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Abstract

The main objective of the present study was to investigate the effect of different combinations of two growth regulators IAA
and BAP on the In vitro regeneration of potato for successful transformation. The best optimized concentrations for potato
regeneration was used for Agrobacterium mediated transformation with Arabidopsis Nucleotide Diphosphate Kinase2
(NDPK?2). Potato is vulnerable to a number of biotic and abiotic stresses which limit its production. The effective In vitro
regeneration of potato was carried out using Indol acetic acid (IAA) and Benzyl aminopurine (BAP) for transformation with
(NDPK2) known to be involved in various environmental stresses. The internode explants of potato Desiree variety were
cultured on MS media augmented with different concentrations of 1AA i.e. (1.2, 1.5, 1.7, 2.0, 2.5 mg.L™) in combination
with BAP 1 mg.L. Data was collected after 15, 30 and 45 days of culturing and analyzed for statistical significance using
analysis of variance (ANOVA). Fisher least significance using R- program was used to compare means at p = 0.05 level of
significance. Transformation with NDPK2 was carried out using optimized regeneration protocol. The results indicated that
high concentration of 1AA i.e. 2.0 mg.L™* with 1 mg.L of BAP proved to be best for root regeneration. In all other
parameters like shoot length, number of leaves, stem diameter and leaf area and potato regeneration, 1:1.5 mg.L"* of BAP:
IAA produced best result and thus was transformed with NDPK2 that generated 7 confirmed transgenic potato plants on
PCR based sequencing. The findings demonstrate that the combination of BAP:1AA of 1:1.5 mg.L! can be regarded as the
best optimized concentration for regeneration for stress related NDPK2 Agrobacterium mediated transformation of Desiree
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variety in potato.
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Introduction

Potato (Solanum tuberosum L.) is a tuber bearing
tetraploid plant species that belongs to family Solanaceae.
Potato crop under cultivation contains 4 sets of
chromosomes; whereas there are about 150 species of
potatoes or Solanum that include tuber-bearing tetraploids,
triploids and diploids. Potato is highly profitable crop that is
cultivated globally in the temperate, tropical and subtropical
zones. It is the world's top most non-grain food source and is
considered the fourth largest food crop after rice, wheat and
maize (Armin et al., 2011). Potato is susceptible to several
biotic and abiotic stresses which restrain its worldwide
production. Biotechnology based approach can be effectively
applied for enhancing it growth and production (Kumlay,
2014). Tissue culture method of regeneration and
transformation can be used for mass production of high
quality, salt tolerant and disease-free planting material
(Birham & Chandra, 1994). In vitro propagation using node
and internode cutting can be used for potato transformation
(Liljana et al., 2012). Many studies show that regeneration of
potatoes mainly depends on the type of explant such as leaf,
node, shoot tip, culture medium, season, temperature,
photoperiod, and a balanced combination of different plant
growth regulators (PGRs) in the culture media (Akhtar et al.,
2006; Danci & Danci, 2008; Dhital et al., 2012). The
effective In vitro multiplication of potato is mainly
dependent on the presence of appropriate combination of
different PGRs in propagation medium such as auxins and
cytokinins (SN Uddin, 2006; Badoni & Chauhan, 2009;
Badoni & Chauhan, 2010; Hoque, 2010). Auxins and

cytokinins play a vital role in regeneration of potato plant as
the former are involved in the formation of roots, while the
later are mainly concerned with the shoot formation and
growth of plant buds (North et al., 2012). The combined
effect of auxin and cytokinin is required for improved
regeneration of potato plants (Hoque, 2010). The successful
regeneration of potato plantlets is unrelentingly required for
genetic manipulation of potato plant such as transformation.
Genetic transformation of potato and various other crops
claim a firm and vigorous system for regeneration of new
plant from a single cell using tissue culture technique
(Abbasi et al., 2016). Rate of transformation in potato is
comparatively low and is dependent on factors including the
bacterial strain, bacterial concentration, bacterial pre-culture
and co-cultivation in addition to type of explant,
Acetosyringone and growth regulators (Ahmad et al., 2012).
Potato transformation was optimized by NDPK2 gene, which
is a housekeeping enzyme that upholds the intracellular
levels of nucleoside triphosphates (NTPs). NDPK2 was
shown to be involved in plant development and stress
response mechanism (Moon et al., 2003). Therefore, the
current study was aimed at optimization of transformation of
potato nodal explant with NDPK2 for engineering plant for
growth improvement and stress tolerance.

Materials and Method

Plant material: Sterile potato plants (cv. Desiree) were
collected from Hazara Agriculture Research Centre,
Abbottabad, Pakistan. Research work was conducted at
Genetic Engineering lab of COMSATS University,
Abbottabad.
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Media composition and regeneration: 30 days old
explants of potato cv. Desiree were inoculated on
Murashige & Skoog (MS) (Murashige & Skoog, 1962)
medium containing appropriate concentrations of BAP
and 1AA as shown in (Table 1). Sucrose (30 g/l) was used
as a carbohydrate source and agar (8 g/l) was used for MS
medium solidification. pH of the media was adjusted at
5.7 and media was autoclaved for 15 minutes at 121°C.
After autoclaving 10 ml media was poured to each test
tube. The culture conditions were 25 + 2°C and 16 h
photoperiod from cool white fluorescent tube lights (35
mmole/m.sec). Ten replicate test tubes were inoculated
for each treatment.

Table 1. Different concentrations of IAA and BAP
used in Media.

Treatments Concentration of BAP: 1AA
T1 1:1.2 mg/l
T2 1:1.5 mg/l
T3 1:1.7 mg/I
T4 1:2.0 mg/l
T5 1:2.5 mg/l

Data collection and analysis: Data was collected after
15, 30 and 45 days of culturing and the parameters which
were measured included; number of roots, shoot length
(cm), number of leaves, leaf area (cm?) and stem diameter
(mm). The collected data were analyzed for statistical
significance using analysis of variance (ANOVA). These
calculations were done by using a statistical software R-
program (R Core Team, 2018). Fisher least significance
was used to compare means at p-value of 0.05 level of
significance. The best statistical result was used for potato
transformation.

Agrobacterium infection and co-cultivation: The
prepared explants were then transferred into a 50 ml
falcon tube containing 40 ml of the Agrobacterium
Infection Medium (AIM). The explants were then
incubated for at least 20 minutes with Agrobacterium
cells with continuous shaking. After 20 minutes the
Agrobacterium suspension was removed, and explants
were transferred to sterile filter paper and blot dried. The
explants were then transferred onto new plates containing
MS regeneration media supplemented with BAP and IAA
(1:2.5 mg/).

Transfer to selection media: After co-cultivation of two
days, potato explants were transferred onto MS
regeneration and selection media containing growth
hormones BAP and IAA (1:1.5 mg/l), cefotaxime (250
mg/l) and kanamycin (50 mg/l). The plates were
incubated in growth chamber at 25°C, under fluorescent
light with a photoperiod of 16/8 h light/dark day length
for shooting and rooting.

Rooting and shooting of potato explant: 2-3 ¢cm long
potato shoots were successfully transferred to the test
tubes containing low selection MS media with rooting and
shooting hormones, cefotaxime (125 mg/l) and
kanamycin (25 mg/l) and incubated as before.
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Confirmation of putative transformants through PCR:
Leaves of fully grown putative potato transformants were
collected and grinded with pestle and mortal using CTAB
extraction buffer method (Healey et al., 2014). PCR
analysis was performed using 5X master mix (Thermo
Fischer), NDPK2 gene specific primers (1 pl), DNA leaf
sample (1 pg) and ddH20O in 20 pl reaction. The PCR
reaction was performed at 94°C for 4 min for initial
denaturation followed by 35 amplification cycles (30 sec
at 94°C, 30 secs at 60°C and 1 min at 72°C) and final
extension step of 72°C for 10 min. The products were
visualized under UV light after gel electrophoresis using
ethidium bromide.

Results

The establishment of potato In vitro cultures is
required for genetic manipulation and Agrobacterium
mediated transformation of potato explant. The effective
In vitro multiplication of potatoes is dependent on the
presence of an appropriate combination of auxin and
cytokinin in the propagation medium. This study
demonstrated the effect of different combinations of BAP:
IAA mg/l 1:1.2, 1:15, 1:1.7, 1:2.0, and 1:2.5 for the
regeneration of potato variety Desiree on MS media (Figs.
1-4). Data was recorded after the 15, 30 and 45 days of
potato explant culturing (Supplementary Tables 1-3) was
interpreted for NDPK2 transformation.

The effect of different concentrations of BAP and 1AA
on number of roots: The use of BAP and IAA in
combination showed significant effect on number of
roots. Data recorded at all three intervals (after 15, 30 and
45 days) showed significantly highest results in Tg4
treatment in which 1:2.0 mg/l concentration was used
followed by Ts having BAP and IAA concentrations of
1:2.5 mg/l (Figs. 2a-4a).

The effect of different concentrations of BAP and IAA
on shoot length: In case of shoot length, the data
recorded after 15 days, IAA and BAP combinations
showed significant results with highest shoot length in cm
in Ty, T3 and T1 where 1:1.5 mg/l, 1:1.7 mg/l and 1:1.2
mg/l concentrations of BAP and IAA were used
respectively (Fig. 2b). Data recorded after 30 days gave
highest shoot length at Ts with concentration of BAP and
IAA 1:1.7 mg/l while T, and T, gave intermediate results
for shoot length (Fig. 3b). After 45 days, significant
results were obtained with T, T; and T, with least
difference amongst them which indicate that these
treatments showed best result (Fig. 4b).

The effect of different concentrations of BAP and
IAA on number of leaves: After 15 days, data analysis
for number of leaves indicated significant result for T,
(1:1.5 mg/1) followed by T1 (1:1.2 mg/l) (Fig. 2c). Data
recorded after 30 days also showed significant results in
case of T2 (1:1.5 mg/l) followed by T1 (1:1.2 mg/l) then
T3 (1:1.7 mg/l) (Fig. 3c). Data analyzed after 45 days
showed significant results in all the five treatments. This
indicates that the best results were obtained when 1:1.5
mg/l and 1:1.2 mg/l concentrations of BAP and IAA
were applied (Fig. 4c).
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Fig. 1. In vitro grown potato plantlets showing root/shoot
development at various concentrations of IAA and BAP. (A) T
having BAP: IAA concentrations 1:1.2 mg/l; (B) T2 having
concentrations 1:1.5 mg/l; (C) Ts with concentrations 1:1.7 mg/l;
(D) T4 showing concentrations 1:2.0 mg/l; (E) Ts showing BAP
and IAA concentrations 1:2.5 mg/I.

Supplementary Table 1. Effect of different concentrations
of IAA and BAP on growth parameters for regeneration
of potato plantlets after 15 days.

Conc. No. of No. of |Shoot length
Treatments

mg/I roots leaves (cm)
T1 1:1.2 1.3b 57a 2.46a
T2 1:15 16D 6.3a 2.95a
T3 1:1.7 2.2ab 5.1ab 2.70a
T4 1:2.0 41a 49ab 141b
T5 1:25 2.9ab 3.6b 0.68 b

Mean values followed by different letters along a column or row are
significantly different at p<0.05

Supplementary Table 2. Effect of different concentrations
of IAA and BAP on growth parameters for regeneration
of potato plantlets after 30 days.

Treatments Conc. No. of No. of Shoot
mg/I Roots Leaves |Length (cm)

T1 1:1.2 14b 79a 5.08 ab

T2 1:15 2.0ab 8.0a 5.32 ab

T3 1:1.7 2.7ab 6.1ab 571a

T4 1:2.0 3.7a 54b 3.67 bc

T5 1:25 3.7a 54b 3.05¢c

Mean values followed by different letters along a column or
row are significantly different at p<0.05

The effect of different concentrations of BAP and IAA
on leaf area: The data of leaf area in cm? was recorded
after 45 days just before transferring the MS cultured
potato plants to sterilized soil. The most significant results
were observed in case of Ty, Tz and T, with BAP: 1AA
concentrations of 1:1.2 mg/l, 1:1.7 mg/l and 1:1.5 mg/I
respectively followed by T4 and Ts that showed least
significance then the preceding treatments (Fig. 4d).

The effect of different concentrations of BAP and I1AA
on stem diameter: Stem diameter was recorded for
potato plantlets after 45 days, just before transferring
them into the soil pots. The significantly highest results in
cm were observed in three treatments T1, Tzand T4 having
concentrations 1:1.2 mg/l, 1:1.7 mg/l and 1:2.0 mg/l. The
treatments T, and Ts showed significantly lower values
with concentrations 1:1.5 mg/l and 1:2.5 mg/l (Fig. 4e).

Agrobacterium mediated transformation of potato:
After protocol optimization for potato regeneration,
potato node explants were infected with Agrobacterium
containing NDPK2. Total 45 explants were co-cultivated
with Agrobacterium strain GV3101 containing NDPK2
out of which 14 explants survived on selection media
containing kanamycin. The numbers of shoots observed
by these 14 nodal explants were around 27 and number of
roots 24. The regeneration was observed almost 15-20
days after Agrobacterium infection containing selection
media with 1AA and BAP 1:1.5 mg/l as optimized
previously (Fig. 5).

PCR analysis of putative transformants containing
NDPK?2 gene: PCR analysis performed on regenerated
potato nodal explants revealed 6 positive transgenic
potato plantlets containing NDPK2 gene (Fig. 6). The
PCR product of 200bp was further confirmed through
sequencing.

Supplementary Table 3. Effect of different concentrations of IAA and BAP on growth parameters for
regeneration of potato plantlets before transformation after 45 days.

Treatments Conc. No. of roots No. of leaves Shoot length | Stem diameter Leaf azrea
mg/I (cm) (mm) (cm?)

T1 1:1.2 28¢c 7.7a 6.4a 0.1746 a 0.27280 a

T2 1:15 3.0bc 8.7a 6.26 a 0.1562 ab 0.21526 a

T3 1:1.7 3.6 abc 6.67 a 6.69 a 0.1690 a 0.22860 a

T4 1:2.0 4.7 a 6.7 a 4.67 ab 0.1630 a 0.02454 b

T5 1:25 45ab 6.1a 3.19b 0.1270 b 0.02203 b

Mean values followed by different letters along a column or row are significantly different at p<0.05
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Fig. 2. Data recorded and analyzed after 15 days of culturing
using different concentrations of BAP and IAA in combination
(a) Ta (1:2.0 mg/l) showing significantly highest results in case
of no. of roots; (b) IAA and BAP combinations showed
significant results with highest shoot length (cm) in T2, Ts and
T1where 1:1.5 mg/l, 1:1.7 mg/l and 1:1.2 mg/l concentrations of
BAP and IAA were used respectively; (c) Data analysis for
number of leaves indicated significant result for T2 (1:1.5 mg/l)
followed by T1 (1:1.2 mg/l). m represents mean values whereas
vertical lines represent £SE.
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Fig. 3. Analysis of data after 30 days of culturing of potato
plantlets. (a) In case of no. of roots T4 (1:2.0 mg/l) and Ts (1:2.5
mg/l) showing significantly highest results as compared to other
treatments; (b) Highest shoot length (cm) was observed in case
of Ts with concentrations of BAP and IAA 1:1.7 mg/l while T2
(1:1.5 mg/l) and T1 (1;1.2 mg/l) gave intermediate results for
shoot length; (c) In case of number of leaves significantly
highest results were obtained in T2 (1:1.5 mg/l) followed by T1
(1:1.2 mg/l) while T3 (1:1.7 mg/l) showed intermediate results.
m represents mean values whereas vertical lines represent +SE.
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Auxin and cytokinin are two important growth
regulators that have a vital role in cell growth and cell
division. It is also implicated that both cytokinins and
auxins play different role in cell division (Sakakibara,
2006) where they are often used in different concentrations
and combination. A high cytokinin to auxin ratio favors
formation of shoot whereas a high auxin to cytokinin ratio
supports root formation. The current study showed that
cytokinin such as BAP was effective when combined with
IAA used as auxin for potato nodal explant regeneration
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Fig. 4. Statistical analyses of data recorded after 45 days (a) For
number of roots best results were analyzed in case of T4 (1:2.0
mg/l) (b) For shoot length the significant results were obtained
in T3 (1:1.7 mg/l), T1 (1: 1.2 mg/l) and T2 (1:1.5 mg/l) (c) For
number of leaves best results were obtained in T2 and T1 (d) For
leaf area the most significant results were observed in case of
T1, T3 and T2 (e) In case of stem diameter, the significantly
highest results were observed in three treatments T1, T3 and T4.
m represents mean values whereas vertical lines represent +SE.

that was subsequently used for transformation with
NDPK2. Ebad et al., 2015 in their study analyzed that after
21 days of potato culture, the growth parameters such as
shoot length, numbers of leaves, the root phenotype and
growth and the fresh matter of the plantlets showed
numerous responses to the culture medium. In the same
way Shah et al., 2003 also measured shoot length, number
of roots, and number of nodes per plantlets and shoot
relative growth rates of In vitro cultured potato plantlets
after 3, 7, 10, 14, 17 days was measured. Their results
revealed the significant results after 17 days of data
analysis. Similarly, in the present study the effects of
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culture media supplemented with different concentrations
of BAP and IAA was analyzed statistically after 15 and 30
days of culturing in terms of shoot length, number of roots
and leaves and also at transferrable plant stage after 45 days
together with other parameters like stem diameter and leaf
area. Statistical analysis revealed that parameters for shoot
and root development produced significant results for
potato regeneration.

Fig. 5. Agrobacterium infected plants at different levels of
development (A) Nodal explants were prepared on regeneration
media for 2 days before infection (B) Transfer of explants again
to regeneration media after co cultivation and Agrobacterium
infection (C) Transfer of explants to selection media with
kanamycin (50mg/l), cefotaxime (250 mg/l) along with
regeneration hormones IAA and BAP (D) Shoots and roots
development of nodal explants on selection media.

Fig. 6. PCR amplified bands of NDPK2 in potato plants
regenerated following Agrobacterium inoculation. Molecular
weight markers (M) and expected PCR product are indicated.
Lane 1(C) is showing control while Lanes 2-7 (1, 2, 3, 4, 5, and
6) are showing positive transformants potato plants exhibiting
bands of 200bp.

The maximum numbers of roots were observed in T,
followed by Ts. The maximum number of roots could be
observed due to the presence of high concentration of
IAA that plays a significant role in root emergence and
root growth (Overvoorde et al., 2010).
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In the present study, maximum shoot length was
observed in case of T, Tz and Ti. The reason was the
presence of cytokinin that played a key role in cell
division and growth of shoot meristem (Kwapata et al.,
1999; Razdan, 2003). Previous studies indicated the role
of BAP in enhancing the number of shoot development
from explant (Hussain et al., 2005; Motallebi-Azar et al.,
2011). It was reported that BAP gave better response for
different parameters like shoot per explants, shoot length,
number of nodes and leaves in different potato varieties
(Mustafa & Sarker, 2002). Similar results were also
reported for other potato varieties (Hoque et al., 1996).
Maximum regeneration ratio was achieved from nodal
explants of potato on MS basal medium supplemented
with 2.0 mg/l BAP and 0.5 mg/l IAA (Motallebi-Azar et
al., 2011).

Our statistical analysis revealed the maximum
number of leaves in T, and Ti followed by Ts. Leaves
originate from buds and cytokinins are generally known
to promote buds’ formation in many In vitro cultured
organs (Hesar et al., 2011). Similarly, the effect of BAP
and IAA on stem diameter showed the maximum stem
diameter in case of T1, T3 and Ts. Application of IAA on
cultured explant indicated an increase in stem diameter
(Naeem et al., 2004), whereas cytokinin like BAP also
plays an important role in cell division of lateral meristem
and resulted in the stem and root thickness (Muhammad
etal., 2015).

T1, T3 and T, showed significant results in terms of
leaf area in cm? It was shown that the application of
cytokinin encouraged the unfolding of leaf (Doerner,
2007). Leaf area development was promoted by the
application of BAP that have an impact on cell size and
cell number (Del Pozo et al., 2005; Doerner, 2007;
Hamada et al., 2008; Benedetto et al., 2013).

Once the conditions for potato regeneration were
significantly analyzed, transformation was performed
with the significant best regeneration results on selection
media. Out of 45 nodal explant that were co-cultivated
with Agrobacterium containing NDPK2 gene 14 explants
survived on selection media containing Kanamycin and
Acetosyringone that showed regeneration. Thus, the
regeneration protocol was successfully used to transform
NDPK2 gene in potato. NDPK2 is a housekeeping
enzyme that is involved in maintaining nucleoside
triphosphates (NTPs) intracellular level. Transgenic plants
expressing Arabidopsis NDPK2, in poplar and sweet
potato displayed considerably improved tolerance to
numerous environmental stresses including salt and
oxidative stress (Tang et al., 2008; Kim et al., 2009).
Although NDPK2 gene was previously transformed in
potato but we were successful in transforming NDPK2 in
Desiree variety that is an important potato variety grown
in Pakistan. NDPK2 was found to be involved in plant
stress tolerance so its transformation and successful
regeneration in cultivated potato variety of Pakistan could
be exploited for future engineering of plants for
enhancing various stress tolerance. PCR analysis revealed
6 positive transgenic potato plants containing NDPK2
gene that was confirmed via sequencing results.
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It was observed during this study that Agrobacterium
concentration played an important role in NDPK2 gene
transfer to potato explant. Too high or low Agrobacterium
concentration did not yield positive result as also noted
earlier for potato studies (Li et al., 2017). In this study,
0.6 OD at 600 nm was found optimum for Agrobacterium
infection. It was also noted that other factors including
potato explants, suspension medium for Agrobacterium,
and co-cultivation time also played an important role in
Agrobacterium mediated transformation of potato explant.

Conclusion

It is concluded from this study that MS media
supplemented with BAP and IAA proved to be very
effective for In vitro regeneration of potato plants where
1:1.5 mg/l of BAP and IAA proved to be the best
optimized concentration for the regeneration of potato
variety Desiree used for Agrobacterium mediated
transformation of potato with NDPK2.
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