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SUMMARY 

 
Polyploidization is commonly known to become a vital process to succeed in developing potential 
crops. In the plant kingdom, the polyploids, i.e., aneuploidy and polyploidy, are generally developed 
through sexual and asexual pathways, resulting in totally increasing biomass, phytochemical 
compounds, and adaptation to detrimental environment. For more precision, thousands of polyploidy 
plant species adapted to various climatic and topographic conditions through genomic evolution. 

Autopolyploid, allopolyploid, and aneuploidy, as well as, different levels of ploidy are simply found in 
vegetables, such as, potatoes, and among fruits, i.e., bananas, watermelon, and so on. Contrastingly, 
in mammals, polyploidization causes congenital diseases and pregnancy loss, especially in human 
beings. This review article will first describe polyploidization in plants and then enumerate the 
advantages of its beneficial effects that are more valuable. The paper also intends to introduce new 
knowledge on polyploidization in crop breeding. Thus, it has further mentioned the polyploid like 
aneuploidy and polyploidy in a perspective contribution of minor crops in plant kingdoms and their 

beneficial and detrimental effects in the development of crop strategies. 
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Key findings: This review sheds light on 1) discussing polyploidization in plants and then mentioning 
the benefits of its effects that are more valuable; 2) it further proves the perspectives of the polyploid 
like aneuploidy and polyploidy plant kingdoms and their beneficial and detrimental effects that are also 

informative to introduce new knowledge on polyploidization in crop breeding, and 3) enumeration of 
minor crops from polyploidization of wild plant species. 
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INTRODUCTION 

Addressing the need to increase food 

production demands under the effects of 
climate change that presents potential 
challenges can utilize the accelerated 
application of polyploidization. It includes 
modifying selection standards focusing on the 

effectiveness of adaptation and/or tolerance to 
stress/es in addition to total yield; determining 

the efficiency and stress-tolerance alleles are 

still present and exploitable in elite plants and 

wider breeding germplasm; and developing 
novel and expanding the use of current minor 
and principal crops, especially for better 
nutrition, environmental sustainability, and 
resilience while requiring fewer inputs than 

traditional major crop species. The changed 
agricultural model, alongside reducing inputs,
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away from high inputs toward stability and 

environmental resilience of yields is a daunting 
challenge (Abberton et al., 2016; Poerba et al., 
2019a). The scientific view is that 

polyploidization contributes to better 
adaptation in terms of sustainability for certain 
crops and other benefits of physiologically 
responding to the harsh environment. As far as 
the ecological perspectives are concerned, 
efficiency or adaptation to and tolerance to 
stresses are appropriate for some novel crops 

the best example are those involving 
adaptation, such as, abiotic tolerance and 
biotic resistance. Another reason states that 
although some hybrid crops integrate physio-
biological features, this integration is limited. 

Farmers can immensely benefit since it 

improves good quality and high yield as a 
whole, thus, necessary for successful potential 
crops. 
 With the advances in biotechnology, 
various plant species can now gain natural and 
artificial polyploidization capabilities. While it is 
acceptable that the natural polyploid process 

can sometimes have positive benefits for the 
population, the other view indicates that 
artificial polyploidization show more important 
and worth exploring. Using the artificial 
polyploidization process through several 
chemicals, such as, spindle inhibitors and 
phytohormone induction can be advantageous 

for reasons related to time-saving, cost-
effectiveness, and lots of choices. Concerning 
the former, chemical induction of 
polyploidization can perform faster than the 
randomly natural polyploidization process, and 
as a result, utilizing this method enables saving 

an amount of time and successfully being 
applied in several horticultural plants (Eng and 
Ho, 2019). Moreover, several polyploidy plants 
resulted from natural and artificial 
polyploidization recorded from the last 
centuries. More specifically, a number of these 
polyploidy plants have been contributing to 

primary and minor crops with several potential 
traits involving outstanding advantages, as 
listed in Table 1. A typical example of these 

involves practical proofs, such as, wheat and 
watermelon polyploid (Matsuoka, 2011; 
Feldman and Levy, 2012; Saminathan et al., 
2015; Zhang et al., 2019; Verhage, 2021). As 

far as economic perspectives are concerned, 
artificial polyploidization processes consist of 
comparatively smaller colonies than the 
population in nature in the experimental 
phases, but the commercial farming of artificial 
polyploidization cultivars has occurred on an 

extremely large scale, such as, potatoes and 
wheat. Artificial polyploidization underwent first 

research in laboratories and then undertook a 

small-scale field trial. Finally, several chemicals 
can induce artificial methods of 
polyploidization, adequately providing 

scientists and breeders with a wide range of 
options when needed. However, some argued 
that these mentioned benefits are eclipsed by 
the drawbacks in terms of aneuploid. It means 
aneuploid plants cannot overcome the 
unproductiveness due to gamete abnormalities. 
In addition, polyploidization in nature does not 

offer a need in humanity because this natural 
process can randomly occur daily. As such, 
natural polyploidization cannot exist in the 
adverse environment, especially with 
competition against diploids. Another way to 

explain this problem comes from natural 

polyploidization not easily discovered in a large 
population dispersed across the globe. In brief, 
scientists and breeders seemingly see the 
drawbacks of the technological process, which 
allow humanity to perform artificial 
polyploidization via chemicals or physical 
factors, outweighing the benefits involved. 

 With climate change‟s ever-increasing 
adverse effects, polyploidization occurs like 
popular natural events that redress the 
problem to ensure the world‟s food security 
demands through developing crops that 
humanity expands in breeding strategies to 
introduce seedless triploid plants, enrich 

ornamental characteristics, enhance 
environmental-stress tolerance, and more (Aziz 
et al., 2016; Akbar et al., 2018; Pham, 2021). 
Polyploidization supposedly expands to a new 
ecology for several reasons. One explanation 
comes up with polyploid plant species can be 

doing that because the new individual 
translocated in an area with a more suitable 
condition, which makes its life more adaptable. 
For instance, if tetraploid plant species expand 
from one ecological area to another, they will 
adapt to new places with a better climate and 
more nutrition. They will have easy access to a 

water source and avoid predators. They will 
have more chances of adaptable capacity as a 
result. 

 In the plant kingdom, thousands of 
polyploidy plant species underwent several 
studies, revealing that these higher levels are 
more adaptive to various ecological conditions 

and topography due to genomic evolution. 
Several modes of ploidy, such as, 
autopolyploid, allopolyploid, and aneuploidy, 
combined with different levels of ploidy, exist 
in a large number of vegetables (potatoes) and 
fruits (bananas and strawberries) (Machida-

Hirano, 2015; Edger et al., 2019; Hardigan et 
al., 2019; Poerba et al., 2019b; Whitaker et 
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Table 1. Some polyploidy plant species being developed as minor and major crops. 

No. Latin name Mode of ploidy Chromosome  Benefits  Reference 

1 Lonicera japonica 
Thunb 

Diploid & 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Salt stress Yan et al., 2015 

2 Oryza sativa 
Nipponbare 

Diploid & 
autotetraploid 

2n = 2x = 24, 
2n = 4x = 48 

Salt stress Tu et al., 2014 

3 Brassica rapa L Diploid & 
autotetraploid 

2n = 2x = 20, 
2n = 4x = 40 

Salt stress Meng et al., 2011; 
Gu et al., 2016. 

4 Paulownia fortunei Diploid & 
autotetraploid 

2n = 2x = 40, 
2n = 4x = 80 

Salt stress Fan et al., 2007; 
Fan et al., 2016; 
Deng et al., 2017.  

5 P. australis; 
P. fortunei; 
P. tomentosa 

Diploid & 
autotetraploid 

2n = 2x = 40, 
2n = 4x = 80; 

Drought stress Niu et al., 2016;  
Cao et al., 2017;  
Zhao et a.l, 2018. 

6 Dioscorea 
zingiberensis 

Diploid & 
autotetraploid 

2n = 2x = 20, 
2n = 4x = 40 

Heat stress Zhang et al., 2010 

7 Ranunculus kuepferi Diploid & 
autotetraploid 

2n = 2x = 16, 
2n = 4x = 32 

Cold stress Syngelaki et al., 
2021 

8 Nicotiana 
benthamiana 

Tetraploid & 
octaploid 

2n = 4x = 38, 
2n = 8x = 76 

Cold stress Bombarely et al., 
2012;  
Deng et al., 2012;  

9 Arabidopsis thaliana Diploid & 
autotetraploid 

2n = 2x = 10, 
2n = 4x = 20 

Copper stress 
 

Li et al., 2017 

10 Citrus sinensis L. 
Poncirus trifoliata L 

Diploid & 
autotetraploid 

2n = 2x = 18,  
2n = 4x = 36 

Boron stress 
 

Ruiz et al., 2016 

11 Betula platyphylla Diploid & 
autotetraploid 

2n = 2x = 28, 
2n = 4x = 56 

NaHCO3 stress Mu et al., 2016 

12 Malus× domestica 
Borkh 

Diploid & 
autotetraploid 

2n = 2x = 34, 
2n = 4x = 68 

Resistance of 
Venturia 

Xue et al., 2015; 
Hias et al., 2018; 

13 Solanum chacoense Diploid & 
autotetraploid 

2n = 2x = 24, 
2n = 4x = 48 

Common scab 
resistance 

Jansky et al., 2019 

14 Papaver somniferum 
L. 

Diploid and 
autotetraploid 

2n = 2x = 22, 
2n = 4x = 44 

Increase in morphine 
25% - 50% 

Mishra et al., 2010 

15 Catharanthus 
roseus 

Diploid and 
autotetraploid 

2n = 2x = 16, 
2n = 4x = 32 

Increase in 
vincristine 

Begum, 2011 

16 Catharanthus 
roseus Don 

Diploid and 
autotetraploid 

2n = 2x = 16, 
2n = 4x = 32 

Increase in terpenoid 
indole alkaloids 

Xing et al., 2011 

17 Echinacea 
purpurea (L.) 

Diploid and 
autotetraploid 

2n = 2x = 22, 
2n = 4x = 44 

Increase in cichoric 
acid (45%) and 
chlorogenic acid 
(71%) 

Abdoli et al., 2013 

18 Rosa hybrida cv 
Iceberg 

Triploid and 
autohexaploid 

2n = 3x = 21, 
2n = 6x = 42 

Increase in phenolic  Ahmadi et al., 2013 

19 Allium sativum 
L. 

Diploid and 
autotetraploid 

2n = 2x = 16, 
2n = 4x = 32 

Increase in allicin, 
diallyl disulfide,  
allyl methyl trisulfide 
and 

diallyl trisulfide 

Dixit et al., 2014; 
Yousef et al., 2020 

20 Centella asiatica 
(L.) 

Diploid and 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Increase in total 
triterpenoid 

Thong-on et al., 
2014 

21 Cichorium 
intybus L 

Diploid and 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Increase in total 
phenolic; chlorogenic 
acid 

Ghotbi et al., 2013 

22 Dracocephalum 
kotschyi Boiss 

Diploid and 
autotetraploid 

2n = 2x = 20, 
2n = 4x = 40 

Increase in 
methoxylated 
hydroxyflavones 

Zahedi et al., 2014 

23 Citrullus lanatus Diploid, autotriploid 
and autotetraploid 

2n = 2x = 22, 
2n = 3x = 33 
2n = 4x = 44 

Increase in lycopene 
contents 

Nasr et al., 2004; 
Saminathan et al., 
2015; Dou et al., 
2017.  

24 Linum album Diploid and 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Increase in 
podophyllotoxin 
(PTOX) 

Javadian et al., 
2017 
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Table 1. (cont‟d.) 

25  Lycopersicum 
esculentum 

Diploid and 
autotetraploid 

2n = 2x = 24, 
2n = 4x = 48 

Higher protein Albuzio et al., 
1978; Gavrilenko 
et al., 2001 

26 Musa balbisiana Colla Diploid, autotriploid 
and autotetraploid 

2n = 2x = 22 
2n = 3x = 33 
2n = 4x = 44 

Seedless triploid Poerba et al., 
2019a 

27 Anoectochilus 
formosanus Hayata 

Diploid and 
autotetraploid 

2n = 2x = 24, 
2n = 4x = 48 

Increase in total 
flavonoid and 
gastrodin 

Chung et al., 2017 

28 Panax ginseng Mayer Tetraploid and 
octaploid 

2n = 2x = 24, 
2n = 4x = 48 

Increase in 
ginsenoside  

Le et al., 2020 

29 Artemisia cina Diploid and 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Increase in 
artemisinin, quercetin 
and kaempferol 

Herawati et al., 
2020; Kasmiyati et 
al., 2020  

30 Stevia rebaudiana Diploid and 
autotetraploid 

2n = 2x = 22, 
2n = 4x = 44 

Increase in 
rebaudloside and 

stevioside 

Yadav et al., 2013; 
Hegde et al., 2015; 

Rameshsing et 
al.,2015; Mahdi et 
al., 2018 Zhang et 
al., 2018; Xiang et 
al., 2019; 
Talei et al., 2020 

31 Zingiber 
officinale 
Roscoe cv. 
'Fengtou' 
ginge 

Diploid and 
autotetraploid 

2n = 2x = 22, 
2n = 4x = 44 

Increase in 
carotenoids 

Zhou et al., 2020 

32 Lippia alba Diploid and 
autotetraploid 

2n = 2x = 30, 
2n = 4x = 60 

Increase in linalool, 
citral 

Julião et al., 2020 

33 Melissa 
officinalis L 

Diploid and 
autotetraploid 

2n = 2x = 32, 
2n = 4x = 64 

Increase in 
carotenoid and 
phenolic 

Talei et al., 2020 

34 Thymus vulgaris 
L. 

Diploid and 
autotetraploid 

2n = 2x = 30, 
2n = 4x = 60 

Increase in thymol, 
carvocal and 
essential oil 

 Shmelt et al., 
2020 
 

35  Tetradenia 
riparia 

Diploid and 
autotetraploid 

2n = 2x = 24, 
2n = 4x = 48 

Increase in essential 
oil 

Hannweg et al., 
2016 

36 Echinacea 
purpurea L. 

Diploid, 
autotetraploid and 
autooctaploid  

2n = 2x = 22, 
2n = 4x = 44 
2n = 4x = 88 

Increase in cichoric 
acid  

Li et al., 2016 

37 Miscanthus × 
giganteus 

Triploid and 
hexaploid  

2n = 3x = 57, 
2n = 6x = 114 
 

Increase in phenolic  Ghimire et al., 
2016 

38 Lippia 
integrifolia 

Diploid and 
autotetraploid 

2n = 2x = 36, 
2n = 4x = 72 

Increase in total 
monoterpen  

Iannicelli et al., 
2016 

39 Pogostemon 
cablin 

Tetraploid and 
autooctaploid 

2n = 4x = 64, 
2n = 8x = 128 

Increase in patchoulic 
alcohol 

Yan et al., 2016 

40 Chamaemelum 
nobile L. 

Diploid and 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Increase in essential 
oil 

Tsuro et al., 2016 

41 Bacopa 
monnieri 

Diploid and 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Increase in bacoside  Kharde et al., 2017 

42 Capsicum 
frutescens L 

Diploid and 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Increase in capsaicin  Pliankong et al., 
2017 

43 Aquilaria 

malaccensis 
Lamarck 

Diploid and 

autotetraploid 

2n = 2x = 14, 

2n = 4x = 28 

Increase in 

sesquiterpene, a-
gualene 

Rahman, 2017 

44 Cannabis sativa 
L 

Diploid and 
autotetraploid 

2n = 2x = 20, 
2n = 4x = 40 

Increase in 
canabinoid 

Mansouri et al., 
2017; Parsons et 
al., 2019. 

45 Trachyspermum 
ammi L 

Diploid and 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Increase in thymol Noori et al., 2017 
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Table 1. (cont‟d.) 

46 Dendrobium 
hybrids 

Diploid and 
autotetraploid 

2n = 2x = 38, 
2n = 4x = 76 

Increase in 
shihundine and 
hircinol 

Grosso et al., 2018 

47 Sphagneticola 
calendulacea 
(L.) Pruski 

Diploid and 
autotetraploid 

2n = 2x = 50, 
2n = 4x = 100 

Increase in 
wedelolactone 

Kundu et al., 2018 

48 Pfaffia 
glomerata 
(Spreng.) 
Pedersen 

Diploid and 
autotetraploid 

2n = 2x = 34, 
2n = 4x = 68 

Increase in β-
ecdysone 

Gomes et al., 2014 

49 Echinacea 
purpurea (L.) 
Moench 

Diploid and 
autotetraploid 

2n = 2x = 22, 
2n = 4x = 44 

Increase in caffeic 
acid and alkamides 

Xu et al., 2014 

50 Nigella sativa L Diploid and 
autotetraploid 

2n = 2x = 12, 
2n = 4x = 24 

Increase in 
thymoquinone 

Dixit et al., 2015 

51 Thymus persicus Diploid and 

autotetraploid 

2n = 2x = 28, 

2n = 4x = 56 

Increase in betulinic 

acid  
oleanolic acid ursolic 
acid 

Tavan et al., 2015; 

Navrátilová et al., 
2021 
 

52 Plantago ovata Diploid and 
autotetraploid 

2n = 2x = 8, 
2n = 4x = 16 

Increase in 
carotenoid 

Sabzehzari et al., 
2019b 

53 Plantago 
psyllium 

Diploid and 
autotetraploid 

2n = 2x = 12, 
2n = 4x = 24 

Increase in 
carotenoid 

 Sabzehzari et al., 
2019a 

54 Eucalyptus 
polybractea RT 
Baker 

Diploid and 
autotetraploid 

2n = 2x = 22, 
2n = 4x = 44 

Increase in essential 
oil 

Fernando et al., 
2019 

55 Citrus limon (L.) 
Osbeck 

Diploid and 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Increase in essential 
oil and limonene 

Bhuvaneswari et 
al., 2019  

56 Physalis 
peruviana L 

Diploid and 
autotetraploid 

2n = 2x = 24, 
2n = 4x = 48 

Increase in total 
flavonoids, 
anthocyanin, and 
phenolic 

Çömlekçioğlu & 
Özden, 2019 

57 Bacopa 
monnieri 

Diploid and 
autotetraploid 

2n = 2x = 64, 
2n = 4x = 128 

Increase in bacoside Inthima & Sujipuli, 
2019 

58 Datura 
stramonium L 

Diploid and 
autotetraploid 

2n = 2x = 24, 
2n = 4x = 48 

Increase in alkaloids Al-Taweel et al., 
2019 

59 Salvia 
miltiorrhiza 

Diploid and 
autotetraploid 

2n = 2x = 16, 
2n = 4x = 32 

Increase in 
dihydrotanshinone 
and 
total tanshinone 

Chen et al., 2018 

60 Andrographis 
paniculata 

Diploid and 
autotetraploid 

2n = 2x = 50, 
2n = 4x = 100 

Increase in 
andrographolide 

Li et al., 2018 

61 Sophora 
tonkinensis 
Gapnep 

Diploid and 
autotetraploid 

2n = 2x = 18, 
2n = 4x = 36 

Increase in matrine 
and 
oxymatrine 

Wei et al., 2018 

62 Eclipta alba (L.) 
Hassk 

Diploid and 
autotetraploid 

2n = 2x = 22, 
2n = 4x = 44 

Increase in 
wedelolactone 

Salma et al., 2018 

 

al., 2020; Hu et al., 2021). In mammals, 

however, polyploidization causes congenital 
diseases and pregnancy loss, especially in 
human beings. Thus, it is also relevant to 
discuss that polyploidy, though scarcer in the 
animal kingdom, is observed in amphibia 
(African clawed frog) and distinct species of 

fish (Comai, 2005; Stenberg and Saura, 2013). 
 Minor crops existing in many regions 
showed as indigenous species collected from 
the wild, with the basic difference from major 
crops disclosing they lie in the level of 
knowledge and the scale of arable land. These 

crops are considered endangered species, 

accentuate several benefits when cultivated 
and achieved plant breeding strategies. Such a 
highly effective way can save the plant 
population. It means minor crops benefit those 
living on the planet, such as, mitigating the 
threat of endangered species, increasing 

income for producers, and creating quality 
products. For example, a study in Pakistan 
from 1981–2018 revealed that the average 
income of major crops was less than minor 
crops when calculating the same acreage 
compared per hectare (Abro and Awan, 2020). 
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Another benefit states minor crops help to 

meet the ever-growing global nutrition demand 
to reach a high level of expertise because of 
improved resistance to pathogens, like plant 

diseases and pests, boosting yield, as well 
(Hias et al., 2018, Janky et al., 2019). Plant 
genetic diversity across the globe constantly 
has been expanding acknowledgment as a 
result of gaining more cultivation of novel 
species that becomes the case at the local 
level.  

 Minor crops also benefit genetic 
diversity by breeding and conserving these 
varieties, which contribute to adding unique 
features. With advances in technological 
methods used in major crops proving 

expensive, these cannot be applicable in minor 

crops over the last centuries. Concerning 
indigenous and even endemic species, one 
must have a deep knowledge of the agronomic 
characteristics of the species, as well as, the 
assessment of the genetic material. Humans 
could gain knowledge of genetic diversity, 
especially with the use of related species, with 

a point of breeding the desired features. As far 
as the breeding of local varieties is concerned, 
minor crops can help to maintain genetic 
diversity. Therefore, minor crops must keep a 
diverse gene pool regarding environmental 
adaptability. Minor crops play a critical role in 
the future because of climate variability, 

especially concerning abiotic and biotic 
tolerance. Numerous examples of local 
varieties exist that could adapt to the 
detrimental climate. This review article will 
discuss polyploidization in plants and then 
mention the benefits of its valued effects 

confirmed more advantageous. Further, the 
review proved the perspectives of polyploidy, 
e.g., aneuploidy and polyploidy plant kingdoms 
and their beneficial and detrimental effects. 
Lastly, it introduces essential knowledge on 
polyploidization in crop breeding, especially 
minor crops, from polyploidization of wild plant 

species also mentioned here. 
 
Adaptation and tolerance to stresses 

 
Scientifically speaking, scientists and breeders 
seek to use several plant species as a subject 
of experimentation of polyploidization, having 

well-established methodological grounds. It 
could be due to polyploid plants‟ proven 
adaptation to detrimental environments by 
enhancing abiotic stress tolerance and biotic 
resistance. More precisely, several polyploidy 
plant species could cope with drought stress 

better than their diploid counterparts. The 
supposed reason reveals polyploid plants have 

substantially changed miRNAs mechanisms and 

target genes regulating transcriptional 
regulation and plant defense to reduce the 
effect of water insufficiency. Likewise, hormone 

metabolism and a rise in ABA content also play 
a vital role in deciding how successful these 
polyploid plants tolerate drought stress. 
Paulownia fortunei, Paulownia australis, 
Paulownia tomentosa, Lycium ruthenicum, 
Ziziphus jujuba Mill. var. Spinosa, and 
Arabidopsis tetraploid play good examples here 

(del-Pozo and Ramirez-Parra, 2014; Niu et al., 
2016; Cao et al., 2017; Zhao et al., 2018; Rao 
et al., 2020; Li et al., 2021). 
 Polyploid plant species were known as 
more adaptive rather than diploid ones. More 

so, several polyploidy plants can respond to 

salinity stress due to higher levels of ploidy 
plants possessing several mechanisms, such as 
accumulating Na+ extrusion under part of soil 
organs, intensifying Na+ transfer to leaf, 
controlling osmosis, increasing the gene 
expression coupled with antioxidants, 
extenuating ROS, photosynthesize signaling, 

altering SNP marker associated to salt stress, 
up-regulating aquaporin genes, and growth 
regulator transduction cues. Additionally, 
protein synthesis, controlling transcription 
factors, enhancing ATP synthase to increase 
ion transport changing proton, and changing 
miRNAs can be seen (Meng et al., 2011; Tu et 

al., 2014; Xue et al., 2015; Yan et al., 2015; 
Fan et al., 2016a, b; Yu et al., 2016; Deng et 
al., 2017 Liu et al., 2017; Zhao et al., 2017). 
Thus, the polyploid plant might also be capable 
of biotic resistance. Particularly, Malus × 
Domestica autotetraploid increased the 

resistance of Venturia by substantially 
increasing Rvi6 a type of resistant gene locus 
(Hias et al, 2018). Another example presented 
common scab resistance in autotetraploid 
potatoes was gained by crossing 2n gametes 
derived from diploid S. chacoense (Jansky et 
al., 2019). Further, Dioscorea and Arabidopsis 

can have heat tolerance by sufficiently 
supporting antioxidant defense systems 
activated, a typical example (DeBolt, 2010; 

Zhang et al., 2010). Polyploid plants can up-
regulate antioxidants and epigenetics to 
become tolerant of cold stress (Deng et al., 
2012; Syngelaki et al., 2020; 2021). Heavy 

metals like boron and copper may be toxic 
chemicals to plants. More accurately, changing 
root anatomical characters redressed the 
adaptation of a high concentration of boron in 
soil. Meanwhile, the Cu transport gene, 
activation of anti-oxidation defense, and up-

regulation of expression of ABA-responsive 
genes mitigate for surviving in an environment 
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polluted by a high concentration of copper 

(Ruiz et al., 2016; Li et al., 2017). The 
autopolyploid birch plant (B. platyphylla) could 
cope with NaHCO3 stress tolerance, as 

demonstrated by enhancing the expression 
genes regulating biosynthetic proline (Mu et 
al., 2016). 
 
Development of efficiency and stress-
tolerance alleles to breeding germplasm 
 

With advances in genetic engineering and 
continual elucidation of alleles governing the 
life cycle and synthetic and reproductive 
processes, humanity is on the verge of making 
their dream a reality by partly changing and 

enhancing the expression of those alleles 

related to stress tolerance. A case in point is 
that scientists and breeders experienced in 
developing new crop strategies are more likely 
to find alleles conferring potential traits 
capable of efficiency and stress tolerance. 
Specifically, observing autotetraploid 
Arabidopsis arenosa showed that two-pore 

channel 1, exhibiting different evolution from 
independent new mutations at the identity, but 
preserving the site of the gate of the calcium 
channel selectivity, might adapt to an extreme 
environment associated with a pool of variants 
in all loci, both pre-existing variation and new 
polymorphisms (Konečná et al., 2021). It is 

beyond whole-genome replication affecting 
subfunctionalization containing couples genes 
that exercise a subset of their original genetic 
function and neofunctionalization. The direct 
evidence associated with the relationship, 
along with gene doubling and adaptation to a 

harsh environment, explains this. Concerning 
the former, stress-tolerant alleles play a 
significant role in the expression of those 
transcripts. Take the ancestral AGAMOUS gene 
function in maize as an example. This gene 
existed in two paralogs with overlapping 
functions, but not an identical role. More 

precisely, ZAG1 and ZMM2 have functioned for 
male and female multiplicative organ 
development, respectively, especially with 

flower determinacy, belonging to the MADS-
box family (Mena et al., 1996). One can see 
this when investigating the evolution and 
function of mitochondrial GrpE (Mge) protein in 

modeling plant Arabidopsis thaliana. In 
particular, AtMge1 and AtMge2 were two 
alleles that originated from polyploidization, 
but ultraviolet B light-induced AtMge1; heat-
induced AtMge2. The specific conversion of the 
Arabidopsis Mge transcript of the individual 

allele was a different type when duplication 
and subfunctionalization happened (Hu et al., 

2012). Another example presents the 

consequent subfunctionalization that happened 
in a wild potato, the line CMM1T belonging to 
wild S. commersonii and the commercial 

potato-like “Blondy,” “Désirée,” and “Double 
Fun,” which identified that replication of R2R3 
MYB genes, especially AN1 functioned on 
synthesizing anthocyanin while AN2 conserved 
the role in reacting to chili stress (D‟Amelia et 
al., 2018). A good illustration of 
neofunctionalization consists of a channel 

protein in Arabidopsis, which were the double 
copies of the OEP16 gene containing OEP16-L 
and OEP16-S, originating from a duplicative 
process. Concerning AtOEP16-S, its location 
rests in the promoter area of several G-box 

ABA-responsive elements (ABREs). The ABI3 

and ABI5 regulate this allele, which is 
increasingly expressed during the maturing 
phase of seeds and pollen, both dehydrate 
adaptation in part of the plant. But AtOEP16-L 
does not have promoter ABREs mainly 
expressed in leaves, strongly cold stress 
induction, and is less responsive to osmotic 

pressure, salicylic acid, and exogenic abscisic 
acid (Drea et al., 2006). The MADS protein 
domain, MIKC-type, significantly regulated 
flower growth in higher plants and altered in 
expression manner associated with a novel 
gene role in a short period. Thus the B-sister 
gene ABS (also known as TT16) in thale cress, 

Arabidopsis thaliana, regulated endothelium 
development and synthesized anthocyanidin. 
Similarly, GOA regulated fruit size via cell 
expansion (Erdmann et al., 2010). It was an 
outstanding molecular level of 
neofunctionalization in polyploid plant species. 

 
Expansion of minor crops with better 
nutrition, environmental sustainability, 
and resilience 
 
Polyploidization is vital for humanity mainly 
because it can open doors of opportunities for 

success in expanding both minor and primary 
crops to more likely develop potential crops 
with better nutrition, environmental 

sustainability, and resilience than diploid 
counterparts. Table presents some polyploidy 
plant species being developed as minor and 
major crops. Concerning nutrition-rich, 

polyploid plants enhance secondary 
metabolites, including natural compounds 
beneficial for humanity, especially with 
medicinal plants currently studied (Gantait and 
Mukherjee, 2021). Data explained these 
medicinal plants contribute more varied 

characteristics consisting of the modified 
phytochemical profile, increased content of 
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desired pharma molecules, and fragrance after 

polyploidization occurred (Niazian and Nalousi, 
2020; Ghasemi et al., 2021). Polyploidization 
not only changed the expression of several 

genes modulating the alkaloid biosynthesis 
process but also increased 25%–50% 
morphine content in tetraploid opium poppy (P. 
somniferum L.) as a clear example (Mishra et 
al., 2010). Another example showed observing 
tetraploid Linum album revealed that the 
content of podophyllotoxin (PTOX) increased 

due to upregulating genes related to the 
biosynthesis pathway of PTOX in comparison 
with diploid counterpart (Javadian et al., 
2017). The increase in producing secondary 
metabolites, especially with medicinal plants, 

proves a promising approach to gaining 

substantial value addition from 
polyploidization. Moreover, polyploidy plants 
also have worth in ornament subjects for the 
changes in plant form, flower color, size and 
style, fragrance, vase life, and prolonged 
flowering period. In particular, Phalaenopsis 
orchid tetraploid gained from the protocorm-

like body of diploid introduced favorable 
characteristics, i.e., large flower size than 
those of the diploids as a typical example 
(Chen et al., 2009). Likewise, several studies 
found that polyploid plants gained large flower 
sizes boosting ornamental application (Urwin, 
2014, Kushwah et al., 2018; Tu et al., 2018; 

Khalili et al., 2019). Interestingly, a recent 
study revealed that triploid and tetraploid 
Averrhoa carambola L. increased fruit size 
substantially and the shelf life of fruits, which 
became much longer than that in its diploid. 
Polyploidization in ornamental and medicinal 

plants leads to substantial economic 
consequences received validation in current 
modern agriculture. Concerning environmental 
sustainability and resilience, plenty of plant 
species are widely available on earth and 
acclimatize in innumerable topographies and 
climates, which means plant species increase 

both abundantly genetically and in the 
capability of adapting to the improvement of 
evolution in detrimentally environmental 

conditions (Storme and Mason, 2014; 
Bohutinska et al., 2021). The best example of 
this shows those involved in several modes of 
polyploid, such as autopolyploid, allopolyploid, 

and aneuploidy. A typical witness indicates 
potato, which contains over 4,000 native 
varieties compared with only 180 wild potato 
relatives (Machida-Hirano, 2015). In particular, 
potato, one of the most modes of polyploidy 
plants involving 76% documented diploids, 3% 

triploids, 12% tetraploids, 2% pentaploid, and 
7% hexaploids, especially with an increased 

level of genetic heterogeneity makes tetraploid 

the highest yield (Hawkes, 1990; Muthoni et 
al., 2015; Watanabe, 2015). The practically 
empirical proofs gained observation and got 

categorized into two distinctive groups of 
cultured potatoes, one located in the high 
Andes of northern and central South America, 
consisting of a wide range of ploidy levels 
named the Andigenum group, and the lowlands 
southern Chile called the Chilotanum group, 
with tetraploid as the only others existing 

(Jansky and Spooner, 2018). 
 Polyploidization might sound like a 
really difficult task, but it is also a very 
rewarding tool. From helping scientists and 
researchers to see what desired traits people 

enjoyed and what new crops they found to be 

the most interesting and/or useful to making 
new opportunities in developing crops, 
polyploidization can open new doors for 
humanity. Convincing scientists and breeders 
need to know just why polyploidization will 
change agriculture based on molecular 
mechanisms, including the control of the 

flowering process, fruit formation and 
development, fruit quality, and interactions of 
plant pathogens (Van Hieu, 2019). How to 
ensure food security for nine billion people in 
2050 remains a topic of debate. While some 
propose investing time and money to improve 
inputs, such as fertilizers and soil, one can 

argue that it is wiser to spend sources on new 
developmental crops obtaining desired 
agronomic traits. On the one hand, some 
justifications prevail for making novel crops 
and exerting efforts just to ensure human food 
demand. Facts show that wild species play an 

integral part in ecological balance. As wild 
plants ensure biodiversity, these also 
contribute to human well-being having people 
still rely on plants for food and medicine. If 
wild plants are on the verge of extinction, 
humans will encounter hardships, and Mother 
Nature will lose its diversity. However, the role 

of wild plant species still needs further 
exaggeration. There have been witnesses to 
the extinction of several species from the past 

centuries that posed immense threats to 
ecosystems, human food development, and 
gene resources. Thus, human beings should 
place too much emphasis on protecting wild 

species at the expense of people's lives. 
Furthermore, it is imperative to save wild plant 
species which can be used as crops. These 
plants often suffer from natural disasters 
causing lack of accessibility and unavailability 
of food and medicine while most fail to make 

ends meet. Human beings will have difficulty to 
meet food demands if they do nothing keeping 
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their fingers crossed to overcome starvation 

and have living conditions fully ameliorated. 
Since humanity is desperate to meet food 
strategies, wild species need no 

marginalization, lessening exerted efforts to 
protect primary crops. In brief, while 
admittedly wild plant species proved crucial 
and need conserving, these also deserve much 
attention from scientists and breeders. Indeed, 
scientists and researchers need to focus on 
helping minor crops reach their maximum 

potential.  
 Recently, another aspect concerns 
molecular breeding significantly contributing to 
the strategies of developmental crops based on 
modern techniques, such as, next-generation 

sequencing (NGS), genome-wide association 

study (GWAS), high throughput single 
nucleotide polymorphisms (SNP) sequencing, 
and CRISPR/cas9, that help breeders save 
time, labor, and more. An explanation states 
these techniques promote the development of 
crops with complex genomes, like polyploidy 
crops. A case in point is that next-generation 

sequencing provides the genome sequences 
and transcriptomes of various plants that have 
accelerated plant breeding (Ashraf et al., 
2022). More precisely, with next-generation 
sequencing rapidly advancing than ever, the 
complex genomes of several important 
polyploidy crop species, such as, potato and 

wheat, have been sequenced to supply reliable 
platforms for breeding by providing the 
opportunity for enhanced resolution of QTLs 
and identification of genetic variation. Most 
importantly, GWAS offers potential marker-
assisted breeding that unravels the 

mechanisms leading to high-resolution 
mapping in a larger population via offering the 
detection of statistically significant phenotype-
genotype association with linkage 
disequilibrium (Yasir et al., 2022). Besides, 
high throughput SNP sequencing is also made 
available decode nucleotide offering to identify 

candidate genes to exploit better crop yield 
and quality (Naqvi et al., 2022). On top of 
that, a technique called CRISPR-Cas9, the 

most widely used genome editing tool today 
serves to fast design and accurate in the ability 
to target any sequence in the genome and 
multiple sites at once. The gene-editing potato 

tetraploid illustrates the best example, which is 
more effective to introgress multi-genic traits 
making it possible to utilize recessive alleles 
and identify rare alleles. Polyploidy potato 
cultivars containing favorable agronomic traits 
must be evaluated and planted to ensure a 

high yield (Bethke et al., 2019). A typical 
example presented applying next-generation 

genome sequence to research six polyploidy 

potato genomes discovered that valuable 
genetic resources relating to traits derived 
from native landraces have functioned well in 

disease and pest resistance and nutrition and 
fiber, using breeding strategies (Kyriakidou et 
al., 2020). Magnificent application of advances 
in technology in developing new potato 
cultivars, the best example presents those 
which involve the CRISPR/Cas 9, also applied 
in tetraploid potatoes, to successfully knock 

out StPDS gene or nucleotide transitions and 
transversions in the StALS1 gene by the 
introduction of simultaneous nucleotides (Ma et 
al., 2019; Veillet et al., 2020). It proves 
essential for the success of breeders to crop 

improvement goals in the future (Dar et al., 

2017). Notably, polyploidy breeding is a vital 
decision-making process because all the 
phases of the breeding program consist of 
testing, mapping, and introgression of traits. It 
means breeders select the individual plants 
from huge segregating populations harboring 
the best traits. In short, biotechnological 

interventions play a critical role in crop 
development having desirable traits via 
molecular breeding. 
 
 
CONCLUSIONS 
 

Unquestionably, polyploidization, whether 
sexual or asexual formation, is essential for 
humans chiefly because it can open doors of 
opportunities for success in developing 
potential crops. A case in point is scientists and 
breeders who have experience in breeding 

strategy are more likely to select criteria 
focusing on effectiveness or stress tolerance 
rather than a minimum benefit. More 
importantly, several researchers, today need to 
find efficiency and stress-tolerance alleles to 
breed germplasm before considering an 
application in production. Finally, the farmers 

also desire to expand minor and major crops 
with nutrition-rich, environmentally 
sustainable, and resilient derived from 

polyploidization. It means that having 
credentials provide ample opportunity for 
securing a crop for those living on earth. Those 
who think scientists and breeders should be 

encouraged to evaluate and criticize their crops 
studied may have a cogent reason. They may 
well argue that it is valuable feedback the 
farmers provide that may help the scientists to 
see what polyploidization methods farmers 
enjoyed and what desired traits they found to 

be the most distinctive and/or suitable. This 
information is beneficial for breeders in 
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preparing development strategies for future 

crops. 
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