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FORWORD

Global food security will require significant gains in cereal productivity and
production in both exporting and importing countries. Most countries in West
Asia and North Africa cannot meet their demands for staple food (mainly
wheat, but also rice) from domestic production and, therefore, depend on food
imports to varying degrees, making them the most import-dependent countries
in the developing world (FAO, 2008). Projections of the region’s food balance
indicate that dependence on imports will increase by almost 64 percent over
the next twenty years (IFAD, Improving Food Security in the Arab World,
January 2009). The expanding demand for cereals is expected to increase
cereal net imports to 73.1 million tons by 2020 with wheat imports alone
accounting for more than 50% of the total cereal net imports in 2020. Crop
improvement programs need to become more efficient to close the yield gap
between yields on station and farmer fields. Agricultural biotechnologies offer a
number of techniques such as tissue culture applications, marker-assisted
selection and genetic engineering can help to close the yield gap.

2010 is the fifteenth anniversary of the commercialization of biotech
crops, first planted in 1996 (ISAAA Brief 42 for 2010 (James, 2010). The
growth from 1.7 million hectares of biotech crops in 1996 to 148 million
hectares in 2010 is an unprecedented 87-fold increase, making biotech crops
the fastest adopted crop technology in the history of modern agriculture.
Biotech crops already contribute to some of the major challenges facing global
society, including: food security and self-sufficiency, sustainability, alleviation of
poverty and hunger, help in mitigating some of the challenges associated with
climate change and global warming; and the potential of biotech crops for the
future is enormous (James. 2010).

The most important constraint to the adoption of biotech crops in most
developing countries, that deserves highlighting, is the lack of appropriate
cost/time-effective and responsible regulatory systems that incorporate all the
knowledge and experience of 15 years of regulation (James, 2010). Current
regulatory systems in most developing countries are usually unnecessarily
cumbersome and in many cases it is impossible to implement the system to
approve products which costs US$1 million or more to deregulate — this is
beyond the means of most developing countries.

FAO has approved a two year regional project (TCP/RAB/3202) entitled
“Strengthening capacities towards the establishment of a regional platform for
the detection of genetically modified organisms". The participating countries
include Lebanon, Jordon, Syria, UAE, Yemen and Sudan. The aim of the
project is to strengthen regional capacities and to enhance regional information
exchange and dialogue in biosafety that would lead to the establishment of a
regional platform for handling and managing GMO detection and related
procedures through increased regional cooperation and standardization of GM
detection and analysis procedures within the region.

Advanced Regional Training Course on Detection of Genetically Modified Organisms and Biosafety for Food and Agriculture
ICARDA, Aleppo, Syria, 19-24 June, 2010

viii



Given the strong trade relations among the countries of the region, the
shared borders, the heavy imports of food products, and new investments that
the area is attracting; such a network could also represent an economic
opportunity. It could reduce dependency and costs associated to GM detection
activities on one side, and generate additional resources through the charges
from the services provided by the reference laboratories on the other side. In
addition, as GMO detection activities are necessary for the release of permits,
the project will favor more balanced public-private sector collaboration for better
organization and management of imports within the national regulatory
frameworks and standardized procedures. Through the project it is expected
that the six countries (Lebanon, Jordon, Syria, UAE, Yemen and Sudan) will
reinforce the ties between agriculture and environment at national and regional
levels, increase training opportunities, share experience and know-how. It will
also aim to increase North-South and South-South collaboration in this area.

As part of this TCP project, the General Commission for Scientific and
Agricultural Research (GCSAR) in cooperation with the International Center for
Agricultural Research in the Dry Areas (ICARDA) and the Food and Agricultural
Organisation of the United Nations (FAO) organized an advanced training
course on: "Detection of GMOs & Biosafety in Agriculture and food. The
training course was held at ICARDA, Aleppo, Syria, from 19 to 24 June 2010.
Organizers selected and sponsored 18 technicians, agricultural engineers,
research assistants, associates, assistant lecturers and researchers from the
eligible countries participating in the project. The training consisted of both
theoretical and practical sessions on methodologies of GMO detection,
identification and quantification using traditional and Real Time PCR.

This Laboratory Manual on GMO detection has been prepared in English and
Arabic language in the context of this training course. It presents a compilation
of a general overview and technical protocols related to GMOs, all derived from
specialized GMO references.

This manual can serve as the theoretical and practical guide on GMO detection
for the Arab countries. The manual could be a reference in GMO detection to
strengthening the regional capacities in GMOs detection and will support the
Arab countries in the implementation of national Biosafety regulations under
the Convention of Biological Diversity.

Editors
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PART 1.

Theoretical Background on

‘GMOs Detection and Biosafety’
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1.1. Introduction

The deployment of agricultural technologies that enhance productivity
without destroying the global natural resource base remains a critical
generational challenge. Recent trends however indicate that, technologies,
especially biotechnology, if properly harnessed, offer a responsible way to
enhance agricultural crop productivity for now and the future.

The tools of biotechnology offer the ability to isolate, manipulate, and transfer
genes between species expands the gene pool that is available and can be utilized

in the genetic modification and improvement of plants, animals and microbes.

Although Genetically Modified Organisms (GMOs) are at times, subject to
intense debates, it is accepted that genetic engineering technology has the
potential to help increase production and productivity in agriculture, forestry, and
fisheries: e.g. by raising the yield levels on marginal lands in developing
countries, improving the quality of the raw material in the pro-vitamin A and
ron-enriched rice, or improving various biotic or abiotic stress tolerances of new
varieties of agricultural crops, At the same time one is also aware of the potential
risks posed by genetic engineering, which fall in two main categories: the effects
on human and animal health and the environmental consequences. The majority
of these potential risks such as the effect on human health or on the

environmentcan impact all countries and communities.

To ensure the safe use and development of gene technology and to prevent
any potential harm to human health, animals, property, or the environment that
may be caused by the use of GMOs, the risks of every new GM plant, animal, or

microorganism are analyzed on a case-by-case basis.

e
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At the technical level recent developments in the GM area which increased
from 1.6 million ha in 1996 to reach 148 million ha in 2010 cultivated in 29
countries (James 2010), have illustrated the need to develop quick and accurate
methods for the detection of GM plants and seeds in support of the GM
inspections being carried out in many countries. A number of procedures can be
employed to attempt identification of a genetically modified organism. Reliable
GMO identification and quantification methods should be used to comply with

the biosafey regulations.

For developing countries strengthening capacities in GMO detection can
pave the way to strengthen the laboratories for GMO detection, release of
permits, and facilitate information sharing for detection of GMOs at national
level amongst laboratories. Eventually they can serve in future as nodes for the
exchange of information, experience, and expertise and address specific capacity-

building needs in GMO detection as required.

e
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[ 1.2. Introduction to genetic engineering of crops ]

1.2.1. Terminology:

A variety of terms are used in this area of research, so a small glossary is
given below:
Genetic Engeneering: Modifying genotype, and hence phenotype by
transgenesis (genetic transformation).
GMO: Abbreviation for genetically modified organism. An organism that has
been transformed by the insertion of one or more transgenes.
Transformation: The uptake and integration of DNA in a cell, m which the
introduced DNA is intended to change the phenotype of the reciepient organism
in a predictable manner.
Transgenic organisms: an organism that has been successfully transformed and
contains a new gene or genes which are stably inherited by its progeny. These are
also known as transformants and GMOs.
Transgene: An isolated gene sequence used to transform an organism.
Vector: a small DNA molecule, (a plasmid or virus, bacteriophage, artificial or
cut DNA molecule), that can be used to deliver DNA into a cell. ‘Vector’ can

also describe agents (physical or biological) that transmit or carry diseases.

1.2.2. Genetic Engineering of Plants
1.2.2.1. What do you need for transformation of an organism?
1. Host - the organism that is going to take up the DNA and be transformed.
2. DNA - the DNA that is to be transferred into the host.
The host must be competent for transformation, that is, able to take up
DNA. The bacteria used by Griffith were naturally competent to take up DNA.
Escherichia coli, however, is not so obliging. For E. coli, a variety of treatments

are used to make cells competent to take up DNA. One of these is treating the
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bacteria with ice-cold calcium chloride (CaCl,). It is not fully understood what
this treatment does to the bacteria, but it is assumed that the physical barriers to
DNA getting into the bacteria, the cell wall, and membrane are made more
permeable and thereby allow DNA to enter the cell. The competent E. coli cells
and the DNA are mixed together in a tube. After several minutes, the bacteria are
briefly heated, then placed on agar medium and allowed to grow. Not all of the
bacteria will be transformed. For E. coli, the highest transformation frequency
obtained i1s about 1%. In other words, at best only one bacterium of every 100
will be transformed. In almost all transformation systems, the frequency of
transformation, the fraction of cells that are transformed and take up DNA, is
low. For E. coli, a typical transformation would use about 0.1 pug of DNA. On
average only one molecule of every 10 000 successfully transforms the host. So,
a major experimental problem is how to identify the relatively rare transformed
cells among the mass of non-transformed bacteria.

How can the rare transformed bacteria be identified?

The transformants must be distinguishable from the others. The DNA that the
bacteria take up should carry a gene that gives the transformed bacteria a distinct
property or phenotype that can distinguish them from the non-transformed
bacteria. In transformation of bacteria, the DNA used for transformation carries a
gene for resistance to an antibiotic, e.g. ampicilline or tetracycline. Bacteria that
have been transformed with the DNA will be able to grow in the presence of the
antibiotic, while untransformed bacteria (the vast majority) will not.

After mixing the bacteria and DNA, the bacteria are placed on a medium
that contains the antibiotic, on which only transformed bacteria will grow. This
antibiotic resistance gene is also known as a selectable marker because it allows
for direct selection of transformed bacteria. Selectable marker genes are essential
for transformation of wvirtually all organisms, because the frequency of
transformation is very low. Transformation with vectors that carry a selectable
marker allows the transformed organisms to be simply identified.

So, transformation of bacteria can be summarized as:
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e mixing together DNA (a vector) with cells that are able to take up the

DNA

e treating the mixture to allow DNA to enter host cells
e growing the host cells
e identification of transformed cells

The DNA used to transform the bacteria needs to carry a selectable
marker, such as a gene for resistance to an antibiotic, and an origin of replication.
If the DNA mtroduced into the bacterium is not replicated each time, the
bacterium divides, then the DNA transferred into the cell will not be present in
all progeny and will rapidly be lost. So these two components are required in the
DNA used for transformation. However, the purpose of transforming E. coli is
not simply to introduce and copy these pieces of DNA, but to move other more
interesting genes into the host organism. These essential components are
assembled into vectors that can be used to carry other pieces of DNA into the
bacterium. In the same way that vectors carry infectious diseases between
organisms, transformation vectors carry DNA nto the host.

Most transformation vectors are plasmids — circular DNA molecules that
carry these essential components and can also have other DNA added to them.
How are other pieces of DNA added to a plasmid vector? The vector must
contain a site where the circular DNA molecule can be cut with a restriction
enzyme to open the molecule. Other DNA fragments can then be inserted mnto the
vector using DNA ligase to join the DNA molecules and create a new circular
plasmid DNA. These recombinant DNA molecules are formed in a test tube and
then transferred into E. coli by transformation.

Note that plasmid vectors are normally quite small DNA molecules; many are
only 3000 base pairs (bp) in size. There are a number of reasons for this:

- it is easier to transform E. coli with small DNA molecules;

- as the size of a DNA molecule increases, the likelihood of there being a

single site for any restriction enzyme in the vector declines.
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- If the vector is cut into two fragments, it is quite unlikely that it will be
joined together in the right way by DNA ligation.

Vectors for transformation of E. coli are now quite advanced and have some
added features that make cloning of DNA fragments more straightforward. For
example, when you ligate together vector DNA and other pieces of DNA, you
can create a number of different combinations. As a researcher, you are only
interested mn those that recombine the vector with other DNA. However, the
vector can also simply ligate back to itself and produce a DNA molecule that will
transform the bacteria and give antibiotic resistant colonies.

How can we distinguish between the bacteria that have been transformed with
recombinant plasmids and just re-ligated vector plasmids that do not carry any new
piece of DNA?

In many vectors, the vector contains a second gene (the ‘blue gene’), and

when this gene is expressed the bacteria are blue rather than the usual white when
grown on a special indicator medium. The site for cloning fragments of DNA is
in the middle of this blue gene. When a DNA fragment is inserted at this site, the
blue gene is disrupted and inactivated. The bacteria that take up this recombinant
DNA molecule will still be resistant to the antibiotic, but will now be white
rather than blue. Thus, the blue colonies on the plate contain just the rejomed
vector, while the white colonies contain recombinant DNA plasmids.

These plasmids have been manipulated so that one plasmid can serve many
different functions. Many sites for restriction enzymes have been mtroduced into
the vector so that DNA fragments with many different types of ‘sticky ends’,
produced by different restriction enzymes, can be cloned in one vector. The
vector can also be used to allow the DNA sequence of the cloned DNA fragment
to be determined quite easily. RNA can be transcribed from the DNA that has
been cloned into the vector, which can be useful in a number of research

methods.
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1.2.2. 2. General approach of plant transformation

All of the transformation methods for plants follow the general approach

described below:

1.

Tissue samples are removed from the host plant which is to be transformed.
These samples are known as explants and are taken from a variety of tissues.
Another source of plant material for transformation is tissue culture, where
cells are growing under aseptic conditions. The following steps are all carried
out under sterile tissue culture conditions, with the plant tissue growing on an

artificial agar medium.

. The explant is subjected to the transformation procedure. The goal is to

transform as many cells as possible in the tissue. There are two important
points to remember here: first, most transformation procedures are inefficient
and only a small fraction of the target cells are actually transformed; and
second, each cell that is transformed is unique. Even though all of the cells
that are transformed may have received the same piece of DNA, the site at
which the DNA integrates into the chromosome is different in each cell and

this means that every transformed cell is genetically different.

. Selection is applied to identify the rare cells that have been transformed. Only

transformed cells will be able to grow under these selection conditions.
Without this selection, many more plants would have to be regenerated and
then screened later to find the rare transformed plant.

. The composition of the growth medium, especially the levels of auxin and

cytokinin hormones, is altered so that differentiated plants will regenerate from

transformed cells.

. Seed are collected from the regenerated, transformed plants and the progeny

are examined for inheritance of the transgene (the gene that has been

transferred).

. The phenotype of the transgenic plants is then studied to determine if the

gene(s) that have been introduced have altered the performance of the plant.
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1.2.23. Types of plant transformation methods for producing transgenic

crops

Most of the transformation methods used for higher eukaryotes relies on
integration of the DNA that is transferred into a chromosome. When the DNA is
integrated into the chromosome it will be reliably transferred through mitosis and
meiosis, and stably inherited.

Some Transformation methods use purely physical methods to get DNA
into an organism. The methods used for E. coli and yeast, using CaCl, or other
chemical treatments to make cells competent, fall into this category. Other
methods use a biological agent, such as a bacterium or virus, as the vector to
transfer the DNA. Whichever method is used, the DNA must cross a number of
physical barriers for transformation to be successful.

For transformation of a plant, these barriers inc lude the cell wall, plasma
membrane, contents of the cytoplasm, nuclear membrane, and ultimately lead to

integration into a chromosome.

Transformation methods can be divided into two groups:
. Agrobacterium-mediated
o A. tumefaciens
o A. rhizogenes
. Uptake of naked DNA
o Electroporation
o Polyethylene glycol (PEG)-mediated

o Particle gun

Below, we describe the two major methods used to produce transgenic plants,
1.e. Agrobacterium tumefaciens-mediated transformation and Transformation

using gene gun (biolistic)
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1.2.2.3.1. Agrobacterium tumefaciens-mediated transformation

The first reliable method for plant transformation was based on a pathogen
that attacks plants, especially grape and olive, and causes crown gall disease —
formation of galls at the crown of a plant, the junction between root and shoot at
the soil surface. The organism that causes this disease is Agrobacterium
tumefaciens, loosely translated from the Latin as ‘soil-bacterium tumor-maker’.
The galls are produced at the site of infection and consist of a mass of
undifferentiated cells, also known as tumors. Agrobacterium tumefaciens
produces these tumors by transferring a piece of DNA from the bacterium to the
plant. This is called the T-DNA for ‘transferred DNA’. This natural transfer of
DNA from a prokaryote into a eukaryote is unique in the world of biology.

The T-DNA carries a number of genes with promoters and other control
sequences that are designed to function in plants rather than in bacteria. The
genes on the T-DNA are then expressed in the plant. The T-DNA genes encode
enzymes to make the plant hormones auxin and cytokinin.

What happens if you alter the concentration and balance between
auxin and cytokinin?

Higher levels of auxin promote root growth, while cytokinin promotes
shoot development. However, the T-DNA genes result in very high levels of both
hormones, and this leads to the proliferation of undifferentiated cells — a tumor.

The T-DNA in the bacterium is part of a large plasmid known as the
tumor-inducing or Ti plasmid. Bacteria which do not have the Ti plasmid cannot
produce galls and are not pathogenic.

As another aside, what does the bacterium gain from causing this disease
on a plant? Is the production of tumors on plants just an act of malicious
snuggery on the part of the bacterium, or is there some good biological reason for
why the bacterium causes these galls? The T-DNA also carries genes encoding
enzymes for the production of opines, unusual amino acid derivatives. The tumor

produces opines and so bacteria living in the tumor, outside the plant cells, use
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these compounds as their source of carbon and nitrogen. Some of the other genes
carried by the Ti plasmid encode enzymes to utilize these opines in metabolism.
By producing opines the tumor provides an ecological niche for the
Agrobacterium to grow. Agrobacterium has developed this unique method to
transfer DNA from the bacterium into plants. This has now been manipulated to
develop systems for transformation of plants.

The T-DNA region of the Ti plasmid, the portion that is transferred into
plant cells, is physically defined by specific sequences of approximately 20 bp on
either end of the T-DNA. Any DNA that lies between these border sequences
will be transferred into the plant. The T-DNA normally contains genes for
hormone synthesis and production of opines, but these genes are not required for
the transfer of DNA from the bacterium. The bacterium is not aware of the
sequence of DNA that is being transferred. This is important for two reasons:
first, any piece of DNA can be placed between the border sequences and will be
transferred from bacterium to plant; and second, the genes that result in altered
synthesis of hormones, and thereby production of tumors, can be removed.
Therefore, it is possible to obtain transformed cells which have normal levels of
hormones and appear to be quite normal.

While plant cells can be readily transformed by Agrobacterium, there must
be some method to distinguish between transformed cells and those that are not
transformed. The fraction of cells that are transformed is small. Without any
selection, most of the regenerated plants would not be transformed and some
other method would have to be used to identify transformed cells and plants. In
transformation of bacteria, plasmid vectors carry genes for resistance to
antibiotics. This allows transformed bacteria to be identified based, for example,
on their ability to grow in the presence of ampicilline. Similarly, the T-DNA that
is transferred to plants must also carry a gene giving a selective advantage to
transformed plant cells under specific conditions.

A selectable marker must be included in the T-DNA. For plants, the first

selectable marker gene was for kanamycin resistance. The gene for resistance
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was found in bacteria. This gene encodes a protein that adds a phosphate group to
kanamycin, thereby inactivating the antibiotic. Growth of plant cells is also
inhibited by kanamycin. If the bacterial protein that inactivated kanamycin could
be expressed in plants, then plants should be able to grow in the presence of
kanamycin. To express the protein encoded by this bacterial gene in plants, the
gene first had to be modified. These modifications included removing the
promoter and terminator sequences, which direct the transcription of this gene in
bacteria, and replacing them with a promoter from a plant gene which directs a
high level of expression of this gene in all plant cells and a transcription
terminator which also works in plant cells.

This chimeric resistance gene is inserted into the T-DNA of the T1 plasmid
so that it will be transferred from bacterium to plant. The Ti plasmid can be
further manipulated so that:

1. The T-DNA genes that normally lead to production of tumors (i.e. the
genes that direct synthesis of hormones) are removed.
2. A selectable marker gene for kanamycin resistance is added to the T-DNA
between the border sequences.
3. Any other gene or genes can be included in the T-DNA and will be
transferred from the bacterium into the plant.
With this modified Ti plasmid in 4. tumefaciens, how do we go about
producing transgenic plants?
The procedure is quite straightforward:
1. Remove tissue explants from the plant.
2. Incubate the wounded plant tissue with Agrobacterium carrying the
modified Ti plasmid.
3. Place infected tissue on medium containing kanamycin.
4. Transformed cells divide and grow; these are transferred to medium to
allow shoots to develop.
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5. Shoots are placed on another medium to promote root development, so
that small plantlets are produced.
6. Plants are transferred from agar medium to soil.

This method is very widely used for plant transformation, especially many
of the model systems used to study plants — tobacco, petunia, and others. It used
to be thought that A. tumefaciens was not very efficient at infecting monocots
(including wheat, rice, and maize) and many legumes such as soybean. These are
the crop plants for which there are the greatest economic incentives to develop
transgenic varieties. Therefore, other methods were developed to transform these
plants. All of these are based on physical methods to get DNA inside in a cell
However, in the last two years there have been a number of reports showing that
Agrobacterium can be used to transform rice and maize at high efficiency.
Agrobacterium carrying the modified Ti plasmid is then used to infect pieces of
plant tissue. The T-DNA is excised from the Ti-plasmid, moved across the
various barriers, and then inserted into the chromosome of the host. Many details
of the molecular events involved in this process are now understood. The T-DNA
has now transformed a small number of cells. Transformed cells grow in the
presence of the selection agent (e.g. kanamycin) and fertile plants are then
regenerated from these cells.

When bacteria or yeast are transformed with a plasmid, every cell that takes up
the plasmid s identical. This is not true when plant cells are transformed with
Agrobacterium. Each plant that is obtained from a separate transformation event
should be regarded as unique with a distinct genotype.
One major difference is that the T-DNA must integrate into a chromosome,
rather than replicate extra-chromosomally. The site of integration appears to be
random. Because the T-DNA is integrated at different sites in different cells, each
transformed cell is now unique. There are two reasons why this random
integration is important:
- The T-DNA may insert into, and inactivate, a gene that is required for
some other function or purpose. While this insertion may not be
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immediately obvious, it may result in the inactivation of perhaps a gene for
resistance to a particular pathogen.

- The site of integration can have a very large effect on the level at which

the T-DNA genes are expressed. Expression can easily differ by a factor of
100 between individual transgenic plants, even though they contain exactly
the same piece of DNA.

In addition to the variation produced by transformation, the process of tissue
culture — growing plant material in culture, exposing it to hormones, antibiotics,
and other exogenous agents, and regenerating differentiated plants — also
produces variation. This is known as somaclonal variation. Starting with a single
plant, this is cultured and produces callus — a mass of undifferentiated cells. From
this, many plants are regenerated that should be genetically identical to the
starting material. However, the plants show variation — unusual phenotypes or
forms that are unlike the original starting plant. This phenomenon is well
documented, but not well understood.

Since Agrobacterium transformation is not successful with some plant
species, a variety of other methods have been developed. These all use physical
methods to deliver DNA into plant cells.

The first method is virtually identical in principle to the methods used to
transform microbes. Plant tissues can be reduced to a collection of individual
cells that lack cell walls. This is done by treating plant tissue with a collection of
enzymes that break down the cell wall polymers. These cells without any wall are
called protoplasts. One of the major barriers to getting DNA into plant cells, the
cell wall, has been removed in the preparation of protoplasts. Protoplasts can then
be transformed in a number of ways. In electroporation, the protoplasts are mixed
with the DNA — the genes to be introduced — and are then given an electric
shock. In some way this high voltage makes temporary holes or pores in the
plasma membrane which allows DNA to enter the cell. The DNA then somehow
gets to the nucleus and is integrated nto a chromosome. Electroporation is

generally the most efficient treatment to get DNA inside plant protoplasts;
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however, other chemical treatments, such as addition of PEG or CaCl,, can also
be used.

After transformation, plants must be regenerated from transformed cells.

The procedures used are quite similar to those used in Agrobacterium-mediated
transformation:

- Selection of transformed cells, e.g. by their resistance to kanamycin.

- differentiation of shoots and roots (a process known as organogenesis)

- alternatively, some plant cells growing in culture can produce somatic
embryos — embryos that are not derived from fertilized eggs. These
embryos can develop into fertile healthy plants under the appropriate
conditions.

The goal of these various methods is to produce fertile, transgenic plants from

transformed cells.

Another physical method to get DNA into protoplasts is by
microinjection, using very fine needles and syringes to directly inject a solution
of DNA into the nucleus of a cell. One at a time, individual protoplasts are held
in place by suction from a pipette, while a needle is mserted through the
cytoplasm into the nucleus. A few nanoliters (one millionth of a milliliter) of
DNA solution are injected, since using a larger volume would make the cells
burst. The needle is removed, hopefully the cell does not burst, and regeneration
of plants is attempted from these injected, transformed cells. One advantage of
this method is that the frequency of getting DNA into the protoplasts is very high
— essentially all of the injected cells will get the DNA. However, the number of
cells that can be transformed is limited. Other problems with this method include
the level of technical sophistication required.

No matter which method 1s used to get the DNA into the plant cells, one
central problem remains with all of these transformation methods that require the

preparation of protoplasts: regeneration of plants from single cells. We have all
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learned about the totipotency of plant cells in an early biology class; however, it

is very difficult to achieve this with many plant species.

Steps for plant transformation with Agrobacterium

1. Clone the gene or gene fragment into the multiple cloning site of an
intermed iate vector.

2. Introduce the gene into an acceptor A. tumefaciens strain via triparental
mating. (reciprocal recombination between the intermediate vector and the
T-DNA region of the acceptor plasmid occurs during triparental mating or
any other means (electroporation, heat shock..) and the gene is now part of
the T-DNA region that will be transferred).

3. Co-cultivate the engineered A. tumefaciens strain containing the gene of
interest with an exp lant from which regenerated plants can be obtained.

4. Culture the regenerating explant in the presence of a selectable agent and
select cells, shoots and rooted-shoots that are resistant to the agent.

5. Screen the regenerated plant for the expression of the selectable and
scorable markers screen the transgenic plant for the expression of the
introduced gene.

6. Grow progeny of the transgenic plant and determine the inheritance of the
introduced gene.
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Figure above shows the plsmid DNA construct for transformation.

(Zhu 2000; Adrian ef al. 2003; Barnum 1998; Chawla 2004; Nicholl 2002;
Phillip 1998 a,b,c ; Zaid 2001)

How can plants be transformed without having to go through all of
these tissue culture procedures, which are only successful with some species
and also inadvertently introduce undesirable variation?

These concerns were one of the reasons behind development of particle

bombardment for transformation of plants.
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1.2.2. 3.2. Transformation using gene gun (biolistic)
1.2.2. 3.2.1. Background

The gene gun was created as a new way of proceeding with gene
transformation of grains in response to the difficulty of getting bacteria across
grain cell walls. It was designed by John Sanford at Cornell University in 1987
and made introducing new genetic material into plant cells much easier than
previous methods, such as the use of viruses or Agrobacterium. The gene gun has
a wide range of uses today and can be used on many organisms such as bacteria,
yeasts, and mammalian cell lines — particularly those which have previously been
difficult or impossible to transfect, such as non-dividing cells or primary cells.
The transformation does not apply only to unicellular organisms but also whole
objects such as leaves or entire animals, e.g. Drosophila and mice. It has also
been particularly useful for chloroplasts because no bacteria or viruses were
known to infect chloroplasts, and this method has allowed mtroduction of foreign
DNA into chloroplasts.
There are three common methods of genetic engineering: the plasmid, the vector,
and the biolistic (gene gun) methods.
The most well-known of the three is the plasmid method, which is generally used
for altering microorganisms such as bacteria. The vector method is similar to the
plasmid method, but its products are inserted directly into the genome via a viral
vector. The biolistic method will be described in detail below. In this method the
DNA is delivered mnto cells on microscopic particles of gold or tungsten.

1. DNA is mixed with microscopic (1-10-um diameter) particles of tungsten
or gold and the DNA is precipitated onto the particles; this results in
particles coated with DNA.

2. The DNA-coated particles are placed on the end of a larger plastic bullet.

3. The bullet is loaded into a gun barrel and the target —plant tissue to be
transformed— is positioned at the end of the barrel.
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4. The gun is fired, accelerating the bullet to the end of the barrel. A plate
with a small hole in the end stops the plastic bullet. However the small,
DNA-coated particles pass through the hole and strike the target. The
DNA-coated particles are analogous to the foolish car passenger who
doesn’t use a seat belt: when the car is brought to an abrupt halt by striking
a large object, the passenger’s momentum will cause them to continue
moving, through the windscreen and onto the street.

5. Some of the particles will pass through the cell wall and enter individual
cells. In electron microscope pictures of plant tissue that has been
bombarded, the metal particles can be seen distributed in the tissue. Some
of the DNA will be released from the particle, end up in the nucleus and
integrate into a chromosome, resulting in transformation. Transgenic
plants can then be produced from these transformed cells in a variety of
ways.

The original method used an explosive charge (a blank cartridge) to accelerate
the plastic bullet (the macroprojectile) loaded with DNA-coated microprojectiles.
Because the gunpowder was found to damage the plant tissue at the end of the
barrel, it has been replaced with a number of other methods. The most widely
used is gas pressure, normally provided by compressed helium, but other
methods have been used successfully.

The primary advantage of particle bombardment is that it has an unlimited host
range. Any cell can be physically penetrated by these particles, and thereby
transformed. In fact, this method is not limited to plants and has been applied to

animals.

1.2.2. 3.2.2. What ‘target tissue’ can be used? Living tissue of any species is
suitable, so long as plants can be obtained or regenerated from it. Plant cells
growing in culture, leaf tissue such as leaf disks, and immature embryos removed
from developing seeds, have all been used. The ability to regenerate from single

cells in culture is not limiting. For example, immature embryos which have been
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removed from a developing seed are in the process of developing into a seedling,
and can continue on this path after they have been bombarded with these
particles. Particle bombardment can be used to transform cells in organized
morphogenic tissues, such as meristems or embryos. These have the advantage
that they are already in the process of developing into differentiated tissues, and
so are not dependent on tissue culture procedures to induce differentiation,

organogenesis, or embryogenesis.

1.2.2.3.2.3. How the gene gun works?

The gene gun is a form of the biolistic (also known as bioballistic) method.
Under certain conditions, DNA (or RNA) become ‘sticky,” adhering to
biologically nert particles such as metal atoms (usually tungsten or gold). By
accelerating this DNA-particle complex in a partial vacuum and placing the
target tissue within the acceleration path, DNA is effectively introduced.
Uncoated metal particles could also be shot through a solution containing DNA
surrounding the cell thus picking up the genetic material and proceeding into the
living cell. A perforated plate stops the shell projectile but allows the slivers of
metal to pass through and into the living cells on the other side. The cells that
take up the desired DNA, identified through the use of a marker gene (GUS is
most commonly used in plants), are then cultured to replicate the gene and
possibly cloned. The biolistic method is most useful for inserting genes into plant
cells for pesticide or herbicide resistance. Different methods have been used to
accelerate the particles: these include pneumatic devices; instruments utilizing a
mechanical impulse or macroprojectile; centripetal, magnetic, or electrostatic
forces; spray or vaccination guns; and apparatus based on acceleration by shock

wave, such as electric discharge.
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in the gene gun.
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There are several variables in these experiments that must be controlled in
order to attain maximal transformation efficiency. Optimal responses have been
shown to be dependent on the delivery of a sufficient number of DNA-coated
particles, as well as how much DNA coats the metal particles. Temperature,
amount of cells, and their ability to regenerate also has an effect on the overall
efficiency, as well as the type of gun used, e.g. helium-powered vs. gun-powder,
and hand-held vs. stand-alone. It is also important to adjust the length of the
flight path of the particles: fragile tissues cannot be bombarded at the same high
speed as those with more resistance to foreign particles entering. How to adjust
these variables depends mainly on which metal particles are used to transfer the

genetic material, and what type of cells are attempted to transfect.

Significance: Another important use of the DNA gun involves the
transformation of organelles as mentioned above, e.g. chloroplasts, as well as
yeast mitochondria. The ability to transform organelles is significant because it
enables researchers to engineer organelle-encoded herbicide or pesticide
resistances in crop plants and to study photosynthetic processes. DNA delivery
with the gene gun also offers new advantages for research in such areas as DNA
vaccination/genetic immunization, gene therapy, tumor biology/wound healing,
and plant virology.

The major limitations are the shallow penetration of particles, associated cell
damage, the inability to deliver the DNA systemically, the tissue to incorporate
the DNA must be able to regenerate, and the equipment itself is very expensive.
An objection to this method is that the DNA could be inserted into a working
gene in the plant and many of the public worry that this new DNA could then be

transferred to wild plants and resistance could be conferred to weeds or insects.

e
Advanced Regional Training Course on Detection of Genetically Modified Organisms and Biosafety for Food and Agriculture
ICARDA, Aleppo, Syria, 19-24 June, 2010
21



1.2.2. 3.2.4 Analysis of particle bombardment parameters to optimize
DNA delivery into wheat tissues

In order to increase the efficiency of DNA delivery by particle
bombardment to wheat (7riticum aestivum and T. durum) scutellum and
inflorescence tissue and reduce damage to target tissues, the major parameters
were assessed by scoring transient GUS expression in bombarded tissues. Of the
parameters analyzed, the amount of plasmid DNA, spermidine concentration,
presence of Ca’+ ions, CaCl, concentration, amount of gold particles, gold
particle size, acceleration pressure, chamber vacuum pressure, bombardment
distance, osmotic conditioning of tissues, and type of auxin had a clear influence
on transient gene expression (Rasco-Gaunt et al. 1999).
1.2.2.3.2.4.1. Amount of plasmid DNA
There were no significant changes in levels of GUS expression resulting from
precipitating 2.5, 5, 10 or 20 pg of DNA onto 2-mg gold particles. However,
there was a significant reduction in expression at 0.5 ug DNA.
1.2.2.3.2.4.2. DNA/gold precipitation parameters
The precipitation of DNA onto gold particles is the first step in the particle
bombardment process, and its success will determine the potential amount of
DNA for delivery. We evaluated the effect of changing the levels or
concentration of each component of the precipitation mixture and explored
different precipitation conditions. GUS expression data were substantiated by
DNA recovery experiments, which allowed the quantification of precipitated and
unprecipitated DNA.
1.2.2.3.2.4.3. CaCl, and spermidine concentration
CaCl2 was found to be an absolute requirement for DNA precipitation, and in its
absence most DNA was lost in the washes. A broad range of CaCl,
concentrations (0.2—1.5 M) was found to give similar GUS expression, with the
lowest level appearing optimal. A reduction in expression at 2.0 M CaCl,

suggests the negative effect of a high salt concentration.
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An absence of spermidine in the DNA/gold preparation resulted in inefficient
precipitation and subsequent loss of DNA through the washes; 8—16 mM
spermidine gave optimum transient expression. A high spermidine concentration
(80 mM) resulted in a drop in GUS expression.

1.2.2.3.2.44. Glycerol and PEG

The addition of 0.7% PEG (MW 1500) influenced neither GUS expression nor
DNA precipitation. Glycerol and PEG have been used as precipitation agents in
rice transformation, in which they were both reported to improve transient GUS
expression. For wheat transformation, neither compound is beneficial to DNA
precipitation and transient GUS expression.

1.2.2.3.2.4.5. Amount of gold particles

The amount of gold particles required for optimal transient expression had a
range of 29-235 g per bombardment, but there was a significant drop in
expression using a lower amount (15 pg). The drop in expression with lower
amounts of gold was explained by results from the DNA resolution experiment in
which it was seen that 0.25 mg of particles was insufficient to carry the
precipitate of 5 pg of plasmid DNA. It is important to minimize the amount of
gold particles used for bombardment to reduce damage to target tissues.
Unbombarded tissues and tissues bombarded with lower amounts of gold and at
lower pressures showed better shoot regeneration than those bombarded with
high particle loads and at higher pressure. This effect was more marked in wheat
varieties that respond poorly in tissue culture.

1.2.2.3.2.4.6. Alternative sources and sizes of gold particles

Per unit weight, Bio-Rad 1.0-ym gold particles carried less DNA than Heraeus
0.4-1.2- ym or Bio-Rad 0.6-um particles. This may be due to the smaller total
surface area for DNA precipitation presented by the larger particles or to particle
surface characteristics. A difference observed, however, was that bombarding
with Bio-Rad 0.6-pym particles typically resulted in finer expression units than
those obtained from Heraeus 0.4—1.2-pym or Bio-Rad 1.0-pum particles. This may
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be related to the observation that the aggregation of 0.6-Pm particles during
precipitation was less pronounced than with larger particles. Moreover, the use of
smaller particles would be expected to minimize tissue damage.
1.2.2.3.2.4.7. Particle bombardment parameters

1) Acceleration pressure
There was no significant difference in GUS expression at pressures of 650—1100
psi; however, at higher pressures expression was significantly reduced.
Apart from the obvious effect on depth of penetration, particle acceleration also
had an mmportant influence on the distribution of particles. Low acceleration
pressures (650—1100 psi) resulted in larger areas being covered by particles than
higher acceleration pressures (1300 and 1550 psi).
Microscopic analysis showed that, at low pressures, expression events were
evenly distributed and at a relatively lower density, thus reducing bombardment
shock and tissue injury. At high pressures, a small area of the target tissues was
very strongly targeted and thus likely to be damaged, while tissues at the
periphery showed very few expression events.

2). Chamber vacuum pressure
DNA delivery with the PDS-1000/He gun was significantly more efficient at 28
inches Hg; lower vacuum pressures did not allow particles to reach the target
tissue.

3). Bombardment (gap and target) distance
There are three adjustable distances that influence the delivery of particles using
the PDS-1000/He gun: gap distance (between rupture disk and macrocarrier),
macrocarrier travel distance (between macrocarrier and stopping screen), and the
target distance (between stopping screen and target plate). The standard
macrocarrier travel is 0.8 cm. We found that the combination of gap and target
distances which gave the optimum transient expression for both types of tissues
(scutellum and inflorescence) was 2.5 and 5.5 cm, respectively. Increasing either

or both distances resulted in a significant decrease in transient GUS expression.
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4). Multiple bombardments

There was no significant difference in GUS expression using single or

multiple (two or three times) bombardments on wheat tissues. Multiple

bombardments are useful mainly when primary delivery is not efficient;

however, they increase the damage to target tissues and thus are undesirable

for stable transformation.
1.2.2.3.2.4.8. Tissue culture parameters

Osmotic conditioning of explant tissues. Culture of scutellar tissues on 6%
(0.18 M) and 9% (0.27 M) sucrose significantly improved transient GUS
expression in comparison with tissues cultured on 3% (0.09 M) sucrose. A
similar response was observed from inflorescence tissues cultured in 9% (0.48
M) maltose compared with 3% (0.16 M).
Short-term high osmotic treatments (plasmolysis), typically for a few hours
before or after bombardment, are thought to minimize cytoplasm leakage from
target cells or tissues. Non-metabolizable osmotica such as mannitol, sorbitol,
and PEG or combinations of these are commonly used at osmotic levels of 0.25—
0.5 M. In our procedure, we exposed wheat scutellar and inflorescence tissues to
high sugar levels for the whole callus induction period. The presence of these
metabolizable osmotic agents (0.27 M sucrose and 0.48 M maltose) also
improved long-term culture response and stable transformation.
Summary: A number of methods have been developed for transformation of
plants. These utilize either biological or physical methods to deliver DNA into
plant cells. Selectable marker genes (e.g. for resistance to kanamycin) have been
constructed to allow identification of transformed cells. Regeneration of plants
from transformed cells 1s not always straightforward. This aspect of plant
biotechnology continues to improve, but some important crops can still difficult
to be transformed.
(Adrian et al. 2003; Barnum 1998; Chawla 2004; Nicholl 2002; Phillip 1998
a,b,c ; Zaid 2001)
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1.3. Detection, identification and quantitation methodologies of
GMOs

1.3.1. The conversion of genetic information from DNA to phenotypes

All organisms, whether uni- or multi-cellular, have their genetic information
stored within DNA, a specific sequence of four different nucleotides.

This information is then interpreted into functional traits as a result of two
consecutive, fundamental, biological processes: transcription and translation
(Alberts et al, 2002) (Fig. 1). In the first step “transcription”, single stranded
RNA is formed. With few exceptions, RNA is a one-to-one copy of one strand of
the DNA. One exception is that the backbone of RNA contains ribose sugar
instead of deoxyribose found in DNA. Another exception is that RNA contains
uracil base instead of the DNA base, thymine. Basically, three different forms of
RNA are synthesized which are transfer RNA (tRNA), ribosomal RNA (rRNA),
and messenger RNA (mRNA). All three types are needed for protein synthesis,
which is the second fundamental biological step “translation”. On one hand,
mRNA is used as a template for protein synthesis; on another hand, tRNA and

rRNA are helper molecules needed as constituents of the functional machinery of

protein synthesis.
DNA : 5'..A CGG ATA GCA TGG AAT CGA CAG TTG CAG G..3'
3'..T GCC TAT CGT ACC TTA GCT GTC AAC GAC C..5T
Transcription
mRNA 5'..A CGG AUA GCA UGG AAU CGA CAG UUG CAG G..3'
Translation .. l l l l i) l l l l ...
Protein N-term. ...R I A W N R Q L Q...C-term.

Figure 1. The flux of genetic information from DNA to protein.
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Proteins serve different functions, inside or outside the cell, as structural
elements, regulators, transporters, and enzymes. The last two, especially, are
involved in the synthesis of other structural macromolecules of the cell, the lipids
and polysaccharides. As a result of the action of structural elements and of
enzymes, the cytoplasm of a cell contains soluble, insoluble, high-molecular-
weight, and low-molecular-weight substances, which reflects the interaction
between environmental conditions (chemical and physical factors) and
endogenous cellular factors (e.g. growth phase and stage of differentiation).
Structural and functional elements contribute to the measurable properties of a
cell, which are called phenotypes. A phenotype, therefore, is a direct reflection of
a genotype (Knut and Heller, 2006) (Fig. 2).

—\

DNA
/ tRNA mRNA IRNA \

\ structural prot transporters enzymes regulators /

Figure 2. Transformation of the genetic information from DNA into phenotypes
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1.3.2. What are GMOs?

A GMO is defined as an organism in which the genetic material has been altered

in a way that does not occur naturally by mating and/or natural recombination.

Generally, the genetic modification occurs through the following three

techniques:

Vector systems
Direct introduction methods such as micro-injection, macro-injection, and
micro-encapsulation

Cell fusion (including protoplast fusion) or hybridization techniques

The genetic modifications are generally carried out by the insertion of several

DNA elements from various sources mto the genome of the host plant.

A transgene construct typically consists of the following elements (Fig. 3):

The promoter which functions as an on/off switch for when and where the
inserted/modified gene is active in the recipient plant/organism

The inserted/modified gene (structural gene) which encodes a specifically
selected trait

The terminator which functions as a stop signal for transcribing the
inserted/altered gene

Marker genes for distinguishing GMOs from non-GMOs during crop
development may be present

Residual DNA material from insertion plasmid vectors

(Lubeck, 2001).

Termination

Marker gene Promoter Transgene sequence

[

l I

Figure 3. A simplified representation of a constructed transgene, containing
necessary elements for successful integration and expression
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1.3.3. DNA, protein, and phenotypes as targets for detection assays

With regard to GMOs — be they modified by natural mutation or by genetic

engineering — information about the genotype of the organisms can be obtained

on all levels of the process of conversion of genetic information into structural

and functional traits: DNA, RNA, protein, cellular non-nucleic acid, non-protein

substance, and phenotype levels. Conclusions about genetic modification that can

be drawn from the detection on the different levels may vary substantially; this

can be illustrated by three examples:

1.

Cells of a bacterial strain, which are normally unable to degrade starch and to
use the sugar moieties for growth because of lack of suitable enzymes, have
the phenotype ‘growth on starch as sole carbon source’. The conclusion is
rather precise — the cells must have acquired at least one gene encoding a
secreted starch-degrading enzyme. This proves that a new gene has been
introduced into the cells. The gene, the mRNA, the degrading enzyme, and
the degradation products of the starch may all serve as substances on which a
detection assay may be established.

Soybean plants which are normally sensitive to a particular herbicide are
resistant to the herbicide. Different explanations are possible. The plants have
obtained a gene encoding a herbicide-degrading enzyme as a result of genetic
engineering, or the plants have undergone spontaneous mutations which
either prevent uptake of the herbicide into the plant or alter the target of the
herbicide within the plant cells. To exclude the possibility of spontaneous
mutations, different options for confirmation of genetic modification are
possible. The gene encoding the enzyme, the mRNA transcribed from the
gene, the protein expressed, or the herbicide-degradation products specific for
the enzyme used may be detected by suitable assays.

Cells of a bacterial strain, which normally are able to grow on lactose as a
sole carbon source, turn into a lactose-negative phenotype, i.e. they are no
longer capable of utilizing lactose. Different explanations are possible. The

bacteria have acquired — through genetic engineering or spontaneous
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mutation — defects in genes encoding lactose-transport proteins or in genes
encoding enzymes necessary for lactose or sugar metabolism. Because no
specific degradation products, proteins, or mMRNAs are present for analysis,
the only way to exclude spontaneous mutation is to analyze the gene loci
possibly affected by genetic modification. However, even determining the
DNA sequence of the gene affected may be sometimes insufficient to
distinguish between spontaneous mutation and genetic engineering.
When designing assays for the detection of modifications introduced by genetic
engineering, the validity of the assays must be considered. In example 1,
determination of the phenotype may be a convincing assay. In example 2,
however, determination of the phenotype is of no value for a valid assay must be
based on determination of specific degradation products, enzymes, mRNA, or
DNA. In example 3, only assays based on the determination of specific DNA
sequences will yield reliable results.
An additional point that must be considered when relying on the conversion of
DNA into structural and functional traits is the degeneration of genetic
information. The only biological process resulting in an exact 1:1 copy of the
DNA is replication. Transcription usually yields 1:1 copies of the transcribed
DNA regions (Fig. 1); however, non-transcribed DNA regions will never show
up at the RNA level. Furthermore, especially in higher organisms, the primary
transcript produced by the step of transcription may be altered by an editing
process “splicing” in which specific sequences — called introns — are deleted from
the primary RNA transcript to form the mature mRNA.
During translation, further information is lost or obscured. Firstly, as within the
process of transcription, only part of the mRNA is translated into protein. The
regions translated are called open reading frames. Secondly, a frame of three
mRNA nucleotides (codon) is required to encode one amino acid (Fig. 1). Three
nucleotides out of four offer the possibility of forming 64 different combinations.
However, only 20 ammo acids are used for protein synthesis. In fact, several

codons code for the same amino acid — the amino acids serine, leucine, and
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arginine are each encoded by six different codons. Only methionine and
tryptophan are encoded by one codon each. The amino acid sequence of a protein
is, therefore, only partly suitable for deducing the nucleotide sequence of the
mRNA. Finally, many proteins are subject to post-translational processing. One
result of this processing may be removal of part of the polypeptide chain. It is
obvious that no information about the mRNA or DNA sequence of the removed
parts can be deduced from the mature protein.

While sequence analyses of RNA and protein enable some conclusions about the
DNA sequence; analyses of other constituents of the cell (lipids, carbohydrates,
metabolites, solutes, and phenotypes; Fig. 2) do not provide any clues about the
DNA sequence. Although, as shown above, such analyses may indicate the
presence of a genetic modification, no information is obtained about the true
nature of the modification. Thus, the ideal target molecule for detecting
genetically engineered modifications is the DNA, in addition to the fact that the
most sensitive, rapid, and powerful analytical methods available are for DNA.
Introduction of a foreign gene into the genome of an organism can, furthermore,
be detected unambiguously only at the DNA level. For example, the presence of
a bacterial enzyme in a plant extract may be a result of contamination. As long as
the enzyme has not been altered by post-translational processes specific for
plants, the protein itself will not reveal whether it has been expressed in a plant or
in a bacterium. The corresponding gene, cloned in a vector construct,
transformed into the plant, and integrated into the plant DNA, can always be
identified as a foreign gene, because it is flanked by DNA sequences which do
not naturally flank this gene. Therefore, an assay targeting the junction region
between two DNA sequences of different origin unambiguously identifies a
product of a genetic modification process; the unique DNA sequences are

exclusively present in the specific recombinant DNA construct.
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1.3.4. Detection methods of GMOs
GMOs can be identified by detecting either:

- the inserted genetic material at the DNA level

- the mRNA transcribed from the newly introduced gene

- the expressed protein or metabolite

- the new phenotypic trait
DNA-based methods are primarily based on amplifying a specific DNA
sequence with the polymerase chain reaction (PCR) technique.
RNA-based methods rely on the reverse transcription of RNA into
complementary DNA (cDNA) or on specific binding between the RNA molecule
and a synthetic labeled RNA or DNA probe.
Protein-based methods rely on a specific binding between the target protein and
an antibody. The antibody recognizes the foreign molecule, binds to it, and the
bound complex is successively detected in a chromogenic (color) reaction. This
technique is called ELISA (Enzyme Linked Immunosorbent Assays).
Phenotype-based methods rely on the detection of the resulting phenotype such
as herbicide tolerance.
Irrespectively of the testing method, the analysis of GMO or GMO-derivatives in
foodstuffs is a stepwise process; it includes the following stages:

1. Sampling of the material to be analyzed

. Homogenization of the sample
. Isolation/purification of DNA/RNA/protein

2
3
4. Analysis to determine whether the GM molecule is present

5. Identification of the molecule that is detected

6. Quantification to determine how much GM material the sample contains

7. Interpretation of the analysis results, expressing any associated

uncertainties, e.g. statistical inaccuracies and limitations of the method

(Holst-Jensen, 2001; Lubeck, 2001; Bonfni et al, 2002 ; VanDuijn et al, 2002

and Arvantoyannis, 2003).
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1.3.4.1. DNA-based methods

In DNA-based methods the detection and quantification of GMOs — in raw
materials, ingredients, and final products — is based on the detection of the
transgene that has been inserted into the plant.

1.3.4.1.1. General testing scheme

DNA-based screening, detection, and quantification of GMOs in food and feed
samples follows sampling, nucleic acid extraction, amplification, detection,
quantification, and scientific evaluation of results (Fig. 4). Clearly, each of these
steps has its own limitations; however, highly complex starting materials, in
particular, may require treatment on an individual basis. The final conclusion is
directly dependent on proper selection of valid methods in accordance with
internationally harmonized protocols (Kuiper, 1999; Anklam et al, 2002 and
Holst-Jensen and Berdal, 2004).

Each of the indicated steps must be evaluated in detail and finally demonstrated
by conducting labor-intensive mternational trials. Mandatory laboratory methods
are released on the basis that, in principle, they provide reliable means of

detecting genetic modifications of food or feed.

Crops Food N
Feed Fermented food
(cheese, bread, beer, wine)
Animal Highly processed food
amples (0|I lecithin, sugar)
(blood, meat, “" 4—-Food additives
©gg. feces) (enzymes, vitamins, flavour)
v
[ DNA - Extraction ]
[ Gene - Selection + Amplification ‘
[ Detection + Quantification Methods
Result Assessment + Decision

Figure 4. General GMO analysis scheme providing the major steps from sample
collection until the final assessment.
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1.3.4.1.2. Sampling procedure

The most essential prerequisite for subsequent DNA analysis is a representative
sampling that will guarantee a statistically valid conclusion. Due to the great
heterogeneity of highly diverse food material, it has been necessary to develop
special sampling plans (Gilbert, 1999). As a logical consequence, the outcome of
subsequent analytical methods is only as good as the quality of sampling.
Generally, there are two possible approaches that are often discussed; either
formation of a large sample with further sub-sampling or production of multiple
samples.

In addition, the particle size and distribution of the raw material as well as the
time at which samples are taken within the production process must be taken into
consideration. Furthermore, there are different sampling methods for different
types of samples, such as European Commission Recommendation (EC) N°
787/2004 for bulk agricultural commodities and non packed food products and
ISO 24333:2009 for cereals and cereal products.

Careful attention to prevent contamination has led to taking essential physical
precautions when handling any transgenic material. During sampling to
laboratory analysis, any aerosols, polluted equipment, and consumables must be
excluded. From a practical standpoint, authentic reference materials are available
for selected transgenes, although international standards and DNA procedures
must be developed and provided for each GMO and for food and processed food
individually.
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1.3.4.1.3. Extraction and purification of DNA

By taking advantage of the ubiquity of DNA genetic material in every organism,
all transgenic DNA will be identified if DNA extraction is successful and some
information about the target sequence is available. The suitability of different
methods for sample extraction and DNA purification for material from different
sources must therefore be considered. Isolation and purification of probable GM
DNA from samples of different origin are the mitial key steps in the whole
procedure. Hence, individual extraction procedures that lead to a wide variety of
purification procedures form a vital part of the process.

Typically, samples are mechanically disrupted and/or treated enzymatically with
the help of organic compounds, detergents, enzymes, and chaotropic salts to
release DNA in solution. Subsequent alcohol precipitation of the DNA results in
its isolation. The common extraction method based on precipitation of DNA with
a buffer containing CTAB (cetyl-trimethylammonium bromide, which creates a
complex with nucleic acids that can be isolated after treatment with organic
solvents) is useful for a wide range of applications (Querci et al, 2006). In
addition, high-throughput procedures can make use of ion exchange or silica
chromatography, and paramagnetic particles which selectively bind nucleic acids
under a narrow range of salt, pH, and organic solvent conditions; thereby
enabling capture, washing, and elution of DNA within the same cartridge. These
extraction methods, which may be adapted to routine robotic applications, result
in a highly standardized DNA purification process (with less cross-contamination
and reduced individual sample variability yet similar DNA purity and
homogeneity). The method should, however, be selected to favor comparatively
high-quality DNA despite occasionally lower yield. Indeed, a number of
situations in which extraction of DNA has been limited (e.g. problematic
matrices, for example soybean oil) have now been successfully overcome by use
of individually established procedures for difficult samples (Pauli et al., 1998
and Gryson et al., 2002).
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1.3.4.1.4 Nucleic acid amplification methods using PCR

A frequent disadvantage of food inspection is the limited availability of target
molecules in the sample material to be analyzed. When the requisite prior
extraction procedures have been conducted, DNA material of low abundance can
be enriched by introducing selective amplification reactions that take advantage
of naturally occurring nucleic acid polymerization. The objective of this method
is augmentation of trace amounts of distinct nucleic acids, enabling further
identification and quantification.

1.3.4.1.4.1 Conventional Uniplex PCR

PCR was developed in 1985 by Kary B. Mullis. It is the most widespread method
for detection and identification of GMOs; in fact, PCR is a relatively simple but
very effective means of detecting minute quantities of DNA sequences by
exponential amplification. It is a multiple step process with consecutive cycles;
each cycle consists of three different steps represented by three different
temperatures. In the first step “denaturation”, the DNA template is denatured by
heat exposure to serve as a temp late for the DNA polymerase. In the second step
“annealing”, the temperature is cooled down to allow the annealing of the
primers, and in the third step “extension”, primers are extended by the DNA
polymerase to form a copy of the target DNA. The cycle is then repeated many
times (Fig. 5). The primers define the limit of the region to be amplified; as they
should flank the target sequence, some sequence information is required if
selective amplification is to be achieved. The recognition of the primers
hybridized on a single-stranded template DNA by the DNA polymerase leads to
subsequent DNA polymerization and selective amplification of previously
known DNA fragments (Fig. 5). The DNA polymerase is heat stable; it is
purified from the thermophilic bacterium Thermus aquaticus, which inhabits hot
springs; therefore, it is the unique properties of the fag DNA polymerase that
allow PCR to be automated, as there is no need to add fresh polymerase after

each denaturation step. DNA polymerase replicates the DNA between the
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primers using all four of the deoxyribonucleoside triphosphates (dGTP, dATP,
dCTP, and dTTP) provided in the reaction.

PCR is conducted in a thermocycler, an instrument which can be programmed to
rapidly alternate from one setting of temperature to another. Many reviews

detailing technical hints for PCR have been published (Innis et al., 1990 and

Rapley, 1998).
3 5
A. Denaturation W
B. Primer annealing

C. Elongation

[l

. ~
Resulting Molecule Number 2ni=cydes)

Figure 5. General principle of PCR. The cycle comprises three steps: (A)
denaturation of double-stranded target DNA by heat separation of base-pair
hydrogen bonds; (B) the forward and reverse primers anneal to their
complementary single-stranded target; (C) subsequent 5'-3' elongation of each
primer by means of a heat-stable DNA polymerase (Taq polymerase = green
circle) generating a new double-stranded DNA. Each subsequent cycle will, in
theory, double the initial amount of DNA fragments and therefore enable
exponential increase of initial DNA molecules.

Performing several (up to 40) cycles in succession leads to exponential
accumulation of the desired DNA fragment (transgene) up to a detectable
amount. After amplification, the yield and the specificity of PCR are verified by
means of common methods:

* Gel electrophoresis

* Restriction enzyme digestion

* Southern blotting

* DNA sequencing
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In GMO testing, PCR can be designed to detect any fragment of the mserted
construct: promoter, structural gene, terminator, or marker gene (Holst-Jensen,
2003). For instance, PCR can be used for a general screening of GMOs targeting
transgenic elements which most GMOs contain, such as the commonly used
Cauliflower Mosaic Virus (CaMV) 35S promoter or A. tumefaciens nos
promoter. Alternatively, other targets may be detected in a qualitative PCR. In
fact, there are three different strategies for choosing an appropriate target (Abdul
Kader et al., 1999; Lubeck, 2003; Weijdeven, 2003; Holst-Jensen, 2001 and
Querci et al, 2006):

- To detect genetic elements commonly found in GMOs such as the 35S
promoter or nos promoter. This is called a general screening of GMOs and
allows the detection of the presence or absence of GMOs.

- To detect a particular gene construct by detecting the junction region
between two DNA segments. This allows the specific detection of the
genetic construct.

- To detect a particular event by detecting the junction region between the
construct and the plant genome. This is used to identify the specific

transformation event.

1.3.4.1.4.2 Multiplex PCR

Multiplex PCR is a PCR-based method in which several target DNA sequences
can be simultaneously screened for and detected in a single reaction using
multiple primer pairs. In principle, standard PCR methods may be combined in
the same reaction; however, in practice multiplex PCR is a complex process. For
instance, each method may require different reaction conditions, such as different
annealing temperatures or different reagent concentrations. In addition, the
combination of primer pairs from different methods may increase the risk of

amplifying non specific DNA fragments. Finally, when more than one target
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DNA is being amplified in a PCR reaction, the two targets will compete for
reagents. Normally, a fragment present in a large number of starting copies will
compete with another fragment that may be present only in very few numbers. In
addition, if two amplicons are amplified with significantly different efficiency,
this may also have a severe impact on the final ratio of the two amplicons.
Therefore, the development of multiplex assays requires careful testing and
validation. Several papers have been published presenting multiplex assays
applied for GMO (Matsuoka et al, 2001; Hemandez ef al, 2005; Foti et al, 2006
and Randhawa et al., 2010).

1.3.4.1.4.3 Reverse Transcription PCR

This is a commonly used variant of PCR that targets the expressed mRNA
instead of DNA. mRNA is first reverse transcribed into complementary DNA
(cDNA) by the enzyme reverse transcriptase that is an RNA-dependent DNA
polymerase. The resulting cDNA is then amplified using regular PCR. Reverse
transcription PCR (RT-PCR) technique is useful in gene expression studies.

1.3.4.1.4.4 Nested PCR

Nested PCR is a version of PCR which utilizes two sets of primers (external &
internal ) (Querci ef al, 2006) . The external set generates a normal PCR product
while the second set targets an amplicon that lie within the first PCR product
generating a shorter amplicon. Consequently, nested PCR increases both the

sensitivity and fidelity of the basic PCR protocol.

1.3.4.1.4.5 Semi-quantitative end point PCR

Conventional PCR monitors PCR products at a single point in the reaction
profile, before the plateau phase. Quantification can thus be achieved from ‘end-
point’ PCR.). Since the relationship between DNA concentration and the PCR
signal is not linear at this stage and because this relationship is not constant from
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one analytical run to another, the precision for quantification using conventional
PCR is limited. Therefore, conventional PCR is only semi-quantitative, while

other PCR-based methods are regarded as quantitative (Lubeck, 2001).

1.3.4.1.4.6 Semi-quantitative competitive PCR

Another approach for GMO quantification using conventional PCR s
competitive PCR (Hupfer et al, 2000; Lubeck, 2001). In a qualitative
conventional PCR, an amplified product is synthesized from one primer pair.
However, in competitive conventional PCR, a second synthetic DNA fragment
‘the competitor’ with known concentration is added to the reaction mixture, it has
the same binding sites for the same primer pair but is different in size. By
running a series of PCR with different concentrations of the synthetic DNA, it is
possible to determine the initial amount of target DNA. If the resulting PCR
products are of equal intensity as detected by gel electrophoresis, then the initial
amount of template DNA equals the initial amount of synthetic DNA. In a
double-competitive PCR (DC-PCR) this principle i1s applied twice; once for a
general housekeeping gene and its competitor and once for a GMO -specific gene
and its competitor. The results from both PCR reactions allow for GMO
quantification taking into consideration the amount of genomic DNA of the
organism. Competitive and double-competitive PCR methods are semi-
quantitative; they require a standard with known amount of synthetic DNA.
Consequently, the results can only indicate a value below, equal to or above a
defined standard concentration. The competitive as well as the double-
competitive systems have the distinct advantage that if laboratories are already

performing qualitative PCR methods then no additional equipment is needed.
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1.3.4.14.7. Real-time PCR

Real-time PCR is a PCR technique that allows the quantitation of nucleic acids
by indirect monitoring of the amplicons through measuring the fluorescence that
is generated after each cycle (Giulietti ef al., 2001). There are two main real-time
PCR approaches:

The first approach uses sequence-independent dyes that fluoresce when
intercalated with any double-stranded DNA, e.g. SYBR green. A disadvantage of
this method is its lack of discrimination between the target amplicon and non-
specific double-stranded DNA. Therefore, the specificity of SYBR green real-
time PCR is verified by melting-curve analyses that distinguish potential non-
specific side products from the desired known amplicon based on their melting
temperatures. The advantages of this approach are its easy application and
relatively low cost.

The second approach utilizes hybridization probes such as TagMan® probes
which specifically hybridize to the target amplicon. TagMan® probes are labeled
with both a reporter dye and a quencher dye and due to their proximity, the
fluorescence of the reporter dye is inhibited. During elongation, the reporter dye
is liberated from the quencher by the exonuclease activity of the Tag-polymerase,
thereby generating a fluorescence signal that is proportional in intensity to the
number of templates present (Fig. 6). The main advantage of using fluorescence-

labeled probes, in addition to the primers, is the enhanced PCR specificity.

Figure 6. Principle of the 5'-nuclease assay (TagMan®). An internal probe
labeled with a reporter (R) at the 5’-end and a quencher (Q) at the 3'-end is split
by the exonuclease-activity of the Tag polymerase (green circle) during the
elongation phase of each PCR cycle, leading to increased fluorescence emission.

Advanced Regional Training Course on Detection of Genetically Modified Organisms and Biosafety for Food and Agriculture
ICARDA, Aleppo, Syria, 19-24 June, 2010

41



Both sequence-independent and hybridization probe techniques are carried out in
a modified PCR thermocycler that is able to monitor the fluorescent signal at
each cycle, and to determine the threshold cycle (Ct) at which the amplified
product begins its exponential increase. The Ct value is inversely proportional to
the log of the mitial copy number of the target DNA. Experimentally, a set of
standards is run in each analysis, giving rise to a standard curve. The results
obtained for individual unknown samples are compared to the standard curve to
determine the GMO content of those unknowns. In the tested sample, an
endogeneous reference sequence is quantified in addition to the GM DNA. The
modified DNA is then expressed as a percentage relative to the reference
sequence (Vaitilingom et al., 1999; Siesler et al., 2000; Holst-Jensen, 2001;
Lubeck, 2001; Bonfini et al., 2002 and Querci ef al., 2006).

Since different GM events may contain different copy numbers of common
sequence elements such as 35S promoter, nos terminator, or one of the mserted
genes, GMO quantification based on these sequences would not be accurate.
Therefore, the best way for GMO quantification is event-specific quantification
which provides not only more precise results regarding the type of GMO present
but also more accurate quantitative results (Lubeck, 2001; Terry and Harris,
2001; Taverniers et al., 2005 and Querci ef al., 2006).

In summary, real-time PCR enables both qualitative and quantitative (absolute
and relative) analysis in a short period of time with a high sensitivity and
throughput, and minimizes unnecessary post-PCR manipulations. Only in
conjunction with optimized sample collection and processing, contamination-free
DNA extraction, and suitable real-time PCR methods, can valid data
interpretation be provided on the basis of such extremely sensitive PCR assays
(Klaften et al., 2004). Several reports concerning cross-platform reference
materials and different recommendations for detecting GMOs by real-time PCR
are available (Huebner et al., 2001; Terry et al., 2002 and Taverniers et al.,
2004).
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Important considerations

Sufficient bioinformatic support should be available in Real-Time PCR, to draw
reliable results and a consistent conclusion concerning GMO analysis. For
instance, the availability of sophisticated software, gene databases, statistical
requirements and normalization procedures should be taken into consideration. In
fact, it is important to search for the most suitable amplicon and probe
combination; studies have shown that not all selection of amplicon and
complementary probe produce good results. Several software packages are
available which support primer and/or probe selection and homology searches in
gene databases (HUSAR and EMBL-EBI). Success in both theoretical and
practical specificity predictions enables highly reliable PCR-mediated GMO
monitoring to be performed. All requirements when performing relative or
absolute quantification using real-time-PCR must be elucidated (Wong and
Medrano, 2005). It is also important to take into account the problems that may
arise from shifting genome equivalents in different GMO tissues [e.g. paternal
versus maternal events or multiple chloroplast versus single nuclear gene copy
numbers|, and from contaminating environmental DNA. It is essential to
consider as well the absolute number of GMO-specific DNA molecules should
exceed 20 copies in the isolate to enable good statistical probability (Kay and
Van den Eede, 2001). An important objective is to achieve reliable analysis and
interpretation of generated quantitative PCR data (Burns et al. 2004). As a
consequence, standardization of GMO analysis using PCR has been extensively
discussed, and several international trials have been reported (Roseboro, 2000)
with acceptable limits of detection/limits of quantitation that serve the regulatory

requirements of each authority (Einspanier, 2001a and Huebner et al., 2001).
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1.3.4.1.5 Alternative DNA detection techniques

In addition to the above-described PCR-based techniques, several alternative
non- PCR methods which are based on DNA augmentation have been developed.
New technological developments might lead towards a new set of nucleic acid
labeling and/or detection methods exploiting electrochemical sensors,
nanoparticles, microfluidic devices, microarrays or combinations of these
innovative approaches (Carpini et al., 2004; Obeid et al., 2004; Jain, 2005;
Kalogianni ef al., 2006 and Kim et al., 2005). Although some of these DNA-
detection techniques are currently limited with regard to GMO analysis, future
developments will undoubtedly extend their viability. Clever combination with
the PCR technique of the different methods described below should; however, be
recognized as being of high potential, as shown for example in microarrays and
nanotechnology.

1.3.4.1.5.1. Southern blot

In Southern blot, a specific labeled probe complementary to a small region of the
DNA of interest is used to hybridize to this DNA.

This technique was developed by Edward Southern, in the mid of 1970s, to
detect target DNA fragments. Generally, genomic DNA is digested with one or
more restriction enzymes and the resulting fragments are separated according to
size by electrophoresis on an agarose gel. The DNA is denatured in situ and
transferred from the gel to a membrane. The target DNA is then detected by
using complementary probes which can be labeled with radioactive or non-
radioactive methods (Barnum, 1998; Chawla, 2002; Grandillo and Fulton, 2002
and Knight et al., 2002). In GMO analysis, Southern blotting is more applicable
in research rather than in routine GMO testing.

1.3.4.1.5.2. DNA sequencing

DNA sequencing is a central technique by which the precise order of nucleotides
in a segment of DNA can be determined. Rapid and efficient DNA sequencing
methods became available in the late 1970s and revolutionized the work on genes
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structure. Two different techniques were developed simultaneously by Maxam
and Gilbert at Harvard (Maxam and Gilbert, 1977), and by Sanger and coworkers
at Cambridge (Sanger et al., 1977). DNA sequencing, as Southern blotting, is a
technique that is mainly applied in GMO research.

1.3.4.1.5.3. DNA microarrays

The need for rapid high-throughput diagnostic systems has led to the
development of miniaturized hybridization and detection techniques that have
created a new industrial standard, the microarray. Microarrays or DNA chips
consist of PCR-amplified ¢cDNAs or specific oligonucleotides fixed in situ on
special carriers or arrays. Specific hybridization of labeled sample DNA onto
fixed-capture nucleotides provides information about the quality and initial
quantity estimates of potential transgenes (Freeman et al., 2000; Moore et al.,
2002). In fact, microarrays enable the detection, identification, and quantification
of large numbers of GMO varieties present in a sample in one single assay.
Imaging of DNA microarrays has mainly been based on use of organic dyes
(fluorescence labels); however, these methods may suffer from problems that
include photobleaching, low labeling efficiency, and so, subsequently, reduced
sensitivity; nevertheless, several recently developed -electrical, enzymatic,
scanning force microscopy, capillary electrophoresis, nanoparticle, and optical
detection methods have been considered and successfully applied to overcome
such problems (Moller ef al., 2000 and Muller et al., 2000).

Remarkably, compared with the total number of recently published studies
introducing GMO detection methods, specifically adapted microarray systems
will play a major role. For instance, by introducing peptide nucleic acid based
arrays, multiplex PCR mixtures have been successfully identified on five
transgenic DNAs (Germini et al., 2005). Another system is NAIMA or (NASBA
Implemented Microarray Analysis) where NASBA stands for Nucleic Acid
Sequence-Based Amplification. It is a new target amplification approach
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developed to detect and quantify the presence of DNA targets of low amount in a
multiplex fashion. In principle, NAIMA is a two-step microarray based method.
In the first step, multiple tailed primers are used to generate a template DNA in a
single extension reaction. In the second step, NASBA amplification reaction is
performed using a single pair of universal primers to anneal to the universal
sequences created by the tailed primers. NAIMA allows qualitative and
quantitative GMO analysis with equivalent sensitivity and specificity to qPCR. It
allows the quantification of GMO DNA targets i the range of 0.1-25%;
therefore, permitting reliable detection and quantification of GM content in
samples (food, feed and seeds), according to the requirements of most countries’
regulations where thresholds are established for GMOs labeling. Thus, this
method is a proof of concept for developing high multiplexing amplification and
detection systems (Morisset et al., 2008).

Available GMO microarrays allow the detection of species-specific DNA of
plants and viruses, commonly used genetic construction elements, and
specifically introduced genetic modifications for the identification of approved
and non-approved plant varieties. For instance, one developed microarray allows
the detection of three GMO screening elements (35S promoter, nos terminator
and nptll gene) as well as nine GMOs (Leimanis et al., 2006).

As microarray technology has expanded, quantitative comparison of data within
and across microarray platforms has proven difficult. The main reasons for this
are a lack of universal references and the variety of data analysis methods in use.
However, microarrays remain promising; they enable a broad range of unique
nucleic acid profiling, allow for screening and quantification in one assay, and
they are very flexible, as new varieties can be included in the screening
procedure by adding additional sequences to the array (Van Hall ef a/,. 2000 and
Moore et al., 2002). Therefore, common protocols should be adapted n GMO
testing laboratories, to establish a universal microarray-based GMO testing,
taking advantage of the high sensitivity and screening high throughput of

microarrays.
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1.3.4.1.5.4. Thermal cycling procedures

Ligase chain reactions (LCR) (Barany, 1991) have been introduced to employ
either linear or exponential amplification by covalently bridging two adjacent
primers through a heat-stable DNA ligase. Subsequent haptene-mediated
detection of the ligated oligonucleotides enables the analysis of fewer than 100
target molecules (Kratochvil and Laffler, 1994). Reliable monitoring approaches
have been established using a combination of PCR, LCR, and enzyme-
immunoassay detection (PCR-LCR-EIA) when testing for dairy product
adulteration (Klotz and Einspanier, 2001). A combined PCR-LCR method on a
microarray platform has recently been successfully introduced for detection of
five transgene events in food samples (Bordoni et al., 2005). This technique is
most advantageous for discrimination between different genotypes using a single
base exchange, and may be most valuable in screening transgene DNA. The
possible robotic application of such combined assay systems should provide
additional verification systems that utilize not only single-point mutations but

also genetically modified regions within GMOs.

1.3.4.1.5.5. Isothermic amplification

The nucleic acid sequence-based amplification or NASBA technique mimics the
retroviral strategy of RNA replication to accumulate cDNA and RNA (Guatelli ef
al., 1990). After ntroducing an artificial T7 promoter sequence through the first
primer, NASBA operates continuously by taking advantage of the isothermal
mode of action of a T7-DNA-dependent RNA-polymerase amplifying the gene of
interest determined by the primers. This procedure will finally achieve rapid,
exponential nucleic acid amplification (=1000-fold) within 1-2 h (Malek et al.,
1994). Comparable new techniques have been introduced, e.g. rolling cycle
amplification (Lizardi et al., 1998), ramification amplification (Zhang et al.,
1998), and strand-displacement amplification; all of these have ther own
advantages in the process of multiplying DNA or RNA using isothermal nucleic
acid polymerization.
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1.3.4.1.5.6. Nanoparticle and microfluidic techniques
Nano- and micro-technology is an mnovative field of DNA research; which
might remarkably accelerate the development of novel GMO detection methods.
The great potential of nanotechnology has been discovered for clinical
applications (Jain, 2005 and Kubik et al, 2005). Two important developments
that might increase the efficiency of GMO detection in routine applications are:

* nanoparticles

* microfluidic devices
Nanoparticles offer new dimensions in DNA detection due to their superior
stability compared with fluorescence dyes, and the availability of different
detection modes (Drummond et al., 2003). Advantageous fluorescence-free
detection of specific DNA hybridization can be achieved by infrared absorption
spectroscopy and by colorimetric or electrochemical methods using gold, silica,
or carbon nanoparticles (Moses et al., 2004; Storhoff et al., 2004 a, b). A first
practical application for the detection of GMOs using nanoparticles was
developed in 2005 (Kalogiannu ef al.,, 2005), by which 35S promoter and nos
terminator were screened using DNA biosensor.
Microfluidic systems enable reproducible detection and quantification of DNA
(Auroux et al., 2004). For example, several types of microfluidic ‘lab-on-a-chip’
technology are currently available, not only for simultaneous verification and
quantification of PCR products (Birch ef al., 2001) but also for multiple PCR
amplification on micro devices (Munchow et al., 2005). In particular, micro
devices working practically with capillary electrophoresis chips have recently
been introduced for GMO detection (Kim et al,. 2005) and enable analysis of
0.1% GMO content, starting with only 20 template molecules (Obeid et al.,
2004). Specially developed functional piezoelectric affinity sensors can detect
GMO DNA hybridization directly by means of oligonucleotides immobilized on
electrode surfaces generating piezoelectric signals (Mimnunni et al., 2001), and
thus specifically indicating the presence of transgenes. For sufficient assay
sensitivity, however, prior DNA target amplification is usually necessary. Such
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nanotechniques may provide the future platform for the detection and
quantification of GMO DNA in a rapid and cost-effective manner on disposable

material, thus limiting crucial cross-contamination.

1.3.4.1.5.7. Mass spectrometry of DNA

Conventional molecular biology approaches such as gel electrophoresis often
lack accuracy and the possibility of high throughput automation. An alternative
approach for the analysis of PCR products is mass spectrometry (MS). PCR
products can be rapidly analyzed by use of MS-based methods, for example
electro spray ionization (ESI) and matrix-assisted laser desorption ionization—
time-of-flight (MALDI-TOF). Both methods, which were originally developed
to enable investigation of other organic polymers, e.g. proteins, allow the
detection of non-volatile and thermally labile molecules that have molecular
weights as low as 1-2 kDa (Bonfini ef al., 2002). Application of these rapid and
sensitive techniques to short DNA sequences and to genetic changes in plant and
viral genomes (Amexis et al., 2001) should lead to a dramatic reduction in
analysis time (Larsen et al., 2001). DNA MS techniques have successfully been
introduced in clinical studies and now enable accelerated mutation research (Gut,
2004). In addition, short DNA repeats were recently successfully analyzed by use
of MS techniques for forensic purposes (Carey and Mitnik, 2002). Comparison of
transgene and conventional genomes by using species-specific genome-fragment
libraries for reference should enable rapid discrimination between GMO and non-
GMO samples. Although MS analysis of DNA is currently limited by the
molecular size of nucleic acids, these detection methods will become

increasingly important as high-throughput applications become common.
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1.3.4.1.5.8. Supplementary photon-driven monitoring methods

Fluorescence correlation spectroscopy (FCS) was developed in the mid-1970s,
and is the method of choice for the analysis of biomolecular nanostructures; it
has been described as a reliable and rapid tool for detection of PCR products
(Bjorling et al., 1998). The principle of FCS is the analysis of fluctuations of
fluorescence intensity, and the technique is based on resolution of the thermal
fluctuation of single molecules (one partner must be dye-labeled) by fluorescence
measurement that is auto-correlated with the particle concentration. FCS-based
quantitative PCR has the advantages of being sensitive and both time- and labor-
saving, and hence is becoming increasingly important for single-molecule
detection-based diagnosis (SMDD). Ultimately, the FCS method will most
probably be used in a wide variety of biological applications. More recently,
FCS-based PCR has been used in screening experiments, in which it utilizes the
intermolecular aggregations of pathogenic nucleic acids (Walter ef al. 1996). On
the basis of recent SMDD data, this method of detection should enable analysis
of genetic material, but without prior extensive PCR amplification (Kinjo and

Rigler 1995 and Kask ef al. 1999).

Surface plasmon resonance (SPR) is another prominent, yet label-free, photon
technology suitable for monitoring intermolecular relationships in very small
sample volumes. This optical technique enables detection and quantification of
changes in refractive index (RI) in the vicinity of a sensor chip’s surface to which
ligands have been immobilized; this enables any interaction of biomolecules with
the ligand to be detected (McDonnell, 2001). One side of a glass prism is coated
with a very thin layer of metal to which a DNA probe (single strand) is attached.
When a light beam passes through the prism the energy of the beam nteracts
with the cloud of electrons in the metal film, causing oscillation of electrons (=
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Plasmon) (Alberts et al, 2002). Reflection of the beam occurs at a certain
resonance angle. When DNA binds to the metal film of the probe the
composition of the molecular complex on the metal surface changes, thus causing
a shift in reflection angle that is characterized as RI. By using SPR, the numbers
of molecules bound in each complex can be determined.

In addition to its use in detecting different DNA molecules after PCR
amplification (Kai et al., 1999), the method has been successfully used to detect
GMOs in food samples after PCR amplification (Feriotto et al., 2002, 2003). A
major advantage of the method is that it can be combined directly with
miniaturized biosensor technology, thereby enabling DNA measurements to be

made without previous probe labeling and in reusable continuous flow systems.

1.3.4.1.5.9. Biological monitoring approaches

In addition to the physicochemical methods described above, other strategies
have been introduced for detection of DNA on the basis of biological effects of
foreign genes within organisms. A technique which takes advantage of naturally
occurring homologous recombination between two distant, but homologous,
DNA fragments has been developed for the detection of transgenic targets by use
of artificial microbial gene loci. In accordance with the so-called ‘marker rescue’
method, the finally surviving transformed microorganisms are grown and
amplified in culture media, indicating a positive event (Contente and Dubnau,
1979). In principle, deficient mutant strains containing a homologous gene of
interest, and a selective medium in which only the reconverted wild-type can
survive, are provided. Subsequently, the GMO target can be detected by
homologous recombination with the mutant possessing a functional promoter;
this leads, after successful recombination, to bacterial growth in the selective
medium. This technique was recently used to detect antibiotic resistance marker
genes derived from environmental GMO plant material (de Vries and
Wackernagel, 1998). Remarkable long-term persistence of functional gene

fragments derived from GMOs has been monitored in soil with this technique (de
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Vries et al., 2003). In the future, the technique — by using transformation events
to detect GMO DNA from different sources — may lead to an interesting
biological monitoring approach in which prior PCR amplification steps can be
omitted.

In contrast, the so-called ‘unintended effects’ might be used to detect genetic
modification directly within the GMOs. This new concept will go beyond the
originally calculated genetic modification searching for non-premeditated
changes in the expression pattern (Cellini ef al. 2004). This means that integrated
foreign genes may interact, via positioning effects, with the physiology of each
transgenic organism. Remarkable metabolic changes might therefore occur, and
could be recorded by differential measurement of random expression properties
or distinct candidate transcripts. This would apply several differential profiling
methods, for example the DDRT (differential display reverse transcription)-PCR
technique, used to detect changing cDNA patterns within the GMO plant without
a known nucleic acid target. High-throughput DNA techniques, like microarrays,
are suitable only if the complete genome of the investigated organism is known.
Metabolic and proteomic changes will also be monitored, supporting the
evidence of such integral GMO analysis. New methods are currently under
development to monitor such interactions, in contrast with the conventional
physiological reaction after the transgene event occurs (Le Gall ef al. 2003). This
will call for sensitive, comprehensive, high-throughput systems capable of
detecting multiple cellular properties, and should lead to a holistic insight that
might illuminate the multiple biological mteractions mediated by any desired
genetic modification. Analysis of cellular RNA might therefore be an important
means of detecting expression differences indicative of positioning effects within

the genomes of transgenic and isogenic organisms.
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1.3.4.2. Protein-based methods

Protein-based methods are immunoassays that employ antibodies to detect target
antigens. Basically, they are represented by ELISA and Lateral flow sticks
experiments (Holst-Jensen, 2001; Lubeck et al., 2001; Bonfini et al., 2002 and
Querci et al., 2006). In the case of GMO testing, the target protein would be the
newly expressed one. It is critical for the development of the immunoassays that
highly specific antibodies directed against the target protein are available. It is
also important that the sample or the protein of interest are not significantly
degraded or denatured. Finally, it is noteworthy to take into consideration that the
newly expressed protein may be neither expressed at the time of sample
collection nor in all tissues.

Protein-based methods are trait-specific and thus cannot identify a GMO where
several varieties may have the same trait such as the maize varieties Bt-176,
Btl1, and Mon810 which contain the same Cry protein. In fact, since the same
target protein can be found in different GMOs, antibody-based assays may not be
discriminating. Therefore, immunoassays in general can be considered as

screening methods.

1.34.2.1. ELISA

ELISA is the most common method of immunoassay which utilizes an enzyme-
labelled immunoreactant (antigen or antibody) and an immunosorbent (antigen or
antibody bound to a solid support). It aims at the detection of the specific
proteins produced in the crop as a result of genetic modification. For example, in
order to detect the presence of herbicide resistant traits, ELISA detects a specific
protein that has been captured by an antibody formed for this protein. ELISA is
faster and less expensive than PCR-based methods; however, as all protein-based
methods, its detection capacities are hampered by the specificity of the
immunoreactant/immunosorbent reaction, by the denaturation/degradation of the
protein as well by the protein expression level in different tissues and at different

times.
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1.3.4.2.2. Lateral flow sticks

Dipstick formats (lateral flow sticks) can be used to detect GMOs in leaves,
seeds, and grains. Paper strips or plastic paddles are used as support for the
capture antibody and this is then the reaction site. The strip/paddle is dipped in
vials containing the different solutions. Each dip is followed by a rinsing step.
The final reaction includes a color change in the vial, where the strip/paddle is
placed. Recent development of dipstick format has led to lateral flow techniques
where reactants are transported through the channels of a membrane by capillary
forces. One single step is enough for performing the assay, and controls for
reagent performance are included. Antibodies specific to the foreign protein are
coupled to a color reagent and incorporated into the lateral flow strip. When the
lateral flow strip is placed in a small amount of an extract from plant tissue that
contains foreign protein, binding occurs between the coupled antibody and the
protein.

A sandwich is formed with some, but not all the antibody that is coupled to the
color reagent. The membrane contains two capture zones, one captures the bound
foreign protein and the other captures color reagent. These capture zones display
a reddish color when the sandwich and/or non-reacted colored reagents are
captured in the specific zones on the membrane. The presence of a single line
(control line) on the membrane indicates a negative sample and two lines indicate
a positive sample. Lateral flow techniques are qualitative or semi-quantitative.
By following appropriate sampling procedures, it is possible to obtain a 99%
confidence level of < 0.15% GMO for a given lot.

Lateral flow sticks present the same disadvantages as protein-based methods;
however they are useful, for they are quick, practical and can be directly applied
in the field.
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1.3.4.2.3. Western blotting

Western blotting is a method for qualitative and semi-quantitative testing of
proteins (Nicholl 2002). In GMO testing, it is more suitable for research than for
inspection and can be used for poorly soluble proteins. It involves the transfer of
electrophoretically-separated protein molecules to membranes. The membrane is
then probed with antibodies to detect the protein of interest, in a similar way to
immunological screening.

1.3.4.2.4. The use of chromogenic substrates/histochemical assays

The use of chromogenic substrates in genetic screening methods has been an
important aspect of the development of the technology. The most popular system
uses the compound X-gal (5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside),
a colorless substrate for B-galactosidase. The enzyme is normally synthesized by
E. coli cells when lactose becomes available. However, induction can also occur
if a lactose analogue such as iso-propyl-thiogalactoside (IPTG) is used. This has
the advantage of being an inducer without being a substrate for B-galactosidase.
On cleavage of X-gal a blue-colored product is formed, thus the expression of the
LacZ (B-galactosidase) gene can be detected easily. This can be used either as a
screening method for cells or plaques, or as a system for the detection of tissue-
specific gene expression in transgenic organisms.

Reporter genes are an important tool in plant research. They have been most
commonly used to study the activity of regulatory elements, such as promoters,
enhancers, introns, and transcription terminators. Beta-glucuronidase (GUS)
activity can be measured easily and quantitatively by spectrophotometric and
fluorimetric methods. The tissue-specific localization of GUS can be visualized
in a histochemical assay. The chemical reaction that allows the histochemical
detection of GUS activity occurs in two steps: B-glucuronidase catalyzes the
hydrolysis of the substrate X-Gluc and liberates one molecule of 5-bromo-4-
chloro-indoxyl that is not colored. The indoxyl then undergoes an oxidative

dimerization that results in the blue coloration. Dimerization is stimulated by
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atmospheric oxygen and can be enhanced by using an oxidation catalyst, such as
a  potassum  ferricyanide/potassium  ferrocyanide — mixture. The
ferricyanide/ferrocyanide is therefore important in the histochemical assay
because by enhancing dimerization, it slows diffusion of the indoxyls mnto
neighboring cells, which is a potential source of artifacts in this assay (Falciatore

et al. 2002).

1.3.4.3. Herbicide bioassay

Herbicide-tolerant crops are cultivated crop plants that have been altered to be
able to survive application(s) of one or more herbicides by the incorporation of
certain gene(s), via either genetic engineering or traditional breeding techniques
(Adrian et al., 2003). For example, the CP4 EPSPS gene has been inserted, via
genetic engineering, into crops (e.g. soybean, canola, cotton, and corn/maize) to
make them tolerant to glyphosate herbicides. Corn has also been transformed
with the PAT gene to have resistance to glufosinate herbicides. Other corn lines,
such as those with the IT or IR genes, are tolerant to imidazolinone herbicides.
Imidazolinone tolerance has been developed via traditional breeding techniques.
The herbicide bioassay is a test performed on plants or seeds that screens for
tolerance to a specific herbicide (Lubeck, 2001). The plants/seeds are exposed to
the herbicide and, after a period of growth time, are rated as tolerant or
susceptible. Standard herbicide bioassays methods include: substrate imbibitions,
pre-soak, or seedling spray. Whereas PCR looks for presence of the desired DNA
and an ELISA finds the protein coded for by that DNA, the bioassay determines
the actual effect or activity of the gene in a living plant. The bioassay typically
requires less special equipment than other genetic tests and can be relatively easy
to integrate into a conventional seed laboratory. However, bioassays require
separate tests for each trait in question and at present the tests will not detect non-
herbicide tolerance traits. Therefore, the tests are only of limited value for

inspection authorities.
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Summary

DNA-based techniques have the key advantages of high sensitivity and robust and rapid
operation, while satisfying the prerequisites of careful experimental design to avoid
false-negative and/or false-positive results. Today, real-time PCR seems to be the best-
developed and most suitable GMO monitoring system, and highly sensitive, specific,
reliable, quantitative, and rapid detection is available.

However, these DNA-based assay systems are still cost-intensive and require
sophisticated instrumentation and laboratory equipment for their operation. Further
developments may lead to simple and less expensive methods for DNA screening
adjusted to market requirements, especially with the background of commercial
availability of rapidly growing numbers of different GMOs. This might require the use
of rapid test-strip kits for initial screening procedures, which will ease the burden on
somewhat limited government food-monitoring budgets. In the future, analysis of
GMOs by use of DNA technology will continue to evolve, and combination with other
innovative techniques (e.g. micro- and nano-systems) will enable holistic and rapid
analysis satisfying the great demand for food inspection. Although DNA related
methods will clarify food production processes in relation to GMO components, natural
DNA is present in virtually all daily food components, and any toxicological fears
about such food-borne DNA can be excluded. On this basis, a number of safety
considerations of transgenic DNA have been discussed (Jonas et al. 2001) and are of
continuing scientific interest. In addition, developed assay methods will not only be
used to detect residual GM DNA, but also to examine its biological potency with regard
to possible environmental interactions. In this context, possible horizontal gene transfer
from GMOs to gut bacteria, for example, is still a topic of ongoing scientific
discussion. European research projects, which have dealt extensively with this topic,
are now providing sufficient risk assessment results for public discussion (van den Eede
et al. 2004). Investigating the fate of GM gene fragments, and their biological effects,
by use of the newest DNA technology, will therefore enable sustainable risk assessment

of transgenic food and feed.
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PART 2
Laboratory Manual for the

Practical work on
""GMOs Detection and Biosafety"
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l 2.1. Biosafety Guidelines for Laboratories l

In general, the basics of Good Laboratory Practices (GLP) in microbiology

laboratory should apply to all concerned laboratories.

'

A W DN
1 1 1

@

e @ A

10-
11-

12-

13-

Laboratory personnel must receive instructions on the procedures conducted
in the laboratory.

Never do direct mouth pipetting of infectious or toxic fluids; use a pipettor.
Do not blow infectious material out of pipettes.

Do not prepare mixtures of infectious material by bubbling expiratory air
through the liquid with a pipette.

Avoid using syringes whenever possible.

Sterilize discarded pipettes and syringes in a pan where they were first placed
after use.

Before centrifuging, inspect tubes for cracks.

Use centrifuge cups with screw caps or equivalent.

Avoid decanting centrifuge tubes; if you must do so, afterwards wipe off the
outer rim with a disinfectant. Avoid filling the tube to the point that the rim
ever becomes wet with culture.

Sterilize all contaminated discarded material.

Working surfaces must be decontaminated using soap and alcohol after each
working day.

Develop the habit of keeping your hands away from your mouth, nose, eyes
and face. This may prevent self-inoculation.

Hand wash is obligatory when contamination is suspected, after handling
viable materials, and also before leaving the laboratory (at least one hand
wash sink should be available).
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14- Avoid smoking, eating, chewing, drinking, storing of food and applying
cosmetics in the laboratory.

15- Make special precautionary arrangements for respiratory, oral, intranasal, and
intratracheal inoculation of infectious material.

16- Laboratory coats are obligatory and should be removed when exiting the lab.

17- Wear only clean laboratory clothing in the dining room, library and other
non-laboratory areas.

18- Waste products must be decontaminated by incineration or by autoclaving.

19- Avoid contact with GMOQO's and other exotic biological agents. Disposable
gloves should be worn when handling such items.

20- Laboratory door should be closed at all times.

21- Working with fume-producing chemicals must be under the laboratory hood.

22- Biohazard warning signs should be always posted in labs.

23- Materials for autoclaving or incineration must be transported without spillage
in robust, leak-proof containers.

24- Effective disinfectants must be available for routine disinfection and for
immediate use in the event of spillage.

25-To ensure safety in laboratories, a person must be appointed in every
laboratory to make sure that Good Laboratory practices are strictly followed.
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Laboratory Practices & Safety Guidelines ]]

10.
11.
12.

13.

Be patient while you are working. Do not start an experiment unless you
ascertain all the steps.

Do not use an equipment unless you ascertain how to use. Use the laboratory
equipment properly. If you do not know how to use, see the equipment user's
manual or ask others.

Do not touch any equipment or place with contaminated gloves.

Once you spill or contaminate any toxic material, antibiotics or carcinogens,
decontaminate the area or equipment immediately. If you do not know how to
decontaminate, ask others.

Wear gloves and a laboratory coat while you handle any toxic or
carcinogenic chemicals (e.g., EtBr, CsCl, Phenol, etc.).

Wear eye or face protection under UV.

If any toxic chemicals, antibiotics or carcinogens is spilt on body or clothes,
immediately remove the contaminated clothing and wash small spills under
water for at least 5 min. Spills on legs can be rinsed in the sink. Do not
hesitate to use the shower in the laboratory for large spill. Do not rinse
contaminated skin with alcohol.

After you use any chemical, enzyme or solvent, etc., bring it back to the place
where it was.

Before you use the last remains, a last bottle of a chemical, tubes, etc., ask to
purchase the necessary items.

Most enzymes are expensive. Keep the enzymes at -20C and do aliquots.
Use a new pipette tip to remove the necessary amount of any enzyme.
Laboratory equipment is also very expensive and, sometimes (e.g. in the case
of centrifuges) potentially dangerous.

Please don't use any equipment you are unfamiliar with, without asking for

help!
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14.

15.

16.

17.

18.

19.
20.

21.

22.

23.
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Ethidium bromide is very toxic! It is a potential carcinogen and must never
be handled without gloves. Gloves should be worn at all times. Its handling is
only allowed in very restricted areas; it evaporates when it gets warm (e.g.
when pouring agarose gels). Ethidium bromide is not allowed in the media
kitchen (especially not in the microwave!), in the tissue culture lab, in the
Molecular Biology lab andoutside the lab fume hood.
Ultraviolet (UV) light is dangerous to eyes and exposed skin. Protective
eyewear (goggles) should be worn at all times when using a UV light source
unless other shielding is available.
Of course, hands should be washed after any laboratory practices and
especially before any food is eaten.
All workers / participants should know the procedures for responding to
emergencies in the institute.
Wear protective equipment including safety goggles, gloves, and long —
sleeve lab coat. It is very smart not to wear contact lenses but glasses.
When working with liquid nitrogen you must wear goggles.
All students should always be aware of the locations of eyewash fountains
and emergency showers.
It is well known that eating, drinking and smoking is not allowed and the
disregard of this rule will cause the immediate exc lusion and punishment.
Women have to notify the course leader about a pregnancy, this has to be
kept confidential.
In medical emergencies, lab workers should follow these general guidelines:

- Remain calm.

- Initiate life-saving measures if required.

- (Call for emergency response.

- Do not move injured person unless there is danger of further harm.

- Keep injured person warm.
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24. The range and quantity of hazardous substances used in laboratories require
pre- planning to respond safely to chemical spills.
25. Biological spills outside biological safety cabinets will generate aerosols that
can be dispersed in the air throughout the laboratory.
26. Wear disposable gloves.
27. Soak paper towels in disinfectant and place over spill area.
28. Place towels in plastic bag for disposal.
29. Clean spill area with fresh towels soaked in disinfectant.
30. Please be aware that transgenic organisms should never get in contact with
environment. Never pour them into the sink without autoclaving.
31. Some further important and general rules :
- Never run on the floor.
- Opendoors carefully.
- Carry organic solvents in a bucket.
- Clean your working place after you have finished your work.
- Spoiling of glass ware, bacterial strains or chemicals can sabotage
the work of all people in the lab for weeks, therefore:
- Never put surplus chemicals back into the storage box.
- Clean glass ware throughout, best using the dishwasher
- Gel supply, stirring bars, and spatula have to be cleaned by hand
immediately. First they are cleaned with soap, followed by

running tab. water and distilled water.
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ﬁ 2.2. Biolistic transformation system of wheat B

e Solutions for Coating Particles

- Anhydrous 100% Ethanol: Open a new bottle.
- Sterile Distilled Water: Use milli-Q Water, autoclaved.

- DNA: Resuspend to a final concentration of 1 pg/ul n TE (10 mM Tris-
HCI; 1 mM EDTA, pH 8.0)

e 2.5MCaCl2:
36.76 g per 100 ml H20
Filter sterilize
Store at -20°C

e 100 uM Spermidine
14 pl spermidine free-base
986 ul sterile H20
Store at -20°C up to 3 months

DNA Coating of Tungsten Particles

Tungsten particles are extremely irregular in shape and heterogeneous in size
and although different mean sizes (ranging from 0.5 to 2.0 um) are available,
their size distributions overlap extensively. The advantages of tungsten are
that it is very inexpensive, it is available in numerous sizes, each size class
represents a board spectrum of particles diameters, and it is relatively easy to
coat with DNA. The disadvantages are that it is potentially toxic to certain
cell types, it is subject to surface oxidation that can alter DNA binding, it
catalytically degrades the DNA bound to it over time, and it is highly
heterogeneous in shape and size, which prevents optimization of size for a

particular cell type.
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For 20 shots:

65

Use 10 mg tungsten powder (Bio-Rad Tungsten M-17)

Add 1 ml 100% ethanol, anhydrous. Open a new bottle.

Heat at 95°C for 2 hours.

Centrifuge for 10s in microcentrifuge on highest speed.

Decant supernatant and replace with 1 ml fresh 100% ethanol.

Sonicate for 5 minutes, 3 times. (Boiling and sonicating remove surface
oxidation).

Centrifuge for 10s. Can be stored overnight at -20°C.

Remove ethanol. Resuspend particles in 1 ml sterile distilled water.
Centrifuge 10s.

Remove water and repeat washes 3 more times. It is critical to remove all
ethanol with repetitive washes in water to avoid the formation of particles
aggregates (clumps).

Resuspend final pellet in 200 pl sterile distilled water.

Sample preparation for 5 shots:

Add in order on ice:

50 ul tungsten solution

10 pg DNA in TE (1 pg/ p)

50 ul 2.5 M CaClI2

20 ul 100 uM spermidine (free base)
Vortex for 30 minutes in cold room

Add 200 pl ethanol.

Centrifuge 10s in microfuge at high speed.
Remove supernatant.

Add 200 pul ethanol and resuspend completely. Make sure all clumps are
dispersed. Repeat ethanol washes 3 times.
Resuspend final pellet in 30 ul ethanol.
Dispense 5 pl onto each flier for shooting.
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DNA Coating of Gold Particles

Gold particles are available in a limited range of sizes, but are much rounder and

also more uniform in size than tungsten. A principal advantage of gold particles

is their uniformity (relative to tungsten particles), which allows for some

optimization of size relative to a given cell type. More importantly, gold is

biologically inert. A major disadvantage of gold is that it is expensive. Gold

particle dispersions are not stable in sterile aqueous suspensions, and over a

period of time the particles agglomerate irreversibly. Therefore, particles should

be weighed out fresh on the day of bombardment (Rasco-Gaunt et al., 1999)

For 16 bombardments:
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Weigh out 1 mg 0.6 um gold particles.

Re-suspend in 100 ul ethanol. This helps kill any bacteria and creates a
positive charge on the particles.

Quick spin at high speed in microfuge.

Remove supernatant and discard.

Wash particles with 1 ml dsH2O to remove ethanol.

Quick spin.

Remove supernatant.

Re-suspend particles in 50 pl sterile water.

Add 50 ul 2.5 M CaClI2. Pipette up and down to mix.

Add 20 pl 100 mM spermidine. Pipette up and down to mix.

Add 5 pug DNA (usually 5 pl). Pipette up and down to mix.

Vortex 10 minutes at moderate speed.

Spin at lowest possible speed in microfuge for 5 minutes.

Remove supernatant and discard.

Wash pellet with 500 pl 100% ethanol (anhydrous- open a new bottle).
Remove supernatant and discard. (Spin at lowest speed if pellet is
disturbed).
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Resuspend pellet in 85 ul 100% ethanol.
Sonicate 10s immediately before aliquoting to flyers.
Use 5 pul per shot.

Preparing Samples

The explants used will depend on the species to be transformed, as will the
medium selected. Generally, use shoot induction medium (SIM) for dicots.
For monocots, explants are generally embryos (either mature or immature)
or callus suspension cultures, and are often bombarded on callus induction
medium (CIM).

Preparation of explants
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Ear collection and surface sterilization

Collect ears at approximately 12-16 days post-anthesis, a few seeds can be
opened at the time of collection to determine the size and texture of the
embryos, which should be 0.8-1.5 mm in length and translucent in
appearance.

Surface sterilize by rinsing in 70% (v/v) aqueous ethanol for 1 minute then
15 minutes in 10% (v/v) Domestos bleach solution (Lever) with gentle
shaking. Rinse with sterile distilled water at least three times.

Note, due to asynchronous development, only half or two third of the seeds
on any one ear will be suitable, the seeds nearest to the peduncle are
generally younger and smaller.

Isolation of immature embryos

Isolate the embryos from the seed under a stereo microscope in a sterile
environment using a sharp scalpel.

Remove and discard the embryo-axis first then isolate the remaining
portion of the embryo which is now referred to as the scutellum.

Plate scutella with the axis side (now removed) down onto semi-solid
inoculation medium in 55 mm Petri dishes, about 50 scutella per plate.
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Isolation of immature embryos

- Place scutella with the axis side (how removed) down in contact with the
semi-solid callus induction medium (CIM) in 90 mm Petri dishes, thereby
exposing the scutellum to bombardment. Put 50 scutella explants per plate
and use three to five Petri dishes for bombardment per treatment. Seal the
plates with parafilm and incubate in dark at 26°C for approximately 24
hours before bombardment. Histochemical GUS assays were conducted 2
days after bombardment.

- For shoot regeneration of scutellum cultures subjected to standard and
optimised bombardment conditions, scutella were spread ten per plate on
callus induction medium. After 3 weeks, the calluses were transferred to
solidified RZM medium supplemented with 0.1 mg/l 2,4-D and 5 mg/I
Zeatin for shoot regeneration. Cultures were incubated at 26°C under a 12-
h photoperiod. The numbers of calluses producing shoots were assessed

after 3 weeks of shoot induction.

scutellum

seed coat
aleurone layer e . amibryohook
- ORI =

Fig. Anatomy of Wheat Seed
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Shooting Explants

1.

For each shot you will need one rupture disc (900-1100 PSI), one
macrocarrier (flier), and one stopping screen.
Before shooting, autoclave all stainless steel parts of the gun (rupture

disk holder, stopping screens, macrocarrier holders).

. Soak acetate components (fliers and rupture disks) and capplug in 70%

ethanol for 2 30 minutes.

Keep rupture disks in 70% ethanol, cover dish so ethanol doesn’t
evaporate. Remove fliers from ethanol, and air-dry completely.

Using sterile forceps, load fliers into macrocarriers holders. Aliquot
DNA to fliers, allow to air-dry completely.

Wash the interior of the gun with 70% ethanol.

Wash all other components (launch assembly, lid, torque wrench and
plate holder) with 70% ethanol. Allow all components to air-dry before

use.

. Rinse gloved-hands liberally with 70% ethanol.

Using good aseptic technique, handle all small components with sterile

(flamed) forceps.

Set up Launch Assembly:

Stopping screen

Flier—upside down

Lid on tight

Set up Blaster (rupture disk and holder):
Rinse hands with 70% ethanol
Rupture disk m holder

69

Blaster in chamber

Tighten with torque wrench
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Set up Bomb:
Put in the Launch Assembly
Put in the plate of explants (lid off)
Close the door
Turn on vacuum — goes to 28 in. Hg.
Switch vacuum to hold
Press and hold FIRE
Wait for pop, release FIRE
Release vacuum — to 0 in Hg

Open door and remove plate

Next bomb:
Remove Launch Assembly and disassemble
Remove Blaster and empty broken disk
Back to set up Launch Assembly.
When done bombing, wrap plates with saran Wrap and incubate plates in
appropriate chamber.
For selection, incubate 2 days at 25°C, then transfer to SIR + Kan (or other

selective agent depending on construct).
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Biolistic® -PDS-1000/He Particle Delivery System

BLASTER
Insert rupture disc into holder.,
Rupture disc
— Rupture disc
holder

LAUNCH ASSEMBLY

Macrocarrier

Place stopping screen into m x
cover lid

macrocarmier launch assembly.

_— Place the macrocarrier
holder/flyer unit upside
down into asssembly

A bl g for B hard t

i ol E - Torque the rupture
D e disc onto the gas
acceleration tube

inside the vacuum
chamber.

Insert the macrocamier

launch assembly

into vacuum chamber.

T EEwe ) Place sample onto

= sample piate.

Above: Sketch of how to prepare the gene gun for shooting.
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e Media for plant tissue culture

Plant tissue culture media are prepared from stock solutions at double strength to
allow the addition of an equal volume of gelling agent; phytagel for imduction
medium, agar gel for RZM and RM media. Gelling agents are also prepared at
double strength (phytagel at 4 g/l and agar gel at 10 g/1) and autoclaved at 121°C

for 20 min.

Composition of double-strength culture media. All concentrations are shown
double strength except for the supplements added after pH adjustment and

sterilisation which are shown at final concentrations.

Component Inoculation (/L) CIM (/L) RZM (/L) RPPT (/L)
MS macro salts (x10) 200 ml 200 ml 200 ml 200 ml
L7 micro salts (x1000) 2ml 2ml 2ml 2mi
FeNaEDTA (x100) 20 ml 20 ml 20 ml 20 ml
MS vitamins (x1000) 2 mi 2mi - -
Vitamins/Inositol (x200) - - 10 ml 10 ml
Inositol 200 mg 200 mg 200 mg 200 mg
Glutamine 19 1g - -
Casein hydrolysate 200 mg 200 mg - -
MES 3.9g¢g 39g¢g - -
Maltose 8049 8049 60 g 60 g

pH adjusted to 5.8 then autoclaved pH adjusted to 5.7 then
filter sterilized
2,4-D 2 mg 0.5mg 0.1 mg -
Picloram 2.0 mg 2.0mg - -
Acetosyringone 200 M - - -
Timentin - 160 mg 160 mg 160 mg
Zeatin - - 5mg -
PPT - - - 2-4 mg

CIM: Callus Induction Medium; RZM: Regeneration Zeatin Medium; RPPT:

Regeneration medium with selective agent.
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e Stock solutions for basal culture media
MS Macrosalts (x10)
16.5 g/l NH4NO3
19.0 g/l KNO3
1.7 g/l KH2PO4
3.7 g/ MgS0O4 . TH20
4.4 g/1 CaCl2 . 2H20

Note: Dissolve each component in distilled water separately before mixing.

Autoclave at 121°C for 20 min and store at 4°C.

L7 Microsalts (x1000)
15.0 g/l MnSO4

5.0 g/l H3BO3

7.5 g/1ZnSO4 . TH20
0.75 g/lKI

0.25 g/ Na2Mo0O4 .2H20
0.025 g/1 CuS0O4 .5H20
0.025 g/1 CoCI2 .6H20

Note:

MnSO4 may have various hydrated states which will alter required weight.
For MnSO4.H20, add 17.05 g/l,
for MnSO4.4H20, add 23.22 g/,
for MnSO4 .7H20, add 27.95 g/l.

Prepare 100 ml microsalt stock solution at a time . Filter sterilize, and store at
4°C.
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MS Vitamins (minus Glycine) (x1000):
g/l Thiamine HCI

0.5 g/1 Pyridoxine HCI

0.5 g/l Nicotinic acid

Prepare 100 ml at a time. Filter sterilize, and store at 4°C

Vitamins/Inositol (x200):
40.0 g/l Myo-Inositol

2.0 g/l Thiamine HCI

0.2 g/l Pyridoxine HCI
0.2 g/l Nicotnic acid

0.2 g/l Ca-Pantothenate
0.2 g/l Ascorbic acid

Filter sterilize and store at -20°C in 10 ml aliquots.

Supplements:
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2,4-Dichlorophenoxyacetic acid (2,4-D), 1 mg/ml in ethanol/water
(dissolve powder in ethanol then add water to volume). Filter sterilize, and
store at -20°C in 1 ml aliquots.

Zeatin mixed isomers (10 mg/ml), dissolve powder in small volume 1 M
HCI and make up to volume with water, mix well/vortex. Filter sterilize,
and store at -20°C in 1 ml aliquots.

Picloram (1 mg/ml), dissolve picloram in water, filter sterilize and store at
-20°C in 2 ml aliquots.

PPT (10 mg/ml) (Glufosinate ammonium), dissolve in water, mix

well/vortex, filter sterilize and store at -20°C in 1ml aliquots.
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2.3. Agrobacterium tumefaciens-mediated transformation system of
chickpea

Time schedule:

Day 1 Seed sterilization

Bacteria cultures

Day 2 Transformation (inoculation)

Co-cultivation

Day 6 Washing of the explants

Regeneration on subculture 1 media

Day 13/14 Regeneration and initial selection on Sub 2 media

Day 35 Selection on Sub 3 media
Day 49 Selection on Sub 4 media
Day 63 Selection on Sub 5 media
Day 77 Selection on Sub 6 media
Day 91 Selection on Sub 7 media
Day 105  Selection on Sub 8 media
Day 119  Selection on Sub 9 media
Day 133 Selection on Sub 9 media
Day 147  Rooting on HR media
or grafting
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Procedures

Day 1:

Seed sterilization and bacteria culture preparing bacteria culture

Weigh seeds.

Transfer seeds to a flask and rinse them with tap water 2 times.

Surface sterilize them in 70% ethanol for 1 min., shake well and cover the
flask with aluminum foil.

Sterilize seeds in pure Clorox for 20 minutes on the shaker (< 150 rpm).
Rinse three times with sterile water and then soak them overnight in 1L
sterile water to which you add 10 ml of 2M CaCl2 solution.

Initiate Agrobacterium liquid cultures by adding ~ 400 ul of a standard
glycerol inoculum to 25 ml plus antibiotics.

Incubate at 27-29°C, shaking (150 rpm) for 12-24 hours (to reach an
OD >1 (Abs = 600 nm).

Day 2:
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Transformation and cocultivation

Pellet the Agrobacterium culture at 4500 g for 10 minutes at 4 °C and
resuspend in 20 ml single-strength inoculation medium (Agro-suspension)
supplemented with 200 uM Acetosyringone.

Cut seeds in half and carefully remove the embryos, collect embryos in
sterile water.

Place the bacteria-suspension in a small petri dish. Cut the shoot at about
Imm from the root-tip of embryos (drop the embryos in a drop of bacteria-
suspension and keep the blade wet when you cut), Change the blade after
every 60 embryos.

Incubate the decapitated embryos in the bacterial culture for 2-4 hours.
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Discard the bacterial-suspension and transfer the embryos onto filter paper
blotted wet on co-cultivation medium (CCCP), incubate the plates m the

dark at 21 °C for 4 days.

Day 6:

Regeneration on Subculture 1 medium

After co-cultivaton step, cut the curved part of embryos, and then transfer
them to sterile Falcon tube.

Rinse the embryos in 35 ml distilled water for three times.

Thereafter, immerse the embryos n 150 mg/1 ticarcillin solution for 20-60
min.

add 25 ml water with 37.5 ul of Ticarcillin stock and leave them.

Blot them dry on sterile filter paper (remove the excess solution), and then

culture them under light on subculturel for 7-9 days at 21-25°C.

Day 13/14:

Regeneration and Initial selection on Sub2
Transfer the embryos (explants) onto fresh subculture 2 medium, incubate

them for 21 days under the previous conditions.

Day 35:

Selection on sub 3 and sub 4 media

Remove the brown or the dead tissue from the base.

Divide the explants into three parts which are originated from the
cotyledonary buds and the apical meristem; Do not place more than 9-10
explants per Petri dish.

Incubate under the previous conditions for two weeks.
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Day 49:

Selection 2 on Sub. 4
Remove the dead tissue and subculture on fresh selection media up to

subculture10 with two weeks interval.

Day 147:

Rooting on HR medium

Subculture the putative transgenic explants on rooting medium for three
weeks.

Move them to soft agar media if roots are formed. When roots are ok

move them to sterile peatmoss for hardening.

Grafting of shoots

Mostly, it is difficult to induce the roots by hormones on chickpea, the problem

was solve by micro-grafting on non-transformed rootstock as following:

Sterilize chickpea seeds and germinate them on 2MS medium; in the dark
for five days at 25 ° C.

Cut off the epicotyle of the seedling 1-1.5 cm above the cotyledonary node
and split the remaining stem with a longitudinal cut.

Trim the base of transformed shoot like V shape, then insert it between the
split epicotyl of the seedling.

Remove all secondary shoots which arise from the cotyledonary node of
the non transformed seedlings during the following days.

Transplanting i soil. (Krishnamurthy et al., 2000)
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e Media for plant tissue culture

DKW-C Stock | (x 10)

Chemical Formula mg/ | media g/l
Calciumchloride CaCk 149 1.49
Magnesium sulfate MgS0O,4.7H20 740 7.4
Potassium sulfate K>S0, 1559 15.59
Ammonium nitrate NH4NO3 1416 14.16
Potassium phosphate KH,PO4 265 2.65
Calcium nitrate Ca(NO3),.4H20 1968 19.68
DKW-C Stock 11 (x 100)

Iron stock Fe-Na.EDTA 44.63 4.46
Manganese sulphate MnS04.H20 335 3.35
Zinc sulphate ZnS0O4.7H20 9.22 0.922
Boric acid H3BO3 4.8 0.48
Sodium molybdate Na;Mo00,.2H,0 0.39 0.039
Cupper sulphate CuS04.5H,0 0.25 0.025
DKW-C stock I11 (x 100)

Myo- inositol 100 10
Nicotinic acid 1 0.1
Glycine 2 0.2
Thiamine 2 0.2
Microsalts solution (x 100)

Manganese sulphate MnSO4.H20 1.69
Iron stock Fe-Na-EDTA 4

Zinc sulphate ZnS04.7H20 0.86
Boric acid H3BO3 0.63
Sodium molybdate Na2Mo04.2H20 0.025
Cupper sulphate CuS0O4.5H20 0.0025
Cobalt chloride CoCI2.6H20 0.0025
Potassium lodide Kl 0.083
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Components of media culture

Item Agorsuspension| CCCP| Subl| Sub2 | Sub 3+4 HR
MS salts 500 ml package - - - - -
DKW-C stock I - 100 ml {100 ml | 100 ml| 100 ml | 100 ml
DKW-C stock 11 - I0ml | 10ml| 10ml 10 ml 10 ml
DKW-C stock IIT - 1I0ml | 10ml| 10 ml 10 ml 10 ml
MS microsalts 1.5 ml 3 ml - - - -
BS5 vitamins 5 ml 10 ml - - - -
Sucrose 75¢ I5¢g 30g| 30g 30g 20g
Glucose 7.5 gr I5¢g - - - -
Aceosyringone 5ml - - - - -
TDZ (0.5 mg/ml) 110 wl 22 ul - - - -
BAP - - -| 2ml 2 ml -
IBA - - - 10 10| 25ml
MES - - -l 1g lg lg
PVP - - - - - -
Phytagel - 02% | 03%| 0.3% 03% | 0.8%
Agar - - - - - -
pH 5.7 5.8
Ticarcillin - - | 150 mg| 150 mg| 150 mg -
PPT - - - - 5-10 mg -
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l 2.4. DNA based methods for GMO detection ||

The source of the below methods is the European Reference Laboratory for
Genetically Modified Food and Feed: JRC/EURL-GMFF.

Samples
During the training course, the unknown samples (Table 1) are extracted and

used for both PCR and real-time PCR. In addition, certified reference materials
(CRMs) are used as standards in real-time PCR. Extraction blanks and positive
extraction controls will be included during extraction; no template control and

negative and positive target controls will be run in PCR and real-time PCR.

Table 1. List of Samples distributed to the participants

Sample Type Code Group

Feed sample S1

Soya feed 1, Argentina A5

Soya feed 2, Argentina A4 1
Imported soya, oil factory A6

Feed sample S2

Soyaseeds 1, Agri Research Center, Aleppo Sbh-321

Soya seeds 2, Agri Research Center, Aleppo Sb-330 2
Cultivated soya, Agri Research Center, Aleppo Sb-304

Maize, Argentina M16

Feed soya 1 (poultry), Kefernabel S3 3
Feed soya 2 (poultry), Kefernabel S4

Maize sample MO

Canned Food, Soumar C1 1
Canned Food, Hana C2 2

Canned Food, Zeina C3 3
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‘ 2.4.1. DNA extraction (CTAB protocol) \

Equipment
All of the equipment must be sterilized prior use and any residue of DNA must

be removed.

In order to avoid contamination, barrier pipette tips that are protected against

aerosol should be used.

Instruments for size reduction like a sterile surgical blade or mortar
Water bath or heating block

Microcentrifuge

Micropipettes

Vortex mixer

1.5 ml microcentrifuge tubes

Spatulas

Balance capable of 0.01 g measurements

Loops

Rack for microcentrifuge tube

Vacuum desiccators to dry DNA pellets (optional)

Reagents
All chemicals should be of molecular biology grade. Deionised water and buffers

should be autoclaved prior to use. In addition all chemicals should be DNA and

DNase free.

Cetyltrimethylammonium bromide (CTAB)
Chloroform

Isopropanol

Na,EDTA

Ethanol
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e NaCl
e Proteinase K
e Tris(hydroxymethyl)aminomethane hydrochloride (Tris-HCI)

e Sterile deionised water

CTAB-buffer

209/ICTAB 209
1.4 M NaCl 82¢
0.1 M Tris-HCI 15.75 ¢
20 mM Na,EDTA 759

- Add 500 ml of dionised water
- Adjust pH to a value of 8.0 with 1IN NaOH
- Fillup to 1000 ml and autoclave

CTAB-precipitation solution
59/ICTAB 19
0.04M NacCl 05¢g

- Add 100 ml of dionised water.
- Adjust pH to a value of 8.0 with 1N NaOH.
- Fill up to 200 ml and autoclave.

- Store solution at 4 °C max. 6 months.

NaCl 1.2 M
- Dissolve 7.0 g of NaCl in 100 ml deionised water.
- Autoclave and store at room temperature.
Ethanol-solution 70 % (v/v)
70 ml of pure ethanol are mixed with 30 ml of sterile deinoised water.
Proteinase K 20 mg/ml
Store at -20 °C.
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Procedure
The procedure requires sterile conditions. Contaminations may be avoided during

sample preparation by using single-use equipment, decontamination solutions

and by avoiding the formation of dust.
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Moisten 200 mg of sample with 300 ul of sterile deionised water ina 2 ml
tube.

Mix with a sterile loop until homogeneity is reached.

Add 700 ul of CTAB-buffer, pre-warmed to 65 °C, mix with a loop.

Add 10 pl of Proteinase K (20 mg/ml), mix smoothly and incubate at 65°C
for 30 min.

Centrifuge for 10 min at 12000 g.

Transfer supernatant to a 2ml tube containing 500 ul of chloroform, shake
for 30 sec.

Centrifuge for 15 min at about 12,000 g until phase separation occurs.
Transfer the aqueous upper layer to a new 2 ml tube containing 500 pl of
chloroform, shake.

Centrifuge for 5 min at about 12000 g.

Transfer upper layer to a new 2 ml tube.

Add 2 volumes of CTAB precipitation solution, mix by pipetting.

Incubate for 60 min at room temperature.

Centrifuge for 5 min at about 13000 rpm and discard the supernatant.
Dissolve precipitate in 350 pl of NaCl (1.2 M).

Add 350 pl of chloroform and shake for 30 sec.

Centrifuge for 10 min at 12000 g until phase separation occurs.

Transfer upper layer to a new 1.5 ml tube.

Add 0.6 volume of isopropanol, shake, mix smoothly by inversion, and
incubate 20 min at room temperature.

Centrifuge for 10 min at 12000 g, discard the supernatant.

Add 500 pl of 70 % of ethanol solution and shake carefully.
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- Centrifuge for 10 min at 12000 g, and discard supernatant. Drain the
supernatant carefully. DNA pellets may detach from the bottom of the tube
at this stage.

- Dry pellets and re-dissolve DNA in 100 ul of sterile TE buffer. The DNA
solution may be stored in a refrigerator for a maximum of two weeks, or in

the freezer at -20°C for longer periods.

l 2.4.2. Spectrophotometric Analysis l

The ratio between the reading at 260 and 280 nm (i.e. OD260/0D280) provides
an estimate of purity of the nucleic acid and the absence of protein

contamination. In fact, the maximum absorbance of nucleic acid is at 260 nm
while the maximum absorbance of proteins is at 280 nm. Pure preparations of
DNA and RNA have OD260/0D280 values of 1.8 and 2.0, respectively.
For quantifying the amount of DNA/RNA, reading should be taken at
wavelengths of 260 nm. An OD of 1 corresponds to approximately 50 pug/ml for
double-stranded DNA and 40 pg/ml for single-stranded DNA and RNA
(Sambrook et al., 1989).

Procedure
Add 20 pl of DNA sample to 1980 ul of TE buffer mix thoroughly and read the

absorption (OD) in a spectrophotometer at 260 nm and 280 nm.
Calculate the concentration of DNA in the solution according to the following
formula:

DNA conc. (ug/ml) = [OD260 x 100 x 50 pg/ml]
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’ 2.4.3. Agarose Gel Electrophoresis |

Introduction
Agarose gel electrophoresis is a simple and highly effective method for

separating DNA fragments of various sizes. The degree of DNA degradation can
be estimated by electrophoresis of an aliquot of sample in a mini agarose gel.
Large molecular weight DNA appears as a band, perhaps with sharp spikes,
whereas partially degraded material forms a long smear of long to small
fragments. The percentage of agarose in the gel depends on the size of DNA
molecules to be separated (Table 2).

Table 2. Effective range of resolution of linear Agarose (%)

% of agarose Effective range of separation
of DNA molecules (kb)

0.3 30to1
0.6 1210 0.8
0.7 10t0 0.5
0.9 71t00.4
1.2 3t00.2
15 7t00.4
2 3100.2
Solutions
1X TBE buffer 90 mM Tris-acetate
2 mM EDTA, pH 8.0
Loading buffer (10X) 0.25% Bromophenol blue
50% Glycerol
60 mM EDTA, pH 8.0
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Procedure

Preparation of mini agarose gel

Prepare the gel tray.

Prepare a 0.7% agarose gel by adding 0.42 g of agarose to 60 ml of 1 X TBE buffer.
Briefly, boil it and cool to 60°C.

Gently, pour the gel into the tray and remove air bubbles.

After the gel is completely set, gently remove the comb and place the gel with the tray
into the electrophoresis tank.

Pour approximately 500 ml of 1X TBE buffer into the electrophoresis tank, enough to
cover the gel to a depth ofabout 4 mm.

Loading the gel with DNA samples

Add the appropriate volume of loading buffer to the DNA samples. Mix by gentle
tapping and spin 2-3 sec in a microcentrifuge. (The loading buffer helps in two main
ways: 1. It increases the density of the DNA samples ensuring that the DNA samples
are loaded evenly into the wells. 2. It allows visualization of the samples facilitating the
loading process and the tracking of them migration.

Carefully, load the DNA samples, avoiding spill-over to adjacent wells. Be sure to
include a lane with DNA size marker.

Put the lid on the gel apparatus; attach the electrodes, making sure that the negative
terminal is at the same end of the apparatus as the wells. Apply voltage of 5-10 V/cm.

Switch off the power supply when sufficient migration occurs.

Staining and viewing

Remove the gel from the gel apparatus and immerse in ethidium bromide stain of final
concentration of 0.5 pg/ml) for 30 min. Shake gently.

CAUTION 1: Ethidium bromide is a potential carcinogen; it must never be handled
without gloves and should be inactivated before its discard

View the gel on an UV transilluminator and photograph the gel using a Polaroid
camera.

CAUTION 2: UV light is damaging to eyes and exposed skin. Protective eyewear

should be worn at all times when usinga UV light source.
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2.4.4. Screening of transgenic maize and soybean by
Conventional PCR

2.4.4.1. General PCR conditions

Each PCR reaction mix contains template DNA and the other necessary reagents
mixed together according to the general instructions given in table (3). PCR is

carried out using a PCR Thermocycler System. A general cycling program is

depicted in table (4).

Table 3. General PCR master mix

Reagent Final concentration
10x PCR buffer 1X
25 mM MgCI2 1.5-25mM
2 mM dNTPs 0.2 mM
10 umol primer (F) 0.1-1uM
10 umol primer (R) 0.1-1uM
Tag DNA polymerase 5 unit/pL 2-25U
Total 100 pl
Source: PCR Primer: “A Laboratory manual” 1995
Table 4. General PCR cycling program
Temperature/ °C Time /min
Initial denaturation ~94 ~ 5
Denaturation ~ 94 ~ 1
Annealing temperature * ~1
Extension 72 ~1
Number of cycles (35-
50)
Final extension 72 ~5
4 00

* Differs according to the primers used in table (5).
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2.4.4.2. Analysis of PCR products
Agarose Gel Electrophoresis
PCR products can be assessed by running an agarose gel electrophoresis. The
percentage of the agarose gel is chosen according to the amplicon size; refer to
table (2).
2.4.4.3. Experimental
2.4.4.3.1. Introduction
The following protocols are PCR-based methods allowing the screening of
GMOs (using the 35S promoter and the nos terminator) in raw and processed
material, by comparison with corresponding non-GM samples (soybean and
maize). The following methods allow only a qualitative result with indication of
presence/absence of the target sequence in the sample.
2.4.4.3.2. EqQuipment

» Micropipettes

e Thermocycler

e Microcentrifuge

o \ortex mixer

« Rack for reaction tubes

o 0.2 mIPCR reaction tubes

o 1.5 ml microcentrifuge tubes

o Separate sterile room with a UV hood
REMARK
All equipment should be DNA-free and where possible, sterilised prior to use. In
order to avoid contamination, barrier pipette tips protected against possible aerosol
formation should be used.
2.4.4.3.3. Reagents

e dNTPs

e 10x PCR buffer (usually delivered from the same supplier as the Taq

DNA polymerase)
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25 mM MgCI2
Taq DNA polymerase (5 U/ul)

Upstream and downstream oligonucleotides

Mineral oil (needed in case a thermocycler without hot lid is used)

Nuclease-free water

4 mM dNTPs stock solution

dNTPs might be supplied in pre-mixed stocks - containing dATP, dCTP, dGTP,
dTTP in equal concentration or separated in individual concentrated stocks.

- If individual stocks are used, dissolve each dNTP in sterile deionised water, to
have a final 4 mM dNTP stock solution.
- Divide in aliquots and store at -20°C. dNTPs are stable for several months.

20 UM primer solution

Primer oligonucleotides are generally supplied in lyophilised form and should be
diluted
to a final concentration of 20 uM.

- Prepare 20 uM primer solution according to the supplier's instructions.
e 1puM=1pmol/ ul so 20 uM = 20 pmol/ul
e X nmol primer + 10X pl sterile water = 100 pmol/ pl = 100 uM
e Incubate 5 min at 65°C, shake and incubate for another 3 min at 65°C
o Dilution 1:5 -*Prepare 1 microcentrifuge tube with 400 ul sterile
water and add 100 pul of the primer solution (100 uM) -*Final
concentration: 20 uM
- Divide into small aliquots and store at -20°C. The aliquots, stored at -20°C,
are stable for at least 6 months; the lyophilised primers are stable at - 20°C for

up to three years.
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10x PCR buffer

Usually the 10x PCR buffer, containing 500 mM KCI, 100 mM Tris-HCI (pH 9.0
at 25°C) and 1% Triton X-100 is provided together with the Tagq DNA
polymerase and is ready to use.
- Mix and centrifuge the buffer before each use.
- Divide into aliquots and stored them at -20°C; aliquots stable for several
months.

25 mM MgC1, solution

"PCR grade" MgCl, solution is generally supplied together with the Tag DNA
polymerase and is ready to use.

- Mix and briefly centrifuge the solution before each use (destruction of the
concentration gradient which can be formed in the case of a prolonged
storage).

- Store at -20°C.

Nuclease-free water aliquots

Sterile nuclease-free, deionised water aliquots are prepared for the Mastermix
and for the dilution of the DNA. For each series of analyses, a new aliquot
should be used.

2.4.4.3.4. Primers

Primers used in this course are listed in table (5). All primers obtained in a

lyophilized state. All primers were dissolved in deionized distilled water before
use to obtain a final concentration of 20 uM.
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Table (5). Oligonucleotides primer pairs sequence used and their target element

. Amplicon Annealing
Primer Sequences Target gene size( bp) temperature *
GMO3 .

GMO4 GCCCTCTACTCCACCCCCATCC Lectin gene 118 63
GCCCATCTGCAAGCCTTTTTGTG
ZEIN3 .
ZEINA4 AGTGCGACCCATATTCCAG Zein gene 277 60
GACATTGTGGCATCATCATTT
P35s-cf3
o35 4 CCACGTCTTCAAAGCAAGTGG 35S promoter 123 62
5-C TCCTCTCCAAATGAAATGAACTTCC
EAA':"S ﬂg; GCATGACGTTATTTATGAGATGGG t m’:'.(r’]s or 118 62
nos GACACCGCGCGCGATAATTTATCC erminato
GMO5
aMOO CCACTGACGTAAGGGATGACG EPSPS gene 447 60
CATGAAGGACCGGTGGGAGAT
GMO7
MO8 ATCCCACTATCCTTCGCAAGA EPSPS gene 169 60
TGGGGTTTATGGAAATTGGAA

24.4.35. Controls

It is important to perform control experiments with every PCR analysis. Negative

control in which water is used instead of DNA is designed to check if the PCR

reagents are contaminated with DNA. Negative target control which does not

contain the target DNA is used to monitor any false results.

Positive target control iscritical in determining the efficiency and specificity of

PCR, such as CRMs and plasmids.

Table (6). Plasmids used in the training and their respective constructs

The plasmid

plasmid construct

PGIIMH35-2PS
TOP10 PG1I35S CRYA(b)
TOP10 PG1I35S CRYA(C)
pBI-121
pBI-221

35 S pro+ thos+ bar gene+ g2PS1 gene
npt Il + bar gene + cryA( b)

npt Il + bar gene + cryA (c)

npt Il + gusA gene

35S pro+ gusA gene+ tnos
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The identification of soybean DNA is performed targeting the lectin gene. The
PCR with the primers GMO3/GMO4 determines if amplifiable soybean DNA is
present in the sample.

Characteristics of primers GMO3 and GMO4

GMO3
Sequence GCCCTCTACTCCACCCCCATCC
Length (bp) 22
Mol.Weight (g/mol) 6471.6
Melting point * (G/C) 65.1
GMO4
Sequence GCCCATCTGCAAGCCTTTTTGTG
Length (bp) 23
Mol.Weight (g/mol) 6981.1
Melting point * (G/C) 59.6

*based ona [Na] of 50 mM

Controls
It is important to perform control experiments with every PCR analysis. Negative
controls are designed to check if the PCR reagents are contaminated with DNA.
Positive controls with characterised samples are also critical in determining the
efficiency and specificity of PCR. The following controls must be introduced in
analysis performed with PCR:

o Positive control: pure DNA, isolated from the conventional soybean

o Negative control: pure DNA, isolated from another species, not

containing the lectin gene
o No-template control: negative control of the Mastermix, in which

water is used instead of DNA
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Mastermix preparation

The necessary reagents for a series of 10 samples (including positive/negative/no
template controls) are mixed together according to the instruction given in table
(7). The following procedure applies to a sample containing 48 pl of
GMO3/GMO4 Mastermix and 2 pl of DNA solution. All solutions are stored on

ice during the preparation of the Mastermix.

Table 7. GMO3 / GMO4 Mastermix

Final Mastermix Mastermix
concentration for one sample for 10 samples
Sterile, deionised water Ix 32.75 ul 3275
10x PCR Buffer 2.5 mM 5ul 50 ul
25 mM MqgCl, 0.2 mM 5ul 50
4 mM dNTPs 0.2 mM 2.5 ul 25 Wl
20 uM primer GMO3 0.5 uMm 1.25 ul 125
20 uM primer GMO4 0.5 um 1.25 ul 125 ul
Tag DN A polymerase 0.025 U/ pl 0.25 ul 2.5
TOTAL 48 480

- Prepare a 1.5 ml microcentrifuge tube

- Add the reagents following the order given in table (7).

- Mix gently the GM03/GMO04 Mastermix by pipetting and centrifuge briefly
- Divide the Mastermix into aliquots of 48 plin 0.2 ml PCR reaction tubes

- Add 2 ul of the DNA solution to the previous aliquots

- Shake gently and centrifuge briefly

- Place the PCR reaction tubes in the thermocycler

- Run the PCR reaction tubes in the thermocycler according to table (8).

e
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Table 8. PCR program (GMO3/GMO4)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 30 sec
Annealing 63°C 30 sec
Extension 72°C 30 sec
Number of cycles (40)
Final extension 72°C 3 min

4°C 00

Following amplification, the samples are centrifuged briefly and put on ice.

Analysis of PCR products

After amplification of the target sequence, the PCR products are analysed by
agarose gel electrophoresis in the presence of ethidium bromide. 8 ul of a PCR
reaction is mixed with 2 pl loading buffer; samples are then loaded onto the
agarose gel (1.5%). Migration is performed at 100 V over a period of 1 hour. Size
markers (15 pl of 100 bp ladder) are electrophoresed in adjacent wells of the gel
to allow accurate size determination of the amplicons. After the run, ultraviolet
transillumination allows visualisation of the DNA in the gel. The gel may be

photographed to provide a permanent record of the result of the experiment.

Interpretation of the results

The primer pair GMO3/GMOA4 for the detection of the native lectin gene is used
as a system control check; a lectin specific band at 118 bp confirms if the
extracted DNA is of appropriate amplifiable quality. The positive control will
amplify a band at 118 bp. The negative control and the no-template should not
give a visible band. If the positive/negative controls do not give the expected
results, the PCR analysis of the selected samples is not valid. If the controls give
the expected results and the sample does not have a band at 118 bp it means that
in this sample no amplifiable soybean DNA is present. It should be noted that
this as well as other protocols in this session are qualitative methods, therefore

allowing only a qualitative (yes/no) result.
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The identification of maize DNA is performed targeting the zein gene. The PCR
with the primers ZEIN3/ZEIN4 determines if maize DNA of suitable
amplification quality is present in the sample.

Characteristics of primers ZEIN3 and ZEIN4

ZEIN3
Sequence AGTGCGACCCATATTCCAG
Length (bp) 19
Mol.Weight (g/mol) 5772.3
Melting point * (G/C) 55.2
ZEIN4
Sequence GACATTGTGGCATCATCATTT
Length (bp) 21
Mol.Weight (g/mol) 6410.9
Melting point * (G/C) 51.7

*based on a [Na] of 50 mM

Controls
e Positive control: pure DNA, isolated from the conventional maize.
e Negative control: pure DNA, isolated from another species, not
containing the zein gene.
o No-template control: negative control of the Mastermix, in which water is
used instead of DNA.

Mastermix preparation

The necessary reagents for a series of 10 samples (including
positives/negative/no template controls) are mixed together according to the
Instructions given in table (9).
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The following procedure applies to a sample containing 48 pl of ZEIN3/ZEIN4

Mastermix and 2 pl of DNA solution. All solutions are stored on ice during the

preparation of the Mastermix.

Table 9. ZEIN3/ZEIN4 Mastermix

Final Mastermix Mastermix
concentration for one sample for 10 samples
Sterile, deionised water 1x 32.75 3275
10x PCR Buffer 2.5 mM 5ul 50 ul
25 mM MqgCl, 0.2 mM 5u 50 ul
4 mM dNTPs 0.2mM 2.5 ul 25 ul
20 UM primer ZEIN3 0.5 um 1.25 ul 125 ul
20 uM primer ZEIN4 0.5 M 1.25 w 12.5
Taq DN A polymerase 0.025 U/ ul 0.25 ul 25 u
TOTAL 48 pul 480 pl

- Prepare a 1.5 ml microcentrifuge tube.

- Add the reagents following the order given in table (9).

- Mix gently the ZEIN3/ZEIN4 Mastermix by pipetting and centrifuge briefly.

- Divide the Mastermix into aliquots of 48 ul in 0.2 mI PCR reaction tubes.

- Add 2 ul of the DNA solution to the previous aliquots.

- Shake gently and centrifuge briefly.

- Place the PCR reaction tubes in the thermocycler.

- Run the PCR reaction in the thermocycler according to table (10).

Table 10. PCR program™ (ZEIN3/ZEIN4)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 96°C 1 min
Annealing 60°C 1 min
Number of cycles (40)
Final extension 72°C 3 min
4°C o0

Following amplification, the samples are centrifuged briefly and put on ice.
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Analysis of PCR products

After amplification of the DNA, the PCR products are analysed using agarose gel
electrophoresis with ethidium bromide. 8 pl of the solution is mixed with 2 pl of
loading buffer. The solution mixture is then loaded onto an agarose gel (1.5%).
Migration should take place at 100 V over a period of 1 hour. Size markers (15 pl
of 100 bp ladder) are electrophoresed in adjacent wells of the gel to allow
accurate size determination of the amplicons. After the run, ultraviolet
transillumination allows visualisation of the DNA in the gel. The gel may be
photographed to provide a permanent record of the result of the experiment.

Interpretation of the results
The primer pair ZEIN3/ ZEIN4 is used for detection of the native maize zein
gene as a control check on the amplification quality of the extracted DNA. If the
extracted DNA is of sufficient amplification quality a zein specific band of 277
bp will be observed on the gel.
e The positive control should also amplify showing a band size of 277 bp.
e The negative control and the no-template should not give a visible band.
e If the positive/negative controls do not give the expected results, the PCR
analysis of the selected samples is not valid.
e |f the controls give the expected results and the sample does not have a
band at 277 bp, it means that in this sample no amplifiable maize DNA is
present.
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Genes are under the regulation of promoters and terminators. The most widely

used sequences for the regulation of a transgene are the 35S promoter (derived
from the CaMV) and the nos terminator (derived from Agrobacterium
tumefaciens). The identification of one of these regulatory sequences in the
soybean and/or maize containing sample under examination indicates GMO
presence.

In Roundup Ready® soybean, the identification of both the 35S promoter and the
nos terminator is possible, whereas only the 35S promoter is present in the Bt-
176 and MON810 maize lines.

2.4.4.38.1. 355 PCR J
Characteristics of primers p35S-cf3 and p35S-cr4

p35S-cf3
Sequence CCACGTCTTCAAAGCAAGTGG
Length (bp) 21
Mol.Weight (g/mol) 6414.5
Melting point * (G/C) 57.4

p355-crd
Sequence TCCTCTCCAAATGAAATGAACTTCC
Length (bp) 25
Mol.Weight (g/mol) 7544.2
Melting point * (G/C) 56.3

*based on a [Na] of 50 mM

Controls
Positive control: DNA from reference material (maize 0.5% GM)
Negative control: DNA from reference material (maize 0% GM)
No-template: negative control of the Mastermix, in which water is used instead
of DNA
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Mastermix preparation

The necessary reagents for a series of 10 samples (including positive / negative/
no template controls) are mixed together according to the instructions given in
table (11).

The following procedure applies to a sample containing 48 pul of p35S-cf3/p35S-
cr4 Mastermix and 2 pl of DNA solution. All solutions are stored on ice during

the preparation of the Mastermix.

Table 11. p35S-cf3/p35S-cr4 Mastermix

Final Mastermix Mastermix
concentration for one sample for 10 samples
Sterile, deionised water 1x 32.75 3275
10x PCR Buffer 2.5 mM 5l 50 ul
25 mM MgCI2 0.2 mM 5u 50 ul
4 mM dNTPs 0.2 mM 25 ul 25 pl
20 UM primer p35S-cf 0.5 M 1.25 12.5
20 UM primer p35S-cr4 0.5 uMm 1.25 125 ul
Tag DN A polymerase 0.025 U/ ul 0.25 ul 2.5
TOTAL 48 i 480 l

- Prepare a 1.5 ml microcentrifuge tube.

- Add the reagents following the order given in table (11).

- Mix gently the p355-cf3/p35S-cr4 Mastermix by pipetting and centrifuge
briefly.

- Divide the Mastermix into aliquots of 48 ul in 0.2 mlI PCR reaction tubes.

- Add 2 pl of the DNA solution to the previous aliquots.

- Shake gently and centrifuge briefly.

- Place the PCR reaction tubes in the thermocycler.

- Run the PCR reaction in the thermocycler according to table (12).
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Table 12. PCR program (p35S-cf3/p35S-crd)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 25 sec
Annealing 62°C 30 sec
Extension 72°C 45 sec
Number of cycles (50)
Final extension 72°C 7 min

4°C o0

Analysis of PCR products

Following amplification, the PCR products are analysed by agarose gel
electrophoresis with ethidium bromide. 8 pl of the solution is mixed with 2 pl of
loading buffer; the solution is then loaded onto the agarose gel (2.5%). Migration
should take place at 100 V over a period of 1 hour. Size markers (15 pl of 100 bp
ladder) are electrophoresed in adjacent wells of the gel to allow accurate size
determination of the amplicons. After the run, ultravio let transillumination allows
visualisation of the DNA in the gel. The gel may be photographed to provide a
permanent record of the result of the experiment.

Interpretation of the results

The primer pair p355-cf3/p35S-cr4 is used for detection of the CaMV 35S
promoter, yielding
a 123 bp fragment. This promoter regulates the gene expression of many
transgenic plants such as Roundup Ready® soybean and maize line Bt-176.

The positive control will amplify showing a band at 123 bp. The negative control
and the no- template should not give a visible band. If the positive/negative
controls do not give the expected results, the PCR analysis of the selected
samples is not valid.

If the controls give the expected results and the sample gives a band at 123 bp, it
means that in this sample modified DNA is present.
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2.4.4.3.8.2. nos PCR

Characteristics of primers HA-nos 118-f and HA-nos 118-r

HA-nos 118-f
Sequence GCATGACGTTATTTATGAGATGGG
Length (bp) 24
Mol.Weight (g/mol) 7462.8
Melting point * (G/C) 56.2
HA-nos 118-r
Sequence GACACCGCGCGCGATAATTTATCC
Length (bp) 24
Mol.Weight (g/mol) 7296.9
Melting point * (G/C) 61.2

*based on a [Na] of 50 mM

Controls
e Positive control: DNA from reference material (RRS 0.5% GM)
e Negative control: DNA from reference material (soybean 0% GM)
e No-template: negative control of the Mastermix, in which water is used
instead of DNA

Mastermix preparation

The necessary reagents for a series of 10 samples (including positive/negative/no
template controls) are mixed together according to the instructions given in table
(13).

The following procedure applies to a sample containing 48 ul of HA-nos118-
f/HA-n0s118-r Mastermix and 2 pl of DNA solution. All solutions are stored on
ice during the preparation of the Mastermix.
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Table 13. HA-nos118-f/HA-nos118-r Mastermix

Final Mastermix Mastermix
concentration for one sample for 10 samples
Sterile, deionised water Ix 32.75 ul 3275 ul
10x PCR Buffer 2.5 mM 5ul 50 ul
25 mM MqgCl, 0.2 mM 5ul 50 ul
4 mM dNTPs 0.2 mM 2.5 ul 25 ul
20 UM primer 0.5 um 1.25 ul 125 ul
20 UM primer p35S-cr4 0.5 M 1.25 ul 12.5 ul
Tag DN A polymerase 0.025 U/ pl 0.25 ul 2.5 Wl
TOTAL 48 Wl 480

- Prepare a 1.5 ml microcentrifuge tube.

- Add the reagents following the order given in table (13).

- Mix gently the HA-nos118-f/HA-nos118-r Mastermix by pipetting and

centrifuge briefly.

- Divide the Mastermix into aliquots of 48 ul in 0.2 mI PCR reaction tubes.

- Add 2 pl of the DNA solution to the previous aliquots.

- Shake gently and centrifuge briefly.

- Place the PCR reaction tubes in the thermocycler.

- Run the PCR reaction tubes in the thermocycler according to table (14).

Table 14. PCR Program (HA-nos118-f/HA-nos118-r)

Temperature Time

Initial denaturation 95°C 3 min
Denaturation 95°C 25 sec
Annealing 62°C 30 sec
Extension 72°C 45 sec
Number of cycles (50)

Final extension 72°C 7 min

4°C 00

Following amplification, the samples are centrifuged briefly and put on ice.
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Analysis of PCR products

Following amplification, the PCR products are analysed using agarose gel
electrophoresis with ethidium bromide. 8 pl of the solution is mixed with 2 pl of
loading buffer; the solution is then loaded onto an agarose gel (2.5%). Migration
should take place at 100 V over a period of 1 hour. Size markers (15 pl of 100 bp
ladder) are electrophoresed in adjacent wells of the gel to allow accurate size
determination of the amplicons. After the run, ultraviolet transillumination allows
visualisation of the DNA in the gel. The gel may be photographed to provide a
permanent record of the result of the experiment.

Interpretation of the results

The primer pair HA-nos118-f/HA-nos118-r is used for detection of the nos
terminator, yielding
a 118 bp fragment. This terminator is present in the Roundup Ready® soybean
and other lines of transgenic plants (e.g. Maize line Bt-11).

The positive control will amplify showing a band at 118 bp.

The negative control and the no-template should not give a visible band.

If the positive/negative controls do not give the expected results, the PCR
analysis of the selected samples is not valid.

If the controls give the expected results and the sample gives a band at 118 bp,
this means that in this sample modified DNA is present.
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2.4.5. Identification of MON810 maize and Roundup

Ready® soybean by nested PCR

2.45.1. Detection of MON810 maize

The detection system is specific for MON810 maize. Target elements are the
CaMV 35S promoter and the hsp70 exonl/intronl region, which are a
constitutive regulatory sequence and heat shock protein gene for an increased
level of transcription, respectively.

Characteristics of primers mgl, mg2, mg3 and mg4

mg 1
Sequence TATCTCCACTGACGTAAGGGATGAC
Length (bp) 25
Mol.Weight (g/mol) 7665.1
Melting point * (G/C) 59.6
mg 2
Sequence TGCCCTATAACACCAACATGTGCTT
Length (bp) 25
Mol.Weight (g/mol) 7560.2
Melting point * (G/C) 57.9
mg 3
Sequence ACTATCCTTCGCAAGACCCTTCCTC
Length (bp) 25
Mol.Weight (g/mol) 7472.2
Melting point * (G/C) 61.2
mg 4
Sequence GCATTCAGAGAAACGTGGCAGTAAC
Length (bp) 25
Mol.Weight (g/mol) 7722.9
Melting point * (G/C) 59.6

*pased on a [Na] of 50 mM

Controls
e Positive control: DNA from reference material (MONS810 0.1%)

e Negative control: DNA from reference material (maize 0% GM)
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e No-template: negative control of the Mastermix, in which water is used
instead of DNA

Mastermix preparation 1

The necessary reagents for a series of 10 samples (including positive/negative/no
template controls) are mixed together according to the instructions given in table
(15).

The following procedure applies to a sample containing 48 pl of mgl/mg2
Mastermix and 2 pl of DNA solution. All solutions are stored in ice during the

preparation of the Mastermix.

Table 15. Mastermix for(mgl/mg2)

Final Mastermix for Mastermix for 10
concentration one sample samples
Sterile, deionised water 32.75 ul 3275
10x PCR Buffer 1x 5u 50 ul
25 mM MgCl, 2.5 mM 5 ul 50 p
4 mM dNTPs 0.2 mM 25 ul 25 ul
20 UM oligonucleotide mgl 0.5 uM 1.25 ul 125 ul
20 uM oligonucleotide mg2 0.5 M 1.25 ul 125 ul
Taq DNA polymerase 0.025 U/ul 0.25 ul 2.5 ul
Total 48 ul 480

- Prepare a 1.5 ml microcentrifuge tube.

- Add the reagents following the order given in table (15).

- Mix gently the mg1/mg2 Mastermix by pipetting and centrifuge briefly.
- Divide the Mastermix into aliquots of 48 pul in 0.2 mI PCR reaction tubes.
- Add 2 ul of the DNA solution to the previous aliquots.

- Shake gently and centrifuge briefly.

- Place the PCR reaction tubes in the thermocycler.

- Run the PCR reaction tubes in the thermocycler according to table (16).
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Table 16. PCR program (mgl/mg2)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 45 sec
Annealing 60°C 50 sec
Extension 72°C 50 sec
Number of cycles (35)
Final extension 72°C 3 min

4°C 00

Following amplification, the samples are centrifuged briefly and puton ice.

Mastermix preparation 2

The necessary reagents for a series of 10 samples are mixed together
according to the instructions given in table (17). The following procedure
applies to a sample containing 49 pl of mg3/mg4 Mastermix and 1 ul of
pre-amplified DNA solution of the first PCR. All solutions are stored on ice

during the preparation of the Mastermix.

Table 17. mg3/mg4 Mastermix

Final Mastermix for Mastermix for 10
concentration ~ one sample samples
Sterile, deionised water 33.75 ul 3375 ul
10x PCR Buffer 1x 5ul 50 ul
25 mM MgCl, 2.5mM 5 ul S0l
4 mM dNTPs 0.2mM 25 ul 25 ul
20 UM oligonucleotide mg3 0.5 um 1.25 ul 125 ul
20 uM oligonucleotide mg4 0.5 M 1.25 125
Taq DNA polymerase 0.025 U/ul 0.25 2.5 ul
Total 49 ul 490 pl
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- Prepare a 1.5 ml microcentrifuge tube.

- Add the reagents following the order given in table (17).

- Mix gently the mg3/mg4 Mastermix by pipetting and centrifuge
briefly

- Divide the Mastermix into aliquots of 49 ul in 0.2 ml PCR reaction
tubes.

- Add 1 pul of the DNA solution to the previous aliquots.

- Shake gently and centrifuge briefly.

- Place the PCR reaction tubes in the thermocycler.

- Run the PCR reaction tubes in the thermocycler according to table
(18).

Table 18. Program for the nested PCR (mg3-mg4)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 45 sec
Annealing 60°C 50 sec
Extension 72°C 50 sec
Number of cycles 40
Final extension 72°C 3 min

4°C 00

Following amplification, the samples are centrifuged briefly and put on ice.
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Analysis of PCR products

Following amplification, the PCR products are analysed using agarose gel
electrophoresis with ethidium bromide. 8 pul of the solution is mixed with 2
ul of loading buffer; the solution is then loaded onto an agarose gel (2.5%).
Migration should take place at 100 V over a period of 1 hour. Size markers
(15 pl of 100 bp ladder) are run in adjacent wells of the gel to allow
accurate size determination of the amplicons. After the run, ultraviolet
transillumination allows visualisation of the DNA in the gel. The gel may
be photographed to provide a permanent record of the result of the

experiment.

Interpretation of the results

The primer pairs mgl/mg2 and mg3/mg4 were designed for the specific
detection of the MONBS810 event by nested PCR, yielding a final nested PCR
fragment of 149 bp. The specificity is given by the fact that primers are
designed on the region spanning the E-355 promoter and the hsp70
exon/intron gene. The positive control will amplify showing a band at 149
bp. The negative control and the no-template should not give a visible band.
If the positive/negative controls do not give the expected results, the PCR
analysis of the selected samples is not valid. If the controls give the
expected results and the sample gives a band at 149 bp, this means that in
this sample MON810 maize DNA is present.
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2.4.5.2. Detection of Roundup Ready® soybean

The target is the CP4 EPSPS gene, which confers resistance to the herbicide

Roundup®.

Characteristics of primers GMO5, GM0O9, GMO7 and GMO8

GMO5
Sequence CCACTGACGTAAGGGATGACG
Length (bp) 21
Mol.Weight (g/mol) 6479.4
Melting point * (G/C) 59.5
GMO9
Sequence CATGAAGGACCGGTGGGAGAT
Length (bp) 21
Mol.Weight (g/mol) 6559.4
Melting point * (G/C) 59.5
GMO7
Sequence ATCCCACTATCCTTCGCAAGA
Length (bp) 21
Mol.Weight (g/mol) 6309.6
Melting point * (G/C) 55.8
GMO8
Sequence TGGGGTTTATGGAAATTGGAA
Length (bp) 21
Mol.Weight (g/mol) 6579.8
Melting point * (G/C) 51.7

*based on a [Na] of 50 mM

Controls

- Positive control: DNA from reference material (RRS 0.1% GM)
- Negative control: DNA from reference material (soybean 0% GM)

- No-template: negative control of the Mastermix, in which water is used

instead of DNA
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Mastermix preparation 1

The necessary reagents for a series of 10 samples (including
positive/negative/no template controls) are mixed together according to the
instructions given in table (19).

The following procedure applies to a sample containing 48 pl of
GMO5/GMO9 Mastermix and 2 pl of DNA solution. All solutions are

stored on ice during the preparation of the Mastermix.

Table 19. GMOS5/GMQO9 Mastermix

Final Maste rmix Maste rmix
concentration  for one for 10
sample samples
Sterile, deionised water 32.75 3275
10x PCR Buffer 1x 5u 50 ul
25 mM MgCl, 2.5 mM 5 ul 50 pl
4 mM dNTPs 0.2 mM 2.5 ul 25
20 pM oligonucleotide GMO5 0.5 uM 1.25 125
20 pM oligonucleotide GMO9 0.5 M 1.25 125
Tag DNA polymerase 0.025 U/pl 0.25 25 ul
Total 48 pl 480 pl

- Prepare a 1.5 ml microcentrifuge tube.

- Add the reagents following the order given in table (19).

- Mix gently the GMO5/GMO9 Mastermix by pipetting and centrifuge
briefly.

- Divide the Mastermix into aliquots of 48 pl in 0.2 ml PCR reaction
tubes.

- Add 2 ul of the DNA solution to the previous aliquots.

- Shake gently and centrifuge briefly.

- Place the PCR reaction tubes in the thermocycler.

- Run the PCR reaction tubes in the thermocycler according to table (20).
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Table 20. PCR program (GMO5/GMQ9)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 30 sec
Annealing 60°C 30 sec
Extension 72°C 40 sec
Number of cycles (25)
Final extension 72°C 3 min

4°C 00

Following amplification, the samples are centrifuged briefly and put on ice.

Mastermix preparation 2

The necessary reagents for a series of 10 samples are mixed together according
to the instructions given in table (21). The following procedure applies to a
sample containing 49 pl of GMO7/GMO8 Mastermix and 1 ul of pre-amplified
DNA solution of the first PCR. All solutions are stored on ice during the

preparation of the Mastermix.

Table 21. GMO7/GMOS8 Mastermix

Final Maste rmix Maste rmix
concentration for one for 10
sample samples
Sterile, deionised water 33.75 ul 3375 ul
10x PCR Buffer 1x 5ul 50 ul
25 mM MgCh 2.5mM 5 ul 50
4 mM dNTPs 0.2mM 2.5 ul 25
20 uM oligonucleotide GMO7 0.5 M 1.25 ul 125 ul
20 pM oligonucleotide GMO8 0.5 uM 1.25 125
Taq DNA polymerase 0.025 U/ul 0.25 ul 2.5 ul
Total 49 pl 490 pl
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- Prepare a 1.5 ml microcentrifuge tube.

- Add the reagents following the order given in table (21).

- Mix gently the GMO07/GM08 Mastermix by pipetting and centrifuge
briefly.

- Divide the Mastermix into aliquots of 49 ul in 0.2 ml PCR reaction tubes.

- Add 1 ul of the DNA solution to the previous aliquots.

- Shake gently and centrifuge briefly.

- Place the PCR reaction tubes in the thermocycler.

- Run the PCR reaction tubes in the thermocycler according to table (22).

Table 22. Program for the nested PCR (GMO7/GMO8)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 30 sec
Annealing 60°C 30 sec
Extension 72°C 40 sec
Number of cycles (35)
Final extension 72°C 3 min

4°C 00

Following amplification, the samples are centrifuged briefly and put on ice.

Analysis of PCR products

Following amplification, the PCR products are analysed by agarose gel
electrophoresis with ethidium bromide. 8 pl of the solution is mixed with 2 pl
of loading buffer; the solution is then loaded onto an agarose gel (2.5%).
Migration should take place at 100 V over a period of
1 hour. Size markers (15 ul of 100 bp ladder) are electrophoresed in adjacent
wells of the gel to allow accurate size determination of the amplicons. After the
run, ultraviolet transillumination allows visualisation of the DNA in the gel.
The gel may be photographed to provide a permanent record of the result of the

experiment.
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Interpretation of the results

The primer pairs GM05/GM09 and GM07/GMO08 were designed for the specific
detection of the gene construct of Roundup Ready® soybean by nested PCR,
yielding a nested PCR fragment of 169 bp. The primers GMO5 and GMO?7 are
complementary to the CaMV 35S promoter, GMO9 hybridises with the CP4
EPSPS gene of Agrobacterium sp. strain CP4 and GMOS8 with the CTP EPSPS
gene. The positive control will amplify showing a band at 169 bp.

The negative control and the no-template should not give a visible band. If the
positive/negative controls do not give the expected results, the PCR analysis of
the selected samples is not valid.

If the controls give the expected results and the sample gives a band at 169 bp,

it means that in this sample Roundup Ready® soybean DNA is present.
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2.4.6. Quantification of Roundup Ready® Soybean by Multiplex
Real-time PCR

Introduction

The following protocol is a real-time PCR-based method for the quantification of a
specific GM soybean line (Roundup Ready® soybean) in raw and processed
material. The real-time PCR quantification is carried out with a PCR thermocycler
“ABI PRISM® 7500 SDS (Applied Biosystems)” which is equipped to detect
amplification in real-time by measuring fluorescence. Real-time PCR is used to
amplify an endogenous reference target DNA sequence (that is unique to soybean),
plus a DNA target sequence that indicates the presence of genetically modified
soybean (Roundup Ready® soybean). The assay encompasses two independent
PCR systems, each with specific DNA primers and dye-labelled probes. One PCR
system detects a GMO-specific target DNA sequence, the other is an endogenous
reference system designed to serve as a quantitative reference that detects GM and
non-GM soybean.

Note: The protocol included in this manual has been chosen for didactical purposes
and should be considered as a basal example of GMO quantification using the real-
time PCR approach. We recommend to periodically reviewing pertinent sources
and literature to acquire information on more recently developed and validated
protocols. Please also note that these protocols have been selected according to the
instrumentation available in our laboratory. The JRC and the WHO in no way

promote the exclusive use of any particular company or brand.
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Real-time PCR using the ABI PRISM® 7500

This method consists of an amplification/quantification of the lectin reference gene
and a part of the RR soybean inserted cassette using a multiplex PCR assay (two
PCR reactions in the same tube) (Onori et al., submitted). The TagMan lectin and
RR probes are labelled with the VIC dye and the FAM dye, respectively, making it
possible to detect amplification of more than one target in the same tube. The
reporter dye (FAM) is distinguishable from the VIC as a consequence of their
different maximal emission wavelengths. The ABI PRISM® 7700 SDS is able to
detect multiple dyes with distinct emission wavelengths.

The amount of RR-soybean (FAM) dye is normalised to the amount of plant
material (VIC) dye detected in each sample. This produces a ACT value, which is
averaged for replicate samples. These values are compared to a calibration curve
produced from the ACT of the known RR-soybean concentration standards
(Comparative CT method, or AACT).

This procedure was successfully applied to various raw materials, ingredients and
foods containing soybean (e.g. feed, soy drink, yoghurt, flour, lecithin etc.).

The analytical performance of the method has been successfully monitored during

several proficiency-testing schemes (e.g. FAPAS®, GIPSA).

Equipment and Reagents
e ABI ® 7500 Sequence Detector System (Applied Biosystems)
e MicroAmp Optical 96-Well Reaction Plates (Cat No. N801-0560)
e MicroAmp Optical caps (Cat No. N801-0935)
e TagMan® Universal PCR Mastermix (Cat No. 4304437) 2X containing:
TagMan Buffer 2x AmpliTag Gold® DNA Polymerase (5U/gl),
AmpErase® UNG (1U/m1), dNTPs 200 uM with dUTP, Passive Reference 1
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e Microcentrifuge

e Refrigerated centrifuge for 15 ml conical tubes

e Micropipettes

e \ortex mixer

e Rack for reaction tubes

¢ 1.5 ml microcentrifuge tubes

e 15 ml polypropylene conical centrifuge tubes

e Nuclease-free water

o Reference gene specific primers (Le-F and Le-R) and probe (Le-Probe)

e Transgene specific primers (RR-F and RR-R) and probe (RR-Probe)

Primers and probes

Characteristics of primers and probe for the reference gene

Le-F
Sequence TCC ACCCCCATCCACATTT
Length (bp) 19
Mol. weight 5586.0
Le-R
Sequence GGC ATA GAA GGT GAA GTT GAA GGA
Length (bp) 24
Mol. Weight 7532
Le-Probe
Sequence 5'-(VIC)-AAC CGG TAG CGT TGC CAGCTTCG-
(TAM RA)-3'
Length (bp) 23
Mol. weight 7019.0
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Characteristics of primers and probe for the transgene

RR-F
Sequence GCC ATG TTG TTAATT TGT GCC AT
Length (bp) 23
Mol. Weight 7014
RR-R
Sequence GAAGTTCAT TTC ATT TGG AGAGGAC
Length (bp) 25
Mol. Weight 7712
RR-Probe
Sequence 5-(FAM)-CTT GAA AGATCT GCT AGAGTC
AGC TTG TCA GCG-(TAMRA)-3'
Length (bp) 33
Mol. Weight 10137

Mastermix preparation

- Thaw, mix gently and centrifuge the required amount of components required

for the reaction. Keep thawed reagents on ice.

- In one 15 ml centrifuge tube kept on ice, add the following components in the
order as in table (23) to prepare the mastermixes. Each DNA extract is

analysed in triplicate. Please Note that four more reaction mixes are prepared

to help calculate pipetting errors due to solution viscosity.
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Table 23. Preparation of the mastermix for one plate of multiplex PCR assay.

Concentration | Mastermix for Mastermix for Mastermix for
inPCR one reaction one sample one plate
vessel (ul) (3 repititions) (32+4 samples)
Sterile, deionised 183 549 1976.4
water
TagMan Universal
Mastermix (2x) Ix 25 75 2700
Primer Le-F
40 nM 0.1 0.3 10.8
(20 M)
Primer Le-R
40 nM 0.1 0.3 10.8
(20 pm)
Primer RR-F
100 nM 0.25 0.75 27
(20 pm)
Primer RR-R
100 nM 0.25 0.75 27
(20 uM)
Le-Probe (10 V) 100 nM 0.5 15 54
RR-Probe
100 nM 0.5 15 54
(10 uMm)
DNA 50-250 ng 5 15
TOTAL 50 150

Mix gently and centrifuge briefly.

Prepare one 1.5 ml microcentrifuge tube for each DNA sample to be tested: standard
curve samples (CRM - RR soybean at 0.1, 0.5, 1, 2, and 5%) unknown samples and
control samples (0% RR-soybean, DNA from RR-soybean and No-Template
Control).

Add to each microcentrifuge tube the amount of mastermix needed for 3 repetitions
(135 pl mastermix). Add to each tube the required amount of DNA for 3 repetitions
(i.e. 15 pl DNA). Vortex each tube at least three times for approx 10 sec. This step is
of particular importance as it helps reduce to a minimum the variability between the
four replicas of each sample.

Spin briefly in a microcentrifuge. Place the 96-well reaction plate in a base and
aliquot 50 Wl in each well horizontally from left to right. After adding mastermixes to
one vertical row of wells, cover the wells with optical caps using the cap-installing
tool.

Note: do not write on the optical plate and do not touch the cap
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- Ensure that the loaded mastermix aliquots are in the bottom of the wells, with
no splashes or bubbles on the side or in the caps.

- Place the plate into the ABI PRISM® 7700 instrument; open a new plate setup
window to assign the sample type to each well: the IPC sample type is
associated with the VIC dye and the UNKN on the FAM dye layer.

- Cycle the samples as described in table (24).

Table 24. Cycling program for the RR-soybean multiplex assay on ABI PRISM® 7700 SDS

Step Stage T°C Time Acquisition Cycles
1 UNG 50C 120 sec no Ix
2 Initial denaturation 95C 600 sec no Ix
3 Amplification Denaturation 95C 15 sec no 45X
4 Annealing & 60C 60 sec Measure
Extension

Data analysis and interpretation of results

After the run is completed data are analysed using the ABI PRISM® 7700 SDS
software to produce CT values of each reporter dye for each sample. It is important
to properly number samples in the SDS software Plate Setup window. Each well
should be given a unique number in the "Replicate” field; replicates of the same
sample should be given the same number. Analyse the run by selecting "analyse"
from the Analysis menu to automatically access the amplification plot window;
adjust the threshold value for the FAM and VIC layers. After analysing the run
export the results on an excel file Opening the exported results file in
Microsoft®Excel, a table containing two sets of data corresponding to the FAM
and VIC dye layers appears with CT values for each well. Calculate the CT (FAM)
and CT (VIC) average of each group of replicate to calculate the ACT values (CT
FAM — CT VIC). For each sample, %GMO is calculated by analysing the
sample's ACT, comparing it to the set of log (% GMO) and ACT values obtamed

from the concentration standards set.
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2.4.7. Quantification of maize TC1507 by Uniplex Real-Time PCR

Principle
This method determines the relative content of event TC1507 DNA to total maize
DNA in a sample. It amplifies a segment spanning the recombination region of the

construct with the plant genome.

For relative quantitation of event TC1507 DNA, a fragment of a maize-specific

reference gene “High Mobility Group gene” (HMG) 1s amplified as well.

PCR products are measured during each cycle (real-time) by means of target-
specific fluorescent probes. The measured fluorescence signal passes a threshold
value after a certain number of cycles. This threshold cycle is called the “Ct” value.
For guantitation of the amount of event TC1507 DNA in a test sample, event
TC1507 and HMG Ct values are determined for the sample. Standard curves are
then used to calculate the relative content of event TC1507 DNA to total maize
DNA.

Materials

Equipment

e Real-time PCR instrument for plastic reaction vessels (glass capillaries are
not recommended for the described buffer composition)

e Plastic reaction vessels suitable for real-time PCR instrument (enabling
undisturbed fluorescence detection)

e Software for evaluating data after standard curve method (mostly integrated
in the software of the real-time PCR instrument)

e Microcentrifuge

e Micropippettes
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e \ortex

e Rack for reaction tubes

e 1520

Reagents

ml tubes

(Equivalents may be substituted)

e TRIS pH=8.0: Tris[hydroxymethyl] aminomethane hydrochloride

(Molecular Biology grade)
e KOAC (SIGMA Part No P1190)
e Gelatine (VWR Part No 1.04078.1000)
e Tween 20 (SIGMA Part No P9416-50ML)
e Glycerol (SIGMA Part No P5516-100ML)
e Rox (Applied Biosystems Part No 434925)
e dATP (GeneCraft Part No GC-013-007)
e dCTP (GeneCraft Part No GC-013-009)
e dGTP (GeneCraft Part No GC-013-006)
e dUTP (GeneCraft Part No GC-013-010)
e MgCl 2 (SIGMA Part No M1028-1ML)
e Ampli Tag Gold (Applied Biosystems Part No N8080242)

Primers and Probes

Name Oligonucleotide DNA Sequence (5’ to 3°)
TC1507 target sequence
Primers MaiY-F1 TAG TCT TCG GCC AGAATG G
MaiY-R3 CTT TGC CAA GAT CAAGCG
Probe MaiY-S1 6-FAM-TAA CTC AAG GCC CTC ACT CCG-TAMRA
Reference gene HM G target sequence
Primers MaiJ-F2 TTG GAC TAGAAATCTCGTGCTGA
mhmg-rev GCT ACATAGGGA GCCTTGTCCT
Probe Mhmg- 6-FAM-CAA TCC ACA CAA ACG CAC GCG TA-TAMRA
probe
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Buffers and Solutions

Preparation of the 10x Buffer

Mix the following chemicals at the final concentration indicated and adjust the
buffer to pH=28.0

Component Final concentration
Tris pH=8.0 0.5 M
KOACc 0.5M
Gelatine 0.5%
Tween 20 0.1%
Glycerol 0.8%
Rox 0.2 pl/reaction
Water -
General

The PCR set-up for the taxon specific target sequence (HMG) and for the GMO
(TC1507) target sequence should be carried out in separate vials. Multiplex PCR
(using differential fluorescent labels for the probes) has not been tested or
validated.

The use of maximum 200 ng of template DNA per reaction well is recommended.
The method is developed for a total volume of 25 pl per reaction mixture with the
reagents as listed in table (25) and table (26).

Standard Curwve

Separate calibration curves with each primer/probe system are generated in the
same analytical amplification run. The calibration curves consist of four dilutions
of a DNA sample containing 10% TC1507. A series of one to five dilution intervals
at a starting concentration of 73,394 maize genome copies may be used
(corresponding to 200 ng of DNA with one maize genome assumed to correlate to
2.725 pgof haploid maize genomic DNA) (Arumuganathan & Earle, 1991).

A calibration curve is produced by plotting Ct-values against the logarithm of the
target copy number for the calibration points. This can be done e.g. by use of
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spreadsheet software, e.g. Microsoft Excel, or directly by options available with the

sequence detection system software.

The

copy numbers measured for the unknown sample DNA is obtained by

interpolation from the standard curves.

Procedure

124

Thaw, mix gently and centrifuge the required amount of components needed
for the run. Keep thawed reagents at 1-4°C on ice.

In two reaction tubes (one for TC1507 system and one for the HMG system)
on ice, add the following components in the order mentioned in table (25) and
(26) (except DNA) to prepare the master mixes.

Mix gently and centrifuge briefly.

Prepare two reaction tubes (one for the TC1507 and one for the HMG master
mix) for each DNA sample to be tested (standard curve samples, unknown
samples and control samples).

Add to each reaction tube the correct amount of master mix (e.g. 20 x 3 = 60 pl
master mix for three PCR repetitions). Add to each tube the correct amount of
DNA (e.g. 5 x 3 = 15 ul DNA for three PCR repetitions). Low-Speed vortex
each tubes at least three times for approx 30 sec. This step is mandatory to
reduce the variability among the repetitions of each sample to a minimum.

Spin down the tubes in a micro-centrifuge. Aliquot 25 ul in each well. Seal the
reaction plate with optical cover or optical caps. Centrifuge the plate at low
speed (e.g. approximately 250 x g for 1 minute at 4 °C to room temperature) to
spin down the reaction mixture.

Run the place in the real-time PCR machine according to table (27).
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Table 25. Master Mix for TC1507 specific system

Component Final concentration pl/reaction
Buffer 10x (including Rox) 1x 2.5l
Primer MaiJ-F1 300 nM -

Primer mhmg-rev 300 nM -

Probe mhmg 180 nM -

MgCI2 25 mM 4.5 mM 4.5 ul
dNTPsa 10/20 mM 200/400 uM 0.5 ul
AmpliTag Gold Polymerase 1U/reaction -

Nuclease free water up to 25 ul
[Template DNA (maximum 200 ng)] (5 u
Total reaction volume: 25 ul
dATP (10 mM), dCTP (10 mM), dGTP (10 mM), dUTP (20

mM)

Table 26. Master Mix for the reference HMG specific system

Component Final concentration ul/reaction
Buffer 10x (including Rox) 1x 2.5 ul
Primer MaiY-F1 300 nM -

Primer MaiY-R3 300 nM -

Probe MaiY-S1 150 nM -

MgCI2 25 mM 5.5 mM 5.5ul
dNTPsa 10/20 mM 200/400 uM 0.5 ul
AmpliTaq Gold Polymerase 1U/reaction

Nuclease free water up to 25 pl
[Template DNA (maximum 200 ng)] (5 ul)
Total reaction volume: 25 ul

2 dATP (10 mM), dCTP (10 mM), dGTP (10 mM), dUTP (20

mM)
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Table 27. Cycling Conditions

Temp. | Time Data N
Cycle Step ) Repetitions
(°C) | (sec) | Collection
1 Initial Denaturation 95 600 No 1
Denaturation 95 15 No 1
2 Amplification Annealing
_ 60 60 Yes 45
& Extension
Data analysis

a. Set the threshold:

— Set the baseline three cycles before that value (e.g. earliest Ct = 25, set

Display the amplification curves of one system (e.g. TC1507) in

logarithmic mode.

Locate the threshold line in the area where the amplification profiles are

parallel (exponential phase of PCR) and where there is no “fork effect”

between repetitions of the same sample.

Press the update button to ensure changes affect Ct values.
Switch to the linear view mode by clicking on the Y axis of the

amplification plot, and check that the threshold previously set falls within

the geometric phase of the curves.
b. Set the baseline:

Determine the cycle number at which the threshold line crosses the first

amplification curve.

the baseline crossing at Ct= 25— 3 = 22).

c. Save the settings

d. Repeat the procedure described in a) and b) on the amplification plots of the

other system (e.g. HMG system).

e. Save the settings and export all the data into an Excel file for further

calculations.
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Calculation of results

The standard curves are generated both for the HMG and TC1507 specific systems
by plotting the Ct-values measured for the calibration points against the logarithm
of the DNA copy numbers, and by fitting a linear regression line into these data.
Thereafter, the standard curves are used to estimate the copy numbers in the
unknown sample DNA by interpolation from the standard curves.

For the determination of the amount of TC1507 DNA in the unknown sample, the
TC1507 copy number is divided by the copy number of the maize reference gene
(HMG) and multiplied by 100 to obtain the percentage value (GM% =
TC1507/HMG * 100).

Limit of detection
According to the method developer, the absolute LOD of the method is 1.25 copies

(8 positives out of 10 replicates).

Limit of quantitation

According to the method developer, the relative LOQ of the method is < 0.08%.
The absolute LOQ for the individual systems is < 10 copies (TC1507) and < 40
copies (HMG).
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http://FMRes/FMPro/-db=ngmomethods.fp5

http://biotech.jrc.it/act laboratory.htm
http//www.ppws.vt.edu/~sforza/prokaryote/agrobacteriuml.jpg
http://gmo-crl.jrc.it/statusofdoss.html

Applied Biosystems Sequence Detection Systems

ABI User Bulletins ABI-PRISM 7700 Application Notes 7900HT
RT-PCR Primer Bank

RT-PCR Primer DataBase

RT-PCR Primer Sets

Quantitative PCR Primer Database - QPPD (NCI)
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Annex 1
Chemicals , Equipments and Other materials used in the course

e Chemicals

Agarose

Duchefa Biochemie, Netherlands

Bromophenol blue

USB, in, USA

Boric acid

Fluka Chemika, AG CH-9470 Buchs

B-mercaptoethanol

AVOCADO

Cetyltrimethyl ammonium bromide (CTAB)

ROTH Carl Roth GmbH Germany

Chloroform

SCP Needham market, England

Ethanol 75%

Riedel- de Haén, Germany

Ethidium bromide

Vivantis, Germany

Ethylene diamine tetra acetic acid (EDTA)

MEDEX, England

Glucose

Glacial acetic acid (CH3COOH)

PRS Panreac, Spain

Glycerol

SCP Needham market, England

HCI (hydrochloric acid)

Riedel- de Haén, Germany

Isopropanol

Riedel- de Haén, Germany

isoamyl alcohol

Scharlan, Spain

Liquid nitrogen

Na-acetate (CH3COO-Na)

USB in USA

Phenol

SCP Needham market, England

Potassium acetate(CH3COO-K)

Riedel- de Haén, Germany

RNase enzyme

USB in USA

SDS (sodium dodecyl sulfate)

USB in USA

Sodium acetate NaOAc

PRS Panreac, Spain

Sodium chloride

Scharlau, European Union

Sodium hydroxide

PRS Panreac, Spain

Sodium thiosulfate

MERCK KGaA, Germany

Tris-(hydroxymethyl)

ROTH Carl Roth GmbH, Germany

Tris- base

Promega, USA

Xylene cyanol

ROTH Carl Roth GmbH, Germany
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« Equipments
- Autoclave

- Centrifuge AR.15

- Refrigerated Centrifuge

- Water bath

- 1.5 ml minicentrifuge tubes

- Electrophoreses Chamber tray
- Power supply PAC 300

- Gel documentation

- Microwave

- pH-meter

- PCR Thermocycler System

- Real Time PCR, ABI Biosystem 7500, USA
- Sensitive balance

- Table cooling centrifuge

- UV-photometer

- UV-photometer

- Vortex mixer

- Electric grinder

- Incubater GFL 3031

- 0.5 ml Minicentrifuge

« Other materials
- Filter papers
- Filter Tipps, 2.5,10,100,1000 and 5000u1 (sterile)
- Micropipettes (2.5, 10, 100, 200, 1000.5000 p1)
- PCR optical caps (8 caps/ strip)
- PCR optical vessels (96-well reaction plate)
- PCR reaction vessels 0.5 ml

- Reaction vessels 0.5, 1.5, and 2.0 ml
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PROGRAM

Schedule of the Training Course on
""GMO Detection and Biosafety"
Organized by: ICARDA , GCSAR , FAO
held at ICARDA, Aleppo, Syria 19 - 24 June 2010

Within the framework
of the

FAO project TCP/RAB/3202 on GMO Detection and Biosafety

Date Activity Location Resp. Person/s
&) ol &3l Olsal) Jgpmal) (ol
<uwll Saturday
19 June
09:00-10:00 ICARDA Slide show Auditorrum HRDU
Ja s Gl = el.c s Jalsa Tow M. Baum, F. Khatib
L -a gl
10:00- 10:30 Coffee break 4a) jiu!
10:30-12:00 Introduction to ICARDA Conference room M. Baum
laboratory. Working in &) palaal) Ao ld F. Khatib .
groups AU -l -agly
asmic_l3ad) e Gl
cile gana (A GS L)
12:00-13:00 Lunch ¢l% Cafeteria L_4\S
13:00-16:00 Transformation technology: ~ Laboratory F. Khatib
Agrobacterium and gene gun sl A. Abdul Kader
systems N. Al SOkhIly : .
Al 33 2,50 901 s gaid) L 9d 535 lisdan) uild

) adaadl g b Sl g £




Y Sunday,

June 20
09:00-10-00 DNA extraction and sample ~ Conference room N. Foti )
Preparation & palaal) dsld s
cliall judaads Ua J) padidal
10:00-13:00 DNA extraction from plant F. Khatib
and processed material Laboratory N. Al Sokhny
N ga a9 laidl (pa LaLd) Qadidi Jdal) G. Abou-Sleymane
daias Al N. Al Assad
A. Abdul Kader
daal- il £ -l gild
13:00-14:00 Lunch &)< Cafeteria
14:00-15:00 Measuring DNA Laboratory F. Khatib
concentration and purity, siall N. Al Sokhny
agarose gel for DNA quality G. Abou-Sleymane
N. Al Assad

Aadla Lia J) 8ol 38 55 ulsd

daalo ) gi Uiy & -l -pild

BTRYRY

(=) Monday,

June 21

09:00-10:00 PCR theory and PCR for Conference room G. Abou-Sleymane
GMOs testing ‘ &) palaal) dsld we

e Aasl Adlaladiag g ) o 2
(B 49 AUaral) 3 gall

10:00 -13:00 Preparing for GMO Laboratory F. Khatib
Detection: Screening for 35S sdadl N. Al Sokhny
promoter and nos terminator G. Abou-Sleymane

Uaal 3 ol op RSN jpiaasl) N. Al Assad
e asd) L3, 5358 5 nos A. Abfiul Kader )
daal- ol £ -l zild

13:00-14:00 Lunch )= Cafeteria

14:00-15:00 Preparing and running of Laboratory F. Khatib

15:00-17:00 agarose gel N. Al Sokhny
Detection of transgenic il S /Z]fils'silgymane
o e S
Gtdnall ) e ol gad) i

¢ Tuesday,

June 22

09:00-10:30 Nested PCR- continued Laboratory F. Khatib
GMO specific PCR, sl N. Al Sokhny
Detection of the C TP/EPSPS G. Abou-Sleymane
gene N. Al Assac! )

S (tdnal) ) o 2d ) dalia daal-ygi L g b pld

4,34 CTP/EPSPS

10:30-11:00 Break 4al yiul

10:30-12:30 Principles of Quantitative Conference room N. Foti
Real time PCR & palaal) dc1d G. Abou-Sleymane
Gl (aSY a2 I ) B s Wb - st

N
12:30-13:30 Lunch 1%
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13:30-15:00 Preparing and running of Laboratory F. Khatib
agarose gel Jidal) N. Al Sokhny
Staining the gel and results G. Abou-Sleymane
analysis N. AlAssad L
Hoealy &mi\-ig}.é‘i\ Aada yaad deal- -l £ -l il
i)
¢z )¥) Wednesday,
June 23
09:00-10:00 Setup of inhibition run Laboratory N.Foti
A8l Ga s a8 ) o il G. Abou-Sleymane
\ Cus - f — (b
10:00-10:30 Break. 4a) jiw)
10:30-12:30 Set up of'the RT-PCR using Laboratory N.Foti
the 35S kit il G. Abou-Sleymane
LA Gl S ) ot G - f — (A
35S kit
12:30-13:30 Lunchs!s
13:30-15:30 Setup of the RT-PCR event ~ Laboratory N. Foti
specific method for TC1507 Ul G. Abou-Sleymane
maize quantification et R PRt U
3)39’:&:\331\ Sl g—ASJ‘ Ji =
TC1507
15:30-17:00 Data analysis of inhibition
runand the 35s kit runs
Gl S i s gl Jalas
- Adal1 355 Kit
wadl) Thursday,
June 24
09:00-10:00 Data analysis of RT-PCR Laboratory N.Foti,
event specific method for il G. Abou-Sleymane
TC1507 maize quantification G~ -< el
B3 a8y i) Jalas
TC1507
10:00-10:30 Break — 4aljiul
10:30-12:30 General Discussiondals 4ddlia All )
Evaluation, Certificates, axis
Concluding Remarks and M. Baum  Jsie )
Closing Ceremony GO et e gl
Colalgdd) &g Jia g Analia cilals
12:30-13:30 Lunch ¢l
13:30 Leave to Damascus
(@ )5 jalea
42l Friday, Departure of participants
June 25 S bdiad) 8 jalaa
Friday, Departure of participants
June 25
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Annex 3

List of Participants in the Training Course on

Detection of Genetic Modified Organisms (GMOs) and

Biosafty for Food and Agriculture
held at ICARDA Headgquarter, Aleppo, Syria from 19 to 24 June 2010

Name (Dr. Mr. Ms) Position / Contactaddress:  /deal ) 5ic
/Country: A5/ auY) Institution / aigal Juazy)
Jdasll X ye
Dr. Yousef Husein Tawalbeh Head/Risk Analysis Risk Analysis and Studies Department,
Jordan and Studies Food and Drug Administration, Jordan
Department, Food 5o +963-799014820
and Drug
Administration Mobile: +962 777512568
E-Mail : Yousef.tawalbeh@jfda.jo
Dr. Ibrahim M. Al-Rawashdeh | Director of National Center for Agricultural
Jordan Biotechnology Research and Extension (NCARE), P.O.
Unit/National Center | Box 639, Baga', 1931 Amman, Jordan
for Agricultural Office Tel: +962-06-4725071

Research and
Extension (NCARE)

Office Fax: +962-06-4726099

Mobile: +962 777 514417

E-Mail: Irawashdeh2002@yahoo.com

Mpr. Georges Saad
Lebanon

Head/Plant
Quarantine
Department at Beirut
Port

Plant Quarantine Department, Beirut
Port Import, Export and Plant
Quarantine Service, MoA

Office Tel: +961-1-281246

Mobile: +961-3 935439

E-Mail : cowsmaster@hotmail.com

Mr. Ali Chehade
Lebanon

Research Assistant/
Lebanese
Agricultural
Research Institute
(LARID)

Lebanese Agricultural Research Institute
(LARI), Dep. of Plant Biotechnology

Tal Amara, Rayak, Zahleé, .PO. Box 287,
Bekaa, Lebanon

Office Tel: 4961 8900037

Office Fax: : +961 8901577

Mobile: +961 3625047

E-Mail : alichehade@hotmail.com
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Mr. Ahmed Elbitar
Lebanon

Research Assistant/
Lebanese
Agricultural
Research Institute
(LARD)

Lebanese Agricultural Research Institute
(LARI), Dep. of Plant Biotechnology

Tal Amara, Rayak, Zahlé, P.O. Box 287,
Bekaa, Lebanon

Office Tel: +961 8 900 037/47

Office Fax: +961 8 901 577

Mobile: +961 3 620 325

E-Mail: abitar@lari.gov. 1b/
ahmadbittar@hotmail.com

Mr. Mohamed Elsiddig Ahmed

Ali
Sudan

Researcher/GMO
Detection Lab,
Biotechnology and
Biosafety Center

Agricultural Research Corporation
(ARC), Biotechnology and Biosafety
Center, GMO Detection Lab, Sudan

Office Tel: 4249122553340

Office Fax: +249 51184213

Mobile: +249 9067212

E-Mail : mohsa2006@hotmail.com

Ms. Ibtehag Mahgoub Director/Food Safety | Food Safety Section, Environmental,
Almobarak Ibaid Section, Health and Food Control Administration
Sudan Environmental, Federal Ministry of Health, Sudan
Health and Food Office Tel: +249 155145620
Control Office Fax: 1249 155145620
Administration
Mobile: +249 912468362
E-Mail : ibtehagmoba@yahoo.com
Ms. Maha Abdalla Mohamed GMO detection Lab, Sudanese Standards and Metrology
Ibrahim SSMO, Port Sudan, Organization — Red Seea branch, Sudan
Sudan Red Sea branch- Office Tel: +249 311839454 Ext. 125
Sudan Office Fax: +249 311828889
Mobile: +249 12383085
E-Mail: freere1960@yahoo.com
Dr. Abdelbagi Mukhtar Ali Director/Biotechnolo | Agricultural Research Corporation
Sudan gy and Biosafety (ARC), Biotechnology and Biosafety

Research Center

Research Center, Shambat, Khartoum
North, Sudan

Mobile: +249 9121 52 747

E-Mail : abdmali@yahoo.com

Dr. Ahmad Omar Baghdady
Syria

Researcher

GCSAR, Aleppo Research Center, Al-
Midan, Al-Zeraa Square - P.O.Box
4195 - Aleppo - Syria

Office Tel: +963 21 4647200

Office Fax:+963-21 4644600

Mobile: +963-967959229

E-Mail : aobagh@yahoo.com
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Ms. Nabila Mohamad Ali
Bacha Syria

PhD Student,
Research
Assistant/General
Commission for
Scientific
Agricultural
Research (GCSAR)

General Commission for Scientific
Agricultural Research (GCSAR) ),

Douma, P.O. Box 113, Damascus, Syria

Office Tel: +963 11 57386303

Office Fax: +963 11 57386303

Mobile: +863 933 750079

E-Mail : nalibasha@live.com

Mpr. Mohamad Zafer Assaf | Head/Potato Sub Ministry of Agriculture, Administration
Syria Division, of Plant Production, Syria
Administration of Office Tel: +963 11 2115042/2322124
Plant Production Office Fax: +963 11 2222690
Mobile: +963 956 631941
E-Mail: zaferassafi@yahoo.com
Ms. Demah Alhaj Turki Researcher/General | General Commission for Biotechnology
Syria Commission for (GCBT), Syria
Biotechnology Office Tel: +963 11 5138306
(GCBT) Office Fax: +963 11 5130104
Mobile: +963 967 378 378
E-Mail : gcbt@mail.sy
Ms. Ruba Ghassan Naman | Researcher/Ministry | Ministry of Economy, Central Lab, Syria

Syria

of Economy, Central
Lab

Office Tel: +963 11 7811341

Mobile: +963 932 086436

E-Mail : naman_ruba@yahoo.com

Mpr. Anas Dameriha
Syria

Researcher/General
Commission for
Scientific
Agricultural
Research (GCSAR)

General Commission for Scientific
Agricultural Research (GCSAR), Douma,
P.O. Box 113, Damascuc, Syria

Office Tel: +963 11 57386303

Office Fax: +963 11 57386303

Mobile: +963 992 692419

E-Mail : anas-dameriha@hotmail.com

Mr. Wadei Ahmed Abdulrab Al-

Assistant Researcher

Agricultural Research and Extension

Selwey Authority (AREA)
Yemen
Mr. Shukri Abdulkarim Microbiologist/ Microbiological Food Analysis
Mohammed Nasher Microbiological Laboratory, Yemen Standardization,
Yemen Food Analysis Metrology and Quality Control
Laboratory, Organization(YSMQCO), Sana'a, Yemen
YSMQCO Office Tel: +967 1 469971
Mobile: +967 733161988
E-Mail : shukril976(@yahoo.com
Mpr. Abdullah Qassem Al- Head/Seed Registration | Ministry of Agriculture and Irrigation, Seed
Rawhani Section, Ministry of Lab, Seed Registration Section, P.O. Box
Agriculture and 2805, Sanaa, Yemen
Yemen Irrigation Office Tel +967 1 251 849

Mobile: +967 7126 88856

E-Mail : ab.rohani@yahoo.com
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Cupalaall elaw) |, 4 3als Annex 4
List of Instructors /Resource Persons in the Training Course on
Detection of Genetic Modified Organisms (GMOs) and

Biosafty for Food and Agriculture
ICARDA, Aleppo, Syria 19 - 24 June 2010

Name (Dr. Mr. Ms) /Country: Position / Contact address: s
Al / oY) Institution /4iedl Juaiyl / Jaall
Jandl S 5
Dr. Michael Baum Director/Biodiversity International Center for
Germany and Integrated Gene | Agricultural Research in the

Management Program
(BIGM)

Dry Areas (ICARDA, P.O. Box
5466, Aleppo, Syria

Office Tel: +963-21 2213433

Office Fax: +963-21-2213490

Mobile: +963 944 428358

E-Mail: m.baum@cgiar.org

Dr. Nicoletta Foti
Italy

Researcher/Joint

Research Center
(JRC)

Joint Research Center (JRC),
Molecular Biology and
Genomics Unit (MGB), Ispra,
Italy

Office Tel: +39 0332 78 6333

Office Fax: +39 0332 78 9333

E-Mail:
nicoletta.foti@jrc.ec.europa.cu

Dr. Gretta Abou Sleymane
Lebanon

Researcher/American
University of Science
& Technology (AUST)

American University of Science
& Technology (AUST), Faculty
of Health Sciences-GMO
Laboratory,

Ashrafieh, Alfred Naccache

Avenue, Beirut, Lebanon

Office Tel: +961 1218716 Ext.
277

Office Fax:

Mobile: +961 3489790

E-Mail:
gretta.abousleymane@gmail.com

Ms. Joyce Sakr
Lebanon

Researcher/American
University of Science
& Technology (AUST

American University of Science
& Technology (AUST),
Ashrafieh, Alfred Naccache
Avenue, Beirut, Lebanon

Office Tel: +961 1218716 Ext.
447

Mobile: +961 3509831

E-Mail: joyce.s@live.com
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Dr. Fateh Khatib

Lecturer and

Aleppo University, Faculty of

Syria Researcher/ Aleppo Agriculture, Aleppo, Syria
University, Faculty of | Office Tel: +963-21 2213433
Agriculture Office Fax: +963-21-2213490
Mobile: +963 966 459779
E-Mail : f.khatib@cgiar.org
Dr. Ahmad Abdulkader Head/Biosafety and General Commission for

Syria

Genetic Engineering
Sections, GCSAR

Scientific Agricultural Research
(GCSAR), Douma, P.O. Box
113, Damascus, Syria

Office Tel: +963 11 57386303

Office Fax: +963 11 57386303

Mobile: +963 956 74 9671

E-Mail : ahmad59@gmx.de

Dr. Nabeel Al Ahmad Beig
Syria

Consultant & Head/
Institutional Biosafety
Committee, GCSAR

General Commission for

Scientific Agricultural Research
(GCSAR), Douma, P.O. Box
113, Damascus, Syria

Office Tel: +963 11 57386303

Office Fax: +963 11 5757992

Mobile: +963 944 327390

E-Mail : nabeel-beig@hotmail.com

Ms. Nour Alassad
Syria

PhD Student &
Research
Assistant/General
Commission for

Scientific Agricultural
Research (GCSAR)

General Commission for
Scientific Agricultural Research
(GCSAR), Douma, P.O. Box

113, Damascus, Syria

Office Tel: +963 11 57386303

Office Fax: +963 11 57386303

Mobile: +963 956 427669

E-Mail: Bionoor@hotmail.com

Ms. Nahed Alsokhni
Syria

Research Technician/

Biotechnology Lab,
ICARDA

International Center for
Agricultural Research in the
Dry Areas (ICARDA), P.O. Box
5466, Aleppo, Syria

Office Tel: +963 21 2213433/2691
2472

Office Fax: +963 21 2213490

Mobile: +963 955 347802

E-Mail: n.alsokhny@cgiar.org

END
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(Perani et al. 1986; Shah et al. 1988;Hooyakaas and Beijersbergen 1994; Gartland 1995).
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On O sl LA Qe mi ) dabeal) ) sl L Lay Ji Lo (0 el
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Hohn et al. 4 gpall clabiaal) aladinly LAY Glail quad ol clilall e il gall o34 Jia

.(Zuo et al. 2002; 2001)
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(Adrian et al. 2003; Barnum 1998; Chawla 2004; Nicholl 2002; Phillip 1998 a,b,c ; Zaid 2001)
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DNA : 57 ..A CGG ATA GCA TGG AAT CGA CAG TTG CAG G. .37
37..T GCC TAT CGT ACC TTA GCT GTC ARC GAC C..5f
Transcription ...
mRMNA 5. A CGG AUTA GCA UGG ARDT CGA CAG UUG CAG G. .37
Translation . 1 1 1 1 1 L L d b ..
Protein N-term. ...R I A W N R o] L Q...C-term.
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sty Uiy Aol bl Al ol i o o 1 pladind Sy Aabaddl &gl i i sl
o e i)y ) il alef Ly gins 3l Ll 5 duigall juabiall e Capets cilialy
O LSS 5e NOS  (seiall s alaain¥) @il Jays ll el ) sa Gu s (e 35S el (JUdll

el
(Weijdeven 2003; Lubeck 2003; Somma and Querci 2001; Grandillo and Fulton
2002, Abdul Kader et al. 1999, 2003, Alassad, 2009).

(S o A 8 Al clialy aladial Ky eclaily

o ansliall Cargll LAY Clagl i) GG Slia ddgal)
35S iadl ) L, Aadl bkl 4 asall dailidl A8l ualiall caiS o)

ple e/ by ey 138 5 (NPt CpeseilS G glaall 45 ) 50 ¢NOS (el ¢ NOS sl
L5 Aaeall il e 51 2 sm 5 CBSH mran 5 (Ll 5 Aamal) LIS

Cangl) oS o Sy Ly el (piadad (g Jeasll Adhaia (gl opmae 4390 S je RIS -Y
xa (S5 S el aae CaS]
Juai) dakd) zloa¥) adsey Juai¥l aa ol L5 Jame aee e [Jsaane (RIS ¥
(15 Jane (ame O samnal o shen (RIS 223055 () (S ¢l o sy 5l
.(Holst-Jensen 2001, Lubeck 2003)

asial) " i e ) Ao Baadaall CAESY (gl gl Y €Y Y
dagiise Ly OOl sae CalS 5 Al e Sy il Sl o (o ) e sadizall (3 )kl
Jols (8 Tauldl o (o 1) Bk gan 0% Tl Cum e 4l e 2 ) o2l Jelis B
oo Al e il elhely Jodall e Sl Hhaall e le i diag 3 g8 e oS ol

Agigial) Slipall Jllas

e dlide 3805 ddliaa ) s Aadail Slie iline Jelii day b Gallati Ly ik IS 1Y)
Jelatll o) ga

Adagiua) ¢l 3aY) e Uy el dal adimt jlad a3 Lay )y Al 331k (e ol e Ll
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( )
1 ™ )

a8 cpioadl QB Gl e 2 ) Jeli b st a8 aal s e e ST @llia (S Lenie IS
A edelal o s e ol adoal)

OF OSar A LAY ¢ 3all ae (udliny Cagus A0lad) Gowll (e ST aay dsa gl ¢ el ke
Aalide adaad 3ol Cpatlil) mdil i 13 Al dea e oS0 Tan QBB daay Ll 3 ga e S
slac i cul€ 13 Slie ¢paiiall dgleall Al e aad il Al 068 of oS Laad 138 ol o,
Gaisis JLia) i saneiall I LEAY) gl b dagiillyg  LegalSE ST 1 8 40053 daal
mall ila) Qs )z ling sl dedicaall Ba ) o) jad e 0 sSalial) el s ) 22y (380
A)la g (Al eI Ola ) dlasl 5 are (gt Sl Jlaxiuly alae Sy 13 Adlisall ol i) (g
JLial i b ) sdie Baa) g 48 )5 Jad Lia dase S5 dalee iy alasiuly of dasll) adadl) plaa]
Bt11, Bt176, Mon810, T25, GA21 isd Ll s Alama 53 ¢ 5if dused (2i<) 2aaia
(Matsuoka et al., 2001; Hemandez et al., 2005; Foti et al., 2006 and Randhawa

et al., 2010; Holst-Jensen 2001).

Sl Uy ) QU aladialy ) o () Y8 ) €YY
Kar (RT-PCR) Ul (o (o0 ) (oaSall goily Copay aladia) aild ) s o AV Jad g 5 108
Lol e ol o o 31 @l Qs &3 sall et (e Aumddiiall il sianal) aaal Tade o585 o
N U AAis e peanall g aaiall
Nested PCR :gidaall J) (s (o d) . £.6.) .8 ¥
bl )90 e LSl aaedl pa 488 yial) JSLEAN (any o Caleill Bagie 48y 5k (hdeall i o 0 )
o IS € IS5 3y Al oda pad Wl deae gl ) s258 O (S 5 ) o (2
ol (e e gena pladiu) Jadi W) o) 1 o (2 A ) IS5y 0 A gliga s dpuiliaa
Ac senall Jaly ai Lol addind (damy | anb )l o @l aed La e Y de sendl
el il aed Lddeall o Adalal) Ll 3l e (o A S Jeld Jal e ellag Y
.(Querci et al, 2006)
(Al Adaks) el Al ) s () 08 ) € W)
sk Jd Jeliill 5 )00 dsas) g dkad die ) o o)l i)l w o) Gl
(Peccoud, J. & )l (oo (o3} Jold Al ddads die KU spaail 2y il 5 il /) 8y
a4 ddad Gl w5 5 Lo 55 o Bl Y1 A8de o 1183 Jacob, 1999)
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[ ve )

\ )
o o A ) aladiuly oSl Jalail) 48y 8 cs AT () 550 (e A0 gl A8l 028 Y 5 ¢ shall
Gy 2 g Laty AaeS 4nd o el s 0 1 A8 )l Gl (Ml 33 50ma (gl
(Lubeck, 2001) A4S it )l o (2 A1 e badine (oA
Competitive, conventional PCR (S 4adi (oedlil) o 08850 i s (o I V60 € ¥
A galal i e ) aladiudy T M) Gl S aaaill 5 &Y 4
& OS)Lballl = 5y e aducadd) Ll aiay SN alEll G e o) il T
il a3 51 cld "Gadliall M a4l dpmia Lo dadad (8 (il o) i o o
paall 8 ddliane el (ol 755 Gutil (AN Al 4l e Gl Ll (a5 Jeliill e )
O Al ) 2y
(gl Lall 4 691 4 aan3 Tian ramy ¢ oaiall Ln ) e il 380 5 il i o (0 )
el b dvie ¢ AL Sl (Ola L AAESAIS Alilee BB ] o o2 ) il il 13
Al o ) sl LBy DAY el (gl (lYT) ) Lall Al Y
g sl Lalal)l ddladl ) & Hgall W) (U 3e ol 138 (Gihy (DC-PCR) waeliadll
1 el S e il i wiling L5 Joeall GASIL dalall 45 ) pall 2005 5y 5 ¢ pudliall
gl b e siall G 23S e V) pmn (38T Tl 5 Alaeall o) gall oS0 yaadll i s 0
LaS 5d e i (gb AaeS ad BiDh 4 Cieladly il gadall i w0 )
On et ol gbue (i Ll ) Jadh i of S Aaiil) (l edileillyy | oaiall Lis ) (g A8 g yaa
bl 58
D) S 1Y ) 8 i) Slea ) plaliag Y Lagil Aaal 58 e Leg iy yhall (pila SIS
Sl o b 2y

(Hupfer et al, 2000; Lubeck, 2003; Holst-Jensen 2001).

Real-Time PCR A8l ¢l ) a2 V. €06 )

O o o D il (8 5l aa gy U ) AaS ot BEAN el T e o )
il a3l
SYBR green «Jae dluull A8 Gs J ae Jalay Ledie 8 55 goa aadiud 1 oY) 48y jhll
el Cgnl 8 ase e Alalall S U 5 Gare zile G madll a2 s A3kl e e

12l 1 ¥ @ eppall ola¥ly Tlyg limeall mlgall o2 a0l Jgo Rgaglp¥l dgyysmll Ryganll
T oliga TE19 —iyygm —agly —lugl2gl



f Yo \

L J
(S ) eyl Blaie el Rl (3l s o ) et i 1 (U
$ime sl Gy al) il (e Wadsm s adl) dacadial) e Alal) cilaiial) Joai 31
Lo AL Lgals 5 gkt Al s o 44y HLall o2
TagMan® (Roche Molecular systems) die (pags Jluse o badina 43 Hh 1440 48, Hhl)
Aoyl 35 (Tyagi and Kramer 1996, Kingsnorth 2003) dixae 4 &l jliag
o ot U A e adtl o i) ) ALY e sl Al sl plasiy
Je g Glesiile ganall (0 (e 5 TagMan sl gl )l o (2 dl il ol oasie
3_yide Ak aleall o ) 2l ae agly A5 ) 138 (Holland et al. 1991) sl
gl A S 50 guSV) Ll Jumdy 3 il drpall b 65 Loy Lega )55 ¢(Adlas) 3aeda dinaj
daa gle 3 old Jully gy dldaind) oL saadal) dapall e 3yl drsall ) ad Gl s
alaaiuly 2% Al 6 AN A5y hall (T JSE) 32 s sall Gl g8l 2ae ae LS 8 duilite &
C A Gangl) oL Tk e g ) g aleal) AL I gl sl oY) inadl) Ay 3all Gl

5_ &gl vie (R) Sl Arsally alee Jahs Joe (TagMan) DS sl Jal fae T S5
Aalall) ) sadss g1 U S s gl Bl Juady hadil 3 el die (Q) Baedall Al
) e g 5 Gl () g3 Lae ) o (2850 IS0 ALY sk oL (o) juzasll

S 23S Jen (B OISy gl Jhe o pladiady duddll e gladial Y (il 38
Lae 350 JS Aand sial) apdcaill Claiie S5 () o i) 5 L5 A8 e o 508 il Camy Jare
ol 5501 Al 330 e Ol L oy A (R 509 (C) im0 o oy

[(Kingsnorth 2003) adaaall G 1 (e 30 5Y) sell 22e a3 jle 5l ae Lo dpliie

12l 1 ¥ @ eppall ola¥ly Tlyg limeall mlgall o2 a0l Jgo Rgaglp¥l dgyysmll Ryganll
T oliga TE19 —iyygm —agly —lugl2gl



[ vv )

L )

e nliia Al a3l ) e o ) Jela 8 L ) 3 55 ) Aall (i LSy el
gl L8 i Al Ol pgal) dae aaad 138 cJelall WY1 skl U I o 0 ) Qg0 22
A e BB (5 sinall Gl (S 4l o oY) (LBl ) W gai inie (8 Adill il ) Jgean sl
6 sinall (383 oS i apafil e o3 il a3l i e o A pating L5 Jasd) L
Jpanll il e 4LelS de gane Jdalad Jdalladll e dlide JS Jadi Wil 5 Aaedl 30l (e
bl) Pl A8 g peall e dpal 8Y) Cliell Lle Jualad) il o )i il dadad) e
(Lubeck 2003, Holst- 485 yaall pe ciliall Sl L)y Aaeall saldll (e 5 simall yaal
.Jensen 2001, Vaitilingom et al. 1999)
A Jeaiia S5 LileaS 20a3 G5 Jorall B ) 5 200 s el Jodiill 668l Al
oAl Jduailly 0 )lie Fi€ die el S5y Maey Janal) U

aaxind L)y Aaeall o sall Jidat e 8 25 ) Sl apaaill dpad gail) 4y
sl Wl dwaigal) jualiall e 5 Cadall daudy <l (e SST 4l aa)5 Ao sans
oY Tk s dga e oS0 AlRadll ) sal) aal 5l NOS eiall s 35S il Jie alasiuyl
Al GaAl aall 8 de i dlaef 8 Al jealiall sda (5 giad L5 daigall Jualadll
Aaliae 30 Jualae 2ailall pealiall o3a Judad e dlaie YU 4idad (Say Y Wi 5 dasall 30l
Sy Jualll 3o Je dlaie Wl oSl aaaill g 35S Jhaall (e nd £ Y e (ssiat Lay
Jsanay paldll oSH aaaill el Al 3 U 5 Alaeall solal) Al 035 i Jany of clly
s L) L5 Aaal 3ol daasi s g 5 ads Lah 280 ST il sl iy L)y 5 e e
((Lubeck 2003) 4> JiSi 48 il Laf
Ga ) (a8 a8y SR Sl &SI sl (e Al el o o ) S Al
D 2 3 A Al e el pa ) AV sl ) Jley s dlle s ja s Al
Gkl gLl g &gl e AN U ) Gadlaid 5 e U5 Al Alelaa s gen g o BV Lo
o2 bl o A8 sall dnaiall Gl il a8 Ky sl el o o D Al
Y oty Lad 58 g sae @ cllia (Klaften et al. 2004) fas duluall il jLasy)
O o o A Aand g Ll Al o) gl CaiSE AaBa ) il il g Apma el 2 sall 5 psl 5l
Lsial) e 3L
s Al dga e S (Terry, Shanahan et al. 2002; Taverniers et al. 2004, 2005)
e eSS IS adiny @A) gaadl i o o ) aladiuly i sall adatl (glaall WS aaal
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[ vy )

L )
IS 5 plaal) (anlia 85 e Tl s cdaasiusa) -2 5ledl s (guelll) - saall 5 Aaudaal) Al
.L;_a'”\)jd:mjdﬁh;&ﬁq

(Giulietti et al., 2001; Huebner et al., 2001; Siesler et al., 2000; Lubeck, 2001; Bonfini et al.,
2002 and Querci et al., 2006; Terry and Harris, 2001; Terry et al., 2002).

4 gaat) Al glaall dala il jliic |
s (e JEs ASise Clalitin) ) e sill (Say Y Ay soad) Al sleall (30 QIS oy (5

Gl pall il s Aadll (Lo o) gelyll i o) el L, Al o) gall asag
o o )l Aallaa s il g5 tie o of s Baakiie W) el a Yl duiban ! cilllidl
Gaa bl il s Coge 3l () sSaliel) Lo I il il 53 JS Gl 40l 3080l <o 8
s Aoulie e LS iy culie o Shad ST e Y1 ) dpaal e aSll (il
& Jlall ge Gl el Sl 5 (ool AN ae i il g 5 8 sk Bude g s Cile gena
Gl sall lily Bac 8

28 e daleall g 4y plail) dpaiaddl) Gl gl e IS A Zal) (Say (HUSAR, EMBL-EBI)
S 3l o) jal die bl maa 55 camy Ll e 2 ) Adab g U 5 Alaea) o sall 481 5
s sl s Ll el e ) Gumy 03aT AN el 1 e o D Al Slladll g sl
Gy SlpaSll ypaa 8 4ilia) JSLie jedai Layys . Wong and Medrano (2005) e Ll
Qilie Lyl L1y 5 Aaee Jualae Sia) U1y 5 el Aalisall a3 o il CillSa s
L sa e 220 Blie Caelimall Gy )< i Yoshimura et al. 2005 Lias Sl 4 sl
oalall U ) il jad Bllaall axadl | lae WU 3 of Loadl camy G glal) o 1 o8 (s 5 4558
(Kay 3y dblas) dllaial o Jpanll &5l 833 Yo ket of cang L1 5 Dasall o sally
Do 2 )l Bige iy Jalad 2 Gledl Gaaed) and Van den Eede 2001)
L) 5 anall ol sall Qo Apuldl) el pia s Al A5 (Burns et al. 2004) &l 4.l
(Roseboro 2000, 5, siia 3a3e A 53 o jlad s Cigan JS Ll i o (2 ) pladinly
dplaiil) Glllatall aads Al CalSll A g 2538 20 Popping 2001, Anklam et al. 2002)
.(Huebner et al. 2001, Einspanier 2001a) 4 s wall CUalidl dumy ,50)
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YA

—
| —

ALy U Chds cldls o) ¢ Y)Y
Lo ) e sapae Al (83l skt ot 288 oo A peagall )l o ) @ ) ddlLa
casesll (e Baas de gene () (5358 Layy Baaa Aaa sl S5 ekt L ) da ) e Saaieall
¢ I il a g At 5 iKY lalaadl (e alainYU el g (ai€ 33l sl 5 Aaladd) 4 g 63l
Sl (330 yhall sda ol A8dal) 38l 5 jeal
il lhiag ai ) o 2 d ) e adiad ¥ ) @kl e aae @llia (@l hll s (e
Gasall G paiy (Al e adinal admill e plal JS5 adiad W) Ayl (a geal)
Ulls da Lo ) ol bl oy () e a2 ) e olial 28 g 5o 45 ) gall adad 23S 5 dicLins
Oe Sli M st Cogus Aditall @l kil 8 (L)) g Aaeall o gall Qa3 ady Leg 335380
GUAT Gy oLl 48 gucm gl ddliall (351 5kl 5 5l s (o2 3 ) A0ES ae SO pand) L 038 4 e
o 31 555 ) g AR b ghaal) (8 Ve (paae g LaS By Aile) 3 L oSy O

(Carpini et al., 2004; Obeid et al., 2004; Jain, 2005; Kalogianni et al., 2006 and Kim et al., 2005).
Southern Blot & de/(y i gbe J AR Gyl /o A gl ARdal cpaags ) 0) € ¥ Y
Hybridization
(0 Bpua dihie Jie paradio B jlue addiug g oo jall 45) gall (5 giad Al dadadll paa]
Adasey 408 (4 b 3 ) 53l el climadl Caatia B Ln ) adad aa uagill 4 g pall 35 sall
ada o Al eSl OBla i Ly jad o8 ) 4 5Ls dpast adal Lgy Jasi Al 5 () slas Gradali Wl
Dl ) Candl) aay liliae fp a8 CaS5 G3 o(slla g ) Gald slie ) A e g el
(e pH) (ol 815l O slaally i o L ) adad oy i sbas Aadal DA aciall Lia
dae oy 55 eV Aadla ana ada (g sl gy eldie S o5l elie ) Ja sas 5l Judludl
ki () i b Aadal Qs olial) (868 (eSS 48 ) 5 o jlae s Aaded) (o eliall a5 1 g2
e Y Al e g JI Qs 13) Lo s Al gill dae any s die/ 558 JSI L2 3 pg J e
Bl e e e aae llay 3 T 5 (uaigall CSH aany 138 bl Gud 46l (e a2 )
sane a3l e siad) Lo ) aingy g palall aaill Qa8 Gl gra Jiay O (S 531 5 Jaaall
Gl elsy el Al e ALoeSh OMa L eass i Jeaii Al adadll 5 A
A of Baie (e Al (e Ll 4l Ji o2l liiad) liad) ) Aadlgd) (e Jiy 5 4l
e Andia je g dadia o5 ) aead) Judd CalSl (U6 jla da gy g gallf alzall Caagdll Je el
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( vq )

\ )

(Barnum 1998, (s 553 (aeall Julusi 231 pliseS andivin Al 45 610l (el aglad Jal
Chawla 2002, Grandillo and Fulton 2002, Knight et al. 2002)

DNA sequencing Us 3 ddedey/ Ua ) Jeadedi 33383 ¥ 0 ) £ ¥ )

Lo ) ek b g€l a0 il st gt gy b Aege A L ) Julid apaad
8 5sh Caaal Lo 13 s bl A0 8 5 8 gie Aladll 5 Ay yuadl L ) Alules (331 5k sl
e S JB e Ol e S Laa sl o idliae (il llia i) sall S yig Aoy e Janl
z2mS 8 Sanger-Coulson 5 (Maxam and Gilbert, 1977) 2,k (& Maxam and Gilbert
.(Sanger et al., 1977)

(B ) Ciiliua/cild ghiaa Ly ol gi<3) Uia U 4884 318 1) /b ghuaall ¥ 0 ) € Y
DNA Microarrays (DNA chip-technology)
CalSy Cpagd L ekl ) cla Al Alle 5 day e padidi dadail dalall
A5 1S g il gl ki o3 28y AGEN) b ghimall & Buas delia (unlie gl )5 8 jhae
SR Sy Saalfis el (anill Llie Jlsn Sl lgiSe b Te (adill Adle
(profiledis ») Caay aas (e oSai Lla dila) <5k llia 5 (Southern et al. 1992)
i ghamn Jad) 5 ()55 Jane (S (sl dpani s Al jal 52 Al 5 gl Gim senll (o gl 5 Sl
(Aarts et al. sy ssha & L5 Ao de giia 30 Ciai e S Lo 3 5hae 4883
s 85 Claglan a8 Badase divie Clagi S g0 Ao dalae L Aa] (asadie (agd .2002)
alaaiuly aldad o3 lgdef ally Aldiaall A gl duvigall i) sall 305V 4ueSll i Ay 5
peptide nucleic acid s Gl Ay e 3adias Gldgtiae JBAL dxda &l HLs
s dudigs At Uy Lt o zlaky aaie S o (0 @le s & ¢ (PNA)
Slo oy IS adiad A8 1) Uy J) Glisias ae s Lils (Germini et al. 2005)
3y seall Galian) Jadi JSLie (e (Aot Lay ) @1kl s2a | (adie aledi [ d8lial) 4, guaall Cilzuall
sae 3k Gl G pe e dmitie dplus dagillys duniiie el 52U (Ll JIy3)
Gk sl i egmall SoeSl dal (rsSus e e 55 ¢ daa il il S
JSLaall 038 i e alaill Loy Lelalat oy il Biaas ) shae 3y jmy S
.(Hintsche et al. 1997 Zhou and Zhou 2004; Moller et al. 2000; Muller et al. 2000)
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[ . )

L )
oSl 33 e calaal 3l Bas 5y gaiiall sl jall Jlaa) aael) ae 40 5ally 45f sl (g
150 oali Gogus pmnadd IS5 Aidaal) A38a0 il shiadl) dalail Gl (L)) 5 Aanal) ol sall e
Lt
S o o b pdiadl cDNAS aciall Gy b L) sty oSar 4880l il sdoadl) [al il
.(Freeman et al. 2000, Moore, et al. 2002) i 53 51 52 YL
clal 8 el Gala Uy aldSs U, daeall dsall Cldghias Cle gane (ang
s JS5 AlRaal A1 5l el 5 ple IS Faadiuad) S sl (oSl gealial il gyl
A gall A8 sime Jaai (Jiall dine o 2 g samsall 5 7 sansall Alll Cilival) Cay pail b
(5)50) Oty ol cailll 5 5 35 Lpall o (aradie Uy (oI5 3 L)y Al
G pdall daglid) 3500 (RR Lseall Al G5 Alaaall 2 gally Jawi i)l 3 ga (5 b
Bt-Xtra 3,35 Yieldgard Mon810 &3l « Bt11 3,3l cMaximizer Bt 176
) Ly s Aaeall o) gall JS AL oy Tl 5 Alanal) o) gall 46 ghime prans cclld ) ALYl
Jpat & sall 5 bar 454l s NOS (4!l s CaMV 35S isall (g g3
Ay pd e 5 e Gllaaall sl & lEal) o il Cua AR b ghaaall L 5l 1S5 Camns 53 38
st 3k g i s cdale Clma e gng pie 58 el Lt Il G Comin A58 43 ghindll
Jlariny) ad [ deadiva) o)

e Aadin dlae e paaiy iy paly RIS (e A8EA b sheadl (S48 dasall Cua
Ja) (e Cun clan Lje o el e 300 aaly lad) b Ll 3 U5 Aasal) aliall
A shiaall ) ddli) cblalus dilaaly 4l jall lada 8 saaad) Cilial)
(Leimanis et al., 2006; Germini et al., 2005; Morisset et al., 2008; Van Hall et al., 2000 and
Moore et al., 2002; Moore et al. 2002, Lubeck 2003, VVan Hall et al. 2000).
AN sl Clela) € o) € W)
Ligase chain reactions (LCR) "Jsall" Ll a3 Auladll Jelil) 48 a Jia) o
Opslaie Gaald (A Ll haall 5 WY mdmil) L) aaadlY (Barany 1991)
4 54lS o1 2l U haptene I ddanl g M RS 3 aly )l aalll il e g
& .(Kratochvil and Laffler 1994) aagivs esia Voo o J8 Jidad (e Sy dasi jall
22 3L dagi jall eliall CaiSll s LCR 5 PCR ) (i aeall alasiuly 48 ga 481 ja (33 sk puag
ok (el (Klotz et al. 2001) sl ciladic e L) vie (PCR-LCR-EIA)
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( )
1 9 )

Jualas dued i€l plasy allay) ase 8 8 2883 G0 a8 e PCR-LCR -
Op Onall laa 33 4@l o2 (Bordoni et al. 2005) il clie b L, dusige
Lol dl e 4 dad W ST (588 o (Sas e 3acld Jal aladiinly ddliadll 450 ) ) LalasY!
ady Gl Y Y sda Aaddaad)l LAY 3k Jiad Saall V) alasiuyl L Guaigal
Ll 5 Aaeall alabiall Lyl Lai) 5 s ) Akl 5 jalal Jadh il aadias ll g dilia) (35 58 Al
L axddl o) sl (aia
Isothermic Amplification (datual) <) y8S axdudal) (o) a9 ¥) axdudaill & 0 1 £ ¥ )
Gl 5 il gl jisl (NASBA) 553! paeadl Julis e adizall apdail) 4 Slas
Juld JBa 20 (Guatelli et al. 1990) Uy Iy aciall Ua ) oSI a1 Gy ) 3 S s )l
43y 5k 5 jae (e BlELLYL e (S5 Jasd NASBA «Js¥) ol J3a (e orinall T7 sl
Lo s dpse el 285l Lt T7 il Wa e el Uy 5l e sall s 553531 Jad
Yoy o) Gosll paeall ayu ol adoial Ll oy Caguw ol aY) 138 UL saaae A
Juw e dgllay) 8 dliles snaa i@ (Malek et al. 1994) delu Y-) A (e
sl
«(RCA; Lizardi et al. 1998) Rolling Cycle Amplification z s<iall (s )l aduzaill - ¢
(RAM; Zhang et al. 1998) Ramification Amplification sl aduzill 3 -0
«((SDA) Strand-displacement Amplification bl Jlasiul amdiaiy -1
@il Gmeall 5 Sa aladiuly Uy 5 s ) adi ddee 3 Aalall Wil jae Lol oda S
2Ry
Microfluidic and Nanoparticle Techniques JJU\M <l :\3,,\543? d-"U‘-“-“ ‘Qw TR R 0
s sy g oyen O O sdls L ) Gigns (e s Jin L gl i3 il 5 Kl
Lia o) 1S5 ilill 3 50Kl ClilSay) Cadlns) _T_)S\J} aral) o gall 338 adS @1, S
O o= A (Kubik et al. 2005 W & dma e dul 33 Jain 2005) duhll claull
Laa 4i gl clisdatl) 8 U8y 5 Aamal) ol sall Cai€ 521 (e Lo o o Sy Cpala oy sk
Sl Al s e
388l ) o) 5 jeal o

12l 1 ¥ @ eppall ola¥ly Tlyg limeall mlgall o2 a0l Jgo Rgaglp¥l dgyysmll Ryganll
T oliga TE19 —iyygm —agly —lugl2gl



[ v )

L J

A Jae gl il jal Aaal AU di ed Ll Alaeall o) sall oS saas dlanl caaé )
Sl (i (Drummond et al. 2003) <aiSH Aabisall 35kl Loayl L 5 cdadiall Aanall
el yaall cad dxdYl abaiel Cilhay aB of (e ane Ly Gaagd uuliall gledY) (g
&Ikl s colorimetric O/l (s 3k infrared absorption  spectroscopy
Ao SN f LSLll o dadl) gl iy s pladiuly AlaasS 5 S

?3 8 g .(Moses et al. 2004; Zhou and Zhou 2004; Storhoff et al. 2004; Wang et al. 2003)
dé e gl iy sty T, Aseall dsall a3 sa s (JoY) Jleal) Gudadll ) ol
el g Rl e oS8 il g dagall il gud) dakail skt 23 LS Kalogiannu et al. (2005)
Llail (JUiall Jsaw e (Auroux et al. 2004 a5 A ye 4l 5a) ) S Jiall 5 Ls U S))
L ol Ll 4slia "lab-on-a-chip 486 lIfAs, 5all e pde Zadal Jilsall La o) <3 300
axiaaill Loadl Lils ((Birch et al. 2001) )0 o o ) g Gl iall oS jailly iy
il Al ¢ S Juadly (Munchow et al. 2005) 4&dall 3 jea¥) e i oo (o2 db Cacliadll
(Kim L5 Aaaall ) gl ol (g jmall (S 5l Dol il yi ae (S8 Jand 4883 5 ea]
Laié Jooy (L) )5 Aana 3l 50 0,19 Aawis (5 sine a3 e Jpanll o (S S set al. 2005)
.(Obeid et al. 2005) <& &4 2 Yo (1

piezoelectric affinity sensors & issall duy iKY CLIATY) Glibea IS o Ky
il 5alS g gad oW1 Al 53 33800 L5 Jamall B ) Cpngd cpmla IS8 3 shaall 5 ciala )
xS g ¢(Minunni et al. 2001) 3 e 45 i< <l HLAL A gall a5 iKY - glan e A5
Alad sl dbua Jal e oS0 L) 5 dnigall A giiall i) sall 35a s ) parada JSG5
Llitae T yUa) o ol colyis a0 () (e, Caagll B 1 Sausal) apdiaadll 30l (55 5 puall (4 4lld
D3l & ol pall e Aash y g pos iy yhay Ly 5 Alseall o) sl s ) S iy (23S
ol o el Gl e aall UL 5 gt palaill (Sl

Mass Spectrometry (MS) of DNA Ua Il Sl cigal) (il vV 04 ¢ ¥ )

e (S Cahall (iS e sadizall (33 hall aladiuly Aoy i e o ) Cilaiie Jida (S
MALDI-TOF (matrix-assisted laser desorption ionization—s electrospray MS «Jall Ji
time-of-flight)

Qi o AT dypme Glaln go Gl el Gl sl LadS oAl
el Judid 3aas e (Kar Lee Ll LS Gl e Ua ) add Gea Dl i
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dagy pudl Ap@ll sda Glnli (Chapman 1998) ~200 bp Al assy b juadll S ) gl
(Amexis et al. (sl s QLall o s & A1 )l Gl puadll 5 5 juadll L ) G laludl duluall
s il (Larsen et al. 2001) Jalsil) ey & aS (mid ) a5 ol Y) & Y 2001)
Zma yo Al ) Ak Cigny i e V) (Sas dplall Sl ) 3 #lais DNA MS
L alhaaiuly U5 Janad) e (sl o giaall s A siiall 25 5al) 5l L (GUL 2004 L s
Asall e gl el o OSa O g ddana el S sall g gl Aaldll o gial) adad
G yuall By )l )88 rlady Tase calla Tl Aaeall e o gl e 5 Ll 5 Aaadl)
e a2l e (Carey and Mitnik 2002) &l sall ge il Gl ¥ MS I 4 alasinly
oda CalSH 33yl 8 Ay sl (omseall el asall G 3 gaas Ula Ua T MS dilas o

Al Caal s jadl e Leiliudas oY dgial ala 3 G g

il g8 gdl) Adaus) g Aleagil) 480 pall 381k A 0 ) £ ¥ Y

8 skl (Fluorescence correlation spectroscopy (FCS) @Jm-) o yal) gij*a‘ —ildaall ‘“*-,‘-‘33
58 A5kl e &y pall Ay jall gL S 5 Jilatl 55Ul 48 slal) s elimand) Caiie
Do o ) laine oSl day ju g A8 g A3y S AiEl) Cibin g 5 g i) DA LAY s
e 3l Al pall clbydl) PDadl e FCS 4y aaiad dall dus (e (Bjorling et al. 1998)
e oadl S5 LSl 535l Ja yall g il Gy (Ganalls Lales (555 O Gang ¢S 5800 2a) 5y
ol Lia (e g cagall g i gl) 5 g dulually FCS 4l o adind) oS ) o (o) ey
single-molecule detection- 2als e s ai€ o adiedl pasimll o jie i o Lila
£ 58 o adiuin FCS J) 44 )k of das zaall (e (a5 based diagnosis (SMDD)
o A1 aatin) s (Thompson 1991 W s dea ye 4 )l) daa sl sl clindaill (e a5
Caseal A ja Gn OONSH Lgd Caaadinl Al AL all st B FCS A e adiaall
gyl o Ay (SMDD J dpaall cllll alid e (Walter et al. 1996) da yee A5 53
O o 2 Al (o Ja e il 0500 SV A )5l Bal) Jilad (e (S ) g 028 (S

.(Kinjo and Rigler 1995; Kask et al. 1999)
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( )
1 ¢ )

(e Ads A3 668 L o1 635 g8 Surface Plasmon Resonance (SPR) ¢eadawsd) (A ga 51 (il Jl)
o2 (Kai s 3 pa e alaal (8 il jall Ga ) D81l daulia 5 AT 550 aladl)
Jls> A refractive index (RI) (#Sa3¥) iy & @l jpaill oS it CalS (e 4y ) 45 Hhall
Gl Hall Jelii g i€ e (e e digands <la o el L) il Gl ubea 386 mdas
sl iy (Juaiil) e i (McDonnell 2001 W i Gz ya 4l 1) s g yall a4 aal)
Lovie  (Aludadl 3 jie) Lo e 43 Gualy (53 Ganall (e Tan 48 5 Aiday ala ) sl il sn
Lapae ¢ Harall alidll & i V) Ao ae 42iY) A8l Je il ¢ g gall (A saall g ladl) ling
Alma o Ayl Gaay pladll GdS23) (Alberts et al. 2002) (a3 =) Sl SN Qs
Lase Sl mdadl e el sbaall S5 ity o Jlasadl ) alally Gy ) dag ) Laaie
e wad (S (SPR I aladinlyy RI GeSai¥) S Gaai ) QSasY) Al 8 T ey
ey ddlise Ly Glia oo adSl 6 Lglahaaiin) ) ALYl diee JS 8 A all <l jall
Ll 5 Uamal) o) sall CaliS) ~ Loy 43y lall 20ds Cus ((Kai et al. 1999) Ll o (o2 AL il
Ay 5hall A 5l 3 504l (Feriotto et al. 2002, 2003) i (o (o2 b ardazaill axy ol2adl e
b Gl L (S Gl paall (g al) Gabaal) Lia 1955 w38l qand O (S Ll (oo

Jlania Bale Y AL 3 jpaiine (3835 48 Hhay g ¢ Jlasall Gase aalad () 32 4ziaa 3 all

Novel Biological Monitoring Approaches 38 4 ol g 48) sa il kb 4 0) ¢ ¥ )
Se By ) il o AT il il Gl oodlef 48 goa gall AuilaSil 3l (33, ) dsleall
8 (pe i Al A sk Gl geandl Jas A all Gl sall dua gl ) il 8 b
Calaal) sl dllh g (lilileia LegiS! Cpiineliia Ua ) (pe Otk (o Liagads Giany Jilee ol
Axilans G5 S 4 ) 50 i ga plasily Ll ) 5 gl
3 sadl by paall U " marker rescue aul sl s Aa il Ak e b e
Gppac ogl) Cinge diaa ) pdi Aol ) Blasl e @iy cua Sl DAl clle
5l YL aai dasdl Cua (e (Contente and Dubnau 1979) (L), s duige
Lail) Lt 48 ey O (Say ) QlAEY) Jau gy Allaall Dy yall 45 sall (g gind ) dadlil)
e Jleall Cuniliy 48iS o W) 5 Janall Cargd) b ddaillyy AGL ailla ) puiial) (gl
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[ =)
Ll e LSl sai ) malill candlill s gam ey iiday Diaa (gging g3 ikl
sl e 283U Ay gl lobimall Ga glaall il ) g oSS T A e Al s3a Caeddiul A
JaY) AL sk da el 38| e sl (de Vries and Wackernagel 1998) Ll Alaeall 43 1)
gl o aladtuly Ayl 8 L)) Al Sl (e ZSGH 3k gl) 45 ) sall adadl 315 saldll
e L5 Janall Lo ) ol Al o3 34585 o)) (S cJifinal) & (de Vries et al. 2003)
Sy e o ol g A ye A&yl ol ) L)y 3 saall Jaaladl) b ddlide jilas
o o AL Gansall adiaill il ghad g
sl Jaamill (o€l aadis o (S "5 el e <l M e Lo el (e Sl e
o Lol Lo ) T coadi Cogu saaall 3 ,K80 o3 Wiy daeadl il a3yl
(Cellini et Sl Juail) haai (3 Baeaiall pe il e Ganall )5 Jpaad JeaWl G guina
po poasalll Gl il A e Jelini Ly Alaadl Ay jall clisdl o G 138 al. 2004)
OSars i gale Al < puai Giang Ly oA 2 gumally T 5 dtige &) 50 JS Lin gl gy 38
CSas 1383 jnaall ) gall Gt 5l ) siad) ppail) s Alialail) ol @l A (e Jad (]
e sadizall o oA (U e o dplalill clethdll @)k e Gudayy o
aaiall Liall Jalail <l e adSl dexiiall DDRT (differential display reverse transcription)
Jie Gl Haall e Lo ) oliss | pea S99 Uaes LB () T,fj\)j Jasall bl JAla cDNA
ol a8 A gyl & puaall JalSH agiall By jaa (56< Ladie Jah duulie 46801 Ul shandll
3 sall ALalSiall Jllaill S5l 5y Ll ae a8l ()5 g Liagl A g ) 5 ApdlELLYT Cl il
L5 dlasdl)
e lelal) padi o cdlelal) oda Jie A yal skl ad W saaa @0 clla
(Le W nsad i () & guinall ) L) 5 ddigal) &5 pall i dulee gan ay dpadiil] dua ) 59 3l
e 308 el Alle Allld b (@) jha pishl e Xiw agw 1385 Gall et al. 2003)
L glonll e lill g cua ) pead ) a8 Ol ¥ & Y UL o Lla Cliia RS
(RNA)« sl & 45 6l 4w )l i geadl Qs se se (Sl daaad (sl Ledan s A 322a34l)
Jal el il el S aetl) 3508 ST dage Aliy candl g (68 Ly
gl kil sy Wy davgdl Clscasll 4 (asua)  (Ss) Sl

(isogene w5 )
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[ =)
Protein-based Methods ¢xig ) Ao saadaall &il all ¥ ¢ ¥
pai Al Gl e bl gl CaliSH i gyl Cad€ e (35 phll sda adiad

oda allal A1Raall &5 ) pall Julud i L o5 3 VA 8 Aaals cilS Lol cuype (4ig
Gib pangy lel il e b paa) LIAN ek gy hall o3 (3 (ald cana dlme L)
Jaadl A Kl BOAY Jad Maes G pentiooal) o3 J3E (o g A8 el a W) Y 5 Se A
Jslae (8 oSl Jlaill Lla o pliall (5 slle g 550 5ilh ay das gl LIAD (e (paneal) sliadll
G hari el cavall Shad) g (O ) Al Ase aad (ale ) canal) diadl 5 say
e deliy of (S (125]-1gG Sl (Y1 1251- @ alza [gG 3 G yzs Sl U1y 1gG
Alsal s dagyll 8 Al @l ye adl ge die auall Sl pe Claaae Aal 5y dasi yall ) o) 5
8osa Jeoy ilill Jaury Lulay) Aleliiad) @ jertial) iS5 | [gG il alilly sl
1251 2a 5 ) o (B ) Sall Balall (e 2yt ) Mo (Say Ay glhaall G janiall delad
Sl sl Slia) Sasll eyl abbis IS (S wh WL L 55 (56 IgG
el sl Gy O s all ey canal) il Ao 5 8 osa Zladll Flide (sl
Sl 5yl e Bl
ol Lo 80l oda Jasi
ELISA a0 Jasi sl oliall pabaadyl LG8 0150 ) ¥ ¢ )

da d5a 5SS ol o (sl Jaanill A i€ Jpeanall 3 dime iy CES ) Cang
ISl amsal) dlaall J8 (e s (525 (ald (455 5 CadSE 130V Gl ¢ adial) dnaall e glaall
@ lelee (Sas Ol o (o ) e saaiad) @RI (e IS B 5 Amy e 130V (il
A gall e CalSll Ak B (e il Al Aald dile gane aad e IS b s | pdk
L5 Aaadl)
il Qo) Jai) pd/clBlal (dpelial) cil JLaAY) Y Y ¢ ¥

dudigall iy gumall CSST aadid o (S (ils Gl dail 53) Gadaat dday 3 U5 e
el ol aeal pasid AL Ciulae 5 A5 Tl 5d geally o3y LY B L
Adlise Jllae g gind 4 gl (8 Calanall gl Ay 800 (ulari Je il a8 g divie 58 138 5 ¢ ol
o A yall aaa g Cua Al A ol Jadiy Sl Jelal | Jaue 5 shad Lol Audars JS
Jai o eilad) Qs G ) Gudasil) Ay 8 JSAT dpaal) @ phail) caal S5 Calaaall
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[ v )

\ )
1oy aalall o JLaay) ey Al saal s b ghad Iy el 5 8L cLaall ¢l g8 ONA e Jel@l) o g
Osb Al i gl ALl Lpavall Cliliad) (b ) o8 LAY b dlaide Cadl <))

e LaaS A il Clua) 3oy b aa o8 Ladie | ilad) Gl Aday jd A e g 8IS

sliall oSSl ol o iy oA camsald) Slaall S Gud (S0 (iany ae iy il JSET (yi gyl
Ghlie il sl Huls ol 5 cdas jal) cuall (g ) i sasd s ¢ ud yitlaia (g siny
Ghalia 8 oy Y Aleliidl e 45 slad) Call S gl 5 i sl Ladie jama (g5l jedai o2 sl
dsas Ju Ly dale die Je oLl e (aalill bad) aalg dad dga g Juy cliall e oaaa
Glue AT el ja) plab A 408 S el CladY) Gl A ge die o lad
Ailly U155 Alane 250 0.15% e S8l 5l 9996 485 (5 siss o Jsanll (San 438 chlic
3 0ial) de ganall

Gosrall Ge L ebaadll Bl 55 5 150 Ge JS LA GBS J e 4 lad dlae g
SIS et o Ky ¥ il dially dala el Gl Ll S 5 )Y o) SN
Aaelid) @l Haay) @l daanal) ddall Guss Gl o) Sy saae Cilieal o Eua (U 5 Jaxdl)
e S 8 aalsh of OSa Ciagdl Gl pads O Dl Ale 28 kS e Y lagee
o o) 33me 0S5 O oS Y Apensal) cililiadl) e sadiaall il JLaay) o8 ciabisg U
(Cry osis ) o s 5ia3 Mon8105 Bt-176, Btll 3,3 calical (L)
Jaaig el gl to Jand Y o JSLERN (oaay s daeliall ol LAY @l e 3 e
@y e 30 5 Anall 32 i aie puetl) a5 Losles 0 6 of cangy Cainall i (45 5500 e 225
paaill Jray Las ddliaal) 4bill Ao (A pnill il ginse A ol o S A al) s 5l
s S

(Lubeck 2003, Holst-Jensen 2001, Querci et al. 2006)

Les) i g pll oSI andiy SN sl 45y 5k 8 Western iy 4dkl ¥ Y € ¥y
J Jadi L) Cymaa JS0 A 53 i pll aadind o g Ghiill L & gall ST dulia
ndll (aleg) o Llle sliall A2 ) U Sl ,eSh (Bla I A patall i 5 jall <l ja
.(Nicholl 2002) 4 liall AL jall Jilai 44 ylay 5 ealall (45 g ) ST anenll
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daay pal) 4 glassl) ol JLAAY [ ¢ oll Bl gall S N aladiad €Y € W)
The use of chromogenic substrates /histochemical assays
SISl 5l age ctiln a0 ALl 395k b ool Balsall S alasid o
X-gal  (5- bromo-4-chloro - 3- indolyl- B-D- Sl aadiid da8Lal olail)
sdle a3 B-galactosidase Jlu)siS¥le Unll o) (53 338, s 5 galactopyranoside)
1) Caany of Ll o€y i) (oS0 Talie 5 8O0 muay Lavie (Y 6S Ly 3801 LA 4z
O3 aae 45 S5 e ad 132 5 IPTG (iso-propyl-thiogalactoside) Jis 5 ¢S julai aaiin
i Kar @iy ool 550 it JSG (X-gal pludil vie |l sSYleliy 558, 43S
Lol Al e 48y HhaS L) axdig o ¢Sy 138 5 U seun LacZ (B-galactosidase) &) sall =
015 Al LA (3 prpully Gl 28 sl e bS) S 4 il
Ll Al al fas il JS aadis Ll Aslall Ghgal 8 dals Aluag 5l il sl
Ll ewill Glgiay <l g W15 ) mall/ciadiall y &l jiaall Jia dakaiall paliall Addlad/
yall Glhal 35k 4t asdy A gean (6 O (S (GUS) i s 58 slelin 4 sall
>l Sl HLaaVL aaalia (Ra GUS &) gall daas grasd (& auasaill | jiag ) lall
.histochemical
45y sall Tl dglall daua) 8 o il LSl CaldSh iy ) AlesS) Jelill) 5
s X-Glue aball dgala juanig ) Solelin i ropisha e (GUS) Jwuis) S sdeliy
easy  oslll ae 5-bromo-4-chloro-indoxyl JauS gxil- 5, glS -£- 505 0 -0 e5
dimerization S Giay 5o0Y) oSt ) gaw s Al sausl ) Qe syl
2l b asmlisdl mie Jio Gl iae aladiuly ol (Sary gsall GeaS YL
) ey Y el el LAY b ala Lol el 138 il o sauili sl
Ee DR 13 8 ) e e L T ae e 35 5 sbaall LA ) Jen 5V
) D a9 LIS aday il 5 38 o sall sall 5 il (5 5 a sl sl
.(Falciatore et al. 2002)
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( )
1 )

adnd) anall 4 gaal) cl JLEAY) Y € ¥ Y

Aaal L)) 5 duvigall iy gunmll oy pod (3 s 4805 dand ) nfial) 2l ) gaal) <l LAY
6 sl (oS bl ) (g0 Gal 0 sl i) daad) el ol sl s clisal) 8 333as
O LalSs ccliy) e aated 38 Aie G350 £ s nad sale ),y Jaeall IS
la i) (Say Al gaal) i 50l Jas JLay) & el A8 (5 giue S LIS e iy
oati LS 48l Jaiaall Waddl ooy alleSY Al A (allay i) S5 (Rriae Cladia (a)
A J< dlagie ool jlia) et 4y geall ol LAY ey e 30 Aall Gl (s siuse
Gy LAY ol @A Adall Clapdl e Jaad Ciliea adSE Yl LAY Wia 6 s
Sl e e seli il s oadial) anall (o gaall Hlaa¥) | Giasll cUalud 33 gane dag
G (m B any g o dial) apall 53l LAl (m et (pae idie dne Jeatl i a8 A5
O G 135 e all La ) aga gl Hhiy ) e o ) Ly Aules g AlesieS i alll
Clall 45 ) gall ddlad [lalis 5l edl) S0 sy g gaall JLEAYI 5 Lo 1 @y adall oy 5l
s AY) Ad sl Yl e B diacadie @l sl adsaill ggall laa¥) cilliy Al
Clasall Dl @l 4 sl ol jlaa¥) @ik Jadip Al ) sall e () A s allan) (S
o iy sl Gl aBil) 6338 51 Galiaial/ i A gudall
Sl e 3,08 S clae Ade ) all Jualaall il dpdal) clagall ddaadial) Jualaall
A sl Anigh) L) JDA (e dige B ) 5o zlaaly @lld 5 dadall Clapaall (e STl 2al g (5 2ie
U A5 Awigdy CP4 EPSPS 43 sall Jaa) o8 e JUal) s o Apaiil) 4y i s
il gile adall anall dleatia Lelaad (&) oA cohill oY B8 L geall b i) Jualadd)
500 OV luside adiall anall Gl ddia Gllla SV PAT &) sl <) ga Laagl 530
il 2all Jaadl imidazolinone il aall dlaaie o [R T i) sall dasd 5 Al
.(Adrian et al. 2003, Lubeck 2001) 4xxaill 4y il s ddalus g Wy ka3 3 jmidazolinone
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U ) Jatas ddabea gy Ll g Danal) 3 gall oo cadsll Aliual) Lyl g culaliiiuy)
Conclusions and Future Prospects for GMO Detection by DNA Analysis
e alaie YU 48 sall 5 ALLED dalall 351 (e de sana gk bl diall JMA
cilallaie Al3al) ) gl o o13a0 8 T 5 Alaeall o) gall cilia€ apans AL jal elld g Lo ) Ly Caig
8 2me 5a Lo e Ao gite e 3 s 8 Lal )5 Aaeall ol pall 3 G ) claS (e Canll Bl
o o 1 GBIh Aty e B e Tl o Sy i) ol i oyl ) e
Loy oLy Alaeall ye Loyl e Gal ) L5 Aasadl o) sall 45 jlaal ALl Cona il LS
Oe Aadll Cadle 1y e Al auil Jal e L st 5 o i) Bl € 5e Al s
ournlil ) es 5l g8 Ua ) i sl gl e 430 (Kuiper et al. 2003) Gl s dlaxall ) sall
n o N Gle i s il N g2 G5 U155 Alaaall o) sall o aanty AL il dsalle 5k
el 2 gall 3 Ay sl el o ) il nall 5 LD g guy A0S0 gl oda Jia g shai ()
el e Al W Aaedl ol gl cilaind Alidiad) ol ) ohaill el 3 el Ul
oo b alize Ly U1 aeay il Aglae die eV G B of Lad ey ol gl
[(Einspanier et al. 2001b; Klotz et al. 2002) L s duigall ey
bl e Ui Aamall of gall U1 Casl el s oot e Ao jlall Gilal (K o can o pual

Lo @ik

aiag"_t:z;.a‘@)uﬂ\ iVl La e ddlall Lealuss o ) e saddedl) colsll] juati | (adlal)
o Adalal) bl ) gald g caiadl Bal n a Tl ararall g Adusal) o g il 5 cillalgay) Al
A pal oy gl a3 alad il g Jumdl sl el o (2 ) O gan Ll Zakla) s gl
Bise oSy o5 can Galua ¢ oy oIS Ay g L)) g Alaeall il

Ul 3l gall ClisSa (ady Lagh oI32)) 2l Cllae a8 A8l <ld 31k () a
Lall (e Apanall Caglia (ghs (casall el3al) il K IS 8 Llee 25m s anadal) Lall 8 (L
osdigall L ) AaDls & jlie] (e 220 ABlie Caad el 138 e Baxgine 132)) 5 g sall
(ealall alaa¥) e Wiy jsa3 )5 (Jonas et al. 2001) Wl

el oLl 5 Jamall Gall (ol Jadd 5 shaall JLaa¥) (330l aodis ¥ celld 1) diLayl
SBY) JERY) (Bl 138 8 Aldadl 4l cOlelall (el Led A o) L@ sy Ll
dpale cilidlios Jas gmge Jp Y Slie slaa¥l Ui U G5 Alaad) i€l e <l sall
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Ll 5 ylalie ppl il cas o S g gamgall 130 mllad A A g V1 padl g i i Ay s
thd juas Jn Sl (K& sy L(van den Eede et al. 2004) 4wedll e gll
aliie anE (pe 3aaall L ) L sl 935 alasiiuly Goa sl sl Ll il 5 U815 5 Aamall o gl i) 5
L5 dnigall GMle Yy o3l lalad

6 sine iy el daadinaal) Ln A e sadizall CadSH (33 5k dulun g Aoy o) adgid) (e
Al jall Aliadall 48y Hlall Lghobiatl o Lgiig yal Tk menal Cogu Uiy s Alanadl ) gall (o £1321)
3 sally dalall Ba 1 o) aY dilhall sl s ie Gala (S8 oLV cang s o8I sl
Caagll ) pally Apmpadall Zeill sae s (Jial) Jus o lill il Gy Lay Uiy 5 Aaedl)
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Biolistic©-PDS- &85 (<l ; sall Cinald [ Aual) adaall dlae) (s Jabada | ¥ JSG
Aldl) cliall A1 5l gaill XY ¢) ja) 9 1000/He

gslall [ Aiia

BIJ?E: rupture disc into older. d}‘ﬂ‘ QGGJ/&}A“‘ L,d)é
aiallf duaal A Giaill Ga B Ja —— Ropture dise P
“i =i — Rupture disc M‘ e dala
o
(Y38l aana
LAUNCH ASSEMBLY A jall Alalal) 8@ ) Jala
Place ﬂ:f{l::r“‘g screen into —_ - - A = Tier

C— —— Placc =5
holder/ flyer unit wpside

oS Jalad) & ) i) aua ol L
nlmmy

OBY) garal
L i Ban g/ Sl Jalall (ke pua
A dal O gpandl ) b e e Ly iy
Assemblage for Bombardment

aadd h Jala) g3 R - ' e T

acccleraton tube

&Jﬂ\ SJ@A ué dﬂb?\ inside the vacwum
B ——— g e
R e e il 5aa JaI W £l gyl

Glial gasa e Aal) g i

T Ploce sarmnle comtos

Biolistic©-PDS-1000/He &5 (30 Sl)gall Coald [ Jial) adaall lea ¥ JSi)

Relylly 22 ¥ g ppall olally Titlyg Mieall smlgall sz aed2L Jgn. Ryaglofl gyl Bpgull
Tl ylagra TE-19 —Rysg —als ~Lsgligl



( )
L V)

Akl ¥ Ao B Aaadiual) Balug¥) o

Caclae 5850 Jallaal) o3¢ (y5 380 amaty Ao de )3 Aa DU L) Jalis g1 jamad (Sa
iy ) gelling agent Jawssll il Jale o Jilae aaa L) capai o adiiass s (Y Jsal))
bgs RZM uaaill davs as agargel Yl ¢ ul&I apad daus ae phytagel Jalisl)
Voo dalis g £) Caelme 55 Ldad) LlugV) cbesi Jale yumsy L ((RM il
ABE Yo 3 LYY Bla Ay e aled A (OlaT g

o oLl 8)sSadll 515 JS A liae €05 syanal) Aoyl bl clisSa LY Jgand)
L seall Ay Jasa 2ey il Al Ul lae Lo e 3l dangd glhadl) 585 Cana
Jiled) WSl ¢ K3 as pH

Component
<l gSall

e

Inoculation (/L) CIM (/L)

9l Ja g

o S (g a5 Jaan

RZM (/L) RPPT (/L)

LI\}A.U\A.JA#MJ Laail g

MS macro salts (x10)
L7 micro salts (x1000)
FeNaEDTA (x100)

MS vitamins (x1000)
Vitamins/Inositol (x200)
Inositol

Glutamine

Casein hydrolysate
MES

Maltose

filter sterilized
2,4-D

Picloram
Acetosyringone
Timentin

Zeatin

PPT

200 ml 200 ml
2ml 2ml
20 ml 20 ml
2ml 2ml
200 mg 200 mg
1g 19

200 mg 200 mg
399 399
80¢g 80¢g

pH adjusted to 5.8 then autoclaved

2 mg 0.5mg
2.0 mg 2.0 mg
200 pMm -

- 160 mg

200 ml 200 ml
2 ml 2 ml
20 ml 20 ml
10 mi 10 mi
200 mg 200 mg
60 g 60 g

pH adjusted to 5.7 then

0.1 mg -

160 mg 160 mg
5mg -
- 2-4 mg

Inoculation : sl lasss/ CIM:e MU ey jai dass g /
RPPT 'yl g apasill Jaws g

RZM: yxillbu, /
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Ll Blug¥) jedaat 3 desdiaad) Jallaal) G g5da o
Stock solutions for basal culture media
e MS Macrosalts (x10)

16.5 g/l NH;NO3 (")7}")‘\2“ <l i
19.0 g/l KNO3 p sl gal) <l s
1.7 g/l KH,PO, g2l ) i

3.7 g/l MgSOy . TH20 4 52 wial iy 5
449l CaCly . 2H,0  asmllSll oy 508

& el a5 candl Lgmny we Ledald J8 il e Lally aa e sale JS ol o) Aiadla
20 € sl dan e bl 8 daisys 4383 Ye 50 20V YY Biha dap e alKa sy

e L7 Microsalts (x1000)

15.0 g/l MnSO, Saiaiall iy S
5.0 g/l HsBO; sl aes
7.5 g/l ZnSO, . TH,0 oL 5l sy 5
0.75 g/l KI a5l sl 200 59

0.25 g/l Na;M0O, .2H,0 a5 seall Sl e
0.025 g/l CuSQO, .5H,0 osbaall Sy 58
0.025 g/l CoCl, .6H,0 SNEPNIEIPPLN

sl ) 2 Cua e ddbide Cfycaniie JS iidl Gl aag of Sa 1Y ABaada
Ciliay MNSO; H0 S pall Aaally Slia . jlie W) pmy lld 281 Cany My LaS5 8 A3
Cilay MNSO, . 7H,0 1 daasillyy «Jfg YY.YY Ciliay MnSO, 4H,0 1 4wl Jfg VV.v0

.Jf¢ 27.95
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filter sterilization 5 5lll aayg 3aslgll 3yall & 3Spall Ggiaall o Ja Vv AS e o
'(“0 ¢ EJ\);;:\%JJLA‘; 3‘)—‘”&&-’)}&;‘;’

e MS Vitamins (-Glycine) (x1000):

0.1 g/l Thiamine HCI Calill
0.5 g/l Pyridoxine HCI O 53y )
0.5 g/l Nicotinic acid Ol Sl (aan

filter sterilization 5 5lll aayg 3aslgll 3yall & 3Spall Goiaall o Ja Vv AS e o
20 Bhadan ol 8 o S

e Vitamins/Inositol (x200):

40.0 g/l Myo-Inositol Jsia ) sl se
2.0 g/l Thiamine HCI el
0.2 g/l Pyridoxine HCI OS5 ol
0.2 g/l Nicotinic acid O Sl Qs
0.2 g/l Ca-Pantothenate  a sl i gl
0.2 g/l Ascorbic acid i) S e

filter sterilization 55l adayg csaslgll 3yall & 3S5all g3aall e da Vo v 4iaS jaad e
20E Bhadan ol b o S

ddlaall A)gal)

slall oIS e Jolae o AL 30 8 Bl QI 2(defin V1) Zeatin Gl o
slally oy o Lol o mjal) Jaliy caleally shaiall o lally aaaldl JaSs &3 (15 V) HCI
20T mpha e o daiay e ) Jaea il e g3y

Slo gises skl diay el b 4ie Aulie € Jad 3(Jefie V) Picloram alslKy e
20V T aha dan e hday 5 cda ¥ da )

b 4 Lanlie 4paS Ja3 1l dglall Cligal o Phosphinothricin (PPT) Chws st gdll o
o Biny da ) Jaar e phss 3L e A gl e gall Lalsy el

.eOY' _é)baaéjﬁ
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(LS 1) AN ¢l b S Ablu gy gaaall (Al gl) jgadll ¥ Y
Agrobacterium tumefaciens-mediated transformation system of chickpea

G345 Agrobacterium tumefaciens (sl (il LSy dalug gaesll Jhdl jisaill dolee o5

: A el Jsanl)
BYSTPRTE ) asd
EPESUREA
(LSl (gsaall) (sl psaill i ¥ oasdl
AS sl dely 3
(LSl cuel ) sl oY) explants bl Jus T asl
VAe bl b eyl
Y dehl sy e J5Y) lamly aaanl VE/NY sl
¥oael 3l dans e eyl 35 asil
¢ dely3l Jans e clamyl £4 asl
o dely3l hany Lo lauy) 63 asdl
el ey e calamy) 77 asd
Vode )3l s e eyl ) ozl
Adel3l by e ISV ey Yoo Al
4 dely3l s e lamy! 114 sl
Vo hag e Y1 qalanyl YT ol
kil ) HR L e sl VEY ol
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Procedures <ils)ay)

L) dpaliy Ladan ) glall gt 1)

sl (e dme 4paS ()53 )

ostuall elay Giipe Jusiy ddaga A Hodll auagil Y

s e Aakady Alagall Aagh 3lad 5 (%Y ) AN sl (e S 40y 0l s Y
ARE ) Bl Jeal) A sl daty ta IS8 asanalY]

Ayaill aa (%0+) chlorox (sS)slKl e 48 4y Hsdll ety Jsasll o palall . €
(A8 835y V0 e ghsall Aoy uH YT Cany ) 3&8) Y. sadd shaker el e

Ge sl ) () Jlsh a5 JY) e e SO daally laiall bl sl Juss .o
(Do ¥ 3S5) oI 0)dl< Jolae po Jo Vv Al Canal adaally il ¢ Ll

—alaig glycerol stock  Jgmanlall (9350 (30400 pl Zdlials Jilu Jang A LS aii.
Y AU (goaall ladll) ulia (g dbas pe Sl MG dawy (0 Jo Yo )

G552 100 Aoy e il ge D YA Bha dagy e b alea b cpmsil] Y
) o JSI optical density (alaic 4US e Jiasi Jia) dele YE-1Y sd 4640
-(ODgoo >1) (Liasil 1o v Anse Jsha e

A idiall 4ol AbsY sasadl) 1Y

Aayds g £ Aoju o @l )y 3ad (5l Bkl Hlea 8 daill LS sl
Bl flil) Jasss (30 Ja Vo dpaS (8 )l Blaiy @D (el o5 (W0 € B)ha
. acetosyringone sy sisd lsasSaa Yoo e gslall ((g50al) Jausy)

038 paniy cAyliny AN o A3aY) Joadl & alee dojdie ddauls lghiaiie 3 )sdl) adai. Y
pinas hia sla (gong (g5 (il & AaY)

) Gllsng Apalill Al e e Y=Y aday o ¢ g (b 8 (o)) Glaall pimsy. ¥
aY) Jan . )il Blaally 4l S5 alee dla dajdie ddauls Glldy sl Bl e e
blaje Tyl Josi o adailadll oly) @S Glaal) ) Gl leadd pdad an
(Lin T o ol e allaiinds adadl Lilee L5 ()80 Gleally

poad

poel
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=Y sadd aSl 3laall 8 decapitated embryos duelil) lgadd Cankad Al Al (uaai.
Adrll ha sy ey 2Ol G cle b €

Aol Loy (35 oty e ad Ay ) AaY) B 5 i) GBlaal) im0
Gk JS L Yo s> g .chickpea co-cultivation medium(CCCP) A4S julll
AU €3 G0 YY) s sy o DU 8 LYY (et i calidhlll (3l

) Aol g Ao daail) v agddl

S LY Ji & Geallpis e Cagirall eall adaly Al Aoyl 558 oLl eyl )
.Je 0+ Gaw aiaa Falcon tube (s8I ol

clye EOU alnay e sle Jo YO 8 25aY) Juss Y

ticarcillin Gl S5 (gl sladl (o Jfge 10+ g5y slaa (3 A3l e celld 2y Y
LSl il (sle da Yo JSI (Jofgn Vv S5 ol IS i Saa YV 0 2aS Canial)
88 1Y ad sl 3a dags e dgg

Vdell By o g o8 (SB) dslaall o paldall ) sae jilh (35 o AaY) Caias
Yo=Y Aany Al 4V sad e L) Caas

1Y Ae )3l dag o A QAT daail) Y £/ ¥ ol
Logyill i cand lagy YY) el (paad &3 ¢ Y delpil) dawy N (cobill) daaY) Jan
AdL

i g ¥ sl blugl o Ay ve agl
oo el gall e el Al A AaadVI sl A A e (alial)
bl
Oledns Coiall Aualil) Al o sl ) Aypmdd) g 30 o3a) ehal ¥ N ol anii Y
bl Vo= e ST e Y oLaaly Jis 8 aaagis (A ae il e 23300 g 30U
AL D il el s e sl 3o LY e Y
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AR

D Aag £ As) il haug o QAIY) 164 ag)
il sy o dald) @il g5 & Ji ke (5l J8 Al dasl) e paliill
’é),c\dsuﬁu%cjmidmls;j A0 &_IBAJY\:UAJA‘_;\;J.JJ;

THR _pdadl) Jag Ao pdadll 1Y €V agd)
L e putative transgenic explants claiy) Jale JS clial Al bl Jas. )
el Y sl g Ll 8 HR sl
goane JS& die .sOft agar b el s ) Hsdall lele il Al calial) Jas. ¥
A Jal e a8 dire Gusain ) bl Jisioas )i

(Krishnamurthy et al., 2000) micro-grafting of shoots 4 yail) cifgaill g8l ambail)

Aplall ilisaell aladinly Gaeal) il e il dlee st caeall (e (36 Lle

p S el e @y g Ly jeme gt deal e 380 aplaill dleal Tals Sl

'é)b; Z\._AJJ c_sj‘: ?).LJ\ L.%ﬁ (paxig (1AMS .ia.uj Lﬁj“' &)_)3 ?3 l\a.iau UAAAM Jj.dg ‘)@_Lu A
Bl 0 sad O vo

Jee & Al 538all (358 ams V.07 Ailie Jlelcaie 3500 L) diypud) olaii .Y
gl 8 ok 34

SYshall B b Jax BV s S5 e Uiy 5yl Dl e sae ) g3all .Y
Ayl 8 Gl (52

o 5l (e JuadU B eyl g L A 0 clsatl) S Ol A ALY (DUs L8
'é))a.«j\

LY A ) el aag clilal Ji o
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Media for plant tissue culture gaesall 4atdl dausy) de)) alugl o

solution stocks dsawbed) Jullaall ¢y gida ciliga .9
« DKW-C Stock I (x 10)

Chemical Formula mg/ L media g/L
Calciumchloride CaCl, 149 1.49
Magnesium sulfate MgSQ,.7H20 740 7.4
Potassium sulfate K>SO, 1559 15.59
Ammonium nitrate NH4NO3 1416 14.16
Potassium phosphate KH,PO4 265 2.65
Calcium nitrate Ca(NO3),.4H20 1968 19.68
e DKW-C Stock Il (x 100)
Iron stock Fe-Na.EDTA 44.63 4.46
Manganese sulphate MnSQ,4.H20 33.5 3.35
Zinc sulphate ZnS0,4.7TH20 9.22 0.922
Boric acid H3BO3 4.8 0.48
Sodium molybdate Na;Mo00,.2H,0 0.39 0.039
Cupper sulphate CuS0,4.5H,0 0.25 0.025
e DKW-C stock I11 (x 100)
Myo-inositol 100 10
Nicotinic acid 1 0.1
Glycine 2 0.2
Thiamine 2 0.2
Microsalts solution (x 100)
Manganese sulphate MnSO4.H20 1.69
Iron stock Fe-Na-EDTA 4
Zinc sulphate ZnS04.7H20 0.86
Boric acid H3BO3 0.63
Sodium molybdate Na2Mo0O4.2H20 0.025
Cupper sulphate CuS04.5H20 0.0025
Cobalt chloride CoCl2.6H20 0.0025
Potassium lodide Kl 0.083
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components of media culture 4s |, 3! bl ciligla .Y

Item Agorsuspension| CCCP| Subl| Sub2 | Sub 3+4 HR
MS salts 500 ml package - - - - -
DKW-C stock | - 100 ml{200 ml| 100 | 100 ml | 100 ml
ml
DKW-C stock 11 - 10ml| 10ml| 10ml| 10 ml 10 ml
DKW-C stock Il - 10ml| 10ml| 10ml| 10ml 10 ml
MS microsalts 1.5ml 3ml - - - -
B5 vitamins 5ml 10 ml - - - -
Sucrose 759 159 30g| 30g¢g 309 209
Glucose 759r 15¢ - - - -
Aceosyringone 5ml - - - - -
TDZ (0.5 mg/ml) 110 pl 22 ul - - - -
BAP - - - 2ml 2ml -
IBA - - - | 10pl 10ul | 2.5ml
MES - - -1 19 19 1lg
PVP - - - - - -
Phytagel - 02%| 0.3%| 0.3% 0.3% | 0.8%
Agar - - - - - -
pH 5.7 5.8
Ticarcillin - - | 150 mg|150 mg| 150 mg -
PPT - - - - | 510mg| -
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GMO detection DNA- based methods

Aadiiial) ciliall Y €Y

Q\Jbﬁ;\d;\un(\ d}&ﬂ\)d}@a%ﬂ&}@\m J\y&@@)ﬂ\ﬁ)}ﬂ\dhem\

3 sa () ALY ¢ Riall 3l Sl o o Vs a8l (O s 2) Dloadd sl i) Jelasl)
J1dal e (%Y 59%) %002 00 +.) ) Ay e s diad a5 n8 Al daa je
ol L aatiny An g sY) A siall (g 9Y) an el udall e Al a3l o
b cnse iyl aald Hlas) Sy alall Ly g Y coadlanu) o W olag) 2l

cstiall Gaill ) s s galad) e 0 1) el
593l & (S liall Ae ) gall il A8 Y gan

ic | a8
il ¢ 5 Sample Type a0 Code Gy::u?

Feed sample il e S1

Soya feed 1, Argentina s 9 ge ) L ile A5

Soya feed 2, Argentina cxiis ¥ oo ¥ Lisa Cile Ad 1
Imported soya, oil factory deze s ¢ 33,500 Liga A6

)

Feed sample <l die S2

Soya seeds 1, Agri Research Center, Aleppo
Gl A Aol )3l Sl S50 0o Y Lga Hsd
Soya seeds 2, Agri Research Center, Aleppo Sp-330 2
s A de) )l Gl S e 0o Y hsa s
Cultivated soya, Agri Research Center, Aleppo Sh-304
Qs S de) )30 Gl 3S e e g 55 Lo China

Sh-321

Maize, Argentina osiis )Y (e 33 e 3 )3 Cison M16
Feed soya 1 (poultry), Kefernabel

JiiS (0a)sd) ) Lgea Cile 53 3
Feed soya 2 (poultry), Kefernabel s4

JiS (a)s) ¥ Lgea Cile
Maize sample 3 MO
Canned Food, Soumar (a5 ko ya) a6l C1l 1
Canned Food, Hana (e Sl ya) laa ol C2 2
Canned Food, Zeina (3 ML ) lea o122 C3 3
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(CTAB JsSsign) cilal) clise g o)l cilise (e Ua ) padidiul 48y b ¥ €Y

CAPXM PR PG
Oy s sl ) ddire Al a @l jad Jeal Jie aaall juail @l sl

[ J

O B 5 Al ales o
(T8s050) ua S0 20k e o
Clbale o

(UR) oSodzn e o
Je )0 A AL il @
:\L.m.m:\sdn [ ]

£ 0.01 48 ibis () 5 @
Loop 4d~ e

;x:u\_am Jola o

Jiin 4aale/ Spatulas G5l e
[ J

L3l gl iy Sl e s ja

L) ) o Lo 1 e BT 1 Ly (65 Aain ()5S () g Aeadiaaal) <l 521 JS 1 Adaadla

[0 sme 5ol Hle Al e dglaall il culd cliale gy padiial gkl it Jal (g
.df‘\}w
)9St g 4 glasSl) 3f gal)

CTAB w55 asiisel Jiise 55 o

poshs s

Jsila g sl

Na2EDTA sl &bl

J i)

pssall 5K

Proteinase K & 3l sy a3l

RNase A U A dlSadl o 531

(Tris-HCI) 258 50 Gl sisal (Uit (onsS 5 08) (s
(';EMU_!U);}“ t}).&))ah;u °

Aala cildaadie

L sh sl 3 g 55088 A 5 A 485 (355 O oy Foaiiendl) By gLl a5l S -
A3l
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ALY J8 e sV aded O g 481 1) Jdlaall 5 0 ) 5l & g 3 olall -

U D A<l il 3 cpes Ba ) e A (685 ) Com Aeadteadd) 4G gl ol sl 8 -
CTAB-buffer / CTAB Jsia

20 g/l CTAB 20 ¢
1.4 M NaCl 16.4 g
0.1 M Tris-HCI 3.15¢g
20mM  Na2EDTA 15 g

aire i sV & 5 3ia shia sla Jo Vo0 il @
GO sV ate s o Yoo anall JuST o

CTAB-precipitation solution ~ CTAB ) qu i J slaa
59/l CTAB 59
0.04M NaCl 059

M\wy\;ww&\..@i °

=B o pall 0S5 500 8.0 (A dasenll Jao o

GOe sV ke s o Yool anall JuST o

el T el sad 00 £ dapn sl 035 e

Jsa )Y asnsall jJSNaCl1.2M e

GVl g sieslade Vo s dasngall HlS e Vil o
A5l da yu A aic e

(pn/ans) %V JSEY) Jolaa @

aine i sVl & s jia sle do Vo ae Blhae Jsili) Ja Ve 7 3al o
e Ye-dan 903 « Jo/ie Vo RNaseA e

ce® Ye-dan oA « Jofie Vo Proteinase K o
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;A< DNA 31 padisiu) 43, 54
gl aladiuly i) jaan ol gl Caind Sy Aaine da g i L) cle) yaY) calkas
sl JSE iy g ] (ol Jillae 5 Bl 58 el pading
Ariall il shaall L Lad
Y A gl b pline i V) @ 530 sle i 5 See Ter oAbl e gle Yoo iy )
Je
osladll ) Jsasll (s ddine dilay 7 50l Y
e e (2ud) CTAB  (=dain) Jslae g il sSia Ve v sl J< il Y
Adlal) )35l 7l 20 10 da
(@° N0 Aayy Guma g e 53 el L(Jefide Vo) & Slsis e e ils Saa) v izl
DAY sad
_(fi)ﬁ)\);i;)qgj(\\Wn Xg):tcﬂj(éi\hM)S_\Adﬁ .©
Al e el a5 58 500 Pl s Je ¥ il ) Jilall skl Jasl
Olosh JS& Ja (p°€) 30 a Aapus (VYoo X g) de s (V0 ) 3 J& Y
(Ha 5 Jils)
Voosad z a5t s 500 Ul ssae do ¥ das maa gl ) A slal) ARl Jasl A
OF e X g) ey (2 0) 52 J&
Ja ¥ e dan gl ) 4 lal) AR Jal Y
Aaldl 7 5 «CTAB J) s i Jslae e gl (dmia izl )
Adall 5 s dapa 2T B s VY
Llia¥l s Ll gkl (e palds (VFe v v X g) de s (2 0) 5ol J& VY
() Alall sl
(U352 ).Y) psprseall 58 350 Pl 8 (el M) ali a8
Al Y sl 55855 350 pl caml Ve
obaiia sl e Jgeand) ia (VYo s X @) A s (2 ) 0] sad & 0%
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(Ja V.0 das maa gl ) Ay lall Akl Jasl VY

il e bae e o Ll ) il ¢ saer el s edsibinsl pas o T caal 1A
A Y30 A jall 3 ) s As ju pas

() Ul olall e (alds (VY e v X g) Ao g (2)2) 5l & N4

o532 705 %V 5 500 pl el Y

Dy (Jilal) el ghall e palds (VY v X g) e g (2 ) r) Bad J& Y)Y
skl 13 b el e B die culad) Jaads of ¢Sy 43y

2l da gide ) & 5 e (ABAY Y) 3aal A8 ) 35 a Aa ol Caiay LYY

lall o (UilgSae Vo) (sa Adlialy BIAY) 255 ccaiatll Adac elgiil 22y YY
.DNA I (lisd ke ol i TE Jslae sf sl JSU il il

saanall (8 () By sl o all a8 e sand saal aladl ol 8L ) Jlae (38 VS
i) s () Ikl <l il (207 0-) 5 s A
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4L cliall ¢ DNA I JJs 48k

LT da e Al pleall Jad )

) plaall (b sl 8 Lgra 5 (CTAB (0 do ) e IS a5 il 220 Gl Y

a3 8 Lea ) s S sl 8 315000 (e e VO panl Y

L) g Y ae Lgiadal 9 80 yue ddea ) Llas) ¢

s sl A de s 4 gaadl) Al Juil 0

Jas 7z 35 CTAB (3 Jo) JSUEth. Jids Sae ¥ ozl %

Age JS Gl o 3all e da) o LY

Aady e s saal 27T ds Sl alaadl 88 A

(Gl 0 5aal Rl b o 4

532 Gl Taa 7 3l ¢ Cl MiX o) Caal Y s

A 35 € v e de ydgdn Yo 108 Y)Y

(DS T (sn) dan ol ) 4 lad) Al J85) Y Y

CeTY e A e a0 Jils el (Uil Sae £00) anall 24 ol VY

53 AL T el Y 8

_DNAJ\WJE:IL;:&;&.;EJW-\~BJA°Y~-L;;J\)A\$Q}_\O

3553 VY e v v Aoy BilEY Ve 32l J8 AT

bellet I oSu aaxl sLiY) go s 536 G Jslaadl Sl AV

Culidl s [ ) eyl s I oa g ((WB) Jeestd) Jslae (0o sl g Kaa Yoo aa VA
A0l VY de ju o 3ilE 0 sad J8

ix % 05 RNase + TE buffer sy Sue Yoo cadaly dauall Jlae oSl V4
CAgda Yo 3aal LYY

il a3l s Bllae J sl il s jSae VO o utind o giisel Sl 5 S ) e e caal Y

M VY« de o 38 Y v saa) J&5 Y

S£ 5] TV Aa o 5T ABAY Yo badd bl b ) e Ay Caia g (1Y) Ul Jgladll (Sl Y Y
(Y1) S jaill s 7 g ine ke cle 5 (TE buffer sids See Ve v chual s Gilia o

AEAaou s LYY
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Alddiuly 038 5 pally paldiuall DNA ) Le g jLad) ¥ ¢ ¥
S g 98 g i [ A gulal) Cililaall

i il siegl Yo Clage Jishl e el 8l 2 Uy Lo ) 4S paad ol (g
ov sn Joled ) i pnal) AESH/ Fpalisial) o Al 3 sl Gaseadl S5 s
Vos dluladl 2 e Uy 5 s dofal 25080 80y Aludidl (AU Lo D) dnilly Jofal 42 5 S0e
Slasl YA« [ YT g el all duw ALl s jte ClagpdSengddl Jofal e s S
LUy dly Gy b e 4l GUESAl g6l (el 35l ad aad (OD260/0D280)
sl gl Gl llia o laxie Mgl e Y5 A Lad L ()5S OD260/0D280 dsil
okl 8 L5 odle] Al aill e € (K5 ddlida () Sie OD260/0D280 (4 ¢ sisdll
.(Sambrock et al. 1989) (Sas e 455l (a sanldl 4aS] (G0l )

{4k Jhal) [ele) )
dnaliaia¥) 1815 Taa 2 3l « TE Jslae (00 1980 pl ) b die e 20p] <ol o
el Yo da e Jsha o (Uiesish s yiSu) (sl Gkl Sleas (OD)
e [N PON RPN I PON P ALY I ¥ UIWEN
/[50 pg/mi X (sl daea) Voo X1 e RpalectiaVI] = (ug/l) e 35
Voo

DNA conc. (ug/ul) =[0OD260 x 100 (dilution factor) x 50 ug/ml] / 1000

Sagigh g Sl g jb
Sample absorbance (OD) OD 260/0D280 DNA Conc.(ug/ul)
no. e sall palaial) [ a5 Yo Galiaia¥) 4 Lol 58 5
Al a8, YA. (S5 Sl 2 5 Saa)
260 nm 280 nm
a5l
1
2
3
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E I8Vl AlgSh el € g Y B

plainly Al eSH (el Aol 53 0 €3 da 52 sty DNA I de 55 (s 5y Aadia
sl sl 53 La g5 sl aeall il e yelai Cua (gel agarose) skl s
8l JIEYT sa Laiy Dl ey daal 5 4 oS/ cliliasS jo eV ddla e sl
el B I il s o 558 V) i adind 5 yia s Al sha alaaly 4 piie 43S T a0
10910 (s riadl i e sl e Lo LMl Gana Ui ) o 5 G jus andlii . Lgboad
aas Cun o,la Y A e Wy et ) pall G A ad 45 oKl A 5l sl £ 185Y) el
Dl 3 yis (eI Oa )l Gana L D Gl G AS ja A oy Jle ] (g Aplad 4830

(Y Jdesad)

(%) S35 (e Adline el (5 sind Aadla 3 Jladll Jaadll Jlas Y Js2a

Lalaall Lo ) by jad Jladl) Juadll s | (Gsle V) Aadl 35S 53) Aadledl 8 55 )le V) daaS
Kbp (sl ads Call 5 50 (WIV) % axa/0)s
30-1 0.5
12-0.8 0.7
10-0.5 1.0
7-04 1.2
3-0.2 1.5

AV Akl gy clilanllf 2 3all Jlealy i culid) sa Jia (& L ) 4paS 5081 day ) (331l
) e s Taae DISEe ) 15 B ) pe Jasi 5 (o3 o s e 5y Al Alalaay 5 dpmnsiial) (3 58
Aadla Ao Alaaall Uy ) ol Lo 1 20aS aa e sl 8 ol G D) (358 GO dia o
Ll 8L Ao o b o Ml clin D Ailaa ) A ae At g ladY) 40aS (Y s el
Jie g pra 05 52 (ol U (e Al plad) ae Aipall ¢ lad) Aanis 0 jliay W i (S
Y adl el JST e (el Lo e 3 ke 585 < lambda DNA

G5 AndY) el (g (g 5a N gar € J8 igle 5% o oS g sl L ) Liall

(8 Jadail) (Baa lldy g Apaadial)
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[ )
Solutions :dediiaall Jallaall
1X TAE buffer 40 mM Tris-Actate
1mM EDTA, pH 8.0
Loading buffer (10X) 0.25% Bromophenol blue
50% Glycerol
60mM EDTA, pH 8.0
48y )
5 ypoall jo eV dada juass
Oilall e Bely a8 ¢ Al jamadl davadall s eV S () dadia aadiul )
ol (een) i JSaE (Gl e ia) ulic i gy 3l (S da
Liasa Al sl Lebuad o) jal) cilial)
AX TAE Jslas oo da Ve ) Sslelal e 0.42 <ozl <0.7% el dadla juas Y
2V A0 (a8 e gale Y il s jen 58 il Bl g all Jeb Y
adxa duale (ul ) alasiinly 400 sed) cilelail) 315 ¢ e Aaghiall 8 Aadledl Sl ¢
o Aniall e 5 eV Al i sig il 3eaU a0 ) elabas gl e a0

i IX TAE abie Jlaa Jo 000 (Jsay 3 )l (22 ea Sy & ¢ AL peSH gMa )l Slea
e Yo gl e JalS O Al o Jaiy

dadlgd) A Ua ) cilie Jaaad

L Jsead) loading buffer dswaill Jslas (e Ga I Ao aaa Vo /) Lde s caal )
Dbl elall e ils Sae 4 (A anall Jay () ey Il Ba ) e al g6 5 S0e ) Jalay
Qi3 9 i ae 10X loading buffer Jreaill Jils (e i3 5800 ) Led Ciliay 5 a2l
DAL T 2 el (salliall (8 il Jaens ol 5 slacall iall ) sl o
e ()50 Al Jreadll Jslae 7z s g jSaally 40l Y-Y Baal L ) 935 i)
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Liny 5 1X TAE Jstae (o ST cligall Jroy 438 U5yl (g 5ingy 43Y 1k (V)
iall i Lo ) e
Lo ) Gl 38 JE) B (e o(GJ0) sl s34y ks (Y)

Jaan Qi) (g0 2B 5 slaval) HUYY 5al ) i phaill uin s iy B ) e s Y
Cro pl o8 10 Yo ardt) el ey ol sl 3 5LIN SUY) anl 8 uld e Al
(Hind TIT 234l & 5394 ¢ shis phage DNA

Ll 35 SN Jemy e 28 el s SV o eSSl ()l len sl o Y
AT e Al B e Jid el (B iSe B (B03Y))

Al e s ¥ (Von ) Jaentl Jglae Gana Jusi Latie 3l jeS0) 48kl jlen (il ¢

s
sl g dal)

(0.5ug/ml 1X a5 1 psaafi¥) gaa Jslae 3o jaels OBall Slea e 4Dl 31 Y
adl) =l ae 3 e 324 TAE)
315 Y 5 1S Al ) gea s (UV) dannsdiall (352 2n2Y) aladinly Ladlel) aals Y

Al B35 e

1) yadal
Ca s aladitl ¢ g Tl L Jalati Wi iny g Ak s 8ol daa g 33 o swad¥) - )
CE Y1 IS 8 G aall g ) Alall g ¢ gaall (5355 (UV) damnsdial) (38 423Y) =Y
(UV) el (558 4a5Y) jaema Lggd kit Al
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Marall U geall g 500 o gill/ L&) RSl {lanl) g9 al) 0 ¢ ¥

Lfdl.ﬂ\ j\)ﬁ,ﬁj,\ﬂ M\ dﬁuﬂ\ e\dﬁug

N D Aalad) g &l ) 0 € Y

N ot ) ol bl g Jall juand @

Ol o ol (& il Sae Yo Jeldi anay ¢ PCR e sall Ludiall Jelil) Slea aadiiny
OsSE Eua (Y Js) 3,50 Yo yPCR Jel@ il JS5 Wl e 2 pl s9n3 5ille 0.2 pasy
DNA I (0 b JasDls s M) (5258 dal pa 23 a3 550 JS

PCR Jee Jal e (£) dsaall (o e « PCR Jeléi <l S (7) Jsaall oy

PCR Ul o) e all Jeld s e ¥ J 922

Reagent el sl
il S / da 33U saLdd) Final concentration
10x PCR buffer o 2 s Jslae 1X
25 MM MQCI2  Jse sl YO a5y inall 5 1.5-2.5mM
2 MM dNTPs (A ¥1) Lo ) il 5l o 0.2 mM
10 pmol primer (F) (cosel oladl) + aeliall olai¥ls {52k 0.1-1uM
10 pumol primer (R)  (Staall ola3¥l — (saly 0.1-1uM
Taq DNA polymerase 5 unit/pL ) el s g5 L oy il 2-25U
Total paall s 100 pl

Jiwcﬁni\@h'ﬁ °
g)\ﬂﬂ\&dﬂ\d&;uﬂ\d&cd;\f/ebd\nggj\@uﬁid;a;l\d.g._g

B/ | PPREN NN [y =K I TN PN Y GH EN U k2N [P PPN |
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&w\guw\&h\‘)}ﬂ\ JJQ}B)‘PQ;)J}C}AJ/JTQFM@J\GAB‘)%_i dJJ@

Temperature/ °C | Time /min.
Bl da e A883 o

Initial denaturation &l La 3 dlulid 1Y) elal) 94 5
Denaturation aldl) Lo J) all, ol 94 1
Annealing temperature (3l alaill 3 ) s ds o *
Extension La ) Aol S 5 72 1
Number of cycles Gl gall dae 35
Final extension 72 5

4 00

(0 Js2a) pasiual) (5ol Conn AV 551 a da st

N Eilgidalas ¥ 0 £ ¥
Agarose Gel Electrophoresis Jss&¥) s gl (dall o

) 25 kb A 0.1 e plaal La 1 sl al Jasd (S el 55 e Y1 Aadla aladinly
o (855 0  53/adl) mw B Yeeea) e Ga Leaa ST Lo o1l sl sl
S Jin 3 5eSl Gdla )l aladid maaly oY Jsan kail) alad of yall s I aaa
(e

G g sty Jead Jab (e Tan Allads Ao 385k 0 551 (8 SleSD Da i
Lo ) Gl s s e dadlgd) 55 e DU 4 giall il aaied Adlise alaals Lo ) ¢l
Gan Caeliaall Jay il culd Adaddl Ua 1 Aa (Ja ) Laled Cua Leliad ol
o bl kil (e a I (k) (25 A8 G Galaall (Al seSI) i) Jady a3l
Al Ml e Lo Al am U I adad 5 yas de ju canlifiy an gl Calail
Ada Craa Ly el 3l el Ui ) A0 3l A5 Sl 45 60S 5l £ LAGY) aaed [0 5 sial
GOasll Gaa Ly Il ha 48 pa LB e gl G Lbd ABle aa g Cua Y
(2T Y Jsaadl Hhil) Aadlgll 38 5y b S
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AY
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Abaal) il ¥ 0 ¢ Y
dadia YV ¥ 0 ¢ ¥
taall alainly) Tl s Aaeall S sall Al e " o (" O e Sadiaall 2000 (5 Hhall 2
L saa) L) s Aane e ABlas Cllise e 25l daiadl 5 alall 3l 5all i (NOS (sl s 35S
&b el La W aane Jubs b f asa s 3 LAYL A8 Ayt 1ath aad b (33
Al
gy Y Y ot Y

48y dould lbale -

"l s Y e -

(3l D/ a5 38 s 2,k Sles fAlEK) 7 g Sae -

BIBUNSISSTN BT

Jelal) sy Juls -

Je 0.2 )l (o 2 Jelis il -

S 15 e Jadicalil -

ey 38 Aadl Jlen 835 3 Aliadie dakna dd 2 -

433354
AR 8 o YL L ) e A (5585 o oy NV S -
w1 M3 IS (e Agleall s jilia Cliale (u ) aladind oy ool Cuadl -

Reagents: «idl sl / dajd algal) ¥ ¥ 0 ¢ ¥
Gly)slSss dNTPs e
10x PCR buffe Ul o 2l 1/ plaia Jslae o
( Tag DNA polymerase) a2 33M 535 3all 4 a8l i (0 a8 33le)
5mM MgCl, e
Tag DNA polymerase (5 U/ul) e
Sall 5 acliall ualaiVl dacadic Clagi sl g gad ol ol pof clisly o

Upstream and downstream oligonucleotides
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( )
L )

(3l ellat G ol o 2 ) e 055 Ladie (g5 ) FamaCu) e
(L 1 sh L ) @l 3 5K ey 33) S illf 55 Sl (30 A cla @
4m MdNTPs I La ) 3185 <y 5 5al€ i (ga ol J glaa
dATP, dCTP, dGTP, 553 U A 5 3an 538 o JillaaS 2385 of Sy ANTPS ) o
Dttp
Adenosine triphosphate (ATP) <law gl A3 o) ga) - -
Cytidine 5'- triphosphate <lw gl A6 -0" fadian -
Guanosine 5'- triphosphate <léwsdll S0 -0' (p 55l e -
deoxythymidine 5'- triphosphate <law séll S35 - 0" cpaald S -
Al Alladl sda A das e JS 338 je Jillas 8 dliadia 5S35l 4y gluda 380 5
ANTP S I (e Usa slie £ les Jsbae 5855 o Jeanil i) g 5550 i sla (A Lgia JS
Anadl 20 Ll Sum 7Y - Aa L jay il B 4 sluia o) Jal 2o L) Leand o
el
20 pM primer solution JsesSx ¥+ 58 i [cibasd yall/ Cliald) J slaa
Yo e S ) aias of Gy 3 il Gl JSG (L) 435 5alS 5 ol 5) ad e sac
IS
Axiiaal A8 0l Glalad coia Jsa S0 Vo sab Jolan pan @
20 pmol/pl= 20 pM ¢! 1 pmol/ pl = pM -
100 pM= 100 pmol/ pl = pdze ke ¢le 10X pl - + 53 Xnmol -

@) sy Saafpmol Jse sSu ) = pM Jge oS —
s Sae/dsesSu Yo =UsesSn Yoo -

s )See [pM dse sSu ) v = plae e XV 0+ 20l Ge nmolJsesili X @

6 B5° da 3 e s AT 2 Y sad (s a5 e 0" 65 Aaa e 2 0 adl (s -
100 pl  oals pina ela 400 Pl o s sii s Sae sail ) ums) 105 Cada -
(20 pM 58 Al 58 50 ¢ (100 pM) sl J slasa (1
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()
cet Ve A Lo LA s 8 e il 8 ol ) (sl Jlae and @
Ll Laiy ¢ gl A 3aad J8YI e A58 (5 0K5 2% Y es s A3053 6l 3aY)
(st ¥ (a Baal A5 L7 Y - da oy A3 jal) oy il dddsdll
10X U (oo (g2 -l pila J glaa
o Ul on ) Jelil alaie Jglaa 238y 3ale 10X A0 culi sSall (s 9m (3

-500 mM KCI
-100 mM Tris-HCI (pH 9.0 at 25°C)
-1% Triton X-100
5 el w53 eaTag DNA polymerase g s« Of sz aladindl Sals o K05
Alasin JS U3 50m 5555l Jiy g Tasa (310 J ladll
Ll s o Ladlad 4506 o s ¢ o° Yo- da o o die dsladiall o1 aY) 0335 @
25 mM MgC12 Jstas
Tag DNA el a3l ae Sl (oo (o0 3550 e o g Sinall 2,551 Jslaa asly o g
Jlastind JS Ji (0S5 58) Jslaall = o an Laladiud Sals o585 «polymerase
sl Jasall Jla 8 Wiy o S (g 58l At 5 a5 88 (Jdhy) Aially o o
o Yr-dan e 4a (Ash
& s haiall elall (pe 4y slusie aludl juzand U ) andaat o 331/ 508 gl e (JA e gla
L2 ) 2 Jal ey cMastermix deléll b z el dal o 30 sl e A @il 5]
(al) ) LAY (e Basaa b IS 4ie daa sl padiig

25 (0) Usaall (& 550l 8 daadinall Lol rdeddiciad) cliald) | £ Y 0 )
il Cadae (S0 Lgle J geanl) &35 (il 8 Eurofing MWG GmbH 48 )é s daicas
.10 pmol/pl Sl 5855 Lo Jpaall a1 JE TE st Jslae (8 Leds o35
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3 gall U S (any e CISH 8 Aadiiinall g gl gl AL0 LA 21 51 Judas 0 J g
& 5iall "0 sl ana 5 Cangiusall juaiall 5 U 5 Alandl)

Amplicon
Targetgene | size( bp) _
Primer Sequences &y gal) s ) aaa teﬁnzﬁg':hnrge N
(sl Sl pduzaal) nperatur
e | B eMY‘BJ\ﬁA@JJ
¢ (GsSslal)
bp
gmgj GCCCTCTACTCCACCCCCATCC Lectin gene 118 63
GCCCATCTGCAAGCCTTTTTGTG
ZEIN3 .
ZEINA AGTGCGACCCATATTCCAG Zein gene 277 60
GACATTGTGGCATCATCATTT
P35s-cf3
P35s-cf4 CCACGTCTTCAAAGCAAGTGG 35S promoter 123 62
TCCTCTCCAAATGAAATGAACTTCC
:ﬁ:ggiﬂg; GCATGACGTTATTTATGAGATGGG terrwi‘;; or 118 62
GACACCGCGCGCGATAATTTATCC
gmgg CCACTGACGTAAGGGATGACG EPSPS gene 447 60
CATGAAGGACCGGTGGGAGAT
gmg; ATCCCACTATCCTTCGCAAGA EPSPS gene 169 60
TGGGGTTTATGGAAATTGGAA

TJeisS /Al o ¥ o ¢ Y
st ) o o Jelii JS 0 LS 4 i o) ) (g5 pall (e
o 2 ) Jeld il a1y Lo HLaaY Gl Lo ) Jay el 4 aua gy s bl el -
Ladu &k
o ) Aaiadd g 3ol a5 5 g um Lagd ey aalall -

The plasmid plasmid construct
Laudll) Lanll) s
PGIIMH35-2PS 35 S pro+ tnos+ bar gene+ g2PS1 gene
TOP10 PGII35S CRYA(b) npt Il + bar gene + cryA( b)
TOP10 PGII35S CRYA® npt 1l + bar gene + cryA ©
pBI-121 npt Il + gusA gene
pBl-221 35S pro+ gusA gene+ tnos
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1)

.

Cangrs cbpall Jsb il shaal) el clysall e lectin gene oSO syiall &)sall 2

—
| —

oo XU I (Meyer et al., 1996) GMO3/GMO4 sl aladinly &) sall 028 (e ail
s (e XU 3 a8 W& KPCR ) Jelés ¢)ay Lsall Jsb (e zakudl DNA J 4a3a
A 3] A ye BjsaS Lgalaatin) ) ALY daliiud) climll DNA - 3 Gl ¢agan

A ge Cilagiuly Leall Uy 3oad 2 Gl LLga Jg gead oAl due o 4 sl Jiawil
sl
Jsa)r GMO3/GMO4 o o oSl & ) ge (e CalSl daddiiusal Hl s 2 ) clinly
Auadl 83 sa e 4ol (el L gaall Lo ()5 Ladie aaa3 il (0

GMO4 s GMO3 sl el 53

GMO3
Sequence  Jwududl GCCCTCTACTCCACCCCCATCC
Length (bp) skl 22
Mol Weight (g/mol) (U< /§) aiad o 6471.6
Melting point * (G/C) (e s / Jeai¥) ax 65.1

GMO4
Sequence Jududd GCCCATCTGCAAGCCTTTTTGTG
Length (bp) J skl 23
Mol.Weight (g/mol) (U= /) il 0o 6981.1
Melting point * (G/C) (e s / Jeai¥) ax 59.6

*based on a [Na] of 50 mM
50 MM S 5 o 523 guall o *
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Jasiiss [l

G bl AL a5l o 2 Sl US 8 LS i o) sa) (5 5 pall (e
debAﬁ)h)\w@d\ds\ﬂC'_ﬁb)SA\J\LAJL:JAYJNH_IJJ\JJJ;LA\‘\,}B@A}J
o 2 ) Apaadi 50l aaail (5 5 jun Lyl e AL
rd sl o e ) el 8 AN Claandll JA Gl cany

Bosaa e AUl sa (e I jre AL T n gl LA e

.O;ﬂ\ﬁ)y@ggjuydﬁi&\ﬂwdj}aésm flad) il e
Ll JQ;N\MQL@(,‘}!\@)A\QA@“&L& Uy s @

JeWll ulul) mujall juiaai o
e sall s (olull LA L Lay ) Clise Ve e Al & 5 5 pudall 4 slasSl) ol gl
(Y dsaadl) (B e o8 Lo s (QIB L G5y
2 pl 5 GMO3/GMO4 oY) g 3ol (e 48 pl e (s simiAie o Ul o) jaY) Gubaiy
A el s W ) e Jillaall S 333 s Jlase (1a

GMO3 / GMOA4. oY) g all .Y Jsaa

Final Mastermix Mastermix
concentration for one sample for 10 samples
el 35 dge Y g all e VoAl
() ()
Sterile, deionised water Ix 32.75 ul 327.5 ul
10x PCR Buffer 2.5 mM 5ul 50 pl
25 mM MgCl, 0.2mM 5ul 50 pl
4 mM dNTPs 0.2 mM 2.5 ul 25 pl
20 uM primer GMO3 0.5 uM 1.25 ul 12.5 ul
20 uM primer GMO4 0.5 uM 1.25 ul 12.5 ul
Taq DNA polymerase 0.025 U/ pl 0.25 ul 2.5 ul
TOTAL 48 pl 480 pl
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jgug.;_l\@u)g_/\d}q;
Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 30 sec
Annealing 63°C 30 sec
Extension 72°C 30 sec

Number of cycles (40)
Final extension 72°C 3 min
4°C 00

A e a6 &8 63 a8 588 (5 S pall 2kl Slea) Adall 8 Al auia 6 candiaail] olglil aay

Mo 2 ) 758 Jalas
el (Ba i DA e e o D) 2l Jlad gl By 1 Julis aiial aey
Jslae e 2 pl e Ol o (2 ) Jelii il 0 8 Pl 3 e s s psadf¥) dga e 55 )2V
i) v v aaas s ydise 00 15 pl denys ¢(1.5%) 5oV Aadla (o il Jaad o Janl
G o ) s aaal G paaill Jal e bosdall ciliall [ glae i (A (s sl g
alaaiuly Al 8 Lo ) saalie Sy (o Dla sl elglil ey Aol sadl cilgd Von e oM )l

Auadll Aol 23 Jiaadt e J gl el o gost oy Apmiill (3 58 422Y)

Lseall Jofy dalall Lpulal) sl &) 50 CaiSt GMO3/GMO4 lialdl 55 addiey
O S5 (a5 S 5 o 55 118 b o_lae (Ada ) AaJa paa dsa s O Cum canlill jLidl 45, HlS
Do 2 b anaill i de 6 5d s paliiingll Ll
GllE B 5 Y sl aalill 5 aludl 2alill Ll 118 bp aaas daa chany g s sal) 28l
) Can sall 5 bl SALEN Jany ol 1305 A ye da s ol (arg YT Gany (L2 A Jay el (5 58)
Al y e flagsa e A ) Gliall i o I il 18 edad sial)
Vol iny 1368 (118 bp aas daja e al il 5 dad gial) gl Can sall 28l ac 13
Y S 5ig s JsSigoall e o) AaaSle Cany dapdil (Sae L saa a5yl cilial) 8 25 gy
RENPTR P IPNPYR PN 5 L B Y i PP K PN

Source: M. Qurci et al. 2006, http://gmotraining.jrc.it
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s e il Cangys )l bl Bhieall e sill ciliygall e Zein gene &jsall aad

oo XU ( Studer et al.,1997 ) ZEIN3, ZEIN4 cludyall [ bl aladiuly )l
Eisam aae e U 3 ai WS ¢ PCR ) el ¢ hay 5)3) (e gz akusall DNA 1) 323l
A 3] D ye B)5aS Lgalainl ) ALY 13 cialiiad) el DNA 8 &gl

Z8IN Cr) A8 50 Calagiuly )2 Ly pasd 2y GlIA 553 (gsat (Al A f 3 sl aal)

A Ly 08 Ladie saad Jlly ZEINS/ZEINS p dedivdl i o o ) clindy
Adaall (83 g2 g0 dapdiial (Saall

ZEIN3/ZEIN4 bl pal g3

ZEIN3
Sequence AGTGCGACCCATATTCCAG
Length (bp) 19
Mol.Weight (g/mol) 5772.3
Melting point * (G/C) 55.2
ZEIN4
Sequence GACATTGTGGCATCATCATTT
Length (bp) 21
Mol.Weight (g/mol) 6410.9
Melting point * (G/C) 51.7

50 MM S5 a g3 saall s *
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S 8se e sim Y A gl e dsSre L
LB ) Jau elall 4l Caliay g‘:{\ Tl e ol aald by G oall e

cagall a3l e

L) aalill e

aY) el jaass e

5 sall s (alull LA Led Lay) line Vo e Alulud g ) 5 gudall 4 LSl o) sall 2

ol (4 Jsaall) 3 Cpae sa La s (B L (5

2 ul s ZEIN3/ZEINA &Y gl 00 48 pl o s sinidie o Ul o) oY) Gulayy
A1 g dal) yuaad ol B e Jallaad) JS (5335 Ba ) Jslas (g

ZEIN3/ZEIN4 3z 5all 4 Jgta

Final Mastermix Mastermix
concentration for one sample for 10 samples
el 3 de IV masal) (ul) | e VoY
(ul
Sterile, deionised water 1x 32.75 ul 327.5 ul
10x PCR Buffer 2.5 mM 5ul 50 pl
25 mM MgCl, 0.2 mM 5ul 50 pl
4 mM dNTPs 0.2 mM 2.5 ul 25 ul
20 uM primer ZEIN3 0.5 uM 1.25 ul 12.5 pl
20 uM primer ZEIN4 0.5 uM 1.25 ul 12.5 pl
Taq DNA polymerase 0.025 U/ ul 0.25 ul 2.5 ul
TOTAL 48 ul 480 pl
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LJe 15 Aau Jad il s e

(e3e) 2 Jsandl A Cpaall Judodill Coen 3 sl Caal @

55 888 QS ae Aualall ZEINS/ZEING el ¢ 532 IA) @

(e 0.2 4l o (0 il 848 pl L8 L glidia o)l Y el and @
_&u\é\ﬂ\wh\}dﬁmj\dpwzmg_'q.cai °
B33l Qi pa e iz @

(V0 dsa) ool sl Slea (B w2 d) delsi il pa @

(ZEIN3 / ZEIN4) | o 2 3 galive () Jss)

FENEEY oM Time
Temperature

Initial denaturation L) ilul <l 95°C 3 min
Denaturation L) bl <l 96°C 1 min
Annealing sl g iy 60°C 1 min
Number of cycles (40) 40 <)) sl s

Final extension 72°C 3 min

4°C 00

A Ao auia ¢ 288 jaa 93 el Aldal) Gl A Al auia 6 candiaaill olgil oy

i o ) I Sl

U P VLS R BN S E P VRN B S 0 | PN T CVA | I O R W W JPREUOS, PR
sl (e 2l o Ul o 2 ) Jelil il (00 8 Pl a5 asediiY) 2 a0 eVl
Voo bp sy d5e e 15 pl dasay (1.5%) Hotle V) dadls e cliall Jaad a3 ¢ Jraail)
Sle Ol one o () )58 aaad Gl sl Ja e 8 il il glae s 8
GBsd AV aladinly L) (8 Lo ) saaline oSy coMa )l olgiil aay Aol saad g Ve
Aoadll Al @il it e J saall 43Il o pacail 2y Al
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5oL Aalal) L) ZEIN ) &5 il ZEIN3/ ZEINA bl z 55 axding
G558 505 7 5 3/ad 277 b el (Aday ) de s aaa 25y () Cua caalill jlaal 46y kS
Do o b adiaill dlia dpe 1 50 s paliiiod) Lall (o 2S5
277 bp pass aa Jary op on sall 2all)
A e A s sl (VT ang (L0 1 Jy sl (5 9n) B Lo (5 9my Y 5 3) Ll 5 Ll sl
o Aol Gl i o 2 ) 0l Gl e giall sl Can sl g alid) AL sy o 13)
Al e [dapsia
s Y Al ey 1368 (277 PP anas dea ek al cilinall 5 428 gial) gl aalill ae 13
At (Sae 30 L b sidall Cilil)

Source: M. Qurci et al. 2006, http://gmotraining.jrc.it
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il g JS3 deadiuadll oLl GEI cibgiall s ol Jiaall aSal i Gl gall (G S
el 5 (30 N Mo 8 Gl 5 ga (s b o stmn (531 5) 35S iaall g L5 duigall il 5al
Ll o3 (pa 2aly e [ (LS5 2 ) aldl o LSS o jian 53015) nOS
@ s dai sy (A ey 3ol Clied) e A gl 3,00 5 L seall (8 G sall Aadaial)
il 034

NOS (s¢iall 5 35S il e US 353 5 2aa3 <Roundup Ready® Uil ) s daxall L suall J 58 b

. MONB10 5 Bt-176 Ll ) 5 dusigall 5,300 WY 8 35S éaal) Lah 2 5 G (S

35S Maall dgagddS VA ¥ o ¢ Y J

p35S-cf3 and p35S-cré deddiual) cilisll) ciliual ga

p35S-cf3
Sequence CCACGTCTTCAAAGCAAGTGG
Length (bp) 21
Mol.Weight (g/mol) 6414.5
Melting point * (G/C) 57.4
p355-cr4
Sequence TCCTCTCCAAATGAAATGAACTTCC
Length (bp) 25
Mol.Weight (g/mol) 7544.2
Melting point * (G/C) 56.3

50 MM S 5 p g3 geall s
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(@‘Jj Jaaxt 40 0.5% ETox E)h) daza e 3ale (e L
(s di dai % v (5585 55) Apmage s3le e L
Lo Jay e Ll ad il Y1 eyl (g il 2L
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—'

Jasiiss [alsddl

: g.\;;.d\ aa L)

talad allll e
by o ald e

) gisall juaad e
5 ensally ol alal) Lo Le) e Ve (e Al g peall 4y 5lasl M)
ALY (V) dsaall) (A e 98 L on (B Ly 50
P35S-cf3/p35S—a¥l mall (1 48 pl o gsind dne o U eha) Gy
V) el et oW B e Jlladd) IS 0385 6o Jslae (e 2 pl - 5014

p35S-cf3/p35S-crd A1 iyl VY Jsaa

Final Mastermix Mastermix
concentration for one sample for 10 samples
Sl < due JS1LY) g il Gilue Ve 2V g 5l
(ul) (ul)
Sterile, deionised water 1x 32.75 ul 327.5 ul
10x PCR Buffer 2.5 mM 5ul 50 pl
25 mM MgCI2 0.2 mM 5ul 50 pl
4 mM dNTPs 0.2mM 2.5 ul 25 ul
20 UM primer p35S-cf 0.5 uM 1.25 12.5 pl
20 UM primer p35S-cr4 0.5 uM 1.25 12.5 pl
Taq DNA polymerase 0.025 U/ ul 0.25 ul 2.5 ul
TOTAL 48 ul 480 pl

e 15 dmu Ja il s o
(e3e) Jsaall (8 Cpaall il a3 sl Canal @

5w 5358l J ae Aalaly p355-cf3/p35S-crd g iwll ¢ s halal @
(30 0.2 3l o il (848 il D38 A laia o)l W sl and e
Al ) el e aal s S Lo D Jglan 02 pl ciual @

Bl Qi e e g3z ) @

(VY ) "ol o " oAl s 3l Slea 8 ) o (o d ) Jelii il i o
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L J
(p35S-Cf3/p35S-crd) I (o ) galive (VY Jsaa)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 25 sec
Annealing 62°C 30 sec
Extension 72°C 45 sec
Number of cycles (50)
Final extension 72°C 7 min

4°C 00

Mo ) g8 Jalas
eV ALLeSh Bla 1 DA e T e o ) 2 e cchagiioal) Ba ) Qb apdicad dey
A cJraail Jlan e 2 pl gl o (2 ) Jeléi U 00 8 pl zae dmes g pspai¥) 3 ga s
S ) v bp e s sdse 0e 15l desys ¢(2.59%) S ) Aedla e i) Jeas
Voo o el o Ul e 2 ) s paad Gl sl sl e b pad) cliall gl
Aonadid) (358 4V aladinly LoDkl (8 Lo ) 3aalie ¢Sy coMa )l olgiil axy Aol saa) il b

Al dagiil il i e J aall A3l soai oy

b Ay CaMV 35S sl el pair p355-cf3/p35S-crd  laldl & 55 aadie
ClLall (e HASH (845 ) gall et sl 134 alahy (a8 oS g8 7 53 285 123 D s A s
Bt-176 5_3l 43 s Roundup Ready® U sall Jie Ll ) 5 dusigal

123 bp s Beda (chany g nsall 2L

A e da s ol (VT ang (L2 1 Js sle (5 9n) Lo s 9ma Y o) aaLall 5 L) sl

o Al Glall Gl s o ) 2 G dad giall ol s gall g bl LSl dasy o1 13)
g8 ¢ 123 bp ana dea clipall & jedal 5 4ad giall bl saLall aef 13) dpadl s ye fAania
L5 Jone i an gy Al oda 4l iy
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NOS (iall 3529 S Y A ¥ o ¢ ¥

HA-nos 118-f and HA-nos 118-r <) clial ga

HA-nos 118-f
Sequence GCATGACGTTATTTATGAGATGGG
Length (bp) 24
Mol.Weight (g/mol) 7462.8
Melting point * (G/C) 56.2
HA-nos 118-r
Sequence GACACCGCGCGCGATAATTTATCC
Length (bp) 24
Mol.Weight (g/mol) 7296.9
Melting point * (G/C) 61.2

50 MM S5 o s peall Con *

HA-0s118-f/HA-N0S118-r oY) zahall VY Jsan

Final Mastermix Mastermix
concentration for one sample for 10 samples
el < 5l Lo IS AY) 3l e Vo Y g 3all
(ul) (ul)
Sterile, deionised water Ix 32.75 pl 327.5 ul
10x PCR Buffer 2.5 mM 5ul 50 pl
25 mM MgCl, 0.2mM 5ul 50 pl
4 mM dNTPs 0.2mM 2.5 ul 25 pl
20 UM primer 0.5 uM 1.25 ul 125 ul
20 UM primer p35S-cr4 0.5 uM 1.25 ul 125 ul
Tag DNA polymerase 0.025 U/ ul 0.25 ul 2.5 ul
TOTAL 48 pl 480 pl
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LJe 15 das Judli il pas e

(e3el) 4 Jsandl A Cpaall Judodill Coen 3 sall Caal @

3 95 il Jud ae alalls HA-n0s118-f/HA-N0s118-r g 3l ¢ 32 Lala) o
(3 0.2 4 )l o (0 il A48 I 58 A slusia o 3l () oY)zl ad o
Aald) GJ\)A\QA_\;\)JSSUJJ\ Jslsa (e 2 ul Caal e

B33l Qi an e iz @

(VE Jsa) "l o " ol s il Slea A ) w2 ) el il o

(HA-n0s118-f/HA-N0s118-r) Ul (o () galie (V€ Js2a)

Temperature Time

Initial denaturation 95°C 3 min
Denaturation 95°C 25 sec
Annealing 62°C 30 sec
Extension 72°C 45 sec
Number of cycles (50)

Final extension 72°C 7 min

4°C 00

A (Ao a6 288 jaa 93 el Aldal) Gl A Al auia 6 candiaaill olgil oy

N (i o ) 68 Sl

D38 YL SleSI Bl JMA G o o ) il s cChagiiona) Lo ) Jualus apdicad ey
& daanill Jolaa s 2 pl e Ul o (2 ) Jelii w00 8 Pl zome deas 0 p stV 2 5a
S d Vv bp paar By ydise e 15 pl desas ¢(2.5%) JaoleV) ddla o Gliall Jeas
Voo e GOl sl o 2 ) s aaad Gl maail) Jal (e 8 aal) il ) slaa
Al (358 Axs aladiuly Aadlgl) 8 Lo ) saaliie ¢Sy ¢Ma )l elgil aey Aol baal cl sb
Aol daiil @l Jad e J sl 43Ul ) gl o
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Ui Aadd dghana NOS (oeiall &) 50 2SI HA-NO5118-f/HA-N0S118-r  <bialll = 5 3 iy
il (e s AT QYO Roundup Ready® Lswall (3 3on e giall 138118 bp  ans
(Bt-11 5,30 A Jie) Ul 5 digal

118 bp axs A a Aary Cose s gall 24l

A e A s sl (VT ang (L0 1 Jy sl (5 9n) L Gl (5 9my W 530 Ll 5 bl sl
o Al Cligall G o o ) (il gl ) gl g olad) 2ALEY dasy A 13
Apdly e [Aspsa

Aiall oda b adl ey 138 (118 bp aaas de s izl o jelal 5 Al giall il aalal) ae 13
s Jae ld aa sy

Source: M. Qurci et al. 2006, http://gmotraining.jrc.it
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Roundup Ready® Ligall s MONB10 3,31l pawdial) cidsl) 1 ¢ ¥

Gldaal) [JANaaY) ) (w2 NeSted ) aladiady

MONB810 ) s |} 1. £ ¥

)SM&\ ‘;A Z\MM\ J.;.a\_\aj‘ MON810 BJAM oSl daiaida ‘sh @L’d\ AN @)L
) ga s mrdl) dadla 4 gaiy daaie Ol s® 9 ¢hsp70 exonl/intron 45 gall Adaia g camv 355
(sl e el (5 sia 33l ) dal (e Al el deaall (i g

mgt, mg2, mg3, mg4

Cliald) cldal ga

mg 1

Sequence

Length (bp)
Mol.Weight (g/mol)
Melting point * (G/C)

TATCTCCACTGACGTAAGGGATGAC
25
7665.1
59.6

mg 2

Sequence

Length (bp)
Mol.Weight (g/mol)
Melting point * (G/C)

TGCCCTATAACACCAACATGTGCTT
25
7560.2
57.9

mg 3

Sequence

Length (bp)
Mol.Weight (g/mol)
Melting point * (G/C)

ACTATCCTTCGCAAGACCCTTCCTC
25
7472.2
61.2

mg 4

Sequence

Length (bp)
Mol.Weight (g/mol)
Melting point * (G/C)

GCATTCAGAGAAACGTGGCAGTAAC
25
7722.9
59.6

50 MM S5k o 523 saaall s >
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Jasiiss [l
(MONBLO/ 0.1%6) e 33k 0 s ¢ cimpall 2Ll o

(c_sjbj d,gl&.i‘&.h.u 0% ng;.i'é)d) KP‘}ASJLAL}ALJJ ‘5_\1-.»3\ il e
Lo Qo oLl ad Cilimy ) il (g ol 28l il 50 28l @

Y ad) o) gaiall juaad e
Qs casally olull LA Led L) e Vo (e Alualiad 2y puall Ay gLasSll Sgall 75
Ul (Yo Jsaall) 8 e g8 Lo o (B L
o2 pl smglimg2 oY) zasall (e 48 Pl e gsins due e JU el abay
) el puaad ol B e dilad) O G385 L La D) Jlae

mgl/mg2 ) gyl YO Jsan

Final Mastermix for Mastermix for 10
concentration one sample samples
Sl S50 dae AV el e ) TG gl
(uh) (uh)
Sterile, deionised water 32.75 ul 327.5 ul
10x PCR Buffer 1x 5ul 50 pl
25 mM MgCl, 2.5mM 5 ul 50 pl
4 mM dNTPs 0.2 mM 2.5 ul 25 ul
20 uM oligonucleotide mgl 0.5 uM 1.25 ul 125 ul
20 uM oligonucleotide mg2 0.5 uM 1.25 ul 125 ul
Tag DNA polymerase 0.025 U/ul 0.25 ul 2.5 ul
Total 48 pl 480 pl
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LJa 15 Amu gz gby Soe il s e

(e3el) T Jsaall 8 el Jusasill s ) sall ol @

3an 93 il Jud ae daldlmgl/mg2 el ¢ 52 A1 o

(30 0.2 4 )l o (0 il A48 I L8 A slusia o) 3ol () &Y el and o
Al G:!“}AS\C)AJA‘}(JS!BJJ‘ Jslaa (30 2 pl Cacal e

B bl Jil an e 0a iz @

_(\'1 djq_;)"Jigug..a"L_ﬁ)\)ﬂ\ﬁ;ﬂ\j@&)iwgﬁj\dﬁ&%d@b °

(MQ1/mQ2) <lialll i o () gabipg (V1 Jsaa)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 45 sec
Annealing 60°C 50 sec
Extension 72°C 50 sec
Number of cycles (35)
Final extension 72°C 3 min

4°C 00

éﬂ\&&ﬁéﬁﬁjbﬂ%\)@éw\@aﬁcﬁmﬂ\ oLl dan

Y b)) juaaad e
Capally (lal) LA el L) e Ve e Alubud Ay pal) A5l dsall 58
bl (VY Jsanll) (b oo 8 L cans (Gl Lo 053 28 Ll
O Yul s mg3/mga Y1 el (e 48l e gsiad A e Jull el abay
2l A1) e el J8 0385 . ) s 0 1) 28l e e pdcadl) L ) Jlas
V) zdall yuaas
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. Mg 3mg 4 sl miall LAV gaa

Final Mastermix for Mastermix for 10
concentration  one sample samples
el 30 A JLY mall clie Ve WY ) ()
(ul)
Sterile, deionised water 33.75 ul 337.5 ul
10x PCR Buffer 1x 5ul 50 pl
25 mM MgCl, 2.5mM 5l 50 pl
4 mM dNTPs 0.2 mM 2.5 ul 25 ul
20 pM oligonucleotide mg3 0.5 uM 1.25 ul 125 ul
20 uM oligonucleotide mg4 0.5 uM 1.25 pl 125 ul
Tag DNA polymerase 0.025 U/ul 0.25 pl 2.5 ul
Total 49 ul 490 pl

(Je 15 A Ji il s o

oOel Jsandl A el Jualell Caes o) gall Ciuzal @

5y byl i ae dalal mg3/mg4 el s 2 LIS o

(30 0.2 4 Jl oo (0 il 248 I L8 sl ol al ) b el ad o
ALl ) el e aal s S Lo ) Jglae 0 2 pl izl @
Bl Qi an e sz o

(OA ) "l s (2" Al s il Slea 8 ) o (2 delii il a @
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(Mg3-mg4) J = 2 Nested 4 ) gelin (VA Jsas)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 45 sec
Annealing 60°C 50 sec
Extension 72°C 50 sec
Number of cycles 40
Final extension 72°C 3 min

4°C 00

T e g s a8 3 g B Alil) (3 Aial) oia g et oLl ay
Mo 2 ) gl g8 Jalas

U P VL R BN S E P VRN B S 0 | PN ST CVA- | I O R W W JPREUOS, PR
Jle e 2 pl ao Sl o (2 ) Jeldi w1l (0 8 pl z e e s i) 3ga g eVl
Voo bp aaao Bo 5d5e e 15 pl desas (2.5%) Dsole V) Aadla o el Jaad &5 Jaeadll
Gone L (OsSl) Ul o o ) s aaad Bl sl Jaf (e Bl ciliall ) glaa i A
alasiuly Aol (8 Lo ) saalie (e oMa )l elgiil any el sad cald Von e s )
Al Al il Jasas e J paanll Al gosl iy Andil] (3 58 425V

Wy Auigd) AW aadil)l CaiSll mg3/mgd 5 mgL/mg2 <ald) z 55 aea
149 bp  paa Aakid Llaee (iedll [Jalsi) ) w2 nested ) Abless MONB810
Lygall 5-355 iadl (e sieal) didhidl o deacas clioldl o ddda (e 4830 dpaiaddl)
.hsp70 exon/intron
149 bp s i i ay Co g Can sall 0L
A e da s sl (VT ang (L2 1 Jy sl (5 9n) B Lo (5 9my Y 5 3) Ll 5 Ll sl
o Al Cligall G o o ) il gl ) gl g aled) 2ALEN dasy A 13
1268 <149 bp anas La s Sl < jelal 5 428 giall i) aalall e 13) dpmdl gy [ dania
(Querci et al. 2006) .Lil s Jaall MONBLO A3k 5,31 Ui an 5y Lipall 03a & 43l iny

http://gmotraining.jrc.it
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Roundup Ready® Lisall cids ¥ 1,¢ ¥

Roundup® Lie ¥l s Jasti dia i il s CP4 EPSPS & sall 52 Casgll

GMO5, GMO9, GMO7 and GM08 <lialull cilial ga

GMO5
Sequence CCACTGACGTAAGGGATGACG
Length (bp) 21
Mol.Weight (g/mol) 6479.4
Melting point * (G/C) 59.5
GMO9
Sequence CATGAAGGACCGGTGGGAGAT
Length (bp) 21
Mol.Weight (g/mol) 6559.4
Melting point * (G/C) 59.5
GMO7
Sequence ATCCCACTATCCTTCGCAAGA
Length (bp) 21
Mol.Weight (g/mol) 6309.6
Melting point * (G/C) 55.8
GMOS8
Sequence TGGGGTTTATGGAAATTGGAA
Length (bp) 21
Mol.Weight (g/mol) 6579.8
Melting point * (G/C) 51.7

50 MM S o 503 prall o *
Jaiss [aa)sdd)

(RRS 0.19%6 asusis 55 8aaa biga)  dunnye sale o Ld tansall aali @

(Lihs Qo Aps 0% (93 Lges) dpmayasale (e Bz olodl alil) o
.UJJ\JQ;N\MQ@@‘}!\@‘}A\@@L&&M (o o ald e

a2lplly 22 M @ eppall oola¥ly Tty aloeall slgall 2 sgaZil Jga Byagafl Rgpqpmill Rygull
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VA pba) adal) yaidans
Qs easally aludl 2Ll od L) Glise Ve (e Audid 359 il Ay sLasSll alsall 7300
Sl (V8 Jsaall) 3 ce s L o (I L
2ul 5 GMOS/GMO9 aY) zsall (3e 48 pl o gsindi die e JU e hal) Guay
Y el e oW B e el JS 0385 6o I Jslae (e

GMOS5/GMO9 bl e 3all .14 Js2a

Final Mastermix Mastermix
concentration  for one for 10
sample  samples
Sl <yl VoY) g 5l
9 sl e (ul)
e ()
Sterile, deionised water 33.75ul 3375l
10x PCR Buffer 1x 5ul 50 pl
25 mM MgCl. 2.5 mM 5l 50 ul
4 mM dNTPs 0.2 mM 2.5 ul 25 ul
20 pM oligonucleotide GMO5 0.5 pM 1.25 ul 12.5 ul
20 pM oligonucleotide GMO9 0.5 pM 1.25 ul 12.5 ul
Taq DNA polymerase 0.025 U/ul 0.25 pl 25 ul
Total 49 ul 490 pl

e 15 Aaw Jad il s o

oOef V4 Jsaall (A Cpaall il a3 gl Caal @

Bpa 9 538l i ae alllh GMOS/GMO9 g el ¢ 02 i) o

(30 0.2 drs )l o o il 848 Pl L8 A slusia o) Jal ) bl el and @
_&M\Gj\ﬂ\wh\jdﬂm_ﬂd}bw2m Cacal @

RPN P Nty SRy

(Y dsa) Mol " oAl s ) Slea AT e 2 ) del@ il aa @
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(GMO5/GMO9) J| o 2 3 alie (Y ds3a)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 30 sec
Annealing 60°C 30 sec
Extension 72°C 40 sec
Number of cycles (25)
Final extension 72°C 3 min

4°C 00

éﬂ\éceaﬁéﬁﬁja)ﬁﬁu\@w\@aﬁcﬁmaﬂ\ oLl dan

Y ad) ol il judaad
Casally bl 2L gd Lo ) @lie Ve e Aludid 30 pall 4y slasll algall 7500
2Ll (Y)Y Jsaall) 8 e 5a L o (lll L g5 aa il
1yl 5 GMO7/GMO8 Y1 zsall (30 48 pl - e gsint due e JUll ¢ )Y
2 e dilad) JS 3an L1 S o 2 1) 0 e s pdimall L I Jglase e
LAY il juma oL
GMO7/GMOB8 oY) g 3all YV Jgaa

Final Mastermix Mastermix
concentration for one for 10
sample  samples
Sl 5l J LY el ) eI 3l
e (ul)  Sle (ul)

10x PCR Buffer 1x Sul 50 pl
25 mM MgCl, 2.5 mM 5 pl S0 ul
4 mM dNTPs 0.2 mM 2.5 ul 25 ul
20 pM oligonucleotide GMO7 0.5 pM 1.25 ul 12.5 ul
20 pM oligonucleotide GMO8 0.5 pM 1.25 ul 12.5 ul
Taq DNA polymerase 0.025 U/ul 0.25 pl 25 ul
Total 49 pl 490 pl

L 0e15 e Ji il an
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BOel V) Jsaall 8 Gl dasdsil) a3l sl Caizal @
5 sl i aedallds GMO7/GMO8 g 3al 6 520 ala) @
(30 0.2 Ans Sl oo 0 il 349 I 58 A sl ol 3al ) ) sl 4 @
ARl = 3al) e aa) g JS G ) Jglae el pl il o
s d il Jil an e iaz ) @

(YY djq_;)"ju.ug.]"g;)\);‘\ﬁ}dﬂ\)’l.@géjgu@.l\dpm%\j@b °

(GMO7/GMO8) Jiudaall [Jalxid) J o (o ) alie (VY J522)

Temperature Time
Initial denaturation 95°C 3 min
Denaturation 95°C 30 sec
Annealing 60°C 30 sec
Extension 72°C 40 sec
Number of cycles (35)
Final extension 72°C 3 min

4°C 00

) e a6 &35 Jaa 95 el Aldal) 8 Al a6 candiaail] olgil oy

Mo 2 ) gl g8 Jalas
D0 Al eS Bl IS (el o 2 ) 8 et cCargiuall Ui ) Judu apioad 2ey
A il Jle e 2l e oo (2 ) Jelii ml (1 8l 7 e e i) S ga s
Jud Ve bp aan b 8% e 15l danas (2.5%) 5soe ) Al Slo il Jaas
Voo e Ol om Ul o o I ) s paad Gaal) auasll Ja (g 8kl liall | glae

Aonndid) (358 4V aladiinly LoDkl (8 Lo ) 3aalie ¢Sy ¢oMa )l olgiil axy Aol saa) cl b
Aoadll daiil 3 st e Jsasll D)y st 2
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S e b By sal avadidll CaiKI GMO7/GMO08 s GMO5/GM09  lialdl = 55 aea
nested 4! ikl s Roundup Ready® i 5 duigall Ly seall Al & Galall) o silall Ll
LS 4 GMO75 GMO5 <l 169 bp  paay 4dals dakd Llana Jaluiall i (gt o0
LU 5, Y1 A% 4 CP4 EPSPS &) 5al ao GMO9 (52l oy «CaMV 35S sl

.CTP EPSPS &34l s 26 GMO8 5 CP4

- 169 bp pass e a (hany s i sall 2l

A e da s sl (VT ang (L0 1 Jy sl (5 9n) B Lo (5 9my Y 5 3) Ll 5 bl sl
o Aol Cligell i o o ) il i) ) gl g led) 2ALEY daay A 13
Agadly ye [dapa

Lgall o2 34l Jiny 1368 <169 bp anas de s Ciliaall < jelal 5 Aad giall pilinl) aalil) e 1)
U5 Jaall Roundup Ready® A1l L gea Lid 25 5

Source: M. Qurci et al. 2006, http://gmotraining.jrc.it
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Roundup Ready® ) ;5 Aseall Ly gual) J 5 08 oSl aall) / CBESY V¢ Y
oSad) cya 3l adaial) ' ) e " (o) et gl Aedid) Jo L) ) ddabd gy

Quantitative of Roundup Ready® Soybean by Multiplex Real -time PCR

i -

TAadta
sl il Gl Ol o o A ) e sadins @ik o AUl @Y Sl [kl
& (Roundup Ready®) Ll ;s Uasall Lgeall J 58 A 3 A1l haeall £l ol
Dol Sl aladialy aa el S s o b ST a2 Jxiiadll g alad) 3oLl
oe =Wl fluorescence sl Gabiy AEall Ga L adalll RIS jeaall (o)) sl

.Applied Biosystems 4S i (» ABI PRISM® 7500 SDS s padiuall jleall  Jelal)
On e s enbal Cangiue B Jules wdaadf 33l sl a3l Ol o 2 ) pasiy
b B 2 gy o3 5 Chagiasall U 1 Jusdes 1) ALY «(U poal) Jsi) L pae sp 5) il
O o e el (p)laaY) O (Roundup Ready®) Lilys dasddl | suall
foalls alea a5 ey Cangiud) U JU daadie clidh Alaaiuly ab LaadlS (ulisa
galall Cargiiall Lo I duds I o (0 U J5Y) Jeldlll i3S, dye-labelled probes
endogenous asiall Jual e 3l &) sall S Jelitll Caiyy (Ll 5 Alamal) il

Aaaall e 5 U5 Aaaall L geall oSS oS pa S 233 aaias 54

dould BN Hitad o Cangy g dsaalad (al 2 Y @ pid) La 5 6SAall Y K 6 g yll 1A
daal yar iy | adall el Sl g o ) alasanl G5 Al ) sall oSH apaanll
Y Sl pe Gl Claghedl e Jpandl dlall @il aal jalls abiaddl 450
3 3eay) e rial Y Ssigoall ol of Aaadle oay loayl Uhas 3 ghaall g 485 )
s A8 il Esadl S 5e o JSE Gl Vs i Y e asae s Llaa 8058 gl
sl S AS,E Gl ac i s sall s3gd Aakiiall Clgall s Apallall dasall dakiiay g5V

Db o
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Real-time PCR using the ABI PRISM® 7500

ABI PRISM® 7500 j4= aladialy Adal) o3l ) o (2
Ll daall RR Ligsall J 8 caist

Terms for Prism7500 dadiiual) Cilathiaal)

target 4uall expression mad & Clpadll dasy :Relative quantification il awl .
re )l Akl e due JUa) control sample 2alall dual dually Cagll sample
Ajlial sole anil) 138 axiiig (v el pe ARG BN ae pell S ) Alalal)
e L)l wild type ool Jaadll b Adbad) Aaw) 8 Lo Eijpd el Ciligise
.mutant 3,ilall

gl Sl JalS ailaulgy 2asy :Absolute quantification (3laal) s sl e syl
deay ashi Gl Gl (haadsll Ll Jelill Madiul Alseae Aue b uag
o ouls Jaball 38 (g Alaje JS 8 il ey Jeliill Jalye b iy 2 axiil
pill aaiiy ladie by Jad auy Byl 1) L galadl PCR 1 4 dhaay WS Jelall iy
.3lad)

Dol e ppsl) lae S sing 4y iiall gl (gihal) Ludodl Jelil) asi.
Zlsy Vs cddaginadl Aull) e ikl dgly Mo il Alee Gigaa e ANV 4
.g3all PCR 1 3 LS Jelail) dles b cieliaill 13 il oS15 Y

5 Aledll ) adayy o5 sl (magll alse) ¢ luall e 3)le ga tReporter dye Jlall ¢ Luall.
-TagMan probe gle &b juall dlode &

:Detector «aslsll.

dgdls iy Lgd sy ) PCR A A8lay) clysall e 5yle :Baseline (uluY) Jadl).
sl 5l

<llE DNA e (gsia3 Y due a5 No Template Control I8 DNA (50 2Ll :NTC .
el e g ash 8 aadius
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sl At syl aadind A0Sl Aaslas de :Standard ol . A

& b A mag aay dye glua e Ble sa4 tPassive reference bl asjall.d
plaaiu¥l Aild alud) asell Ladtiall Judas (Pla Jlall g luall e daslill )Ly dalas
.TagMan Master mix Ole &t wlull zmpjall 8 5ole 2595 ROX 52

ol Sl QB (Al e 3jle a5 :Normalized reporter (Rn) Jlall Jalas .Y

passive bl aapall (e magll Glaw) AES ) reporter dye JAl ¢ luall e
reference.

S pladialy el Gl o o b BlIs Aarall RR bigeal) Jsd hdsd J 58 535 5
:ABlI PRISM® 7500

=SI 22al) 5/ izl (e A8y skl sl calls | clald) s 5 A el Sl i o 2 48k
RR Ligall 8 Jaaadl S el danSlll (a6 Jay (S a5 dma el [l &) sall
(Onori et (s Gt (& Sl s o Ao li) Claldl 7 55 A T s o Jlaal) alaaiuly
doall s VIC foall ddlas RR Lisall nlue s TagMan oSl 2556 . al., submitted)
Bapall V) ol (e e ISV mdail) (28 AlSa) b Les ¢ ) e FAM
(ool Leilelad) Cila ga JI skl CaDEAT s VIC Laaall e b i (S FAM 3l
glad) Clage Jishl Glsd gaa @S e 23 ABl PRISM® 7700 SDS kel
105€d) V|C dana b Aime 4y gl dillas Jasd RR Lsaall 3 FAM Giua 408 5 i
e aadll ol & Gliall Gl Sal Jagie & Al ACT 4ed b g dne JS 4
Jl 43,k) RR Lisall (e 4y y2e duld 58S ACT aff (00 @0 (sokirae [ ouliie Sinia
(sl AACTJ) SICT

s ccale 1die) Lga (gsad el dse LSy ald dlsal Flaky Akl o3 il
(e s (i (Gaada ((0d) CLse 5 s

5 FAPAS® :Jia) 3.1 <l jliia) cildakadia sac JMA (e 43y Hhall Llail) o)aY) 481 e g
(GIPSA
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<l glasSll g < gaY)
.(Applied Biosystems 4S,%) ABI ® 7500 alulull jlea -
(Cat No. N801- MicroAmp Optical s/ s 47 &3 44 g Jelis Gl -
0560)
(Cat No. N801-0935) MicroAmp Optical (3lbdl i g dykaei -
(Cat No. TagMan® ale ,l o (2 U (XY) dioline 35 oul) Jolil) mode -
L 65 2X 4304437)
«TagMan Buffer (XY) Jelill alaia Jolaa
«AmpliTag Gold® DNA Polymerase (5U/pl) 5 ekl a3l
«AmpErase® UNG (1U/m1)

Passive Reference b aa e

Jo 1.5 Ao s st s Sae Judfli canllil - -

e 15 Aaw oSN Lk s ie i 200 538 e 2k e Al -

dady uld Glale -

oSiHf ezl -

Jelatll sy Jdla -

e 15 Ar JSEN Aydas paa Gallg g (don r ay yiias Juilis calil -

DS e JA jhie sle -

(Le-F and Le-R) (A1) dyma yall & ) sally dmiadio cilialy -
(Le-Probe) sl s

(RR-F and RR-R) Ll s duigall & ) sally daiadio clidly -
(RR-Probe) Jbusall
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0 )
dma gl A gall Jlwally cliall) cliial ga

Le-F
Sequence TCCACCCCCATCCACATTT
Length (bp) 19
Mol. weight 5586.0
Le-R
Sequence GGC ATA GAA GGT GAA GTT GAA GGA
Length (bp) 24
Mol. Weight 7532
Le-Probe
Sequence 5-(VIC)-AAC CGG TAG CGT TGC CAG CTT
CG-(TAM RA)-3'
Length (bp) 23
Mol. weight 7019.0
L) g Autigall 45 gall Jlawall g culiall) ciliual ga
RRF
Sequence GCCATGTTGTTAATT TGT GCC AT
Length (bp) 23
Mol. Weight 7014
RR-R
Sequence GAAGTTCATTTC ATT TGG AGA GGA C
Length (bp) 25
Mol. Weight 7712
RR-Probe
Sequence 5-(FAM)-CTT GAA AGA TCT GCT AGA GTC
AGC TTG TCA GCG-(TAMRA)-3'
Length (bp) 33
Mol. Weight 10137

12lplly 22 M @ eppall oola¥ly Tty aloeall slgall 2 gaZil Jga Byagafl Rgpqpmill Rygull
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il el yudaa
bl e Al il Jaga) . Jelanll 4y glaall culueSl Cagl Judf aa el ol -

Jlae L) (YY Jsan ) LsSiall Juduall Cae 30000 b o) Caual (a9 pegiall juanil -

8 Aadlaiad 23 Lo JS Jlay 2B e Bgiae Jo 15 e z syt Judi ol 3 (o

(YYdsas) Ly e EDI

oe Aaalill ¢ Uad¥) Clua 8 50 Luall 38lin) il dny)) dlac) 2y o) Aaadle o

Jslaall da g fASES Cay lalall aladid

ol AW e 1)Ll aaly Badal AV mpball jaaad LYY Jsaa

Concentration

Mastermix for

Mastermix for

Mastermix for

in PCR one reaction one sample one plate
) A vessel (ul) (3 repititions) | (32+4 samples)
i
s anly Csl AV mpall | asls Al Q) mpall | aals Gl AV sl
(uh) (<) e ¥) (i £ + TY)
Sterile, deionised 18.3 54.9 1976.4
water
TagMan Universal
Mastermix (2x) Ix 25 75 2700
Primer Le-F
(20 uM) 40 nM 0.1 0.3 10.8
Primer Le-R
40 nM 1 : 10.
(20 uM) On 0 0.3 0.8
Primer RR-F
1 M 2 v 27
(20 M) 00n 0.25 0.75
Primer RR-R
(20 M) 100 nM 0.25 0.75 27
Le-Probe (10 100 nM 0.5 15 54
HM)
RR-Probe
100 nM 0.5 1.5 54
(10 iM) "
DNA 50-250 ng 5 15
TOTAL 50 150

aelyitg g2 ¥ b @ppall ola¥ly Tdlyg lmeall mlgall sz c6a 20 Jgn Agagddfl dgpqsmill aygull
Tl oslpgpa TE13 —Lgpgm —agls —Liyl2yl




AR

—
| —

By bl Uiy alaly 7 el @
el e 1o jlial o) e ladie S8 Je 1.5 dau gz g5 Sae Jaiili il s o
U seae i (0.1, 0.5, 1, 2, 5%) 35 sis RR L swall (30 45 50 Linanya 3l 50) uslsl
(B2 Ja ele) Al B J g0 (e LG 5 (RR L geall (10 L3 <0% RR L pi) 28l cilie
Ge 135 il ) @lSe ¥ 3 Al s oY) gmdall (e sl uasl) gl JS L) caal o
zoa (B2 15 pl f) @l Se ¥ A L 1 e 4 slaal) 4paSll gl JS3 Caual () gz 3l
dald dpaal 3z shall sdd | 15 ) 0 ) sa saal i e BV e oo gl JS LS ) sally
Ane IS A Y el Sl o Gl (e JolE 8 ae Lo LaY
IS g s e XSoall (5 a5 AT ) 03 Galall i iy i 5 jSaalla 8 a5 8 yid) Jud
QLY e g2 s Cia IS () Y1 g Sall Adlia) aay el ) Jlosll (g L 50l L
el s 3lal aladiuly A8as)) ke YU LY e
-4l ciliada
slaall Guali Y g aladll Galall e (iSY e
Slo cleld g (il sny LY el A asase g dsal s el Gl e XU o
Aghae Y sl el sl
gl n ) 336 = « ABl PRISM® 7700 ) Slea b Gehall aa @
e 38 i sa [PC Al g 53y IS Al g 63 cpantl uaall (Gadall (L5 gaae <)
. FAM 4apmdids e UNKN Q) 5 VIC dapall
&b A gem sall )y 5al) el anen (AN a3 s 2 ) Sl Jrd e

(V£ Jsasll)

«* ABI PRISM® 7700 SDS jua (b clidd) (A RR Ligeall JLEAY i (oau (0 ) i Y €522

8l Ga il ) o (o Joll
Step Stage T°C Time Acquisition  Cycles

1 UNG 50C 120 sec no I

2 Initial denaturation 95°C 60 sec no Ix

3 Amplification Denaturation 95°C 15 sec no 45x

4 Annealing & 60°C 60 sec Measure

Extension
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psmisa yima alaiiul die Jadill lgal) ) o
delall Glue jgan L)
sgiy olazll cai LY
(Cnaddl ooadl Qi) )3 Lll2) ABI Prism7500 sl Slea Jaads .Y
(misie sy Bale galey a3sl Gaadl o (SO 3 QL) b )5 Jaray L8
Ol ellyg dgpall 8 Qi) Ajlse a8 Lo lasudl dguall 4 delill il amg Lo
e by gball sl Jlea o atiy G Gliall araw 3 Gall ¢ Uaid)
Lasall ve QL) Gl oy Bl Sa alU QL) ads ae sl galajll )l
Al e ol e
Jwddl) o
alall Jady L)
Sl mha e ojlaial e Laaially 7500 System SDS Juadill zaliyy =8 .Y
s [cale Hlaa) LY
tChlA Bamy LA jelwy L€
Jeaniall bl o ) U L) jaas . il e o ol apdil) lad) Lol (a
1) Gllaall s ol e ) UG LAY a2y Y Olap@ll 038 2l e lale
Ay Ly relative plate o oo BA) L uld Asie e Jgasd) s cargdl oIS
LGbdl sac Jalad dpal) Al 23355 crelative study A

1 A él.ﬂ:ﬁ s45 ABI Prism Yo+ Sleall 8 aalg HLa a6 icontainer 4yl (b

Al Cd a8 S 1)) template Gas J OSar .blank gl .Template Al (c
C e JSy ey il

Lyl 13 elas) aazmi o ¢Sy zoperator Jria) (d
LY g dald L e Gl 3 aa o Sy rclidaill (e
AaaY an o Sy Gumy Balall a2 adal) ad (F

AL PN
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AN

el o allSl) Lplate document (aukall atie ) dlay detectors el Il pa) .
DU e i die el sl RllyQ i) iay lgeadind S alisdll Ly Caang
dalay Loy asbain) oSe JUY) il Gul dealy 3 ) <lia cwell inspector
Alajall o3 b L) s 13) ol <)
aaliad oAl CaslSl Jpmiy o3 (a
Shaildl yaa (il Adlial dualad) clabedl) dal (e Jaud) 8 il (b
dila) e Laal (c
JealS Lo Gapl die iy JS dend Jedl e next ) Gl cfinish ole3) (d
gyl ) e bl die ale Joass oAl 450
Qs Gahall (3a3 S Ll Badally Jsaadl Joia dlae) o Balall atiise o L] adiey .V
Al 8k UKD G LYY Gl aladialy L) clisal) G
PR S (B degay A s A
il 5l CTRL 1 ¢Veiw/Well inspector dailaill ¢well inspector Y1 il e 38 (a
(350 oy ade ) SLY) il )
) a8y e Al cad Sl e al (b
S Al sl e 13 Al sl HL skl jlaal aasl Jeal) aaw (c
ek Gl W Gl IS 1) CadlS (e ST Laa) oSay (T 8y seladll b Ll
ol S ol
dsagall sasd Unknown loal) . aldlKll dage aaail aleal) 2gae cad il (d
calgall dsac (e STD ousld U5 uld jd5e Jee Loyl 1Y) standard b (e
Claaly 22300 Y L Agele Glaadle (98 oSa VAl dgee 3 (S Gl any La
ceern ) edmy slg e ) BN g Y 8 e s culS g s
pn) 2y Cnd L ) LSy LY e desene 2aat Sy Olial) Bpenst iy (f
DS pali sl claaly aozai o @an)l 13 L lgie anls JS 8 an) elag sdic s Al
ad) Sy il Jia e all oKa Lead s dlld e o (S Al ciliall
LY Cihe dalad I Qladl o0
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Miwe ) 4l e A CadlCl das (CadlS Ailaa)  pa) (CadlsSl) aaf cuus 1)) L9
.done &3 3 e @il . 3kl

i) JS dans 2ie Coliall e 3200 3le S

WY e ) sagall el R adl Sl i) drend daa (e KB Y

yyile yany @l clialal b cilysial) o s pss e Linstrument sl 5 )Y

Bshdll el ad Canls AMall i ff seladl) Gl o dagaje BE a 35k Cadal (a
Cada
DIl ) s Ciaail 3oladll (pay () adell 35uY) Sgeal) dlijaty dage 48l (b
sohd ol (asm¥) Badl) cpa ) Jaball 35lad ) S) 8y90 Aila) id) L (aSpanl Bl e
(Al pall 3aalg 35lad sl
Jelall b axtivd) aaall ) &3l aas 5060 (c
sl Jame oy 40 e 51Slae 65 (d
.SYBR Green iiph axiiu i 13 dissociation Juadll dlaye Caual (e
pend oAl Alaje aaad (e delill Gl Alaje A0S @bl aea o) (F
Banly dlaye plial liSay Voo o Sleall 8 oSl
a3 sale) Calall and [ pdall sy dlaa oLl o8 D A8lsudl / save as awly Jais [ Cale) Y
L) R 0 el 3 e il vie Uk Ay 3 Lsave (i [(Fubis and
s e U Ll Wall 3yB0 3 AL Aued) a8 . Ll 8 (b)) Gall gl
G @bl g s ) S Guall elae o e XU Lalaidl)l 38 291 dil)
de GAL slaall ()5 a%i Cums Aime wlse (8 AW bl Gan g (Jalal)
i) e dlacY) Ayl 4l Gual) e il gy of B Ll g8 4l
Dby amaa IS deall ey (e BN Jd QW) olas Y ustart Aol ) e el Vo

Aie slad (e X oaie JEYI b Hseln e ST S o) e el e Slead)
el ol Al (aheY fae sl alaain) (S L Jgiall ol maliyll 3l Y L cad gl
e Glysa e die Cas Lozl ga o) Le el T oamy daml) Ayl ) oSy
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e e 0sSy el By 3 oalad) e Uarl) mbea (f canfy ol Uad sy gl 1)1
Y 8l ) A a3 aad salels malind) (D) iy Gl ladll ZNY
ekl Aalall il glaall cinya
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TRIS pH=8.0: Tris[hydroxymethyl] aminomethane
hydrochloride (Molecular Biology grade)

KOAc (SIGMA Part No P1190)

Gelatine (VWR Part No 1.04078.1000)
Tween 20 (SIGMA Part No P9416-50ML)
Glycerol (SIGMA Part No P5516-100ML)
Rox (Applied Biosystems Part No 434925)
dATP (GeneCraft Part No GC-013-007)
dCTP (GeneCraft Part No GC-013-009)
dGTP (GeneCraft Part No GC-013-006)
dUTP (GeneCraft Part No GC-013-010)
MgCl 2 (SIGMA Part No M1028-1ML)
Ampli Tag Gold (Applied Biosystems Part No N8080242)
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Name Oligonucleotide DNA Sequence (5’ to 3’)
Us Jl wlwiglSew Juwdus
powl
Jlbawodl/ s
TC1507 target sequence
Yapll & ,90dl Jowdus
Primers MaiY-F1 TAG TCT TCG GCC AGA ATG G
wlsWI MaiY-R3 CTT TGC CAA GAT CAA GCG
Probe MaiY-S1 6-FAM-TAA CTC AAG GCC CTC ACT CCG-TAMRA
2 bl
Reference gene HMG target sequence
Jaidl adle dcgozxoli &y90 ¢ a0l &)g0dl Joudsi
Primers MaiJ-F2 TTG GAC TAG AAATCT CGT GCT GA
S>lJ1 mhmg-rev GCT ACA TAG GGA GCCTTGTCC T
I::L)le Mhmg-probe 6-FAM-CAA TCC ACA CAA ACG CAC GCG TA-TAMRA
I ™

6 AY) Jallaall g daliiall Jallaal)

3 s aladiil Sy JsS 55l 13a 8 deadivnal) Aadaiall Jilladl) Caa 5 SV (o

L Aalas
X10 aliia Jslaa yuuans
A S Jslaall mgan Jae g Gl el S5l Can A5V A el 3 all o el
wlgSell Component v idl a8 3JIFinal concentration
Tris pH = 8.0 0.5M
KOAc 0.5M
Gelatine 0.5%
Tween 20 0.1%
Glycerol 0.8%
Rox 0.2 pl/reaction
Water -
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TC1507 Lil)s Aaeal
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Buffer 10x (including Rox) 1x 2.5
Primer MaiJ-F1 300 nM -
Primer MaiY-R3 300 nM -
Probe MaiY-S1 150 nM -
MgCl2® 25 mM 5.5 mM 5.5
dNTPs® 10/20 mM 200/400 uM 0.5 pl
AmpliTaq Gold Polymerase 1U/reaction -
Nuclease free water wu>25
[Template DNA (maximum 200 ng, (5 ul)
see 3.4.1 and 3.4.2)]

25 plesdstl Jeladl p=>Total reaction volume:

2dATP (10 mM), dCTP (10 mM), dGTP (10 mM), dUTP (20 mM)
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Buffer 10x (including Rox) 1x 2.5 pl
Primer MaiJ-F1 300 nM -
Primer mhmg-rev 300 nM -
Probe mhmg 180 nM -
MgCl2 25 mM 4.5 mM 4.5l
dNTPs® 10/20 mM 200/400 uM 0.5 pl
AmpliTaq Gold Polymerase 1U/reaction -
Nuclease free water wu>25
[Template DNA (maximum 200 (5 ul)
ng, see 3.4.1 and 3.4.2)]
25 pl sJISJl Jeladdl p=>Total reaction volume:

2dATP (10 mM), dCTP (10 mM), dGTP (10 mM), dUTP (20 mM)
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) Data
Temp. Time Collect Repetiti
Cvcle Ste ollection epetitions
4 ! X () (sec) Ll |y gall
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”j ol sy allda s | sadll N
Initial Denaturation No
1 . 95 600 1
;_Q 9 lal) v
Denaturation No
95 15
Ua ) Jeadla la Y
Amplification Annealing
2
PEN | & Extension Yes
60 60 . . 45
JLs| 5 Lol Y| oall Jal
Lall 4ol
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http://gmo-crl.jrc.it/statusofdoss.html
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