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Tissue Culture Studies of Berberis Iycium Royle Abstract

ABSTRACT

The current study was aimed for the in viro multiplication of Berberis lycium Royle, an
important medicinal shrub by employing tissue culture technique and to optimize a protocol for
callogenesis and in vitro regeneration. Berberis lycium Royle belongs from the genus
Berberidaceae and is native to Pakistan, India and whole region of Himalayas, In Pakistan, it
grows in Baluchistan, NWFP, Punjab and Azad Kashmir at elevation of 900 to 2900 m. The
plant shows various healing activities and for this purpose different portion of the plant such as
roots, leaves and fraits etc are utilized. The plant is identified to prevent renal disorders, skin
infections, abdominal disorders, common cold and cough, typhoid etc. Berberis lycium is also
known to have antidiabetic, antihyperlipidemic, hepatoprotective, antibacterial, antifungal,

anticoccidial, pesticidal and wound healing properties.

There is only a little published information on the in vitro and cutting propagation of Berberis
lvcium,. Wo work has been done on in vifro conservation of this plant in Pakistan yet. According
to International Union for Conservation of Nature (IUCN) categories, Berberis lycium species
are vulnerable. Therefore a quick clonal proliferation method and an optimized protocol for the

in vitro regeneration of Berberis lycium, an important therapeutic shrub is needed.

'or callus induction different concentrations that are 0.5, 1.0 and 1.5 mg/L of 2, 4-D and
different explants like leaves and nodal segments were used. The plant showed best callus
induction on nodal explants at the concentration of 1.0 mg/L followed by 1.5 and 0.5 mg/L. Calli
were then transferred to MS medium containing cytokinins for regeneration. Different

concentrations of kinetin that are 0.1, 0.5 and 1.0 mg/L. were used whereas 0.8 mg/L BAP in

vii
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combination with 0.2 mg/L kinetin was also tested. Calli increased in size but showed no shoot
induction on all the regeneration media combinations indicating that this media combination is
only aiding in increasing the size of calli, For direct regeneration nodal explants were cultured on
SI-1, SI-11, SI-ITI and SI-IV, SI-1 showed best regeneration having 0.1 mg/L kinetin followed by
SI-1I having 0.5 mg/L kinetin, SI-III with 1.0 mg/L kinetin and 0.8 mg/L BAP in combination
with 0.2 mg/L kinetin. To boost regeneration and shoot proliferation 0.01g/L Silver Nitrate was
also added in the medium. Phytochemical analysis of the leaves and callus extracts of Berberis
Ivcium were also performed. Alkaloids and phenols were found to be present in the leaf extract
of the plant while a complete absence of both of the compounds was observed in the callus
extract, The optimized in vitro protocol of Berberis lycium once established can be used for the
large scale production of plants, they can be supplied to pharmacological industries, can be used

for gene transformation and biological activities can be studied as well.
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1. Introduction

1.1. Medicinal Plants

Medicinal plants are the plants that comprise of constituents having curative effects
therefore have been employed from a long time to cure different diseases. In the recent times,
due to the fact that pathogens had developed resistance against existing antibiotics, several
traditional medicines are recognized as a substitute of health care which has recommenced
the research area for the medicinal plants to check their biological activities {Arias ef al,

2004).

Nowadays markets are filled with synthetic medicines having severe side effects,
huge cost and also disturbing our environment (Zain-Ullah ef al., 2013). Whilst, the drugs
derived from the medicinal plants are inexpensive having minor side effects and are therefore

well-accepted amongst the population and are also considered best for the health (Hussain er

al., 2010).

A survey study revealed that about 80% of population rely on these plants worldwide,
because they are thought to be a healthy source for life and are also well-known for their

curing abilities for numerous diseases {Shinwari and Khan, 2000),

1.2. Medicinal Flora of Pakistan

Medicinal plants are considered as the vital natural sources for potentially secure

drugs which play an essential part in assuage human health by contributing as an herbal

Tissue Culture Studies of Berberis lycium Royle 1



Chapter No. 1 Introduction

medicine. In Pakistan, greater than 6000 higher species of plants are present out of which
12% are being used as medicinally (Shinwari and Qaiser, 2011). Many native plants are
utilized in herbal medicine to treat discases and heal different injuries. Such flora frequently
shows a broad spectrum of biologic and pharmacologic activities, for instance they are
intended to reduce inflammation, shows bactericidal and fungicidal properties (Cowan,
1999). The root, bark, seed and fruit extracts of these plants are exploit in the development of

syrups and infusions in traditional medicine (Imtiaz and Manzoor, 2003).

A huge drug market system known as “Pansara” is totally reliant on the natural flora
of Pakistan. Treatment of diseases in persons and animals both are achieved by the utilization

of therapeutic plants (Shinwari and Qaiser, 2011).

1.3. Threats to the Endurance of Medicinal Plant Species in

Pakistan

The main threats to the endurance of several medicinal plant species in Pakistan are:

1. Decforestation,

2. Reliance of local people and Afghan refugees on medicinal plants,

3. Traditional health care system,

4. Unsystematic collection of medicinal plants.

Due to such threats a great majority of the plant varieties particularly those
comprising therapeutic significance are on disturbingly rate becoming the members of

“Endangered Species Club”. For instance the Ghamkol region in Kohat (Pakistan) was

Tissue Culture Studies of Berberis lycium Royle 2
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once well-off in Berberis lycium and Delphinium kohatense species but then in early
1980s the Ghamkol immigrant encampment started due to which nowadays, both these

species are completely vanished from that vicinity (Shinwari, 2010).
1.4. Genus Berberidaceae

Berbericidacease is a huge genus of therapeutic flora having almoest 500 species in it
{Bhatiacharjee, 2001). These are semi-deciduous bushes or tiny trees dispersed in the tropical
and semitropical division of Asia, Furope and America. It is mostly found in the mountainous
regions of Kashmir and Northwestern Himalayan areas of Pakistan. Among several varieties
of Berberis that are naturally growing in the Himalayan semitropical belt at elevation of 1000
- 2200 meters, the most frequently accounted ones are Berberis asiatica, Berberis aristata,
Berberis chitria, Berberis osmastonii, Berberis insignis, Berberis vulgaris, Berberis
wallichinana, Berberis coriaria, Berberis floribunda, Berberis himalaica, Berberis lambertii,
Berberis tinctoria, Berberis virescens, Berberis nepalensis, Berberis petiolaris and Berberis

umbellate (Chopra ef al., 1996).

1.5. Berberis lycium Royle

Berberis lycium Royle is a spiky plant which is the member of the genus Berberis of
family Berberidacae. Al-Biruni named Berberis [ycium as Ambaribis. He referred its name in
Petsian as Zirkash as well. It is commonly called as Indian barberry in English and Kashmal

or Ishkeen in Urdu. It was illustrated by John Forbes Royle in 1837 (Sabir et al., 2013).

Tissue Culture Studies of Berberis lycium Royle 3
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1.5.1. Distribution

It is dispersed in the moderate and semitropical Asian, European and American
divisions (Jafri, n.d.; Irshad et al, 2013). In Pakistan it is extensively distributed in
Baluchistan, NWFP, Punjab and in northerly regions like Gilgit, Baltistan, Ghizer, Astor,
Diamer, Swat and Azad Kashmir at elevation of 900 to 2900 m (Ahmad et al,, 2009a; Ali and

Khan, 1978).

1.5.2. Morphology

Berberis Iycium is a vertical flowering bush plant that increases to a length of 3-4
meters, having a solid timber stem and is enclosed in a slight fragile bark. The plant has
androgynous (containing both sex organs) flowers which are seif pollinated but pollination
occurs via insects too (Irshad er al., 2013), The branches of Berberis lycium are light white to
grayish and have thorns alternatively fixed on them. Leaves of the plant have vibrant color
(Ahmad et al., 2009b). The plant blooms from May to June. The flowers have a cupped shape
which are arranged in racemes and are mostly pale yellow in color, and are larger than the
leaves (Malik er al., 2013). The fruit of this plant are the berries which are oval in shape
having bright red or purplish color on ripening. In average the fruit of the plant is 7 mm in
fength, 4 mm in width and have weight of 227 mg. Its pulp or juice is plum purplish in color
and contains approximately 2-5 seeds, Root is stiff, branched and 3-8 ¢m in width while its
timber is leveled and intense yellow in color. Root bark could be approximately 3mm solid,

from the outside fractured and inside smooth {Ahmad ef al., 2009b).

Tissue Culture Studies of Berberis lycium Royle 4
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1.5.3. Bioactive Constituents

Numerous biologically significant isolated compounds are berberine, palmatine,
berbamine,  aromoline,  oxyacanithine, umbellatine, fl-sitosterole,  punjabine,
balochistanamine, oxyberberine, berberine chloroform and palmatine chloroform (some of
them are shown in Figure 1.1). The major biological activities are characterized to its most

important element, berberine which is an alkaloid (Sabir ef al,, 2013).

CHLO )4 Cl—hm ;

OCHs  iBerberine OCM  y paimatine

133 Beramine

Figure 1.1: Alkaloids of Berberis lycium Royle

Berberine has a wide spectrum of pharmacological and biological properties which

includes anti-inflammatory, antimicrobial properties and antidiabetic properties. Furthermore

Tissue Culture Studies of Berberis lycium Royle 5
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Berberis Iycium had shown antidepressant effects in a variety of behavioral animal models
(Guifraz ef al, 2008). Leng et al., (2004) have illustrated the effect of berberine to lower
glucose levels, and quite a lot of works have been carried out concerning about its function in

the cure of diabetes mellitus, but it is still not clear that how the mechanism is triggered.

Berberine is also useful against amoebiosis, cholera and dysentery (Khan et ai., 2010),
alleviates fever and has pain-relieving effects (Yesilada and Kupeli, 2002), and was also
stated to show antiarrhythmic, anti-tumor (Yamamoto ef al., 1993), anti-inflammatory (lizuka
et al., 2000), and rheumatic properties (Yesilada and Kupeli, 2002). There is a very little
knowledge about the cellular and molecular anti-tumorous mechanisms which are activated

via berberine or through the extracts of Berberis species (Khan et al., 2010).

1.6. Berberis lycium Royal in the Traditional Folk Medicine

Berberis lycium is extensively utilized for medical purposes. A general method is to
boil small parts of its root and bark in water which is then drained and boiled further until it
forms a partially firm accumulate, known as “Rasaut”. The root extract is applied for curing
UTI, swelling of spleen, stomach and intestinal ulcer and liver diseases. The extract is also
used for the external application of the eyelids in acute conjunctivitis, in combination with
butter and alum (Sabir ef al., 2013). The local population utilizes the powdered form of dried
root bark after combining with dissolved animal fat for bone fractures as a bandage. In Asian
countries, for the treatment of renal disorders the fruit of the plant is utilized and for gum and
tooth diseases the fruit juice is employed. For typhoid and common cold, fruit extract is used

(Shah and Khan, 2006). Shoots of the plant are employed for the belly ache, jaundice and

Tissue Culture Studies of Berberis lycium Royle 6
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loose bowels (Sabir er al., 2013). The bark of the plant has wound healing activity (Asif et
al., 2007). The leaves of the plant are used as an alternative to the tea. The local population
utilizes the entire plant for curing bulging and stinging eyes, fractured bones, internal

wounds, ulcer, jaundice and rheumatism (Khan et al., 2010).
1.7. Conservation Status of Berberis [ycium Royle

According to International Union for Conservation of Natre (IUCN) categories,
Berberis lycium species are vulnerable (Waseem ef al, 2006; Hamayun ef al, 2006a).
Hamayun er al, 2006b also stated it as one of the endangered medicinal plant species in
Pakistan, Therefore a quick clonal propagation system for Berberis lycium (Berberidaceae) an

endangered medicinal shrub is needed.
1.8. Conservation through Tissue Culture Technique

Medicinal plants are the essential source of medical and a lot of other pharmaceutical
products. The conventionally used breeding techniques are the major means of multiplication
which acquires a large period for development caused due to the small rate of fruit set or
deprived germination and occasionally clonal homogeny is not sustained by seeds as well. In
the recent time, because of the increase in the demand for the naturally occurring drugs, the
plants are being over-utilized, menacing the endurance of numerous rate specics.
Furthermore, numerous medicinal plant species are vanishing at a disquieting rate because of
the quick rural and urban growth, unrestrained disforestation, and unsystematic assemblage

of the plants. Modern biotechnological techniques of culturing plant cells and tissues are

Tissue Culture Studies of Berberis lycium Royle 7
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supposed to supply novel ways for preserving and quickly proliferating of endangered

medi¢inal plant species (Nalawade and Tsay, 2004).

The method of cell and tissues culture in vifro is a great perspective to biodiversity
conservation (Zaiats and Mitrofanova, 2¢13). The reproduction by in vitro culture means
micropropagation which is an essential approach to obtain copious amount of identical plants
in a short period of time. Through tissue culture technique, explants from different species
could be micropropagated under optimized condition of culture media, temperature and

photoperiod (Leal ef al., 2012).

1.9. Factors Affecting in vitro Regeneration

A number of factors have an effect on the plant genetic engineering involving a
successful tissue culture system for plant regeneration. These factors encompass the type and
structure of the explants, the donor plant’s genotype, the combinations and concentrations of
the media and growth regulators. Primarily the most essential amongst these factors is the

genotype (Raghavendra et al., 2010).

All the in vitro plant tissue culture procedures are done in 2 sealed environment in
which the culture recipients have a partial or no gaseous exchange due to which ethylene (a
gaseous plant hormone) is formed. Amassing of this gas in the culture hinders the embryo
and shoot regeneration and development. Ethylene in vifro is shown to negatively affect the
development of calius, shoot initiation and somatic embryogenesis. Silver nitrate is

documented as one of the best inhibitor of ethylene action. It is involved in modifying the

Tissue Culture Studies of Berberis Iycium Royle $
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activity or the formation process of ethylene. From years, a great amount of studies have
highlighted the helpfulness of silver nitrate when added to the tissue culture medium of plants

(Cristea ef ai,, 2012),

1.16. Objective of the Study

The present study is focused on an important medicinal plant Berberis lycium Royle
and is aimed on the /n vitro callogenesis and AgNO3 mediated direct shoot regeneration of
this medicinal shrub by employing tissue culture technique. In this regard the concentration
and combinations of different media and plant growth hormones which have been thought to
play an important role in callus induction and regeneration frequency was investigated and

also phytochemical analysis of the plant was performed.

Tissue Culture Studies of Berberis lycium Royle 9
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2.  Review of Literature

2.1. In vitro Multiplication of Berberis lycium Royle

Berberis lycium Royle is one of the endangered medicinal plant species in Pakistan.
There is only a little published information on the irn vifro and cutting propagation of Berberis
species (Arena ef al, 2000). According to the information, only two studies had been conducted
on the callus induction and in vitro proliferation of Berberis lycium Royle up till now (Dhar et
al., 2012; Dhar et al., 2013). No work has been done on the in vitro propagation of this plant in

Pakistan yet.

In a study callus cultures were initiated from the explants (leaves, intemodes and
hypocotyls) of the mature Berberis lycium Royle plant, Continual growth of callus was found on
MS agar medium. Enhancement in the weight occurred for the period of 4 week at temperature
25+2°C. The most favorable concentration of plant growth hormones for the induction and

enlargement of callus were 1 mg/L 2, 4-D and 0.2 mg/L Kn (Dhar ¢t al, 2013),

A quick clonal proliferation method of Berberis Iycium Royle a threatened therapeutic
hedge plant was reported. Different quantities of plant growth regulators were examined.
Cotyledonary nodal explants that were attained from in vitro developed seedlings shown the
most excellent results for shoot initiation when 6-benzylaminopurine, GA and 3% sucrose were
used. Regenerated plantlets were produced and were successfully transferred to field (Dhar ef al,

2012).

Tissue Culture Studies of Berberis lycium Royle 10
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2.2, In vitro Micropropagation of different Species of Genus

Berbridaceae

Several studies had been conducted on successful callus induction and regeneration
enhancements of different species of genus Berberidacae. Berberis chifria is a vital Himalayan
flowering shrub recognized for its various therapeutic effects. A successful in vitro regeneration
procedure for Berberis chitria had been established. The seeds of Berberis chitria were first
cultured on Woody Plant Medium which showed 78.89% of seed germination. WPM when
supplemented with BAP + NAA resulted in a greatest number of shoots as per explant. The
reproduction rate of the shoots was improved on the subsequent culture media but the trouble
that resulted in the reduction of shoot elevation was shoot necrosis. In the shoot multiplication
medium casein hydrolysate and gibberellic acid were added which improved the amount of
shoots devoid of any necrosis. Microshoots were then transferred to the rooting media containing
auxins, The maximum rooting proportion {100%) was noticed on WPM when supplemented with
IBA for 7 days after the 8 weeks of the culture. Successfully grown plantlets were then shifted to

the pots and hardened (Pandey et al., 2013).

Callus regeneration of Berberis vulgaris (seedless barberry) was carried out. Explants
that were used were leaves, buds and stems. 2, 5 and 10 mg/L of 2, 4-D, NAA, IBA, IAA and
picloram were used on 1/2 and 1/4% strength of MS for callus induction . WPM and B5 medium
were also tested. Leaf explants showed the best results for callus development. 8 g/L. agar when

used in MS medium, shown to have a powerful effect on callus formation. Enhancement in
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callus induction was observed extensively on MS media having 2, 4-D, NAA and 10 mg/L

picloram {Mohammadi ef al, 2011).

For maintaining the growth of Berberis buxifolia, in vitro cultures of the plant were
developed by means of picloram (4 and 40 mM) or thidiazuron (4.5, 23 and 45 mM) as
phytohormones. Initially, for the biomass production picloram or thidiazuron were utilized
followed by the addition of BAP (4.4 mM). The in vitro grown shoots were considerably lesser
than the plants that are grown into the fields. The maximum efficiency was achieved via

picloram (Maria ef al., 2009).

In vitro rooting of Berberis buxifolia through polyamines and a mixture of polyamine
inhibitors was effectively carried out, in which an innovative rooting medium was employed.
Occasionally, the polyamine inhibitors are thought to enhance the rooting but a low
concentration (i.e., 1 pM) of polyamine enhanced rooting when added to the nutrient media in
contrast with the control medium, Results show that the greatest amount of rhizogenesis of
microshoots occurred after the incorporation of 1 pM spermidine in the absence of inhibitors.
Generally, the addition of polyamine in the succeeding media increases the amount and the

quality of roots in Berberis buxifolia (Arena and Pastur, 2005).

Berberis tinctoria L. is a native plant to elevated hills of Nilgiris containing lots of
therapeutic activities. For the preservation of this plant through mass development, efforts had
been made by optimizing the tissue culture techniques. For the callus formation, 0.5 mg/L of

BAP and NAA was resulted to be most favorable in the basal medium. Shoot regeneration was
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found to be cxtremely efficient with 0.5 mg/L. of BAP in the basal medium, The highest
rhizogenesis was observed at 1.0 mg/L of NAA in the basal medium. The successfully grown
plants were transferred to the hardening medium made up of soil and vermiculite at the ratio of

1:1 (Paulsamy et al,, 2004),

A Patagonian shrub Berberis bwxifolinis an important plant in immense fiscal
prospective. Clonal proliferation is probable by in vitro culture but on the other hand these
varieties are hard to root. The internally originating polyamine (putrescing, spermidine,
sperming) were thought to effect the rhizogenesis phase. Thus, the polyamine alteration,
peroxidase action propression, and morphologic improvement were considered to exemplify
the in vitro rooting of Berberis buxifolia microshoots, Polyamine and peroxidase levels were
altered extensively throughout the rhizogenesis phase, and showed a reverse effect which was
interrelated to the IBA media content directly. For the duration of the first four days, the
maximum peroxidase activity and the lesser concentration of polyamine were found in a dark
phase with IBA in the culture media. Following culture media can further be improved together
with polyamines or extra composites and by changing the ecological circumstances for the

achievement of better rhizogenesis (Arena ef al., 2003).

The result of different concentrations of BAP, its permanent presence in the culture
medium and the incorporation of the activated charcoal for Berberis buxifolia in vitro shoot
reproduction were tested. The incorporation of BAP supported the regeneration index in the three
subcultures in contrast of BAP in the initial subculture, particularly for BAP when used in the

concentration of 0.55 and 1.10 pM. The uppermost regeneration index was attained on the lowest
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BAP concentrations of 0.55 to 1.10 pM, these lower concentrations were more effective for
shoot regeneration as well than the higher concentration of 2.22 uM of BAP. The shooting
percentage of the microshoots that were greater in length than 5 mm was highest when
supplemented with activated charcoal whereas the regeneration index were found drastically
inferior than the ones that were acquired with no activated charcoal. In the subsequent cuiture
phase the regeneration index were fower than the initial cuiture phase. On the other hand, the
shooting percentage of shoots greater than 5 mm was extensively high in the subsequent culture
phase than the initial culture. At last the consequences of the study reveals that the
morphological procedures tested throughout the in vitro shoot regeneration of Berberis burifolia
can be managed through the concentration changes, permanent presence of BAP and the by the

incorporation of activated charcoal (Arena et al,, 2001).

Berberis huxifolia is an importance endemic hedge plant of Patagonia because of its
therapeutic purposes. An efficient system for in vitro regeneration of Berberis buxifolia
particularly highlighting the rhizogenesis phase was developed. The explants were cultured on
MS media supplemented with BAP (0.55 pM). On the MS medium with 1/2 strength of
macronutrients, microshoots along with roots were attained. The rooting percentage (80%) was
achieved when on the initial stage of culture the shoots were kept in dark for 4 days on a media
supplemented with IBA (1.25 pM) for 7 days which was then followed by a media with no IBA
till 28" day. The results demonstrated that Berberis buxifolia can in vitro be proliferated (Arena

et al., 2000).
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For the clonal proliferation of agarita (Berberis wrifoliata M.), different tests were
performed. As explants the young meristematic agarita shoots were used which were obtained
from a fully-grown agarita plant. A basal medium supplemented with woody plant medium
(WPM) salts, Murashige and Skoog vitamins, sucrose at 30 g/L, 0.8% Phytagar and 11.1 mM
BAP was used. Subculture time, period of cultures, and different cytokinins that are
benzyladenine, kinetin, and thidiazuron were examined. A subculture time of 4 weeks and WPM
basal medium having 5.5 mM BAP were found to be the most faverable conditions for shoot
propagation. There was no affect of culture period on shoot regeneration but the culture period
proven to have an effect on rhizogenesis phase. Initial tests that were performed with 1.0 mM of
NAA produced almost 100% of roots of the microshoots. The basal medium having 5.4 mM of
NAA produced almost 68% of roots of the microshoots with a mean of 1.2 roots per microshoot

(Molinar er al,, 1996),

An optimized protocol for the complete plant regeneration of Berberis thunbergii was
developed. During the microculture procedures, 2 mg/L, benzyladenine was found to be more
effective than the 2 mg/L of isopentenyl adenosine or 1 mg/L of zeatine for the promotion of
axillary branches. Different ways for shutting the culture tubes were tested and also 30% of the
light intensity was diminished, but these changes had shown no significant result on shoot
regeneration. The rhizogenesis of the microshoots was excellent on a medium lacking auxins

(Karhu and Hakala, 1991).
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2.3. Phytochemical Studies

Numerous studies that cover the phytochemical aspects of genus Berberis had also been
conducted. The major bioactive constituents found, are berberine and berbamine in a range of

species of Berberis (Mokhber-Dezfuli et ai., 2014).

The examination of the crude extract of Berberis vulgaris revealed the existence of
alkaloids, phenolic compounds and tannins, Berbamine, palmatine and berberine were the first
reported alkaloids from Berberis vulgaris. Further significant alkaloids that were found are
oxyberberine, columbamine, isocorydine, lambertine, magnifiorine and bis-benzyl isoquinolines
e.g., oxycanthine, Another specie of Berberis that is Berberis stolonifera, was also examined
using dried callus and suspension cultures, Results revealed the presence of five bis-benzyl

isoquinoline alkaloids (Mokhber-Dezfuli et al., 2014).

Another study was performed to be familiar with the bioactive components of the bark of
Berberis tinctoria L. Methanol, acetone, and ethyl acetate extracts were used during the study.

The results had shown the presence of 22 main phytocompounds (Deepak and Gopal, 2014).

Tiwari ef al., (2014) carried out the phytochemical screening of different extracts of the
plant Berberis aristata. The extracts had shown the existence of alkaloids, tannins, resins,

saponins and proteins in the plant.

Acetone and 70% ethanolic extracts of Berberis arisiata were examined for the

identification of phytochemicals present in it. Alkaloids, phenols tannins, , terpenoids, flavonoids
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ans saponins were found to be present in the plant which specifies that the plant may work as

photoprotectant and these extracts may be useful in cure of diseases caused by UV rays (Singh

and Sharma, 2013).

Phytochemical analysis of roots and stem bark of Berberis asiatica was performed.The
results reveals the existence of phytocomponents such as phenols, alkaloids, tannins, flavonoids,
steroids, saponins, proteins, carbohydrates and free amino acids whereas glycosides were not

present in both root and stem bark of the plant (Patni ef al,, 2012).

The phytochemical study of water extract of Berberis lycium Royle was performed. The
results suggested the presence of alkaloids, hydrolysable tannins, cardioactive glycosides and

saponins in the water extract solution (Ahmad er al., 2009a).
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3. Materials and Methods

The research work was conducted in Applied Biotechnology and Genetic Engineering

Laboratory (ABGE), International Islamic University, Islamabad.

3.1. Plant Material

The Berberis lycium Royle cultivars used in the research study were obtained from the

National Herbarium, NARC, Isiamabad (Figure 3.1)

(a) (b}

Figure 3.1: (a) A mature cilump of Berberis lpcium Royle obtained as a source material from

the National Herbarium, NARC, Islamabad

{b) Close up view of clump of Berberis lycium Royle
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3.2. Apparatus

3.2.1. Machinery

Laminar airflow cabinet, fully automatic autoclave (Classic 1050), pH meter (Martini
Instruments), Electronic balance (shimadzu), Microwave oven (Orient), Drying oven {DHG-

9053A), Shaker (HY-4 speed adjusting multipurpose vibrator).

3.2.2. Glassware

Petri plates and beakers {(Pyrex, Germany), Culture tubes (25 x 150 mm) and conical
flasks (100 ml) were used as glassware for the callus induction, multiplication, and regeneration.
Cultre tubes and conical flasks were plugged using non-absorbent cotton wrapped in muslin

cloth.

3.2.3. Tools

Falcon tubes, Micropipettes (Biohit, Finland), Surgical blades, Forceps and scalpels.

3.3. Mecthodology

3.3.1. Stock Solution and Media Preparation
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3.3.1.1. Preparation of Plant Growth Regulators Stock

The auxin used in the present study was 2, 4-D while the cytokinins used were BAP and
Kinetin. Stock solutions of all the plant growth regulators were prepared at the concentration of
0.1lmg/ml using 1IN concentration of NaCH, followed by making up the volumes with double
distifled water, appropriately as required. However stock solution of 2, 4-D was prepared at the
concentration of Img/ml using IN concentration of NaOH. All plani growth regulators were

stored at 4°C and used employing sterile micropipette tips as per requirement prior to autoclaving

{Table 3.1).

Table 3.1: Preparation and Storage of Stocks of Plant Growth Hormones

Growth Auxins Cytokinins

Regulators ~ 2.4-D IAA NAA Kn BAP
(1mg/ml) (0.1mg/ml) (0.1mg/ml) (0.1mg/ml) (0.1mg/ml)

‘Mol. Weight  221.0 175.20 1862 2152 2253

‘Solvent 1 NaOH 1 NaOH 1 NaOH 1 NaOH 1 NaOH

Diluvent  ddH:0 ddHz0 ddH.O ddHz0 ddH:0

“Storage s 4°C C 4°C 4°C

Temp,

Storage Time 2 months 1 week 1 week 2 months 2 months
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3.3.1.2, Mcdia Preparation

Synthetic MS medium with vitamins was employed in the study (Murashige and Skoog,
1962). Sucrose was used as a sole carbon source and was added as a solid at the concentration of
3% (w/v). The ph of the media was adjusted by adding cither 0.5M NaOH or 0.5M HCI, as
required to get a final value in the range of 5.7-5.8. Gelrite was used as a solidifying agent at the

concentration of 0.3%. The media was sterilized by autoclaving at 121°C for 15 minutes at 15

psi.

3.3.2. Preparation of Explants and Surface Sterilization

Berberis lycium, explants were collected from newly grown shoots (nodal and internodal
segments). The collected shoots were cut into single nodal segments, apical shoot segments and

leaf segments, depending on the requirement of the experiments.

Leaf, apical and nodal shoot segments were washed thoroughly with tap water followed
by liquid detergent and shaked continuously for 1-2 minutes to remove dust from the explant
surface and washed in distilled water for 5-7 times to remove the traces of the detergent to avoid
the carryover effect, after this step explants were surface sterilized under aseptic conditions in
Laminar Air Flow that was carried out by using 70% ethanol (v/v) 2 minutes, followed by 10%
and 50% Clorox (v/v) for 15-20 minutes. This was followed by thorough washing (4-5 times)

with sterile distilled water. The explants were then dried out on autoclaved filter paper (Figure

3.2).
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Figure 3.2: Incised single nodal shoot and leaf segments kept on autoclaved filter paper to

dry up

3.3.3. Callus Induction

Different concentrations of 2, 4-D that are 0.5, 1.0 and 1.5 mg/l. were used in callus
induction media for the initiation of callus. The surface sterilized dried explants were then placed
in callus induction media. All cultures were maintained under 16 hours light and 8 hours dark
photoperiod at 25+2 °C temperature. The calli formed after some specific time of incubation
from the explants and then transferred to MS medium having cytokinins for regeneration. The

callus induction frequency was analyzed using the formula:

Callus induction frequency (%) = No. of calli obtained x 100

Total number of explants cultured
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3.3.4. Regeneration

For the regencration of calluses, different concentrations of BAP that are 0.8, 1.0 and 1.2
mg/L were used whereas 0.8 mg/L BAP in combination with 0.2 mg/L kinetin was also tested.
For the direct regeneration procedure from the nodal explants different concentrations of kinetin

that are 0.1, 0.5, 1.0 mg/L and 0.8 mg/L. BAP along with 0.2 mg/L kinetin were used.

Additionally MS medium supplemented with and without silver nitrate was also tested.
0.01g/L Silver Nitrate was added in the medium to speed up the regeneration and shoot
proliferation process. The culture tubes were labeled and were maintained under 16 hours light
and 8 hours dark photoperiod at 252 °C temperature for four to six weeks and then the data was

recorded. The regeneration frequency was calculated by using formula:

Regeneration frequency (%o) = No. of explants regenerated x 100

Total number of explants cultured

3.3.5. Experimental Design

Factorial design was employed for each and every one of the experiment. All of the
experiments were made up of 3 replications. Each replication is comprised of 10 nodes per

treatment for both callus induction and regeneration.,
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3.3.5.1. Statistical Analysis

The data recorded were analyzed statistically by two factorial Analysis of Variance
(ANOVA) using Statistix software version 9.0. Significance level was considered as P values

<0.05 and the means were evaluated by LSD.

3.3.6. Phytochemical Analysis

3.3.6.1. Extract Preparation

The crude methanolic extracts of leaf and callus of Berberis lycium were prepared by
using the method described by Wadood er al, (2013) with some modifications. For the
preparation of leaf extract, fresh leaves of the plant were collected from a mature Berberis lycium
Royle plant. After that the leaves were washed with the running tap water to wipe out any dust
particles and then were kept in a drying oven for some days to dry up. The dried leaves were then
powdered using mortar and pestle. A total 1 g of powder was obtained which was then dissolved
in 30 ml of methanol in a conical flask and covered with aluminium foil. The mixture was then

shaken overnight in a shaker and a total amount of 30 m1 of extract was produced.

For the preparation of callus extract, fresh calli obtained from the preliminary
experiments were grinded by using mortar and pestle. A total 650 mg of the grinded accumulate
of calli was obtained which was then dissolved in 20 ml of methanol in a conical flask and
covered with aluminium foil. The mixture was then shaken overnight in a shaker and a total

amount of 20 ml of extract was produced. Both the leaf and callus extract solutions were then

Tissue Culture Studies of Berberis lycium Royle 24



Chapter No. 3 Materials and Methods

filtered with the help of Whatman filter paper No. 1 and used for further phytochemical analysis

(Figure 3.3).

Figure 3.3: Crade methanolic extracts prepared from the in vifro mediated callus and

mature leaves of Berberis lycium Royle

3.3.6.2. Test for Alkaloids

For the detection of alkaloids in the crude leaf and callus extracts of Berberis lycium

Royle, 2 ml of each extract was added in a separate test tube and then a small amount of picric
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acid was poured in both of the test tubes having extracts. Formation of orange color precipitate

indicates the presence of alkaloids.

3.3.6.3. Test for Phenolic Compounds

For the identification of phenolic compounds in the crude leaf and callus extracts of
Berberis lycium Royle, 2ml of each extract was mixed in a 1 ml solution of FeCls. A blue-green

or black coloration indicated the presence of phenols.
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4. RESULTS

4.1. Effect of different Clorox Concentrations

For the prevention of microbial growth in the culture medium, explants were gone
through several washing steps and to boost the inhibition of most of the microorganisms, all of
these washing steps were camried out very cautiously. The time for every washing step was
appropriately recorded. Clorox (commercial bleach) is usually employed in the tissue culture
fabs for the sterilization of explants. Our results illustrate that 50% Clorox in combination with
70% ethanol and liquid detergent was sufficient to prevent contamination, The rate of
contamination enhanced hastily when the explants were examined with 10% Clorox
concentration (Figure 4.1). With 50% Clorox the contamination frequency was 14.44 % while
with 10 % Clorox the contamination frequency increased up to 75.00 % (Table 4.1). Both of the
means were found to be significantly different from one ancther, therefore 50% Clorox was

proved to be sufficient for the eradication of microbial contamination,

4.2. Effect of 2, 4-D on Number of Days to Callus Induction

A total 180 explants were cultured, 90 of each explant type, 30 on all three media

combinations. Both of the explants took about 10-14 days for the induction calli.

Table 4.2 illustrates that both of the CI-I and CI-III media combinations took minimum

nurmber of average days (10) for initiation of calli. Statistically it was revealed that no
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significant difference (P > 0.05) occurred among media for number of days to calli
initiation whereas significant difference (P < 0.05) for the number of days to calli formation was

found among the explants.

(=) ®)

Figure 4.1: (a) Nodal and leaf explants washed out with 10% of Clorox aleng with 70%

ethanol and liquid detergent to preveat contamination and are kept in highly

aseptic conditions

(b) Fungal contamination observed om day 15* im majority of the cultures that

were washed with 10% of Clorox
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Table 4.1; Contamination frequency at different Clorox concentrations

S.#  Clorox Concentration Contamination Frequency

) R 00k

’ B . V7 R
LSD =6.0305

(Data followed by capital alphabets correspond to the individual values as an average of three

replicates. Each replicate consisted of 10 treatments),

LS RE o

e

4.3, Effect of Media Combination on Callus Induction Frequency

Accassioh ¥

Optimal callus initiation was found on MS medium supplemented with 2, 4-D although
explant types differ extensively in their abilities to start callus induction. Three types of media
CI-1, CI-II and CI-III {MS media + 2, 4-D) were used for callus induction frequency. In all media

combinations different concentrations of 2, 4-D (0.5, 1 and 1.5 mg/L respectively) were tested.

Callus initiation was observed 14 days after the cultures were inoculated on callus
induction media. The plant showed best callus induction on nodal explants at the concentration
of 1.0 mg/L of 2, 4-D followed by 1.5 and 0.5 mg/L (Table 4.3} (Figure 4.2). A friable yellowish

callus in different sizes was produced. Higher callus induction frequency of 61.66% was
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obtained for CI-II followed by 41.66% for CI-II and 30.33% for CI-1. All three media (CI-I, CI-
IT and CI-I1I} and both of the explants were found to be significantly different (P < 0.001) from

one another for callus induction frequency:.

Nodal explants showed greatest capability to produce callus whereas not enough amount
of callus was produced by the leaf explants. (Krens and Jamara, 1989; Kathiravan et al., 1995)
also reported a difference in callus preducing capability in different explant types in Beta

vulgaris and Morus alba.

Table 4.2: The effect of 2. 4-D on number of days to calli initiation

Explant MS + 2,4-D (mg/L) Explant Mean
T CHI CI-II CI-III
(0.5mg/L) (1mg/L) (1.5mg/L)
Nodes  13.33b 25.00a 15.00ab 17.77A
‘Leaves  6.667b 10.00b 5.000b 722B
Media Mear  10.00A 17.50A 10.00A

LSD for media = 7.9341

LSD for explant = 6,4781

(At 5% probability level means followed by same alphabets are not significantly different. Data

followed by capital letters are designated to the explant and media means whereas the data
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followed by small alphabets stand for the individual values as an average of three replicates.

Each replicate consisted of 10 treatments).

Table 4,3: Callus induction frequency at varigus concentrations of 2, 4-D

Explant MS + 2,4-D (mg/L) Explant Mean
' CI1 CI-II CI-II
(0.5mg/L) (1mg/L) (1.5mg/L)
Nedes 30.33cd 61.662a 41.66b 44.44A
Leaves  1833e 35.00bc 25.00de 26.11B
‘Media Mean ~ 24.16C 4833A 33.33B

LSD for media = 5.5930

LSD for explant = 4.5667

(Data followed by capital alphabets is designated to the explant and media means whereas the
data followed by small alphabets stand for the individual values as an average of three replicates.

Each replicate consisted of 10 treatments).
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Figare 4.2: Callus initistion of Berberis lycium Royle on: (a) Callus induction media II (CI-

) supplemented with 1 mg/L 2, 4-D
(b) Callus induction media III (CI-III) supplemented with 1.5 mg/L 2, 4-D and

(c) Callus induction media I (C1-1) supplemented with 0.5 mg/L 2, 4-D

4.4. Shoot Regeneration

Four different kind of media (SI-I, SI-TI, SI-III and SI-IV) were tested for regencration
potential. After shifting of calli to regeneration media, calli showed a constant increase in size
but exhibited no growth at all on all the regeneration media combinations indicating that this

media combination is only aiding in increasing the size of calli (Figure 4.3). Dhar et al., (2013)
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reported no organogenesis or shoot production of Berberis lycium Royle from the calli as well

while our results indicated a consistent growth in size.

For direct regeneration, SI-I1 (shoot induction media I) supplemented with 0.1 mg/L
kinetin was found to be best showing the highest shoot induction frequency of 86.66% which
was followed by SI-II having 0.5 mg/L. kinetin with shoot induction frequency of 56.66% and SI-
I having 1.0 mg/L. of kinetin with shoot induction frequency of 45.00% whereas 0.2 mg/L
kinetin in combination with 0.8 mg/I. BAP showed 33.33% shoot induction frequency (Table
4.4) (Figure 4.4). Statistical analysis revealed that a significant difference (P < 0.001) existed

among all of the four media combinations for regeneration efficiency.

Table 4.4: Regeneration frequency of nodsi expliants on different media combinations

Ms + Kinetin (mg/L)
SI-I SI-I1 SI-IIf SI-IV
(0.1 mg/L) (0.5 mg/L) (1 mg/L) (0.8 BAP + 0.2 Kn
mg/L)
" 86.66A 56.66B 45.00BC 3333¢C

LSD = 14.122

(Data followed by capital alphabets stand for the individual values as an average of three

replicates. Each replicate consisted of 10 treatments).
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(2)

(b)

Figure 43: An increase in size of calli o MS media sapplemented with different

concentrarions of (a) BAP and (b) BAP + kinetin
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Figure 4.4: Complete shoot regeneration of Berberis lycium Royle on (a) Shoot induction

media I (SI-I) supplemented with 0.1 mg/L kinetin

(b) Shoot induction media I1 (SI-II) supplemented with 0.5 mg/L kinetin
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{c) Shoot induction media III (SI-IIE) sapplemented with 1 mg/L. kinetin and

(d) Shoot induction media IV (SI-IV) supplemented with 0.8 mg/L. BAP, 0.2
mg/L kinetin, The concentration of AgNOs is similar in all the shoot induction

media types.
4.4.1. Effect of Silver Nitrate on Shoot Regeneration

When SI-1, SI-I1, SI-III and SI-IV media with no AgNOQs was tested 11.66% regeneration
frequency was obtained while the addition of AgNOs to the same media combinations improved
the regeneration frequency up to 75% which clearly indicates that the use of AgNOs, a potent
inhibitor of ethylene action, with kinetin had a synergistic e¢ffect on regeneration (Figure 4.5).
Statistical analysis revealed that both media with or without AgNO are significantly different (P
< (0.001) from each other.

Figure 4.5: Shoot regeneration of Berberis lycium Royle on MS media supplemented with

AgNO»
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4.5. Phytochemical Screening

The methanolic extracts of the leaves and calli were subjected to the phytochemical tests
to find out the nature of phtyoconstituents. Our results suggested the presence of both of the
compounds (alkaloids and phenols) in the leaf extract of Berberis Ipcium (Figure4.6) while a
complete absence of both of the compounds was shown by the callus extract (Figure 4.7) (Table

4.5).

Cultured plant cells are normally identified as complicated to produce alkaloids. The
actual cause for this is not yet known but it has been recommended that the failure or decrease of
alkaloid production is because of the blockage of a specific metabolic reaction step in the
biosynthesis reaction. Less alkaloid constituents in the undifferentiated cultured cells of Dartura
and Scopolia were found which are mainly cansed by the inhibition of tropic acid production

(Barz et al,, 1977).

Table 4.5: The status of secondary metabolites in leaf and callus extracts of Berberis Iyciion

8. No Phytochemicals Methanolic Extracts

Leaf Callus

1 Alkaloids + -

2 Phenols + -

+ Present, - Absent
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Figure 4.6: Phytochemical test performed on the leaf extract of Berberis lycium Royle

indicated the presence of (a) alkaloids and

(b) Phenolic compounds
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Figure 4.7: Phytochemical test performed on the callas extract of Berberis fycium Royle

indicated the absence of (a) Alkaloids and

(b) Phenolic compounds
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S. Discussion

A huge amount of people still relies on medicinal flora and materials derived from them
tor their daily healthcare needs on this planet. Therapeutic plants naturally contain combinations
of different chemical composites that may possibly act independently, additionally or in
synergism to get better physical condition. For example, only a single plant might hold astringent
matcrials in it that encourage digestion, anti-inflammatory complex that decreases inflammation
and ache, phenols that works as an antioxidant and venotropics, tannins that can work as natural
antibiotics, diuretic compounds that improves the removal of waste material and body toxins and
alkaloids that improves temper. According to the information one quarter of all medical
prescriptions are based on plants derived compounds and as stated by the WHOQ, a total 80% of
the world’s population mostly from the developing countries are the ones that relies on

medicines derived from the plants for their healthcare (Gurib-Fakim, 2006).

Due to the dependence of approximately 80% of the population globally, medicinal plant
species are declining (Zain-Ullah er g/, 2013; Shinwari and Khan, 2000). Berberis Iycium Royle
a semi-deciduous shrub is also a threatened remedial plant species of Pakistan (Hamayun ef al.,
2006b; Dhar er af, 2013). It is mostly found in the mountainous regions of Kashmir and
Northwestern Himalayan areas of Pakistan. Berberidaceae family is well-known for its
therapeutic properties and is a part of British and Indian pharmacopoeias (Mashwani et al,
2013). Therapeutic effects are masked in its rhizome, rhytidome and dark purplish berries. It

posses spasmolytic activity and is employed for the cure of jaundice and injuries within the body
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as well (Manan et al, 2007). Berberis lycium Royle also acts as a host for stem rust fungus

(Puccinia graminis) that mostly attacks wheat and other cereals crops (Jin, 2010},

Conservation of medicinal plants requires both worldwide awareness and prompt actions
(Hamayun ef al., 2006b). In traditional breeding techniques most of the plants do not grow,
bloom or germinate seed in harsh environments or takes an extensive phase for their
reproduction and development. Therefore, tissue culture techniques are considered good for

obtaining a large bulk of plants in the smallest amount of time and space (Sidhu, 2010).

According to the information, only two studies have been conducted on the callus
induction and in vitro proliferation of Berberi§ Iycium up till now (Dhar ef al,, 2012; Dhar er al.,
2013). No work has been done on the in vifro propagation of this plant in Pakistan yet. In the
current study Berberis lycium Royle, an important medicinal shrub was tested for its callus
induction and regeneration potential. Phytochemical analysis of Berberis lycitm Royle was also

performed.

For the elimination of microorganisms, NaOCi has normally being employed for the
sterilization of explants in tissue culture (Sauer and Burroughs, 1986). In the present study 10%
and 50% Clorox was utilized for explant sterilization and 50% of Clorox was found sufficient for
controlling the microbial growth. Our results were similar to Oyebanji ef al., (2009) and Yildiz
and Er, (2002) who also achieved a better surface sterilization at 40% and 50% Clorox

concentration,

Tissue Culture Studies of Berberis [vcizm Royle 43



Chapter No. 5 Discussion

Effect of plant growth regulators on callus induction and regeneration efficiency differs
greatly depending on the types and concentrations of plant growth regulators and substances
added to culture media (Somers et al., 2003). In the present study, leaf and nodal shoot segments
of Berberis lyciunm Royle were used for the calli production on different concentrations of 2, 4-
D. The concentrations of 2, 4-D used were 0.5 mg/L, 1.0 mg/L and 1.5 mg/L. Maximum number
of calli were observed on media supplemented with 1.0 mg/L of 2,4-D. Our results revealed that
for callus induction of Berberis Iycium Royle 1.0 mg/L 2, 4-D was found to be adequate, which
was deviated from Dhar er al, (2013) who reported that for callus induction of Berberis lycium
Royle 1.0 mg/L 2, 4-D in combination of 0.2 mg/L Kn was found to be sufficient which reveals
that the presence of 2, 4-I) either alone or in combination with cytokinins proved essential for the

callogenesis of Berberis Iycium Royle.

For the regeneration of Berberis lycium Royle, different regeneration media were
examined. The calli shifted to the regeneration media failed to regenerate, similar results were
showed by Dhar et af,, (2013) who also reported no organogenesis from the calli of Berberis
lycium Royle. Whereas for direct regeneration from nodal explants, SI-I (0.1 mg/l, Kinetin) had
shown best regeneration. Our results were deviated from Dhar ef al, (2012) who reported
maximum regeneration of Berberis lycium Royle on 0.8 mg/L BAP along with 0.5 mg/L GA; on
cotyledonary node explants. This may suggest that kinetin alone is sufficient for the direct
regeneration of Berberis lycium Royle from the nodal explants whereas BAP in combination

with GA3 was found to be good for cotyledonary nodal explants obtained from germinated seeds.
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Moreover MS medium supplemented with and without silver nitrate was also tested. An
amount of 0.01 g/L silver nitrate was added in the regeneration medium which improved the
regeneration frequency up to 75% from 11.66%. Ethylene is believed to suppress shoot
regeneration in vitro where AgNOQs is a strong inhibitor of ethylene action. Therefore the activity
of AgNO; was tested which showed an increase in shoot regeneration frequency which was
caused by the disturbance of an ethylene signal transduction pathway. The addition of AgNOs; to
the medium showed shoot regeneration lacking the callus phase signifying that these two

procedures are inversely interrelated (Zhang et al., 1998).

The optimistic result of AgNO; in plant tissue culture have been reported in a number of
studies for instance in cucumber (Mohiuddin ez al., 1997), Chinese cabbage (Zhang et al,, 1998),
apple (Ma ef al., 1998), cassava (Zhang et al., 2001), pearl millet and sorghum (Oldach et ai,
2001), date palm (Al-Khayri and Al-Bahrany, 2001) and rapeseed (Akasaka-Kennedy ef al,

2005).

The phytochemical analysis revealed the presence of alkaloids similar results to the
Ahmad et al., (20092} and phenolic compounds in the plant. Leaf extract showed the presence of
both compounds while in callus both of the compounds were absent which may suggest that

Berberis lycium Royle at callus stage might not be able to produce these compounds.
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Conclusion

To sum up, a rapid and an efficient method for the in vitro callogenesis and AgNOs
mediated direct shoot regeneration of an endangered medicinal plant Berberis lycium Royle
using nodal explants has been established. The explants were cultured on MS (Murashige and
Skoog’s) medium supplemented with different concentrations and combinations of plant growth
regulators. The plant showed best callus induction in media having 2, 4-D at the concentration of
1.0 mg/L. High frequency direct shoot proliferation was also induced in nodal explants cultured
on MS medium supplemented with different concentrations and combinations of cytokinins.
Amongst the various concentrations tested, 0.1 mg/L Kinetin proved to be the most effective, A
proliferating shoot culture was initiated by repeatedly subculturing the original nodal explants on
shoot multiplication medium. Our research can successfully be utilized for other important
species of genus Berberis for their large scale production, The plants can be supplied to
pharmacological industrics and can be used for gene transformation as well. Biological activities

of the plant and callus extracts of Berberis Iycium Royle can also be studied.

Future Recommendations

Most of the Berberis species are difficult to root in vitro and to improve this further
awareness of rhizogenesis procedures are required. Therefore further studies can be conducted

specially emphasizing on its in vitro rhizogenesis.
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Output of Statistix

Callus induction

Factorial AQV Table for Frequency

Source DF S§S MS F P
Media 2 357222 1786.11 39.69  0.0000
Explant 1 3025.00 302500 6722  0.0000
Media*Explant 2 350,00 175.00 3.80  0.0315
Error 30 1350.00 45.00

Total 35 829722

Grand Mean 35,278

Ccv 19.02

Statistix 10.0 (30-day Trial) 2/16/2015, 9:57:29 AM

LSD All-Pairwise Comparisons Test of Frequency for Media

Media Mean Homogeneous Groups
1 48333 A
2 33333 B
3 24167 C

Alpha 0.05 Standard Error for Comparison 2.7386
Critical T Value 2.042 Critical Value for Comparison 5.5930
All 3 means are significantly different from one another.

LSD All-Pairwise Comparisons Test of Frequency for Media*Explant

Media Explant Mcan Homogeneous Groups

| 1 61.667 A

2 1 41.667 B

| 2 35.000 BC

3 l 30.000 CD

2 2 25.000 DE

302 18333 E
Alpha 0.05 Standard Error for Comparison 3.8730
Critical T Value 2.042 Critical Yalue for Comparison 7.9097

There are 5 groups (A, B, etc.) in which the means
are not significantly different from one another.



LSD All-Pairwise Comparisons Test of Frequency for Explant
Explant Mean Homogeneous Groups
[ 44444 A
2 26.111 B
Alpha 0.05 Standard Error for Comparison 2.2361

Critical T Value 2.042 Critical Value for Comparison 4.5667
All 2 means are significantly different from one another.

Days for Callus induction
Statistix 10.0 (30-day Trial) 2/16/2015, 10:08:35 AM

Factorial AOV Table for Frequency

Source DF 8S MS F P
Media 2 450.00 225.00 248 0.1003
Explant 1 1002.78 1002.78 11.07 0.0023
Media*Explant 2 105.56 52.78 0.58 0.5645
Error 30 271667 90.56

Total 35 427500

Grand Mean 12.500

Cv 76.13

Statistix 10.0 (30-day Trial) 2/16/2015, 10:09:33 AM

LSD All-Pairwise Comparisons Test of Frequency for Media

Mecdia Mean Homogeneous Groups

I 17500 A

2 10.060 A

3 10.000 A
Alpha 0.05 Standard Error for Comparison 3.8849
Critical T Value 2.042 Critical Vaiue for Comparison 7.9341

There are no significant pairwise differences among the means.



LSD All-Pzairwise Comparisons Test of Frequency for Media*Explant

Media Explant  Mean Homogeneous Groups

1 1 25000 A

2 1 15.000 AB

3001 13333 B

12 10000 B

3 2 6667 B

2 2 5000 B
Alpha 0.05 Standard Error for Comparison
Critical T Value 2.042 Critical Value for Comparison

There are 2 groups (A and B) in which the means
are not significantly different from one another.

LSD All-Pairwise Comparisons Test of Frequency for Explant
Explant Mean Homogeneous Groups

1 17.778 A

2 7.222 B
Alpha 0.05 Standard Error for Comparison

Critical T Value 2.042 Critical Value for Comparison
All 2 means are significantly different from one another.

Clorox concentration

Statistix 10.0 (30-day Trial) 2/16/2015, 10:11:34 AM

Factorial AOV Table for Frequency

Source DF §S MS F P
clorox 1 33002.8  33002.8 41645  0.0000
Error 34 2694 .4 79.2

Total 35 356972

Grand Mean 44.722
Cv 19.91

54941
11.220

3.1720
6.4781




Statistix 10.0 (30-day Trial) 2/16/2015, 10:12:29 AM
LSD All-Pairwise Comparisons Test of Frequency for clorox
clorox Mean Homogeneous Groups
2 75000 A
1 14444 B
Alpha 0.05 Standard Error for Comparison 2.9674

Critical T Value 2.032 Critical Value for Comparison 6.0305
All 2 means are significantly different from one another.

Shoot induction

Statistix 10.0 (30-day Trial) 2/16/2015, 9:23:23 PM
Factorial AOV Table for Frequency

Source DF 8S MS F P

Media 3 9445 .8 3148.61 22.90 0.0000

Error 20 27500 137.50

Total 23 12195.8

Grand Mean 55417
Cv 21.16

Statistix 10.0 (30-day Trial) 2/16/2015, 9:23:51 PM
LS All-Pairwise Comparisons Test of Frequency for Media

Media Mean Homogeneous Groups

1 86.667 A

2 56667 B

3 45,000 BC

4 33.333 C
Alpha 0.05 Standard Error for Comparison 6.7700
Critical T Value 2,086 Critical Value for Comparison 14.122

There are 3 groups (A, B, etc.) in which the means
are not significantly different from one another.




AgNOQO;
Statistix 10.0 (30-day Trial) 5/8/2015, 3:55:28 PM

Factorial AQV Table for Frequency

Source DF S8 MS F P
Agno3 1 36100.0 361000 454.59 0.0000
Etror 34 2700.0 79.4

Total 35  38800.0

Grand Mean 43.333

CvV 20.56

Statistix 10.0 (30-day Trial) 5/8/2015, 3:56:46 PM
LSD All-Pairwise Comparisons Test of Frequency for Agno3

Agno3 Mean Homogeneous Groups

2 75000 A

] 11.667 B
Alpha 0.05 Standard Error for Comparison
Critical T Value 2.032 Critical Value for Comparison

All 2 means are significantly different from one another,

2.9704
6.0367
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