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ABSTRACT

Potato meristem culture to generate virus-free plantlets, and optimization of callus

induction, transformation and microtuberization parameters

Potato (Solanum tuberosum), in Nepal, is among the fourth most cultivated food crops in
terms of area, first in terms of productivity and techniques developed. Potato apical meristem
culture is inevitable for the production of virus-free plants as they do not possess vascular
bundle for virus multiplication. Out of eleven different potato cultivars used in this study, the
unreleased cultivar 226 showed the highest regeneration with the media containing 0.25
mg/L GAs as well as 1.5 mg/L BAP + 1.5 mg/L kinetin. Purple potato showed the highest
regeneration in 0.25 mg/L GAs. Moreover, 0.25 mg/L GAs showed the best results for the
growth of five cvs. Rosita, Halka Nilo, Purple, Desiree and 226. After DAS-ELISA investigation,
six of the cultivars were found to be virus-free. Desiree was selected for microtuberization
with copper nanoparticle (CuNP) (CuO). Microtuber formation was observed to be the highest
in CuNP 2.0 mg/L with thidiazuron (0.5 mg/L) compared to media with only TDZ or CuNPs.
CuNP without hormone didn’t yield any microtubers. The biggest microtuber size was also
seen in CuNP 2.0 mg/L with thidiazuron (0.5 mg/L) with diameter 4.6 mm weighing 0.31 g.
We also optimized potato callus induction in five cvs. MS42.3, Panauti Local (P.L.), Rosita,
Purple and Khumal Upahar (K.U.). CIM-5 (2 mg/L kinetin + 1.5 mg/L 2, 4-D) showed the highest
callus induction rate for MS42.3 (94.4%) and P.L. (66.67%), and CIM-3 (1.5 mg/L kinetin + 1
mg/L 2, 4-D) for Rosita (55.56%). Callus induction was found to be the highest in CIM-10 (2
mg/L BAP + 1 mg/L NAA) for MS42.3 (94.5%), CIM-11 (2 mg/L BAP + 2 mg/L NAA) for P.L.
(94.5%), CIM-12 (2 mg/L BAP + 2 mg/L NAA) for Purple (88.89%) and CIM-9 (2 mg/L BAP + 1
mg/L NAA) for K.U. (83.33%). CIM-12 (2 mg/L BAP + 2 mg/L NAA) showed best callus induction
rate (64.44%). Plantlet regeneration rate from callus was found to be the highest in cvs.
MS42.3 (59.16%) and P.L. (57.34%). Leaf and internodes of P.L. were infected with
Agrobacterium strain LBA4404 with pAXY0002 containing GUSPlus gene. However, no result

was obtained on GUS histochemical analysis. Future work should focus on generation of



improved microtuberization using gene editing technology for pre-basic seed (PBS)

generation.

Keywords: meristem culture, DAS-ELISA, callus induction, microtuberization, nanoparticles
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CHAPTER-I

INTRODUCTION

1.1 Background:

Potato (Solanum tuberosum L.) holds a significant place in Nepal's agriculture. As the fourth-
most cultivated food crop in terms of area and the first in terms of productivity, its role is
crucial in the country's food security and economy. (Luitel et al., 2020). It is a great source of
carbohydrate and commonly consumed vegetable in local diet or supplementary to other
vegetables. In addition, potato farming has become a lucrative prospect for farmers and now
viewed as a cash crop with recent developments made in technology to improve productivity,
efficiency and reliably produce disease-free plants (Upadhyay & Timilsina, 2020). According
to FAO in Nepal in the year 2022, potato is harvested in an area of 198,253 ha with a yield of
about 17,204 kg/ha and total production of 3,410,829 tons (FAOSTAT, 2024).

Table 1: List of cultivars released by Nepal Agriculture Research Committee (NARC) (Source:

Potato Development Research Programme (PDRP), NARC, Khumaltar, 2022):

SN Name Source Geographical location
1 Kufri Sinduri India Terai

2 Kufri Jyoti India Mid and high hills

3 Desiree Netherland Terai and mid hills

4 Khumal Seto CIP/Peru Mid and high hills

5 Khumal Rato CIP/Peru Terai

6 Janakdev CIP/Peru Terai to high hills



7 Khumal Laxmi CIP/Peru Mid hills

8 IPY8 CIP/Peru Terai

9 Khumal Upahar CIP/Peru Terai

10 Khumal Ujwal CIP/Peru Terai to high hills

11 Khumal Bikash NPRP/Nepal Mid and high hills
12 TPS1 CIP/Peru Teari to high hills

13 TPS2 CIP/Peru Terai to high hills

14 Cardinal Netherland Terai and mid hills
15 Rosita Switzerland High hills

16 MS-42.3 CIP/Peru Terai and mid hills

Meristem culture is the cultivation of the shoot apical meristem. It is also referred as shoot
tip or apical meristem culture. Meristem plays a key function to increase the plant length. It
possesses meristematic cells that are continuous, oval, polygonal and rectangle in shape
without intercellular spaces (Beyene et al., 2010). Meristem culture involves excision of a lobe
of meristematic cells below the shoot or root apex, and are usually 0.2 to 1 mm in length with
their length contributing to number of regenerated plants (Marcela & Anca, 2011). Potato
seeds are susceptible to seed degradation and can gradually lead to reduced productivity and
yield over time due to accumulation of viruses. Viruses that have been commonly associated
to potato in almost all the geographical regions include Potato Leaf-Roll Virus (PLRV), Potato
Virus S (PVS), Potato Virus X (PVX), Potato Virus Y (PVY), Potato Virus A (PVA) and Potato virus

M (PVM) (Campos & Ortiz, 2020). In Nepal, these viruses have been found to infect many



local cultivars (Khatri & Shrestha, 2004). In order to avoid the reduction in yield resulted by
these viruses, various procedures such as meristem culture is recommended to produce
virus-free pre-basic seeds (Sakha & Rai, 2004). Double Antibody Sandwiched-Enzyme-Linked
Immunosorbent Assay (DAS-ELISA) (Clark & Adams, 1977) is serological method commonly
used for detection of these viruses and to ensure elimination of the viruses from PBS. RT-PCR
(Reverse transcription - polymerase chain reaction) has been found to be sensitive for potato
virus detection (Dhital et al., 2010b). DAS-ELISA can be used to detect PLRV, PVA, PVY, PVV,
PVM, PVS and PVX from in vitro plantlets which are required for production of virus-free

potato seeds. This method is widely used for this purpose (Khan et al., 2003).

Nanotechnology is developing area of science that deals with nanoparticles, specifically 1-
100 nm (Baker et al., 2015). The International standardization organization (ISO)’s technical
committee gave the definition of nanotechnology as “Knowing and handling objects and
organisms at nanoscale of 1-100 nm” (Wang et al.,, 2016). Nanoparticles are known to
improve intake and transport of nutrients and thus have great application for increased yield
and improved crop production. They can confer greater pathogen resistance, stress
tolerance, energy production and lesser waste production and therefore has found wide
array of use as pesticides, fertilizers, herbicides, growth promoters, etc. (Pestovsky &

Martinez-Antonio, 2017).

Microtuber can be defined as the intermediate stage between in vitro plant and minituber
production. Microtuber plant decrease acclimatization duration as well as issues regarding
area required as seeds are directly produced in vitro and it has also been found to improve
minituber number per plantlet (Ranalli, 2007). In vitro microtuberization which started in
Nepal since 2001 requires MS media with 8% sucrose with continuous darkness is required at
20-22 °C. The explant usually comprises of 2-3 nodes, however higher number of nodes has
higher rate of production (Sakha et al., 2004). Thidiazuron (TDZ) hormone is plant growth
regulator (PGR) that induces regeneration of recalcitrant plants and induces shoot growth. It
also induces somatic embryogenesis at higher concentrations and at low concentration

causes organogenesis (Erland et al., 2020). As far as we know, sparse research has been



performed in Nepal using nanoparticles for microtuberization in local Nepali cultivars. So, our
study aims to assess the ability of nanoparticles to induce and enhance microtuberization in

potato as well as to evaluate its efficiency.

For genetic transformation and genetic engineering, callus induction is an essential step. It
involves transformation of explant into a mass of undifferentiated cells that can re-
differentiate to produce new plantlets (lkeuchi et al., 2019). Hence, callus induction is
required to regenerate a modified explant via de-differentiation and re-differentiation to
produce a new transgene plant (lkeuchi et al., 2013). Large number of studies have been
performed in calli induction of potato. So different procedures, media and hormone
composition have been studied for callus induction. Callus induction varies vastly depending
on genotypes as well as media composition (Wareh et al., 1989). Studies have also detected
genotypes requiring different induction and regeneration media (Gonzalez et al., 2001).
Similarly, different explants of same genotype can again have varied callus induction results
(Hamdi et al., 2017). Somaclonal variation is performed via callus induction and it is applicable
for improving genetic characters and for bacterial and fungal elimination. Hence, it is an
excellent method to obtain desirable traits such as increased resistances to environmental

stresses (Kaeppler et al., 2000).

Hormones like naphthalene acetic acid (NAA) and kinetin have positive effect on calli
induction as well as root formation. The hormone 2,4-Dichlorophenoxyacetic acid (2,4-D) is
used in plant cell cultures as a dedifferentiation hormone (callus induction hormone) (Kaviani
etal., 2013). Cytokinins promote cell division and play a major role in callus formation as they
reduce the lignification of cell walls on the cut surface inducing callus formation (Hoque et
al., 2006). Accordingly, this study was performed to evaluate the effect of various hormones

on callus formation and plant regeneration of locally important cultivars.

Agrobacterium-mediated plant transformation is the most useful technique for development
of transgenic plants via introduction of foreign genes (Gustavo et al., 1998). Agrobacterium
serves as a carrier for introduction of foreign gene as T-DNA which integrates into the host

genome. Upon success, expression of protein encoded by the gene occurs (Chilton et al.,
4



1977). Agrobacterium transformation procedure involves attachment to recognition sites of
the plant cell followed by transfer of T-DNA guided by several vir genes. Agrobacterium T-
DNA upon entering plant cells, integrates to plant genome by further actions of vir genes
(Gelvin, 2000). Agrobacterium mediated transformation of Solanum tuberosum cv. Desiree
was achieved and optimized long ago (Visser, 1991). It has been observed that different
genotypes had varied transformation efficiency, even in cases where vectors and targeted
genes were always kept constant (Wenzler et al.,, 1989). Therefore, this research was
performed to observe the Agrobacterium-mediated transformation in the local potato variety

near Kathmandu and to assess its GUS histochemical assay.

1.2 Research Hypothesis:
a) Meristem culture of potato will generate virus-free plants suitable for microtuberization

b) Combination of thidiazuron and nanoparticles will generate microtubers

c¢) Use of different hormones will help determine the most suitable combination of hormones

for callus induction



1.3 Objectives

1.3.1 General Objectives

» To perform meristem culture, generate virus-free plantlets and optimize callus

1.3.2

induction and transformation parameters
Specific Objectives
To develop disease-free local potato cultivars using meristem culture technique
To optimize meristem culture and calli induction on local potato cultivars
To generate virus-free microtubers using copper nanoparticles

To establish the efficient transformation protocol in local potato cultivar using GUS

reporter gene



1.11 Rationale of the study

Microtuberization consumes less time and space as compared to the Pre basic seed (PBS)
method. However, productivity needs to be optimized in order to determine the viability of
this method. With modern development in nanotechnology, need for study of effect of
various nanoparticles on many plant species have been rising. Various studies have been
performed using different cultivars; however, to our knowledge, no such studies using CuO
nanoparticle on local cultivars have been performed. So, the study of nanoparticles to check
their ability to induce and enhance microtuberization in potato as compared to those without
the use of nanoparticles was performed. Similarly, optimization of callus induction and
meristem culture for commonly used agronomic potatoes of Nepal was performed to ease

genetic transformation studies in the future.



CHAPTER-II

LITERATURE REVIEW

2.1 Brief History

Potato has been predominant food in Nepali household; however, Nepal is among the lowest
average potato yielding countries in the world (Lama et al., 2016). In Nepal, in the last four to
five decades, provisions have been made to ensure progress in technology development and
research in cultivation of potato due to its prospects in poverty alleviation and opportunities
than can be generated in an agriculturally dominated country as means of livelihood (Sharma,

2074).
2.2 Background of potato production in Nepal

Since 1980s, the production of potato seed under the guidance of Swiss government (with
agreement of farmers) was being produced and later ousted by Krishak Samuha in 1991. Pre-
Basic Seed (PBS) production is now an integral part of potato farming in Nepal. Nepal Potato
Research Program (NPRP) under NARC is the main contributor to PBS production in Nepal.
Currently around sixteen varieties are available for planting in two seasons. Also, private

sectors for PBS productions are also on the rise to its financial prospects (Sharma, 2074).

Typically, potato is cultivated in winter and rainy seasons, nevertheless in Kathmandu valley,
cultivation in autumn is being practiced with a great success. In similar way, spring potatoes

are also now being produced in the upper hills (Dhital, 2016).



Different aspects of potato agriculture in Nepal:

I. Altitude:

Potato is grown from an altitude of about 100 m mean above sea level (masl) to 4000 m in
Nepal. Generally, suitable area for the production of high-quality seed tuber in Nepal is high

hill region i.e., 2000 m from mean sea level (Bajracharya & Sapkota, 2017a).

Il.  Soil type:

Potatoes can be grown in well-drained, loose soil with plenty of organic matters. For seed

potato farming, pH 5.5 — 6 is considered good (Bajracharya & Sapkota, 2017a).

lll.  Irrigation:

Irrigation/ Earthing Up is done if land is dry. Shallow rooted crop, Presowing irrigation, 2"

irrigation at 30 days is performed, then watered weekly (Adhikari, 2018).

IV. Ratio of planting areas to arable land:

In 2018, arable land in Nepal is 2,113,700 ha, which is 14.75% of total land, and potato was
planted in 195,268 ha. So, potato is cultivated at 9.23% of arable land in Nepal (World Bank,
2021).



Comparison of area, yield and productivity of potato
from 2016-2022 in Nepal
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Figure 1: Comparison of potato production, area and yield from 2016-2022. X-axis shows the area,
yield and production of potato in Nepal and y-axis denotes progression over time. (Data compiled
from FAOSTAT, retrieved from https://www.fao.org/faostat/en/#data/QCL, accessed date: June 23,
2024)

V. Legal provisions for trade:

Food regulation act (1970), seeds regulation act (2013), customs regulation act (2007), are
implemented in Nepal. Certificate of origin, permit for import export and import and license
for business are required (Government of Nepal, Ministry of Industry, Commerce and

Supplies, 2022).

VI. Import and export:

Around 92 percent of required number of potatoes for consumption is self-produced. In
2073/74 B.S., 2,493,603 megatons and NPR 5,311,500,000 worth potatoes were imported
from India, China and Bangladesh (from India alone 96.5%). Moreover, just 109.5 megatons
worth NPR 1,940,000 potatoes were exported. Exported potatoes are usually grown in the

hills in rainy season (Sharma, 2074).
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VII.  Crops planted before planting potato in Nepal

Usually after paddy, wheat and rice are harvested, potatoes are planted. In Chitwan, good
production was observed after potato cultivation following harvesting of potatoes. Crop
rotation is also practiced with maize and vegetables in different plots each year (Bajracharya

& Sapkota, 2017a).

VIII.  Quantity of fertilizer used per hectare

The following quantity of fertilizer is used per hectare.

Compost: Initially during land preparation, 250-300 kg/Ropani (1 ropani=508.7 sq. m =0.05
ha)

Seed tuber plantation: Urea- 2.8 kg/Ropani, DAP- 5.5 kg/ Ropani and Potash: 5 kg/Ropani

Elongation stage: Urea- 1.4 kg/Ropani, ash-10 to 20 g/plant

Seed tuber growth stage: Urea- 1.4 kg/Ropani, ash-10 to 20 g/plant (Bajracharya & Sapkota,
2017b)

IX.  Main pests and diseases
The following biotic stresses challenge potato production.

> Insects

Potato tuber moth (Phthorimaea operculella), aphid, white fly, termite, white grubs,

cutworm

> Viruses

Potato leaf roll virus (PLRV), potato virus A (PVA), potato virus M (PVM), potato virus Y
(PVY), Acuba Mosaic Virus

> Bacterial diseases

11



Bacterial wilt, potato brown rot, potato common scab

» Fungal disease: potato blight, potato wart (Bajracharya & Sapkota, 2017b)

X. Price of Seeds

The prices of seed potatoes in Nepal per ton for the years 2014, 2017 and 2018 were USD
500, USD 115.94 and USD 81.97, respectively (Wamucci, 2024).

Tissue culture method (PBS -pre basic seed production) is the fastest method currently used
for disease free potato seed. Small potato seeds free from viral and other diseases which are
produced by tissue culture and grown in insect-free screen houses in sand and soil at the ratio

2:1is termed as pre-basic seeds (Dhital, 2016).

Plantation

Mainly there are two seasons for plantation (winter and rainy season) but autumn season

and spring season potato production have been successful in some mid-hill region.

Winter season variety: Cardinal, Desiree, Janakdev, Kufri Sundari, Khuma Rato 2, etc.

Rainy season variety: Janakdev, Kufrii Jyoti, Khumal Seto-1, Cardinal, Desiree, NPI-106, etc.

Generally, in the 1t year, 500 PBS potato covers 45 sq. m area giving 75 kg potato. In 2" year,
75 kg can be planted in 1 Ropani (508.74 sg. m) to increase potato seed yield to 750 kg.
Similarly, it can be increased via plantation in 10 Ropani (5,087 sq. m) to produce 7500 kg in
the 3™ year. One hundred Ropani (50,874 square metre) area is used to produce 75,000 kg
potato seed in the 4™ year (Dhital, 2016).

2.3 Meristem Culture:

Three different commercial variety (Alaska, Spunta and Safrane) of potato tubers were

acquired from Ministry of Agriculture in Jordan. Seventy tubers of each variety were selected
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to perform meristem culture. To detect virus-free plant growth, DAS-ELISA was performed.
Virus infected tubers were then used for meristem culture. For meristem culture, Al-Taleb et
al. (2011) used 30 PVY infected sprouts as explants. They were treated with 0.1% hypochlorite
and 3 drops tween-20 for 10 min for surface sterilization and then they were washed 3 times
with sterile distilled water. Meristem were isolated and cultured in hormone free MS media
as a basal media. Ten of the meristems were sub-cultured on MS media without hormones
and ten on MS media with 0.5 mg/L NAA and 10 on 0.5 mg/L IBA. In the positive samples, the
infection rate for Potato virus Y (PVY) was 21.4% while Spunta had 15.7 % infection rate and
Alaska had 12.8%. Meristem culture was performed on all infected cultivars and growth of
roots and shoots was observed. It was seen that 0.5 mg/L of indole butyric acid (IBA) was the
best for shoots proliferation with average length of 7.71 cm, root induction with average
length 9.41 cm and number of shoots with average 2.60 and average number of leaves 15.40

(Al-Taleb et al., 2011).

In vitro production of virus-free potato plants was performed from four common cultivated
variety in Bangladesh. Tubers of potato cultivars Diamant, Cardinal, Lalpakri and Multa were
taken and meristem culture was performed. Then, plant regeneration from the cultured
meristem, shoot and root growth was examined in different phytohormone concentrations
and regenerated tubers were tested for presence of viruses by DAS-ELISA. Two Murashige
and Skoog (MS) media were used for culture of meristem. Different phytohormones used
include Gibberellic acid 3 (GA3s), Kinetin (KIN), Butyric acid (BA) and Indole butyric acid (IBA),
both individually and in combination. Among these, 0.5 mg/L GA3 and 0.04 mg/L kinetin were
the best for primary meristem establishment. These primary meristems were then
transferred to media with BA or IBA or both. Two mg/L GAs was found to be the best among
these for shoot induction and was preferred singly rather than in combination with kinetin
although, combination of 0.1 mg/L GAs and 0.1 mg/L kinetin was more appropriate for root
induction and growth. These cultured plants were then acclimatized in green house and
growth of virus-free plant was successfully observed by assessing their morphological
characteristics. It was observed that shoot tips between 0.2 and 0.5 mm were suitable for

virus-free plant regeneration. Explants smaller than 0.2 mm cannot survive and explants
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above 0.5 mm may not be virus-free. It was also observed that Diamant and Cardinal showed
greater response to phytohormones during development of primary meristem (Nagib et al.,

2003).

Study of meristem culture and in vitro propagation to produce virus-free plants were
performed in Rajshahi, Bangladesh from 2010 to 2012. The extent of shoot elongation and
root induction was also studied. Similarly, acclimatization was also performed and
characteristics were examined after transfer of in vitro plantlets to the field. Four different
varieties of Solanum tuberosum were studied, namely Diamant, Shilbilati, Diamant and
Lalpakri. Meristem wasn’t completely extracted, shoot-tip culture was performed and the
extracted shoot tip was transferred to liquid MS media. The shoot-tip was placed on the filter
paper bridge placed in liquid media. Phytohormones used on media include GAs, KIN, BA and
IBA with different combinations. It was found that 0.1 mg/L KIN + 0.5 mg/L GAs; was the most
suited for primary meristem formation. Then they were transferred to semisolid MS media
with 0.5 mg/L BA + 1.0 mg/L IBA, 0.1 mg/LKIN + 0.1 mg/L GA3; 0.5 mg/L BA + 0.5 mg/L GAsz and
0.5 mg/L KIN + 0.5 mg/L GAs for shoot and root development. Then 0.5 mg/L BA + 0.5 mg/L
GA3 was noted to be the most suitable for growth. Cardinal showed the greatest rate of
survival (90%), shorter time to initiate tuber growth, and higher leaf count, tuber size and

yield (Azad et al., 2020).

Comparative analysis between the first-generation tubers produced from stem tip cutting
and in vitro micro propagated potatoes was performed. The tip cutting method was used for
numerous multiplication and plants were grown on peat in plastic rolls to produce first
generation tuber which were compared with in vitro micro tuber. Experiments were
performed from 2005 to 2007 with aim to evaluate differences in generation and variety in
terms of a plant’s total dry mass and tuber’s total dry mass obtained from field. Ants and
Vigri, two local varieties were selected for the study. Those tubers produced form in vitro
culture produced comparatively lower dry mass plants and tuber. So, tip cutting was seen to
be more efficient for productivity. Similar was the case regarding adaptability to harsher

conditions with stem tip cutting seemingly more resistant, however weren’t very significant.
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The growth rate of in vitro was faster and tuber was observed after lower duration than in tip
cut variety. Hence, much difference wasn’t detected and it was concluded that both methods

would be reasonable in production of potato crop (Sarekanno et al., 2012).

Three varieties of potato were selected for the study. Axillary buds, tuber sprouts and shoot
tips of cvs. Kufri Alankar, Kufri Chandramukhi, Kufri Sindhuri were surface sterilized with 12%
Clorox for 12-15 min. The meristem was extracted from tubers buds and shoot tips. They
were then cultured on MS media with different concentrations of plant hormones. The
phytohormones used in this study are indoleacetic acid (IAA), dichlorophenoxy acetic acid
(2,4-D), gibberellic acid (GA) and kinetin. They were used individually as well as in
combination. After the study, it was found that regenerating whole plants from callus was
problematic whereas meristematic tips are easier, stable and quicker method for vegetative
propagation. Similarly, meristems are more tolerant to adverse condition and have added
benefit of production of disease-free plants. Thus, the study concluded that the culture of

meristems would be the perfect for germplasm cryopreservation (Bajaj, 1980).

Meristem culture is the only known culture method for the production of virus-free plants,
as it is assumed that viruses are unable to invade meristematic tissues particularly due to lack
of well-developed vascular bundle. Similarly, chemicals methods have presented very little
successes for virus-free plant generation. Meristematic cells are actively dividing cells and
serve as precursor for plant parts. In the in vitro meristem culture, four cultivars from
Romania i.e. Amelia, Cristian, Nicoleta and Roclas were selected for meristem culture. The
explant involved meristem lobe along with varying number of leaf primordia (one, two- and
four-leaf primordia). Nicoleta showed the best shoot development with PM media being the
preferable media for plant regeneration. In terms of hormones, auxin and gibberellin showed
better growth while cytokinin is more preferrable for calli induction rather than shoot
proliferation. The meristem with four lobed leaf primordia exhibited the best growth, this
was due to synthesis of auxins. In similar way, hormonal concentration for the best growth
was observed on PM medium with 1 mg/L indolyl acetic acid, 1 mg/L indolyl butyric acid, and

0.3 mg/L gibberellic acid for the genotype Nicoleta (Marcela & Anca, 2011).
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2.4 Validation of virus-free potato plantlets:

The viruses that have been commonly found in potato throughout the world are Potato leaf
roll (PLRV), potato virus A (PVA), potato virus Y (PVY), potato virus V (PVV), potato virus M
(PVM), potato virus X (PVX), potato virus S (PVS), potato mop top virus (PMTV) and potato
aucuba mosaic virus (PAMV) (Brunt, 2001).

Since these viruses result in decrease in tuber size and reduce the overall productivity, it is
essential to devise effective method to detect viruses in in vitro plantlets in order to produce
disease-free seeds. In this study, six potato varieties namely, Cardinal, Diamant, Dhera, Multa,
Cilena and Sieglinde were inoculated with PVA, PVY, PVV, PVM, PVS, PVX and PLRV and
subjected to DAS-ELISA. All the cultivars with infected viruses showed positive ELISA reaction
except PLRV as inoculation was performed mechanically. DAS-ELISA method was shown to be

effective as non-inoculated plantlets didn’t give positive reaction (Khan et al., 2003).

In Nepal, National Potato Research Program (NPRP) has been well-established for potato seed
production (Sakha & Rai, 2004). Potato tubers undergo degeneration overtime and hence
new potato seeds should be produced overtime that are free from viruses via meristem
culture. The six common viruses know to infect potato in Nepal are PVX, PVY, PVA, PVM, PVS
and PLRV (Akius & Kloos, 1990). In NPRP, meristem culture of 12 different cultivarsi.e. Sarkari
Seto, Syang Dorje, Kufri Sindhuri, Cardinal, Kathmandu Local, Tharu Local, NPI-106, Kufri
Badshah, Jumli Local, CIP 388572.1, CIP 388572.4, Gui Valley were performed and the
cultivars were tested for the above six viruses by DAS-ELISA. Prior to meristem culture, the
cultivars were found to be infected with single or multiple viruses with PVS infecting eight
cultivars and PVM infecting three cultivars. Elimination of viruses was found to be higher in

single infected cultivars (Sakha et al., 2007).

In one of the earliest studies of viral detection in potatoes in Nepal, 21 cultivars were studied
by PRP, Khumaltar on 1996-1998 CE to discern the various viral diseases present in potato
cultivars in Nepal. Nineteen varieties were from hilly region and two were obtained from

Terai region. In this study, PVS, PVX and PVY viruses was found in cv. Khodpeli. Two viruses
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PVX and PVS were detected in Thakali Red, Lamjunge and Bhotange. PVS was prevalent in
almost all the samples and PVY was also highly detected. No PVA presence was observed. As
a result of virus detection, tuber size was small; however, Rosita, Khumbule and Lumle Red

produced comparatively better tuber sizes (Sakha et al., 2007).
2.5 Nanoparticles:

Nanotechnology can improve agriculture; ensure food security and sustainability, by
increasing water efficiency and preventing plant diseases. Nanoparticles can make up for crop
nutrient deficiencies, improve crop stress resistance and improve crop quality and yield (El-
Tahan et al., 2022). To classify as a nanoparticle, it must have a size range of 1-100 nm. It
therefore has higher adsorption efficiency, high surface area to volume ratio, and higher
recombination and interaction efficiencies. They can enter plant cells via the plant cell
membranes and cell walls. Larger nanoparticles can pass through stomata while smaller
nanoparticles can penetrate cell walls. These nanoparticles can be released from the phloem
into multiple plant compartments. Nanoparticles can then effectively function in transport of
food and water increasing growth, productivity and resistance to stresses (El-Saadony et al.,

2022).

In agriculture, various nanoparticles are constantly being used to improve plant productivity
and their responses to different stresses. The ones that have shown initial successes include
the copper, zinc, molybdenum, manganese, boron, and iron nanoparticles. Nanoparticles
show various advantages in comparison to the chemical counterparts to their benefits which
aren’t as adverse to the environment as well as the consumers. Furthermore, nanoparticles
are also quite sustainable and a non-hazardous application for crop improvement. They are
found to improve and accelerate seed germination, rate of photosynthesis, seedling

elongation and shoot/root growth (Joshi et al., 2022).

It has been found that zinc oxide (ZnO) nanoparticles impart resistance to salinity in crops
and improve productivity (Mogazy & Hanafy, 2022). Cerium oxide (CeO2) nanoparticle

application also provide tolerance to salinity via antioxidant system stimulation (Chen et al.,
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2022). Copper nanoparticles (CuNPs) have been found to absorb antimicrobial properties, so
they have great potential in agriculture to induce disease resistance. Likewise, at lower
concentration they can enhance germination growth and productivity (Kasana et al., 2016).
Nanoparticles in potato culture have also been found to improve microtuberization (Sallam
et al., 2022). The minituber production after virus-free in vitro plantlet regeneration yields
high quality potatoes. However, this requires virus elimination, in vitro plantlet production
followed by acclimatization and transfer to controlled greenhouse environment (Turkmen et

al., 2017).

In potato, copper and silver nanoparticles can improve yield and zinc, silicon and boron can
increase salt tolerance (Mahmoud et al., 2020). ZnO and silicon nanoparticles can also induce

growth during drought in potato (El-Tahan et al., 2022).

2.6 Microtuber:

Pre basic seeds of potato are now the most common method for potato seed production for
agricultural use. The minituber production after virus-free in vitro plantlet production
produces high quality potatoes. However, this requires virus elimination, in vitro plantlet
production followed by acclimatization and transfer to controlled greenhouse environment.
So, this process requires quite high land resource and quite long time period for
acclimatization of plantlets to the soil. Microtuber production in vitro allows the production
of this seed in vitro without transferring to controlled environment as in PBS production. To
optimize microtuber production in order to increase efficiency and to provide an alternative
to minituber production, a study was performed. Three varieties, three breeding lines and
nine different genotypes were subjected to microtuber production. Murashige and Skoog
medium with 8% sucrose and 0.1 mg/L TDZ was used to induce microtuber production. For
microtuber production, incubation was performed under dark conditions and 22/16 °C (8/16
h) temperature cycle. Moreover, 300135.14, 395017.229, 398180.612, 398190.615, Hermes
and MEC0908.12 showed greater microtuber per plant. Similarly, Hermes and Marabel

displayed greater mean microtuber weight (Turkmen et al., 2017).
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Hamza (2019) performed this study to assess the effect of cobalt nanoparticle on potato
microtuber formation. Different explants i.e. double nodes, whole plantlets and roots with
crown area were cultivated in vitro in MS media with different sugar concentration (60 and
80 g/L) and different concentration of cobalt nanoparticles (CoNP) (0.0 and 2.5 mg/L).
Hormone used was abscisic acid (ABA) (2.5 pg/L). Incubation of 60 days showed highest
microtuber number in MS with 80 g/L sucrose and 2.5 mg/L CoNPs. The same concentration
also exhibited the highest size and weight of microtuber in absence of ABA. Plantlet explant
gave the highest number of microtuber. So, it was detected in the study that the highest
concentration of sucrose used 80 g/L and highest concentration of CONP used was the most
successful in promoting microtuber size, weight and number thereby concluding that sucrose

and CoNP promote microtuber production (Hamza, 2019).

The study performed by Ibrahim et al. (2018) was among the first performed in order to
identify the properties imparted to microtuberization of potato by Silver Nanoparticles
(AgNPs) rather than their ionic form. AgNPs of sizes 2-4 nm were prepared chemically and
conformed by Transmission Electron Microscope (TEM). Six different AgNP concentrations
i.e.0.5,1, 2,4, 8and 16 mg/L and ionic AgNO were used to study their effect on microtuber
induction and formation. Three to five nodes of potato shoots S. tuberosum cv. Desiree were
cultured in microtuber induction media with B5 vitamins and BAP and different
concentrations of AgNPs. After 6 weeks of culture, the highest average number of
microtubers per culture jar was recorded using 1 mg/L of AgNPs i.e. 18.95 microtuber per jar
compared to 14.60 microtuber/jar with higher 8 mg/L of AgNPs. Again, 97.4% increase in
microtuber production was obtained by using AgNPs in comparison to controls. Similarly,
AgNO showed 51.3% more microtuber production. Thus, AgNPs are concluded to be more
effective than the ionic AgNO. These findings thus suggest importance of further research in
engineering of nanoparticles and protocol optimization to determine suitable nanoparticle
for different cultivars and their effect in crop improvement (lbrahim et al., 2018). Kefi et al.

(2000) reported TDZ at concentration 0.1 mg/L to enhance microtuberization.
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2.7 Callus Induction:

The study by Khalafalla et al. (2010) was performed to determine optimal hormonal
concentration required for calli induction via tuber segment of potato on cv. Almera.
Murashige and Skoog's medium with five different concentrations of 2,4-dichlorophenoxy
acetic acid (2, 4-D) i.e., 1.0-5.0 mg/L, were used. Within 1-2 weeks, 3 mg/L 2, 4-D showed the
fastest calli generation rate however 100% of explants produced calli on MS medium with
2.0-5.0 mg/L of 2, 4-D within 1-2 weeks. The calli were then subcultured after formation of
shoot-primordia into a media supplemented with 1.5-5.0 mg/L of TDZ and 2.0-5.0 mg/L of
benzyladenine (BA). For shoot regeneration, 5.0 mg/L TDZ displayed the longest shoot as well
as higher number of shoots per callus and for root generation 1.0 mg/L IBA was the most
successful. Then the plants were acclimatized in pots with soil to sand ratio 3:1 for 15 days

and transferred to green house (Khalafalla et al., 2010).

Optimal callus induction and regeneration protocol determination was the objective of the
study performed in Iraq. Four different cultivars namely, Arnova, Burren, Provento and
Riviera were subjected for callus induction. The internode segments were used for callus
induction. The segments were transferred to MS media with three different combinations of
hormones BA and NAA (2 mg/L BA +2.5 mg/L NAA, 2 mg/L BA+ 2 mg/L 2,4-D and 2 mg/L 2,4-
D). After callus formation, they were transferred to regeneration media with 2.5 mg/L BA+5
mg/L GAs, 3 mg/L BA+0.5 mg/L GAs + 0.03 mg/L NAA, 0.22 mg/L TDZ+ 0.49 mg/L NAA, 5 mg/L
TDZ. The varieties with the highest callus induction were found to be Burren and Riviera. They
produced calli in shorter time as well. Media with 2 mg/L BA + 2.0 mg/L 2,4-D and 2 mg/L 2,4-
D also showed good callus induction. For calli regeneration, 3 mg/L BA+ 0.5 mg/L GAs + 0.03
mg/L NAA showed best results for Burren, Provento and Riviera and 0.22 mg/L TDZ+ 0.49
mg/L NAA was better for Arnova variety. However, shoot formation was a failure (Al-Hussaini

et al,, 2015).

A study examined the impact of plant growth regulators on callus formation, shoot
production, and root regeneration in three potato cultivars using nodes and leaf as explants.

Cultivars used include Pasinler, Granola and Caspar. The optimal conditions for callus
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induction were found to be on MS medium with 3.0 mg L™ benzyl amino purine (BAP) and
2.0 mg L™ naphthalene acetic acid (NAA). Nodes exhibited improved callus induction in
comparison to leaf segments. For shoot regeneration, MS media with BAP, Kinetin, TDZ, GA3
or NAA were used. The best results were obtained on medium with 2.0 mg/L BAP and 0.25
mg/L GAs. For rooting, media with NAA or IBA & GAs were utilized. After rooting, they were
acclimatized in pots with sand, soil and manure in ratio 2:1:1 for 3 weeks and then transferred

to green house (Kumlay & Ercisli, 2015).
2.8 GUS Assay:

The GUS assay (B-glucuronidase assay) is a reporter gene system that involves the integration
of the GUS gene from Escherichia coli to detect the expression of the enzyme B-
glucuronidase. This enzyme can cleave substrates such as X-gluc (5-bromo-4-chloro-3-indolyl-
B-D-glucuronide), and produce a visible blue color in tissues where the gene is expressed
(Jefferson et al., 1987). Transgenic plant development has been substantial in the analysis
of gene and their functions in agriculture industry. Transgenic plants play a significant role in
increasing productivity as well as integration of disease resistance as well as other biotic and
abiotic stresses. The study by Dangol et al. (2020) was performed to determine optimal
protocol for development of transgenic diploid potatoes from tetraploid potatoes as diploid
potatoes can be stored as seed unlike the tetraploid potatoes. However, diploid potatoes are
problematic to regenerate. So, proper protocol for the transformation of diploid Solanum
chacoense M6 was determined in the study. Leaf, internodes, and microtubers were used as
explants. A binary Agrobacterium vector (pBIN19) with gusA gene under 35S CaMV promoter
was used for infection. Infection was performed for different durations to obtain the optimal
inoculation duration i.e. 10, 20 and 30 min. Explants were then subjected to calli induction in
MS media with different concentration of hormones BAP, NAA, transzeatin, kinetin and 2, 4-
D and then transferred to media with GA3 and TDZ for shoot generation. After histochemical
GUS analysis, the optimal inoculation time for gene transfer was found to be 20 min and
optimal hormone concentration was found to be 2 mg L' BAP and 2 mg L NAA for callus

induction from 20 min inoculated explants. Further confirmation was performed via RT-qPCR
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which showed abundant transcripts of gusA gene. GUS assay further confirmed

transformation of GUS gene (Dangol et al., 2020).

In the study conducted in Bangladesh, two potato cultivars namely, Asterix and Diamant,
were selected for Agrobacterium-mediated genetic transformation. The internodes were
used as explants for inoculation with Agrobacterium strain LBA4404/pBI121 containing GUS
and nptll genes. The explants were infected for 20, 30 and 40 min and transferred to co-
cultivation media (MS supplemented with 4.0 mg/L BAP, 1.0 mg/L IAA and 100 pmol
acetosyringone). Then, they were incubated for 2, 3 and 4 days. Again, they were transferred
to media containing 300 mg/L carbenicillin and 200 mg/L kanamycin and calli regeneration
was observed. After growth, they were subjected to GUS histochemical assay, 30 min
incubation followed by 72 h co-cultivation was the best for transformation of explants. PCR
analysis using the genomic DNA isolated from transformed shoots confirmed successful

transformation of GUS (Mollika et al., 2020).
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CHAPTER-II

MATERIALS AND METHODOLOGY

3.1 Research design:

The research design is given below:

Meristem culture of different cultivars with
varying hormonal concentration in MS media

Generation and multiplication of virus-free
plantlets

DAS-ELISA

Microtuber production using 2 to 3 Callus induction from the
nodal stem as explant in media internode segment using

supplemented with copper .
nanoparticles combination of hormones

Incubation in dark for 4 weeks Incubation for 4 to 8 weeks

Microtuber yield comparison
with non-nanoparticle
supplemented media

Agrobacterium transformation
and GUS analysis

Figure 2: General Outline of Research
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3.2 Sample collection:

Potato tubers of eleven different released and unreleased cultivars were collected on 30
August 2022 and 1 December 2022 from Khadyanna Tatha Biu Alu, Alaichi, Falful, Nursery
Udhyog, Panauti, Kavre.

The cultivars collected are enumerated below:

. 226
II.  Halka Nilo
lll.  Purple
V. MS42.3
V.  Khumal Rato
VI.  Rosita
VIl.  Desiree
VIIl.  Janakdev
IX.  Cardinal
X.  Khumal Upahar
Xl.  Khumal Bikas

3.3 Meristem culture:
Meristem culture was performed as described by Marcela and Anca (2011).
3.3.1 Sprouting:

To perform meristem culture from sprouts, tubers were stored in dark room. Then 0.25 mg/L

GAs were sprayed to induce sprouting.

3.3.2 Surface sterilization:
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Sprouts were excised from tuber and sterilized with Tween-20 and washed in running water
for 30 min. Then sprouts were then sterilized in beaker with 0.1% HgCl, for four minutes.

Finally, the explants were washed with autoclaved distilled water.

3.3.3 Meristem extraction and culture:

Meristem was then extracted under aseptic condition in laminar air flow hood which was
fumigated overnight prior to extraction with formalin (35 mL) and 17.5 g potassium

permanganate.

Sprouts were observed under stereoscope and meristematic cell with lobe-like structure was

excised and separated from leaf primordia.

The extracted meristem was then transferred to MS media with different hormone
concentration for establishment of primary meristem. The MS media were then separated

as:

e Meristem culture media 1:
GAs: 0.25 mg/L

e Meristem culture media 2 (combination media):
Kinetin- 1.5, 1.5, 1.5 mg/L
BAP-0.5,1, 1.5 mg/L

The meristems were extracted and cultured at Central Department of Biotechnology
laboratory in Tribhuvan University on 21% September 2022 and on 8™ December 2022, the
meristem cultures were incubated at Pragatishil Yuva Krishak Samuha laboratory in Banepa,

Kavre.

Meristem growth was observed in this media after 4 weeks and 8 weeks and transferred to

media with 0.25 mg/L GAs for further shoot proliferation and root induction.
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3.4 Validation of virus-free potato plantlets:

Double Antibody-Sandwiched Enzyme linked Immuno-Sorbent Assay (DAS-ELISA) for six
different potato viruses i.e. PLRV, PVA, PVY, PVM, PVX and PVS was performed on 4" May

2023 via kit obtained from International Potato center (CIP), Peru.
3.4.1 Sample processing:

Leaf samples were collected in plastic bags and extraction buffer {four times the volume (mL)
of the sample weight (g)} was added. Leaf sap was then collected by completely

homogenizing with pressure.
3.4.2 Preparation of ELISA Plates:

Coating solution was prepared with viral IgG and coating buffer as per instruction manual
provided by CIP and 100 uL coating solution was added to each well and incubated at 37 2C
for 3-4 h. Then plates were washed with washing buffer and 100 pL of sample was added to

the wells. After sealing, plates are incubated overnight at 4 2C.

After the incubation, plates were washed with washing buffer, and to each well, 90 uL of
conjugate buffer was added. It was then again incubated for 3-4 h at 37 2C. The plates were
then washed and 80 L of substrate solution was added on each well. After allowing reaction
to occur for 60 to 90 min, change to yellow coloration was observed for positive reaction and
ELISA plate reader was used to determine threshold values as directed by CIP, Peru. If the
optical density of sample is less than twice than that of negative control (i.e. threshold value),

it is considered as negative and free of viruses.
X = Xh X 2 ---mmmeemeeee Equation (1)
Where, x= threshold value

Xh= average value of healthy controls (negative control)
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3.5 Microtuber Production using Nanoparticles

We obtained nanoparticles from Dr. Surendra Kumar Gautam (Assistant Dean of Institute of
Science and Technology, Tribhuvan University). CuNp (CuO) of average size 17.24 nm was
provided by Mr. Deval Prasad Bhattarai of Amrit Science Campus. For homogenization, the

sonicator was used at 100 W and 30 kHz for 45 min as suggested by Hamza (2019).

Different nanoparticles concentrationi.e. (1, 2 and 3 mg/L) of CuNP along with plant hormone
TDZ (0.5 mg/L) (separately and in combination) were added to liquid MS media in a culture
jar with sterile cotton where the media acts as semi-solid media. Explants i.e. shoots with 2-
3 nodes of potato cv. Desiree were placed horizontally in the jar (3 per jar). It was then
incubated in the dark at 22 2C for 4-6 weeks and microtuberization was detected (Dangol et

al., 2020).
3.6 Callus induction:

Virus-free in vitro samples of five different cultivars were subjected to callus induction i.e.
MS42.3, Purple, Rosita, P.L. and K.U. were obtained from Khadyanna Tatha Biu Alu, Alaichi,
Falful, Nursery Udhyog, Panauti. Internode segments were used as explants for callus
induction. Twelve different Callus Induction media (CIM) with varying hormone

concentrations were prepared.

CIM 1 to 3 contained constant 1.0 mg/L 2, 4-D with 0.5, 1 and 1.5 mg/L kinetin respectively.
CIM 2 to 6 contained constant 2.0 mg/L kinetin with 1.0, 1.5 and 2.0 mg/L 2, 4-D respectively.
Meanwhile, CIM 7 to 9 had constant 1.0 mg/L NAA with 1.0, 1.5 and 2.0 mg/L BAP
respectively. CIM 10 to 12 had constant 2.0 mg/L BAP with 1.0, 1.5 and 2.0 mg/L NAA
respectively. For regeneration media, MS media with 0.25 mg/L GAs was used and calli were

sub-cultured periodically. Protocol as suggested by Kawochar et al. (2017) was followed.
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3.7 Agrobacterium Transformation:

The Agrobacterium strain was obtained from Plant Genome Editing Laboratory of Central
Department of Biotechnology, Tribhuvan University, Kirtipur led by Dr. Sarbesh Das Dangol
and Dr. Jarina Joshi funded by University Grants Commission (UGC-CRIG-78/79-S&T-08).

The transformed LBA4404 strain of Agrobacterium tumefaciens with pAXY0002 obtained with
B-glucuronidase gusA gene was grown overnight in LB broth containing 50 mg/L rifampicin
and 100 mg/L streptomycin. The leaf and internode explants of cv. P. L. were treated with 15
mL of liquid MS medium and 2 mL of transformed Agrobacterium was used to infect the
internodes (OD value of 0.8 at 600 nm). Next, the explants were dried on blotting paper and
transferred to MS media with 100 mg/L of acetosyringone (co-cultivation media) and they
were incubated in dark for 3 days. The explants were then washed with 150 mg/L of timentin
(Vinterhalter et al., 2008) with shaking. Then they were allowed to dry in blotting paper. Few
explants were randomly selected for GUS histochemical assay and immersed in GUS staining
solution (1 mM X-gluc, 10 mM EDTA, 100 mM NaH2PO04, 0.1% Triton X100, 50% methanol,
pH-8) for 12 h. Remaining explants were dried and transferred to CIM-11 with 150 mg/L
timentin for calli induction. After overnight immersion, explants were destained with 70%

alcohol and observed under stereomicroscope (Dangol et al., 2020).
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CHAPTER-IV

RESULTS

4.1 Meristem culture:

Meristem culture was performed for eleven cultivars in four different calli induction media.
Seven samples were first subjected to meristem culture. After 4 weeks, slight green

regenerations observed in BAP 1 mg L't and 1.5 mg L! kinetin in Khumal Rato.

Table 2: Meristem culture regeneration after 8 weeks

Khumal | khumal | 226 | Purple | Halka | Rosita | K.B.
rato upahar nilo

Media 1 (0.25 mg/L GA3) 0 0 1 1 1 1 0

Media 2 (1.5 mg/L kinetin + 0.5 0 0 0 0 0 0 0
mg/L BAP)

Media 3 (1.5 mg/L kinetin + 1.0 1 1 0 0 0 1 0
mg/L BAP)

Media 4 (1.5 mg/L kinetin + 1.5 0 0 1 0 0 0 0
mg/L BAP)

Meristem culture of another six samples was performed on 8™ December, 2022. Khumal Bikas

showed no growth.
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Table 3: Second Meristem culture regeneration after 8 weeks

Cardinal | Desiree | 226 | Purple | Janakdev | MS42.3

Media 1 (0.25 mg/L GA3) 0 1 0 1 0 0

Media 2 (1.5 mg/L kinetin + 0 0 1 0 0 0
0.5 mg/L BAP)

Media 3 (1.5 mg/L kinetin + 0 0 0 0 1 0
1.0 mg/L BAP)

media 4 (1.5 mg/L kinetin + 1 1 1 0 0 1
1.5 mg/L BAP)

Meristem growth was observed in 0.25 mg/L GAs in cultivars 226, Rosita, Desiree, Purple and
Halka Nilo. Growth was seen in combination media in 0.5 mg/L BAP and 1.5 mg/L kinetin in
cv. 226. In 1.0 mg/L BAP and 1.5 mg/L kinetin, growth was seen in Rosita, Khumal upahar
(K.U.), Khumal rato and Janakdev. Growth was observed in 1.5 mg/L BAP and 1.5 mg/L kinetin
in cvs. 226, MS42.3, Desiree and Cardinal. Further, regenerated cultivars were transferred to

regeneration media (0.25 mg L'! GA3).
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Total meristem regeneration

(O, ]

IS

No. Of growths

N

1 ,—\
Media 1 (0.25 mg/L GA3) Media 2 (1.5 mg/L kinetin + Media 3 (1.5 mg/L kinetin + Media 4 (1.5 mg/L kinetin +
0.5 mg/L BAP) 1.0 mg/L BAP) 1.5 mg/L BAP)

Figure 3: Graph depicting total meristem culture regeneration in different meristem culture media.
Greater meristem regeneration rate was seen in 0.25 mg/L GA; and with increase in BAP

concentration.

Best media for meristem culture observed was on Media 1 with GA3 (0.25 mg/L) and Media

4 with BAP 1.5 mg/L + kinetin 1.5 mg/L.

4.2 DAS-ELISA:

After meristem regeneration, 14 samples (see Appendix 3) of 10 different cultivars were

tested for 6 potato viruses, namely, PVA, PVX, PVM, PVY, PVS and PLRV.
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Figure 4: Comparison of absorbance values for all the samples against the threshold values for PVA.
Threshold values are twice the absorbance of negative control. Any sample with absorbance
approaching threshold value are considered positive for PVA. Here, A= Desiree (0.25 mg/L GAs), B=
J.D. (1.0 mg/ L BAP + 1.5 mg/L kinetin), C= 226 (0.25 mg/L GAs), D=P.L. (1.0 mg/L BAP + 1.5 mg/L
kinetin), E= K.U. (1.5 mg/L BAP + 1.5 mg/L kinetin) F= 226 (1.5 mg/L BAP + 1.5 mg/L kinetin), G= K.R.
(1.0 mg/L BAP + 1.5 mg/L kinetin) H= MS42.3 (1.5 mg/L BAP + 1.5 mg/L kinetin), I= Cardinal (1.5
mg/L BAP + 1.5 mg/L kinetin), J= Purple (0.25 mg/L GA3), K= Desiree (1.5 mg/L BAP + 1.5 mg/L
kinetin), L= K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin), M= Rosita (1.5 mg/L BAP + 1.5 mg/L kinetin), N=
K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin). All samples are free of PVA.
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Figure 5: Comparison of absorbance values for all the samples against the threshold values for PVM.

Threshold values are twice the absorbance of negative control. Any sample with absorbance

approaching threshold value are considered positive for PVYM. Here, A= Desiree (0.25 mg/L GA3), B=

J.D. (1.0 mg/ L BAP + 1.5 mg/L kinetin), C= 226 (0.25 mg/L GAs), D=P.L. (1.0 mg/L BAP + 1.5 mg/L

kinetin), E= K.U. (1.5 mg/L BAP + 1.5 mg/L kinetin) F= 226 (1.5 mg/L BAP + 1.5 mg/L kinetin), G= K.R.

(1.0 mg/L BAP + 1.5 mg/L kinetin) H= MS42.3 (1.5 mg/L BAP + 1.5 mg/L kinetin), I= Cardinal (1.5

mg/L BAP + 1.5 mg/L kinetin), J= Purple (0.25 mg/L GA3), K= Desiree (1.5 mg/L BAP + 1.5 mg/L

kinetin), L= K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin), M= Rosita (1.5 mg/L BAP + 1.5 mg/L kinetin), N=

K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin). Eight samples show low degree positivity.
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Figure 6: Comparison of absorbance values for all the samples against the threshold values for PVX.

Threshold values are twice the absorbance of negative control. Any sample with absorbance

approaching threshold value are considered positive for PVX. Here, A= Desiree (0.25 mg/L GAs), B=

J.D. (1.0 mg/ L BAP + 1.5 mg/L kinetin), C= 226 (0.25 mg/L GAs), D=P.L. (1.0 mg/L BAP + 1.5 mg/L

kinetin), E= K.U. (1.5 mg/L BAP + 1.5 mg/L kinetin) F= 226 (1.5 mg/L BAP + 1.5 mg/L kinetin), G= K.R.

(1.0 mg/L BAP + 1.5 mg/L kinetin) H= MS42.3 (1.5 mg/L BAP + 1.5 mg/L kinetin), I= Cardinal (1.5

mg/L BAP + 1.5 mg/L kinetin), J= Purple (0.25 mg/L GA3), K= Desiree (1.5 mg/L BAP + 1.5 mg/L

kinetin), L= K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin), M= Rosita (1.5 mg/L BAP + 1.5 mg/L kinetin), N=

K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin). Three samples show low degree positivity.
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Figure 7: Comparison of absorbance values for all the samples against the threshold values for PVS.
Threshold values are twice the absorbance of negative control. Any sample with absorbance
approaching threshold value are considered positive for PVS. Here, A= Desiree (0.25 mg/L GAs), B=
J.D. (1.0 mg/ L BAP + 1.5 mg/L kinetin), C= 226 (0.25 mg/L GA;), D=P.L. (1.0 mg/L BAP + 1.5 mg/L
kinetin), E= K.U. (1.5 mg/L BAP + 1.5 mg/L kinetin) F= 226 (1.5 mg/L BAP + 1.5 mg/L kinetin), G= K.R.
(1.0 mg/L BAP + 1.5 mg/L kinetin) H= MS42.3 (1.5 mg/L BAP + 1.5 mg/L kinetin), I= Cardinal (1.5
mg/L BAP + 1.5 mg/L kinetin), J= Purple (0.25 mg/L GAs), K= Desiree (1.5 mg/L BAP + 1.5 mg/L
kinetin), L= K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin), M= Rosita (1.5 mg/L BAP + 1.5 mg/L kinetin), N=

K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin). Seven samples show low degree positivity.
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Figure 8: Comparison of absorbance values for all the samples against the threshold values for PVY.

Threshold values are twice the absorbance of negative control. Here, A= Desiree (0.25 mg/L GAs), B=

J.D. (1.0 mg/ L BAP + 1.5 mg/L kinetin), C= 226 (0.25 mg/L GA;), D=P.L. (1.0 mg/L BAP + 1.5 mg/L

kinetin), E= K.U. (1.5 mg/L BAP + 1.5 mg/L kinetin) F= 226 (1.5 mg/L BAP + 1.5 mg/L kinetin), G= K.R.

(1.0 mg/L BAP + 1.5 mg/L kinetin) H= MS42.3 (1.5 mg/L BAP + 1.5 mg/L kinetin), I= Cardinal (1.5

mg/L BAP + 1.5 mg/L kinetin), J= Purple (0.25 mg/L GA3), K= Desiree (1.5 mg/L BAP + 1.5 mg/L

kinetin), L= K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin), M= Rosita (1.5 mg/L BAP + 1.5 mg/L kinetin), N=

K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin). All samples show negative result.
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Figure 9: Comparison of absorbance values for all the samples against the threshold values for PLRV.
Threshold values are twice the absorbance of negative control. Any sample with absorbance
approaching threshold value are considered positive for PLRV. Here, A= Desiree (0.25 mg/L GAs), B=
J.D. (1.0 mg/ L BAP + 1.5 mg/L kinetin), C= 226 (0.25 mg/L GAs), D= P.L. (1.0 mg/L BAP + 1.5 mg/L
kinetin), E= K.U. (1.5 mg/L BAP + 1.5 mg/L kinetin) F= 226 (1.5 mg/L BAP + 1.5 mg/L kinetin), G= K.R.
(1.0 mg/L BAP + 1.5 mg/L kinetin) H= MS42.3 (1.5 mg/L BAP + 1.5 mg/L kinetin), I= Cardinal (1.5
mg/L BAP + 1.5 mg/L kinetin), J= Purple (0.25 mg/L GA3), K= Desiree (1.5 mg/L BAP + 1.5 mg/L
kinetin), L= K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin), M= Rosita (1.5 mg/L BAP + 1.5 mg/L kinetin), N=
K.R. (1.5 mg/L BAP + 1.5 mg/L kinetin). PLRV is absent in all the samples.

37



Table 4: DAS-ELISA results of different cultivars

PVA

PVM

PVS

PVY

PLRV

PVX

Khumal Upahar

Negative

low
degree
positive

Negative

Negative

Negative

Negative

226

Negative

low
degree
positive

Negative

Negative

Negative

Negative

Khumal Rato

Negative

low
degree
positive

Negative

Negative

Negative

Negative

Purple Negative | low Negative | Negative | Negative | Negative
degree
positive

Desiree Negative | low low Negative | Negative | low
degree degree degree
positive positive positive

Khumal Rato Negative | low Negative | Negative | Negative | Negative
degree
positive

Rosita Negative low Negative Negative Negative Negative
degree
positive

Khumal Rato Negative | low low Negative | Negative | Negative
degree degree
positive positive
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If the optical density of sample i.e. threshold value is less than twice than that of negative
control, it is considered as negative and free of viruses. Wavelength for O.D. was 405 nm and

readings were taken by ELISA reader.

By performing DAS-ELISA, the cvs. P.L., Desiree, Janakdev, 226, MS-42.3 and Cardinal were
confirmed to be free of viruses. P.L. was then selected for Agrobacterium transformation and

cv. Desiree for microtuber production.

4.3 Microtuberization with Nanoparticles:

Microtuberization

1.8

1.6

1.4

1.2

0.8

0.6

No. of microtubers

0.4

O T T T

TDZ (0.5 mg/L) CuNp(1.0 mg/L) CuNp(2.0 mg/L) CuNp(3.0 mg/L) CuNp(1.0 mg/L) CuNp(2.0 mg/L) CuNp(3.0 mg/L)
+TDZ (0.5 mg/L) + TDZ (0.5 mg/L) + TDZ (0.5 mg/L)

® Microtubers

Figure 10: Graph depicting microtuberization in TDZ hormone, CuNP and in combination media with

both TDZ and CuNP. Microtuberization was sparse with slight improvement in combination media.

Microtuber formation was quite low as shown in Figure 10. CuNP 2.0 mg/L with TDZ (0.5
mg/L) produced highest number of microtubers. It showed slight enhancement compared to
microtuberization with only either hormone or CuNPs. CuNPs without hormone didn’t
produce any microtuber. The highest microtuber size was in CuNP 2.0 mg/L with TDZ (0.5
mg/L) yielding a size of diameter 4.6 mm with 0.31 g. Rest of the microtubers were less than

2 mm in diameter. However, data obtained wasn’t much reliable due to high standard error.
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4.4 Callus Induction:

Calliinduction for five different cultivars MS42.3, P.L., Rosita, Purple and K.U. was performed.

Callus was observed after 4 weeks and regeneration after 4 weeks.

MS42.3
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Figure 11: Average number of calli generated in different callus induction media (CIM) for cv.
MS42.3. (See Appendix 1 for different CIM compositions). Calli formation was high in CIM-5 with 2.0
mg/L kinetin and 1.5 mg/L 2,4-D (94.4%) and in CIM-10 with 2.0 mg/L BAP and 1.0 mg/L NAA
(94.4%).
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Figure 12: Average number of calli generated in different Callus Induction media (CIM) for cv.
Purple. (see Appendix 1 for different CIM composition). Calli formation was high in CIM-12 with 2.0
mg/L BAP and 2.0 mg/L NAA (88.89%).
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Figure 13: Average number of calli generated in different Callus Induction media (CIM) for cv. K.U.
(see Appendix 1 for different CIM composition). Calli formation was low in CIM 1-6 with kinetin and

2,4-D. Callus induction was highest in CIM-9 (83.33%) with 2.0 mg/L BAP and 1.0 mg/L NAA.
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Figure 14: Average number of calli generated in different callus induction media (CIM) for cv. P.L.

(see Appendix 1 for different CIM composition). Callus induction was the highest in CIM-11 (94.4%)

with 2.0 mg/L BAP and 1.5 mg/L NAA.
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Figure 15: Average number of calli generated in different Callus Induction media (CIM) for cv. Rosita.

(Appendix 1 for different CIM composition). Calli formation was observed to be highest in CIM 3
(55.56%) with 1.5 mg/L kinetin and 1.0 mg/L 2,4-D. Callus induction was very low in CIM 7-12 wit
BAP and NAA.
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Average callus induction rates
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Figure 16: Callus induction rate in different Callus Induction Media (CIM) for different potato
cultivars. Y-axis denotes total callus induction rate and X-axis indicates different callus induction
media. CIM-12 with 2mg/L BAP+ 2mg/L NAA shows best average callus induction rate (64.44%).
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Plantlet regeneration
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Figure 17: Percentage of plantlet regeneration of cv. MS42.3. Y-axis shows the percentage of

plantlets regenerated from total callus induced and X-axis indicated the media callus was induced

from.

During callus regeneration after transfer into regeneration media, MS42.3 had average

regeneration rate of 59.167% with CIM-9 calluses showing high regeneration rate.
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Figure 18: Percentage of plantlet regeneration of cv. Purple. Y-axis shows the percentage of

plantlets regenerated from total callus induced and X-axis indicated the media callus was induced

from.

Potato cv. Purple showed very low regeneration rate of 15.38%.
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Figure 19: Percentage of plantlet regeneration of cv. Panauti Local. Y-axis shows the percentage of

plantlets regenerated from total callus induced and X-axis indicated the media callus was induced

from.

P.L. displayed regeneration rate of 57.34% with CIM-5 induced callus showing high

regeneration. Cultivars K.U. and Rosita failed to regenerate.
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Figure 20: Graph comparing total callus obtained, total plantlet regenerated and the plantlet
regeneration from calli in different cultivars. P.L. showed higher calli induction however MS42.3 had

higher regeneration rate from callus.

From Figure 20, comparing the total plant regeneration from calli induced on CIM media,
greater callus induction rate was observed for P.L. Both MS42.3 and P.L. showed high
regeneration rates. Therefore, best cultivars for calli induction and regeneration observed

were MS42.3 and P.L.
4.5 Agrobacterium transformation and GUS analysis:

Panauti local explants i.e. leaf and internodes were infected with Agrobacterium strain
LBA4404 containing GUSPlus gene. After immersing in GUS solution overnight, explants were
observed for infection in stereomicroscope. However, no evidence of transformation was

observed indicating failure in Agrobacterium transformation.
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CHAPTER-V

DISCUSSION

5.1 Meristem culture:

In this study of eleven different cultivars, meristem growth was observed in 0.25 mg/L GAs in
cvs. 226, Rosita, Desiree, Purple and Halka Nilo; 0.5 mg/L BAP and 1.5 mg/L kinetin in cultivar
226; 1.0 mg/L BAP and 1.5 mg/L kinetin in Rosita, K.U., Khumal Rato and Janakdev; 1.5 mg/L
BAP and 1.5 mg/L kinetin in 226, MS42.3, Desiree and Cardinal. Among those, the unreleased
cv. 226 showed great regeneration with both 0.25 mg/L GAs and 1.5 mg/L BAP+1.5 mg/L
kinetin. Similarly, cv. Purple showed greater regeneration in 0.25 mg/L GAs. Among the
hormones, 0.25 mg/L GAs; showed the best results with growth of five cvs. Rosita, Halka Nilo,
Purple, Desiree and 226. In this study, the concentration of kinetin was kept constant (1.5
mg/L) with three different BAP concentrations i.e., 0.5 mg/L, 1.0 mg/L and 1.5 mg/L. Among
these combinations, one with 0.5 mg/L supported very low growth of meristem. While 1.5
mg/L BAP concentration of BAP displayed best result with 5 cultivars displaying growth. BAP
is cytokinin and has property of inducing cell division. At lower concentration hormone
concentration maybe insufficient to induce enough cell division. At high concentration, it may
hinder growth by inhibiting apical dominance (Badoni & Chauhan, 2009). Cytokinin like
kinetin and BAP are plant hormones that are derivatives of the purine adenine and thus the
lower growth rate in media with kinetin maybe attributed to high kinetin concentration

resulting to inhibition of apical dominance (Kieber, 2002).

GA is essential component in plant regeneration due to its great activity resulting in shoot
growth. So, they are used for regeneration of meristem from callus as well. They contribute
to increase in length of regenerated plants. Hence, greater number of cultivars could have
been regenerated using GAs as phytohormone (Marcela & Anca, 2011). The evaluation of GA3
hormone showed similar positive growth effects on micro-propagation of potato (Pereira &

Fortes, 2003). Badoni and Chauhan (2009) study showed (0.25 mg/L) was the best one for the
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development of complete plants from meristem culture which showed similar findings as in

our study.

The lack of growth of certain cultivars could be attributed due to their recalcitrant nature
which makes certain genotype difficult to be cultured in vitro and complicates the process of
producing virus-free healthy seeds (Heeres et al., 2002). Similarly, various factors that may
contribute to such low levels of plant regeneration include lack of quality seeds of good
varieties, non-cultivability of potato seeds in vitro and response to different hormones.
Potatoes are usually cultivated by vegetative propagation and hence are quite vulnerable to
viral diseases. Shoots of an apical meristem and the first set of primordial leaves aren’t
connected to vascular bundle and therefore aren’t vulnerable to viruses as viruses pass
through the vascular bundle. So, if meristem of a plant is excised aseptically and cultured in

vitro, it is possible to generate completely virus-free plants. (Azad et al., 2020)

However, the excision process needs to be quite precise. If the meristem is too small, no
regeneration is obtained. As such could be the case for lower rate of regeneration. Similarly,
larger meristem size may result in failure to solely isolate the virus-free meristem. Hence,
explant could be contaminated with virus, impeding the regeneration or causing
development of virus infected plants. Studies have shown that the survival rate of potato
plants after meristem culture doesn’t depend necessarily on varieties and are more
influenced by other factors such as size of meristem, precaution and handling during

extraction and culture and also incubation conditions (Ali et al., 2013).
5.2 Validation of virus-free potato plantlets:

DAS-ELISA was performed in order to ensure that the meristem culture procedure proceeded
successfully. Via DAS-ELISA, the cvs. P.L., Desiree, Janakdev, 226, MS42.3 and Cardinal were
confirmed to be free of viruses. ELISA involves hydrolysis of substrate nitrophenyl phosphate
by alkaline phosphate producing characteristic yellow color. Its sensitivity is 1 to 10 ng/mL

(Regenmortel, 1982).
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All the cultivars were found to be free of PVA. However, low degree negativity or low
prevalence of PVM was found in eight samples. Further analysis is necessary to ensure virus
free plantlets in such cases. Hence, such samples weren’t selected for further studies. PVX
was detected in three of the samples. Low degree of prevalence of PVS was detected in seven
cultivars. No prevalence of PVY and PLRV was observed. Potato viruses could have been
detected as a result of large meristem excision resulting in failure to isolate only the virus-

free meristems.

Virus infection of potato, for a long time, was a problem affecting the yield and productivity
for farmers. Hence, proper method to eliminate viruses is necessary. ELISA is an effective
immunogenic assay to detect virus infecting the potato in order to devise and optimize
methods required to eliminate these viral diseases (Salazar, 1994). In our study, PVS, PVX and
PVY viruses were found in our samples which were similar to study conducted previously by
Potato Research Program, Khumaltar. They found high prevalence of PVY and PVS and
absence of PVA in local cultivars (Sakha et al., 2007) similar to observation in our study. Virus-
free cv. Desiree was then selected for microtuberization and cv. P.L. for Agrobacterium

transformation.
5.3 Microtuberization with Nanoparticle:

Microtuberization is an alternate method of seed production. Nanoparticles have now been
known to improve crop yield by enhancing transport as well as making plant sturdier to
stresses. Microtuberization depends on various factors such as hormones, genotypes etc.
Previous studies showed that quality and yield varied highly based on genotypes (Kefi et al.,
2000). Microtuber formation was the highest in CuNP 2.0 mg/L with TDZ (0.5 mg/L). It showed
slight enhancement compared to microtuberization with only either hormone or CuNPs.
CuNP without hormone didn’t yield any microtubers. The highest microtuber size was in CUNP
2.0 mg/L with Thidiazuron (0.5 mg/L) with diameter 4.6 mm with 0.31 g. Rest of the

microtubers were less than 2 mm in diameter.
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The microtuber sizes and weight was quite low compared to studies performed by Ibrahim et
al. (2018) in cv. Desiree using AgNPs. The highest average weight of microtuber was 312.18
mg and the average diameter of microtuber was 10.15 mm in Desiree using 1 mg/L AgNPs

(Ibrahim et al., 2018).

Microtuber production, from our study, seems to be positively affected by TDZ (Turkmen et
al., 2017) as well by common effect of TDZ and CuNP with 2.0 mg/L CuNP and 0.5 mg/L TDZ
producing the best results. Microtuberization without hormone, in presence of only the
nanoparticle has diminished effect. This effect could be due to the ability of CUNP to improve
nutrient transport and absorption by plant (Mahmoud et al., 2020), therefore enhancing the
effect of TDZ hormone on microtuber production. Lower size of potato microtuber could be

due to temperature as well as early harvesting of seeds (Randhawa & Chandra, 1990).

5.4 Callus induction:

We performed callus induction in five different cvs. MS42.3, P.L.,, Rosita, Purple, K.U.
Optimization of callus induction in these five cultivars in different concentration of two
different combinations of plant hormones was performed. In this study, combination of
hormones used were kinetin+2,4-D (CIM-1 to CIM-6) and BAP+NAA (CIM-7 to CIM-12).
Hormone concentration of one was kept constant while varying another (three different

concentrations) to study the individual effects as well.

In MS42.3, calli formation was the highest in CIM-5 with 2.0 mg/L kinetin and 1.5 mg/L 2,4-D
and in second combination callus induction was the highest in CIM-10 with 2.0 mg/L BAP and
1.0 mg/L NAA. BAP and NAA combination displayed better induction compared to kinetin and
2,4-D. There was no callus induction in lower concentration of kinetin (0.5 and 1 mg/L). In
Purple, calli formation was high in CIM-6 with 2.0 mg/L kinetin and 2.0 mg/L 2,4-D and for
second combination, it was the highest in CIM-12 with 2.0 mg/L BAP and 2.0 mg/L NAA. Again,
BAP and NAA combination displayed better induction compared to kinetin and 2,4-D and no

callus induction was observed in low concentration of kinetin (0.5 mg/L).

51



In cv. K.U., calli formation was low in CIM-1 to CIM-6 with the best results in CIM-4 and CIM-
5 with kinetin and 2,4-D. Callus induction was the highest in CIM-9 with 2.0 mg/L BAP and 1.0
mg/L NAA. BAP and NAA combination was better for calli induction compared to kinetin and
2,4-D. There was callus induction only in higher kinetin and 2,4-D concentrations. In P.L., calli
formation was high in CIM-5 with 2.0 mg/L kinetin and 1.5 mg/L 2,4-D. Callus induction was
the highest in CIM-11 with 2.0 mg/L BAP and 1.5 mg/L NAA. In cv. Rosita, calli formation was
the highest in CIM-3 with 1.5 mg/L kinetin and 1.0 mg/L 2,4-D. Callus induction was very low
in CIM-7 to CIM-12 with BAP and NAA. Rosita is the only variety tested that showed better

callus induction results in kinetin and 2,4-D.

Callus induction rate depends on diameter and the size of callus. In addition, the potato
cultivars, type of explants and plant hormones used extensively affect callus induction
(Kumlay & Ercisli, 2015). Cytokinins promote cell division and play a major role in callus
formation as they reduce the lignification of cell walls on the cut surface inducing callus
formation (Hoque et al., 2006). Cytokinins also contribute to adventitious shoot formation

(Makunga et al., 2005).

Yasmin et al. (2003) reported high (95%) callus induction with media containing 2.0 mg/L BAP
and NAA. In this study, we also observed high callus induction with 2.0 mg/L BAP and NAA
(CIM-12). Laboney et al. (2013) reported high callus formation (95%) in 2 mg/L 2,4-D. In
similar concentrations of 2,4-D (1.5 and 2 mg/L) in CIM-5 and CIM-6, we observed better

growth in almost all the cultivars.
5.5 Regeneration of plantlets:

It has been well known that GAs; promotes cell division, cell elongation and it also promotes
shoot development (Dhital et al., 2010a). Dhital et.al. (2016) observed the highest root
regeneration using 0.1 mg/L GAs; with NAA and zeatin. For shooting, Laboney et al. (2013)
observed that the shoot regeneration was the fastest using 0.5 mg/L GAs and 1.0 mg/L BAP
took about 15 days. The hormone GAs was used for plant regeneration and we observed

regeneration in most calluses after 3 to 4 weeks.
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MS42.3 had average regeneration rate of 59.167% with CIM-9 calluses showing high
regeneration rate. Potato cv. Purple showed very low regeneration rate of 15.38%. P.L.
displayed regeneration rate of 57.34% with CIM-5 induced callus showing high regeneration.
Cultivars K.U. and Rosita failed to regenerate. MS42.3 and P.L. showed high regeneration
rates. Hence, we identified optimal hormone concentration for calli induction and

regeneration in local cultivars.
5.5 Agrobacterium Transformation and GUS analysis:

Transformation in potato is dependent on cultivars (Veale et al., 2012). Donmez et al. (2019)
used LBA4404 with pBIN19 to optimize Agrobacterium transformation in different cultivars
and found it to be quite effective either by leaf or internode as explant. In similar way, Bakhsh
et al. (2014) found Agrobacterium tumefaciens strain LB4404 to be more infective and
efficient than other strains for transformation in dicots and internode was found more
susceptible to infection by LBA4404 containing pBIN19 expression vector with [-

glucuronidase gusA gene under the control of 355 CaMV promoter.

Leaf and internodes Solanum tuberosum cv. P.L. were infected with Agrobacterium strain
LBA4404 with pAXY0002 containing GUSPlus gene. After immersing in GUS solution
overnight, explants were observed for infection in stereomicroscope. However, no evidence
of transformation was observed indicating failure in Agrobacterium transformation. This
study was performed to study infection rate on local cultivar however no result was obtained.
This may be due to various factors such as low infectivity or compatibility. The failure of
transformation could also be attributed to the in-effectivity of certain Agrobacterium strain

for a particular cultivar.
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CHAPTER-VI

CONCLUSION

We successfully obtained virus free regeneration of local potato cultivars using meristem
culture. We also observed some potato viruses that may be present on local samples via DAS-
ELISA. We made an effort to optimize meristem culture protocol as well as callus induction
and microtuberization protocol on locally important cultivars. We determined optimal
hormone and Copper Nanoparticle concentration for microtuberization. This research was
among the first in Nepal in terms of CuO Nanoparticle for microtuberization of local cultivar.
We performed Agrobacterium transformation for local cultivar; however, we did not observe
success due to limited trials. The utilization of virus-free potatoes for microtuberization to
generate pre-basic seeds using combination of nanoparticle and TDZ as well as
transformation optimization parameters performed in this study will help gene manipulation
and editing studies in potato for better tuberization. This study highlights the importance of
implementing the proper protocols for integration of modern nanotechnology into
conventional plant technology and describes the improvement it brings to crop production
and vyield. Accurate comprehension and further studies to understand dynamics of such
technologies within the rapidly advancing agriculture sector is absolutely crucial for leading

Nepali agriculture to modern era.
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CHAPTER-VII

RECOMMENDATIONS

I. Itis recommended to expand similar technology to other local potato cultivars.
II. It is suggested that more diverse samples be obtained in terms of geographical

characteristics.

[ll.  Our findings highlight the importance of modern nanotechnology in agriculture and

new plans should be established for its application on a wider scale.
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APPENDICES

Appendix 1: Media Preparation protocols

Callus Induction Media composition:

Kinetin (mg/L)

2,4-D (mg/L)

CiM-1 0.5 1.0
CiMm-2 1.0 1.0
CiMm-3 15 1.0
CiM-4 2.0 1.0
CiMm-5 2.0 1.5
CiM-6 2.0 2.0
BAP (mg/L) NAA (mg/L)
Cim-7 1.0 1.0
CiM-8 15 1.0
CiM-9 2.0 1.0
CiM-10 2.0 1.0
CiM-11 2.0 15
CiMm-12 2.0 2.0




MS media preparation:

Stock I: Prepare 500 mL of 20X stock solution I:

Note: For 20x dissolve original concentration in 500 mL

Chemicals 10X(mg L?) 20x
KNO3 19000 19
NHsNOs3 16500 16.5
MgS04.7H.0 3700 3.7
CaCl2.2H.0 4400 4.4
KH2PO4 1700 1.7
Final volume 1000 mL 500 mL
Stock II: Prepare 100 mL of 1000X stock solution II:
Note: For 1000X dissolve original concentration in 100 mL
Chemicals 100X(mg L) 1000x
Kl 83 0.083
H3BO3 620 0.62
MnSO04.4H0 2230 2.23
ZnS04.7H,0 860 0.860
Na:Mo04.2H,0 25 0.025
CuS04.5H,0 2.5 0.0025
CuCl,.6H.0 2.5 0.0025
Final volume 1000 mL 100 mL




Stock lll: Prepare 100 mL of 100X stock solution lll: For 100X dissolve original concentration

in 100 mL
Chemicals 10X(mg L) 100x
Na2EDTA 373 0.373
FeS04.7H,0 278 0.278
Final volume 1000 mL 100 mL

Stock IV: Prepare 100 mL of 1000X stock solution IV: For 1000x dissolve original

concentration in 100 mL

Chemicals 10X(mg L?) 100x
Glycine 200 0.2
Nicotinic acid 50 0.05
Pyridoxin HCI 50 0.05
Thiamine HCI 10 0.01
Final volume 1000 mL 100 mL
Stock | 50 mL
Stock Il 1mL
Stock Ill 10 mL
Stock IV 1mL
Myo-inositol 100 mg
Sucrose 30g
Make final volume 1000 mL
Adjust PH 5.6-5.8




Appendix 2: Photographs

Meristem extraction Meristem transfer to various culture media

Plantlet regeneration from meristem Various Plantlets regenerated

Plant regeneration via meristem culture
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Figure: Plant regeneration from callus in P.L.
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Appendix 3: Miscellaneous

l. Meristem culture media

S.N. Hormones Concentration (mgL?)
1 Gibberellic acid-3 (GAs) 0.25
2 6-benzyl amino purine (BAP) 0.5
kinetin 1.5
3 BAP 1.0
kinetin 1.5
4 BAP 1.5
kinetin 1.5

Il. Callus induction media:

Kinetin (mgL?) 2,4-D (mgL?)
CiM-1 0.5 1.0
CiMm-2 1.0 1.0
CiMm-3 15 1.0
Cim-4 2.0 1.0
CiM-5 2.0 1.5
CiM-6 2.0 2.0
BAP (mg L) NAA (mg L)
CiMm-7 1.0 1.0

viii
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