic Acids Res., 

31(13), 3429–3431. https://doi.org/10.1093/nar/gkg599 

 

Hsu, P. D., Scott, D. A., Weinstein, J. A., Ran, F. A., Konermann, S., Agarwala, V., Li, 

Y., Fine, E. J., Wu, X., Shalem, O., Cradick, T. J., Marraffini, L. A., Bao, G., 

& Zhang, F. (2013). DNA targeting specificity of RNA-guided Cas9 nucleases. 

Nat. Biotechnol., 31(9), 827–832. https://doi.org/10.1038/nbt.2647 

 

Hsu, Y. H., Liu, J. C., Kao, P. F., Lee, C. N., Chen, Y. J., Hsieh, M. H., & Chan, P. 

(2002). Antihypertensive effect of stevioside in different strains of hypertensive 

rats. Chin. Med. J., 65(1), 1–6. 

 

Huii, L., Guoping, Z., Guozheng, S., Songlin, R., & Qiaojuan, F. (2012). Callus 

induction and plant regeneration from mature seeds of Salvia splendens. Int. J. 

Agric. Biol., 14(3), 445–449. 

 

Humphrey, T. V., Richman, A. S., Menassa, R., & Brandle, J. E. (2006). Spatial 

organisation of four enzymes from Stevia rebaudiana that are involved in 

steviol glycoside synthesis. Plant Mol. Biol., 61(1–2), 47–62. 

https://doi.org/10.1007/s11103-005-5966-9 

 

Idrees, M., Sania, B., Hafsa, B., Kumari, S., Khan, H., Fazal, H., Ahmad, I., Akbar, F., 

Ahmad, N., Ali, S., & Ahmad, N. (2018). Spectral lights trigger biomass 

accumulation and production of antioxidant secondary metabolites in 

adventitious root cultures of Stevia rebaudiana (Bert.). Comptes Rendus Biol., 

341(6), 334–342. https://doi.org/10.1016/j.crvi.2018.05.003 

 

Iglesias, M. J., Sellaro, R., Zurbriggen, M. D., & Casal, J. J. (2018). Multiple links 

between shade avoidance and auxin networks. J. Exp. Bot., 69(2), 213–228. 

https://doi.org/10.1093/jxb/erx295 

 

Jang, M. H., Piao, X. L., Kim, J. M., Kwon, S. W., & Park, J. H. (2008). Inhibition of 

cholinesterase and amyloid-&bgr; aggregation by resveratrol oligomers from 

Vitis amurensis. Phytother. Res., 22(4), 544–549. https://doi.org/10.1002/ptr 

 

Jansing, J., Sack, M., Augustine, S. M., Fischer, R., & Bortesi, L. (2019). CRISPR/Cas9-

mediated knockout of six glycosyltransferase genes in Nicotiana benthamiana 

for the production of recombinant proteins lacking β-1,2-xylose and core α-1,3-

fucose. In Plant Biotechnol. J., 17(2). https://doi.org/10.1111/pbi.12981 

 



© C
OPYRIG

HT U
PM

  

136 

Javed, R., Usman, M., Yücesan, B., Zia, M., & Gürel, E. (2017). Effect of zinc oxide 

(ZnO) nanoparticles on physiology and steviol glycosides production in 

micropropagated shoots of Stevia rebaudiana Bertoni. Plant Physiol. Biochem., 

110(2016), 94–99. https://doi.org/10.1016/j.plaphy.2016.05.032 

 

Javed, R., Yücesan, B., & Gurel, E. (2018). Hydrogen Peroxide-Induced Steviol 

Glycosides Accumulation and Enhancement of Antioxidant Activities in Leaf 

Tissues of Stevia rebaudiana Bertoni. Sugar Tech, 20(1), 100–104. 

https://doi.org/10.1007/s12355-017-0521-y 

 

Javed, R., Zia, M., Yücesan, B., & Gürel, E. (2017). Abiotic stress of ZnO-PEG, ZnO-

PVP, CuO-PEG and CuO-PVP nanoparticles enhance growth, sweetener 

compounds and antioxidant activities in shoots of Stevia rebaudiana Bertoni. 

IET Nanobiotechnol., 11(7), 898–902. https://doi.org/10.1049/iet-

nbt.2016.0247 

 

Jayaraman, S., Manoharan, M., & Illanchezian, S. (2008). In-vitro Antimicrobial and 

Antitumor Activities of Stevia rebaudiana (Asteraceae) Leaf Extracts. T. J. 

Pharm. Res., 7(4), 1143. https://doi.org/10.4314/tjpr.v7i4.14700 

 

Jia, X., Zhang, X., Qu, J., & Han, R. (2016). Optimization Conditions of Wheat 

Mesophyll Protoplast Isolation. Agric. Sci,, 07(12), 850–858. 

https://doi.org/10.4236/as.2016.712077 

 

Jiang, W., Zhou, H., Bi, H., Fromm, M., Yang, B., & Weeks, D. P. (2013). 

Demonstration of CRISPR/Cas9/sgRNA-mediated targeted gene modification 

in Arabidopsis, tobacco, sorghum and rice. Nucleic Acids Res., 41(20), 1–12. 

https://doi.org/10.1093/nar/gkt780 

 

Jinek, M., Chylinski, K., Fonfara, I., Hauer, M., Doudna, J. A., & Charpentier, E. (2012). 

A programmable dual-RNA-guided DNA endonuclease in adaptive bacterial 

immunity. Science, 337(6096), 816–821. 

https://doi.org/10.1126/science.1225829 

 

Jones, H. D. (2015). Regulatory uncertainty over genome editing. Nat. Plant., 1(2015), 

2014–2016. https://doi.org/10.1038/nplants.2014.11 

 

Kahrizi, Danial, Matin Ghaheri , Zahra Yari, Khirollah Yari, S. B. (2018). Cellular and 

Molecular Biology: Foreword. Cell. Mol. Biol., 51(1), 1. 

 

Kamath M., B. K. (2016). Experimental evaluation of anti-hyperglycemic and 

hypolipidemic effects of Stevia rebaudiana, Anacardium occidentale on wistar 

rats. Int. J. Basic Clin. Pharmacol., 5(6), 2463–2467. 

https://doi.org/10.18203/2319-2003.ijbcp20164106 

 

Kang, H. H., Naing, A. H., & Kim, C. K. (2020). Protoplast isolation and shoot 

regeneration from protoplast-derived callus of petunia hybrida cv. Mirage rose. 

Biology, 9(8), 1–13. https://doi.org/10.3390/biology9080228 

 



© C
OPYRIG

HT U
PM

  

137 

Kantharajah, A. S., & Dodd, W. A. (1990). Factors that influence the yield and viability 

of cucumber (Cucumis sativus L) cotyledon protoplasts. Aust. J. Bot., 38(2), 

169–175. https://doi.org/10.1071/BT9900169 

 

Kaufmann, K., & Mueller-Roeber, B. (2018). Plant Gene Regulatory Networks Methods 

and Protocols Meth. Mol. Biol. http://www.springer.com/series/7651 

 

Kazmi, A., Khan, M. A., Mohammad, S., Ali, A., Kamil, A., Arif, M., & Ali, H. (2019). 

Elicitation directed growth and production of steviol glycosides in the 

adventitious roots of Stevia rebaudiana Bertoni. Ind. Crops Prod., 139(2019), 

111530. https://doi.org/10.1016/j.indcrop.2019.111530 

 

Kazmi, Abeer, Khan, M. A., & Ali, H. (2019). Biotechnological approaches for 

production of bioactive secondary metabolites in Nigella sativa: an up-to-date 

review. Int. J. Second. Metab., 6(2), 172–195. 

https://doi.org/10.21448/ijsm.575075 

 

Kazmi, Abeer, Khan, M. A., Mohammad, S., Ali, A., & Ali, H. (2019). Biotechnological 

Production of Natural Calorie Free Steviol Glycosides in Stevia rebaudiana: 

An Update on Current Scenario. Curr. Biotechnol., 8(2), 70–84. 

https://doi.org/10.2174/2211550108666191210100751 

 

Khalil, S. A., Zamir, R., & Ahmad, N. (2014). Selection of suitable propagation method 

for consistent plantlets production in Stevia rebaudiana (Bertoni). Saudi J. Biol. 

Sci., 21(6), 566–573. https://doi.org/10.1016/j.sjbs.2014.02.005 

 

Khan, T., Abbasi, B. H., Khan, M. A., & Azeem, M. (2017). Production of biomass and 

useful compounds through elicitation in adventitious root cultures of Fagonia 

indica. Ind. Crops Prod., 108(2017), 451–457. 

https://doi.org/10.1016/j.indcrop.2017.07.019 

 

Khatun, M. M., Tanny, T., Razzak, A. M., Alam, M. F., Uddin, M. E., Amin, R., & 

Yesmin, S. (2016). Standardization of in vitro sterilization procedures for 

micropropagation of ginger (Zingiber officinale Rosc.). Int. J. Appl. Biol. 

Pharma. Technol., 7(1), 131–138. 

 

Khiraoui, A., Hasib, A., Al Faiz, C., Amchra, F., Bakha, M., & Boulli, A. (2017). Stevia 

rebaudiana Bertoni (Honey Leaf): A Magnificent Natural Bio-sweetener, 

Biochemical Composition, Nutritional and Therapeutic Values. J. Nat. Sci. 

Res., 7(14), 75–85. www.iiste.org 

 

Kilam, D., Saifi, M., Abdin, M. Z., Agnihotri, A., & Varma, A. (2017). Endophytic root 

fungus Piriformospora indica affects transcription of steviol biosynthesis genes 

and enhances production of steviol glycosides in Stevia rebaudiana. Physiol. 

Mol. Plant Path., 97, 40–48. https://doi.org/10.1016/j.pmpp.2016.12.003 

 

Kim, H., Kim, S. T., Ryu, J., Kang, B. C., Kim, J. S., & Kim, S. G. (2017). 

CRISPR/Cpf1-mediated DNA-free plant genome editing. Nat. Commun., 8, 1–

7. https://doi.org/10.1038/ncomms14406 



© C
OPYRIG

HT U
PM

  

138 

Kim, K. K., Sawa, Y., & Shibata, H. (1996). Hydroxylation of ent-kaurenoic acid to 

steviol in Stevia rebaudiana Bertoni-Purification and partial characterization of 

the enzyme. Arc. Biochem. Biophysic., 332(2), 223–230. 

https://doi.org/10.1006/abbi.1996.0336 

 

Kim, M. J., Zheng, J., Liao, M. H., & Jang, I. C. (2019). Overexpression of SrUGT76G1 

in Stevia alters major steviol glycosides composition towards improved quality. 

Plant Biotechnol. J., 17(6), 1037–1047. https://doi.org/10.1111/pbi.13035 

 

Kim, S., Kim, D., Cho, S. W., Kim, J., & Kim, J. S. (2014). Highly efficient RNA-guided 

genome editing in human cells via delivery of purified Cas9 ribonucleoproteins. 

Genome Res., 24(6), 1012–1019. https://doi.org/10.1101/gr.171322.113 

 

Kinghorn, A. D., Nanayakkara, N. P. D., Soejarto, D. D., Medon, P. J., & Kamath, S. 

(1982). Potential sweetening agents of plant origin. I. Purification of Stevia 

rebaudiana sweet constituents by droplet counter-current chromatography. J. 

Chrom., 237(3), 478–483. https://doi.org/10.1016/S0021-9673(00)97636-2 

 

Kleinstiver, B. P., Pattanayak, V., Prew, M. S., Tsai, S. Q., Nguyen, N. T., Zheng, Z., & 

Joung, J. K. (2016). High-fidelity CRISPR-Cas9 nucleases with no detectable 

genome-wide off-target effects. Nature, 529(7587), 490–495. 

https://doi.org/10.1038/nature16526 

 

Kobus-Moryson, M., & Gramza-Michałowska, A. (2015). Directions on the use of stevia 

leaves (Stevia Rebauidana) as an additive in food products. Acta Sci. Pol. 

Technol. Aliment., 14(1), 5–13. https://doi.org/10.17306/J.AFS.2015.1.1 

 

Kohnen, M. V., Schmid-Siegert, E., Trevisan, M., Petrolati, L. A., Sénéchal, F., Müller-

Moulé, P., Maloof, J., Xenarios, I., & Fankhauser, C. (2016). Neighbor 

detection induces organ-specific transcriptomes, revealing patterns underlying 

hypocotyl-specific growth. Plant Cell, 28(12), 2889–2904. 

https://doi.org/10.1105/tpc.16.00463 

 

Konermann, S., Brigham, M. D., Trevino, A. E., Joung, J., Abudayyeh, O. O., Barcena, 

C., Hsu, P. D., Habib, N., Gootenberg, J. S., Nishimasu, H., Nureki, O., & 

Zhang, F. (2015). Genome-scale transcriptional activation by an engineered 

CRISPR-Cas9 complex. Nature, 517(7536), 583–588. 

https://doi.org/10.1038/nature14136 

 

Koyama, E., Sakai, N., Ohori, Y., Kitazawa, K., Izawa, O., Kakegawa, K., Fujino, A., & 

Ui, M. (2003). Absorption and metabolism of glycosidic sweeteners of stevia 

mixture and their aglycone, steviol, in rats and humans. Food Chem. Toxicol., 

41(6), 875–883. https://doi.org/10.1016/S0278-6915(03)00039-5 

 

Kumar, H., Kaul, K., Bajpai-Gupta, S., Kaul, V. K., & Kumar, S. (2012). A 

comprehensive analysis of fifteen genes of steviol glycosides biosynthesis 

pathway in Stevia rebaudiana (Bertoni). Gene, 492(1), 276–284. 

https://doi.org/10.1016/j.gene.2011.10.015 

 



© C
OPYRIG

HT U
PM

  

139 

Kumari, M., & Chandra, S. (2017). Secondary Metabolite Production in Transformed 

Cultures: Stevioside Glycosides Production from Stevia rebaudiana Hairy Root 

Cultures. Ref. Ser. Phytochem., 1(2017), 103–121. https://doi.org/10.1007/978-

3-319-28669-3_1 

 

Kurek, J. M., & Krejpcio, Z. (2019). The functional and health-promoting properties of 

Stevia rebaudiana Bertoni and its glycosides with special focus on the 

antidiabetic potential – A review. J. Funct. Food., 61(7), 103465. 

https://doi.org/10.1016/j.jff.2019.103465 

 

Kuscu, C., Arslan, S., Singh, R., Thorpe, J., & Adli, M. (2014). Genome-wide analysis 

reveals characteristics of off-target sites bound by the Cas9 endonuclease. Nat. 

Biotechnol., 32(7), 677–683. https://doi.org/10.1038/nbt.2916 

 

Lee, K., Zhang, Y., Kleinstiver, B. P., Guo, J. A., Aryee, M. J., Miller, J., Malzahn, A., 

Zarecor, S., Lawrence-Dill, C. J., Joung, J. K., Qi, Y., & Wang, K. (2019). 

Activities and specificities of CRISPR/Cas9 and Cas12a nucleases for targeted 

mutagenesis in maize. Plant Biotechnol. J., 17(2), 362–372. 

https://doi.org/10.1111/pbi.12982 

 

Lei, Y., Lu, L., Liu, H. Y., Li, S., Xing, F., & Chen, L. L. (2014). CRISPR-P: A web 

tool for synthetic single-guide RNA design of CRISPR-system in plants. Mol. 

Plant, 7(9), 1494–1496. https://doi.org/10.1093/mp/ssu044 

 

Lemus-Mondaca, R., Ah-Hen, K., Vega-Gálvez, A., Honores, C., & Moraga, N. O. 

(2016). Stevia rebaudiana Leaves: Effect of Drying Process Temperature on 

Bioactive Components, Antioxidant Capacity and Natural Sweeteners. Plant 

Food. Human Nutri., 71(1), 49–56. https://doi.org/10.1007/s11130-015-0524-

3 

 

Lemus-Mondaca, R., Vega-Gálvez, A., Rojas, P., Stucken, K., Delporte, C., Valenzuela-

Barra, G., Jagus, R. J., Agüero, M. V., & Pasten, A. (2018). Antioxidant, 

antimicrobial and anti-inflammatory potential of Stevia rebaudiana leaves: 

effect of different drying methods. J. Appl. Res. Med. Aromat. Plant., 11(2018), 

37–46. https://doi.org/10.1016/j.jarmap.2018.10.003 

 

Lemus-Mondaca, R., Vega-Gálvez, A., Zura-Bravo, L., & Kong, A. H. (2012). Stevia 

rebaudiana Bertoni, source of a high-potency natural sweetener: A 

comprehensive review on the biochemical, nutritional and functional aspects. 

Food Chem., 132(3), 1121–1132. 

https://doi.org/10.1016/j.foodchem.2011.11.140 

 

Levi G. Lowder, Joseph W. Paul III,  and Y. Q. A. (2017). Plant Gene Regulatory 

Networks, 1629(2018), 283–295. https://doi.org/10.1007/978-1-4939-7125-1 

 

Lewis, W. H. . (2016). Early Uses of Stevia rebaudiana (Asteraceae) Leaves as a 

Sweetener in Paraguay. Springer, 46(3), 336–337. 

 



© C
OPYRIG

HT U
PM

  

140 

Li, C., Chen, C., Chen, H., Wang, S., Chen, X., & Cui, Y. (2018). Verification of DNA 

motifs in Arabidopsis using CRISPR/Cas9-mediated mutagenesis. Plant 

Biotechnol. J., 16(8), 1446–1451. https://doi.org/10.1111/pbi.12886 

 

Li, Jianying, Manghwar, H., Sun, L., Wang, P., Wang, G., Sheng, H., Zhang, J., Liu, H., 

Qin, L., Rui, H., Li, B., Lindsey, K., Daniell, H., Jin, S., & Zhang, X. (2019). 

Whole genome sequencing reveals rare off-target mutations and considerable 

inherent genetic or/and somaclonal variations in CRISPR/Cas9-edited cotton 

plants. Plant Biotechnol. J., 17(5), 858–868. https://doi.org/10.1111/pbi.13020 

 

Li, Jinlan, Liao, X., Zhou, S., Liu, S., Jiang, L., & Wang, G. (2018). Efficient protoplast 

isolation and transient gene expression system for Phalaenopsis hybrid cultivar 

‘Ruili Beauty.’ Vitr. Cell. Dev. Biol-Plant., 54(1), 87–93. 

https://doi.org/10.1007/s11627-017-9872-z 

 

Li, Z., Zhang, D., Xiong, X., Yan, B., Xie, W., Sheen, J., & Li, J. F. (2017). A potent 

Cas9-derived gene activator for plant and mammalian cells. Nat. Plant, 3(12), 

930–936. https://doi.org/10.1038/s41477-017-0046-0 

 

Liang, G., Zhang, H., Lou, D., & Yu, D. (2016). Selection of highly efficient sgRNAs 

for CRISPR/Cas9-based plant genome editing. Sci. Rep., 6(March). 

https://doi.org/10.1038/srep21451 

 

Liang, Z., Chen, K., Li, T., Zhang, Y., Wang, Y., Zhao, Q., Liu, J., Zhang, H., Liu, C., 

Ran, Y., & Gao, C. (2017). Efficient DNA-free genome editing of bread wheat 

using CRISPR/Cas9 ribonucleoprotein complexes. Nat. Commun, 8(1), 1–5. 

https://doi.org/10.1038/ncomms14261 

 

Liang, Z., Chen, K., Zhang, Y., Liu, J., Yin, K., Qiu, J. L., & Gao, C. (2018). Genome 

editing of bread wheat using biolistic delivery of CRISPR/Cas9 in vitro 

transcripts or ribonucleoproteins. Nat. Protoc., 13(3), 413–430. 

https://doi.org/10.1038/nprot.2017.145 

 

Lin, C. S., Hsu, C. T., Yang, L. H., Lee, L. Y., Fu, J. Y., Cheng, Q. W., Wu, F. H., Hsiao, 

H. C. W., Zhang, Y., Zhang, R., Chang, W. J., Yu, C. T., Wang, W., Liao, L. 

J., Gelvin, S. B., & Shih, M. C. (2018). Application of protoplast technology to 

CRISPR/Cas9 mutagenesis: from single-cell mutation detection to mutant plant 

regeneration. Plant Biotechnol. J., 16(7), 1295–1310. 

https://doi.org/10.1111/pbi.12870 

 

Lin, H. Y., Chen, J. C., & Fang, S. C. (2018). A protoplast transient expression system 

to enable molecular, cellular, and functional studies in phalaenopsis orchids. 

Front. Plant Sci., 9(843), 1–13. https://doi.org/10.3389/fpls.2018.00843 

 

Lin, Y. C., Li, W., Chen, H., Li, Q., Sun, Y. H., Shi, R., Lin, C. Y., Wang, J. P., Chen, 

H. C., Chuang, L., Qu, G. Z., Sederoff, R. R., & Chiang, V. L. (2014). A simple 

improved-throughput xylem protoplast system for studying wood formation. 

Nat. Protoc., 9(9), 2194–2205. https://doi.org/10.1038/nprot.2014.147 

 



© C
OPYRIG

HT U
PM

  

141 

Lin, Y., Cradick, T. J., Brown, M. T., Deshmukh, H., Ranjan, P., Sarode, N., Wile, B. 

M., Vertino, P. M., Stewart, F. J., & Bao, G. (2014). CRISPR/Cas9 systems 

have off-target activity with insertions or deletions between target DNA and 

guide RNA sequences. Nucleic Acids Res, 42(11), 7473–7485. 

https://doi.org/10.1093/nar/gku402 

 

Liu, H., Ding, Y., Zhou, Y., Jin, W., Xie, K., & Chen, L. L. (2017). CRISPR-P 2.0: An 

Improved CRISPR-Cas9 Tool for Genome Editing in Plants. Mol. Plant., 10(3), 

530–532. https://doi.org/10.1016/j.molp.2017.01.003 

 

Livak, K. J., & Schmittgen, T. D. (2001). Analysis of relative gene expression data using 

real-time quantitative PCR and the 2-ΔΔCT method. Methods, 25(4), 402–408. 

https://doi.org/10.1006/meth.2001.1262 

 

Lopez-Arellano, M., Dhir, S., Albino, N., Santiago, A., Morris, T., & Dhir, S. (2015). 

Somatic Embryogenesis and Plantlet Regeneration from Protoplast Culture of 

Stevia rebaudiana. Br. Biotechnol. J., 5(1), 1–12. 

https://doi.org/10.9734/bbj/2015/13884 

 

Lowder, L. G., Zhang, D., Baltes, N. J., Paul, J. W., Tang, X., Zheng, X., Voytas, D. F., 

Hsieh, T. F., Zhang, Y., & Qi, Y. (2015). A CRISPR/Cas9 toolbox for 

multiplexed plant genome editing and transcriptional regulation. Plant Physiol., 

169(2), 971–985. https://doi.org/10.1104/pp.15.00636 

 

Lowder, L. G., Zhou, J., Zhang, Y., Malzahn, A., Zhong, Z., Hsieh, T. F., Voytas, D. F., 

Zhang, Y., & Qi, Y. (2018). Robust Transcriptional Activation in Plants Using 

Multiplexed CRISPR-Act2.0 and mTALE-Act Systems. Mol. Plant., 11(2), 

245–256. https://doi.org/10.1016/j.molp.2017.11.010 

 

Lowder, L., Malzahn, A., & Qi, Y. (2016). Rapid evolution of manifold CRISPR systems 

for plant genome editing. Front. Plant Sci., 7(2016), 1–12. 

https://doi.org/10.3389/fpls.2016.01683 

 

Lu, H. P., Liu, S. M., Xu, S. L., Chen, W. Y., Zhou, X., Tan, Y. Y., Huang, J. Z., & Shu, 

Q. Y. (2017). CRISPR-S: an active interference element for a rapid and 

inexpensive selection of genome-edited, transgene-free rice plants. Plant 

Biotechnol. J., 15(11), 1371–1373. https://doi.org/10.1111/pbi.12788 

 

Lucho, S. R., Amaral, M. N., Benitez, L. C., Milech, C., Kleinowski, A. M., Bianchi, V. 

J., & Braga, E. J. B. (2018). Validation of reference genes for RT-qPCR studies 

in Stevia rebaudiana in response to elicitor agents. Physiol. Mol. Biol. Plant, 

24(5), 767–779. https://doi.org/10.1007/s12298-018-0583-7 

 

Lucho, S. R., Amaral, M. N., Milech, C., Ferrer, M. Á., Calderón, A. A., Bianchi, V. J., 

& Braga, E. J. B. (2018). Elicitor-Induced Transcriptional Changes of Genes of 

the Steviol Glycoside Biosynthesis Pathway in Stevia rebaudiana Bertoni. J.  

Plant  Gr. Reg., 37(3), 971–985. https://doi.org/10.1007/s00344-018-9795-x 

 

Ma, J. (2011). Transcriptional activators and activation mechanisms. Prot. Cell, 2(11), 

879–888. https://doi.org/10.1007/s13238-011-1101-7 



© C
OPYRIG

HT U
PM

  

142 

Ma, X., Zhang, Q., Zhu, Q., Liu, W., Chen, Y., Qiu, R., Wang, B., Yang, Z., Li, H., Lin, 

Y., Xie, Y., Shen, R., Chen, S., Wang, Z., Chen, Y., Guo, J., Chen, L., Zhao, 

X., Dong, Z., & Liu, Y. G. (2015). A Robust CRISPR/Cas9 System for 

Convenient, High-Efficiency Multiplex Genome Editing in Monocot and Dicot 

Plants. Mole. Plant., 8(8), 1274–1284. 

https://doi.org/10.1016/j.molp.2015.04.007 

 

Ma, Y., Zhang, L., & Huang, X. (2014). Genome modification by CRISPR/Cas9. FEBS 

J., 281(23), 5186–5193. https://doi.org/10.1111/febs.13110 

 

Macovei, A., Sevilla, N. R., Cantos, C., Jonson, G. B., Slamet-Loedin, I., Čermák, T., 

Voytas, D. F., Choi, I. R., & Chadha-Mohanty, P. (2018). Novel alleles of rice 

eIF4G generated by CRISPR/Cas9-targeted mutagenesis confer resistance to 

Rice tungro spherical virus. Plant Biotechnol. J., 16(11), 1918–1927. 

https://doi.org/10.1111/pbi.12927 

 

Madhav, H., Bhasker, S., & Chinnamma, M. (2013). Functional and structural variation 

of uridine diphosphate glycosyltransferase (UGT) gene of Stevia rebaudiana-

UGTSr involved in the synthesis of rebaudioside A. Plant Physiol. Biochem., 

63(12), 245–253. https://doi.org/10.1016/j.plaphy.2012.11.029 

 

Maeder, M. L., Linder, S. J., Cascio, V. M., Fu, Y., Ho, Q. H., & Joung, J. K. (2013). 

CRISPR RNA-guided activation of endogenous human genes. Nat. Methods, 

10(10), 977–979. https://doi.org/10.1038/nmeth.2598 

 

Mali, P., Aach, J., Stranges, P. B., Esvelt, K. M., Moosburner, M., Kosuri, S., Yang, L., 

& Church, G. M. (2013). CAS9 transcriptional activators for target specificity 

screening and paired nickases for cooperative genome engineering. Nat. 

Biotechnol., 31(9), 833–838. https://doi.org/10.1038/nbt.2675 

 

Malnoy, M., Viola, R., Jung, M. H., Koo, O. J., Kim, S., Kim, J. S., Velasco, R., & 

Kanchiswamy, C. N. (2016). DNA-free genetically edited grapevine and apple 

protoplast using CRISPR/Cas9 ribonucleoproteins. Front. Plant Sci., 7(2016). 

https://doi.org/10.3389/fpls.2016.01904 

 

Masani, M. Y. A., Noll, G. A., Parveez, G. K. A., Sambanthamurthi, R., & Prüfer, D. 

(2014). Efficient transformation of oil palm protoplasts by PEG-mediated 

transfection and DNA microinjection. PLoS ONE, 9(5), 1–11. 

https://doi.org/10.1371/journal.pone.0096831 

 

Mathew, G., Mathew, S., & Joy, P. P. (2004). Stevia-A Sweet Herb. 

https://www.researchgate.net/publication/305683831 

 

Mathur, S., Bulchandani, N., Parihar, S., & Shekhawat, G. S. (2017). Critical review on 

steviol glycosides: Pharmacological, toxicological and therapeutic aspects of 

high potency zero caloric sweetener. Int. J. Pharmac., 13(7), 916–928. 

https://doi.org/10.3923/ijp.2017.916.928 

 



© C
OPYRIG

HT U
PM

  

143 

Mazarei, M., Al-Ahmad, H., Rudis, M. R., & Stewart, C. N. (2008). Protoplast isolation 

and transient gene expression in switchgrass, Panicum virgatum L. Biotechnol. 

J., 3(3), 354–359. https://doi.org/10.1002/biot.200700189 

 

Mejía-Espejel, L., Robledo-Paz, A., Lozoya-Gloria, E., Peña-Valdivia, C. B., & Alfredo 

Carrillo-Salazar, J. (2018). Elicitors on steviosides production in Stevia 

rebaudiana Bertoni calli. Sci. Hort., 242(2018), 95–102. 

https://doi.org/10.1016/j.scienta.2018.07.023 

 

Metivier, J., & Viana, A. M. (1979). The effect of long and short day length upon the 

growth of whole plants and the level of soluble proteins, sugars, and stevioside 

in leaves of Stevia rebaudiana bert. J. Exp. Bot., 30(6), 1211–1222. 

https://doi.org/10.1093/jxb/30.6.1211 

 

Metje-Sprink, J., Menz, J., Modrzejewski, D., & Sprink, T. (2019). DNA-Free genome 

editing: Past, present and future. Front. Plant Sci, 9(1957), 1–9. 

https://doi.org/10.3389/fpls.2018.01957 

 

Michaud, O., Fiorucci, A. S., Xenarios, I., & Fankhauser, C. (2017). Local auxin 

production underlies a spatially restricted neighbor-detection response in 

Arabidopsis. Proc. Natl. Acad. Sci. USA, 114(28), 7444–7449. 

https://doi.org/10.1073/pnas.1702276114 

 

Milani, P. G., Formigoni, M., Dacome, A. S., Benossi, L., Da Costa, C. E. M., & Da 

Costa, S. C. (2017). New seminal variety of Stevia rebaudiana: Obtaining 

fractions with high antioxidant potential of leaves. Ana. Acad. Bra. Cien., 89(3), 

1841–1850. https://doi.org/10.1590/0001-3765201720170174 

 

Mohamed, A. A. A., Ceunen, S., Geuns, J. M. C., Van den Ende, W., & De Ley, M. 

(2011). UDP-dependent glycosyltransferases involved in the biosynthesis of 

steviol glycosides. J. Plant Physiol., 168(10), 1136–1141. 

https://doi.org/10.1016/j.jplph.2011.01.030 

 

Mojica, F. J. M., Díez-Villaseñor, C., García-Martínez, J., & Almendros, C. (2009). 

Short motif sequences determine the targets of the prokaryotic CRISPR defence 

system. Microbiology, 155(3), 733–740. https://doi.org/10.1099/mic.0.023960-

0 

 

Molla, K. A., & Yang, Y. (2019). CRISPR/Cas-Mediated Base Editing: Technical 

Considerations and Practical Applications. Trend. Biotechnol., 37(10), 1121–

1142. https://doi.org/10.1016/j.tibtech.2019.03.008 

 

Momtazi-Borojeni, A. A., Esmaeili, S.-A., Abdollahi, E., & Sahebkar, A. (2016). A 

Review on the Pharmacology and Toxicology of Steviol Glycosides Extracted 

from Stevia rebaudiana. Curr. Pharm. Design., 23(11), 1616–1622. 

https://doi.org/10.2174/1381612822666161021142835 

 

Montecillo, J. A. V., Chu, L. L., & Bae, H. (2020). CRISPR‐Cas9 system for plant 

genome editing: Current approaches and emerging developments. Agronomy, 

10(7). https://doi.org/10.3390/agronomy10071033 



© C
OPYRIG

HT U
PM

  

144 

Moon, J. H., Lee, K., Lee, J. H., & Lee, P. C. (2020). Redesign and reconstruction of a 

steviol-biosynthetic pathway for enhanced production of steviol in Escherichia 

coli. Microb. Cell Fact., 19(1), 1–13. https://doi.org/10.1186/s12934-020-

1291-x 

 

Moradpour, M., & Abdulah, S. N. A. (2020). CRISPR/dCas9 platforms in plants: 

strategies and applications beyond genome editing. Plant Biotechnol. J., 18(1), 

32–44. https://doi.org/10.1111/pbi.13232 

 

Moreno-giménez, E., Selma, S., Calvache, C., & Orzáez, D. (2022). GB SynP : a 

modular dCas9-regulated synthetic promoter collection for fine-tuned 

recombinant gene expression in plants . 1–22. 

 

Murashige, T., & Skoog, F. (1962). A Revised Medium for Rapid Growth and Bio 

Assays with Tobacco Tissue Cultures. Physiol. Plant, 15, 474–497. 

 

Murovec, J., Guček, K., Bohanec, B., Avbelj, M., & Jerala, R. (2018). DNA-free genome 

editing of brassica oleracea and B. Rapa protoplasts using CRISPR-cas9 

ribonucleoprotein complexes. Front. Plant Sci., 9(1954), 1-9. 

https://doi.org/10.3389/fpls.2018.01594 

 

Nagata, T., & Takebe, I. (1971). Plating of isolated tobacco mesophyll protoplasts on 

agar medium. Planta, 99(1), 12–20. https://doi.org/10.1007/BF00392116 

 

Nakano, T., Tanaka, S., Ohtani, M., Yamagami, A., Takeno, S., Hara, N., Mori, A., 

Nakano, A., Hirose, S., Himuro, Y., Kobayashi, M., Kushiro, T., Demura, T., 

Asami, T., Osada, H., & Shinozaki, K. (2018). FPX is a novel chemical inducer 

that promotes callus formation and shoot regeneration in plants. Plant Cell 

Physiol., 59(8), 1555–1567. https://doi.org/10.1093/pcp/pcy139 

 

Nanjareddy, K., Arthikala, M. K., Blanco, L., Arellano, E. S., & Lara, M. (2016). 

Protoplast isolation, transient transformation of leaf mesophyll protoplasts and 

improved Agrobacterium-mediated leaf disc infiltration of Phaseolus vulgaris: 

Tools for rapid gene expression analysis. BMC Biotechnol., 16(1), 1–14. 

https://doi.org/10.1186/s12896-016-0283-8 

 

Nishitani, C., Hirai, N., Komori, S., Wada, M., Okada, K., Osakabe, K., Yamamoto, T., 

& Osakabe, Y. (2016). Efficient Genome Editing in Apple Using a 

CRISPR/Cas9 system. Sci. Rep., 6(31480), 1–8. 

https://doi.org/10.1038/srep31481 

 

Noranida, W., Mohd, W., & Ibrahim, N. (2015). The Growth and Yield of Stevia (Stevia 

rebaudiana Bertoni) Grown on Organically Amended Sandy Medium. Int. J. 

Sci. Adv. Technol., 5(1), 14–16. 

 

Nower, A. A. (2014). In Vitro Propagation and Synthetic Seeds Production: An Efficient 

Methods for Stevia rebaudiana Bertoni. Sugar Tech, 16(1), 100–108. 

https://doi.org/10.1007/s12355-013-0228-7 

 



© C
OPYRIG

HT U
PM

  

145 

Odipio, J., Alicai, T., Ingelbrecht, I., Nusinow, D. A., Bart, R., & Taylor, N. J. (2017). 

Efficient CRISPR/cas9 genome editing of phytoene desaturase in cassava. 

Front. Plant Sci., 8(1780), 1–11. https://doi.org/10.3389/fpls.2017.01780 

 

Okada, A., Arndell, T., Borisjuk, N., Sharma, N., Watson-Haigh, N. S., Tucker, E. J., 

Baumann, U., Langridge, P., & Whitford, R. (2019). CRISPR/Cas9-mediated 

knockout of Ms1 enables the rapid generation of male-sterile hexaploid wheat 

lines for use in hybrid seed production. Plant Biotechnol. J., 17(10), 1905–

1913. https://doi.org/10.1111/pbi.13106 

 

Olsson, K., Carlsen, S., Semmler, A., Simón, E., Mikkelsen, M. D., & Møller, B. L. 

(2016). Microbial production of next-generation stevia sweeteners. Microb. 

Cell Fact., 15(1), 1–15. https://doi.org/10.1186/s12934-016-0609-1 

 

Ortigosa, A., Gimenez-Ibanez, S., Leonhardt, N., & Solano, R. (2019). Design of a 

bacterial speck resistant tomato by CRISPR/Cas9-mediated editing of SlJAZ2. 

Plant Biotechnol. J., 17(3), 665–673. https://doi.org/10.1111/pbi.13006 

 

Osakabe, Y., Sugano, S. S., & Osakabe, K. (2016). Genome engineering of woody 

plants: past, present and future. J. Wood Sci., 62(3), 217–225. 

https://doi.org/10.1007/s10086-016-1548-5 

 

Page, M. T., Parry, M. A. J., & Carmo-Silva, E. (2019). A high-throughput transient 

expression system for rice. Plant Cell and Environ., 42(7), 2057–2064. 

https://doi.org/10.1111/pce.13542 

 

Pan, C., Wu, X., Markel, K., Malzahn, A. A., Kundagrami, N., Sretenovic, S., Zhang, 

Y., Cheng, Y., Shih, P. M., & Qi, Y. (2021). CRISPR–Act3.0 for highly 

efficient multiplexed gene activation in plants. Nat. Plant., 7(7), 942–953. 

https://doi.org/10.1038/s41477-021-00953-7 

 

Pan, C., Ye, L., Qin, L., Liu, X., He, Y., Wang, J., Chen, L., & Lu, G. (2016). 

CRISPR/Cas9-mediated efficient and heritable targeted mutagenesis in tomato 

plants in the first and later generations. Sci. Rep., 6(24765), 1–10. 

https://doi.org/10.1038/srep24765 

 

Panagiotou, C., Mihailidou, C., Brauhli, G., Katsarou, O., & Moutsatsou, P. (2018). 

Effect of steviol, steviol glycosides and stevia extract on glucocorticoid 

receptor signaling in normal and cancer blood cells. Mol. Cel. Endocrinol., 

460(218), 189–199. https://doi.org/10.1016/j.mce.2017.07.023 

 

Pande, S. S., & Gupta, P. (2013). Plant tissue culture of Stevia rebaudiana (Bertoni): A 

review. J. of Pharmacogn. phytother., 5(1), 26–33. 

https://doi.org/10.5897/JPP13. 

 

Park, J., Choi, S., Park, S., Yoon, J., Park, A. Y., & Choe, S. (2019). DNA-free genome 

editing via ribonucleoprotein (RNP) delivery of CRISPR/Cas in lettuce. 

Method. Mol. Biol., 1917, 337–354. https://doi.org/10.1007/978-1-4939-8991-

1_25 

 



© C
OPYRIG

HT U
PM

  

146 

Pattanayak, V., Lin, S., Guilinger, J. P., Ma, E., Doudna, J. A., & Liu, D. R. (2013). 

High-throughput profiling of off-target DNA cleavage reveals RNA-

programmed Cas9 nuclease specificity. Nat. Biotechnol., 31(9), 839–843. 

https://doi.org/10.1038/nbt.2673 

 

Paul, J. W., & Qi, Y. (2016). CRISPR/Cas9 for plant genome editing: accomplishments, 

problems and prospects. Plant Cell Rep., 35(7), 1417–1427. 

https://doi.org/10.1007/s00299-016-1985-z 

 

Petit, E., Berger, M., Camborde, L., Vallejo, V., Daydé, J., & Jacques, A. (2020). 

Development of screening methods for functional characterization of UGTs 

from Stevia rebaudiana. Sci. Rep., 10(1), 1–10. https://doi.org/10.1038/s41598-

020-71746-9 

 

Petit, E., Jacques, A., Daydé, J., Vallejo, V., & Berger, M. (2019). UGT76G1 

polymorphism in Stevia rebaudiana: New variants for steviol glycosides 

conjugation. Plant Physiol. Biochem., 135(2018), 563–569. 

https://doi.org/10.1016/j.plaphy.2018.11.002 

 

Piatek, A., Ali, Z., Baazim, H., Li, L., Abulfaraj, A., Al-Shareef, S., Aouida, M., & 

Mahfouz, M. M. (2015). RNA-guided transcriptional regulation in planta via 

synthetic dCas9-based transcription factors. Plant Biotechnol J., 13(4), 578–

589. https://doi.org/10.1111/pbi.12284 

 

Polstein, L. R., & Gersbach, C. A. (2015). A light-inducible CRISPR-Cas9 system for 

control of endogenous gene activation. Nat. Chem. Biol., 11(3), 198–200. 

https://doi.org/10.1038/nchembio.1753 

 

Pratibha, G., Satyawati, S., & Sanjay, S. (2010). Micropropagation of Stevia rebaudiana 

(natural sweetener) using kinetin for Steviol glycoside production. Res. J. 

Biotechnol., 5(1), 63–67. 

 

Priyadarshani, S. V. G. N., Hu, B., Li, W., Ali, H., Jia, H., Zhao, L., Ojolo, S. P., Azam, 

S. M., Xiong, J., Yan, M., ur Rahman, Z., Wu, Q., & Qin, Y. (2018). Simple 

protoplast isolation system for gene expression and protein interaction studies 

in pineapple (Ananas comosus L.). Plant Methods, 14(1), 1–12. 

https://doi.org/10.1186/s13007-018-0365-9 

 

Qi, L. S., Larson, M. H., Gilbert, L. A., Doudna, J. A., Weissman, J. S., Arkin, A. P., & 

Lim, W. A. (2013). Resource Repurposing CRISPR as an RNA-Guided 

Platform for Sequence-Specific Control of Gene Expression. Cell, 152(5), 

1173–1183. https://doi.org/10.1016/j.cell.2013.02.022 

 

Qin, L., Li, J., Wang, Q., Xu, Z., Sun, L., Alariqi, M., Manghwar, H., Wang, G., Li, B., 

Ding, X., Rui, H., Huang, H., Lu, T., Lindsey, K., Daniell, H., Zhang, X., & 

Jin, S. (2020). High-efficient and precise base editing of C•G to T•A in the 

allotetraploid cotton (Gossypium hirsutum) genome using a modified 

CRISPR/Cas9 system. Plant Biotechnol J., 18(1), 45–56. 

https://doi.org/10.1111/pbi.13168 

 



© C
OPYRIG

HT U
PM

  

147 

Ramírez-Mosqueda, M. A., & Iglesias-Andreu, L. G. (2016). Direct Organogenesis of 

Stevia rebaudiana Bertoni Using Thin Cell Layer (TCL) Method. Sugar Tech, 

18(4), 424–428. https://doi.org/10.1007/s12355-015-0391-0 

 

Ramírez-Mosqueda, M. A., Iglesias-Andreu, L. G., & Bautista-Aguilar, J. R. (2017). The 

Effect of Light Quality on Growth and Development of In Vitro Plantlet of 

Stevia rebaudiana Bertoni. Sugar Tech, 19(3), 331–336. 

https://doi.org/10.1007/s12355-016-0459-5 

 

Ran, F. A., Hsu, P. D., Lin, C. Y., Gootenberg, J. S., Konermann, S., Trevino, A. E., 

Scott, D. A., Inoue, A., Matoba, S., Zhang, Y., & Zhang, F. (2013). XDouble 

nicking by RNA-guided CRISPR cas9 for enhanced genome editing specificity. 

Cell, 154(6), 1–10. https://doi.org/10.1016/j.cell.2013.08.021 

 

Reis, R. V., Chierrito, T. P. C., Silva, T. F. O., Albiero, A. L. M., Souza, L. A., 

Gonçalves, J. E., Oliveira, A. J. B., & Gonçalves, R. A. C. (2017). Morpho-

anatomical study of Stevia rebaudiana roots grown in vitro and in vivo. Rev. 

Bra. Farmacogn., 27(1), 34–39. https://doi.org/10.1016/j.bjp.2016.08.007 

 

Ren, R., Gao, J., Lu, C., Wei, Y., Jin, J., Wong, S. M., Zhu, G., & Yang, F. (2020). 

Highly efficient protoplast isolation and transient expression system for 

functional characterization of flowering related genes in Cymbidium orchids. 

Int. J. Mol. Sci., 21(2264), 1-18. https://doi.org/10.3390/ijms21072264 

 

Rezazadeh, R., & Niedz, R. P. (2015). Protoplast isolation and plant regeneration of 

guava (Psidium guajava L.) using experiments in mixture-amount design. Plant 

Cell, Tissue and Organ Cult., 122(3), 585–604. https://doi.org/10.1007/s11240-

015-0790-7 

 

Richman, A. S., Gijzen, M., Starratt, A. N., Yang, Z., & Brandle, J. E. (1999). Diterpene 

synthesis in Stevia rebaudiana: Recruitment and up-regulation of key enzymes 

from the gibberellin biosynthetic pathway. Plant J., 19(4), 411–421. 

https://doi.org/10.1046/j.1365-313X.1999.00531.x 

 

Richman, A., Swanson, A., Humphrey, T., Chapman, R., McGarvey, B., Pocs, R., & 

Brandle, J. (2005). Functional genomics uncovers three glucosyltransferases 

involved in the synthesis of the major sweet glucosides of Stevia rebaudiana. 

Plant J., 41(1), 56–67. https://doi.org/10.1111/j.1365-313X.2004.02275.x 

 

Rossi, M. L., de Souza, E. H., Graner, E. M., Almeida, M. D. E., & Martinelli, A. P. 

(2018). Post-seminal development and morphoanatomy of vegetative and 

reproductive organs in Stevia rebaudiana (Bert.) Bertoni (Asteraceae). Ana. 

Acad. Bra. Cienci., 90(2), 2167–2177. https://doi.org/10.1590/0001-

3765201820170587 

 

Roy, A. L., & Singer, D. S. (2015). Core promoters in transcription: Old problem, new 

insights. Trend. Biochem. Sci., 40(3), 165–171. 

https://doi.org/10.1016/j.tibs.2015.01.007 

 



© C
OPYRIG

HT U
PM

  

148 

Ryu, J., Kim, H., Park, H. H., Lee, H. J., Park, J. H., Rhee, W. J., & Park, T. H. (2016). 

Protein-stabilizing and cell-penetrating properties of α-helix domain of 30Kc19 

protein. Biotechnol. J., 11(11), 1443–1451. 

https://doi.org/10.1002/biot.201600040 

 

Samsulrizal, N. H., Zainuddin, Z., Noh, A. L., & Sundram, T. C. (2019). A Review of 

Approaches in Steviol Glycosides Synthesis. Int. J. Life Sci. Biotechnol., 2(3), 

145–157. https://doi.org/10.38001/ijlsb.577338 

 

Sanchéz-Cordova, Á. de J., Capataz-Tafur, J., Barrera-Figueroa, B. E., López-Torres, 

A., Sanchez-Ocampo, P. M., García-López, E., & Huerta-Heredia, A. A. 

(2019). Agrobacterium rhizogenes-Mediated Transformation Enhances Steviol 

Glycosides Production and Growth in Stevia rebaudiana Plantlets. Sugar Tech, 

21(3), 398–406. https://doi.org/10.1007/s12355-018-0681-4 

 

Schaeffer, S. M., & Nakata, P. A. (2015). CRISPR/Cas9-mediated genome editing and 

gene replacement in plants: Transitioning from lab to field. Plant Sci., 240, 

130–142. https://doi.org/10.1016/j.plantsci.2015.09.011 

 

Schellenberger, V., Wang, C. W., Geething, N. C., Spink, B. J., Campbell, A., To, W., 

Scholle, M. D., Yin, Y., Yao, Y., Bogin, O., Cleland, J. L., Silverman, J., & 

Stemmer, W. P. C. (2009). A recombinant polypeptide extends the in vivo half-

life of peptides and proteins in a tunable manner. Nat. Biotechnol., 27(12), 

1186–1190. https://doi.org/10.1038/nbt.1588 

 

Sen, M. K., Hena, M. A., Jamal, M., & Nasrin, S. (2013). Sterilization factors affect seed 

germination and proliferation of Achyranthes aspera cultured in vitro. Environ. 

Exp. Biol., 2013(11), 119–123. 

 

Seth, K., & Harish. (2016). Current status of potential applications of repurposed Cas9 

for structural and functional genomics of plants. Biochem.Biophysic. Res. 

Commun., 480(4), 499–507. https://doi.org/10.1016/j.bbrc.2016.10.130 

 

Shahmuradov, I. A., Umarov, R. K., & Solovyev, V. V. (2017). TSSPlant: A new tool 

for prediction of plant Pol II promoters. Nucleic Acids Res., 45(8), 1–12. 

https://doi.org/10.1093/nar/gkw1353 

 

Sheeja, R. R., & Lawrence, B. (2015). Phytochemical Screening of the Leaves of Stevia 

rebaudiana, Bertoni. Int. J. Curr. Microbiol. App. Sci., 4(3), 344–347. 

 

Shen, Y., Meng, D., McGrouther, K., Zhang, J., & Cheng, L. (2017). Efficient isolation 

of Magnolia protoplasts and the application to subcellular localization of 

MdeHSF1. Plant Methods, 13(1), 1–10. https://doi.org/10.1186/s13007-017-

0193-3 

 

Shivanna, N., Naika, M., Khanum, F., & Kaul, V. K. (2013). Antioxidant, anti-diabetic 

and renal protective properties of Stevia rebaudiana. J.  Diabetes. Complicat., 

27(2), 103–113. https://doi.org/10.1016/j.jdiacomp.2012.10.001 

 



© C
OPYRIG

HT U
PM

  

149 

Shock, C. C. (1982). Rebaudi’s stevia :: natural noncaloric sweeteners. California 

Agriculture, October, 4–5. 

 

Šic Žlabur, J., Voća, S., Dobričević, N., Ježek, D., Bosiljkov, T., & Brnčić, M. (2013). 

Stevia rebaudiana Bertoni- A review of nutritional and biochemical properties 

of natural sweetener. Agric. Conspec. Sci., 78(1), 25–30. 

 

Simon A. Mng’omba, Gudeta Sileshi, Elsa S. du Toit, F. K. A. (2012). Efficacy and 

Utilization of Fungicides and Other Antibiotics for Aseptic Plant Cultures. 

Fungic. Plant Anim. Dis., May 2014. https://doi.org/10.5772/27662 

 

Singh, D. P., Kumari, M., Prakash, H. G., Rao, G. P., & Solomon, S. (2019). 

Phytochemical and Pharmacological Importance of Stevia: A Calorie-Free 

Natural Sweetener. Sugar Tech, 21(2), 227–234. 

https://doi.org/10.1007/s12355-019-00704-1 

 

Singh, Manvender, Saharan, V., Dayma, J., Rajpurohit, D., Sen, Y., & Sharma, A. 

(2017). In vitro Propagation of Stevia rebaudiana (Bertoni): An Overview. Int. 

J. Curr. Microbiol. App. Sci., 6(7), 1010–1022. 

https://doi.org/10.20546/ijcmas.2017.607.122 

 

Singh, Manvendra, Saharan, V., Rajpurohit, D., Kumar Jain, R., Sen, Y., & Manvendra 

Singh, C. (2017). Direct organogenesis from cold treated in vitro leaf explants 

of Stevia rebaudiana Bertoni. J. Pharmacogn. Phytochem., 6(66), 1561–1564. 

 

Singh, S., Pal, S., Shanker, K., Chanotiya, C. S., Gupta, M. M., Dwivedi, U. N., & 

Shasany, A. K. (2014). Sterol partitioning by HMGR and DXR for routing 

intermediates toward withanolide biosynthesis. Physiol. Plant, 152(4), 617–

633. https://doi.org/10.1111/ppl.12213 

 

Singh, V., Tyagi, A., Chauhan, P. K., Kumari, P., & Kaushal, S. (2011). Identification 

and prevention of bacterial contimination on explant used in plant tissue culture 

labs. Int. J. Pharm. Pharm Sci., 3(4), 160–163. 

 

Smale, S. T., & Kadonaga, J. T. (2003). The RNA polymerase II core promoter. Annu. 

Rev. Biochem., 72(2003), 449–479. 

https://doi.org/10.1146/annurev.biochem.72.121801.161520 

 

Soejarto, D. D., Compadre, C. M., Medon, P. J., Kamath, S. K., & Kinghorn, A. D. 

(1983). Potential sweetening agents of plant origin. II. field search for sweet-

tasting Stevia species. Econ. Bot, 37(1), 71–79. 

https://doi.org/10.1007/BF02859308 

 

Sreedhar, R. V., Venkatachalam, L., Thimmaraju, R., Bhagyalakshmi, N., Narayan, M. 

S., & Ravishankar, G. A. (2008). Direct organogenesis from leaf explants of 

Stevia rebaudiana and cultivation in bioreactor. Biol. Plant, 52(2), 355–360. 

https://doi.org/10.1007/s10535-008-0073-9 

 

Srimaroeng, C., Chatsudthipong, V., Aslamkhan, A. G., & Pritchard, J. B. (2005). 

Transport of the natural sweetener stevioside and its aglycone steviol by human 



© C
OPYRIG

HT U
PM

  

150 

organic anion transporter (hOAT1; SLC22A6) and hOAT3 (SLC22A8). J. 

Pharm. Exp. Therap., 313(2), 621–628. 

https://doi.org/10.1124/jpet.104.080366 

 

Srivastava, A. K., Lu, Y., Zinta, G., Lang, Z., & Zhu, J. K. (2018). UTR-Dependent 

Control of Gene Expression in Plants. Trends Plant Sci., 23(3), 248–259. 

https://doi.org/10.1016/j.tplants.2017.11.003 

 

Sternberg, S. H., Redding, S., Jinek, M., Greene, E. C., & Doudna, J. A. (2014). DNA 

interrogation by the CRISPR RNA-guided endonuclease Cas9. Nature, 

507(7490), 62–67. https://doi.org/10.1038/nature13011 

 

Subburaj, S., Chung, S. J., Lee, C., Ryu, S. M., Kim, D. H., Kim, J. S., Bae, S., & Lee, 

G. J. (2016). Site-directed mutagenesis in Petunia × hybrida protoplast system 

using direct delivery of purified recombinant Cas9 ribonucleoproteins. Plant 

Cell Rep., 35(7), 1535–1544. https://doi.org/10.1007/s00299-016-1937-7 

 

Subhasis Samanta and Thakur, J. K. (2017). Characterization of Mediator Complex and 

its Associated Proteins from Rice. Meth. Mol. Biol., 1629, 283–295. 

https://doi.org/10.1007/978-1-4939-7125-1 

 

Sun, B., Zheng, A., Jiang, M., Xue, S., Yuan, Q., Jiang, L., Chen, Q., Li, M., Wang, Y., 

Zhang, Y., Luo, Y., Wang, X., Zhang, F., & Tang, H. (2018). CRISPR/Cas9-

mediated mutagenesis of homologous genes in Chinese kale. Sci. Rep., 8(1), 1–

10. https://doi.org/10.1038/s41598-018-34884-9 

 

Suzana, M., Rahimah, A. R., Maizura, I., & Singh, R. (2015). A simple and rapid 

protocol for isolation of genomic DNA from oil palm leaf tissue. J. Oil Palm 

Res, 27(3), 282–287. 

 

Svitashev, S., Schwartz, C., Lenderts, B., Young, J. K., & Mark Cigan, A. (2016). 

Genome editing in maize directed by CRISPR-Cas9 ribonucleoprotein 

complexes. Nat. Commun., 7(13274), 1–7. 

https://doi.org/10.1038/ncomms13274 

 

Tadhani, M. B., Patel, V. H., & Subhash, R. (2007). In vitro antioxidant activities of 

Stevia rebaudiana leaves and callus. J. Food Com. Anal., 20(2007), 323–329. 

https://doi.org/10.1016/j.jfca.2006.08.004 

 

Tahmasi, S., Garoosi, G., Ahmadi, J., & Farjaminezhad, R. (2017). Effect of salicylic 

acid on stevioside and rebaudioside A production and transcription of 

biosynthetic genes in in vitro culture of Stevia rebaudiana. Ira. J. Genet. Plant 

Breed., 6(2), 1–8. 

 

Talevi, A. (2018). Beneficial Effects of Stevia rebaudiana Bertoni and Steviol-Related 

Compounds on Health. Ref. Ser. Phytochem, 263–284. 

https://doi.org/10.1007/978-3-319-27027-2_24 

 



© C
OPYRIG

HT U
PM

  

151 

Tamura, Y., Nakamura, S., Fukui, H., & Tabata, M. (1984). Clonal propagation of Stevia 

rebaudiana Bertoni by stem-tip culture. Plant Cell Rep., 3(5), 183–185. 

https://doi.org/10.1007/BF00270195 

 

Tang, T., Yu, X., Yang, H., Gao, Q., Ji, H., Wang, Y., Yan, G., Peng, Y., Luo, H., Liu, 

K., Li, X., Ma, C., Kang, C., & Dai, C. (2018). Development and validation of 

an effective CRISPR/Cas9 vector for efficiently isolating positive 

transformants and transgene-free mutants in a wide range of plant species. 

Front. Plant Sci., 871(1583), 1–14. https://doi.org/10.3389/fpls.2018.01533 

 

Tang, X., Zheng, X., Qi, Y., Zhang, D., Cheng, Y., Tang, A., Voytas, D. F., & Zhang, 

Y. (2016). A Single Transcript CRISPR-Cas9 System for Efficient Genome 

Editing in Plants. Mol. Plant, 9(7), 1088–1091. 

https://doi.org/10.1016/j.molp.2016.05.001 

 

Thiyagarajan, M., & Venkatachalam, P. (2012). Large scale in vitro propagation of 

Stevia rebaudiana (bert) for commercial application: Pharmaceutically 

important and antidiabetic medicinal herb. Ind. Crop. Prod., 37(1), 111–117. 

https://doi.org/10.1016/j.indcrop.2011.10.037 

 

Tian, S., Jiang, L., Gao, Q., Zhang, J., Zong, M., Zhang, H., Ren, Y., Guo, S., Gong, G., 

Liu, F., & Xu, Y. (2017). Efficient CRISPR/Cas9-based gene knockout in 

watermelon. Plant Cell Rep., 36(3), 399–406. https://doi.org/10.1007/s00299-

016-2089-5 

 

Tora, L., & Timmers, H. T. M. (2010). The TATA box regulates TATA-binding protein 

(TBP) dynamics in vivo. Trend. Biochem. Sci., 35(6), 309–314. 

https://doi.org/10.1016/j.tibs.2010.01.007 

 

Tsai, S. Q., Wyvekens, N., Khayter, C., Foden, J. A., Thapar, V., Reyon, D., Goodwin, 

M. J., Aryee, M. J., & Joung, J. K. (2014). Dimeric CRISPR RNA-guided FokI 

nucleases for highly specific genome editing. Nat. Biotechnol., 32(6), 569–576. 

https://doi.org/10.1038/nbt.2908 

 

Tsai, S. Q., Zheng, Z., Nguyen, N. T., Liebers, M., Topkar, V. V., Thapar, V., Wyvekens, 

N., Khayter, C., Iafrate, A. J., Le, L. P., Aryee, M. J., & Joung, J. K. (2015). 

GUIDE-seq enables genome-wide profiling of off-target cleavage by CRISPR-

Cas nucleases. Nat. Biotechnol., 33(2), 187–198. 

https://doi.org/10.1038/nbt.3117 

 

Urbi, Z., & Zainuddin, Z. (2015). Standardization of surface sterilization protocol of 

field grown Stevia rebaudiana prior to in vitro clonal propagation. J. Teknol., 

77(24), 141–146. https://doi.org/10.11113/jt.v77.6722 

 

Vazquez-Vilar, M., Bernabé-Orts, J. M., Fernandez-del-Carmen, A., Ziarsolo, P., 

Blanca, J., Granell, A., & Orzaez, D. (2016). A modular toolbox for gRNA-

Cas9 genome engineering in plants based on the GoldenBraid standard. Plant 

Methods, 12(1), 1–13. https://doi.org/10.1186/s13007-016-0101-2 

 



© C
OPYRIG

HT U
PM

  

152 

Veres, A., Gosis, B. S., Ding, Q., Collins, R., Ragavendran, A., Brand, H., Erdin, S., 

Talkowski, M. E., & Musunuru, K. (2014). Low incidence of Off-target 

mutations in individual CRISPR-Cas9 and TALEN targeted human stem cell 

clones detected by whole-genome sequencing. Cell Stem Cell, 15(1), 27–30. 

https://doi.org/10.1016/j.stem.2014.04.020 

 

Voytas, D. F., & Gao, C. (2014). Precision Genome Engineering and Agriculture: 

Opportunities and Regulatory Challenges. PLoS Biol., 12(6), 1–6. 

https://doi.org/10.1371/journal.pbio.1001877 

 

Wada, Y., Tamura, T., Kodama, T., Yamaki, T., & Uchida, Y. (1981). Callus Cultures 

and Morphogenesis of Stevia rebaudiana Bertoni. J. Japan Oil Chem., 30(4), 

215–219. https://doi.org/10.5650/jos1956.30.215 

 

Wan, G. L., Naeem, M. S., Geng, X. X., Xu, L., Li, B., Jilani, G., & Zhou, W. J. (2011). 

Optimization of microspore embryogenesis and plant regeneration protocols for 

Brassica napus. Int. J. Agric. Biol., 13(1), 83–88. 

 

Wang, H., Yang, H., Shivalila, C. S., Dawlaty, M. M., Cheng, A. W., Zhang, F., & 

Jaenisch, R. (2013). One-step generation of mice carrying mutations in multiple 

genes by CRISPR/cas-mediated genome engineering. Cell, 153(4), 910–918. 

https://doi.org/10.1016/j.cell.2013.04.025 

 

Wang, T., Wei, J. J., Sabatini, D. M., & Lander, E. S. (2014). Genetic screens in human 

cells using the CRISPR-Cas9 system. Science, 343(6166), 80–84. 

https://doi.org/10.1126/science.1246981 

 

Wang, X., Tu, M., Wang, D., Liu, J., Li, Y., Li, Z., Wang, Y., & Wang, X. (2018). 

CRISPR/Cas9-mediated efficient targeted mutagenesis in grape in the first 

generation. Plant Biotechnol. J., 16(4), 844–855. 

https://doi.org/10.1111/pbi.12832 

 

Wang, Yanpeng, Cheng, X., Shan, Q., Zhang, Y., Liu, J., Gao, C., & Qiu, J. L. (2014). 

Simultaneous editing of three homoeoalleles in hexaploid bread wheat confers 

heritable resistance to powdery mildew. Nat. Biotechnol., 32(9), 947–951. 

https://doi.org/10.1038/nbt.2969 

 

Wang, Yu, Chen, L., Li, Y., Li, Y., Yan, M., Chen, K., Hao, N., & Xu, L. (2016). 

Efficient enzymatic production of rebaudioside A from stevioside. Biosci., 

Biotechnol. Biochem., 80(1), 67–73. 

https://doi.org/10.1080/09168451.2015.1072457 

 

Woo, J. W., Kim, J., Kwon, S. Il, Corvalán, C., Cho, S. W., Kim, H., Kim, S. G., Kim, 

S. T., Choe, S., & Kim, J. S. (2015). DNA-free genome editing in plants with 

preassembled CRISPR-Cas9 ribonucleoproteins. Nat. Biotechnol, 33(11), 

1162–1164. https://doi.org/10.1038/nbt.3389 

 

Wu, F. H., Shen, S. C., Lee, L. Y., Lee, S. H., Chan, M. T., & Lin, C. S. (2009). Tape-

arabidopsis sandwich - A simpler arabidopsis protoplast isolation method. 

Plant Methods, 5(1), 1–10. https://doi.org/10.1186/1746-4811-5-16 



© C
OPYRIG

HT U
PM

  

153 

Wu, T. M., Huang, J. Z., Oung, H. M., Hsu, Y. T., Tsai, Y. C., & Hong, C. Y. (2019). 

H2O2-based method for rapid detection of transgene-free rice plants from 

segregating CRISPR/Cas9 genome-edited progenies. Int. J. Mol. Sci., 20(16), 

1–11. https://doi.org/10.3390/ijms20163885 

 

Xie, K., Zhang, J., & Yang, Y. (2014). Genome-wide prediction of highly specific guide 

RNA spacers for CRISPR-Cas9-mediated genome editing in model plants and 

major crops. Mol.  Plant, 7(5), 923–926. https://doi.org/10.1093/mp/ssu009 

 

Xie, Y., Wang, D., Lan, F., Wei, G., Ni, T., Chai, R., Liu, D., Hu, S., Li, M., Li, D., 

Wang, H., & Wang, Y. (2017). An episomal vector-based CRISPR/Cas9 

system for highly efficient gene knockout in human pluripotent stem cells. Sci. 

Rep., 7(1). https://doi.org/10.1038/s41598-017-02456-y 

 

Xu, H., Xiao, T., Chen, C. H., Li, W., Meyer, C. A., Wu, Q., Wu, D., Cong, L., Zhang, 

F., Liu, J. S., Brown, M., & Liu, X. S. (2015). Sequence determinants of 

improved CRISPR sgRNA design. Genome Res., 25(8), 1147–1157. 

https://doi.org/10.1101/gr.191452.115 

 

Xuan, L. T., & Menczel, L. (1980). Improved protoplast culture and plant regeneration 

from protoplast-derived callus in Arabidopsis thaliana. Zeit. Pflanzen., 96(1), 

77–80. https://doi.org/10.1016/s0044-328x(80)80102-4 

 

Yadav, A. K., Singh, S., Dhyani, D., & Ahuja, P. S. (2011). A review on the 

improvement of stevia [Stevia rebaudiana (Bertoni)]. Can. J. Plant Sci., 91(1), 

1–27. https://doi.org/10.4141/CJPS10086 

 

Yadav, S. K., & Guleria, P. (2012). Steviol Glycosides from Stevia: Biosynthesis 

Pathway Review and their Application in Foods and Medicine. Crit. Rev. Food 

Sci. Nutri., 52(11), 988–998. https://doi.org/10.1080/10408398.2010.519447 

 

Yang, H., Wu, J. J., Tang, T., Liu, K. De, & Dai, C. (2017). CRISPR/Cas9-mediated 

genome editing efficiently creates specific mutations at multiple loci using one 

sgRNA in Brassica napus. Sci. Rep., 7(1), 1–13. 

https://doi.org/10.1038/s41598-017-07871-9 

 

Yang, Yong heng, Huang, S. zhen, Han, Y. lin, Yuan, H. yan, Gu, C. sun, & Zhao, Y. 

hai. (2014). Base substitution mutations in uridinediphosphate-dependent 

glycosyltransferase 76G1 gene of Stevia rebaudiana causes the low levels of 

rebaudioside A: Mutations in UGT76G1, A key gene of steviol glycosides 

synthesis. Plant Physiol. Biochem., 80, 220–225. 

https://doi.org/10.1016/j.plaphy.2014.04.005 

 

Yang, Yongheng, Huang, S., Han, Y., Yuan, H., Gu, C., & Wang, Z. (2015). 

Environmental cues induce changes of steviol glycosides contents and 

transcription of corresponding biosynthetic genes in Stevia rebaudiana. Plant 

Physiol Biochem., xxx(2014), 174–180. 

https://doi.org/10.1016/j.plaphy.2014.12.004 

 



© C
OPYRIG

HT U
PM

  

154 

Yoneda, Y., Nakashima, H., Miyasaka, J., Ohdoi, K., & Shimizu, H. (2017). Impact of 

blue, red, and far-red light treatments on gene expression and steviol glycoside 

accumulation in Stevia rebaudiana. Phytochem., 137(2017), 57–65. 

https://doi.org/10.1016/j.phytochem.2017.02.002 

 

Yoneda, Y., Shimizu, H., Nakashima, H., Miyasaka, J., & Ohdoi, K. (2018). Effect of 

Treatment with Gibberellin, Gibberellin Biosynthesis Inhibitor, and Auxin on 

Steviol Glycoside Content in Stevia rebaudiana Bertoni. Sugar Tech, 20(4), 

482–491. https://doi.org/10.1007/s12355-017-0561-3 

 

Yoo, S. D., Cho, Y. H., & Sheen, J. (2007). Arabidopsis mesophyll protoplasts: A 

versatile cell system for transient gene expression analysis. Nat. Protoc., 2(7), 

1565–1572. https://doi.org/10.1038/nprot.2007.199 

 

Yu, H., & Zhao, Y. (2019). Fluorescence marker-assisted isolation of Cas9-free and 

CRISPR-edited Arabidopsis plants. Methods Mol. Biol., 1917, 147–154. 

https://doi.org/10.1007/978-1-4939-8991-1_11 

 

Zaidan, U. H., Mohamad Zen, N. I., Amran, N. A., Shamsi, S., & Gani, S. S. A. (2019). 

Biochemical evaluation of phenolic compounds and steviol glycoside from 

Stevia rebaudiana extracts associated with in vitro antidiabetic potential. 

Biocatal. Agric. Biotechnol., 18(2019), 101049. 

https://doi.org/10.1016/j.bcab.2019.101049 

 

Zand, V., Salem-Milani, A., Shahi, S., Akhi, M. T., & Vazifekhah, S. (2012). Efficacy 

of different concentrations of sodium hypochlorite and chlorhexidine in 

disinfection of contaminated Resilon cones. Med. Oral Patol. Oral Cir. Bucal., 

17(2), 352–355. https://doi.org/10.4317/medoral.17467 

 

Zetsche, B., Gootenberg, J. S., Abudayyeh, O. O., Slaymaker, I. M., Makarova, K. S., 

Essletzbichler, P., Volz, S. E., Joung, J., Van Der Oost, J., Regev, A., Koonin, 

E. V., & Zhang, F. (2015). Cpf1 Is a Single RNA-Guided Endonuclease of a 

Class 2 CRISPR-Cas System. Cell, 163(3), 759–771. 

https://doi.org/10.1016/j.cell.2015.09.038 

 

Zhang, S. shan, Chen, H., Xiao, J. yu, Liu, Q., Xiao, R. feng, & Wu, W. (2019). 

Mutations in the uridine diphosphate glucosyltransferase 76G1 gene result in 

different contents of the major steviol glycosides in Stevia rebaudiana. 

Phytochemistry, 162(2019), 141–147. 

https://doi.org/10.1016/j.phytochem.2019.03.008 

 

Zhang, X., Wang, L., He, C., & Luo, H. (2016). An efficient transient mesophyll 

protoplast system for investigation of the innate immunity responses in the 

rubber tree (Hevea brasiliensis). Plant Cell, Tissue and Organ Cult., 126(2), 

281–290. https://doi.org/10.1007/s11240-016-0997-2 

 

Zhang, Y., Su, J., Duan, S., Ao, Y., Dai, J., Liu, J., Wang, P., Li, Y., Liu, B., Feng, D., 

Wang, J., & Wang, H. (2011). A highly efficient rice green tissue protoplast 

system for transient gene expression and studying light/chloroplast-related 

processes. Plant Methods, 7(1), 30. https://doi.org/10.1186/1746-4811-7-30 



© C
OPYRIG

HT U
PM

  

155 

Zhao, L., Yang, H., Xu, M., Wang, X., Wang, C., Lian, Y., Mehmood, A., & Dai, H. 

(2019). Stevia residue extract ameliorates oxidative stress in D-galactose-

induced aging mice via Akt/Nrf2/HO-1 pathway. J. Func. Foods, 52(2019), 

587–595. https://doi.org/10.1016/j.jff.2018.11.044 

 

Zhao, W., Yang, W., Wei, C., & Sun, G. (2011). A simple and efficient method for 

isolation of pineapple protoplasts. Biotechnol. Biotechnol. Equip., 25(3), 2464–

2467. https://doi.org/10.5504/bbeq.2011.0081 

 

Zhou, H., Liu, B., Weeks, D. P., Spalding, M. H., & Yang, B. (2014). Large 

chromosomal deletions and heritable small genetic changes induced by 

CRISPR/Cas9 in rice. Nucleic Acids Res., 42(17), 10903–10914. 

https://doi.org/10.1093/nar/gku806 

 

Zischewski, J., Fischer, R., & Bortesi, L. (2017). Detection of on-target and off-target 

mutations generated by CRISPR/Cas9 and other sequence-specific nucleases. 

Biotechnol. Adv., 35(1), 95–104. 

https://doi.org/10.1016/j.biotechadv.2016.12.003 

 

Zuraida, A. R., Nurl Shahnadz, A. H., Harteeni, A., Roowi, S., Che Radziah, C. M. Z., 

& Sreeramanan, S. (2011). A novel approach for rapid micropropagation of 

maspine pineapple (Ananas comosus L.) shoots using liquid shake culture 

system. Afr. J. Biotechnol., 10(19), 3859–3866. 

https://doi.org/10.5897/AJB10.1349 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




