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Abstract

Medicinal plants are in huge demand since the consumption is widespread and ever-increasing globally. The conventional 
breeding programs are generally environmental dependent; prone to different biotic and abiotic stresses as well as the 
secondary metabolite content is too low to harvest. In this context, developing polyploid individuals artificially would be a 
remarkable approach to increase vigor and attain this objective. Polyploids often exhibit some morphological features that are 
different or greater in forms than their diploid progenies. Polyploidization can be induced by quite a few antimitotic agents. 
The most frequently used antimitotic chemicals are colchicine, trifluralin, and oryzalin. The whole method of induced 
chromosome doubling consists of a series of steps, including an induction phase, regrowth phase, and a confirmation 
technique to evaluate the rate of achievement. The induction phase depends on different factors, such as explant types, 
antimitotic agents, its different concentrations, and exposure durations. To evaluate the accomplishment of polyploidization, 
morphological or anatomical observations are recorded as a rapid method. However, chromosome count and flow cytometry 
are the most eminent method for absolute confirmation. Despite significant prospects of polyploidization, there has been very 
little research on medicinal plants. The current review gives an overview of the different parameters of in vitro chromosome 
doubling, the history of the technique, and progress made over the last two decades.
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Introduction

Discovery of polyploidy in 1907 was a major event in 

eukaryotic evolution that took place in many plants, animals, 

and fungi. Polyploidy contain multiplication in the genome 

number that is higher than the usual diploid sets and believed 

to play the major role in speciation and diversification (Soltis 

et al. 2009). Blakeslee and Avery (1937) initiated the approach 

of artificial mitotic polyploidization technique and effectively 

applied in agriculture in the 1930s. However, the first in 

vitro polyploidization practice was reported in tobacco 

(Murashige and Nakano 1966). This technique is simpler to 

apply in vitro and more efficient in inducing polyploidy due 

to the controlled atmosphere than the greenhouse. Advancement 

in plant tissue culture has made the process more popular 

and successful since 1990s. In vitro chromosome doubling 

can be accomplished by various chemicals known as 

antimitotic agents. Colchicine is the major employed 

antimitotic agent that is a toxic alkaloid obtained from 

Colchicum autumnale (Nilanthi et al. 2009). Interestingly 

many important crops contain the polyploid set of genomes 

naturally that attracted plant breeders to utilize it as a means 

to induce unnaturally for the introduction of important and 
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desirable traits. Non-existence of natural polyploidy in most 

genera and in view of the vigorous effects of polyploidy, the 

technique has been opted and applied in many medicinally 

important plants during the past two decades. In comparison 

to diploid species, it has been demonstrated that polyploids 

show advanced morphology and superior resistance ability 

to environmental stresses (Kaensaksiri et al. 2011). In addition, 

genomic multiplication apparently augments the production 

of secondary metabolites both quantitatively as well as 

qualitatively in pharmacologically important medicinal plants 

(Majdi et al. 2010; Zahedi et al. 2014) and also results in a 

higher expression of genes in comparison to diploid ones 

(Majdi et al. 2014). The present paper provides a summary 

on the application of antimitotic agents as well as its differential 

effect in polyploidization process on medicinal plants. 

Moreover, the influential key effects of ploidy level and its 

additional effect over the metabolite content has been 

discussed here.

Importance of medicinal plants in the present era

Plants are the major source of all drugs that are currently 

employed in the popular systems of medicine like Ayurveda, 

Allopathy, Homeopathy, and Unani. The demand of the 

natural drug increases with its usefulness that in turn raises 

the likelihood of non-availability. A very limited number of 

medicinal plants, nowadays, are cultivated and maintained, 

while most are collected from the wild. The World Health 

Organization has estimated that up to 80% of people still rely 

on herbal remedies for their health care (Sharma and 

Vashistha 2015). A total of 560 plant species of India have 

been included in the International Union for Conservation of 

Nature and Natural Resources (IUCN) Red List, out of 

which 247 species are in the threatened category. On a 

global basis, the IUCN has estimated that about 12.5% of the 

world’s vascular plants, totaling about 34,000 species are 

under varying degrees of threat (Sharma and Thokchom 

2014). Population growth, urbanization, and the unrestricted 

collection of medicinal plants from the wild are resulting in 

an over-exploitation of natural resources. In this context, in 

vitro artificial chromosome doubling has emerged as a new 

technique to ameliorate the metabolite content without 

harvesting the wild plant material. Polyploidization can 

change the quality and quantity of secondary metabolites. 

Many research institutes all over the world are actively 

involved in artificial polyploidization of medicinal plants 

(Listed in Table 1) to investigate its significance over 

pharmaceutically important active ingredients. For example, 

in many pharmaceutical plants, e.g. Papaver somniferum 

(Mishra et al. 2010; National Botanical Research Institute, 

Lucknow, India), Centella asiatica (Kaensaksiri et al. 2011; 

Department of Pharmaceutical Botany, Mahidol University, 

Thailand), Echinacea purpurae (Nilanthi and Yang 2013; 

Department of Agricultural Biology, University of Ruhuna, 

Sri Lanka), Pogostemon cablin (Yan et al. 2016; Guangdong 

Pharmaceutical University, Guangdong, China), polyploids 

have increased quantities of alkaloids per unit weight. 

Changes in the chemical composition of polyploids may also 

lead to changes in interactions with other members of the 

biotic community such as insect herbivores, pollinators, or 

soil organisms, and hence, might have pronounced effects on 

their success.

Why are polyploids more prospective than diploids?

In the evolutionary history of all organisms, polyploidization 

has been assumed to happen at least once and is the major 

driving force in speciation (Soltis and Soltis 2009). There are 

mainly three preeminence roles of polyploidy over the 

diploids that have been frequently cited. First, the double 

dose of a gene due to the increased number of alleles in a 

polyploid corresponds to the masking of recessive lethal 

mutations (Gu et al. 2003). The second benefit is offered by 

the formation of heterosis due to allopolyploids and heterozy-

gous autopolyploids that confers transgressive performance 

and hybrid vigor compared with its diploid ones (Birchler et 

al. 2010). The third chief improvement is the doubling of 

alleles that might be the cause to evolve new or varied 

functions (neofunctionalization or subfunctionalization), 

providing ecological niche expansion and increased resistance 

in the organism’s responsiveness to various diseases and 

environmental change (Lynch 2007). Polyploids can thrive 

in the extreme environments, including the xeric climates, 

subarctic regions, and high altitudes. It is hypothesized that 

polyploid species can prosper much more effectively than 

the diploids for their vigorous morphological, physiological, 

and developmental differences that might the reason for their 

higher stress endurance (Moghbel et al. 2015). Moreover, 

the polyploids exhibit larger stomatal aperture, enlarged 

vessel diameter, and reduced specific hydraulic conductivity 

that significantly offers superior drought tolerance than the 

diploids (Maherali et al. 2009). In cases of ornamental plants, 

the increased size of the flowers is of much aesthetic value 

and significantly increases the economy. Further, in regard to 

those of medicinal plants, there is an increase in the rate of 

secondary as well as primary metabolism. Those medicinal 

plants that accumulate the secondary metabolites in the 

vegetative tissues like purple coneflower, polyploidy may be 

much helpful and priceless due to the increased biomass or 

content of effective active ingredients. For example, 

tetraploids of Atropa velladonna have alkaloid content 1.5 

times higher than the diploids (Huang et al. 2010) while the 

Salvia miltiorrhiza exhibited higher terpenoids and flavonoids 

in tetraploids than the diploid plant (Gao et al. 1996).

In vitro doubling of mitotic chromosomes

An in vitro chromosome doubling technique includes a 

series of steps. The procedure begins with the application of 

potent antimitotic chemicals on the explants. In addition to a 

range of antimitotic agents, polyploidization is also dependent 

upon explant type, concentration of the antimitotic agent, 

exposure time, regrowth medium, and confirmation technique. 

The different variables have been elaborated precisely in the 

context below.



11JCSB 2017 (March) 20 (1) : 9 ~ 19

Fig. 1. Schematic illustration of experimental methodologies for in 

vitro polyploidization. a. normal diploid plant, b. different types of 
explant, c. medium of treatment used.

Role of explant source

True choice of explant is the critical step in polyploidization 

that makes the technique tricky. Different types of explants 

hold dissimilar totipotent cells that eventually respond to the 

colchicine treatment and are highly dependent as well as 

uncertain. Also, endogenous hormones vary with the age of 

explant and consequently, have significant influence on 

regeneration after colchicine treatment. A range of explant 

types have been employed for successful polyploidization, 

for instance apical bud or shoot tip (ST), callus (Ca), somatic 

embryo (SE), seed, nodal segment (NS), and root tip (RT) 

(Fig. 1(b)). It was reported earlier that differences in the 

accomplishment of polyploidization depends upon the 

permeability potential of the antimitotic agents through the 

cell membrane (Allum et al. 2007). Even though a range of 

explants have been employed for efficacious induction of 

polyploidy and further proliferation (Table 1), but apical bud 

or STs have been the most accepted explant choice (Chen 

and Gao 2007; Kaensaksiri et al. 2011; Tavan et al. 2015; 

Yan et al. 2016). However, seeds were also found to induce 

polyploidy next to STs and explored in many of the reports, 

either in vitro (Rubuluza et al. 2007; Zhang et al. 2016) or in 

green house (Hegde et al. 2015; Omezzine et al. 2012). 

Other explants are rarely utilized, such as NS (Hannweg et 

al. 2016; Nagahatenna and peiris 2008) and Ca (Gao et al. 

2002; Heping et al. 2008). Nevertheless, STs and seeds were 

found to induce the highest conversion into polyploids. An 

experiment was conducted by Sourour et al. (2014) utilizing 

three diploid varieties of barley (Rihane, Martin, and Manel) 

to induce tetraploidy through varied doses of colchicines. 

Colchicine was treated on differential stages of explant i.e., 

seed, pre-germinated seed, and on three-leaf stage. Tetraploid 

plants were generated only by seedling explants and none 

induced higher ploidy. Summarization on the influence of 

explants depicts that ST explants are more suitable for 

induction of polyploidy because the cells remain in the active 

stage of division and more permeable to the antimitotic 

agents. But, there is insufficiency of reports examined on 

comparison among the explant source on its influential role 

in polyploidy induction. So, for optimization, different types 

and stages of explant needs to be examined and recommended 

for their usage.

Role of antimitotic agent

Manipulating the cell cycle can attain in vitro chromosome 

doubling in plants. There are a range of chemicals reported 

to be available that are responsible to interrupt the cell cycle 

mainly during the late metaphase stage and known as the 

metaphase inhibitors or antimitotic agents. In metaphase, 

microtubules comprising of dimer of a- and b-tubulin and 

forms a spindle fiber that emerges out from the microtubule 

organizing centre (MTOC). The spindle fiber is necessary 

during anaphase for proper polarization of chromosomes. 

The antimitotic agent inhibits the formation of spindle fiber 

that results to inseparable chromosomes and raises the ploidy 

level. On the other hand, there are also some proteasome 

inhibitors for instance, MG132, lactacystin, epoxomycin that 

interrupts the anaphase promoting complex (APC) by 

hindering the transition of metaphase to anaphase (Planchais 

et al. 2000). Initial efforts to induce polyploidization were 

made through different methods, such as high or low 

temperature treatment (Blakeslee and Avery 1937). Neverthe-

less, the advancement in artificial polyploidization technique 

was accomplished only after the introduction of colchicine. 

Table 1 represents the type of antimitotic agent and its 

concentration used in different species. The most frequently 

employed antimitotic agent to induce polyploidy in 

medicinal plants is colchicine (Adaniya and Shirai 2001; 

Rubuluza et al. 2007; Sadat et al. 2011; Widoretno 2016). 

Zhang et al. (2007) reported that colchicine does not lose its 

polyploidizing ability even after being autoclaved. Dhooghe 

et al. (2011) reviewed some adverse effects of the colchicine 

in various plant species, for example, abnormal growth, 

sterility, chromosome aberrations, and gene mutation. 

Colchicine is very poisonous to humans because it binds 

tightly to the microtubules of animal cell. However, it has 

low affinity to plant microtubules that make the technique 

complicated and must be applied in relatively high doses. 

These shortcomings necessitate searching for a substitute 

cell cycle inhibitor. That’s why strategies have been 

undertaken to search for compounds that are toxic to plants 

such as herbicides have polyploidization competence or not. 

Some of the marketed herbicides are likely to affect the 

mitosis of the plants that may be employed as an antimitotic 

agent. Available antimitotic herbicides are divided into 

diverse chemical groups, including dinitroanilines (trifluralin 

and oryzalin), benzamides (pronamide), phosphorothioamidates 

(amiprophos-methyl), carbamates (chlorpropham, isopropyl 
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N-(3-chlorophenyl) carbamate), and others (Vaughn 2000). 

Particularly, trifluralin and oryzalin (dinitroanilines) have 

become a standard preference against colchicine in some 

studies like Greplova et al. (2009) reported in Solanum 

species, that oryzalin was more effective in comparison to 

colchicine in inducing polyploids. Contrastingly, Gomes et 

al. (2014) in a study accounted that oryzalin was inefficient 

to induce tetraploidy and rather produced diploids and 

mixoploids. The inefficiency of antimitotic agents other than 

colchicine may be due to the low transferability through the 

cell membrane. Hence, colchicine is the most preferred 

chemical for inducing polyploidy and other alternatives have 

not been much explored in the case of the medicinal plants 

mentioned above. There is much scope in the experimentation 

of proper mitotic inhibitors employing each of the agents 

available.

Role of antimitotic agent’s concentration and duration of 

exposure

Concentration of antimitotic agent and duration of 

exposure are the two significant factors that are highly 

interrelated and influence polyploidization. There are reports 

where too low or high doses were unsuccessful and lethal, 

respectively (Widoretno 2016). Table 1 provides a synopsis 

of efficient concentration of antimitotic chemicals and its 

exposure time to the different types of explant. It was found 

that high doses for a lesser exposure duration can result in 

higher ploidy induction, but the success levels in terms of 

regeneration are relatively low. Son et al. (2008) treated root 

explants of Bupleurum falcatum with 0.5% (w/v) colchicine 

for 3, 6, 12, 24 h and found 0.5% colchicine induced 36.66% 

polyploidy when kept for just 3 h. Higher duration were 

much detrimental and necrotic as well. Sadat et al. (2011) 

treated the explant at same treatment (0.5% colchicine) but 

for higher duration of time (24 h) and resulted in only 4.1% 

polyploidy. Also, Tavan et al. (2015) treated the explants in 

0.05, 0.10, 0.30, and 0.50% colchicine for 12-48 h and found 

higher concentration of colchicine at 0.3% induced 31.2% 

polyploids when kept for relatively shorter duration of period 

for 12 h. Contrastingly, low concentration of antimitotic agent 

but longer exposure period depicted better conversion 

percentage and more thriving. Zhang et al. (2016) reported 

that higher colchicine doses and longer duration of exposure 

resulted in decreased survival frequencies. But treatment of 

short 24 h duration in relatively low colchicine concentration 

(0.1%) resulted in the highest survival seedlings. Yan et al. 

(2016) also confirmed it and found 68% conversion by 

treating the explant in comparatively lower concentration 

i.e., 0.05% colchicine but kept for 72 h. Even, Iannicelli et al. 

(2016) employed low concentration of colchicine (0.01%) 

and treated the explant for 15 days. They found 51% of the 

recovered plantlets were tetraploids. Interestingly, Widoretno 

(2016) reduced the colchicine concentration further to 

0.006% and treated for 3 weeks that induced as high as 100% 

polyploidy. Apart from the antimitotic agent used, it is 

noteworthy that the solvent which is employed to dissolve 

the antimitotic agent is also significant and influential. It 

adds to the efficacy of the treatment or sometimes toxicity to 

the explant. In some of the reports, antimitotic agents are 

suspended in dimethyl sulfoxide (DMSO) (Chen and Gao 

2007; Sadat et al. 2011; Yan et al. 2016). The main function 

of DMSO is to augment permeability of cell membrane and 

permits the easy incorporation of chemicals into the cell, but 

sometimes it may lead to cell death at higher concentrations. 

Colchicine suspended in 3-4% DMSO decreased the survival 

frequency of the explant as compared to water or liquid 

medium when used as solvents. However, no direct comparison 

experiment has been conducted regarding its impact on 

polyploidy induction. As an alternative to avoid excessive 

toxicity, other solvents can be opted such as; oryzalin can be 

suspended in 70% ethanol or 1 M NaOH, trifluralin in 

acetone (Dhooghe et al. 2009) and colchicine in water or 

liquid basal medium (Moghbel et al. 2015; Nagahatenna and 

Peiris 2008). There is too much variation in the data and the 

experiments are heterogeneous. On the other hand, in cases 

of ex vitro treatment, the application of antimitotic agent is 

generally done by foliar spray or cotton plug method. But the 

technique is generally uneconomical due to the wastage of 

chemical through evaporation. Moreover, the time to 

polyploidization is much more than the in vitro-treated explants. 

Hence, in vitro technique marks its efficiency for artificial 

polyploidy in medicinal plants. But, a proper protocol, 

dosage and exposure time duration needs to be optimized so 

that the recovery and polyploidization rates are high.

Regrowth medium

Growth recovery after proper treatment of antimitotic 

agents is a fundamental step for the accomplishment of this 

technique. A range of protocols was followed for the 

regrowth of polyploids and maintenance. The basal media 

enclosing both organic and inorganic nutrients strongly 

control the developmental stage of in vitro plantlets (Gantait 

et al. 2016). A majority of the authors recommended 

full-strength Murashige and Skoog (1962) (MS) medium for 

regrowth and proliferation of the polyploids (Gao et al. 

2002; Tavan et al. 2015; Widoretno 2016). Amendment in 

the MS medium such as ½MS (Shao et al. 2003) or 
1
/8MS 

(Rubuluza et al. 2007) was also successful for shoot 

multiplication. Adaniya and Shirai (2001) and Nagahatenna 

and Peiris (2008) in two assessments obtained more shoots 

on semi-solid medium as compared to the liquid medium. 

Contrastingly, utilization of liquid MS medium is reported to 

enhance growth and yet cost effective (Kaensaksiri et al. 

2011; Moghbel et al. 2015). Though media without any plant 

growth regulator (PGR) were used by some authors 

(Hannweg et al. 2016; Tavan et al. 2015) but possessing 

cytokinins as the chief PGR enhances regeneration. 

Supplementation of N
6
-benzyladenine (BA) or N

6
-benzylamin-

opurine (BAP) in the culture medium either unaccompanied 

(Iannicelli et al. 2016; Nagahatenna and Peiris 2008) or in 

combination with auxin (Adaniya and Shirai 2001; 

Widoretno 2016) was found vital for rapid regeneration in 
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Fig. 2. Schematic illustration of assessment technologies for in 

vitro polyploidization. a. morphology of regenerated diploid and 
polyploid plantlet, b. chromosome complement of diploids and 
polyploids, c. leaf size, d. stomatal size and frequency, e. flow 
cytometry analysis.

many cases. The utilization of other cytokinin such as, 

Thidiazuron (TDZ) was also employed (Kaensaksiri et al. 

2011). On the other hand, ex vitro treatments have been 

applied by some of the researchers (Omezzine et al. 2012; 

Zahedi et al. 2014). Colchicine was applied directly by 

injecting through syringe (Mishra et al. 2010) by wrapping 

the seedling roots in paper towels (Son et al. 2008) or applied 

on shoot apices by cotton plug method (Hegde et al. 2015) 

and grown in the greenhouse. Ex vitro system of regrowth is 

cheaper but has a lower rate of polyploidy conversion and 

more time-consuming than in vitro techniques. Hence, in 

vitro technique for polyploidization is recommended as PGR 

supplemented media boosts the regeneration of explants and 

also curtails the time and space.

Assessment system

It is mandatory to authenticate the successful accomplishment 

of the experimentation on confirming polyploidy status in 

plants following treatment with antimitotic agents. There are 

particularly two methods for the detection of polyploidy 

which might be categorized as direct assay and indirect 

assay. Indirect methods are rather rapid and simple but 

erroneous that involves morphological and anatomical traits. 

Conversely, verification through direct methods is precise 

and sometimes obligatory, for instance counting the number 

of chromosomes and measuring nuclear genome by flow 

cytometry (FCM).

Indirect assay

The indirect measures for identifications of polyploidy are 

usually effortlessly and quick. The process contains both the 

morphological and anatomical features (Fig. 2). Morphological 

assessment takes account of plant tallness, number of shoots, 

shoot length, number of roots, root length, leaf size, and 

pollen diameter. Anatomical assessment engrosses stomatal 

frequency and size as well as chloroplast density in guard 

cells. The measurement of stomatal dimensions is effortless 

and cost effective. The magnitude of stomatal opening is 

determined by the length wise measurement of the guard 

cells. Polyploids typically exhibit bigger stomata in lesser 

frequency than the diploids (Fig. 2(d)) and chloroplast 

density is higher. Such stomatal characteristics helped to 

identify polyploidy induced plantlets innumerous plant 

species (Chen and Gao 2007; Zahedi et al. 2014). The 

chloroplast frequency in the guard cells was reported to be 

an indicator for confirming higher ploidy level in Salvia 

hains (Sadat et al. 2011), Trollius chinensis (Zhang et al. 

2016), etc. Zahedi et al. (2014) noticed that the content of 

chlorophyll (a, b, and total) also considerably altered with 

the ploidy number and recorded to be highest in induced 

tetraploids. Tetraploid induced plantlets illustrated 

condensed development that can be simply determined by 

reduced plant height, internode length and root length than 

normal diploids (Fig. 2(a)) (Sourour et al. 2014; Tavan et al. 

2015), but superior width/length ratio of the leaf was 

accounted (Fig. 2(c)) (Abdoli et al. 2013; Zhang et al. 2016) 

and stem diameter as well (Hannweg et al. 2016; Widoretno 

2016). The reduced physiology may be resulted due to the 

slower growth rate caused by the disorder induced by 

colchicine that lowers the cell division rate (Moghbel et al. 

2015). Ploidy number was also reported to affect pollen size. 

Pollen grain in tetraploid plantlets was larger in size as 

compared to diploids (Abdoli et al. 2013). However, this 

measure is rarely applied in the assessment system of ploidy 

induction. Recently, a pollen germination test was conducted 

in vitro by Zhang et al. (2016) and found the rate of pollen 

germination was reduced by 46.61% in tetraploids in 

assessment to diploids.

Direct assay

Chromosome counting is the most efficient direct 

technique used to determine the correct ploidy level. It is 

also requisite to make certain the association of chromosome 

complement to the ploidy number in the nuclear DNA. The 

polyploid exhibits multiple sets of chromosome in comparison 

to diploids (Fig. 2(b)). But, fixation is the key step in the 

cytological method on which the chromosome visibility 

depends. There are some drawbacks, which makes this 

technique hectic. Counting the chromosome number in cells 

is sometimes problematic due to reduced magnification of 

light microscope (Nagahatenna and Peiris 2008). Also, the 
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chromosome appears so small like dots that it is hard to 

count (Tavan et al. 2015). Additionally, successful staining 

is reliant on temperature, pH, osmotic balance, and time 

duration of fixation. Insufficient staining may result if there 

is discrepancy in any of the factors, consequently, a restricted 

number of cells could be merely examined (Bohanec 2003). 

For this reason, inaccuracy often occurs during the counting 

of small chromosomes. In contrast to other techniques, FCM 

offers accurate results without complexity. In FCM analysis, 

the ploidy level is correlated to the accurate nuclear DNA 

content (Fig. 2(e)). In order to measure the ploidy content of 

an unknown sample, the DNA of a known ploidy level can 

be employed as a standard. FCM can efficiently discriminate 

the polyploids from diploids and also identify the mixoploids 

from the population. The FCM technique follows cell nuclei 

extraction by razor blade chopping (Galbraith et al. 1983) or 

bead beating (Roberts 2007) method and subsequently DNA 

is stained and assessed with the help of a flow cytometer. 

The stained nucleus emits a fluorescence that can be 

measured with the help of flow cytometer and the intensity 

of fluorescence is directly associated with the ploidy level. A 

large number of cells can be assessed together and counted 

in just a single run. FCM has numerous benefits over 

microscopic chromosome counts for in vitro confirmation of 

polyploidization. FCM are rapid and can be done in early 

stages of plant growth that does not necessitate roots or 

acclimatization. Cousin et al. (2009) provided a more 

capable high-throughput FCM method that entails placing 

the juvenile leaves in two 96-well plates, lysing the nuclear 

membrane, filtration of the sample, propidium iodide staining, 

and then evaluates the ploidy using a BD FACS-Canto II 

flow cytometer. The major advantages of DNA flow cytometry 

are simple and rapid which allows high throughput; easy and 

convenient sample preparation; versatile in nature where any 

plant tissue can be analyzed, without the compulsion of 

taking mitotically active cells only; high accuracy and 

resolution; the possibility to estimate ploidy in desiccated 

plant tissue; and reasonable operating costs.

Influence of altered ploidy status

Various antimitotic agents were successful in increasing 

the ploidy level of medicinal plants but the frequency of 

conversion is relatively low (Table 1). Some researchers 

recovered very low number of polyploids such as, 3.7% in 

Centella asiatica (Kaensaksiri et al. 2011), 4% in Salvia 

hains (Sadat et al. 2011), and 5% in Echinacea purpurea 

(Abdoli et al. 2013). Contrastingly, some authors reported a 

comparatively larger number of tetraploids, for instance, 

40% in Scutellaria baicalensis (Gao et al. 2002), 66.2% in 

Pfaffia glomerata (Gomes et al. 2014), 100% in Pogostemon 

cablin (Widoretno 2016). Generally, the tetraploid induction 

rate rise with the increase of colchicine concentration and 

treatment duration but mortality rate increases too. Even 

though in vitro polyploidization efficiently produces 

tetraploids but in the due course some undesirable mixoploids 

are also generated that comprises of both diploid and 

tetraploid cells. Regardless of the significance of this 

technique mixoploids are sometimes produced in higher 

amounts than the true tetraploids (Omezzine et al. 2012; 

Sadat et al. 2011). Zahedi et al. (2014) found higher rate of 

mixoploids (28%) than the tetraploids (12%). Additionally, 

Iannicelli et al. (2016) found five mixoploids out of 37 

regenerated plants, other 19 were tetraploids, and 13 were 

diploids. In contrast to tetraploid plants, mixoploids 

occurred to be of much less agronomic as well as economic 

value (Nilanthi et al. 2009). However, Acanda et al. (2015) 

made use of somatic embryogenesis system and reported 

that chimeric plantlets did not produce at all, that might be 

the influence of three factors: somatic embryos originate 

from single cells; embryogenic cell combines to produce 

pre-embryo; and the secondary embryogenesis taking place 

on solid culture medium after inoculating the colchicine-treat-

ed embryogenic suspension. Ploidy status are also dependent 

upon the type of antimitotic agent used for instance, Gomes 

et al. (2014) obtained true tetraploids when the explants were 

treated with colchicine but only mixoploids were produced 

when oryzalin was employed. Moreover, he obtained 50% 

higher β-ecdysone production in the tetraploids than in the 

diploids.

Effect on secondary metabolite content

A number of factors are responsible for the content of 

secondary metabolite present in the medicinal plants. These 

take account of genotype, geography, climate, and harvest 

period. Genetic improvement through doubling the chromosome 

number plays a significant role to boost the metabolite 

content in plans. Polyploid plants not only exhibit enlarged 

determinate plant parts, i.e., superior vegetative tissue shape 

and size, bigger flower size, and greater acceptance to both 

biotic and abiotic stresses in contrast to the diploids (Liu et 

al. 2011) but also chromosome doubling in medicinal plants 

exhibited greater than before active ingredients (Iannicelli et 

al. 2016; Zahedi et al. 2014). Polyploids are generally bigger 

than those of normal plants that may be the reason to 

increase the biomass or product yields (Adaniya and Shirai 

2001; Heping et al. 2008). Kaensaksiri et al. (2011) induced 

tetraploidy in Centella asiatica and reported an increase of 

11% triterpenes in the tetraploids over their diploid 

counterparts. Similarly, Mishra et al. (2010) obtained as high 

as 50% raise in morphine content in Papaver somniferum 

tetraploids, but simultaneously a decline in thebaine quantity 

was noticed in comparison to control. Omezzine et al. (2012) 

studied that the tetraploid leaves are richer in potassium, 

sodium, calcium, and phosphorus. Induction of tetraploidy 

might be accountable for better stress resistance, which 

consequences in enhanced activation and secretion of 

antioxidant enzymes (Zhang et al. 2010). Gao et al. (2002) 

contrastingly reported that, only the line D-20 of Scutellaria 

baicalensis, showed superior baicalin content per plant than 

the control, as a result of higher root dry mass. Heping et al. 

(2008) confirmed the report by obtaining similar results. He 

concluded a reduction in diosgenin content per gram weight 
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in most of the 2-year-old tetraploids than the controls, but 

overall diosgenin yield per plant was higher because of their 

maximum rhizome weight. On the other hand, Hegde et al. 

(2015) reported that mixoploids produced higher stevioside 

content (13.50%) than tetraploid (11.77%) where as rebaudio-

side-A content was greater in tetraploids (6.21%) followed 

by mixoploids (5.94%). He further concluded that enhancement 

in the vegetative plant structures like lamina area and 

thickness contributes to positively influence the secondary 

metabolite biosynthesis since more the leaf area more is the 

site of photosynthesis that leads to amplified metabolic 

activity and protein synthesis.

Conclusion and future direction

Polyploidization is frequently related with a larger cell 

size and enhancement of enzyme biosynthesis that 

noticeably alters the content of secondary metabolites in the 

majority of medicinal plants. Thus, an artificial polyploidy 

induction could be a flourishing approach to ameliorate the 

pharmaceutically important secondary metabolite production. 

The type of antimitotic agent and its concentration acting for 

a time period for polyploidization is variable and species 

dependent. Though, colchicine has been employed in most 

of the reports applied as antimitotic agent both in vitro and in 

vivo, but other antimitotic agents like oryzalin and trifluralin 

can also be explored. It is likely to occur that other 

antimitotic agents can be discovered in future that would 

infer better polyploidization and also diminish any dangerous 

effect of the chemical. Analysis of polyploid progenies through 

gene expression will make transparent the cause behind 

metabolite flux diversions leading to superior accumulation 

of active ingredients. Tetraploid progenies developed in this 

study relating to metabolite content must be progressed more 

towards the development of hexaploids and amphidiploids 

for multifold enhancement in alkaloids. Moreover, employing 

the newly created polyploid plants, the researchers can 

examine the genomic changes before and after polyploid 

formation. Clonally micropropagated polyploid plants may 

express superior traits in commercial settings and slow down 

the diploidization process. Study on the consequences of 

doubled genetic material on increased gene expression along 

with gene regulation can facilitate in the improvement of 

breeding techniques to obtain the preferred results and allow 

a scope to gene manipulation. Genetic engineering is moving 

towards the whole chromosome level from the gene level, 

with an artificial chromosome may be introduced in the 

genome for improvement in metabolic pathways. Another 

strategy can also be applied for obtaining augmented level of 

secondary metabolites, if the polyploid cell is taken into cell 

suspension culture. The production of secondary metabolites 

in plant cell cultures is an attractive alternative to the 

extraction of the whole plant material. It is easy to scale up 

suspension cell cultures to bioreactor levels for large-scale 

production of target compounds. Even more, the biotechno-

logical world is concentrating more towards genetic 

transformation. Hence, if the polyploid tissue is infected 

with A. rhizogenes strain to induce hairy root that may lead 

to enhance the secondary metabolite synthesis to its 

maximum level. Hairy root culture would certainly replace 

the requirement of wild plants and subsequently meet the 

need of secondary metabolites in pharmaceutical companies.
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Table 1. Major achievements on artificially induced polyploidy in medicinal plants (in chronological order).

Species scientific name 
(Common name)

Ploidy 
status

Chief medicinal use
Explant 

type
Achievements on polyploidy

Regrowth medium + 
PGR (mg L

-1)
Reference

Salvia miltiorrhiza (Red 
sage)

2n=2x=14 Anti-cardio-vascular diseases Bud clumps
12% polyploidization in 10 ppm  

Colchicine-30 d
MS + 1 BA + 0.5 IAA Gao et al. (1996)

Zingiber officinale (Ginger) 2n=2x=30
Relieve cold, menstrual cramps, 

dyspepsia, indigestion
ST

36.5% polyploidization in 0.2%  
colchicine-8 d

MS + 2 BA + 0.05 
NAA

Adaniya and Shirai 
(2001)

Scutellaria baicalensis 
(Baikal skullcap)

2n=2x=18
Relieve cough, arrest bleeding, 

prevent abortion
Ca

40% polyploidization in 0.2%  
colchicine-12 h

MS + 0.1 BA +  0.5  
PP333

Gao et al. (2002)

Punica granatum  
(Pomegranate)

2n=2x=16
 Prevent urinary infections, skin  

disorders
ST

20% polyploidization in 0.001%  
colchicine-30 d

1/2MS + 0.02 NAA +  
1 PP333

Shao et al. (2003)

Astragalus 
membranaceus

(Huang qi)
2n=2x=16

Preventing severe side effects 
of chemotherapy in patients  

with cancer
AB

35.3% polyploidization in 0.2%  
colchicine-36 h

MS + 0.6 BA + 0.2 
IAA

Chen and Gao (2007)

Colophospermum  
mopane (Mopane)

2n=2x=36
Treatment of slow-healing  
wounds, eye infections, 

venereal diseases, syphilis
Seed

100% polyploidization in 0.1%  
colchicine-48 h

1/8MS
Rubuluza et al. 

(2007)

Dioscorea zingiberensis 
(Yam)

2n=2x=20
Reduce cholesterol level in the 

body
Ca

36.7% polyploidization in 0.3%   
colchicine-16 h

MS + 0.2 BAP Heping et al. (2008)

Hemidesmus indicus 
(Ananthamoola)

2n=2x=22
Act against oligospermia, 

gastritis, anorexia, menorrhagia
NS

Best polyploidization in  
0.0005% colchicine-4d

MS + 2 BAP
Nagahatenna and 

Peiris (2008)

Gossypium herbaceum   
(Levant cotton)

2n=2x=26
Prevent gastrointestinal 

issues, hemorrhages, diarrhea
Seed

95.4% polyploidization in 0.9%  
colchicine-16 h

Germinator
Omran and 

Mohammad (2008)Gossypium arboretum  
(Cotton)

2n=2x=26
 Prevent lymphatic swellings, 
haemorrhage, ulcers, typhoid  

fever

92.5% polyploidization in 0.6%  
colchicine-16 h

Bupleurum falcatum (Chai 
Hu)

2n=2x=26
Anti-febrile, analgaesic  
and anti-inflammatory

RT
36.6% polyploidization in 0.5%  

colchicine-3 h
GH Son et al. (2008)

Echinacea purpurea 
(Purple coneflower)

2n=2x=22
Act against syphilis, septic 
wounds, snakebites, blood 

poisoning
Petiole

23.5% polyploidization in  
0.012% colchicine-28 d

MS + 0.3 BA + 0.01 
NAA

Nilanthi et al. (2009)

Dioscorea zingiberensis 
(Yam)

2n=2x=20
Prevent cough, pneumonia and  

reduce cholesterol level
AB

26.4 polyploidization in 0.15%   
colchicine-24 h

MS + 2 BAP + 0.2 
NAA

Zhang et al. (2010)

Salvia hains 2n=2x=16 Chief remedy for dysentery Seed
4% polyploidization in 0.5%  

colchicine-24 h
Wet filter paper Sadat et al. (2011)

Centella asiatica (Gotu  
kola)

2n=2x=18
Relief fatigue, anxiety, 
psychiatric disorders, 
Alzheimer's disease

ST
3.7% polyploidization in 0.1%  

colchicine-12 h
MSL + 4.54 μM TDZ

Kaensaksiri et al. 
(2011)

Trigonella  
foenum-graecum  

(Fenugreek)
2n=2x=16

Prevent cholesterol, lung 
infections, gallbladder 

problems, ulcers
Seed

Best polyploidization in  
0.05%colchicine-4 h

GH
Omezzine et al. 

(2012)

Echinacea purpurea 
(Purple coneflower)

2n=2x=22
Act against snakebites, blood 

poisoning and other respiratory 
tract infections

Seed-ling
5% polyploidization in 0.25%   

colchicine-48 h
Growth chamber Abdoli et al. (2013)

Echinacea purpurea 
(Purple coneflower)

2n=4x=44
Act against snakebites, and  

other respiratory tract infections
Petiole

10% polyploidization in 0.012%  
colchicine-30 d

MS + 0.5 BA + 0.01 
NAA

Nilanthi and Yang 
(2013)

Pfaffia glomerata  
(Brazilian ginseng)

2n=2x=34
Anti-rheumatic, antiulcer, 
anti-influenza, anticancer

Nodal bud
66.2% polyploidization in 30 μM  

colchicine-1 w
MS Gomes et al. (2014)

Hordeum vulgare
 (Rihane, Manel and 

Martin) (Barley)
2n=2x=14

 Lowers blood cholesterol levels 
and prevent bowel cancer

Seed-ling
40% (Rihane), 44% (Manel) and  
100% (Martin) polyploidization 

in  0.1% colchicine-16 h    
Growth room Sourour et al. (2014)

Dracocephalum kotschyi 
(Badrandjboie-Dennaie)

2n=2x=20
Antihyperlipidemic, 
immunomodulatory, 

antinociceptive
ST

12% polyploidization in 0.5%  
colchicine-48 h

GH Zahedi et al. (2014)

Vitis vinifera (Grapevine) 2n=2x=38
Act against 

cancer, cholera, smallpox
ESC

25% polyploidization in 0.2%  
colchicine-24 h

SEIM4 + 4.5 μM TDZ Acanda et al. (2015)

Stevia rebaudiana 
(Candyleaf)

2n=2x=22
Checks blood sugar, 

cholesterol, blood pressure
AB INA; 1.50%  colchicine-60 d GH Hegde et al. (2015)

Glycyrrhiza glabra 
(Licorice)

2n=2x=16
Stomach ulcers, heartburn, 

bronchitis, cough, and bacterial 
or viral infections

Seed Larger stomata in 0.1%-24 h 
colchicine

MSL
Moghbel et al. 

(2015)

Carthamus tinctorius 
(Safflower)

2n=2x=24
 Heart disease, atherosclerosis 

and stroke
Seed

Larger stomata in 0.05%  
colchicine-24 h

MSL
Moghbel et al. 

(2015)
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Table 1. Major achievements on artificially induced polyploidy in medicinal plants (in chronological order). (To be continued)

Species scientific name 
(Common name)

Ploidy 
status

Chief medicinal use
Explant 

type
Achievements on polyploidy

Regrowth medium + 
PGR (mg L

-1
)

Reference

Thymus persicus (Azorbe) 2n=2x=28
Hepatoprotective, antitumor, 

anti-HIV, antimicrobial, 
antifungal

ST
31.2% polyploidization in 0.3%  

colchicine-12 h
MS Tavan et al. (2015)

Plectranthus esculentus 
(Livingstone potato)

2n=2x=24
Act against disorders of the  

digestive system
Node

26.80% polyploidization in  
0.0001% colchicine-3d

MS
Hannweg et al. 

(2016)

Lippia integrifolia
(Inca tea)

2n=2x=36
Anti-broncho-pulmonary 

diseases
NS

51% polyploidization in 0.01%  
colchicine-15 d

MS + 2.2  μM BAP Iannicelli et al. (2016)

Pogostemon cablin  
(Patchouli)

2n=2x=64
Relief summer-heat, exterior 

syndrome, stops vomiting
Leaf

100% polyploidization in  
0.006% Colchicine-3 w  

MS + 0.3 BAP + 0.1 
NAA

Widoretno (2016)

Pogostemon cablin  
(Patchouli)

2n=4x=64
Relief summer-heat, exterior 

syndrome, stops vomiting
ST

68% polyploidization in 0.05%  
colchicine-72 h

MS + 0.2 BAP + 0.1 
NAA

Yan et al. (2016)

Trollius chinensis
 (Globe flower)

2n=2x=16
Prevent  respiratory infections, 

bronchitis and tonsillitis
Seed

Best polyploidization in 0.1%  
colchicine-24h

MS + 0.5 BAP + 0.1 
NAA

Zhang et al. (2016)

AB Apical bud, BA N
6
-benzyladenine, BAP N

6
-benzylaminopurine, d days, ESC embryogenic suspension culture, GH, Green house, h hours, IAA Indole-3-acetic acid, MS 

Murashige Skoog basal medium (Murashige and Skoog, 1962), MSL Murashige Skoog liquid medium, NAA α-napthalene acetic acid, PP333 Paclobutrazol, PGR Plant 
growth regulator, RT Root tip, SEIM4 Somatic Embryogenesis Induction Medium 4, Sht Shoot, ST Shoot tip, TDZ N-phenyl-N ′-(1,2,3-thidiazol-5-yl) urea or Thidiazuron, 
w weeks


