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Abstract: Overproduction of reactive oxygen species (ROS) in plant cells under environmental stress cause oxidative stress, which is
one of major factors limiting the plant productivity. To prevent this limitation by stress conditions, a possible strategy is to strengthen
the antioxidant defense of plants by gene manipulation of antioxidant enzymes and low molecular-weight (LMW) antioxidants. LMW
antioxidants are important for the plant protection to environmental stress and also have nutritional merits for humans as antiaging
and antidisease molecules. Sweetpotato [Ipomoea batatas (L.) Lam] as a nutritional food crop has many advantages in terms of the
cultivation on the global marginal lands. Thus sweetpotato is considered as an emerging multifunctional food crop ensuring the food
and nutrition security in the face of climate crisis, since it contains high levels of LMW antioxidants, minerals, and dietary fiber. This
review describes the current status and prospects of metabolic engineering of two lipophilic antioxidants, carotenoids and tocopherols,
in transgenic sweetpotato. In addition, the potentiality of an orange (Or) gene involved in enhanced tolerance to various abiotic stresses
by high accumulation of carotenoids is introduced in detail. The rational metabolic engineering of LMW antioxidants can be applicable

to all plant species to cope with oxidative stress in face of climate change and nutritional problems in aging society.
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1. Introduction
After industrial revolution, demands on food and energy
supplies dramatically increased due to growth of global
human population and industrialization. By 2050, The
Food and Agriculture Organization (FAO) predicts a
global population of 9.7 billion (FAO, 20184) and, due
to these expectations, global energy requirements will
increase more than 3.5 fold while need for food supplies
will exceed more than 1.7 folds as compared the current
state. To cope with upcoming food and energy demand,
new plant cultivars adapted to marginal lands with
suboptimal environments such as drought, salinity, and
pollution are desired for establishment of a sustainable
future. For this purpose, biotechnological tools can be used
to increase plant productivity by improving environmental
stress tolerance (Kwak, 2018; Kim and Kwak, 20204).
Reactive oxygen species (ROS) are by-products of
aerobic life that are generated in all aerobic cells during
metabolism (Asada, 1999). Excessive production and
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accumulation of ROS leads to oxidative stress, and it is
among the main detrimental factors for plant cells during
various environmental stresses. Plants as a sessile organisms
have a potent ROS-scavenging antioxidant mechanism
including enzymatic antioxidants such as catalases,
ascorbate peroxidases, other peroxidases, and superoxide
dismutase. Additionally, plant cells utilize nonenzymatic
antioxidants, also known as low molecular-weight (LMW)
antioxidants, including ascorbate, glutathione, carotenoids,
and tocopherols (Kwon et al., 2002). In particular, LMW
antioxidants are important for both the plant protection
against environmental stress and nutritional merits
for human being as antiaging and antidisease agents.
LMW antioxidants in plants can be divided into lipid-
soluble antioxidants such as carotenoids and tocopherols
(vitamin E) and water-soluble antioxidants (ascorbic acid,
glutathione and polyphenols). Among LMW antioxidants,
carotenoids and tocopherols play an important role to
protect oxidative stress derived from the environmental
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stress in chloroplasts and cell membranes, respectively. In
this respect, it is possible to fortify the plants by metabolic
engineering of LMW antioxidants ensuring the global
food and nutrition security.

Sweetpotato [Ipomoea batatas (L.) Lam] is the sixth
most important starch crop in the world and a rich source
of various nutrients (Kwak, 2019). Asian countries produce
two of the three parts of the global sweetpotato, which is
originated from tropical area (FAO, 2018b). Sweetpotato
has high carbohydrate content and can easily be adapted
to utilize marginal lands with a potential to be a tool for
food and energy security. In addition, sweetpotato can
be utilized as a bioreactor for manufacturing of distinct
materials by molecular breeding and biotechnological
tools. Sweetpotato is also characterized as one of the ten
superfoods because of high levels of LMW antioxidants
such as carotenoids, ascorbic acid, tocopherols, and various
polyphenols in addition to minerals including potassium
and dietary fiber (CSPI 2016). Moreover, higher water
use efficiency of sweetpotato as compared to other starch
crops is a crucial factor for its use in drought affected lands
(Isabirye et al., 2007).

Sweetpotato has the highest carbohydrate content
among starch crops such as cassava, corn, potato, and
sugarbeet. For example, it can yield 2-3 times more
carbohydrates compared to maize (Ziska et al., 2009).
High starch yield of sweetpotato and its resistance to stress
conditions make it a very important crop in developing
countries (Lebot, 2010). New sweetpotato cultivars with
higher content of LMW antioxidants and tolerance to
abiotic stresses can be achieved by metabolic engineering
tools (Kang et al.,, 2017¢), which is extensively studied
and well-applied in other plant species to improve stress
tolerance (El Sheikha and Ray, 2017). Gene manipulation
of lipid-soluble antioxidants such as carotenoids and
tocopherols were well studied under abiotic stress
conditions in sweetpotato, and, here, we review the
gene manipulation of major lipid soluble antioxidants in
transgenic sweetpotato plants and their potential in the
development cultivars of sweetpotato with superior traits,
which will be invaluable to overcome the global crisis
such as food, nutrition, and energy security. Additionally,
the potential of the sweetpotato Orange (IbOr) gene is
discussed as a target gene for regulation of carotenoid
metabolism and for enhancement of plant stress tolerance
(Kim et al., 2018a).

2. Regulation of carotenoid biosynthesis

Carotenoids are accessory pigments for photosynthesis
and are important antioxidants that work to prevent
damage of oxidative stress in plants. It is widely studied
that carotenoids cope with detrimental effects of various
abiotic stresses, such as high light, Ultraviolet-B (UV-
B) radiation, high temperature, and drought stress by
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scavenging excess ROS and prevent oxidative stress
(Uarrota et al., 2018). Therefore, plant leaves contain high
levels of carotenoids including lutein and {-carotene that
are found in all plants and are a necessity for preventing
the oxidative damage. Carotenoids are also crucial for
humans due to their role in vitamin A synthesis, which
poses public health threat due to its widespread chronic
deficiency especially in developing countries. There have
been several efforts to deal with this health issue, including
engineered crop varieties with higher carotenoid content
such as golden rice (Paine et al., 2005).

2-C-methyl-D-erythritol 4-phosphate (MEP)
pathway is conserved in plant species for carotenoid
biosynthesis (Giuliano, 2014; Kim et al., 2020b) (Figure 1).
Geranylgeranyl pyrophosphate synthase (GGPS) catalyzes
the conversion of geranylgeranyl diphosphate (GGPP)
from isopentenyl diphosphate (IPP) and dimethylallyl
diphosphate (DMAPP). Following this, phytoene synthase
(PSY) produces phytoene which is used to synthesize
lycopene by the actions of several enzymes. At this
point, several enzymes including lycopene & cyclase
(LCY-¢), lycopene P cyclase (LCY-B), and a-carotene
e-ling hydroxylase (CHY-¢) catalyze the conversion of
lycopene to lutein in a-branch pathway while p-carotene
hydroxylase (CHY-P), zeaxanthin epoxidase (ZEP)
followed by neoxanthin synthase (NXS) enzymes catalyze
the conversion of lycopene to neoxanthin in p-branch
pathway. Finally, plant hormones and volatile compounds
are formed from the apocarotenoids produced by
carotenoid cleavage dioxygenase (CCD) enzymes
(Giuliano, 2014). For example, abscisic acid (ABA), a vital
plant hormone for stress response, is synthesized by 9-cis-
epoxycarotenoid dioxygenase (NCED) from xanthoxin or
violaxanthin.

Carotenoid  biosynthetic =~ pathway has  been
characterized to a great extent in sweetpotato (Kang et al.,
2017¢; Kim et al., 2020b). Leaves of sweetpotato consist of
lutein, P-carotene, violaxanthin, and neoxanthin (Chen
and Chen, 1993), while B-carotene, B-crypthoxanthin,
violaxanthin, zeaxanthin, and other unidentified
carotenoids can be found in the tuberous roots (Ishiguro et
al., 2010; Kang et al., 2017¢; Kim et al., 2020b). -carotene
is the main carotenoid in tuberous roots of sweetpotato. In
this section, we try to review the current knowledge related
to metabolic engineering of carotenoids in sweetpotato
(Kang et al, 2017¢; Kim et al., 2020b). The IbGGPS
gene isolated from sweetpotato is localized primarily in
chloroplasts of leaves (Chen et al., 2015). Enhanced levels
of carotenoids were achieved in IbGGPS overexpressed
Arabidopsis that exhibited increased tolerance to osmotic
stress (Chen et al., 2015). The overexpressed IbZDS gene
in sweetpotato resulted in improved salinity tolerance (Li
etal.,, 2017).
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Figure 1. Scheme summarizing carotenogenesis, and action of -carotene degradation product

B-cyclocitral.

LCY-e and LCY-f3 genes are responsible for the branch
composition of carotenoids in plants (Cazzonelli et al.
2009). RNA interference (RNAi) studies conducted in
IbLCY-e, IPLCY-$3, and IbCHY-f genes to enlighten the
metabolism of carotenoids in sweetpotato. For example,
down-expressed IbLCY-e by RNAi resulted in higher
carotenoid levels in transgenic calluses of sweetpotato
(Kim et al.,, 2013b). Action of IbLCY-e is indispensable for
the a-branch pathway and downregulation of it is resulted
an enhancement of the levels of carotenoids specific to
B-branch. Moreover, IbLCY-e RNAi calluses were more
tolerant to stresses such as salinity and oxidative stress
(Kim et al.,, 2013b). In addition, transgenic sweetpotato
seedlings obtained from these calluses were tolerant to
salinity, drought, and oxidative stress when compared to
NT plants (Ke et al., 2019). It has also been demonstrated
that down-regulation of the LCY-¢ gene in canola (Brassica
napus) and tobacco (Nicotana tabacum) similarly elevates
the levels of carotenoids specific to B-branch (Shi et al.,
2014).

IPLCY-f gene is also important for both a- and
B-branch pathways, and decrease of IbLCY-8 by RNAi
also changed the color of calluses and enhanced the total
carotenoids of sweetpotato. Down regulation of IbLCY-f8
gene is also related to tolerance to abiotic stress such as
salinity and drought (Kim et al., 2014). Recently, a novel
allele of the LCY-f gene was isolated from sweetpotato
(named IbLCYB2) and characterized (Kang et al., 2018b).
IbLCYB2 overexpressed sweetpotato seedlings showed
enhanced contents of various carotenoids, which triggered
the resistance to environmental stresses.

The B-branch pathway of carotenoids is controlled by
CHY-f3 gene. RNAI of this gene enhanced the content of
B-carotene in sweetpotato calluses, which resulted in color
change and tolerance to stresses (Kim etal.,2012). Tuberous
roots of IbCHY-8 RNAI transgenic sweetpotato showed a
color change and increased levels of B-carotene and total
carotenoids. Moreover, in IbCHY- RNAi, sweetpotato
plants expression of IBNCED expression, which is
important in ABA biosynthesis, was increased leading
to enhanced ABA levels and salinity tolerance (Kang et
al., 2017a). The other genes involved in biosynthesis and
degradation of carotenoids should remain to be studied to
understand the regulation of carotenoids in sweetpotato.

3. Regulation of sweetpotato orange (IbOr) gene
The regulation of carotenoids depends on Orange (Or) gene,
which is essential for stress tolerance (Kim et al., 2018a,
2021b) and has been characterized in alfalfa (Medicago
sativa) (Wang et al., 2018), Arabidopsis (Bai et al., 2014),
carrot (Daucus carota) (Ellison et al., 2018), cauliflower
(Brassica oleracea) (Lu et al., 2006), melon (Cucumis melo)
(Tzuri et al,, 2015), rice (Oryza sativa) (Endo et al., 2109),
saffron (Crocus sativus) (Ahrazen et al., 2020), sorghum
(Sorghum bicolor) (Yuan et al., 2015), and sweetpotato
(Kim et al, 2013a). The mechanism of the Or gene is
well studied and characterized especially in sweetpotato
(Table). In particular, sweetpotato orange (IbOr) gene was
well studied in terms of abiotic stresses such as drought,
salinity, and high temperature (Osorio, 2019)

Brassica oleracea, cauliflower was the first plant that Or
gene was characterized in (Li et al., 2001). The IbOr gene
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of sweetpotato Shinhwangmi cultivar and its function was
characterized in sweetpotato calluses (Kim et al., 2013a).
IbOr expression is high among all sweetpotato cultivars
in leaf tissue independent of the root flesh color (orange,
purple or white). However, in tuberous roots IbOr gene
expression is high only in orange-fleshed varieties. IbOr
expression in purple-fleshed roots results in production
of both anthocyanins and carotenoids in tuberous roots.
Overexpression of IbOr in transgenic sweetpotato plants
increased heat, oxidative and drought stress tolerance
(Park et al., 2015; Park et al., 2016; Kang et al., 2017b, Kim
et al., 20184). On the other hand, overexpressing IbOr in
alfalfa and potato plants conferred the resistance to salinity,
drought, and oxidative stress (Goo et al., 2015; Wang et al.,
2015; Cho et al., 201 6). Moreover, the overexpression of
IbOr gene in maize leads to accumulation of higher levels
of carotenoids (Tran et al., 2017).

A cysteine (Cys)-rich zinc finger domain has been
characterized in the Or proteins. This domain, which is
also found in various chaperone proteins such as Dna],
is fundamental for proper folding of proteins (Hennessy
et al, 2005), and chaperon activity in IbOr was also
determined (Park et al., 2016). Or protein was found to
be a master regulator of phytoene synthase activity, which
is rate-limiting enzyme in biosynthesis of carotenoids in
Arabidopsis (Zhou et al., 2015). Moreover, AtOr was also
interacted with transcription factor TCP14 and repress
its activity and so mediate EARLY LIGHT-INDUCIBLE
PROTEINS (ELIPs) expression, which decreased
the biosynthesis of chlorophylls and repressed the
establishment of thylakoid membranes (Sun et al., 2019).
Recently, the interaction between TIC, the key translocon
in inner membranes of chloroplasts, and Or protein was
determined, and a unique role for Or protein in protein
import in plastids was well characterized (Yuan et al.,
2021).

IbOr isa multifaceted protein for controlling carotenoid
accumulation and photosynthetic efficiency in plants. The
chaperon activity of IbOr constitutes a defending role for
IbPSY, which is essential for biosynthesis of carotenoids
in chloroplasts under stress conditions. Accordingly,
transgenic Arabidopsis plants that overexpressed IbOr also
showed enhanced tolerance to high temperatures (Park et
al,, 2016). It can be concluded that chaperone activity of
IbOr is involved in regulation of carotenoid biosynthesis
and tolerance to abiotic stress in plants (Figure 2).
CCDs catalyze the oxidative cleavage of carotenoids for
apocarotenoid production (Walter and Strack, 2011).
NCED, CCD1, and CCD4 are the genes that are essential
for carotenoid metabolism, and their expression is
enhanced in plants that have IbOr overexpression (Park et
al., 2015). Moreover, IbOr can interact with CCD4 (Part et
al., 2020), while it did not interact with CCD1. However,
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the metabolites of IbCCD4 remains to be studied for
better understanding the role of this interaction. IbOr
is a key regulator for carotenoid homeostasis because of
its interaction of both carotenoid biosynthesis (PSY) and
degradation (CCD4) enzymes (Figure 2). Transgenic
plants that had IbOr showed enhanced chlorophyll
content, and they are much more efficient PSII in response
to abiotic stresses (Kang et al., 2017b; Tran et al. 2017)
(Figure 2).

PSII core complex contains B-carotene that are bound
to D1 and D2 (Ferreira et al., 2004). Therefore, p-carotene
has ability to scavenge singlet oxygen (102) produced at
PSIIL. Detoxification of 102 by P-carotene can occur by
energy transfer or by direct oxidation by 102. Oxidation of
B-carotene by 102 can generate various derivatives such as
B-carotene endoperoxide (Ramel et al. 2013). Cleavage of
B-carotene due to oxidation can generate compounds such
as P-cyclocitral (B-CC), B-ionone or dihydroactinidiolide
(dhA) (dAlessandro and Havaux, 2019). Moreover, besides
oxidation by 102, a set of f-carotene cleave products can
be enzymatically produced by CCDs (Harrison and Bugg,
2014). Interestingly, these breakdown products can act
as signals to convey messages from chloroplasts to the
nucleus. 3-CC and dhA were shown to induce expression
of 102 responsive genes (Shumbe et al., 2014). Among the
genes related to stress response, genes related to growth and
development were downregulated, indicating an adaptive
transcriptomic response. Accordingly, B-CC and dhA
treatment conferred tolerance to highlight stress through
lower lipid peroxidation and better PSI photoprotection
(Shumbe et al., 2014). Moreover, f-CC also conferred
tolerance to drought stress in Arabidopsis (D’Alessandro
et al., 2018). f-CC induces SCL14 (SCARECROW LIKE
14) dependent xenobiotic detoxification response, which
includes induction of reactive carbonyl species (RCS)
detoxification enzymes such as aldehyde dehydrogenases,
2-alkenal  reductases and aldo/keto  reductases
(Dalessandro et al., 2018). RCS are breakdown products
of lipid peroxides (LOOHs) produced during oxidation
of polyunsaturated fatty acids by ROS. RCS can modify
proteins by oxidation of thiol groups, Michael addition or
Schiff base formation (reviewed by Yalcinkaya et al., 2019).
Interestingly, B-apocarotenoids are also a, p -unsaturated
carbonyls similar to RCS. Accordingly, similar to RCS,
toxicity of p-apocarotenoids originates from their ability to
react with thiol groups. Therefore, oxidation of p-carotene
prepares the plant for the upcoming lipid peroxidation and
induces similar defense mechanisms.

In case of sweetpotato, increase of B-carotene might
also contribute to increased p-CC levels, which might
lead to induction of stress tolerance genes. Moreover, as
mentioned before, CCDs might also lead to enzymatic
breakdown of B-carotene generating breakdown products
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Table Physiological functions of homologous Or proteins from various plant species (modified from Kim et al., 2018a).

(Brassica oleracea)

Species Physiological functions Reference
Alfalfa . . . .
) . Accumulation of carotenoid and tolerance to abiotic stress in tobacco Wang et al., 2018
(Medicago sativus)
Accumulation of carotenoid in rice Baietal., 2014, 2016
Accumulation of carotenoid in Arabidopsis callus Yuan et al., 2015
Regulators of active PSY protein Zhou et al., 2015
Arabidopsis Carotenoid accumulation in corn Berman et al., 2017
(Arabidopsis thaliana) Carotenoid accumulation in tomato Yazdani et al., 2019
Regulation of chloroplast biogenesis interacting with TCP14 Sun et al., 2019
Regulation of chromoplast number and carotenoid accumulation via
. . ) S t al., 2020
interaction between Or'* and ARC3 uneta
Plastid protein import through interaction with Tic Yuan et al,, 2021
Carotenoid accumulation Ellison et al., 2018
Carotenoid accumulation in cauliflower Lu et al., 2006
Carotenoid accumulation and chromoplast formation in potato Lopez et al., 2008
Cauliflower

Petiole elongation

Zhou et al., 2011, 2015

Postharvest storage in potato

Lietal, 2012

Photo-oxidative responses

Men et al., 2013

Melon
(Cucumis melo)

Carotenoid accumulation

Tzuri et al., 2015

CRISPR/Cas9-mediated genome editing results in 3-carotene

Endo et al., 2019

(Crocus sativus)

Rice accumulation in rice calluses
(Oryza sativa)

Negative regulation of carotenoid accumulation Yu et al, 2021
Saffron

Metabolism of PSY in saffron

Ahrazem et al., 2020

(Ipomoea batatas)

h . - . .
Sorghum . Carotenoid accumulation in Arabidopsis callus Yuan et al., 2015
(Sorghum bicolor)
. . .. Ki tal., 2013

Accumulation of carotenoids under salinity mmeta i
Accumulation of carotenoid in tuberous roots of sweetpotatos Park et al., 2015
Accumulation of carotenoids in alfalfa and tolerance to abiotic stress Wang et al., 2015
Accumulation of carotenoids in potato and tolerance to abiotic stress Goo et al,, 2015, Choetal, 2016
Stabilization of PSY protein Park et al., 2016

Sweetpotato

Carotenoid accumulation in maize

Tran et al., 2017

Regulation of photosynthesis

Tolerance to drought in sweetpotato

Carotenoid over-accumulation in callus of R96H sweetpotato
Interaction with IbCCD4

Carotenoid over-accumulation in tuberous roots of RO6H sweetpotato
and heat tolerance

Kang et al., 2017b
Kim et al., 2018a
Kim et al., 2019a
Park et al., 2020
Kim et al.,, 2021b

617



KIM et al. / Turk ] Bot

Regulate plastid Control of Control of
Pre-protein carotenoid carotenoid
import biosynthesis e, degradation
@ PSY ccp4
v,

stroma

lumen

PsbP
Chaperone
Stabilization

Degradation

Heat stress l

Figure 2. Hypothetical model summarizing roles of the sweetpotato Or (IbOr)
gene. IbOr protein interacts with proteins (PsbP etc.) in photosystem II system.
Moreover, IbOr protein interacts with proteins (PSY, CCD4) in biosynthesis
and catabolism of carotenoids (modified from Kim et al. 2020a).

that have potential for retrograde signaling. Interaction
of IbOr with CCDs might function for controlling their
activity under stress linking [-carotene breakdown
products to stress response. Finally, it would be interesting
to test whether cysteine rich domain of IbOr is modified by
B-apocarotenoids or not.

In Cucumis melon, a single nucleotide polymorphism
referred to as golden-SNP caused by a change of arginine
to histidine (R96H) in CmOr protein resulted in an
orange phenotype indicating that CmOr is also related to
regulation of P-carotene biosynthesis (Tzuri et al., 2015).
Comparison of amino acid sequences of sweetpotato
(IbOr), Arabidopsis (AtOr), and melon (CmOr) Or proteins
revealed that the CmOr protein is related to the IbOr
protein causing a phenotype that white-fleshed melon.
Moreover, introduction of golden SNP to IbOr enhanced
the carotenoid levels significantly in sweetpotato calluses
(Kim et al., 2019a).

Sweetpotato plants overexpressing IbOr-R96H showed
higher carotenoid accumulation in tuberous roots and heat
stress tolerance than IbOr transgenic sweetpotato seedlings
(Kim et al.,, 2021b). IbOr-R96H gene could be an effective
tool to produce new cultivar of sweetpotato by CRISPR-
Cas9-mediated base-editing techniques. Our results
suggest that IbOr-R96H sweetpotato plants, with increased
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carotenoid levels and abiotic stress resistance, would help
mitigate the global food, nutrition and energy security
issues in the face of global climate change, thus, facilitating
the establishment of a sustainable society.

4. Regulation of tocopherol biosynthesis

Tocopherols are lipophilic LMW antioxidants that are
collectively referred to as vitamin E, which have four forms,
a-, B-, y- and 8-tocopherol. Plastids are the main site for the
production of tocopherols, which are important for plant
growth and development. Moreover, they are important
antioxidants that can prevent the damaging effects of ROS
(Asensi-Fabado and Munne-Bosch, 2010; Akyol et al.,
2020).

In the tocopherol biosynthetic pathway, a-tocopherol is
synthesized from p-hydroxy phenylpyruvate (HPP), which
is catalyzed by 4-HPP dioxygenase (HPPD), homogentisate
phytyltransferase (HPT), 2-methyl-6-phytylbenzoquinol
methyltransferase (MPBQ MT), tocopherol cyclase (TC),
and y-tocopherol methyltransferase (TMT) enzymes (Ji et
al,, 2016).

Isolation of five genes that take roles in the biosynthesis
of tocopherol has been achieved from sweetpotato leaves,
and, after treatments of abiotic stresses, their expressions
have been determined (Ji et al., 2016). Among the enzymes
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mentioned above, drought and oxidative stress triggered
the induction of IbHPPD expression, while only drought
stress enhanced the expression of IbHPT. Moreover,
IbMPBQ MT and IbTC genes were only induced under
salinity. Additionally, transient expression of these five
genes involved in tocopherol biosynthesis in tobacco
leaves elevates the level of a-tocopherol (Ji et al., 2016).
IbTC overexpressing transgenic sweetpotato had higher
a-tocopherollevels, and transgenic plants were more tolerant
to salinity, drought, and oxidative stress (Kim et al., 2019b).
Similarly, IbHPPD plants exhibited induced tolerance to
environmental stresses (Kim et al., 2021a). Interestingly,
following stress treatments, IbHPPD plants had higher ABA
levels than NT plants. During dehydration, IbHPPD plants
elevated a-tocopherol contents in their leaves. Properties of
transgenic sweetpotato plants expressing IbHPT, IbMPBQ
MT, IbTMT remain to be characterized to understand the
regulation of tocopherols in detail and their performance
under adverse conditions.

5. Conclusion

The current status of gene manipulation of two LMW
lipophilic ~ antioxidants such as carotenoids and
tocopherols in transgenic sweetpotato was reviewed
to enhance both abiotic stress tolerance and nutrition
quality. RNAi technology is used to understand the
carotenoid biosynthesis in sweetpotato. We emphasized
the importance the roles of IbOr in the regulation of
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