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Abstract The potato tuber induction and subsequent developmental process are
complex phenomenon involving several stages which includes the stolons forma-
tion, initiation of tuber by sub-apical swelling, longitudinal expanding of tissues
and tuber growth. Potato tubers are known to serve as food storage organ and veg-
etative propagation for next generation. The potato tuberization process has been
reported to be regulated via various extrinsic and extrinsic factors including light,
temperature, photoperiod, phytohormones and balanced nutrition. The phytohor-
mones including auxins, cytokinins, gibberellins, abscisic acid, ethylene, brassino-
steroids, jasmonic acid, salicylic acid and strigolactones have been reported to play
an important role in potato tuberization and development. Studies on endogenous
hormone content and their synergestic relationship are of special interest in potato
tuber formation. The gibberellins stimulate the tuberizationin potato tactfully via
normalizing the shoot growth, while the cytokinins, auxins and abscisic acid evi-
dently regulate the sink activity of the tubers via controlling cell division and cell
expansion. The salicylic acid and associated compounds have also been reported to
influence the tuber inducing activities and tolerance to biotic and abiotic stresses in
potato, however, the tuber inducing activities of salicylic acid is unexplored.
Molecular and proteomic studies have greatly extended the knowledge on the mech-
anism of phytohormone regulating the tuberization in potato. This chapter provides
biochemical, genetic and molecular mechanism regulating the potato tuberization
and further development mediated by different phytohormones with special empha-
sis on role of salicylic acid in tuber development.
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1 Introduction

Potato being the third most important food crop after wheat and rice are valuable for
the diets and livelihoods of millions of people worldwide (FOASTAT, 2017). The
potato tubers have been considered as a good source of dietary energy, micronutri-
ents, vitamins, and protein in comparison with other roots and tubers (http:/www.
fao.org/potato-2008/en/potato/index.html). Potatoes are an important source of
income for the farmers playing a major role in food security and nutrition with
thrust on social welfare of the people. The potato is vegetatively propagated, herba-
ceous, dicotyledonous and annual plant, however, can also grow as a perennial in
select environments (Sarkar, 2008). In addition to the known difficulties associated
with pests and diseases, growers continuously face various abiotic stresses hinder-
ing the overall potato yield. The increasing frequency of extreme weather events is
generally responsible for decline of this important cash crop. According to an esti-
mate, the world’s population will approach 10 billion by 2050, and in order to meet
the adequate food requirement, the agricultural production should increase by over
60%a as of the present. The International Potato Centre as estimated that 1 °C
increase in temperature causes approximately 5% decline in the agricultural produc-
tivity; therefore, the global potato yields are estimated to decrease to 32% by 2060
(https://cipotato.org/annualreport2019/stories/next-generation-breeding/). The new
verity of potato developed through the breeding improvement program has been
considered to withstand the climate change and global warming. A potato plant
tuberizes under short days and cool nights. The potato tuberization takes under short
days and cool nights, well synchronized morpho-physiological process occurring
on the underground stolons under the control of both extrinsic and intrinsic factors.
The tuberization in potato has been considered as most sensitive stage of various
developmental phases which limits its climate-associated geographical distribution
as well as overall potato yield. Therefore, understanding the potato tuberization
process becomes even more importantin view of the changing global climate which
shall augment in development of new varieties. Development of potato tuber is the
morphological transformation of underground stem into stolon which leads to the
formation of tubers with an axillary dormant buds or an eye which help in the veg-
etative propagation under the favourable conditions. Moreover, the nutritional value
of potato is conserved because of its vegetative mode of propagation (Navarre et al.,
2016). The inherent plasticity of each tuber bud of vegetative organ to form a com-
plete potato plants is certainly a biological impediment towards considering the
precise in-planta mechanism regulating the tuberization process (Strunik et al.,
1999). The most prominent environmental factor includes the lower temperature
and day-length which are reported to be perceived by the above-ground parts of the
plants. The hormones are major signalling pathways which operate between areal
and below-ground parts playing major role in the regulation of tuber formation
which are extensively reviewed in several literature (Vreugdenhil & Struik, 1989;
Ewing & Struik, 1992; Ewing, 1995; Aksenova et al., 2012; Dutt et al., 2017).
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Phytochromes are major photoreceptor of photoperiodic signalling resulting in
changes in various morphological phenomenons including the tuberizationin potato.
Currently, several forms of phytochrome are known with apoproteins encoded by
different genes. Phytochrome B has been recognized to play a vital role controlling
the photoperiod mediated regulation of tuberization. This is also reported to be
involved in the inhibition of tuber initiation by long day (LD) photoperiodic. One of
the ways for LD action on potato tuberization is the control of hormone content by
a photoperiod (Chailakhyan, 1984). Several phytohormones, gibberellins (GAs)
and cytokinins (CKs) primarily, affect substantially tuber formation (Ewing, 1995).
It has been reported that the molecular mechanisms of phytochrome B action are
tightly related to both GA and CK activities (Jackson et al., 2000; Fankhauser,
2002). Role of the phytohormone, the GA has also been recognized in different
dimension of potato tuberization which includes stolon formation, elongation and
branching (Vreugdenhil & Struik, 1989).

Several studies have also reported that higher level of GA content in stolon under
non-inductive LDs (long days), whereas GA activity decreases when leaves are
exposed to inductive SD (short days) condition (Machackova et al., 1998; Xu et al.,
1998a). An inhibitory effect of the GA under the In-vitro conditions is also reported;
however, the degradation of active GAs at the stolon tip during tuber formation have
been recognized as an important condition for tuberization to advance in general
(Ewing & Struik, 1992; Carrera et al., 2000; Kloosterman et al., 2007). The involve-
ment of CKs in the conception of metabolic sinks gave an indication of its major
role in the potato tuber initiation and development. Studies reported that the exog-
enous application of CK under the In-vitro conditions increased the total tuber yield.
Similarly, the overexpression of the gene encoding regulatory enzyme of the CK
biosynthesis pathway, the isopentenyltransferase (/PT) also induces tuber induction
and development and overall tuber yield (Mauk & Langille, 1978. Romanov et al.,
2000). The phytohormone, abscisic acid (ABA) has also been shown promoting
effect on tuberization when applied exogenously and acting antagonistically to GA
(Xu et al., 1998a). The salicylic acid (SA) and its related compounds have also been
reported to influence the tuber inducing activities in potato. The current studies
showed the role of auxins phytohormone in tuberization with an appropriate ratio of
CK (Sergeeva et al., 2000). Expression analysis of the auxin biosynthetic pathway
gene have also shown an association of auxin response factor 6 (ARF6) protein in
tuberization and tuber dormancy release (Faivre-Rampant et al., 2004).

2 Hormonal Cascade Regulating Potato Tuberization

The tuberization is an important survival mechanism for the potato plant which has
been considered as an intricate plant developmental phenomenon involving several
(van den Berg et al., 1996). The potato tuber formation starts with the swelling of
the modified stem referred as stolons which further elongates longitudinally via
storage of carbohydrates subsequently initiating the tuber formation. During this
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development, the tissues of the stolons undergoes a series of cell division and cell
enlargement followed by an adjustment in the orientation of cell growth at the sub-
apical region of the tip of the stolon (Ewing & Struik, 2010; Vreugdenhil et al.,
1999; Xu et al., 1998b). The principal biochemical process in potato tuberization
involves synthesis and accumulation of storage carbohydrates and proteins which
has been reported to be synchronized by precise expression patterns of different
genes (Taylor et al., 1998; Bachem et al., 2000; Tauberger et al., 2000; Verhees
etal., 2002). Studies on the cDNA microarray analysis, quantitative trait loci (QTLs)
have revealed differential gene expression pattern and role of various endogenous
phytohormones involving potato tuberization (Ewing et al., 2004; Kloosterman
et al., 2005). Role of various phytohormones in tuberization has been studies exten-
sively with an established fact that the coordinated levels of hormones regulate the
potato tuberization under the natural conditions. Role of various hormones affecting
the steps of the potato tuberization is represented in Table 13.1.

3 Role of Gibberelic Acid (GA) in Tuberization

The GA has been reported to play a key protagonist in the potato tuber development,
hence studied extensively in literature. The biochemical characterizations have
identified over 120 GAs in the plants species; however, only GA; and GA, are
reported to be naturally vigorous participating in the tuber development (Jackson &
Prat, 1996; Vreugdenhil & Struik, 1989). The GA has been reported as a prevailing
regulator for potato development, and its endogenous level are controlled by the
cellular content of the sucrose and abscisic acid (ABA). The GA also induces stolon
elongation and branching through longitudinal cell extension and transverse direc-
tion of microtubules and microfibrils to the cell axis (Vreugdenhil & Struik, 1989).
Moreover, the GA also participates in the photoperiodic control of tuberization (Xu
et al., 1998a). GA play an important role in the stolons formation and analysis of
diverse GA biosynthetic gene revealed enhanced expression of the gene during
early stages of tuber induction; however a swift decline in the gene expression of
biosynthetic gene confirmed decrees in the active GA during stolon tip swelling and
initiation of the tubers. Analysis of the endogenous GAs content also exhibited low-
ering of active GAs content in the swelling stolon tips upon tuber induction (Koda
& Okazawa, 1983). It was reported that the expression of the potato GA reducing
gene (StGA,ox), induced prior to stolon swelling immediately after the initiation of
the stolons formation rendering their importance in the stolon formation
(Kloosterman et al., 2007). Thereafter, Carrera et al. (2000) showed that the overex-
pression of an active GAs biosynthetic gene (StGA,0x1 gene) in potato delayed the
tuberization while or antisense expression of the gene advanced the time of tuber-
ization. The antisense transgenic lines showed an increase in the active GA content,
inferior stolon growth and consequent tuberization. In another experiment, the over-
expression of StGA,ox1 gene overdue the tuberization and change the tuber mor-
phology (Kloosterman et al., 2007). Furthermore, another gene referred as StGA;0x2
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Table 13.1 Physiological effect of phytohormones in Potato tuberization

Hormones

Physiological effect

Tuber stages

Reference

Gibberellins

Stimulate stolons formation,

* Favour stolon

Koda and Okazawa

elongation and branching but growth (1983), and Carrera et al.
inhibit tuber initiation and growth | ¢ Inhibit tuber (2000)
in higher concentration. initiation

* Inhibit tuber

growth

Auxins Play important role in stolon tip * Maintain stolon | Xu et al. (1998b),
swelling and tuber growth, its apical Dormance | Roumeliotis et al. (2012),
effect on tuber development at low level and Kolachevskaya et al.
possibly by regulating tuber « Stimulate tuber | (2015)
growth through mediating initiation
meristem identity and  Favourtuber
re-orientation of the plane of cell | growth
division.

Aba Retards stolon growth and initiate | ¢ Inhibit stolon | Wareing and Jennings
tuber formation in high ABA:GA | elongation and (1979), Menzel (1980),
ratio. growth Stallknecht and

 Stimulate tuber | Farnsworth (1982), Ewing
initiation (1995), and Dutt et al.

* Favour tuber (2017)

growth

Cytokinins | Activate starch biosynthesis- * Role in stolon | Ronzhina and
related geneslike ADP-glucose growth is not Mokronosov (1994),
pyrophosphorylase and starch well known Gilis et al. (1995), Kefi
synthase during tuber initiation.  Stimulate tuber | et al. (2000), Romanov
Help in starch accumulation and initiation et al. (2000), Aksenova
enhance sink capacity of  Stimulate tuber | et al. (2012), and
developing tubers. growth Hartmann et al. (2011).

Jasmonates | Induce tuber formation and tuber | ¢ Effect of JA on | Koda (1997), Pelacho and
growth. stolon formation | Mingo-Castel (1991),

JA and its derivatives TA and TGA | is not well Matsuki et al. (1992), and
have opposite role of GAs in tuber | known Abdala et al. (2002)
initiation and growth. ¢ Induce tuber

initiation

« Stimulate tuber

growth

Salicylic Plays role in tuber induction and | Role of SA on Malik and Madhi (2017)

acid tuber growth when it is applied various stages of

exogenously.

tuber
development is
not well studied.

has been used for tissue specific or constitutive overexpression in the plants. The
overexpression of the gene driven by the constitutive 35S promoter resulted in early
tuberization and overall tuber yield; however, the tuber specific expression slightly
delayed tuberization (Bou-Torrent et al., 2011). Further biochemical analysis
revealed that the overexpression of gene in the leaves dynamically converted GA,,
to GA, in the leaves, thereby; a lower GA,, transported to the stolon tips causing a
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Fig. 13.1 Schematic representation of regulation of tuberization via various hormonal
cascades

StSP6A and GAs act as mobile signals that are transported through phloem to stolon. Translocation
of mobiles signals are regulated by a complex regulatory network. Phy-B and StCO repress tuber-
ization in response to LDs. GAs seem to act as repressors, whereas StSP6A (GA biosynthetic regu-
lator) help to induce tuber induction under SD conditions (Dutt et al., 2017). Under LDs, Phy-B
represses the expression of StSP6A and StGA20ox1, which encodes an enzyme that catalyzes the
synthesis of GA,y. Under LDs, StCO represses StSP6A. StGA30x2 catalyzes the conversion of
GA, to GA|, an active GA. Other phytohormones like Auxins, CKs, ABA and JA act as a inducer
of tuber formation in stolon

Photograph of plant captured from Plant Molecular Biology Lab, Dept. of Biotechnology, Dr.
Harisingh Gour Vishwavidyalaya, Sagar, M.P., India.

Abbreviation: GAs Gibberellins, GA,,0X1 GA 20-oxidases-1, GA;0X2 GA 3-oxidases-2, GA,0X1
GA 20-oxidases-1, LD Long Day photoperiod, SD Short day photoperiod, Phy-B Phytochrome-B,
StCO Constans, StSP6A Solanum tuberosum SELF PRUNING 6A, PUFAs Poly unsaturated fatty
acids, HPOT hydroperoxides, JA Jasmonic acid, TA Tuberonic acid, TAG Tuberonic acid gluco-
side, LOX Lypoxigenase, ABA Abscisic acid, CKs Cytokinins, JAA Indole 3-acitic acid

lower accessibility of GA,, in the stolon tips resulting in reduced GA, content lead-
ing to quicker tuber formation. A line diagram representing the role of GA and other
phytohormone regulating various stages of the potato tuberization is represented in
Fig. 13.1.

4 Role of Cytokinin in Tuberization

Several other plant hormones have also been reported to play an important role in
the tuber induction and development in potato. Plant phytohormone, the Cytokinins
(CKs) have also been recognized to function as a common mechanism of
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storage-organ formation in the plants (Roitsch & Ehnef3, 2000; Abelenda & Prat,
2013). Several reports existed in literature on the role of CKs in potato tuberization
and development (Krauss & Marschner, 1976; Galis et al., 1995; Banfalvi et al.,
1997; Miyazawa et al., 1999; Romanov et al., 2000; Guivarch et al., 2002). The CKs
is known to promote potato tuber initiation and advance the commencement of
tuber formation (Gdlis et al., 1995; Kefi et al., 2000; Romanov et al., 2000).
Application of CKs in in-vitro tuberization medium could explicitly advance the
yield of microtubers, tuber number and biomass in the potato (Levy et al., 1993;
Romanov et al., 2000). Field application of CK prior to tuber formation has also
been reported to induce the overall tuber yield in potato (Pavlista, 2001). The initial
stage of tuber formation require the presence of CK in combination of GA which
stimulate cell proliferation, cellular division, radial cell growth and starch accumu-
lation via source—sink movement directing the development of initial tubers
(Aksenova et al., 2009; Abelenda & Prat, 2013). Metabolic pathway analysis also
showed that CK also activates the ADP-glucose pyrophosphorylase and starch syn-
thase enzyme activity resulting in starch accumulation and enhancing the sink
capacity of developing potato tubers (Ronzhina & Mokronosov, 1994; Aksenova
et al., 2012). In non-tuberizing plants, an increase of active CK levels can stimulate
morphogenesis, resembling tuber formation (Guivarc’h et al., 2002; Eviatar-Ribak
et al., 2013). Further studies on the development of transgenic potato altering the
CK biosynthetic pathways also showed importance of this plant hormone in the
tuber development. The transformation of potato with the isopentenyl transferase
gene (IPT) which catalyzes the rate-limiting step of CK biosynthesis, exerted a
stimulating consequence in the tuber initiation process and thereby an increased
tuber yield, fresh tuber weight per plant (Gdlis et al., 1995; Hirose et al., 2008).
Hartmann et al. (2011) overexpressed Arabidopsis cytokinin oxidase/dehydroge-
nasel gene (CKX1) in potato under the constitutive promoter. Biochemical analysis
revealed a lowered endogenous CK levels which resulted in deformed tuber with
reduced tuber yield.

5 Role of Auxin in Tuberization

Another important plant hormone, the auxin has also been shown to play an impor-
tant role in several aspects of plant architecture including embryogenesis, lateral
root formation and flower development (Marchant et al., 2002; Luo et al., 2011;
Krizek, 2011). The potato tuberization include three stages which include tuber
induction, tuber initiation, and tuber growth; however, during the initial stage of
tuber initiation the longitudinal cell division at the stolon and horizontal cell elonga-
tion provides the space for the cell expansion resulting in development of younger
tuber through swelling (Xu et al., 1998b). Therefore, changes in the orientation of
cell division that result in swelling of the stolon tip in tuber development are due to
the activity of auxin. The plain of cell division remains transversal during this phase.
Auxin content remains relatively low and the role of auxin is to maintain stolon
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apical dominance (Roumeliotis et al., 2012). The In-vitro studies revealed the
importance of an important auxin, the indoleacetic acid (IAA) in tuber initiation.
Experiments showed that the tuber initiation in the presence of IAA depends upon
the content of sucrose in the culture medium. Presence of IAA in the in-vitro
medium with lower sucrose content enhanced tuber number, whereas higher sucrose
content (up to 5-8%) in the medium, the IAA exerted negative impact on the num-
ber of tubers (Aksenova et al., 2000). In addition, removal of stolon tip (auxin
source) from explants taken for In-vitro tuberization experiments also showed
increased tuber formation from axillary buds (Roumeliotis et al., 2012).

Differential gene expression analysis showed expression of several auxin-
responsive genes during early tuberization including auxin biosynthesis, auxin
transport (PIN gene family) gene, auxin response (ARF) factors (Faivre-Rampant
et al., 2004; Kloosterman et al., 2007). A few transgenic studies overexpressing the
auxin pathway gene also prompted the auxin response in the potato tuberization.
Kolachevskaya et al. (2015) reported development of transgenic potato generated
potato by overexpressing Agrobacterium auxin biosynthetic genes tms-1. The gene
was cloned in binary vector, pBinB33-tms1 fused to tuber-specific promoter of the
class I patatin gene (B33-promoter) of potato. Molecular analysis revealed tmsl
gene expression in the tuber tissues with enhanced auxin content in the tuber tissues
and plants with increased auxin levels were predominantly in tubers which probably
accelerated and intensified the process of tuber formation. Overall, progressive rela-
tionships were witnessed among tmsl expression, the IAA content in tubers and
stimulation of tuber formation.

6 Role of Abscisic Acid (ABA) in Tuberization

Abscisic acid (ABA) is regarded as a general regulator that reduces GA-promoted
processes in plant development. It has been reported to retard the plant growth,
however, exerts a positive impact on the induction of tuberization in combination
with the GA. Several studies suggested that ABA content increases under inductive
conditions which indicate that ABA is a factor counteracting the GA effect on tuber-
ization (El-Antably et al., 1967; Krauss & Marschner, 1976; Ewing, 1995). The
exogenous applications of ABA to potato as foliar spray land to cultured plant sec-
tions (aqueous nutrient media) have been inconsistent in stimulating the tuberiza-
tion. However, in contrast, no effect of ABA has been observed on sprout or stolon
sections cultured In-vitro (Wareing & Jennings, 1979; Menzel, 1980; Stallknecht &
Farnsworth, 1982). Another experiment with droopy mutant of S. phueja potato
deficient in ABA synthesis showed that despite the blockage of ABA synthesis, this
mutant transits to tuber formation normally under SD conditions, which indicated
that ABA does not play a key role in tuber induction and that its stimulatory effect
is due to its antagonism to GA signalling (Quarrie, 1982; Chailakhyan, 1984; Xu
et al., 1998a).
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7 Phytochrome Mediated Hormonal Regulation
of Potato Tuberization

The phytochrome A (Phy-A) and B (Phy-B) as photoreceptors present at the aerial
parts have been recognized to sense the photoperiod of which Phy-B arbitrate the
photoperiodic regulation of tuberization in potato. Jackson et al. (1996) for the first
time down regulated the Phy-B protein in potato via transgenic expression of the
biosynthetic pathway gene which finally revealed that the plant lost the capability to
react to an LD (Long day) photoperiod which directly reaffirmed their role as pho-
toreceptor. Jackson et al. (1998) also showed that when the wild type potato was
grafted to the Phy-B antisense plants, its regulated the grafting experiments with
Phy-B antisense plants and wild-type potato plants showed that Phy-B regulates the
transmission of Phy-B signal thus affecting the tuber induction in the under the LD
photoperiod. The Phy-B has also been reported to controls the synthesis of an inhib-
itory signal that has a role in GA signal transduction. In the GA signalling cascade,
a photoperiod responsive-1 (PHORI) gene encoding a novel arm-repeat protein is a
vital constituent of the GA-signalling pathway. The transgenic overexpression of
this gene in potato resulted in the induced tuberization with overall tuber yield,
however, the down regulation of the gene showed reduction in the PHOR1 protein
with reduced stem length, earlier tuberization under SDs and enhanced insensitivity
to applied Gas under the In-vitro conditions. Martinez-Garcia et al. (2002) reported
the overexpression of the Arabidopsis CONSTANS (CO) transcription factor (TF)
in potato under the control of the constitutive promoter which resulted in delayed
tuberization in potato. This also suggested that the A7CO (a flowering response gene
of Arabidopsis) also had a role in the tuberization, therefore, the reconciliation of
some unknown pathway regulating the flowering and the tuberization. Thereafter,
Gonzdlez-Schain et al. (2003) reported the isolation and transcriptomic expression
of the ArCO orthologue exists in potato regulating the photoperiodic control of
tuberization.

8 Role of Jasmonic Acid, Salicylic Acid on Tuberization

Role of plant hormone, the Jasmonic acid (JA) is also recognized to modulate the
plant development pathways. Another orthologue of JA regulating the potato
tuberization is recognized as tuberonic acid (TA) and its aglycone the tuberonic
acid glucoside (TAG) (Koda et al., 1988; Yoshihara et al., 1989; Koda et al., 1991;
Matsuura et al., 1993). Several studies have already identified jasmonate-related
compounds as potent tuber-inducing factors in potato (Koda et al., 1991). The
lipoxygenase (LOX), a dioxygenases enzyme activity has been recognized as key
enzyme regulating the JA biosynthesis. The LOX oxygenates the two polyunsatu-
rated fatty acids, the linoleic and linolenic acid resulting in the synthesis of
9(S)-hydroperoxylinolenic acid (9(S)-HPOT) and 13(S)-hydroperoxylinolenic
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acid (13(S)-HPOT). The JA is then synthesized from 13(S)-HPOT and then catab-
olozed to tuberonic acid (TA) and tuberonic acid glucoside (TAG) which has been
recognized to induce tuberization in case of the potato (Koda, 1997). The cellular
activation of LOX requires lower temperature, which is also an important factor
for the tuber induction. The activation of LOX also induces the increase in HPOT,
JA, TA and TAG content in the aerial parts of a potato plant and then transported
to the underground stolons (Yoshihara et al., 1996; Nam et al., 2008). The gene
expression studies have also revealed that analogous to outcome of ABA, the LOX
originated metabolites might support tuberization by antagonizing the effects of
GA, (Jackson & Willmitzer, 1994; Jackson, 1999; Xu et al., 1998a). Various
molecular analysis also exhibited that accumulation of Lox1 class mRNA occurs
at the tips of stolons, and LOX activity was highest at nascent vigorously growing
tubers, thereby, controlling the advance of tubers in potato (Kolomiets et al.,
2001). Sarkar et al. (2006) showed for the first time that the derivatives of
13(S)-HPOT, the JA and methyl jasmonate, are mainly occupied in tuber develop-
ment fairly than in the initial step of the tuber formation recognized as tuber
initiation.

Studies have shown that application of JA and its derivatives induce tuber
initiation in potato stolons (Pelacho & Mingo-Castel, 1991). While seeking
inhibitors of JA biosynthesis, found that salicylic acid (SA) and acetylsalicylic
acid (ASA) induce tuberization in stolons under the in-vitro. During the early
steps of tuber initiation, the level of JA in stolons increased (Abdala et al., 2002).
In-vitro studies have shown that application of the inhibitor of GA biosynthesis
agent changes cell division in the stolon as opposite to that of the natural GA and
the analogous changes in the cortical microtubule orientation were observed
through the application of the JA and TA (Matsuki et al., 1992; Abdala et al.,
2002). Treatment with JA induced complete reversion of GA3 inhibitory action
on tuber formation by In-vitro cultivated potato explants (Castro et al., 2000).
Involvement of JA and enzymes of their biosynthesis in processes of cell divi-
sion and growth at the tuber initiation have been recognized in several studies.
The apparent inductive effect of JA on tuberization might be due to the fact that
a sub- optimal concentration of sucrose, one of the most important tuber-induc-
ing signal molecules, was used in the in-vitro assay medium (Pelacho & Mingo-
Castel, 1991). Although SA and related compounds affects a range of
developmental and disease-response phenomena in plants, there is still little
information on their tuber-inducing effects (Raskin, 1992; Pierpoint, 1994).

9 Conclusions

The regulation of potato tuberization and role of various extrinsic and intrinsic fac-
tors involved in tuberization have been studied extensively. Biochemical and molec-
ular mechanism controlling in-plants tuberization and elucidation of specific role of
phytohormones in tuberization still remains elusive. The photoperiod and
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temperature have been considered as most crucial environmental factor influencing
the tuberization in potato. Evidence on the role the involvement of hormonal sig-
nals, numerous enzymes, transcription factors and genes in these processes have
been reported, however, mechanisms of interaction between various phytohormones
and their signalling pathways have been refined. Major hormones positively modu-
lating the tuber induction are the GA, CKs, ABA, jasmonates and auxins. Studies
suggest that SA also influences tuberization process positively, however, the salicy-
lates have been recognized an important role in biotic and abiotic stress tolerance.
Investigations on the composite hormonal, biosynthesis, metabolism genome modi-
fication might develop an opportunity to describe the influence of hormonal signal-
ling in this important phenomenon.
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