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It gives me a sense of gratifica-
tion that C. G. Bhakta Institute
of Biotechnology (CGBIBT),
started in 2005, is marching for-
ward creating milestones with-
out looking back.

Our dedicated service to the
mankind, the love and affection
to the cause of education has
brought us up to this platform.
Our success story has been
written by our students, who
are now all over the globe and
are contributing constructively
to the society. 1 personally feel
teachers are the backbones for
any academic institution. The
growth of any institution will be
at stake if due recognitions are
not given to them. These capa-
bilities include not only first
rate infrastructure and facilities
but also a teaching faculty
which is as good as, if not better
than, any of the best colleges in

Founder
CGBIBT
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India. We pride ourselves in our

unique teaching methods and
learning environment which en-
knowledge,
skills and positive attitudes as
well as work ethics of our stu-

hance hands-on

dents which would make them
highly sought in the global soci-
ety.

I, on behalf of the management,
request the co-operation of
public at large and the student
community in particular to make
this institution more beneficial
to the mankind.

We invite those who wish to
share our vision.

Stri I ?/? Blakta _,.f‘—):“\\
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It gives me great pleasure to
welcome the present students,
alumni, teaching faculty mem-
bers of CGBIBT and all the
guests on the occasion of cel-
ebrating tenth anniversary of
the founding of CGBIBT .

The CGBIBT which was founded
on 1st August 2005 was the
fruit of many visionaries among
whom special mention must be
made of Bhakta family Mahuva
who have liberally contributed
in establishing the Institute..
Over the past ten years our stu-
dent strength has grown steadi-
ly and now stands at 900.

It was decided at the outset that
the main objectives of the Insti-
tute were to provide quality
education to the rural students
in Biotechnology who used to
either go to the cities in Gujarat
or major cities outside Gujarat
and to develop sufficient

President
UTU

facilities to maintain and im-
prove the standards set in the
past. | am proud to say that over
the past ten years the Institute
has worked with enthusiasm to
realise these twin objectives.

| will conclude by taking this op-
portunity to thank those who
have contributed to the success
of today's function and to all our
activities during the past ten
years.

Shri Staileshtheai Fetel
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Since its founding in 2005, the
C.G. Bhakta Institute of Biotech-
nology (CGBIBT) has grown to
become South Gujarat's flag-
ship, research-led Institute,
known for the excellence of its
teaching, its research, and its
service to local, national and in-
ternational communities.

We have more than 900 stu-
dents in the disciplines of Bio-
technology and Microbiology of
whom 200 are postgraduate,

As we look to the future one
thing is certain - knowledge
will be a key resource and will
be highly sought-after within
India and around the world. Our
challenges is to help generate
ideas that will benefit society,
and educate and train people to
work in fields where they will
be valued both for their spe-
cialised knowledge, and for

Provost
UTu

their ability to research, commu-
nicates and solve problems.

To meet these challenges we
need to build on the alliances
and collaborative partnerships
with business, government, and
other research institutions.

I am happy to acknowledge that
CGBIBT has been registering ex-
emplary all-round progress and |
congratulate the Director and
faculty members of CGBIBT.

Dr.D. R Shah _/i\
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When C. G. Bhakta Institute of
Biotechnology (CGBIBT) was
started 10 years back, everyone
was filled with a sufficiently
high degree of anxiety and self-
doubt to (fortunately) cause all
of us to compulsively over
achieve. Our motto then was (as
it is now): Promise Big and de-
liver even Bigger. Indeed, in
2005, we were surrounded by
larger, better funded, and ag-
gressive competitors who saw
us as just being in their way.
But, we had something that
they could not easily acquire to
overtake us, We had extreme
persistence coupled with a bril-
liant faculty comprising of only
outstanding academics and pro-
fessionals who worked tireless-
ly and exclusively for us. We also
were fortunate to have a set of
highly committed and dedi-
cated sponsors who provided
not just financial support, but
also passionate encouragement
and who utilized their own

Director
CGBIBT

business networks to help us
succeed at every turn. They
never turned down any of our re-
quests. We deeply appreciate
their contribution to our insti-
tute.

I take this opportunity to extend
a special thank you to all of our
graduates and current delegates
who continue to be vocal advo-
cates for CGBIBT and its various
programs. Your continuous sup-
port and choice of CGBIBT for
your future career and certifica-
tion is the real reason why we
are so successful. But | also know
why you chose us and why you

Prot-Dr. R. ﬁ(ﬁﬂfﬂeaﬂw{/u

are so generous in the accolades
you extend to us ... it's because
“CGBIBT is South Gujarat’s one
of the Best in applied science
education!”

| feel extremely privileged to be
the Director of this esteemed in-
stitute. I have been blessed by
phenomenal colleagues, associ-
ates, and delegates who have
given me incredible support in
shaping this institute as an Ad-
vanced Research Center. [ envi-
sion that CGBIBT will become a
landmark globally in the
coming years.

I just humbly pray to the Al-
mighty to shower his Grace on
all those who are directly or in-
directly associated with this in-
stitute.

With Best Wishes

b .
(1) *2
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DR. JITENDRA PRAKASH

M.5c., Ph.D., D.Sc., M.1. Biol. (Dublin)
C. Biol. (London), Euro Prof. Biol.

1.President, invitre international Pvt, Ltd, Bangalore, India

2.Director, Bengal invitro venture Pvt, Ltd. (a joint venture company with the govt. Of West Bengal)
3.President, consortium of commercial plant tissue culture laboratories

4.Former deputy director, Twyford centre for advanced technologies, cambridge, UK.

5.Former research director, Biotechnology, av thomas & co,, Cochin

6.Former director, Biotechnology, Indo-american hybrid seeds, Bangalore

7.Former member, executive council, Visveswaraya Technological University (2004 - 2007)

AUTHOR/EDITOR:
+ International Review of Cytology Vol. 107 on Pollen: Cytology and Development. Published by Academic Press, USA, 1987.
(Jointly with K. L. Giles).

= Horticulture - New Technologies and Application, published by Kluwer Academic Publishers, The Netherlands, 1991. (Jointly
with R. L. M. Pierik).

+ Floriculture - Technology, Trade & Trends, Oxford & IBH Publishing Company, New Delhi, 1994,

= Agriculture Biotechnology, Kluwer Academic Publishers, The Netherlands, 1994.

+ Plant Biotechnology: Commercial Prospects & Problems, International Science Publishers, New York, 1993. (Jointly with R.L.M.
Pierek)

= Biovillage Biotechnologies, Published by UNDP/ FAO/UNIDO, 1996.

+ Low cost options for Tissue Culture Technology in Developing Countries, published by [AEA, Vienna, February 2004,

» Proceedings of the Fourth International Symposium on Acclimatization and Establishment of Micropropagated FPlants, Acta
Horticulturae Number 865, published by [SHS, 2010,

After his doctoral research which was rated as a work of International standards, by Prof. A]. Gibbs of Australia, Dr. Jitendra
Prakash obtained specialized work experience as Virologist and Biotechnologist at University College, Dublin, where he developed
a tissue culture seed potato production system for a number of Irish varieties on a commercial scale. He worked out the
ign systems from.protoplasts of patatoes and Freesias and for the ficst ime demenstrated expressio

puty
for Advmmed 1bchmlogia%. Cambndge England. As Group Laader Germplasm Dm]opment. br Fm]msh a]so héaded the

Research and Development wing of Asmeer seeds (a subsidiary of Twyford Plant Laboratories), and evolved several new strains
of tomato, caulifiower and cabbage.

On 15th November 1984, Dr. Prakash invited his Royal Highness The Duke of Kent to try his hand at tissue culture. This event was
covered by BBC radio, television and British Press. At Twyford's Dr. Prakash was not only guiding and coordinating a team of re-
search scientists involved in basic and applied aspects of cell biology, virology and molecular genetics but was also successfully
managing a profit centre with a turnover of over 2 million U.S. dollars.

Dr. Prakash returned to India in 1987 as Vice President of AV. Thomas Group of Companies and was responsible for R & D pro-
grammes on tea, coffee, rubber and cardamom. He was instrumental in setting up India’s first commercial tissue culture labora-
tory at Cochin Export Processing Zone. From February 1989 to January 1995, Dr. Prakash worked as Director, Indo - American
Hybrid Seeds, a pioneer and innovative seed company engaged in research and development, production and marketing of veg-
etable seeds, floriculture and greenhouse technology. Dr. Prakash was responsible for its 10 million production capacity tissue
culture laboratory, a Genetic Engineering Laboratory and programmes on breeding for vegetable crops, like tomato, Moringa, cap-
sicum, okra, and brinjal, flower and oilseed crops in conjunction with cell and molecular biology. During his tenure as Director of
the company, Indo-American Hybrid Seeds had made remarkable progress in many spheres of commercial biotechnology and hor-
ticulture,

Since February 1995, Dr. Prakash is heading the Invitro Group of organizations, comprising of world class horticulture biotechnol-
ogy enterprises in India. The research and innovations of Invitroe Group, under the leadership of Dr. Prakash has attracted exclu-
sive contracts with several global leaders in the horticultural sciences. The group is fully owned, promoted and professionally
managed by scientists and technocrats. It is responsible for nearly 50% of the country's tissue culture export market and year
after year, its export turnover has been greater than the collective export turnover of 76 operational tissue culture units in India,
The companys' efforts and achievements have been duly recognized by the central and state governments, with it being selected
for the “Excellence in Export” award, time and again.

Dr. Prakash has more than seventy original research papers to his credit and has presented papers, keynotes, and chaired sessions
at over 50 International Seminars Congresses all over the World. Dr: Prakash has contributed a number of chapters in reference
books and has edited a number of books published by Academic Press (U.5.A.), Kluwer Academic Publishers (The Netherlands),
and Oxford & IBH Publishing Co. Ltd., (New Delhi). Dr. Prakash is the founder Editor of Vatika, Editor - Biotechnology Research and
Industry Survey, Chief Editor of International Journal of Biotechnology, and research papers for Biotechnology, London (ULK.) and
other prestigious Journals and Publishing houses, He is on the panel of Department of Biotechnology, Department of Science and
technology and Biotech Consortium India Limited, and a number of National/ International Organisations / Activities as an expert
in Agriculture and Food Biotechnology. Dr. Prakash’s research activities and achievements have been covered worldwide by both
electronic and print media innumerable times and he has been rated by leading business magazines as one of the ten foremost
commerCIaI blotechnologlsts in the world (Business lndla, September 2 15, 1991]

peace, in ml}abm's:hon with the Free University, Amsterdam.



Dr. Prakash has been a Senior Consultant to Joint FAO/IAEA Division of Nuclear Techniques in Food and Agriculture, Vienna, Aus-
tria, for their research programmes on improvement of banana in Cuba, Ghana, Malaysia and Bangladesh. He was also Scientific
Advisor to the World Bank programmes on banana research and development. Dr. Prakash is also President of Consortium of
Commercial Plant Tissue Culture Laboratories (1). He was a member of Executive Council of Vishweswaraya Technological Univer-
sity, Belgaum. Dr. Prakash is also a Member, Board of Studies in Biotechnology, Kuvempu University, Shimoga and Vice Chairman,
Board of Studies in Biotechnology, Vishweswaraya Technological University, Belgaum, the largest technological university in India,
He is also Honorary Advisor to the International Executive Service Corps of USAID (Washington).

Dr. Jitendra Prakash has recently received Gold Medal and Certificate of appreciation from the International Society of Horticul-
tural Sciences, for his efforts and achievements in the area of Plant Tissue Culture.

Dr. Jitendra Prakash is currently working closely with the Department of Horticulture and Food Processing, Government of West
Bengal, in improving fruit crops, vegetable crops, root and tuber crops, flower crops, spice crops, and forestry crops, besides
working towards saving the Sunderbans, conservation of bio-diversity of Chhota Nagpur, cleaning of the Ganges and popularizing
bio-diesel in the state.

Of the above-mentioned categories, the invitro Group, under the guidance of Dr. Jitendra Prakash has already developed low cost
tissue culture production protocols for potato, banana, cardamom, tomato, cucumber, orange and the medicinally important
Ipecac to ensure that they are available to the farmers of West Bengal.

In summary, Dr. Prakash’s work on in vitro culture and biotechnology has evolved with the new discoveries in frontier sciences
and created innovations leading to most cost-effective and high quality production of billions of in vitro plantlets of chosen variet-
ies and species, several of which were recalcitrant to the application of the technology. In vitro plants have triggered accelerated
production and distribution (marketing/export) of several crops. Further, his lifetime work on mass production and propagation
of genetically transformed elite materials of food and energy crops have great application on sustainability of biofuels, climate
changes and food and nutritional security, at the recent time of escalating food prices combined with global financial crisis and
emerging climate change issues.

COMMERCIALISATION OF PLANT TISSUE CULTURE TECHNOLOGIES

Jitendra Prakash

In Vitro International Pvt. Ltd., 12 /44, Rajiv Gandhi Nagar, Bommanahallil, Bangalore - 560068 Ph: 080 4110 7680 E-mail:
invitro@bgl.vsnlnet.in

I. Introduction

Biotechnology, as a science and as a commercial activity is very new. In fact it is less than 30 years old. However, in that short
period of time, it has dramatically changed the way in which research and development is carried out. It also has changed the way
in which commercialisation of products can be achieved. The impact of biotechnology is likely to lead to dramatic improvements
in human and animal health, the food supply and the quality of the environment. This expansion of biotechnology has been enthu-
siastically endorsed by governments and by companies throughout the world, as being essential for economic growth, Biotechnol-
ogy is being viewed as being essential to competitiveness of countries in both the developed and developing world and is also seen
to be essential to the development of the global economy.

Biotechnology in itself is not an industry, but the way in which the technologies associated with biotechnology interact with tradi-
tional industries in the three major sectors of pharmaceuticals, chemicals and agriculture, represents the potential for significant
growth and expansion. Biotechnology provides a potential to produce new, improved, safer and less expensive products and pro-
cesses. Pharmaceuticals and diagnostics for human and animals, industrial enzymes, food additives, new crop plants and pollution
degrading microbes are a sample of the new products that can be developed or enhanced through the application of biotechnol-

ogy,

With the ongoing demand for the economic products of plant origin, relentless efforts are underway to increase the productivity
of plants and quality of produce and also to develop plants of agronomic relevance through newer technologies as that of biotech-
nology. The impact of biotechnology should be felt through solving the basic problems of food, fibre, fuel and medicine. Our main
objective should be to improve the plants inherent ability to be more productive, which can be best achieved through a combina-
tion of conventional plant breeding technologies and biotechnologies. The tools of biotechnology can help in raising the productiv-
ity of major crops through an increase in total dry matter production, which can then be partitioned in a favourable way to the eco-
nomic part. The term biotechnology is currently being use to denote a wide variety of biological manipulations. The immediate ap-
plication would be tissue culture for the fast multiplication of superior clones of various plants, This would open a pathway of con-
tinuous improvement in yield, in combination with research, which can further increase the yield ceiling.

I1. Use of Tissue Culture Technology by Industries

* Production afd-free‘prupagules.
+ Novel plant breeding through cellular and molecular techniques including recombinant DNA,
= Production of speciality chemicals by cell culture.




The most popular application of plant tissue culture is micropropogation, an alternative to vegetative plant propagation. Micro-
propagation represents the optimum efficiency in terms of vegetative plant propagation and allows a large number of propagules
to be produced in a relatively short period of time under controlled conditions, throughout the year in relatively small space

(Prakash |, 1990a) Table 1: Crops in which trausformativns have heen attained Table 2: Numiber of fild triaks of transgenic plants for traits
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1. Commercial realities: A Global Perspective

During 1990, about 390 million plants were produced worldwide while the figure was only 130 million plants during 1986 (Table
5). Between the years 1986 and 1991 there is an average of about 30 % increase in production of tissue culture plants. In 1993,
there was an increase in production from 562 million in 1992 to 663 million in 1993, an increase of 17.9%. In 1997, production

was B00 million, a mere 2.1% increase. Thereafter, every year the increase has been significant with the exception of the year
2001,

3.1 Commercial micropropagation in the European Continent:

A survey was carried out during 1996-97 of the plant tissue culture laberatories in 23 European countries by COST 822, "Develop-
ment of Integrated Systems for Large Scale Propagation of Elite Plants using In Vitro Technigues”. The national representatives on
the Management Committee provided the information for their countries. A total of 505 laboratories, 193 commercial and 312 of-
ficial were located (Table 6). This shows a small recovery in the number of commercial laboratories, but a drop in the official labo-
ratories involved in plant tissue culture for the first time as a slight decrease has taken place (0 Riordain, 1997).

In spite of requesting that laboratories avoid listing all cultivars being worked on, as in previous years, the total number of plant
names being worked on increased from 1833 in 1993 to 1966 in 1996, an 8.8% increase, Prunus is still the most important plant
in both the commercial and official laboratories, having 76 entries for commercial and 112 for official laboratories. The total pro-
duction was 179 million plants, an increase of nearly 10% since the 1993 survey. This is a mean production per laboratory of
0.54million. The industry involves 3337 people, which is a small increase in the number over the last three years. But it signifies
a small reduction of the mean per laboratory from 7.8 to 7.5. In addition there is a reduction in the number of clean workstations
from 7.2 to 5.5. The main interest of 39% of laboratories was rapid multiplication of plants, basic research was the next most im-
portant interest with 21% followed by plant breeding with 15%. Genetic manipulation accounted for only 7% of laboratories (O
Riordain, 1999).

Since 2003, there has been significant increase in the number of commercial tissue culture laboratories in Western Europe and the
production of tissue culture plants has been shifted to China, Eastern Europoean countries and to a limited extent to India. The
Commission of the European Communities has not published any recent data on commercial micropropagation in Europe.

3.2 Commercial micropropagation in North America:

Orchids were the first crops produced commercially by micropropagation in North America, starting about 1965. There are about

these labs in the US are small, producing fewer than 1,00,
thes ; o Y?
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3.3 Commercial Production in Asia

Asia is principally covered by agricultural and forestry land. The annual demand for plant material of agricultural crops and for-
estry is, therefore, enormous. About 182 commercial labs are now in operation throughout Asia (Table 7).

The total tissue culture production in selected Asian countries in 1987-88 was estimated at 74 million units. Orchids were by far
the largest item, with an estimated production of 44 million plants per year accounting for 60 per cent of the total production.

Following orchids are temperate flowering crops (10 per cent), ornamental and foliage plants (10 per cent), and plantation crops
(7.5 per cent). In Korea, banana and orchids are the main crops. Gerbera is known to be increasing. The remainder (5 per cent) in-
cludes tropical flowering crops, fruit crops, spices and forest trees.

Tropical orchards are predominantly produced by tissue culture. The annual production in 1987-88 was estimated at 38 million
plantlets, equivalent to 90 per cent of the total orchid tissue culture, whereas temperate orchids accounted for the rest (Prakash,
1993),

3.4 Commercial Production in Australia and New Zealand



3.5 Commercial micropropagation in South and Central America

There are about 94 institutes that utilize new biotechnologies. However, the volume of production is not known. The main crops
produced are carnation, chrysanthemum, gerbera, helicona, orchid, banana, anthurium, gypsophila, rose and strawberry. Empha-
sis in the commercial lab appears to be on virus indexing and micropropagation of indexed stock plants, primarily of ornamental
flower crops. More than 100 million plants of banana, sugarcane and pineapple are produced in low cost bio-factories of Cuba
mainly for domestic use.

3.6 Commercial micropropagation in India

India enjoys a unique position and offers many advantages over other countries in the world for setting up micropropagation in-
dustry with its rich land resource spread over diverse agroclimatic zones, profuse solar radiation throughout the year, good qual-
ity water, availability of skilled manpower as well as labour at much cheaper rates.

As compared to the West, in India, micropropagation industry has started late by 10 years and has expanded exponentially from
1987 to 1993 (Prakash, 1993 a, b).. But the facilities created now are at par with those available in leading countries like Nether-
lands and the US. The first Indian commercial plant tissue culture unit was set up in 1987-88 by A.V.Thomas and Co., in Cochin
Export Processing Zone with a 5 M capacity. Since then, there has been a vertical expansion in the number of units as well as pro-
duction capacity per annum with about 71 industrial units having been set up or in the pipeline with annual production capacity
reaching 500 M plants.

The existing laboratories can be classified by the product type they offer, stage 2 or 3 cultures in vessels, in vitro rooted plantlets,
or even hardened plants. Indian industry generally produces hardened plants for domestic use and in vitro rooted plantlets for the
export market.

An analysis of the micropropagation in India indicates that the plants belonging to the horticulture segment of the ornamental in-
dustry are the major items being produced, which is also the international trend. Besides, Indian industry is working on a few fruit
plants such as banana, pineapple, papaya, pomegranate; vegetables like tomato and potato; spices including cardamom, turmeric,
ginger, tamarind; plantation crops of sugarcane, vanilla, tea, coffee, and a few forest species - Eucalyptus, Teak and Paulownia.

IV. Problems associated with Micropropagation Technology

some major
eSpmaI]y those associated with the expansion of this technology to a variety of crops [Pmkash. 1939} ‘Some of these problems
can be discussed under the fuilomag headings:

4.1 Production Costs

Initially, in the case of selected crops, conventional planting materials were being sold at a much lower price as compared to tissue
culture/transplants/propagules. However, later when it was proved that through tissue culture technology, uniform and disease-
free plants could be produced in large numbers all the year round, there was no problem for the commercial growers in accepting
atissue culture transplant at a higher price, The present trend in the micropropagation industry gives us a picture that more and
more companies are producing only a few selected varieties of plants in large numbers, thereby generating stiff competition in the
market. For example, Vietnamese farmers are producing tissue cultured potato plants at a total cost of one U.S. cent each, as com-
pared to 8 cents per plant in the U.S.A. The reason is that the current procedure of plant tissue culture is labour intensive. Conse-
quently, the labour inputs (in the form of salaries) form a significant proportion of the total production cost, In order to extend the
technology to a variety of high value crops, one must be able to cut down production costs to the minimum by implementing the
technical advances that are made in the research and developmental field. Given technical support and low transportation costs,
future production centres will shift to countries where labour is less expensive. The standard of living in every country is increas-
ing day by day, and the same trend, as can be seen in Vietnam, may not continue in the future. Hence, the future of the micropropa-
gtion industry clearly lies in the ability to develop new technologies such as the application of computer controlled handling sys-
tems.

Deleplanque et al (1985) presented a robotic vision system, which locates plantlets on their medium, picks them up and transfers
them into containers. To reduce labour costs, automated plant culture systems are being developed where they duplicate the fea-
tures found in manual plant tissue culture procedures but without the necessity for frequent manual transferring of cultures to a
fresh medium. This would occur through computer control, via pre-programmed instructions (Tisserat and VanderCook, 1985).
However, the use of computers in this technology is under debate because the whole system cannot be automated. Wherever and
whenever precise cutting is again required, automation is difficult. In order to automate these features and computerise quality
control at each step of the micropropagation, heavy expenditure in research and development would be required, thereby increas-
ing the cost of each unit considerably. Hence, big multinational companies in the USA and Europe are not sure whether to go for
automated technology or to shift the production unit to a place where the production costs would be less due to the availability of
cheap labour.

4.2 Seasonal Nature and Heavy Peak Demands:
Most of the crops are seasonal and are in heavy demand only at certain times of the year. To overcome this problem and to meet

the mqmremcnbs of extremely large number of plants, efficient methods must be developed. Also, most commercial laboratories
ired at ifferent times in order to maximise the use of the facilities throughout the year. These

4.3 Personnel /Organisational Problems:

Since large-scale micropropagation is a labour intensive process, one must correspondingly increase the number of employees to



increase the number of plants produced. As the activities in any commercial laboratory expand, organisational problems will arise
and at times, becomes critical. To reduce these problems, the management structure must be well planned. Supporting informa-
tion systems such as inventory control, production scheduling, space utilisation, daily targets and actuals should be well defined
for better management. For the successful large scale micropropagation of quality products, there must be perfect co-ordination
among the technicians, supporting staff, supervisors and the researchers. The job description and reporting system should be
very clear. In addition to these, personnel training is a critical component for successful large-scale production, which need to be
periodically reviewed on the basis of the customers needs. Inventory control must be computerised. All these features will add
considerably to the management responsibilities.

4.4 Contamination Control

Close attention has to be given to this aspect, to avoid much of the industrial effort going waste. For example, if in an Indian com-
mercial laboratory, 10 percent of the one million plants produced through micropropagation methods perish due to contamina-
tion, then the loss in direct income would amount to approximately Rs. 6, 00, 000. This loss of cultures during the culture period
would increase the production cost of the remaining plants to a large extent.

Contamination in cultures could be caused mainly due to the following:

a) Natural contamination occurs from any of the following agents: dust, air-borne salts, metal filings, chippings, spares, seeds,
vegetable matter, fibres, animal hair etc.

b) Man-made contamination eccurs mainly from body and clothing. It was calculated that each operator will generate a minimum
of 5,000, 000 10 1, 000,000 particles (greater than 0.5 um diameter) per minute.

For reducing contamination rates and increasing productivity, a clean indoor room environment for culture work is essential. In
the work area (where aseptic manipulations are carried out), three sources contribute to work-area particle contamination of the
room air. They are the outside air, the liberation of particles by machinery and process and the liberation of particles by an opera-
tor. The objective of clean room is to establish and maintain an internal atmosphere devoid of particulate contamination in the
working environment. Air cleanliness is measured as particle counts, such as Class 1, Class 10, Class 100, Class 1, 000, Class 10,
000 etc., that is, on a particle concentration (number of particles per volume),

For the high cleanliness area of Class 100 or better, low turbulence displacement flow, also called laminar flow has to be employed
where the air moves along parallel flow paths and permits the particles liberated in the room to be carried quickly and as directly
as possible. This sort of facility may be established by introducing the supply air into the room through the walls or ceiling bullt
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and flexibility on the one hand and investment and running cost on the other, are to be achieved (Bruderere et al,, 1983; Schicht,
1985).

Modern high quality clean rooms have envir tal control sy in the widest sense. Besides cleanliness, temperature and
humidity control, they encompass advanced air handling technology, vibration protection and many other aspects. In addition to
this, correct and well-defined working procedures are necessary. All this should be backed by performance monitoring of the op-
eration as a whole. Wearing gowns, which is mandatory in Class 100 clean rooms, reduced the contamination from clothing, skin
and hair.

Maintaining cleanliness in the working area is equally important. Apart from contaminants appearing in the cultures and those
carried along with the explant, there is a continuous entry of contaminants along with the worker and through air entering the
room. A definite protocol should be developed in order to reduce contamination in the laboratory and this varies with the location
of the laboratory.

V. Conclusion

Biotechnology could help solving some of the most pressing problems of the developing countries like: - health, nutrition, indus-
trial development, environment protection and energy production. Several plant species are poor in protein, quantitatively and
qualitatively. Introduction of specific genes into those plants can help production of great quantities of proteins, which are as nu-
tritional as human milk,

The non-seasonability of biotech production could help ease out violent price fluctuations. This can help the farmer to plan his ag-
riculture accordingly and get out of speculative trading. This also has its advantages in microlevel agricultural planning in altering
the crop balance (Prakash 1990c).

Further, larger volumes of plant delivery in time, at affordable prices could be made possible by this technology. The commercial
scale-up, however, has to come from the entrepreneurial R & D. Simultaneously, rapid advancements in the newer and advanced
frontiers of plant biotechnology by the academic institutions and their commercial upgradation by the entrepreneurial research
and development could revolutionize Third World agriculture subsequent to that of the Green Revolution.

At present, demand for most of tissue culture plants exceeds production by commercial laboratories, which is presently approxi-
mately 1600 million plants, resulting in a turnover of approximately US § 400 million, as against an estimated potential global
market of $ 15 billion annually.

This clearly indicates that there is enough opportunity for young graduate biotechnologists to enter into business of plant tissue
culture at the following level :

Input supplier =
v) Marketing and extension



Besides micropropagation, the areas which offer opportunities for young entrepreneurs are as follows :

i) Disease indexing, maintenance and supply of clean plants

ii) Production of double-haploid plants

i} Creation of new varieties using invitro mutagenesis

iv) Invitro pollination and embryo rescue for long distance process
v) Maintenance of mother plants for tissue culture and hybrid seed production
vi) Seedling production and supply

vii) Production of medicinal plants

viii)Hybrid seed production

ix) Selfing and control crosses

%) Simple fermentation

xi) Extraction of fruit and vegetable juices

xii) Fresh vegetable packing for super markets

xiii)Simple processing of fruits and vegetables

xiv) Encapsulation of essential components of plant origin

xv) Biofuel and Bioenergy

xvi) Mushroom cultivation

xvii) Vermiculture

xviii) Biopesticides

xix) Aquaculture

The above list of technologies are just to name a few. The business of biotechnology offers endless opportunities and much great-
er than discussed in this presentation.
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Disease diagnosis and pathogen detection are central to the ability to protect crops and natural plant communities from invasive
biotic agents. The early and accurate diagnosis of plant disease is a crucial component of any crop management system. Plant dis-
eases can be managed most effectively if control measures are introduced at an early stage of disease development. Increasing glo-
balization, travel and the international trade in plants and plant products will continue to pose a threat to plant health through in-
advertent introduction of exotic pests and pathogens. Seeds and planting material provide an efficient means in disseminating
plant virus and virus like diseases. Reliable identification is a prerequisite to the study and control of plant viruses and virus like
diseases. Plant health is of strategic importance to government and industry by protecting vegetable crop industries from the in-
creased risk of emergency plant pathogens that could have adverse effects on production, trade and market access. Detection of vi-
ruses, viroids and phytoplasma in plant material, vectors or natural reservoirs is essential to ensure safe and sustainable agricul-
ture. Reliance on symptoms is often not adequate, as symptom expression can be highly variable. Biological techniques for disease
diagnosis are usually highly accurate but too slow and not amenable to large-scale application. During the last two decades in ad-
dition to biological indexing, immunoassays particularly ELISA using polyclonal and monoclonal antibodies become widely ac-
cepted as valid tool in the diagnosis and detection of plant viruses. Immunoassays have now been developed for nearly all groups
of plant viruses. New molecular detection techniques such as nucleic acid hybridization, blotting technigues using radio and novel
non-radioactive labeled probes, variants of PCR, and real-time monitoring of amplicons or quantitative PCR have been used for di-
agnosis of viruses. Considerable emphasis is now being placed on generic platforms such as DNA microarrays and sequencing
[Metagenomics), which will facilitate diagnosis of unknowns, Electronic technology is also finding its way into disease diagnostic
and pathogen surveillance systems. In addition to digital systems widely available for distance diagnosis, several free forms of
software can be used to map and share the presence of diseases. In addition to technology development, efforts are to be made to
transfer technology, products, and skills to stakeholders in national research and extension services. Availability of these diagnos-
tic methods provides greater flexibility, increased sensitivity, and specificity for rapid diagnosis of virus diseases in disease sur-
veillance, epidemiological studies, plant quarantine, seed certification, germplasm indexing, phenotypic evaluation of germplasm
and breeding for resistance programs, They are also used in collecting baseline information and monitoring shifts in pathogen and
pest dynamics due to changes in agriculture systems and climate change effect. Many diverse approaches have been tried to mini-
mize the losses caused by these diseases,




Introduction:

Plant diseases continue to impact on the productivity of crops and quality of crop products worldwide despite many years of re-
search and development on improved methods for their control. It has been estimated that an average of 0+20~0#30 of crop yield
is lost annually from the field (Oerke 2006), even in crops where pesticides and cultivars with improved genetic resistance to dis-
eases are used. The losses may be substantially greater in subsistence agriculture, where crop protection measures are often not
applied.

The accurate and rapid identification of the organism(s) that cause plant disease is essential for effective disease control. It en-
ables more informed decisions to be made about cultivar choice and how and when chemicals can be used most effectively to con-
trol disease epidemics. Pathogen detection and identification is important for preventing the spread of disease by screening seeds
and other planting material and is needed to implement quarantine regulations. It is also important more generally in many areas
of plant pathology research, for example in: studies of disease epidemiology; studies of yield loss disease relationships; and in de-
signing new strategies for disease control. Pathogen or disease diagnosis is therefore, fundamental to virtually all aspects of plant
pathology. Traditional approaches to disease diagnosis generally first involve the interpretation of visual symptoms. This may be
followed by laboratory identification, using for example selective media and microscopy, to confirm the diagnosis. In some cases
these methods are still the cheapest, simplest and most appropriate.

1.0 Importance of Diagnosis: Disease diagnosis and pathogen detection are central to the ability to protect crops and natural plant
communities from invasive biotic agents (Miller et al. 2009). Increasing globalization, travel and the international trade in plants
and plant products will continue to pose a threat to plant health through inadvertent introduction of exotic pests and pathogens
(Brasier 2008). In addition to detecting new invasive species, rapid and accurate diagnostic tests are required to monitor the
emergence of novel variants of well-known pathogens, such as yellow rust (Milus et al. 2009), the Ug99 race of black stem rust
(Singh et al. 2008) that is now threatening Africa, the Middle East and South West Asia and more aggressive pathotypes of potato
blight in the USA and Europe. Improved surveillance methods will be vital to safeguard food security in the face of such well-
known threats, as well as previously minor, or unknown diseases emerging as a consequence of climate change or other environ-
mental shifts, or due to new agricultural practices.

Numerous detection methodologies are now available, but regardless of the approach, important questions need to be answered
prior to their inclusion into experiments. These include sensitivity, accuracy, robustness, frequency of testing, and cost, Despite
many novel technologies being available, challenges remain to identify as yet unculturable fungi, to detect cryptic species, and to
characterize the assemblage and diversity of fungal communities in different environments without bias. There is always a need
to characterize fungi quickly and accurately. No one knows how many fungal species exist, but sequencing of environmental DNA
may improve the accuracy of current estimates (Hawksworth 2001), Next-generation sequencing and pyrosequencing approach-
es will also provide promising ways of enlarging the scope of molecular-detection studies.
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2.0 Traditional Diagnosis: Conventional methods do, however, have a number of drawbacks, which has prompted the search for al-
ternative diagnostic techniques. Traditional methods generally require skilled and specialised microbiological expertise, which
often takes many years to acquire. There is a need to use more generic techniques that can be taught quickly and easily to rela-
tively unskilled staff. Methods that involve culturing can often take days or weeks to complete and this is not acceptable when
rapid, high throughput diagnosis is required. The results are not always conclusive, e.g. where similar symptoms can be caused by
different pathogens or physiological conditions, Closely related organisms may be difficult to discriminate on the basis of morpho-
logical characters alone. It may also be necessary to discriminate between populations of the same pathogen that have specific
properties, e.g. fungicide resistance, toxin production or differences in virulence. Traditional methods may not be sensitive
enough (e.g where the detection of presymptomatic infection is needed) and as such much effort has been devoted to the develop-
ment of novel methods for detecting and identifying plant pathogens over the last decade. The greatest effort has been on the de-
velopment of diagnostics based on antibodies and nucleic acid technologies (Duncan & Torrance, 1992; Schots et al., 1994; Ward,
1994; Martin et al,, 2000; McCartney et al,, 2003).

3.0 Antibody based Diagnostic Techniques:Antibodies are molecules, produced by mammalian immune systems, that are used to
help identify invading organisms or substances. If antibodies can be generated that recognise specific antigens associated with a
given plant pathogen they can be used as the basis of a diagnostic tool. The use of antibody technology is well established for de-
tection of phytopathogenic bacteria, fungi, Phytoplasma and Viruses. There are three routes for the production of antibodies for
use in diagnostic assays. Polyclonal antibodies (PAbs) are made by injecting extracts from the pathogen into an animal, usually a
rabbit, and then collecting blood from it, sometime laterMonoclonal antibodies are made by fusing antibody-producing cells
(lymphocytes) from the spleens of an inoculated animal (usually mice or rats) with cultured myeloma cells. This generates many
hybrid cell lines (hybridomas) which each produce a different single (monoclonal) antibody. Recently, a new method of producing
antibodies has been.phage display. (McCafferty et al,, 1990), uses libraries of functional fragments of antibody molecules which
have been amplified by polymerase chain reaction (PCR]) from a number of different animal species Immuno-diagnostic assays
have been developed using this technique for the bacterial pathogen Ralstonia solanacearum Race 3 which causes brown rot of
potatoes (Griep et al., 1998) and for a number of plant viruses.

3.1, Assay formats: The principal aim of an immunodiagnostic assay is to detect or quantify the binding of the diagnostic antibody
with the target antigen. There are a number of different ways of detecting antibody /antigen binding, but often these involve cou-
pling the antibody to an enzyme that can be used to generate a colour change when a substrate is added. Enzyme linked immuno-
sorbent assay (ELISA), a technology developed in the 1970s, is the most commonly used diagnostic technique that uses antibodies
(Clark & Adams, 1977; Voller & Bidwell, 1985). Itinvolves an enzyme-mediated colour change reaction to detect antibody binding,
This is usually done in a microtitre plate where the degree of colour change, usually measured in a computer controlled plate
reader;, can be used to determine the amount of pathogen present. These assays have the advantages of being simple, cheap and
suitable for processing many samples.



The simplest format is the plate-trapped antigen ELISA (PTA-ELISA). In this assay, the microtitre plate wells are directly coated
with the test sample. This is followed by incubation with a specific antibody which binds to the target antigen. A more commonly-
used format is the double antibody sandwich (DAS-ELISA). Here, specific antibodies are used to coat the microtitre plate, which
then trap target antigen from the test sample. An enzyme-labelled specific antibody conjugate is then used for the detection. There
are other less commonly used variations of ELISA such as competition assays. Many antibody-based assays have been developed
for detection of plant viruses (Sward & Eagling, 1995; Torrance, 1995) and to a lesser extent fungi and bacteria (Dewey & Thorn-
ton, 1995; Spire, 1995; Dewey et al, 1997). Several companies specialise in the supply of antibodies and kits for detection of plant
pathogens, e.g. Adgen, Agdia, Bioreba, Loewe and Sigma. There are some good, simple assay formats that are available for
antibody-based detection, and quantification of the target pathogen is relatively easy. The tests work well with viruses, but unfor-
tunately it is often difficult to achieve the required specificity for more complex organisms such as bacteria and fungi. The meth-
ods may also be specific for a particular morphological form or stage of the life cycle of the pathogen. This may be an advantage or
disadvantage, depending on the application.

Other formats are available which employ a similar detection mechanism to that used in ELISA. One such test is the dot immuno-
(binding) assay (DIA/ DIBA, Lazaravits, 1990) used for detecting pathogens in plant tissue. Plant extracts are spotted on to a mem-
brane (usually nitrocellulose or polyvinylidene difluoride [PVDF]) which is then followed by colour-based immunological detec-
tion.

3.2. Dipstick assay: In this method, the detection is performed, using a simple protocol, on a membrane on the end of a dipstick..
In one format, the dipstick is first incubated with the plant/soil extract and this is then followed by colour-based immunological
detection. Alternatively, a capture antibody, absorbed to the dipstick, is incubated with the plant/soil extract and detected usinga
second antibody. Cahill & Hardham (1994b]) developed a novel variation of this technique for detection of Phytophthora cinna-
momi zoospores in soil. The dipsticks incorporated chemicals on to a positively charged nylon membrane which attracted the
zoospores by chemotaxis and electrotaxis. Using this method, it was possible to detect 40 zoospores ml-1 in less than 45 min.
Plant pathogens have been detected in situ by squashing plant tissues directly on to membranes followed by immunodetection,
that is, tissue printing or squash blot systems (Gwinn et al., 1991; Shine & Comstock, 1993). Immunofluorescence (IF) microscopy
is another method that allows in situ localisation of the pathogen. Plant samples are applied to microscope slides in thin tissue
sections and fixed. Detection is achieved by conjugating a fluorescent dye to the specific antibody (direct IF) or to a molecule that
detects the specific antibody (indirect IF). This method has been used to identify specific plant pathogen spores on microscope
slides (Dewey, 1996; Kennedy et al, 1999). However, it is not suitable for high throughput screening and it requires specialised
equipment (an ultraviolet microscope) and relatively skilled personnel to perform it.

Recently, there has been great progress in the development of very rapid diagnostic tests that are also simple, and do not require
any special equipment or knowledge. Most of these use the lateral flow assay
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3.3. Microsphere Immunoassay Technology: A novel multiplex detection method was developed based on microsphere immuno-
assays to simultaneously detect four important plant pathogens: a fruit blotch bacterium Acidovorax avenae subsp. citrulli (Aac),
chilli vein-banding mottle virus (CVBMV, potyvirus), watermelon silver mottle virus (WSMoV, tospovirus serogroup IV) and melon
yellow spot virus (MYSV, tospovirus). An antibody for each plant pathogen was linked on a fluorescence-coded magnetic micro-
sphere set which was used to capture corresponding pathogen. The presence of pathogens was detected by R-phycoerythrin
[RPE}-labeled antibodies specific to the pathogens. The assay was able to detect all four plant pathogens precisely and accurately
with substantially higher sensitivity than enzyme-linked immunosorbent assay (ELISA) when spiked in buffer and in healthy wa-
termelon leaf extract (Charlermroj et al,, 2013).

4.0 Nucleic Acid-Based Diagnostics: Nucleic acid-based methods (using probes and/or PCR) have increasingly been used in recent
years to develop diagnostic assays for plant pathogens (Schots et al, 1994; Ward, 1994). These methods, particularly those based
on PCR, are potentially very sensitive. In addition they also offer the potential to be highly specific. Most assays developed for bac-
teria and fungi have detected pathogen DNA, which is easier to prepare, and more stable than RNA. Various methods are available
for DNA purification from pure bacterial or fungal cultures, infected plants, soil or air-samples (McCartney et al, 2003). However,
since detectable DNA may be obtained from dead cells, some workers have opted to start from RNA, since this may more accu-
rately reflect viable pathogen material. When using a PCR assay starting from RNA, the RNA is generally converted to DNA by the
enzyme reverse transcriptase before it is used in the detection assay, hence it is termed a reverse transcriptase PCR (RT-PCR)
assay. This type of assay is also commonly used in the detection of plant viruses (Waterhouse & Chu, 1995), most of which have
RNA genomes. An alternative, isothermic amplification technique, Nucleic Acid Sequence Based Amplification (NASBA), has also
been used for amplification from RNA (Bentsink et al,, 2002; Van Beckhoven etal. 2002; Cook, 2003)

4.1, Molecular hybridisation: Molecular hybridisation-based assays were first utilised in plant pathology to detect Potato spindle
tuber viroid (Owens and Diener, 1981) and adapted to virus detection (Hull, 1993). This development in nucleic acid hybridiza-
tion technology offers a good potential for virus detection (9]. The target viral nucleic acid from a plant sample is spotted onto a
solid matrix, commonly nylon or nitrocellulose membranes, and bound by baking. Free binding sites on the membrane are
blocked with a nonhomologous DNA and a protein source. Thereafter, hybridization with a labeled probe is carried out. The label
is then detected by autoradiography (for radioactive probes), or by a colorimetric reaction if an enzyme label is used. The sensitiv-
ity of dot-blot hybridization is about the same as ELISA

4.2, Polymerase chain reaction (PCR): PCR, a method for rapidly synthesising (amplifying) millions of copies of specific DNA se-
quences, is the most important technique used in diagnostics (Dieffenbach & Dveksler, 1995; Edel, 1998; Kidd & Ruano, 1995). In
this method, the two The presence of the amplified DNA is usually checked, by agarose gel electrophoresis, but alternative detec-
tion formats include using colorimetric assays (Beck et al,, 1996; Mutasa et al,, 1996) or fluorometric assays (Fraaije et al., 1999)
ina microtitre plate format. PCR is a very sensitive technique, only small amounts of DNA are needed (e.g. from a single spore [Lee
& Taylor, 1990]) and often this can be prepared fairly simply.



4.2.1.Nested PCR: Nested PCR is used to improve the sensitivity and/or specificity of the assay. This involves two consecutive PCR
reactions, the second one using primers that recognise a region within the PCR product amplified by the first set. PCR products
can also be detected with a probe (Mutasa et al, 1995; Knoll et al., 2002). This can improve the sensitivity and specificity of the
assay, particularly when the amplified product may not be sufficient to be seen on an agarose gel.

4.2.2. Multiplex nested RT-PCR: A multiplex nested RT-PCR in a single closed tube has been developed for simultaneous and sensi-
tive detection of the viruses CMV, CLRV, SLRSV, and ArMV, and the bacterium Pseudomonas savastanoi pv. Savastanoi from olive
plants using 20 compatible primers in a compartmentalised tube. This newly developed method combines the advantages of mul-
tiplex RT-PCR with the sensitivity and reliability of nested RT-PCR carried out in a single closed tube. It enables the simultaneous
detection of several viral RNA and bacterial DNA targets in a single analysis, performed with woody plants. It also saves time and
reagent costs because it can be performed in a single reaction, although accurate design of compatible primers is needed.

4.2.3. Immunocapture PCR (IC-PCR): Antibodies immobilised on the surface of a microtitre plate or microfuge tube are used to
capture the pathogen, which is then detected using PCR. IC-PCR can improve the sensitivity and specificity of the assay and reduce
problems with inhibitors in the sample. A few plant pathogens have been detected using this approach (e.g. Jacobi et al,, 1998;
Shamloul & Hadidi, 1999; Hartung et al., 1996),

4.2.4, Multiplex PCR: Multiplex PCR allows the simultaneous and sensitive detection of different DNA or RNA targets in a single re-
action. On the other hand, PCR detection protocols can be designed to verify the presence of more than one pathogen in plant ma-
terial by looking for common specific sequences in two or maore of them, or to detect related viruses or bacteria on multiple hosts
[35]. Multiplex PCR is useful in plant pathology because different bacteria and/or RNA viruses [requently infect a single host and
consequently sensitive detection is needed for the propagation of pathogen-free plant material. There are several examples in
plant pathology of simultaneous detection of several targets and the amplification by multiplex PCR of two or three plant viruses
has been reported. Multiplex PCR has been used to develop an assay that can detect four foliar wheat pathogens (Septoria tritici,
Stagonospora nodorum, Puccinia striiformis and Puccinia recondita [Fraaije et al., 2001]).

5.0. Real-time PCR: The process of quantifying target DNA has recently been simplified considerably with the advent of real-time
PCR. This method avoids the usual need for post-reaction processing, as the amplified products are detected by a built-in fluorim-
eter as they accumulate. This is done by using non-specific DNA binding dyes (e.g. Sybr Green) or fluorescent probes that are spe-
cific to the target DNA (Wittwer et al, 1997). The principle underlying real-time PCR is that the larger the amount of target DNA
present in the sample being tested, the quicker the reaction progresses and enters the exponential phase of amplification. The
amount of PCR amplicon produced at each cycle is measured, using the fluorescent dyes or probes, and for each sample tested the
«cycle threshold. (Ct) is calculated, This is the cycle number at which a statistically significant increase in fluorescence is detected.
The Ct increases with decreasing amounts of target DNA. Using specific probes, such as TagMan oligonucleotide probes (Livak et
al,, 1995), has the advantage of reducing signals due to mispriming or primer-dimer formation. Other types of fluorescent probes
and primers, that utilise the properties of reporter and quencher dyes, have also been used in real-time PCR assays (Mackay et al.,
2002; Bates & Taylor, 2001). These include Molecular Beacons (Tyagi & Kramer, 1996) and Scorpions \[:I‘helwell etal, 200(.1}.
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It is possible to detect several targets simultaneously by using probes with different fluorescent reporter dyes (Weller et al,, 2000).
Real-time PCR methods are not yet widely used for plant pathogen diagnostics but many assays have already been developed for
detection of fungi, bacteria, viruses and viroids (see Béhm et al., 1999; Schaad et al, 1999; Boonham et al,, 2000; Mumford et al,,
2000; Fraaije et al,, 2001, 2002; Schaad & Frederick, 2002). In addition to simplifying quantification, real-time PCR has a number
of other advantages over conventional PCR. It is faster and a higher throughput is possible. Post reaction processing is unneces-
sary, eliminating the risk of carryover contamination. It can be more specific than conventional PCR, if a specific probe is used in
addition to the two specific primers. Real-time, fluorogenic, PCR assays have recently shown great promise in the diagnosis of
many plant pathogenic bacteria.

6.0, Loop-mediated isothermal amplification (LAMP); Loop-mediated isothermal amplification (LAMP) is another type of isother-
mal amplification that it is being increasingly used in the diagnostic field offering sensitivity and economic costs (Notomi et al,,
2000). The method requires a set of four specifically designed primers that recognize six distinct sequences of the target and a
DNA polymerase with strand displacement activity. The amplification products are stem-loop DNA structures with several in-
verted repeats of the target and cauliflower-like structures with multiple loops, yielding =500 !g/ml. The LAMP reaction was en-
hanced by the addition of loop primers (Nagamine et al., 2002}, reducing time and increasing sensitivity.

7.0. Microarrays: Microarrays consist of multiple probes (nucleic acids, proteins, carbohydrates, antibodies) deposited or directly
synthesized on a surface in an ordered fashion. This approach has several advantages over classical probe based methods: high-
throughput, parallelism, miniaturization and automation. Conventional DNA microarrays consist of nucleic acid probes deposited
on a planar glass surface. The surface is usually coated with chemically reactive groups (epoxy, poly-L-Lysine or aldehyde) to
ensure efficient binding of nucleotidic probes on the surface. To assess the presence of target genes, nucleic acid samples are la-
beled, either chemically or by an enzymatic reaction. Labeled samples are then hybridized onto the array, and washed using differ-
ent stringency buffers. The remaining signal resulting from specific interactions between probes and target nucleic acids is mea-
sured using a confocal microarray scanner. Only probes hybridized to a labeled target will yield signal, thus revealing the presence
of the cognate nucleic acid motif in the sample. High-density DNA microarrays have been used in a broad variety of applications
such as transcriptomics, comparative genome hybridization (CGH), resequencing, drug discovery, microbial community charac-
terization or single nucleotide polymorphism (SNP) analysis. The field of application depends primarily on the strategy and the
marker genes used to design the probes. A variety of genes (virulence factors, phylogenetic markers, antibiotic resistance genes,
etc,) have been employed on microbial diagnoestic microarrays. Microarray-based technology has been used for plant virus detec-
tion since 2002 (Esteban et al,, 2010; Abdullahi and Rott, 2009; Wei et al,, 2009; Pasquini et al,, 2008; Lenz et al,, 2008; Abdullahi
etal,, 2005; Deyong et al., 2005; Bystricka et al,, 2005; Boonham etal., 2003; Lee et al., 2003). DNA microarray provides the highest
capability for parallel yet specific testing which can be used to detect individual plant virus or combinations of many plant viruses
and/or virus-like pathogens (Hadidi et al., 2004; Hadidi and Barba, 2008; Barba and Hadidi, 2007).



8.0. Protein Microarrays: The increasing use of protein microarrays for proteomic studies has spurred the advancement of various
detection technologies. This gel-free approach has found an increasing number of applications due to its ability to rapidly and effi-
ciently study thousands of proteins simultaneously. Different protein microarrays, including capture arrays, reverse-phase arrays,
tissue microarrays, lectin microarrays and cell-free expression microarrays, have emerged, which have demonstrated numerous
applications for proteomics studies including biomarker discovery, protein interaction studies, enzyme-substrate profiling, im-
munological profiling and vaccine development, among many others, Conventional label-based approaches like fluorescence, che-
miluminescence and use of radioactive isotopes have witnessed substantial advancements, with techniques like quantum dots,
gold nanoparticles, dye-doped nanoparticles and several bead-based methods now being employed for protein microarray stud-
ies. In order to overcome the limitations posed by label-based technologies, several label-free approaches like surface plasmon
resonance, carbon nanotubes and nanowires, and micro cantilevers, among others, have also advanced in recent years, and these
methods detect the query molecule itself.

9.0, Metagenomics: At the present time there are some plant diseases where the causal agent in unknown or the disease symp-
toms are associated to different pathogens or abiotic agents. In this sense metagenomics provide a new rationale and effective
methodology to identifying the primary causative agents. The study of uncultured microbes may carry out by metagenomics,
which gives a broad sight for the investigation

of microorganism origins and function in the environment. Metagenomics is based on studies of ecological diversity of uncultured
and cultural microorganisms using molecular biology. For the metagenomic analysis of microbial populations in phytopathology,
the total content of nucleic acids involved with the disease is used.

10.0. Next Generation Sequencing & Genomics: One of the major uses of next generation sequencing technology is non-targeted
analysis of biological components in a sample for diagnostic and detection purposes from a range of sample material of plant, bac-
tria, fungi, virus, viroid and phytoplasma. This has successfully used these novel technologies for detection of previously unknown
pathogens and is using it for microbial community profiling in a multitude of research projects. Novel developments in DNA se-
quencing technology have delivered an increase in achievable read length of DNA seq es which is a prerequisite for reliabl
species identification. Furthermore, bacterial genomics with focus on plant and foodborne pathogens forms an integral part of our
sequencing portfolio.

11. 0 Recent Developments and Future Directions: Over the past decade there have been significant advances in plant pathogen di-
agnostics. Antibody based and /or nucleic acid-based diagnostic methods are now available for most of the important crop patho-
gen systems found in developed countries. The approaches for developing new diagnostics are well established, and extensive da-
tabases of DNA sequences exist that can be used in designing and checking the specificity of diagnostic methods, There have also
been recent advances in the technology available for detection; for example, the lateral flow assays available for antibody-based
detection allow rapid, on-site detection by unskilled personnel.

12.0. Concluding Remarks: The new molecular-based diagnostic techniques that have been developed can be more rapid, sensitive
and accurate than traditional methods. Immunological and DNA-based diagnostic tools are playing an increasingly important role
in plant pathological research and will continue to do so. The specificity and sensitivity of these methods will open new opportuni-
ties for research on the interactions between pathogens and their hosts. For example, the ability to target specific pathogen genes
could lead to better understanding of host pathogen resistance or the dy of fungicide resistance development within fungal
populations. Diagnostics that can discriminate pathogens in disease complexes will improve our understanding of these com-
plexes, which may lead to more efficient control strategies.

The application of novel diagnostic methods to inoculum detection will allow progress to be made in our understanding of the
temporal and spatial dy of epidemic develop t, and open up new opportunities for disease forecasting and manage-
ment. However, new management tools, such as efficient sampling strategies, will have to be developed to make the best use of
these new diagnostic methods. The methods will also play an important role in restricting the spread of disease via infected seeds
and other plant material.

The future prospect of developing biosensors able to identify pathogen inoculum, either through specific sequence amplification,
or biochemical signatures present on spores or cells, or released during germination of propagules. There are considerable techni-
cal challenges in producing a sensor of sufficient specificity and sensitivity that can detect disease agents in real time without the
need for downstream sample processing. Signal amplification from very small quantities of biological target material and trans-
duction into an electrical readout that is proportional to the initial chemical concentration are two key issues. Advances in nano-
technology and sensor design suggest that these challenges should be met in the near future, Already, electrochemical devices are
available that exploit changes in electromagnetic waves (surface plasmon resonance) when biopolymers such as DNA or proteins
adsorb to the sensor chip surface. Such devices can incorporate the specificity of antibody—antigen or nucleic acid molecular inter-
actions. It is anticipated that advances in biosensor technology will increasingly impact on fields as diverse as health care, food sci-

ence, agriculture and biosecurity.
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The idea of founding this institute was conceived on December 2003 when Bardoli Pradesh Kelavni
Mandal formed a committee of enquiry into assessing the demand of having an educational institute in the
field of Biotechnology. During this inquiry, the committee put in a submission which highlighted the immedi-
‘ate need to establish such a centre in south Gujarat region. The philanthropist, Shri Naranji Bhakta from
Mahua came forward to found the centre in the fond memory of his late elder brother Shri Chhaganbhai

Bhakta. Thus, the institute came formally into being in the year 2005 in the name of C G Bhakta Institute of

Biotechnology, (CGBIBT).

The mstituteﬁrst op_ened to students on 1/8/2005 . The first integrated m_u_rse_-in Biotechnology was started
with affiliation to Veer Narmad South Gujarat University, Surat. CGBIBT grew over the years with rapid ex-
pansion in intake of students and the courses offered. In the year 2011, CGBIBT became one of the constitu-
ent premier Institutes of Uka Tarsadia University. Today about 800 students are studying in undergraduate,
post graduate and doctoral courses in Biotechnology and Microbiology. More than 400 CGBIBT’s alumni have
graduated with degrees in Biotechnology and Microbiology. About 10% of CGBIBT’s alumni study, work and
live abroad.

Major Accomplishments:
During the past 10 years CGBIBT has achieved remarkable success in furthering its mission and core-values.

M 2005- The course in Biotechnology was initiated on 1st Aug 2005 and was temporarily accommodated in
Maliba Pharmacy College. Foundation stone for the separate building exclusively for biotechnology
was laid.

B 2007- The faculty of Biotechnology began functioning in the separate building.

B 2008- The new program of M.Sc Microbiology was introduced.

© 2005-2015

B 2009- State level competition GiBion was hosted under auspices of CGBIBT.
B 2010- First batch of Integrated M.Sc Biotechnology came out.

M 2011- CGBIBT became constituent institute of UTU. Prof. Dr. R Krishnamurthy joined as full-fledged
Director of CGBIBT. Five year Integrated M Sc Microbiology program was initiated.

M 2012- The foundation for Maliba Research Centre for Excellence in Tissue Culture wa_s-Iajd;_ MOU was
signed between UTU and UNILORIN, Nigeria for academic and research exchange program,
Mr David Animasaun was the first overseas faculty research scholar from UNILORIN who
stayed for one and half years for carrying out part of his doctoral research work.

B 2013- Maliba Research Centre for Excellence in Tissue Culture started functioning in the service of
farmers.

M 2014- FirstInternational Conference on Current Status and Opportunities in Medicinal Plants and
Natural Product Research - ICMPNPR, was hosted by CGBIBT, Another faculty research scholar
Mrs Khadija Abdulkareem from UNILORIN, Nigeria joined CGBIBT to carry out partof her
doctoral research work. Firstoverseas inter faculty lecture series from members of UNILORIN,
Nigeria was organized by CGBIBT. Prof. Dr. R. Krishnamurthy was invited as Visiting Professor
at UNILORIN, Nigeria
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Tabhi e labh karsnse Uilass,

smﬂ'ﬂﬂs BId sclml’.thmg new, Mar ha iy i
Finding things cut of the blue, T st e e r:a Ty
We think and de, geet gaa qung EN

Khud se bana apni ek saaz,

The things which people find wierd to do,
Be it bacteria be it fungi,
We are the real guy,

Aakhir kon hoga teri rub se tere jitna paas]
Mat ho udaas kar khatam apni har aas,
Bas haske bita apni har saans,

Findi d researching in the lab
aehel TR IKyuki teri hai zindagi.. lise tu kar raha hai naraz iss duniya k logo se laga k ass!

We were the lucky few,

Who got in the CGBIBT's queue,
After the admission procedure As we got through,

We were surrounded with instruments such as colorimeter and centrifuge,
We were novices,

If we won't have had the support of our faculty we'd have qot the instruments into pieces!

Bhseumihh Seseri

Integrated M.Sc. Biotechnology
Semester V

"SLUM DWELLERS"

£ eedronariios & ey g aled, Reminded him his silk gown and queen's gem earings,

A thin old blanket to share in freezing low temperature,
With just a thought alone the mighty king got to shiver,
The family worked hard so that penny they could add,
Seeing their efforts to live the king got sad,

The children were bare with ribs peeping out,

Suddenly his highness the king found himself stout,
With streaming thoughts his soul hacked,

And by learning a lesson the king walked bacl,

Then to the king, the ulmighty, the powerful and wise,
Mind got blank with a question arised,

If the blood of mine was red theirs was not blue,

Then the life we lived was it juse and truel?

Walking in slums in a dweller's disguise,

To kinow his fellows better he walked through che licrer,

With tears his eyes glittered because what he saw was bitrer,
Seeing the souls that grew ameng dwell,

With ]'.:.a_in and misery his heart swollen,

Sze.ing a mother tearing a bread into four,

Al the royal dessert now he found sour,

Lame and bony father with neck bent down,

King found himself unworchy of the crawn,
A“u'ound half a dozen _si.blfn,g.s'in torn and muddy c|othin3,

Hirern Foaltod

M.Sc. Biotechnology
2015

BBl R = NS

Life is the name of purpose, struggle, love, dedication and a number of feelings and emotions. Life shows its true colors with time. It de-
pends upon you that how you look towards life and what is vour strateqy of leading an ideal life.

Life takes a number of turns duting its whole span. Life may not be kind to you all the times. There are tough times which really test
your courage and your capabilities of facing unfavourable situations. How well you tackle these adverse conditions prove your credibil-
ity. People who just close their eyes to avoid facing the hardships of life are coward. They do not have courage and stamina to stand
firm in front of life’s demon. Remember that nothing can be done without erying, without striving hard to get yourself out of the trouble,
without facing the situations, Such incidents in life improve your approach towards destiny, These incidents may entirely change one’s
life [in some cases). These make your thinking a bit more rational. If there were no such thrills in life, it would be quite boring and me-
notonous. These incidents make you strong nerved person. In other words, life tests you all the time.

“LIFE 15 DIFFERENT FROM ATEACHER BECAUSE TEACHERTEACHES A LESSON AND TAKES THE EXAM
BUT LIFE TAIKES EXAM FIRST AND THEN TEACHES A LESSON.”

When you are in love, life changes its meanings, prierities and requirements, Life seems to be confined within the kingdom of your loved
ome’s heart. Life is a gift of God and to love and being loved is the best feeling in life which has no parallel. Everyone wishes to live a
blissful life with his/her life partner. Life can be blissful only if you know each other, understand well and stand for each other through
bad times.

Do not waste your life. Life should have some purpose. Identify your aim, head towards your destiny and spend your entire life in
achieving your goals. This is what we call life. It is a wise saying that time waits for no one. Once it is spent, it is gone. We've qot to
be wise in choosing our priorities so as not to waste any of our precious time. Keep on trying to get your goals and don’t lose h&w& Ieis
said by Paulo Coelho: . ’
“WHEN YOU WANT SOMETHING, THE ENTIRE UNIVERSE CONSPIRES IN HELPING YOU TG&CH[EV_E
l "

Life is worthless without hope. Hope is the key element in life which never lets you down and kﬁepsybur‘mura.[s i
mistic and have faith in God. Everything happens for a reason. Sometimes a slight inconveni :

tunate, life is cruel ete but this is not the reality. Spread optimism instead of pessimism. lt wi
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Woh lamhe jo meri zindagi ke anmol pal ban gaye, woh lamhe jo mere guzre huye kal ban gaye,
Kaash in lamho ko main fir se jee paata, woh lamhe jo meri aankho ke jal ban gaye,

Aankho mein sapne aur dil mein arman liye, ek safar pe chal pade bina kisee ke saath liye,
Raaste mein kuch naye chehro se mulakat ho gayi, Phir to woh aise dost bane jaise ek rishta ho umra
bhar ke liye,

Woh lamhe jo mujhe mere chahne wale dost de gaye, woh lamhe jo na bhula pane wale log de gaye,
Is safar ki shuruaat hum ne saath ki thi, jaan se pyare yaaron ke sath kitni sari baat ki thi,
Zindagi ke un palon ko bhi hum ne saath jiya tha, jin palon ne khushi aur gum dono se mulagat ki thi,
Woh lamhe jo ab laut ke nahi aa sakte, woh lamhe jahan hum chah ke bhi nahi ja sakte,

Apne yaaron ke dil ki baat bina kahe jaan lete the,
kaun pasand hai kisko ye thode se jhaghde ke baad hum maan lete the,

Woh lamhe jo ek dhundhli yaad ban gaye, woh lamhe jo ek yaadgar kitab ban gaye,

College aane ka man nahi phir bhi college aaya karte the, kuch logo girlfriend aur baki ko teacher bulaya
karte the,

Exam dene ki to jaise aadat si ho gayi thi, phir result dekh ke kuch rote to kuch muskuraya karte the,
Ajib the ye lamhe jismein hum hanse bhi aur roye bhi, ajeeb the ye lamhe jismein kuch paaye bhi kuch
khoye bhi
In lamho ko ek yaad bana ke apne sath lejaunga, in lamho ki dastaan fir kise sunaunga, kyon ki.........
Kya in lamho ko mein phir jee paunga ? kya aise mahol main me phir se aa paunga ?

Main janta hoon iska jawab to Na hi hoga, kyon ki likhi hui kitab ko main phir se kora nahi kar paunga
Bus in lamho ko apne dil mein basa loonga aur jab yaad aayegi in doston ki to naam aankho ke saath
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future. Apart from the ew:eflentwanademlc exper]em:es, also reaped benefits
Morit Portel e part of multi-c . tuder _budy. I continuously learned how to share ideas with people from
NS Faculty member C intensive and extensive interactions with people from differ-
ExStyde ent countries and cultures equipped me with better interpersonal skills. There are many things to say
about thegnodness of CGBIBT, Maliba Campus, including the outstanding library and WiFi services, inter-
esting group activities, various cultural events and many more. To sum up, CGBIBT gave me not only the
best study experience ever but also gave me the privilege of learning about our culture, beliefs and per-
spectives. These all have helped me to succeed in my career. Come to CGBIBT, Maliba Campus, you will
not be disappointed.

Our college is celebrating 10th year of its founding this year. | had the honor and privilege of being a part
of CGBIBT for almost 9.5 years, as a student of its 1st batch for 5 years and then as a lecturer for 4 and a
half years.

Hima Vyas M.Sc. Biotechnology (2010 — 2015)

There are countless memories that come back to my mind when | try to recall my days here at CGBIBT
and it will be impossible to make justice to all of them through my brief remarks, but the very first one

that comes to my mind is, | have had privilege of being one among the 7 students who did “the Bhoo- Being away from home has challenges of its own. It takes some time to get used to living in an unknown

place and adjusting to being a student again. The support of my seniors and fellow classmates were crucial
to my life at Maliba Campus. Similarly, the faculty and other staff members of CGBIBT are very helpful.
Professors are approachable and accommodating; while the office staff is eager to help us even with non-
academic matters. Living on campus also has a lot of great benefits. The campus facilities such as WiFi and
the library are easily accessible to students and are very useful to my studies.

mi-pujan” of our college building.
| am one among those who lived the journey of this institute from the beginning with minimal facility in
2005 to the present full-fledged facility what we see today. As a proud and grateful member of CGBIBT
family, | convey my best wishes to all of you. this

wonderful institute on its 10th Anniversary!

As | look ahead and visualize, CGBIBT will strive further in pursuit of higher standards of teaching, re-
search, and shaping the dreams of young talent.

Let us all carry forward the glorious legacy of this institute that

mtinues to inspmk us'arld it also share an unbounded optimism in its continued impact and relevance When | first came to the CGBIBT, Maliba campus, | was amazed atitspeacetui hmw Our campus is situated on the
‘outskirts of Bardoli town in rural awwphe surrounded 1al ;
mosphere Maliba campu:

Prachi Pandya M.Sc. Microbiology (2013 — 2015)




Tnvid &@MW Slnimeasanrn

Ex-Overseas Research Scholar

2 eat honour and profound pleasure to give my goodwill message and to be
idenﬁﬁed\nﬁth \mu on the occasion of 10 Anniversary of our great Institute; C. G. Bhakta Institute of Bio-
technology (CGBIBT), Uka Tarsadia University (UTU), Bardoli, India.

It was indeed a one-man standing ovation when | heard that CGBIBT; a Center of Excellence in Biotechnol-
ogy would turn TEN. Although | could not be physically present due to some commitment here in Nigeria,
the j Joy within me knows no bound and | feel really honoured to send this short message.
| want to sincerely congratulate the entire Management, Staff and Students of CGBIBT on this great occa-
sion of the Tenth Year (Anniversary) of making dreams come true. | recall with great reminiscence my stay
at CGBIBT, the special times and beautiful moments we had together, the unspeakable hospitality and the
culture of excellence in all endeavours, these are times | treasured most in life and the memories are eter-
nal. It was a great privilege for me to be part of this huge success and still being part of you till the moment
is like a cherished treasure to me. CGBIBT, | was indeed bathed by the shower of your benevolence, disci-
pline, diligence and nobility.
| join my good friends, mentors, colleagues and scholars on this joyful occasion. | believe all our achieve-
ments, the laurels we won are just the beginning of our unstoppable international exploits. | see greater
future as our dear CGBIBT (Citadel of Excellence) continues to transform lives and play leading role as
Global Biotechnology Hub.
Prof. Dr. R Krishnamurthy Sir and your entire team’s hard-work and unity of purpose have brought our In-
: ls far. May each coming year bring even more success to CGBIBT and UTU. My heart goes to my
| students who have been keeping the touch on. You all really deserve this
roud to he part of you.

It was a great and memorable experience for me to be in India and at the same t ! C
out part of my doctoral research work at CGBIBT for six months successfully which is a milestane in my
professional career. This would have not been possible without the mentorship of Prof Dr. R Krishnamur-
thy, kind cooperation by the management of UTU and the help rendered by all faculty members of
CGBIBT. | am so happy that CGBIBT is celebrating its 10th anniversary and | wish all the success for the
event and congratulate all faculty members of CGBIBT on this proud occasion.




Hearih Desar W %&/’ |

Ex-Student & Faculty member

Suraj Dasai
98253 09466

| have enjoved the journey of almost a decade in CGBIBT first as a student and then as a teacher. Transforming from carefree
into careful was a endearing and engaging experience. The guidance and blessings of all the teachers have helped me shape
my life. The great company of friends while studying from 1006- 2011 has embossed in me endless memories. | am foreunate to
continue to be a member of CGBIBT family.

surai 189907 2 idvahon.com

Tunal Naik

SOLO RIDE
Something that hits you like tones of
water
Gives you tones of pain Now we will prize
And you will have crying face, And tie our all effort together
A never ending try, . Buhari, Ta. Valod, Dist. Tapi. Ph
Tones of blessing are waiting under S0 somewhere we can fly. 50 why do we cry,
Which Ll makes you wender Till sur soul drown down, When we can have it by alone,
5till nothing has changed. It does means much more to ours
- Someday you may need someone ta appreci-  Each and every smile. Dr. Shailesh Shah (Director, MPC, UTU) Mrs. Vijayalakshmi (Principal, MBNC, UTU)
Fix but broken de-faith heart At
4 — Dr. N € Shah (Director, CGPIT, UTU) Mr. B S Vaidya (Director, SRSS, UTU)
But nobody there to even a praise MNow we will rise
That was the moment when you have to taste  With what we had share enough Dr. Bankim Patel (Director, SRIMCA, UTU) Dr. Anil Mishra (Principal, SRCP, UTU)
the glory Mever cry for lost behind Dr. Poonam Mittal (Director, BVPIBMCIT, UTU) Dr. Prashant Joshi (Head, Dept. of Management, UTU)
fnd fossut all worries (Bl s e canlead, Dr. K R Desai (Director, Dept. of Chemistry, UTU)  Ar. Sumesh Modi (Director, RESA, UTU

And let the evening fade. Till our soul drown down.
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