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ABSTRACT

DETECTION OF GENETICALLY MODIFIED INSECT
RESISTANT TOMATO VIA POLYMERASE CHAIN REACTION

Sonmezalp, C. Zeynep

M.S., Department of Biotechnology
Supervisor: Assoc. Prof. G. Candan Giirakan

Co-Supervisor: Prof. Dr. Mahinur S. Akkaya

September 2004, 127 pages

Tomato, which is one of the most important component of human diet, has been

genetically modified to develop some properties like delayed ripening and insect

resistance. In order to give a choice to the consumer, it is necessary to detect and

label GM foods.

v



This study was carried out to detect genetically modified tomato samples purchased
from different food markets of Turkey. PCR method was used to detect genetically
modified insect resistant tomatoes. The DNAs of collected samples were isolated
according to CTAB DNA extraction protocol and the amplification capacity of
isolated samples were checked with patatin specific control PCR. Screening tests of
tomatoes were done by targeting 35S promoter, Nos terminator and NptIl kanamycin
resistance gene with four primer sets. It was aimed to detect CrylA and CrylAc

genes with three PCR systems, in order to identify insect resistant samples.

From twenty-eight samples, twenty-two gave positive amplification signal in NptII
specific PCR system and results were confirmed with sequence analysis.
Additionally, we observed seventeen and ten DNA fragments with Cryl A-F/Cryl A-
R and CrylAc-F/CrylAc-R primer sets respectively, it is necessary to confirm these

results with DNA sequencing.

Key words: Genetically modified organisms, GMO detection, insect resistant

tomato, PCR
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GENETIKDLARAKDEGISTIRILMiISBOCEKDIRENCLI
DOMATESLERINNOLIMERAZZINCIREAKSIYONILE
TESPITEDILMESI

Sonmezalp, C. Zeynep

Yiiksek Lisans, Biyoteknoloji Boliimii

Tez Yoneticisi: Dog. Dr. G.Candan Giirakan

Yardimct Danisman: Prof. Dr. Mahinur S. Akkaya

Eyliil 2004, 127 sayfa

Insan besinin 6nemli bir bileseni olan domates, bozulmay1 geciktirme ve bdcek

direnci gibi 6zellikler kazandirmak icin genetik olarak degistirilmistir. Tiiketiciye

se¢im hakki vermek i¢in, GM gidalarin tespiti ve etiketlenmesi gerekmektedir.

vi



Bu tez calismasi, Tiirkiye nin farkli gida marketlerinden alinan 6rneklerde, genetik
olarak degistirilmis domatesleri tespit etmek icin gerceklestirilmistir. Genetik olarak

degistirilmis bocek direngli domateslerin tespiti i¢in PZR metodu kullanilmistir.

Toplanan 6rneklerin DNAlar1t CTAB DNA izolasyon metoduna uygun olarak izole
edilmis ve patatin genine 6zel PZR sistemi ile amplifikasyon 6zellikleri kontrol
edilmistir. Domateslerin nitel (kantitatif) tarama testleri dort primer seti ile 35S
promotdr, Nos terminatdr ve Nptll kanamicin direng geni hedeflenerek yapilmistir.
Bocek direngli drneklerin belirlenebilmesi i¢in ti¢ PZR sistemi ile Cryl A ve CrylAc

genlerin tespit edilmesi amaglanmistir.

Yirmi sekiz 6rnekten, yirmi biri Nptll” ye 6zel PZR sisteminde pozitif amplifikasyon
sinyali vermis ve sonuglar sekans analizi ile dogrulanmistir. Ek olarak, sirasiyla
CrylA-F/CrylA-R ve CrylAc-F/CrylAc-R primer setleriyle, on yedi ve on DNA

bandi belirlenmistir, sonuglarin DNA sekansi ile dogrulanmasi gerekmektedir.

Anahtar kelimeler: Genetik olarak degistirilmis organizmalar, GDO tespiti, bocek

direncli domates, PZR
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CHAPTER

INTRODUCTION

1.1 Genetically Modified Organism (GMO)

Recent advances in molecular biology has opened new avenues for production of
plants with new genetic properties which often referred to as genetically modified
(GM) crops. In brief genetically modified organisms are the organisms that have the

ability to synthesize some additional proteins which confer new properties on them.

The first genetically modified organisms (GMOs) were created in the early 1970s
using recombinant DNA technology, and the first GM plants were produced in 1983.
By the late 1980s, GM crops which are virus resistant tobacco and tomato were on
sale in China, but they did not become widespread until 1994. The early examples of
GM crops were delayed ripening “Flavr Savr” tomato, insect-resistant corn that was
introduced in 1995 and herbicide tolerant soybean that was introduced in 1996 (Hails
& Kinderlerer, 2003). The transgenic corn MaisGard™ from Monsanto (USA) was

approved in the United States in 1996 and cultivated in 1997 on



approximately 1 million hectares (Zimmermann et al., 1998). During the eight-year
period 1996 to 2003, global area of transgenic crops increased 40 fold, from 1.7
million hectares in 1996 to 67.7 million hectares in 2003, with an increasing

proportion grown by developing countries (Figure 1.1)(James, 2003).

Global Area of Transgenic Crops
Million Hectares (1996 to 2002)

iy T31al

Industrial Countries
50 4 = Developing Countries
40

30 4

0 . 1 T T 1 T T T 1
1993 1996 1997 1998 1999 2000 2001 2002

Source: Clive James, 2002

Figure 1.1; Global Area of Transgenic Crops (1996 to 2002), (James, 2003)

The most widely adopted GM traits are herbicide tolerance, insect resistance and a
combination of these. In 2001, 13 countries contributed to the increased planting of
GM crops: eight industrialized nations and five from the developing world

(Thomson, 2003).



1.1.1 Advantages of Genetically Modified Crops

Since the world population exceeded 6 billion in 2000 and is expected to reach
approximately 8.5 billion by 2025, to meet the increasing needs of the growing
human population, it will be necessary to produce 50% more food by 2025. Genetic

engineering techniques gives opportunity to find a solution for this problem.

Crops modified with recombinant DNA techniques have different improved
properties. Genetic engineering can be used to increase levels in foods of minerals
and naturally occuring anti-oxidant vitamins (caroteniods, flavonoids, vitamins A
and E). Antioxidant and lycopene found in tomatoes with elevated levels can slow or
shut down biological oxidation, a damaging chemical reaction, that appears to
promote the development of some cancers (Gachet et al., 1999) and coronary heart
diseases (Fraser et al., 2002). The nutritionally enhanced crops will help to reduce
malnutrition, and will enable developing countries to meet their basic dietary
requirements. Golden rice has been genetically modified to produce a vitamin A
precursor which would prevent malnutrition, blindness, and anemia in people of
developing countries. Genetic engineering can be used to modify oils to achieve a
reduction in the levels of fatty acids which are responsible for cholesterol production
in the body. GM can also be used to increase the levels of unsaturated fatty acids in

some commonly used oils such as canola, soybean, sunflower and peanuts.



The Flavr Savr tomato is the first genetically engineered crop that was bio-
engineered to have a longer shelf-life by having delayed ripening and softening
processes (Gachet et al., 1999) and whole food approved by the FDA (Food and

Drug Administration, USA)(Bruderer & Leitner, 2003).

The carbohydrate content of some food crops has been increased by genetic
engineering. Tomatoes with high solid content have been produced and this is useful
to food processors for making tomato paste and sauce. Potato has been genetically
modified to have high solid content, which makes it useful for making French fries.
The high solid potatoes have been produced by Monsanto Corporation that absorbs
less oil during processing into French fries (Gachet ef al., 1999, Bruderer & Leitner,
2003). The modification of the potato results in decreases in cooking time, costs and
fuel use. This leads to better tasting French fries that provides economic benefit to

the food processor.

Genetic engineering can be used to increase crop yield and reduce crop loss by
making plants tolerant to pest, weeds, herbicides, viruses, insects, salinity, pH,

temperature, frost, drought and weather (Taylor, 1997).

Some tropical crops such as banana, which are consumed raw when ripe, have been
bio-engineered to produce proteins that may be used as vaccines against diseases like
hepatitis and rabies in developing countries (Gachet et al., 1999). These vaccines in
edible foods will be beneficial in developing countries where such foods are grown

and distributed at low cost.



Genetically modified plants have been produced in several major crop plants such as
maize, wheat, barley, rice, cotton, potato, tomato and soybean. Soybean, cotton and
maize are the most widely used crops in transgenic technologies (Figure 1.2). A
series of genes governing agronomically important traits have been transferred

through various transformation techniques.

Global Area of Transgenic Crops in
2003 (James,2003)
Canola
5%

Cotton
119

Maize
23%

oybean

61%

Figure 1.2; Global Area of Transgenic Crops in 2003, (James, 2003)

1.1.2 Methods used for production of GMOs

A number of methods are now available to produce genetically modified plants,
- Agrobacterium-mediated gene transfer and,
- Direct gene transfer methods; Polyetylene glycol (PEG) mediated gene transfer,

Electroporation, Microinjection and Microprojectile bombardment.

Agrobacterium tumefaciens is a soil bacterium which infects a wide range of plant

species and is capable of transferring a piece of DNA (T-DNA) into the genome of



host plants. The genes inserted into the T-DNA region through Ti plasmids are co-

transferred and integrated into the host genome.

Agrobacterium tumefaciens has played a major role in the development of plant
genetic engineering. It accounts for about 80% transgenic plants produced so far
(Wei et al., 2000). This soil bacterium naturally infects only dicotyledonous plants
and many economically important plants, including cereals have remained
inaccesible for genetic manipulation (Querci et al., 2004). But recent studies have
shown that Agrobacterium-mediated gene transfer methods can be also used in
transformation of agronomically important monocotyledonous like maize, wheat and

rice (Babu et al., 2003).

Both A. rumefaciens-mediated gene transfer and direct DNA transfer methods have
been used to produce transgenic plants with new genetic properties. Several genes for
insect resistance have been transferred through genetic engineering techniques. Use
of delta (8)-endotoxin coding sequences originating from Bacillus thuringiensis (Bt)
and use of plant derived genes, such as those encoding enzyme inhibitors or lectins

are the two main approaches to produce such genetically engineered plants (Babu et

al., 2003).



1.1.3 Genetically Modified Tomatoes

The commercial cultivated tomato is identified botanically as Lycopersicon
esculentum and it is a member of the Solanaceae family that includes potatoes,
peppers, tobacco and many other plants (Jaccaud et al., 2003). The cultivated tomato
is thought to have originated in Mexico, with the cherry tomato probably being
the direct ancestor of the modern cultivated forms (GM Database, 20.08.2004,

www.agbios.com, Long life tomato-PG tomato, 20.08.2004,

http://www.hasdenbosh.nl/algemeen/projecten/tomaat/lesnivl/pg tomaat 1 zeneca.h

tml).

Tomatoes are a valuable source of food minerals and vitamins. Beside their low
calorie values, they are also rich in an anti-oxidant called lycopene, a carotenoid that
has been found to protect cells from oxidants that have been linked to cancer.
Lycopene has been linked to risk reduction for a number of types of cancers,
including prostate, lung and stomach, pancreatic, cervical, colorectal, oral and

esophageal cancers.

Today, tomatoes are grown commercially in 159 countries, with a combined
production of over 98 million metric tones in 2000. The major producers of tomatoes

in 2000 were China, Egypy, India, Italy, Turkey and The United States.

By using the recombinant DNA technology, genetically modified tomatoes with

variable improvements such as delayed ripening, virus resistance and insect



resistance have been produced (Table 1.1). As seen on Table 1.1 genetic
improvement studies of tomato plant mostly focused on the delayed ripening
property. The first approved genetically modified crop was Flavr Savr™ tomato
which contains an artificially introduced gene. The Flavr Savr'" —gene, is
transcribed into a messenger RNA (mRNA) that is the antisense to mRNA from the
polygalacturonase gene. The complementary in vivo base pairing of these two
molecular species results in inhibition of the expression of the polygalacturonase
gene, with loss of the enzymatic activity. Polygalacturonase degrades cell wall
pectin. Its inhibition increases the shelf-life of the tomatoes and prevents them from
becoming soft (Meyer & Candrian, 1996). B, Da, F transgenic line has also been

engineered by insertion of PG gene (Bruderer & Leitner, 2003).

In the case of 1345-4 line delayed ripening of the fruit is achieved by the introduction
of aminocyclopropane synthase (Acc) gene in the sense orientation, resulting in
tomato plants which exhibit significantly reduced levels of ACC synthase and
ethylene biosynthesis. Another approved delayed ripening tomato line 8338 has also
been genetically altered by reducing the activity of ACC (1-aminocyclopropane 1-
carboxylic acid) with the introduction of accd (1-aminocyclopropane 1-carboxylic
acid deaminase) gene. Event 35 1 N has been genetically engineered by introducing
the sam-k gene encoding the enzyme S-adenosylmethionine hydrolase. This enzyme
alters the ethylene biosynthetic pathway and delay the ripening of tomato on vine

(Bruderer & Leitner, 2003).



Table 1.1; Approved GM Tomatoes (Bruderer & Leitner, 2003)

Event Company Traits Approval

117,1046,1202,1208 Nivot Virus resistance Japan

1345-4 DNA Plant Technology Delayed ripening Canada,USA

351N Agritope Delayed ripening USA

405,707 Nivot Virus resistance Japan

5345 Monsanto Insect resistance Canada, USA

8338 Monsanto Delayed ripening USA

B,Da, F Zeneca Delayed ripening Canada, USA

China tomato 1 Peking University Virus resistance China

China tomato 2 CCAU Delayed softening China

Flavr Savr Calgene Delayed softening Canada, Japan, Mexico, USA

ICI9, ICI13 Zeneca Delayed softening Japan

Japan tomato 1 NIAES Planttech - Research Virus resistance Japan
Institute

N°4-7 Hokkaido Nat. Agr. Station Virus resistance Japan

1.1.4 Insect Resistance

There are an estimated 67,000 pest species worldwide that damage agricultural crops,
of which approximately 9,000 species are insects and mites. Worldwide insecticide
use on major crops that demonstrated in Figure 1.3 is 8.110 million US $. At this
point, use of insect resistant crops are increasing the productivity as well as
providing important benefits to farmers, the consumer and the environment. Bacillus

thuringiensis (Br) is the only one among the several insect control strategies enabled

through biotechnology.
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Figure 1.3; Worldwide insecticide use on major crops (US$ million),(Krattiger, 1996)

The use of Bt as a biopesticide was discovered in the first decade of this century
when larvae of flour moths died suddenly. Research into their deaths led to the
discovery that the presence of Bt was responsible for the death. However, it took 50
years before Bt became a widely used biopesticide with its registration in the USA in

1961.

Bacillus thuringiensis, commonly known as Bt, is a gram-positive bacterium that
occurs naturally in the soil around the world. It was first discovered in Japan in 1902
and characterized by Berliner in Thiiringen (Germany) in 1912. It was known by
bacteriologists that some strains of B. thuringiensis kill certain insects and the toxic
substances responsible for this insect death are insecticidal crystalline inclusions
synthesized during sporulation. The crystalline structure of the inclusion is made up
of protoxin subunits, called d-endotoxins. Most B. thuringiensis strains produce
several crystalline proteins (Cry proteins), each of which shows a rather narrow host

range. Bt toxin genes earlier were classified into four types, based on their specificity
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and sequence homology (Krattiger, 1996, Sharma et al., 2000). These four classes

and their host ranges are as follows:

- Cryl (active against Lepidoptera),
- Cryll (Lepidoptera and Diptera),
- Crylll (Coleoptera) and

- CrylV (Diptera).

The Bt d-endotoxins are now known to constitute a family of related proteins for

which 140 genes have been described.

When certain insects ingest either the bacterium or the protein produced by the
bacterium (8-endotoxin), these proteins are solubilized in the insect midgut and are
activated by gut proteases that cleave the protein into a smaller polypeptide, the
toxin. This toxin binds to the surface of epithelial cells in the midgut, inducing
lesions that destroy the cells and lead to the death of the insect (Jouanin ef al., 1998).
The Bt protein is not harmful to mammals, birds or fish, nor to beneficial insects.
Mammals, including humans, do not have d-endotoxin receptors in their guts and all
Bt proteins tested so far are degraded within 20 seconds in the presence of mammal

digestive juices (Krattiger, 1996).

The commercial use of Bt biopesticide is limited by high production costs and the

instability of the crystal proteins when exposed to the field (Vaeck et al., 1987,
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Krattiger, 1996). Transgenic plant systems provide an entire plant protection,
especially against insects such as borers, infect plant parts that sprays often can not
reach. The first results concerning the transfer of B. thuringiensis genes in tobacco
and tomato were published in 1987 (Fischhoff er al )(Table 1.2) and many more

crops soon followed (Jouanin et al., 1998).

Maize is one of the most widely consumed insect resistant crop; Bt11, Mon810 and
Event 176 maize lines containing CrylAb have approvals for consumption as food
and feed. Btl1 transgenic maize has been engineered to express the CrylAb delta-
endotoxin insecticidal protein that was known to be effective against certain
lepidopteran insects, including European Corn Borer (ECB) (Bruderer & Leitner,

2003).
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Table 1.2; Insect-resistant transgenic plants expressing B. thuringiensis toxins (Fontes et al., 2002).

Crop plant Toxin Target insect Reference
Canola crylAc Thrichoplusia ni (Hiibner) (Lep.)*, Spodoptera exigua | Stewart et al. (1996b)
(Hiibner),
Heliothis virescens (Fabr.), Helicoverpa zea (Boddie)
(Lep.)
crylAc P. xylostella Ramachandran et al. (1998)

Cotton crylAb H. virescens, H. Zea Perlak et al. (1990)
crylAc  and | S. exigua, Pseudoplusia includens (Walker) (Lep.) Adamczyk et al. (2001)
cry2Ab

Corn cryl Ab Ostrinia nubilalis (Hiibner) (Lep.) Koziel et al. (1993)
cry9c O. nubilalis Jansem et al. (1997)

Potato crylAb Phthorimaea operculella (Zeller) (Lep.) Peferoen (1992), Rico et al. (1998)
cryl Ab Heliothis armigera (Hiibner) Chakrabarti et al. (2000)
cry3Aa L. decemlineata Adang et al. (1993), Perlak et al.

(1993)
Coombs et al. (2002)

Rice cryl Ab Chilo supressalis Walker (Lep.) Fujimoto et al. (1993)
crylB C. supressalis ~ Cnaphalocrosis medinalis Guenée | Wunn et al. (1996)

(Lep.)
crylAc, cry2A | C. medinalis, Scirpophaga incertulas Walker (Hom.)* | Magbool et al. (2001)
Nilaparvata lugens Stal (Hom.)
crylAb  and | C. supressalis Cheng et al. (1998)
crylAc

Soybean crylAc H. virescens, H. zea, P. includens Stewart et al. (1996a)

Tobacco cryl Aa Manduca sexta (L.) (Lep.) Barton et al. (1987)
cryl Ab M. sexta Vaeck et al. (1987)
crylAb  and | M. sexta Perlak et al. (1991)
cpTI
cryl Ab M. sexta Williams et al. (1993)
crylAc H.virescens, H. zea, S. litoralis McBride et al. (1995)
crylC S. litoralis Strizhov et al. (1996)
cry2A H. armigera Selvapandiyan et al. (1998)
cry2A H. virescens, H. zea, S. exigua Kota et al. (1999)

Tomato cryl Ab H. virescens Fischolff et al. (1987)
crylAc H. armigera Mandaokar et al. (2000)

*(Lep: Lepidoptera; Col

: Coleoptera; Hom: Homoptera)
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The first publications reported a very low level of expression of the cry genes in
comparison to other genes transferred to plants. A critical factor following
transformation is the desired expression of the insecticidal gene. Bt genes are
Adenine-Thymine rich while plant genes tend to have a higher Guanine—Cytosine
content. The expression of insecticidal proteins have been enhanced by increasing
Guanine—Cytosine content of their encoding genes without changing the amino acid
sequence. Most changes are made to the third codon thereby minimising changes in
the amino acid sequence and increasing the expression Bt toxin by 10 to100 fold
(Sharma et al., 2000). Since then Bt genes have been transferred to many crops
including cotton, maize, rice and potato. Fischhoff et al. (1987) constructed a
chimeric gene (A gene or DNA sequence not found in nature but has been
constructed in a laboratory.) containing the CaMV 35S promoter that provides the
contitutive expression of inserted gene and the B. thuringiensis protein coding
sequences. The transgenic tomato plants expressed the Br toxin gene. Transgenic
plants showed little feeding damage by the larvae of Heliothis virescens Fabricius
(tobacco budworm) (Babu e al., 2003). Field trials have been initiated with the two
types of genes, and more convincing results were obtained with the synthetic genes

(Jouanin et al., 1998).

1.1.4.1 Insect Resistant Tomato

Tomatoes are subject to damage from many insects, nematodes and fungal, viral,
bacterial pathogens. Tobacco budworm (Heliothis virescens) and tomato fruitworm

(Helicoverpa zea) are destructive pests of tomato.
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Tomato engineered with the insecticidal CrylAb gene(s) from B. thuringiensis has
been reported to provide protection to the plants against tomato fruit worm
(Fischhoff et al., 1987; Vaeck et al., 1987). And then the potential use of transgenic
tomato plants, expressing a CrylAb gene from B.thuringiensis, to control H.
armigera under Indian conditions was evaluated by Kumar & Kumar, (2004)(Figure

1.4).

CONTROL B.T.

Figure 1.4; Damage caused by H. armigera to the fruit of transgenic and non-transgenic tomato
plants in the laboratory (Kumar & Kumar, 2004)

Delannay et al. (1989) evaluated transgenic tomatoes expressing Bt insect control
protein under field conditions in 1987 and 1988. The transgenic plants showed very
limited feeding damage after infestation with the tobacco hornworm (Manduca
sexta) whereas control plants showed heavy feeding damage and were almost
completely defoliated within two weeks. Significant control of tomato fruit worm

and tomato pinworm was also observed.

Insect resistant tomato line 5345 was developed via Agrobacterium-mediated

transformation to express the insecticidal protein, CrylAc, encoded by the crylAc
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gene from the soil bacterium Bacillus thuringiensis subsp. kurstaki strain HD73
(Figure 1.5). The nucleotide sequence of the cryl/Ac gene was modified by site-
directed mutagenesis to contain plant preferred codons in order to maximize protein

expression in plant cells (Bruderer & Leitner, 2003)

RE crylh o

aad np tI oy oriiZ 2 frop
T-78 B-E35s T-nos B-35s

- e f—

Figure 1.5; Genetic construct of insect resistant tomato line 5345 (Bruderer & Leitner, 2003)

Tomato line 5345 was field tested in the United States from 1994 to 1997.
Comparisons with non-transformed tomato lines determined that the agronomic traits
for line 5345 were all within the range of unmodified tomato lines. Compositional
analyses were conducted to compare transgenic line 5345 tomato fruit with fruit
obtained from control non-transgenic plants grown under the same conditions. The
measured parameters included total solids, protein, carboyhdrates, calories, vitamin
A, vitamin C, and folic acid. There were no statistically significant differences both
for any of these compared parameters and for organoleptic properties between insect-
resistant 5345 tomatoes and control tomatoes. Tomato line 5345 was approved as
food in Canada in 2000, both as food and feed in the United States in 1998 (GM

Database, 20.08.2004, www.agbios.com ).
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The potential for toxicity and allergenicity of the CrylAc protein was assessed by an
examination of its physicochemical characteristics and amino acid sequence
homology to known protein toxins and allergens. Unlike known protein allergens, the
CrylAc protein was readily digested under conditions simulating the gastric and
intestinal environment, and it was denatured upon treatment. There were no amino
acid sequence homologies with known allergens or protein toxins (Canada Food

Program, 17.01.2004, http://www.hc-sc.gc.ca/food-aliment/mh-dm/ofb-bba/nfi-

ani/e_2000_tomato.html, U.S. Environmental Protection Agency, 17.01.2004,

http://www.epa.gov/fedrgstr/EPA-IMPACT/1998/April/Day-09/i9376.htm ).

1.2 Detection of Genetically Modified Organisms

By the time genetically modified crops began to find more place in supermarket
shelves as food, detection and labelling of these GM crops gain much more
importance. Labelling of genetically modified crops provides an opportunity to
consumers that they prefer to buy a GM food or not. Since it was highly
controversial in development of GMOs due to its potential effect to human health
and the ecological environment, it is an important issue that by true and informative

labelling public perception can be turn to positive.

Different detection methods based on nucleic acids and proteins are used for GMO

detection. The basis of every type of GMO detection technology is to exploit the

difference between the unmodified variety and the transgenic plant.
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1.2.1 DNA Based Detection Methods

In DNA based detection methods, it is necessary to have some previous sequence
information about the GM construct. These might be plasmid vector sequences,

commonly used polylinkers, selectable markers, promoters and terminators.

The most commonly used DNA based GMO detection techniques are Southern blot
and PCR analysis. Beside these techniques there are some microarray based
detection systems under development, Bordoni et al. (2004) performed amplification
and quantification of crylAb gene from Bt-176 transgenic maize by ligation
detection reaction (LDR) combined with a universal array approach. DNA based
technologies have some advantages over protein based methods like sensitivity and

specificity.

The Southern Blot method involves fixing isolated sample DNA onto nitrocellulose
or nylon membranes, probing with double-stranded (ds)-labeled nucleic acid probes
specific to the GMO, and detecting hybridization radiographically, fluoremetrically
or by chemiluminescence. However, because only one probe is used, and no
amplification is carried out, this method is considered less sensitive than PCR, which

employs DNA of two primers (Ahmed, 2002).
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1.2.1.1 Polymerase Chain Reaction

PCR is a widely used technique in molecular biology. The detection of the
introduced genetic elements at the level of the deoxyribonucleic acids (DNA) using
the polymerase chain reaction (PCR) has been shown to be the most useful method
of identifying genetically modified foodstuffs (Zimmermann et al., 1998). It has a
high potential of increased sensitivity and specificity when compared to protein

based methods.

Using the PCR method to identify GM products, a primer is designed based on a
regulatory sequence or structural gene in the inserted fragment. These designed
primers possess some specific characteristics and can be used for product screening
and product-specificity detection. The PCR products need to be further confirmed by
the following methods: specific cleavage of the amplified product by restriction
endonuclease digestion, hybridization with a DNA probe specific for the target
sequence, direct sequencing of the PCR product and nested PCR in which two sets of
primer pairs bind specifically to the amplified target sequence (Lin et al., 2000,

Ahmed, 2002).

The major limitations for PCR-based detection of DNA derived from genetically
modified organisms are access to information about applicable PCR primers and
access to DNA suitable for reliable analysis (Holst-Jensen et al., 2002). Some
problems could arise in developing a PCR method for the detection of GMO in

foods; (1) Processed food: In highly processed or fermented foods, genes could be
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altered or proteins could be denatured, making detection difficult. (2) Varieties of
GM products: a great quantity with different varieties of GM-crops are cultivated. (3)
Mixture of GM products: different varieties of GM-crops are mixed either artificially
or naturally. (4) Shortage of the information regarding the gene of sequence of the
inserted gene, which could result in difficulty in designing a suitable primer. (5)
Trade to countries where GMF are unregulated could create a problem in GMF

detection (Lin et al., 2000).

The first detection method specifically developed for the identification of a
commercialised genetically engineered plant was demonstrated for detection of the
Flavr Savr'™ tomato. The Flavr Savr'™ —gene, the kan” gene that confers resistance to
kanamycin and the cauliflower mosaic virus promoter CaM V35S, the detection of
these three foreign sequences could be achieved by developing two PCR assays. One
primer pair amplifies a 173 bp fragment from kan’. The second primer pair consists
of an oligonucleotide hybridizing to the promoter sequence, the other being
complementary to the Flavr Savr' - gene. The resulting amplicon is 427 bp long.
When fresh tomatoes from different countries, a sample of canned tomato and a
Flavr Savr'™ tomato obtained from Calgene were analysed, only the genetically

engineered tomato yielded the two specific amplicons (Meyer, 1995).
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1.2.1.1.1 Qualitative PCR methods for GMO detection

Qualitative PCR-based GMO tests can be grouped into at least four categories
corresponding to their level of specificity as illustrated in Figure 1.6. Each category

corresponds to the composition of the DNA fragment that is amplified in the PCR.

Event specific fargets

Figure 1.6; Scheme of qualitative PCR systems (Holst-Jensen et al., 2002) (H, host genome; P,
promoter; E, enhancer; G, gene of interest)

The choice of target sequence is the only most important factor controlling the
specificity of the PCR method. The target sequence is normally a part of the
modified gene construct like a promoter, a terminator, a gene or a junction between
two of these elements. However, the elements may originate from wildtype
organisms, they may be present in more than one GMO, and their copy number may

also vary from one GMO to another (Holst-Jensen et al., 2002).
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1.2.1.1.1.1 Screening PCR

The majority of GM plants have been transformed with constructs containing the
Cauliflower Mosaic Virus (CaMV) 35S promoter and Agrobacterium tumefaciens
nopaline synthase terminator. Because of this reason, they are the mostly targeted
genes in screening PCR systems. The other most commonly used GMO screening
targets are the antibiotic resistance genes like neomycin/kanamycin that used in most

of the vector systems.

The detection limits of the 35S-PCR system represents the decisive factor for GMO
labeling in Switzerland. The detection limits of the 35S- and NOS-PCR system were
determined in a collaborative study that revealed up to twenty-fold differences in
sensitivity between different laboratories. Furthermore, the 35S-PCR was found to be

more sensitive than the NOS-PCR (Hiibner et al., 1999a).

One of the most important problem of GMO screening system is the false results.
The presence of one of the screening targets (35S promoter , Nos terminator, bla-
ampicillin resistance gene or nptll-kanamycin resistance gene) may not necessarily
imply the presence of GMO-derived DNA. The source of P-35S or T-35S could be
naturally occurring CaMV (Holst-Jensen et al., 2002) , and it is generally believed
that Agrobacterium or other soil bacteria containing one or more of the targets are
present in soil. Antibiotic resistance markers used in laboratory construction of plant

expression systems may be eliminated from genetically modified plants prior to their
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application in the field (MacCormick et al., 1998). As a further step, identification of

GMO with gene specific targets could minimize the risk of false detection.

1.2.1.1.1.2 Gene specific PCR

PCR methods targeting the gene of interest are more specific than screening PCR
systems. Inserted gene that gives a proper characteristic to the donor organisms is the
target of gene specific PCR system. Hupfer et al. (1997) described a detection
method for insect-resistant Bt maize that targeted a truncated version of CrylAb
gene. Characterization and confirmation of the PCR products were done both by

Southern hybridization and DNA sequencing.

1.2.1.1.1.3 Construct specific PCR

Target of these construct specific PCR systems are junctions between adjacent
elements of the gene construct, like the promoter and the gene of interest. Four
construct specific PCR systems that specifically detect Bt11, Event176, Mon810 and
Liberty maize lines were developed by Yamaguchi et al. (2003). For each maize line,
specific primer sets that cover the junctions between elements are used and the

results of construct specific PCRs were compared with ELISA technique results.
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1.2.1.1.1.4 Event specific PCR

The only unique signature of a transformation event, within the limitations of present
day technology, is the junction at the integration locus between the recipient genome
and the inserted DNA. Because of this reason event specific PCR provides unique

detection.

Zimmermann et al. (1998) evaluated a specific and sensitive nested PCR-method for
the detection of transgenic corn MaisGard™. This nested PCR sytem amplifies a
unique therefore specific sequence that lies between the 35S promoter and the corn-
specific heat shock protein 70 (hsp70). So far, none of the other approved genetically
modified crops contains this particular combination of genetic elements. Another
event specific PCR system was developed by Windels et al. (2003) that targeted the
junction between the CBH-351 insert DNA and the plant genomic DNA of StarLink

maize.

Multiplex-PCR technique is another approach used for GMO detection. By using this
method it is possible to amplify different target genes in one PCR reaction. Detection
of nine soybean, six maize, seven potato and two rice samples were done by
multiplex-PCR. After the amplification of samples with biotinylated screening and
identification primers, the multiplex PCR products and membrane bound

oligonucleotide probes were hybridized. This multiplex polymerase chain
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reaction/membrane hybridization assay improves detection efficiency obviously,
reduces false negative or false positive results, and improves the result accuracy of

GMOs detection effectively (Su et al., 2003).

1.2.1.1.2 Quantitative PCR methods for GMO detection

Swiss Food Regulation and the EU Novel Food Regulation is based on a PCR
detection system specific to the 35S promoter and the Swiss government revised its
food regulations, introducing a threshold value of 1% GMO content as the basis for
food labelling (Querci et al., 2004). Since qualitative PCR based detection
systems can lead to interlaboratory differences, these systems are not suitable for
the control of labeling limits. Reliable quantitative methods are the basis for the
control of limits of GMO for the labeling of GMO-containing food (Hardegger et al.,
1999). The enforcement of such threshold values requires quantitative detection
systems such as quantitative competitive (QC-PCR), real-time PCR or
immunochemical detection of modified proteins using ELISA systems (Hiibner et

al.,1999b).

The quantitative competitive PCR was first described in the early 1990s and is now
used for a wide range of applications (Hardegger et al., 1999). Internal DNA
standards and the target DNA which have very similar features and amplifiability are

co-amplified in a single reaction tube.
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Hardegger et al. (1999) developed and evaluated a 35S promoter and Nos terminator
specific QC-PCR that gives the possibility to detect and quantify about 90% of the
GM plants with the same method. Hiibner et al. (1999a) developed QC-PCR systems
for the quantitative detection of Roundup Ready™ soybean (RRS) and Maximizer
maize (MM) in food samples. The internal DNA standarts consisted of cloned PCR
fragments of RRS and MM DNA carrying internal insertions of 21 and 22bp,
respectively. Zimmermann et al. (2000) have developed and extended a quantitative
PCR system to overcome two difficulties of “conventional” PCR systems used in
GMO analysis. This quantitative PCR has some advantageous properties on two
topics: different copy numbers of integrated constructs in different GMOs and
different GMOs containing identical transgenic constructs. By using inverse PCR,
Zimmermann et al. (2000) characterized the genomic sequence at the 5’-site of the
integrated transgenic sequence in the Bt-11 corn genome and developed a novel and
ambigous quantitative PCR system covering the integration border at the 5’ site of

the transgene.

Real-time PCR, which is a reliable quantitative PCR technique, has some advantages
over conventional quantitative methods. This method gives the opportunity to take
DNA concentration data proportional to PCR cycle number in real-time and permit
the differentiation between specific and non-specific PCR products by probe
hybridization or melt curve analysis of PCR products (Ahmed, 2002). Conventional
PCR relies on end-point measurements, when often the reaction has gone beyond the

exponential phase because of limiting reagents. Other PCR-based techniques, such as
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quantitative competitive PCR and real-time PCR have been recently developed
which address the problem of establishing a relationship between the concentration
of target DNA and the amount of PCR product generated by the amplification. For
relative GMO concentrations in food mixtures, the quantification of a GM-marker
has to be normalized to a plant specific reference gene. The accurate relative
quantification might be achieved by a combination of two absolute quantification
reactions: one for the GMO-specific gene and a second for the plant reference gene.
With the assumption that GMO material has been submitted to the same treatment as
the non-GMO material, the measurement can be expressed as genome/genome%

(g/g%) or weight/weight% (w/w%) (Bonfini et al., 2001).

1.2.1.1.2.1 Limit of Quantification (LOQ)

Limit of quantification can be calculated that if samples are distributed in a binomial
manner, 299 maize kernels are needed to detect 1% GMO with a confidence of 95%.
In other words, if the test result is negative, then there is 95% probability that the true
concentration is 1% or less. If the DNA is extracted from e.g. homogenised maize
chips it might well happen in the final reaction mixture for DNA amplification, the
total genome copy number is below the critical particle size and hence, that the
relationship between sample size at the beginning and at the experiment has been

lost.
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The DNA amount in the unreplicated, haploid nuclear genome of an organism is
referred to as its C value. Zea mays ssp. mays, for instance, has ten chromosomes in
its haploid nuclear complement. The DNA content of the unreplicated haploid
complement (n=10) is known as the 1 C value, but C value can not be necessarily
correct for all lines of same species, arising from the intra-specific variations in
nuclear DNA. The estimated 1 C total nuclear DNA value ranges from about 2.45 pg
(2.364 Mb) to 3.35 pg (3.233 Mb). In 1994, over 120 estimates of DNA C values for
more than 100 genotypes of Zea mays ssp. mays from 25 sources were known. Based
on the 1 C values 100 ng of DNA may contain approximately 3.8 X 10* copies of
maize genome. This corresponds to 38 genome copies for maize if only 0.1 % of 100
ng DNA is of GMO origin. Consequently theoretical detection limit (which is
equivalent to one copy of unreplicated haploid genome) in a 100 ng DNA reaction is

0.003% in the case of maize (Bonfini ef al., 2001).

1.2.2 Protein Based Detection Methods

The protein based test method uses antibodies specific to the protein of interest. Both
Western blot and enzyme-linked immunosorbant assay (ELISA) techniques have
been used for the analysis of protein products of Monsanto’s transgenic RR soybean

(Ahmed, 2002, Duijn et al., 1999).

The Western blot is a highly specific method that gives the opportunity to detect a

certain protein by using the antibody specific to that protein, it involves the
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hybridization of proteins bound to a filter. It provides qualitative results suitable for
determining whether a sample contains the target protein below or above a
predetermined threshold level. However, this method is considered more suited to

research applications than to routine testing (Ahmed, 2002).

ELISA detects or measures the amount of protein of interest in a sample that may
contain other dissimilar proteins. Immunoassay techniques with antibodies attached
to a solid phase, have been used in two formats: a competitive assay in which the
detector and analyte compete to bind with capture antibodies, or a two-site (double
antibody sandwich) assay in which the analyte is sandwiched between the capture
antibody and the detector antibody. Antigen-antibody product generates a color that
can be easily visualised and quantified based on a comparison of a standart curve of

the protein of interest.

A variation on ELISA, using strips rather than microtiter wells, led to development
of lateral flow strip technology. Immobilize double antibodies, specific for the
expressed protein, are coupled to a color reactant and incorporated into a
nitrocellulase strip, which, when placed in a plastic ependorf vial containing an
extract from plant tissue harboring a transgenic protein, leads to an antibody
sandwich with some of the antibody that coupled to the color reagent. This colored
sandwich flows to the other end of the strip through a porous membrane that contains
two captured zones, one specific for the transgenic protein sandwich and another

specific for untreated antibodies coupled to the color reagent. The presence of only
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the control line on the membrane indicates a negative sample, and the presence of
two lines indicates a positive result. Commercially available lateral flow strips are
currently limited to few biotechnology-derived protein-producing GM products

(Ahmed, 2002).

The method of detecting expressed protein was simple, highly specific and easy to
quantitate, although the sensitivity was low and frequently it failed to detect the fully
processed products (Anklam et al., 2002). Another drawback of protein based
Detection method is, genetically modified products might be produced only during
certain developmental stages or in certain plant parts and such GMOs are therefore
unlikely to be readily detected with these methods. In Table 1.3 there is a comparison

of DNA based and protein based methods with their summarized properties.
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Table 1.3; Summary of methods that specifically detect ITDNA produced by GM foods (Ahmed, 2002)

Protein-based DNA-based
QC-PCR
Lateral
Parameter Western Southern  Qualitative and Real-time
ELISA flow
blot blot PCR limiting PCR
strip
dilution

Ease of use Difficult =~ Moderate Simple Difficult  Difficult Difficult Difficult
Needs special

Yes Yes No Yes Yes Yes Yes
equipment
Sensitivity High High High Moderate  Very high  High High
Duration 2d 30-90 min 10min 6 h-30h 1.5d 2d 1d
Cost/sample

150 5 2 150 250 350 450
(US$)
Gives Yes (with
quantitative ~ No Yes No No No Yes high
results precision)
Suitable for

No Yes Yes No No No No
field test
Employed Academic  Test Field Academic Test Test

Test facility

mainly in labs facility testing  labs facility  facility

Abbreviations: ELISA, enzyme-linked immunosorbent assay; GM, genetically modified; QC-PCR,

quantitative-competitive PCR; rDNA, recombinant deoxyribonucleic acid;

Although protein based detection methods like ELISA and lateral flow strip provides

an easy and practical GMO detection, PCR based methods are accepted as more

sensitive than conventional protein based detection tests (Gachet et al., 1999). Since

proteins are thermo-sensitive molecules and they may be expressed only in specific

parts of the plant like leaves, they are not reliable in all conditions.
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1.3 Impacts of GM foods on human health and the environment

The critics of genetic engineering of foods have concerns for safety, allergenicity,
toxicity, carcinogenicity, altered nutritional quality of foods and also for the

environment (Kuiper & Kleter, 2003).

1.3.1 Human health concerns

The main concerns about adverse effects of genetically modified (GM) foods on
health are: inherent toxicity of the novel gene and their products, the potential to
express novel antigenic proteins or alter levels of existing protein allergens, the
potential for unintended effects resulting from alterations of host metabolic pathways
or over expression of inherently toxic or pharmacologically active substances and the
potential for nutrient composition in the new food occur differing significantly from

a conventional counterpart (Malarkey, 2003).

The first allergenicity scenario of GM foods occured in 1996 when the 2S albumen
protein from Brazil nut (rich in cystein and methionine) was transferred into soybean
to improve the nutritional content of soybean for cattle feed. 2S albumen was found
to be a major Brazil nut allergen and the newly expressed protein in transgenic soy
retained its allergenicity. Patients allergic to Brazil nuts and not to soybean showed

an IgE mediated response towards GM soybean (Lack, 2002).
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1.3.1.1 Safety assessment principles for GM foods

An approach has been developed for the safety assessment of GMFs, which is based
on the concept of “Substantial Equivalence”. The concept of substantial equivalence
embodies the idea that conventional foods can serve as comparators for the
properties of GMFs, since conventional foods are considered as safe, based on a
history of safe use. The comparison takes the agronomical, morphological, genetic
and compositional properties of the GMF and the traditionally produced food into
account, and establishes the degree of equivalence between the GMF and the
traditional counterpart. Identified differences are the subject of further toxicological,
analytical and nutritional investigation (Kuiper & Kleter, 2003). The principle is that
if a new food or food component is found to be substantially equivalent to an
existing food or food component by chemical analysis, then it can be treated in the
same manner with respect to safety, bearing in mind that establishment of substantial
equivalence is not a safety or nutritional assessment in itself but an approach to

compare a potential new food with its conventional counterpart (Moseley, 2002).

Present approaches to the detection of expected and unexpected changes in the
composition of GMF crops are primarily based on measurements of a limited
selection of single compounds (targeted approaches). In order to increase the
possibility of detecting secondary effects, new profiling methods, using gene
expression technologies, proteomics and metabolics, should be further developed and

validated (non-targeted approach)(Kuiper & Kleter, 2003).
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1.3.2 Environmental concerns

The impact of genetically modified crop to environment could be direct, through
increased invasiveness, or indirect, via an alteration of agronomic practice.
Ecological risks might be classified into three groups: (1) Those concerning genome
organization within plant; foreign genes might alter nutritional value of foods in
unpredictable ways by decreasing levels of some nutrients while increasing levels of
others. (2) The escape of transgenes into wild relatives (the likelihood and the
consequences); there is a concern that deliberately breeding antibiotic resistance into
widely consumed crops may have unintended consequences for the environment as
well as for humans and animals consuming the crops. Also genetically modified
crops having herbicide and insect resistance could cross-pollinate with wild species,
and unintentionally create hard to-eradicate super-weeds. (3) The impact on

nontarget species in the wider ecosystem (Hails, 2000, Uzogara, 2000).

1.4 Public Perception of Genetically Modified Crops as Food

The first major controversy associated with gene technology in Europe took place in
the late 1980s when genetically modified foods were not at commercialisation stage,
but industrial applications of gene technology were developed to the production and

marketing stages.
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Novel foods resulting from the application of recombinant DNA technology have
been on sale in British supermarkets since 1994. The cheese made using chymosin
from genetically modified microorganisms and tomato paste from tomatoes modified
to delay ripening were labelled (Moseley, 1999), in the latter case with large lettering
drawing attention to the fact that the paste was made from genetically modified
tomatoes. There appeared to be very little hostility to the products and labelling
allowed consumers a choice between genetically modified and traditional varieties.
Public concern was triggered by the introduction particularly of the soya products
from genetically modified plants into about 60% of manifactured foods without
appropriate labelling. Failure to consult the public about policy development leads to

a loss of public confidence in science and technology.

The introduction of genetically modified foods would elicit a public backlash
predates the introduction of such items into our diet. At the ethical level there are
concerns about scientists “playing God” by tinkering with the stuff of life, that
genetic manipulation breaches the natural barriers and boundaries between species
which nature has set up through the process of evolution, and that genetic
manipulation distorts mankind’s relationship with the rest of nature. There are also
concerns that the technology is an expensive one and will not be available to ’poor”
farming communities and may even distort the economies of third world countries

(Moseley, 1999).
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1.5 Regulations on GMO’s

A number of genetically modified organism(GMO) have been approved for human
consumption but concerns over safety persist in the public. Allergenicity and
toxicity, which are caused by proteins, are the major concerns (Kuiper & Kleter,
2003). In order to improve a positive impact on consumers, it is necessary to give
true and satisfactory information. Regulations on GM foods and labelling are

inevitable to provide confidence of consumers.

1.5.1 Regulations in USA

Genetically modified crops were first commercially introduced in the United States
in 1996 and have been rapidly adopted by farmers. It has been estimated that 24% of
the corn, 63% of the soybeans and 64% of the cotton growing in the United States in
2001 are GM varieties, it is also estimated that 70% to 85% of processed foods on
supermarket shelves in the United States today contain one or more ingredients

potentially derived from GM crops.

GM crops are regulated through a coordinated framework developed in 1992 and
administered by three agencies- the US Department of Agriculture (USDA) that
ensures the products are safe to grow, the Environmental Protection Agency (EPA)
that ensures the products are safe for the environment and the Food and Drug

Administration (FDA) that ensures the products are safe to eat (Harlander, 2002).
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Fifty-one products have been reviewed by FDA, including several varieties of corn,
soybeans, canola, cotton, rice, sugar beets, potatoes, tomatoes, squash, papaya and
flax. Because FDA considers these crops “substantially equivalent” to their

conventional counterparts, no special labeling is required.

A cornerstone of the evaluation process is the concept of “substantial equivalence”.
Regulatory agencies compare GM crops to their conventional counterparts. Labelling
of substancially equivalent GM crops are not required in Unites States. However
some companies have decided to voluntarily label their products as non-genetically

modified.

1.5.2 Regulations in European Union

In contrast to the position in United States, there is a mandatory labelling of GM

foods and food ingredients in the European Union.

In the European Union (EU), the safety of genetically modified (GM) food is
controlled by the Novel Foods and Novel Food Ingredients Regulation 258/97/EC
which came into effect on 15th May 1997 and introduced a mandatory premarket
safety assessment for all novel foods. In this regulation, a novel food is defined as a
food or food ingredient which has not been used for human consumption to a
significant degree within the European Community (Moseley, 2002, Querci et al.,
2004). A later Regulation (1139/98/EC) serves as a model for labelling within the

EU and for the requirements for food labelling required by 258/97/EC. In these
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regulations there is a de minimus value, below which a declaration is not required.
This value is usually arrived at pragmatically, taking account of the level of
contamination likely, the degree to which contamination represents a health hazard
and the availability of robust methods of detection available to enforce legislation. In
the case of GM foods , labelling provisions have been amended by Commission
Regulation 49/2000 to provide a 1% adventitious contaminaton level below which
the presence of GM material does not have to be declared as long as their presence in
the product is accidental or technically unavoidable. Regulation 50/2000 deals with
specific labelling requirements for foodstuffs and food ingredients containing

additives and flavourings derived from GMOs (Moseley, 2002).

Before a novel food can be approved under the regulation, it must satisfy 3 criteria
that it must not: present a danger to the consumer, mislead the consumer, or differ
from a food it is intended to replace such an extent that its normal consumption

would be nutritionally disadvantageous to the consumer.

Norway and Switzerland which are not the members of EC, has been set the labelling

limit of GMOs in food as 2% (Hardegger ef al., 1999).

1.5.3 Regulations in Japan

Thirty-five transgenic crop plants such as herbicide-tolerant soybean, cotton, canola,
insect resistant corn, cotton and potatoes were authorized and marketable in Japan

until 2001.
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The Ministry of Agriculture, Forestry and Fisheries (MAFF) and The Ministry of
Health, Labor and Welfare (MHLW) are the regulatory agencies of Japan. The
Japanese labeling system for GMO is thus regulated by these 2 independent
organizations, although the subject and contents in the regulations are virtually the

same.

In Japanese system, food are classified into 3 groups; those using GMOs, those using
non-GMOs and those for which GMO use is not segregated during their production
and distribution. Labeling is compulsory for using GMOs and not segregated foods,
yet it is optional for non-GM foods. The threshold level of unintended mixing of

GMO is 5% in the cases of soy and maize (Hino, 2002).

1.5.4 Regulations in Turkey

The Ministry of Agriculture is the regulatory agency of Turkey in the issue of
genetically modified crops and the required regulations are in progress (TAGEM-

Tarim Isletmeleri Genel Miidiirliigii, 20.04.2004, www.tagem.gov.tr ). Public

perception arising from the groups and newspapers can force the regulatory agencies

to prepare the required regulations.

Cartagena Biosafety Protocol (CBP) which seeks to protect biological diversity from
the potential risks posed by resulting from modern biotechnology has been signed by
Turkey on 24.05.2000. Food law (No 5179) which was focusing on controlling of all

commercialised foods was implemented on 27 May 2004.
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1.6 Objectives of this study

Turkey is one the fourth biggest tomato producer country in the world and Turkey
import tomato seeds mostly from the Israel and then from USA, Holland and France.
Despite the fact that detection and labelling of genetically modified foods is a
controversial issue, there is not any study or regulation that have been developed in
Turkey so far. The aim of this thesis study is to analyze and evaluate tomato samples
collected arbitrarily from Turkey food market and check these samples whether they

contain genetic modification or not.

The preferred detection method is a DNA based technique, Polymerase Chain
Reaction (PCR). Since there is not any available construct and sequence information
about genetically modified insect resistant tomato which Turkey imports,
Monsanto’s transgenic tomato line 5345 was taken as a model, and focused on the
target genes of this genetically modified insect resistant tomato line. In order to
detect three screening targets and an identification target gene, 8 primer sets were
designed that were specific to 35S promoter, Nos terminator, Nptll kanamycin
resistance gene, CrylA genes (including CrylAb and CrylAc) and specifically

CrylAc insect resistance gene.

DNAs from tomato samples collected from Turkey food market were isolated by

CTAB method. Extracted DNA samples were amplified with screening and

identification primers.
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CHAPTER II

MATERIALS AND METHODS

2.1. Food materials

Raw tomato samples were purchased from different outdoor markets and
supermarkets of Turkey. In order to make a comparison, samples from Belgium,
Spain, America and China were also included. As positive controls, genetically
modified tomato seeds which contains 35S promoter, Nos terminator and Nptll
resistance gene were kindly obtained from Dr. Chris Bowler, Laboratory of

Molecular Plant Biology Stazione Zoologica- Italy.

2.2. DNA isolation

CTAB DNA isolation protocols both from fresh tissue and from dry tissue were used

for DNA extraction.
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2.2.1. DNA isolation from fresh tissue

DNA isolation from fresh tomato tissues were done according to the CTAB
extraction procedure which provides easy and rapid DNA extraction (Doyle &

Doyle, 1990).

Freshly taken tomato pulps were homogenized with liquid nitrogen by using mortar
and pestle. 5-7.5 ml CTAB isolation buffer (2% (w/v) CTAB (Applichem), 1.4 M
NaCl (Merck), 20 mM EDTA (Sigma), 100 mM Tris-HCI (Sigma) pH:8.0 and 1%
(w/v) PVP-40 (Sigma)) with freshly added 1% (v/v) B-mercaptoethanol (Applichem)
was preheated in a 50 ml falcon tube to 60°C in a water bath. 0.5-1 g homogenized
sample and the preheated buffer were mixed and placed at 60°C for 30 min. After
incubation samples were extracted with an equal volume of chloroform-
isoamylalcohol (Applichem, (24:1), (v:v)), mixed gently but thoroughly and
centrifuged (MSE Mistral 1000) at 6000 rpm for 10 min. The aqueous phase was
removed with a pipet to a new ependorf, 2/3 volumes of cold isopropanol (Delta

Kimya) was added and mixed gently to precipitate the nucleic acids.

After centrifugation at 500- 1000 rpm for 1-2 min, the supernatant was discarded and
10-20 ml washing buffer (75% v/v ethanol (Delta Kimya), 10mM ammonium acetate
(Applichem)) was added. The pellet was washed for minimum 20 minutes and
centrifuged at 6000 rpm for 10 minutes. The supernatant was poured off carefully
and allowed pellet to air dry at room temperature. The dried pellet was resuspended

in 0.5 ml TE buffer (10 mM Tris-HCI (Sigma), | mM EDTA (Sigma)).
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2.2.2. DNA isolation from dry tissue

DNA extraction from positive control tomato seeds was performed by CTAB DNA

isolation procedure (Querci et al., 2004).

100 mg of homogeneous sample was transferred into a sterile 1.5 ml microcentrifuge
tube, 300 pl of sterile deionised water and 500 pl of CTAB-buffer pH 8.0 (20 g/l
CTAB (Applichem), 1.4 M NaCl (Merck), 0.1 M Tris-HC] (Sigma), 20 mM
Na;EDTA (Sigma)) were added to microcentrifuge tube and mixed with a loop after
each addition. 20 pl Proteinase K (20 mg/ml, MBI Fermentas) was added, mixed and
placed at 65°C for 30-90 min. After incubation 20 pl RNase A (10 mg/ml, MBI
Fermentas) was added, mixed and again kept at 65°C for 5-10 min. After this second
incubation samples were centrifuged (Hettich Zentrifugen Mikro 12-24) for 10 min

at about 16,000xg and the supernatant was transferred to a microcentrifuge tube
containing 500 pl chloroform (Applichem), mixed for 30 s and again centrifuged for
10 min at about 16,000xg until phase separation occurs. 500 pul of upper layer was
transferred into a new microcentrifuge tube containing 500 Wl chloroform

(Applichem), mixed and centrifuged for 5 min at 16,000xg.

The upper layer was transferred to a microcentrifuge tube and 2 volumes of CTAB
precipitation solution pH 8.0 (5 g/l CTAB (Applichem), 0.04 M NaCl (Merck)) was
added, mixed by pipetting. After an incubation for 60 min at room temperature,

samples were centrifuged for 5 min at 16,000xg, the supernatant was discarded and
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the precipitate was dissolved in 350 ul NaCl (1.2 M, (Merck)). 350 ul chloroform
(Applichem) was added and mixed for 30 s, centrifuged for 10 min at 16,000xg until
phase separation occurs, the upper layer was transferred to a new microcentrifuge

tube, 0.6 volumes of isopropanol (Delta Kimya) was added and mixed.

After a centrifugation for 10 min at 16,000xg, the supernatant was discarded. 500 pl
of 70% ethanol (Delta Kimya) solution was added and mixed carefully, centrifuged
for 10 min at 16,000 xg. The supernatant was again discarded, the pellet was dried

and DNA was re-dissolved in 100 pul sterile deionised water.

2.2.3. Concentration determinaton of isolated DNA by spectrophotometry

DNA samples were diluted 1/10 in 50ul of double distilled water and absorbance
values were measured at 260 nm and 280 nm in Perkin Elmer EZ201

spectrophotometer.

DNA absorbs UV light at 260 nm, but it is also required to know the absorbance
values of proteins at 280 nm in order to evaluate the purity of DNA samples. Pure
DNA should have a Axeo/ Asgp ratio of approximately 1.8. If there is contamination
with protein and aromatic substances, the Asqo/ Azgo value will be below 1.6 (Pauli et
al., 2000, Querci et al., 2004) and the A0/ Azgo value above 2 indicates possible

contamination with RNA (Querci ef al., 2004).
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Concentrations of DNA samples were determined according to the equation given

below:

Conc. of DNA (ug/u)= Azep value x dilution factor x 50 pg/pl DNA/ Asgo

1 Asso=50g/tl DNA (Querci et al., 2004).

2.3. Designing the PCR primers

Targeted sequences were obtained from NCBI and EMBL GenBanks (NCBI

GenBank, 05.01.2004, www.ncbi.nlm.nih.gov/Pubmed ,EMBL  GenBank,

05.01.2004, www.ebi.ac.uk/index.html ) Primers used to detect Nptll kanamycin
resistance gene, CrylA and the CrylAc genes were designed by using
the software programmes ClustalW (ClustalW homology search programme,

24.09.2004, http://www.ebi.ac.uk/clustalw) and Primer3 (Primer3 primer design

programme, 17.05.2004, http://www-genome.wi.mit.edu/cgi-

bin/primer/primer3 www.cgi). Clustal W programme was used to check homologous

regions of sequences found from NCBI and EMBL gene banks and the Primer3
programme was used to design specific primers that could match to these
homologous regions. All oligonucleotides used in this study are listed in Table 2.1

and they were synthesized by lontek (Istanbul/Turkey).
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Table 2.1; Primer sets used in this study

Detection Target Primer sequences (5’ to 3°) Product size  Reference Reference for
sequences #  primer sets and
related sequences
Control Patatin gene PatGce-F 124 bp X03932 Jaccaud et al.,
CTC ATT Agg CAC Tgg CACT 2003
PatGd-R
gTA AgA ACT TgC TgC ACT
AgT C
Screening 35S Promoter 35S-F 264 bp CMV7626 This study
CCC CgT gTT CTC TCC AAA
35S8-R
CCA AAg ATg gAC CCC CAC
35S-1-F 195 bp AF078810 Tozzini et al.,
gCT CCT ACA AAT gCC ATC 2000- Jaccaud et
A al., 2003- Lin et
35S8-2-R al., 2000
gAT AgT ggg ATT gTg CgT CA
Nos terminator  Nos1-F 180 bp U12540 Hardegger et al.,
gAA TCC TgT TgC Cgg TCT Tg 1999- Smith et
Nos3-R al., 2004
TTA TCC TAg TTT gCg CgC TA
NptlI resistance Kan-F 459 bp AF274974 This study
gene TTg CTC CTg CCg AgA AAg
Kan-R
gAA ggC gAT AgA Agg CgA
Identification Cry gene Cry-F 136 bp U63372 This study
CAA CTg CCT gAg CAA CCC
Cry-R
AAg CAC gAA TCC AgC ACC
CrylA gene CrylA-F 645 bp (for AF254640, This study
gg¢T TCC TTA Tgg CCg CTT CrylAc-Aa) AF059670,
CrylA-R and AY122057,
CAT gCC CTT TCA CgT TCC 567 bp (for M73248,
CrylAb) M35524,
CrylAc gene CrylAc-F 415 bp AF148644, This study
CAg AAA AAg Cgg AAC ggT AY122057,
Ag U87397,
CrylAc-R U87793,
gAA TCg ggg TTA CAg AAg CA M11068

*Reference sequences can be obtained from NCBI and EMBL GenBanks, 05.01.2004

( www.ncbi.nlm.nih.gov/Pubmed , www.ebi.ac.uk/index.html )(F, Forward; R, Reverse)
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2.4 Amplification of target genes by Polymerase Chain Reaction (PCR)

All amplification reactions were performed in 30ul volume, using Techne Progene
and Techne 412 thermocyclers. The DNA amount used in PCR amplifications were 5

ng for control PCR and 20 ng for screening and identification PCR’s.

In order to obtain sensitive and specific detection, different cycling conditions like
annealing temperatures, denaturation, annealing and extension times, cycle numbers
were checked. PCR parameters including MgCl, and primer concentrations were
optimized by performing the same PCR with variable concentrations of each
parameters. PCR cycling conditions mentioned in below tables 2.2, 2.3, 2.4, 2.5, 2.6,

2.7 are all optimized parameters.

2.4.1 Control PCR

The amplification capacity of extracted tomato DNAs were checked by targeting the
patatin gene. Primer set specific to patatin gene has been previously designed by
Jaccaud et al. (2003) against the sequence NCBI Genbank accession no X03932

(Table 2.1).

PCR reaction mix components with following final concentrations were collected in
a 200 pl sterile PCR tube: 1X PCR Buffer (MBI Fermentas), 1.5mM MgCl, (MBI
Fermentas), 0.2mM dNTP (MBI Fermentas), 20 pmol PatGc forward primer, 20
pmol PatGd reverse primer, 1 unit Tag DNA Polymerase enzyme, and ddH,O up to
30 ul. Cycling conditions were mentioned in Table 2.2 for patatin control PCR.
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Table 2.2; PCR conditions for patatin

Temperature Time
Initial denaturation 98°C 2 min
Denaturation 95°C 30 sec
Annealing 53°C 30 sec
Extension 72°C 40 sec
Number of cycles 35
Final extention 72°C 3 min

4°C o0

2.4.2 Screening PCRs

Screening of genetically modified tomatoes targets three genes; 35S promoter, Nos

terminator and Nptll kanamycin resistance gene.

2.4.2.1 35S Promoter Specific PCR

Two different 35S promoter specific primer sets were used to screen genetically
modified tomatoes. The first primer set 35S-F/35S-R were designed against the
sequence EMBL GenBank accession no. CMV7626 and were expected to produce an

amplicon of 264bp (Table 2.1).

The second primer set 35S-1-F/35S-2-R, that is commonly used in screening of many
different kinds of genetically modified crops, produce an amplicon of 195 bp (Table

2.1).
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PCR reaction mix components with following final concentrations were collected in
a 200 pl sterile PCR tube: 1X PCR Buffer (MBI Fermentas), 1.5mM MgCl, (MBI
Fermentas), 0.2mM dNTP (MBI Fermentas), 1 unit Tag DNA Polymerase enzyme,
for first primer set 60 pmol 35S forward primer, 60 pmol 35S reverse primer and for
second primer set 30 pmol 35S-1 forward primer, 30 pmol 35S-2 reverse primer,
PCR mix was adjusted to 30 pl with ddH,O. Cycling conditions for 35S screening

PCRs are as follows (Table 2.3);

Table 2.3; PCR conditions for 35S promoter

Temperature Time
Initial denaturation 94°C 2 min
Denaturation 94°C 45 sec(35SF/35SR),
30 sec(35S-1-F/35S-2-R)
Annealing 56°C 1 min
Extension 72°C 1 min
Number of cycles 40(35SF/35SR),

30(35S-1-F/35S-2-R)

Final extention 720¢ 10 min(35SF/35SR),
5 min(35S-1-F/35S-2-R)
4°C oo

2.4.2.2. Nos Terminator Specific PCR

The primer set, NOS1/NOS3, specifically targets the Agrobacterium tumefaciens
Nos terminator region, produces an amplicon of 180 base pairs (bp) in length (Table

2.1).
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PCR reaction mix components with following final concentrations were collected in
a 200 ul sterile PCR tube: 1X PCR Buffer (MBI Fermentas), 3mM MgCl, (MBI
Fermentas), 0.2mM dNTP (MBI Fermentas), 60 pmol forward NOS1 primer, 60
pmol reverse NOS3 primer, 1 unit Tag DNA Polymerase enzyme, and ddH,O up to

30 pl. PCR cycling conditions were illustrated in Table 2.4.

Table 2.4; PCR conditions for Nos terminator

Temperature Time
Initial denaturation 94°C 2 min
Denaturation 94°C 45 sec
Annealing 54°C 1 min
Extension 72°C 1 min
Number of cycles 30
Final extention 72°C 5 min

4°C 0

2.4.2.3 NptII Resistance Gene Specific PCR

The primer set Kan-F/Kan-R was designed against the sequence NCBI GenBank
accession no. AF274974 and were expected to produce an amplicon of 459 bp (Table

2.1).

PCR reaction mix components with following final concentrations were collected in

a 200 pl sterile PCR tube: 1X PCR Buffer (MBI Fermentas), 1.5mM MgCl, (MBI

Fermentas), 0.2mM dNTP (MBI Fermentas), 30 pmol Kan-F primer, 30 pmol Kan-R
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primer, 1 unit Tag DNA Polymerase enzyme, and ddH,O up to 30 pl

conditions were demonstrated in Table 2.5.

Table 2.5; PCR conditions for NptIl gene

. PCR cycling

Temperature Time
Initial denaturation 94°C 2 min
Denaturation 94°C 45 sec
Annealing 54°C 1 min
Extension 72°C 1 min
Number of cycles 40
Final extention 72°C 10 min
4°C o0
2.4.2.3.1. Re-amplification of NptIl Specific PCR Results & Sequencing

1 ul of positive Nptll PCR product was re-amplified to obtain enough sample for

automatic sequencing. PCR reaction was done at same conditions with KanF/KanR

primer set. Re-amplified PCR product was custom sequenced with Spumol KanR

primer.

2.4.3 Identification PCRs (Gene specific target)

Three different primer sets were used for identification PCR experiments. The first

primer set Cry-F/Cry-R was designed against the sequence NCBI GenBank

accession no. U63372, to produce an amplicon of 136 bp (Table 2.1).
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The second primer set Cryl A-F/Cryl1A-R, that was designed against the sequences
NCBI GenBank accession no. AF254640, AF059670, AY 122057, M73248 and
M35524. The expected amplicon length is 567 bp for Cry1Ab sequences and 645 for

CrylAc sequences (Table 2.1) .

The third primer set CrylAc-F/Cryl Ac-R was designed against the sequences NCBI
GenBank accession no. AF148644, AY 122057, U87397, U87793 and M11068, it
was expected to produce an amplicon of 415 bp for CrylAc (Table 2.1). The
advantage of that primer pair is that, reverse part of the primer showed homology

only to CrylAc sequences, providing more specificity (Figure 3.12).

PCR reaction mix components with following final concentrations were collected in
a 200 pl sterile PCR tube: 1X PCR Buffer (MBI Fermentas), 1.5mM (for Cry primer
set) and 3mM (for CrylA and CrylAc primer sets) MgCl, (MBI Fermentas), 0.2mM
dNTP (MBI Fermentas), 50 pmol forward primer, 50 pmol reverse primer, 1 unit Tag
DNA Polymerase enzyme, and ddH,O up to 30 pl. Cycling conditions for

identification PCRs were illustrated in Table 2.6.

Table 2.6; PCR conditions for Cryl A and CrylAc genes

Temperature Time
Initial denaturation 94°C 2 min
Denaturation 94°C 45 sec
Annealing 56°C (Cry primers)

1 min

53°C(CrylA and CrylAc primers)
Extension 72°C 1 min
Number of cycles 40
Final extention 72°C 10 min

4°C o0
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2.4.3.1. Re-amplification of CrylA and CrylAc Specific PCR Products &

Sequencing

1 pl of positive CrylA and CrylAc PCR products were re-amplified by taking the

samples from gel with tips, in order to obtain enough sample for sequencing.

For re-amplification, PCR reaction mix components with following final
concentrations were collected in a 200 ul sterile PCR tube: 1X PCR Buffer (MBI
Fermentas), 1.5 mM (for CrylA and CrylAc primer sets) MgCl, (MBI Fermentas),
0.2mM dNTP (MBI Fermentas), 30 pmol forward primer, 30 pmol reverse primer, 1
unit Tag DNA Polymerase enzyme, and ddH,O up to 70 pl. PCR cycling conditions

were shown in Table 2.7.

Table 2.7; PCR conditions for re-amplification of Cryl A and CrylAc genes

Temperature Time
Initial denaturation 94°C 2 min
Denaturation 94°C 45 sec
Annealing 54°C 35 sec
Extension 72°C 1 min
Number of cycles 30
Final extention 72°C 5 min

4°C o0

After the re-amplification step PCR products were directly sent to automatic

sequencing with 5 pmol primer. In order to cope with the automatic sequencing
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problems of CrylA and CrylAc PCR products. We tried sequencing of these Cryl A
and CrylAc amplicons after a cloning step. Re-amplified bands were loaded on 1.0%
agarose gel. The bands corresponding to expected molecular weights were cut using

a lancet and prepared for cloning.

2.5. Visualization on agarose gels

PCR products and restriction digestion results of A DNA with Pstl were analysed on
1.0% (Nptll, CrylA, CrylAc) or 2.0% (Patatin, 35S promoter, Nos terminator)
agarose (Prona Basica Le) gels prepared and run in 1X TAE. Pstl digested A
(lambda) DNA and 100 bp DNA Ladders (MBI Fermentas) were used as DNA
markers. All gels were run at 75V (BioRad) and stained with ethidium bromide. PCR

products were visualized under UV light.

2.5.1. Digestion of Lambda (A) DNA with PstI

In order to prepare a suitable marker, A bacteriophage DNA was digested with PstI
restriction endonuclease. The reaction was prepared by mixing the followings and
incubated at 37°C for 3 hours: 50 uL A DNA (0.3 mg DNA/ml, MBI Fermentas), 5
uL Pstl enzyme (10 unit/ul, MBI Fermentas), 7 uL. O" Buffer with BSA and 8 uL dd

H,O0.

Fragment sizes of the A/PstI digestion are as follows (in base pairs):
11501, 5077, 4749, 4507, 2838, 2556, 2459, 2443, 2140, 1986, 1700, 1159, 1093,

805, 514, 468, 448, 339, 264, 247, 216, 211, 200, 164, 150, 94, 87, 72, 15.
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2.6. Cloning of CrylA and CrylAc PCR products

Fermentas InsT/Aclone™ PCR product cloning kit was used to clone 645 bp CrylA

and 415 bp Cryl Ac PCR fragments.

2.6.1. Ligation of re-amplified fragments to pTZ57R/T plasmid vector

DNA bands that were cut from agarose gel were extracted from agarose by
sequential freezing and thawing in liquid nitrogen. 6.5 pl of extracted DNA was
directly ligated to pTZ57R/T plasmid vector with a final volume of 10 pl in a PCR
tube. Following components were combined; 6.5 [l extracted DNA, 1 ul plasmid
vector pTZ57R/T, 1 ul 10X Ligase Buffer, 0.5 ul T4 DNA Ligase enzyme (Su/ul)
and 1 ul PEG 4000 solution. Reaction mixture was incubated overnight at 22°C

(approximately 18 hours).

2.6.2. Preparation of E.coli competent cells

A single colony of E.coli Dh5-a cells was inoculated into 2 ml TransformAid™ C-
Medium. Cells were incubated at 37°C with moderate shaking at 250 rpm for
overnight. 1/10 volume of overnight grown culture was added to pre-warmed
TransformAid™ C-Medium and the tubes were incubated in a shaker at 37°C for 20

min.
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2.6.3. Transformation of E.coli competent cells with ligation products

TransformAid™ T-Solution was prepared by mixing equal volumes of T-Solution
(A) and T-Solution (B), the prepared T-Solution was kept on ice. 1.5 ml of fresh
culture was dispensed into a microcentrifuge tube and centrifuged at maximum speed
for 1 min at room temperature. The supernatant was discarded and the pelleted cells
were resuspended in 300 pl of TransformAid™ T-Solution, the tubes were incubated
on ice for 5 min. After centrifugation for 1 min at room temperature, supernatant was
removed. The cells were resuspended in 120 pl of TransformAid™ T-Solution and
the tubes were incubated on ice for 5 min. 2.5 pl ligation product was transferred to a
new microcentrifuge tube and kept on ice for 2 min. After 2 min incubation on ice,
100 pl resuspended cells were added to microcentrifuge tube containing the ligation
products and the mixture was incubated on ice for 5 min. 100 pl of mixture was
spread on pre-warmed LB-Ampicillin agar plates. Plates were incubated at 37°C
overnight. After the incubation, white colonies were selected among grown colonies
and these colonies were transferred to 300 ul LB medium containing sterile 1.5 ml

tubes. Selected colonies were PCR amplified.

2.6.4. PCR amplification of colonies

1X PCR Buffer (MBI Fermentas), 0.2 mM dNTP (MBI Fermentas), 0.8 pmol M13
Forward and Reverse primers (TIB Molecular Biology), 1.2 mM MgCl, (MBI

Fermentas), 1 unit Tag DNA Polymerase (MBI Fermentas), 1 pl of selected colonies
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and sterile PCR water up to 25 pl final volume combined in a sterile PCR tube.

Amplification reaction was performed at conditions mentioned in Table 2.8.

Table 2.8; PCR conditions for M13 primers

Temperature Time
Initial denaturation 94°C 2 min
Denaturation 94°C 30 sec
Annealing 55°C 30 sec
Extension 72°C 1 min
Number of cycles 30
Final extention 72°C 3 min

4°C oo

PCR products were run on 1.0% agarose gel to detect positive and false positive
colonies. Insert containing recombinant cells were selected and used in plasmid

isolation step.

2.6.5. Plasmid isolation from colonies

Plasmids were isolated using QIAGEN QIAprep Spin Miniprep Kit according to the

manufacturer’s protocol.

2 ml of overnight grown bacterial culture was centrifuged for 10 min at 15,000 rpm.

Supernatant was poured off, tube was inverted and blotted on a paper towel to

remove the excess media. 250 ul of Buffer P1 was added to tube and cell pellet was
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completely resuspended by vortexing. After adding 250 ul of Buffer P2, the tube was
mixed by gently inverting four times, incubated at room temperature for maximum 5
min. N3 solution of 350 ul was added and mixed by inverting 4 times. Sample tubes
were centrifuged at 15,000 rpm for 10 min at room temperature. A spin column,
provided by the manufacturer, inserted into collection tube. Cleared lysate, the upper
phase was transferred to the spin column and centrifuged at 15,000 rpm for 1 min at

room temperature.

After the centrifugation, lower phase in the collection tube was discarded and
collection tube re-inserted. 500 ul of Buffer PB was added and centrifuged at 15,000

rpm for 1 min. The collection tube was emptied and the spin column was re-inserted.

Column Washing solution Buffer PE of 750 pl was added to spin column,
centrifuged at 15,000 rpm for 1 min at room temperature, flowthrough discarded and
the collection tube re-inserted again and to remove the residual wash buffer
completely additional 1 min centrifugation was involved. The contents of spin
column was transferred to a new sterile 1.5 ml tube, the plasmid DNA was eluted by
adding 50ul of Buffer EB and centrifugating at 15,000 rpm for 1 min. Spin column

assembly was removed and harvest stored at -20°C.

58



2.6.6. Determination of DNA integration into the plasmid

The integration of DNA into the plasmid and the size of the insert was evaluated by
double digestion of plasmid DNA by EcoRI and Pstl restriction enzymes. 7 ul
purified plasmid, 1 pul NE 3 Buffer (New England Biolabs), 1 pl EcoRI enzyme
(New England Biolabs) and 1 pl Pstl enyzme (New England Biolabs) were combined
in a PCR tube with a final volume of 10 pl. Mixture was incubated at 37°C for

overnight. After the incubation, samples were run on 1.0% agarose gel.

2.7 Sequencing reaction

The plasmids were automatic sequenced by using T7 primers (Fermentas,

14.09.2004, http://www.fermentas.com/profiles/kits/pdf/instaclone1214.pdf )

2.8 Sequence and Homology Analysis

DNA sequencing results were both compared with the target sequences that were
used for primer design, and were analysed with the BLAST programme in order to
control the sequence homology (BLAST sequence analysis programme, 23.09.2004,

http://www.ncbi.nlm.nih.gov/BLAST/).

Additionally the CrylA, CrylAc forward and the reverse primer pairs were checked

for their specificity by BLAST analysis.
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CHAPTER III

RESULTS AND DISCUSSION

3.1 DNA isolation for GMO detection analysis

Quality and purity of nucleic acids are some of the most critical factors in
meaningful PCR analysis. Therefore, extraction of pure and high quality DNA is
necessary for our experiments. In this study cetyltrimethylammonium-bromide
(CTAB) method which had been first developed by Murray and Thompson in 1980
(Querci et al., 2004), was used. CTAB method has been known as a suitable protocol

for the elimination of polysaccharides and polyphenolic compounds.

Like many other plant species, tomato tissues contain high levels of polyphenolic
compounds. When cells are disrupted, these compounds can come into contact with
nuclei and other organelles. In their oxidized forms, polyphenols covalently bind to
DNA giving it a brown color and making it useless for most research applications
(Peterson et al., 1997). At the beginning of this thesis study, contamination of
extracted DNAs with polyphenolic compounds, caused inhibition of PCR
amplification reactions. In order to increase the yield, CTAB protocol was modified
by adding 1% PVP (Doyle & Doyle, 1990).
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According to the type of starting material, two kinds of CTAB isolation protocol
from fresh tissue and tomato seeds were used, the extracted DNA samples were
checked with spectrophotometer. DNA concentrations and obtained Azeo/ Azso values
were summarized in Table 3.1. The reason for differences in concentration values
was probably due to handling during sample homogenization with liquid nitrogen.
Ageo/ Aggo value below 1.6, shown in samples 21 and 23, indicates a contamination
with proteins and aromatic substances (Pauli et al., 2000), these two samples and
sample 25 that exhibited a critical Ajqo/ Argo value were checked with all our DNAs

in patatin PCR to control their amplification capacity before elimination.

Table 3.1; Concentration of samples

;af_npl"’ Sample ID: ;‘;‘;l WL:260  WL:280  260/280
1 Ankara (Eryaman) 4,5 0,090 0,059 1,847
2 Ankara (Etimesgut) 5,5 0,110 0,073 1,716
3 Ankara (Y1ldiz) 28,1 0,562 0,439 1,777
4 Ankara (Yildiz) 44 0,118 0,075 1,772
5 Ankara (Armada) 5,5 0,073 0,055 1,922
6 Ankara (Etimesgut) 4,0 0,027 0,021 1,862
7 Ankara (Cankaya) 9.4 0,251 0,186 1,654
8 Ankara (Bilkent) 9,7 0,194 0,150 1,725
9 Ankara (Y1ldiz) 9,5 0,190 0,142 1,702
10 Spain 1 4,5 0,090 0,059 1,847
11 Spain 2 6,7 0,135 0,100 1,638
12 Belgium 1 7,5 0,075 0,056 1,882
13 Belgium 2 5,7 0,153 0,111 1,806
14 Canakkale 5,5 0,073 0,055 1,922
15 Ayas 4,0 0,027 0,021 1,862
16 Eskigehir 8,5 0,085 0,061 1,789
17 Isparta 15,1 0,151 0,103 1,705
18 Antalya 8,1 0,081 0,054 1,790
19 Afyon 12,2 0,122 0,085 1,789
20 China 1 32,2 0,129 0,110 1,620
21 China 2 4,0 0,080 0,076 1,222
22 Antalya-Kalkan 1 12,7 0,254 0,184 1,767
23 Antalya-Kalkan 2 7.8 0,052 0,048 1,567
24 Antalya-Kalkan 3 19,2 0,128 0,115 1,696
25 Antalya-Kalkan 4 3,5 0,069 0,049 2

26 USA 1 18,8 0,094 0,069 1,795
27 USA 2 20,8 0,139 0,105 1,642
28 Mersin 1 7,5 0,150 0,109 1,717
29 Mersin 2 6,2 0,165 0,103 1,784
PC Positive Control (Italy) Not examined
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3.2 PCR Amplifications

Eight different PCR systems were performed with each sample, one to evaluate the
quality of the DNA and at the same time to check the presence of PCR reaction
inhibitors. The four PCR systems were developed for the detection of screening
targets commonly used in genetically modified crops. And the other three PCR
systems were performed to identify the insect resistant genetically modified tomatoes

by targeting Cry genes (Table 2.1).

3.2.1 Patatin Specific Control PCR

In order to avoid the arising of false negative result due to the presence of PCR
inhibitors like proteins, polysaccharides and polyphenolic compounds, it is highly

recommended to perform a control experiment to test PCR inhibitors.

To assess the detection of potato DNA, a nested PCR system has been designed for
patatin gene by Jaccaud et al. (2003). Patatin is a major storage protein gene in
potato tubers encoded by a multigene family. Studies of Jaccaud et al. (2003) have
shown that potato, tomato and tobacco DNA’ s generated a 124 bp amplified
fragment (Appendix A), whereas no fragments were amplified from soya, maize, and
rapeseed samples. Therefore, these primers have been found to be specific for
Solanacea (Jaccaud et al., 2003), the botanical family to which tomato, tobacco, and
potato are belonging. The PCR with the primers Pat-F/Pat-R determines if
amplifiable tomato DNA is present in the sample. All DNAs extracted from collected

tomato samples were tested with this PCR system. Except the sample 21 and the
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maize DNA with lane designation C which was used as negative control, all other
samples showed a very intense 124 bp amplicon that indicates their amplification
capacity for further detection analysis (Figure 3.1). The sample 21 which did not
produce 124 bp amplicon, was eliminated. The Ajsp/ Azso value obtained from
spectrophotometric measurements also indicates protein and aromatic substance
contamination of sample 21 DNA. By detecting the 124 bp fragment it was observed

that extracted DNA samples have the required amplification capacity.

M11234567891011121314151617 18192021 2223242526272829CNTM

-
=

805 bp
124 bp
500 bp 448 bp
200 bp l
100 bp "-------u--“---.n - . - -

Figure 3.1; Patatin specific PCR results: lineM1;100bp molecular weigth marker, line 1-29 samples,
line C; negative control maize DNA, line NT; no template, line M2; pstl digested lambda (L) DNA

3.2.2 Screening PCR systems for the detection of genetically modified tomatoes

By using these PCR systems, it was aimed to detect three screening targets that are
commonly used in GMO detection. In detection studies, such methods are accepted
only as an indication of presence of a genetic modification, and the presence of such

targets should be further assessed by specific PCR detection methods.

The antibiotic resistance gene Nptll derived from Escherichia coli (Bruderer &
Leitner, 2003), and regulatory elements such as the Nos terminator from

Agrobacterium tumefaciens (Lin et al., 2000), and the 35S promoter from the
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cauliflower mosaic virus (Lin et al., 2000) have been used for general screening of
genetically modified crops. However, according to the USDA/APHIS decision
documents, it has been stated that, p35S CaMV was not used in all of the transgenic
lines that were developed (Smith ef al., 2004). Therefore, it should be notified that

these targets are not necessarily be the main targets for detection of all GM plants.

3.2.2.1 35S Promoter spesific PCR system

One of the most important factors for achieving the desired expression levels of a
transgene is the choice of the promoter that regulates transcription of the transgene.
Many of the approved transgenic crops contain a copy of the constitutive 35S
promoter (P-35S) from the CaMV or one of the derivatives of this promoter like the
enhanced and duplicated 35S promoter regions. The P-35S has been widely used in
the screening detection methods. At total 56% of genetically modified crops contains
CaMV35S promoter which provides constitutive expression of inserted gene of
interest (Bruderer & Leitner, 2003). A comparison of P-35S sequences available
from public sources shows that they are not identical and there are different sequence

mutants of P-35S fragments in different GM crops (Bruderer & Leitner, 2003).

Therefore, two different 35S promoter specific primer sets were used in this study;
The first primer set 35S-F/35S-R was designed against the 35S promoter sequence
with an EMBL GenBank accession no. CMV7626. It was not observed any band
both in unknown samples and in nematode resistant tobacco DNA that was used as

positive control (data not shown), resulting from the non-homology between the
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sequences CMV7626 and common 35S promoter region of Cauliflower mosaic virus

AF(078810 (Appendix B).

In order to solve this non-homology problem, a new validated primer set 35S-1/35S-
2 that allows the amplification of a 195 bp fragment from the 35S promoter of the
cauliflower mosaic virus (P-35S) was used. In this pcr system amplification signal

was observed only in the positive control genetically modified tomato (Figure 3.2).

MIPCNT12345678910111213141516%71819202223242526272829 M

805 bp
448 bp

Figure 3.2; 35S promoter (AF078810) specific PCR results with 35S-1/35S-2 primer set, line M1;
100bp molecular weight marker, line PC; positive control; line NT; no template, line 1-29; samples
and line M2; pstl digested lambda (A) DNA

3.2.2.2 NOS Terminator specific PCR system

The Nos terminator (T-Nos), isolated from the nopaline synthase gene of
Agrobacterium tumefaciens is commoly used in transgenic crops for the termination
of transcript of trait genes. 37% of approved genetically modified crops contain A.

tumefaciens Nos terminator region (Bruderer & Leitner, 2003).

The validated primer set Nos-1/Nos-3 allows the amplification of a 180 bp fragment

(Appendix C). In our 28 unknown tomato samples, it was not observed any band
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indicating the presence of Nos terminator region, the only amplification signal was

from the positive control genetically modified tomato (Figure 3.3).

MIPCNT1 234567 8 91011:121314 1516 17 18 19 20 22 23 24 25 26 27 28 29 M

-

-

=
500 bp ¢—2— /
200 bp
100 bp

Figure 3.3; Nos terminator (U12540) specific PCR results with Nos-1/Nos-3 primer set, line M1;
100bp molecular weight marker, line PC; positive control; line NT; no template, line 1-29; samples
and line M2; pstl digested lambda (A) DNA

3.2.2.3 NptII gene specific PCR system

More than 40 distinct genes have been used for generation of currently approved
transgenic crops. The most frequently used transgene is Nptll, originating from the
E.coli transposon 5. Nptll gene is used as a marker gene in the construction of
transgenic plants, the expression of this gene confers resistance to the antibiotic
kanamycin. The purpose of inserting the Nptll gene into crops with any other
transgene is to have an effective method for indicating the success of genetic

modification.

In screening of genetically modified tomatoes, detecting the Nptll gene has an
extraordinary importance. Nearly all approved genetically modified tomato lines
including 1345-4, 35 1 N, 5345, 8338, B-Da-F and Flavr Savr contains Nptll
kanamycin resistance gene (Bruderer & Leitner, 2003)(Table 3.4). Although the

three regions; 35S promoter, Nos terminator and Nptll are the most widely used
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screening targets, kanamycin resistance gene provides the most general detection for
tomato among those regions. It gives the opportunity to screen different GM
tomatoes with different modified characteristics like delayed ripening and insect

resistance.

Therefore, the tomato samples were tested for the presence of Nptll gene by means
of the primer pair Kan-F/Kan-R which generates an amplicon of 459 bp in length
(Appendix D). 22 samples (1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 15, 17, 18, 19, 24,
25, 26, 28 and 29) out of 28 produced the expected 459 bp amplification signal

(Figure 3.4).

MIPCNT 12 3 456 78 910 1112 13 141516 17 18 1920 222324 25 26 27 28 29

459 bp

Figure 3.4; Nptll specific (AF274974) PCR results with Kan-F/Kan-R primer set, line M1; 100bp
molecular weight marker, line PC; positive control tomato sample; line NT; no template, line 1-29;
samples and line M2; pstl digested lambda (A) DNA

In order to confirm the results of Nptll PCR products, we sent 60ul of PCR product
to automatic sequencing. After DNA purification from agarose gel, band was
sequenced with Sumol primer by IONTEK (Istanbul/Turkey). The result of the
sequence analysis was compared with the targeted sequence AF274974 by ClustalW

programme, obtained data indicated a 93% homology (Figure 3.5).
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Seql Name Lenint) SegBE Name Lenint)] Score

iE AFZ74974 LE3 4 Eam 446 23

CLITSTAL W (1.82) maltiple sequence aliopment

AFZ749774 GCTECTATT GGG CCAA G TCCCE GG CCAGGATC TCCTGTCATC TCACC TTCCTCO TR-CCE B9

Kan e e e _TTTGCTCCCCTOCG 14
e Tt x
—>
AF274974 BCARECTATCO- AT CAT GECTGAT GOAAT GOGGE GEC TGCA- TACSC TT GAT OO GECTAC 117
Kan AGARACTATCCCAT CAT GECTGAT GOAAT GEGGE GEC TECAATACCC TT GAT CCGECTAC 74
g e o o o o o e o o e o o o e o o e o o o o o o o o o o e o o
AF274974 CTG-—COCATACGACC-ACCARGC GARACATCCCATCCAGCGAGCACCTACTCEGATERA 174
Kan COTGCCCCATTCGACCCAC CARGC GAAAC ATCGC ATCGAGCGAGCACCTACTCGGATERA 134
* o o o o o o o e o o o o o o e o e o o o o o o o o
AF274974 AGCCEETCT TET CCATC AGGAT GATCT GRACCAR GAGCATO- ACGEGCT COC GO CACOC G 233
Kan AGCCGETCT THT CCATC AGGAT GATCT GRACGAR GAGCATHC AGGEGCT COCGCCAGCC G 194

g o e o o e o e e o o o o o o o ok o o FEEEE L EE L AL AR AR

AFZ74974 ALCTGTTCGCCAGECTCALGED GEGCATCCOC GACGECOARGAT CTO BT COT GACC CAT G 253
Ean AACTGTTCGCCAGECTCALGEC GAGCATGCCC GACGECOARGAT CTC BT CET GACCCAT G 254
g o e o o o o o o e o o o o o o e o o e o o e o o o o o o o o o o o
AFZ74974 GCGAT GCCT GCT TOCCRAATAT CATGE TEGAARATEECCGCT TT TCT GRATT CATCGACT 353
Ean GCGATGCCTGCT TOCCRAATAT CATGE TG GARAATGECCGCT TTTCT GRATT CATCGACT 214
g o e o o o o o o e o e e o o e e o e o o e e o e o o o o o o o o o o o
AFZ74974 T 300 CEGC TOGET GTEGC GRACT GOT AT CAG GACAT AGCOT TG GCTACCO-GT GATATT 412
Ean T GGC CEGC TGG T GTE G0 GRACC GOT AT CAGGACAT AGCGT TGGCTACHCC GT GATATT 274
g o e o o o o o o e o e o o e e o o e o e o e e o e o o o o o o
AFZ74974 GC TOAARAGCTT GECEECGAAT GEGCT GACCECT TOC TCGTGCT TTACGGTATC GOCGCT 472
Ean CHTAAAGAGGTT GECGECGALT GEGCT GACCGCT TOC TCGTGCT THACG-TAGCGCCGTC 433

o o o o o o e o o e o o e o o o e e o o o o o o o o

d
N

LFZ74974 CCCGATTCBCAGCERAT CEOCT TC TAT CE0CT TO TIGAC GAGTTCTTCT G 523
Kan O TAACECEHT T- ——= == === == === == === == ——m———————————— —— 44§

** * **

Figure 3.5; ClustalW analysis result of the obtained NptIl sequence and the target sequence
AF274974 (*,indicates the homologous base pairs)

Nucleotide and amino acid sequence alignments of sequenced Nptll result was
checked with nucleotide-nucleotide and protein-protein BLAST programmes in order
to identify this sequence, obtained results exhibited high homology with Nptll DNA

and protein sequences found in GenBank database.
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3.2.3 Identification PCR systems specific to genetically modified insect resistant

tomatoes (Gene specific target system)

The variants of & endotoxin gene from Bacillus thuringiensis are most frequently
used genes in transgenic crops after Nptll. The Cry genes, used in GM crops are all

synthetic and modified, in some cases truncated forms of native genes are used, in

order to optimise gene expression in the host organism. For the expression of Bt gene
in the higher plants, a recognisable promoter and a terminator sequence must bracket
the Bt gene. Beside the most popular constitutive promoters; 35S and ubiquitin
promoters, there are some other promoter regions like tissue specific promoters;
PEPC (phosphoenolpyruvate carboxylase) and maize pollen specific promoter

(Sharma et al., 2000, Bruderer & Leitner, 2003) are widely used in GM crops.

There are some studies about insect resistant genetically modified tomatoes
containing CrylAb and CrylAc genes in literature (Fischhoff et al., (1987),
Delannay et al., (1989), Kumar & Kumar, (2004), Mandokar et al., (2000)) but
Monsanto’s transgenic line 5345 is the one that has an approval from FDA in USA

(Bruderer & Leitner, 2003).

At that point, in order to identify insect resistant GM tomato, it was aimed to detect

Cry target gene. For this purpose, a primer pair was designed against the sequence

U63372, which provides an amplicon of 136 bp in length. But, it was not observed
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any result by using Cry-F/Cry-R primer set. The defectiveness of Cry-F/Cry-R
primer set may be; the targeted Cry gene sequence U63372 which exhibits no
homology with other Cry gene sequences, therefore primer pair could not detect that

region (Appendix E).

As a second step by comparing the CrylAb and CrylAc sequences with ClustalW
homology search programme, a new pair of primer was designed that is specific to

conserved regions of Cryl Ab and Cry 1Ac sequences. AF254640 and AF059670

CrylAb sequences; U89872, AF148644, M35524, M73248 and AY 122057 CrylAc
sequences; and U87397, U87793, M11068 CrylAc sequences that are specific to
Bacillus thuringiensis subsp. kurstaki HD73 strain were found from EMBL, NCBI
GenBanks. Primer pair Cryl A-F/CrylA-R was designed targeting the homologous
regions of this ten sequences. In primer design studies, it was observed that Cryl A-
F/Cryl A-R primer set should produce 567 bp amplicon with CrylAb sequence and
645 bp amplicon with CrylAc sequences (Appendix F). The reason for non-
homologous regions which cause the formation of CrylAb and CrylAc genes, is the

insertion and deletions that occur spontaneously during the period of evolution.

In our 28 tomato sample, 17 of them produced 645 bp positive amplification signals.

Expected PCR amplification signals were observed in samples 2, 4, 5, 6, 7, 8, 9, 10,

11,12, 13, 14, 15, 17, 18, 19 and 24.
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Figure 3.6; Cryl A specific PCR results with Cryl A-F/Cryl A-R primer set, line M1; 100bp molecular
weight marker, line NT; no template, line 1-29; samples and line M2 pstl digested lambda (A) DNA

In order to confirm the results of Cryl A PCR products, firstly 60ul of PCR product
was sent for automatic sequencing. After DNA purification from agarose gel, bands
were sequenced with Sumol primer by IONTEK (Istanbul/Turkey). Arising from the
quality of bands, the expected result from sequencing was not obtained. Sequencing
trials of Cryl A PCR products were repeated for five times by using both reverse and
forward primers and the obtained results were compared with the targeted sequence
by ClustalW programme (Figure 3.7, 3.8, 3.9, 3.10, 3.11). Additionally the obtained
results were compared with each other (Appendix G). The results of this comparison
exhibited few homology among sequencing results, indicating a sequencing problem

that might arise from primers.
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Seqh Name Lenint) SeqB MName Lenint) Score

1 AT1ZZ057 [=70] Z 14-F 632 4

v
AT1Z2057 GTACGCGTTCCT TATGECOGCT TT CARCE CARAS TCC AR TG GARAG T TEEAGAGCCGA &0
14-F —————-NGCGCGCANGEACATC CATTATC COGARGAR AT AAA TARCCAT TTTACCACCAR 54
* * *E * ** * * *E * +* * **t *
AT1Z2057 ATCGATGCGCEC CACAC CT TRAAT GRAAT COT GACTTAGATT GT TCG TG TAGGRAT GGEAG 120
14-F GTT--TTCTGTCALCATCT TCGGEGAT ARAA- GAGAT CCATTAT TCARATGAGATAATTA 111
* L * FEE FEE +* * ** * *TEE T EE +* *
AT1Z2057 ARAARTETECOCAT CAT TCGCATCATT TOTOC TTAGACATTGAT GTAGGATGTACAGACT 180
14-F ATCGTTATAACT TATAACT CCAGT GTT CAGTC TTGTT CECCGGAA-AGAATGRAGT TTCG 170
* L * * ** ** *EE * * *+ FEE * *
AT1Z2057 TAAATGAGGACC TAGGT GTATEGETGATC TTTA-AGATT AAGAC GCA-AGAT GEGCACGE 238
14-F CTATGAATCTCCTTACCTT TTAAT TGETERCEAT BRATT TEETTAGG TORACAT TTATGT 230
* * *Ex =, *E * * *EEE * *x R
AT1Z2057 AAGANTAGGGAATCTAGAGTTT CTCOAAGARA AACCATTAST AGGAGAAGCGCTASCTCG 298
14-F AGCATTATAATATACACAT TRAAT GECACACC TCATT TTGTTAATAGGARSGGTAGAA-G 253
* +* % ** +* * * * +* * ** ** ** * * T EE +*
AT1Z2057 TGTGARAAGACC GEAGA AL AL TECARAGACA ALCCT GAAAR AT TECAATCOGARACARD 358
14-F TGATTCAATAGTAAGAGGT AAAGEATAAT TTT CAGCTARRACAT -~ AATGAACAATATA 346
** *+ *E TEE * * * * *EE *E o *E * *
AT1Z2057 TATCGTTTAT-- ——AAAGAGGC ARAAGAATCT GTAGATGCTT TATTT GTARACT CT CAAT 414
14-F TTTGCTCTATTT TARAT GT TTT GEGGEARAAGGEATATEECT TTTEEETCEGATAT GEET 406
* * * EEE *E * * *E * * EEE *E o+ *+* * * +*
AT1Z2057 ATGATCAATTAC-—-—AAGCOCATACCAATAT TRCCATGATT CATOC GECAGATARACGT 470
14-F AGCATAACTTAT TTAAAAGAGCCNTAT AR TTCARCCATARL ~ATAT GRATAATARAAGE 464
* EFEEr * T EE *EE *EE FEEE & ** *+* *TEEETF *
AT1Z2057 GTTCA---—--TAGCAT TCGAGAAGCT TATCT GECTGASCTE TCTET GATTCCOEGTETC 524
14-F CTTTAATGGGTCGEATT TT TAGGEGCATATTT GACC- ——CTT TCTCT —— TTTGTAATATA 519
*EE * * ** *+* *E EFEE E & *E EFEE * ** * *
AT1Z2057 AATGOGGCTATT TTTGAAGAAT TAGAAGEGOGTATTT TCACT GLATT CTCCC TATATGAT 584
14-F ARTGOCACGATGT--—-AATAT TARRATGACGTEG-- ————- AAAAT CCATTTGGOCALT 568
*hEhEk * ** * *hEE *Eh * *EE * *x * **
<—
AT1Z2057 CCGAGAAATGTCAT TAAAAATEGT GAT TT TAATAATGGC TTATCCTGCT CRAACOT GARL 644
14-F TAAAGARALGTAALATECECTEGATAT TT TRACE-—- ——~TEECCAACT AAC GO -THAAN 621
*hEkEtEt *k * *hE *hEEh * * ** ** * * &k

AT1ZZ057 GGECCATCTAGATGTAG &&0
14-F GCRAANCCALL-——-- &32
*hE * * *

Figure 3.7; Sequence analysis results of sample 14 with CrylA forward primer (*, indicates the
homologous base pairs)
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Seglh Name Lenint) SegBE Name Lenint) Score

v
LY122057 CTACGCGTTOCT TATGECCBCT TT CAGCC CARAS TCC AR TOGGA ARG TE TECACAGCOCA 50
14-E -———TGGTTCCTTATGECE BCT TARCARACGAGECTC G- —~GRACGEEE TEEAT GETTA- 52
FEhEETEEEEEEE AL R L PR * *EE * TEEEE *
AY122057 ATCGATCCGCECCACACCT TRAAT GRAAT COT CACTTAGATT CT TCC TG TAGCEAT CEAS 120
14-E —————————TGGCETATCETAGAT CEEAC TTTGC TTT—— —~TCCAGGCT CCAGG CTAGAG 559
AR R Sy - b S o R ** ** * * *+ * *EE
AY122057 AAAARTCTGCOCAT CAT TCGOATCATT TOTOC TTASACATTCAT CTACCATCTACACACT 150
14-E ARGGECTAT TOCAT-ATCAGCAGC TAT GO TAGCT COAARASGAC TOARAGAACT TACA-T 157
** * *EEE *E tEE * * ** AR ** * R oy -
AY122057 TAAATCAGGACCTAGCT CT ATGCE TRATC TTTARGAT TAACACC CARGATCOGOAC COAA 240
14-E TAGGTCGTGACT TEAGGCT CAGGEGARGE ——AGC COTARAGAAS TAAGEAGG TCGACTAL 215
** * *rE o+ T o *EE * * * ETEEE & EEE T *
AT122057 CACTACGGAATCTARAGTT TCT CEAAGARAAACC ATTAS TAGGAGAAGE GCTASCT CETE 300
14-L TTCTTAGCT TCGATT GAACT CAGCATAGTT AGAN-ATTACACCACATAGCCTTTCTT TOTA 274
** * +* ** * * ** * * TEE L * *EE * * *
AT122057 TGALAAGAGCOGAGAAA AL ATEGAGAGAT AAACE TRAARAAT TOCAATOCGARACAAATA 360
14-L TTGOT TGAGTCG-— AT CAGTTGACAR A~ BAGCT CGAL- ———COTAATTGACTTCT TTCT 327
* *EE *E *x § e L L SR S S i *EE * *EE * +*
AT122057 TCGTT TATARAGAGECARL MG AR TCT GTAGATEOTT TATTT GTAAACT CTCAATATGAT 419
14-L TAACTTAALTARACCARGE AT GATTT THAGA RS ——— AR TTCHT TCOTC TCOGNGECAST 354
* bl o EE SR L L o e e *t * tEE * *EE * * +*
AT1Z2057 CAATTACAAGCGGATACGAATATT GCCAT GAT TCATGCEGCAGATARAC CTGTT CATAGE 479
14-L CAAGTCC-— -CHTATCC-— -TAGAGAGAZECOTT TCOCONTCGT TAAGATAGACNT TGOT 438
*E * * * *t * ** +* * * * ** +* *EE * * *
AT1Z2057 ATTCGAGAAGCT TATCTGCCTGARCTGTC TET GATTC CEGET GTCAATGOGGCTAT TTTT 539
14-L CTC--CGTARCTCT TCT TEOTTARCCEGATCAGS TOGCCACATC COGTOACCATACTTT - 455
* * *EEE tEE *E ETEE * +* * * * +* *+ * *+ *EE
AT1Z2057 GAAGAATTAGAAGEECGTATTTTCACT GOATTCT COCTATAT GATGOGAGARAT GT CATT 539
14-E -— AGGAATGAATNT CCGTANCT CCCATHE -CAGTACT TA-ANGO TG ACARAAT GRAATA LSO
*E * * * *EEE * * * * * * FE * * *E *EEEE **
d
N
AV1ZZ057 ARAAATGOT GATTT TAATAAT GG TTATCCTGCT GRAACCTCARACGECATE TAGATETA 659
14-E AACARTCAAGACCT BT CCARGCANDC TOC-— ————— —— === == ——— == ——— ———————— E&Q
*E FEE ** * LR 3 *E*

Fgure 3.8; Sequence analysis results of sample 14 with CrylA reverse primer (*, indicates the
homologous base pairs)
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Seqld Name Lenint) SeqB MName Lenint) Score

1 AT12Z0E7 680 2 211-17-F 554 2
|
L4
AY1ZZ0E7T GTACEGETTOCT TATGECCGCT TTCAGCCCARAG TCC AR TOGGALAG TR TEEAGAGCCGA &0
211-17-F e GOCGCGTTEETETCCTTTATECGOCHT 27
*iE * T Fx * * T Et
AY1ZZ0E7T ATCGATGCOGCECCACACCT THAAT GEAAT COTGACTTAGATT BT TOG TG TAGEGAT GRAG 120
211-17-F CTETECTATCCT TATHT CEOGACT TET GO TTT —— TCCAGGCT OO T-— —————GECTAGRG 78
* ** * * T E R * kX * * *E * tEE
AY1ZZ0E7T ARAAGTGTGCCCAT CATTC GOATCATT TC TOCTT AGACATTGAT GTAGGATGTACAGACT 180
211-17-F ARGGEC-TATTCCHTATCAGCAGE TATGC TAGCT COARA ACCAC TOARAGAACT TACA-T 136
** +* * * ** tEE * * *+ o o A ** * o
AT1ZZOET TAAAT GAGGACCTAGGT CTATGEG TEATC TTT ARGAT TAAGACGCALGATGEGCAC GLAR 740
211-17-F TAGGT CETGACT TEACGET CAGCGEALCGE ——ACCOET AR ACA ARG TAACEACS TOCACTAS 194
** +* *EE * +* ** *EE * * * ETEEE & EEE *+ * *
AT1ZZOET GACTAGGGAATCTAGAGTT TCTCGAAGAGAAACCATT AGTAGGAGAAGOCCTAGCT CGTG 300
211-17-F TTCTTAGCT TGATT GALCT CAGCATACTT AGAC- ATTAGACCAGATACOCTTTOTT TCTA 263
** * * ** * * ** +* * TEEEE * *EE * * *
AT1ZZOET TGARLAGAGCGGAGAAL AR ATCLAGAGAC AAACGTGARA AAT TECAATGOGAAACARATA 360
211-17-F TTGCT TGAGTEGA-—————ATCAGTTCACAAL—————-AACCTOGAACET-—AATT GACT 293
* *EE FEE *x *EETEE *+* * FEE * *x +*
AY1ZZ0E7 TCGTT TATAMAGAGECARR AGAAT CTGTAGAT GO TTTAT TTGTALACTCTCAAT AT GATE 420
211-17-F TOTTTCTTAACT TABATARAGEA——AGAGAT G ——— AT TTGGAGA- ——AGRATTCATTC 343
** EE *E* *EEE * T rEE L TEEEE * & *EE **
AY1ZZ0E7 AATTACAAGCOGATACGAATATTGCCATGATTCATCOGECAGAT ARACGTET TCATARCA 480
211-17-F CTCTOCGAGCAGTRARG —— ——— TGCCAT--—--ATCC TAGAGAGAGEEO TTTACCGRICG 3939
Tk EkE % * & *EETEE L ** & *EE o+ o INE ST *
AY1ZZ0E7 TTCGAGAAGCTTAT CTGCC TG~ AGCTGTC TET GATTCCGRGT CTCAATGCGECTAT TTITT 539
211-17-F TTAARATAGAGT TGETGTORET AGCTETT CTTEO TTAGD BEGAT CAGST CACCART CORT 459
** ** * *E * * FEEEEE ** *F ** **E * * *x *
AY1ZZ0E7 GAAGRA-—TTAGAAGEGCGTAT TT-TCACTECAT TCT COCTATATGATGCGA-GAAATGET E95
211-17-F GACATAGTT TAGGAATGARTATCT BTAAC TCCCATTCCAGTACT TARAC TGACARA TGS 515
** * *EEE * * *EE * * *TEE & * +* ** * * ** TEEEE
d
h
AY1ZZ0E7 CATTAALAATCGTGATT TTAAT AR TCECT TATCOTEC TECALCG TRARACEECATETAGE GEE
211-17-F ARTARACAATCAAGACCTGECT CAASGCT AMCCC CTOCACAD TC AGGET CAGCGGEHARL 575
*E *F FEE ** * * * FEEE O EE * * * ** +* * *
AY1ZZ0E7 TGTAR-————-—-—— &&0
211-17-F ANGEECEENNGEEIA 554

+*

Figure 3.9; Sequence analysis results of sample 17 with CrylA forward primer (*, indicates the
homologous base pairs)
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Seqgh Name Lenint) SeqBE Name Lenint) Score

1 AYLZZOET 660 z  2l1-17-R B3l &
>
AT1ZZ0E7 GTACGEETTOCT TATEEOCECT TT CARCC CAR AG TOC AL TCRGARAG TE TERARAGCCEA &0
211-17-L —- === ——————- TTTHGENTHCC C- CHEIMNNGE G0 TAC AL ACGARGOT CEGEACEEEETEE 47
bt * * * TEE Ex *:E +* * +*
AT1ZZ0E7 ATCGATGCGCEE CACAC CT TRART GRAAT OCT GACTTARATT 6T TOG TG TAGGEAT GEAS 120
211-17-L ATGGT TATG-—GOGTAT CETAGAT CERANTTT GO TTT —- —-T CCAGGCT CCAGECTAGAS 101
*E * % FonE R *+ * * ** ** * * *Et * *EE
AT1ZZ0E7 AR AAGTETECOCATCAT TOGCATCATT TOTCC TTAGACATTGAT GTAGEATE TACAGACT 150
211-17-L AALGGGCTAT TOCAT -AT CAGCAGC TAT GO TAGCT CRLAL ACGAC TEALAGALCT TACA-T 159
** * TEEE EE *EE * * *E * *E 0+ ** * * * *
AT1ZZ0E7 TAAAT GAGEACC TAGETGTATGEETGATC TTTALGAT TAAGACECARCATEEEOACECAL 240
211-17-L TAGET CETEACT TEAGEGT CAGGEGAL BG--AGE GET AL AGA AR TAR CEAGE TOGACTAG 217
** * *EE * +* % *EE +* b o Ry oy o g O **t * +*
AT1ZZ0E7 CACTAGEGARTC TAGAETTTCT COARGAGARACCATT AGTAGGAGARCC GETARCTOCTE 300
211-17-L TTCTTARCT TGATT GAACT CAGCATARTTAGAG- ATT AGAGGARATACC CTTTOTTTCTA 276
** +* * ** * * ** +* * TEhE AL * *Et * * +*
AT1ZZ0E7 TCARAARACCCCAGARL AR BTECAGAEAC AR COTRARA AAT TEGAR TCCRARACARATA 360
211-17-L TTGCT TEASTEGA- ——-—- ATCAGTTEAC ARR ~— ——- A AGC TOGAACG T-—RATTGACT 322
* *tEE FEE ** TEE AL ** Lo oy - gy ** *
AT1ZEZ057 TCOTT TATABAGAGGCALA BGAAT CTRTAGAT GO TTTAT TTETARAS TCTCARTATRATC 420
211-17-L TCTTTCTTALCT TARAT AR AGEA- ——ABAGAT G- ——- AT TTGGAGA- —- AGRATTCATTC 372
E o *E* *EEE * *EEE L FTEEEE * * *Et **
AT1ZZ0ET BB TTACAAGCEEATACGALTAT TECCATRATT CATEOGECAGAT ABACETGT TCATARCE 480
211-17-R CTCTCCRAGCARTGARG ————— TGOCAT-—---ATCCTAGAGAGAGGGO TTTACCGRTES 422
* * EFEE x * * *EEEE L *E * *EE * +* * % +*
AT1ZZ0ET TTCGAGRAGCTT AT CTROC TG~ AGCTETC TET GATTC CGGET GTCAA TR CGECTATTTTT 539
211-17-R TTARGAT AGAGT TEETG TCGET AGCTG TTOTT GO TTAGC GEGAT CAGGT CACCRATOGET 482
** ** +* *E * * FEEEEE *E *E ** *EE * +* % *
AT1ZZ0E7 GAAGAAT TAGAAGEGEOETATTT TCACT GCATT CTCOC TATAT GATGCGAGRRATGTCATT 599
211-17-R CACAT ARTHNTAGGAATHAA TATHNGIEI A~ ——- CT COCMA TCC GIIERI TH-A8 BHGGCATH 537
** * * * * *E * *EEEE T F * *TEE * EEr
<
AT1ZZ0E7 BBA-AATGETGATT TTARTART GECTTATCCT GO TEEALCGT GAARGGECAT GTAGATET 658
211-17-R ANGCEATHG G CH -~ GHELAA GG CAT GHGHA CANGE GAACCHA AR GECANGECG———~ 591
* *t * +* *E *F * * *t o+ TEE FEEE % *
AT1ZZ0E7 A3 EED
211-17-R -

Figure 3.10; Sequence analysis results of sample 17 with CrylA reverse primer (*, indicates the
homologous base pairs)
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AY1ZZ0E7 CTACGEETTOCT TATGECC GOT TT CAGCC CARAG TCC AR TG CAAAG TE TERAGAG COGA 60
92-1E ———GETCTGCATHGETCHATHCCHT TTT STHCC GG THA TACTECA A—— TERGACTHACAGE EE
* * * * ** * * ** * TErE 2 * **
AY1ZZ0E7 ATCGATG—- CGCGCCACAC CTT GAATGGAATC OT GAC TTAGATT GTT CGTETAGGEATGE 118
92-1E TATGATEEC TARMNTAT T CACGATTEET GACCT GAT OO CEC TAMNC ARGARCAGCACCE 115
TEEE * * o TEE T * * * * *
AT1ZZOE7T AGARRA-GTGTGCC C—— AT CAT TCGCATCATT TC TCC TTAGACATTGAT GTAGGATGT-A 174
92-1E ACACHNTHT CTATC TTAACHAT CGETAMLGOC TC TET CT A—— —- ~CEATATGECACNTCA 170
* * * * * * *+* bl E ** *TEr * * * * *
AY1ZZ0E7 CAGACTTAAATGAGGACCTAGGTGTAT GEGTGAT CTT TAAGATT AAGAC GCARGAT GEGE 234
92-15 CTGGTHCHGACGAGGANTGAAT CONCT CC TTT TC ACCHCINC TT TCA THHCANGHTHAGE 230
* * * TEEEE * +* * ** *x * % +*
AY1ZZ0E7 ACGCARGAC TAGGEAAT CTAGAGT TTC TC GAAGAGAA AL CAT TAGTAGGAGAAGCOCTAG 294
92-15 ANHGAAG TCHAANTHNG TT CCANE THT TT GAN—- ——- —- CACHT GHA TN CHACHNNC AN 283
* *EE * * * +* * * ** ** bl *
AY1ZZ0E7 CTCGTCTGAAALGAGCECAGAL LA AAT COAGACACARAC GTGARAAA TT GEART GEGARA 254
92-15 CHATTHNAAMAN AANCGET GHT CHIECC THHA- —ACTHHNCTAACHGANT GRN-TGAGGTH 240
* * i * EFEE o+ ** * * * ** *E *
AY1ZZ0E7 CAAATATCGTTTATARAGAGEC AR AAGAATCTCTAGATGCTT TATTTCTARACTCT CAAT 414
92-1E CAANC TECGHCNNC AACHC NG CA ACC GHCCH THANCHCHCT TACCCGCANC TTCHCHNCC 400
Tk E **x ** * ** * * Tk * * *x *
AY1ZZ0E7 ATGATCAAT TACAAGCGGATAC GAATATT GOCAT GAT TCATGCG GCAGATAAAC GTCTTC 474
92-1E CHCANCHIN TTC AN CH CHE CCHMANT CGAACHANNCHTT —- ACAAGTTCGAGTINCT 452
* * * % * * * * * * ** * **%
AY1ZZ0E7 ATAGCATTCGAGAAGCT TATCT GCCTGAGCTGTC TET GATTC CGGET GT CAATGCOGCTA 534
92-15 T CCCMNCHCAN ANHCHCHCGCHC ATHIM CHE CHHGHIN CNT CGNTCHNCHC T- CGCCAC 17
* * * * * * * * * x* * * *TE x
AY1ZZ0E7 TTTTT GAAGAAT TAGAAGGGCETATTT TCACT CCATTCT CCCTATAT CATCOGAGARAT G 5594
92-15 HC CCH THIA ATH TH GONI TEH CA TGACE GONHC T CACHNCC GHT G CTC CHCHMIBC 577
* *oiE ** *iE * *E * ** *
<
AY1Z2057 TCATT AR ATEET GAT TT TALTAATGEC TTATC CTECT GEALC GTEALAGGEC AT GTAG 654
92-15 TCHTHCCHT CHCCHCAT CHHGHHANCC ATHNC TC ————— ————= ————= ————=————=— £1]
b AR ** * **
AY1Z20E7 ATGTAG &60
92-15 ———

Figure 3.11; Sequence analysis results of sample 15 with CrylA reverse primer (¥, indicates the
homologous base pairs)
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In order to be ensure about specificity of primers to Cryl Ab and CrylAc genes, the
forward and reverse primers were analysed by BLAST programme. The result of the
analysis, summarized in the Table 3.2 unexpectedly showed that, Cryl1 A-F/Cryl A-R
primer set was complementary to a wide range of Cry genes giving either 567 or 645
bp amplicons. Although this primer set was specific to cry genes, all the 645 bp
products are not necessarily CrylAc genes. In addition, it was shown that some cry

genes like CrylAa also produces an amplicon of 645 bp.

Table 3.2; Homology search of Cryl A forward and reverse primers

CrylA-F ggT TCC TTA Tgg CCg CTT/ CrylA-R CAT gCC CTT TCA CgT TCC

Sequence accession no. & name From To Length
AF288683 Bacillus thuringiensis delta-endotoxin Cryl gene 2544 3189 645 bp
AF384211 Bacillus thuringiensis strain ly30 delta-endotoxin (crylAa) gene 2338 2983 645 bp
AF375608 Bacillus thuringiensis CrylAb16 (cryl Ab16) gene 2503 3070 567 bp
AY319967 Bacillus thuringiensis cryl A toxin gene 2341 2986 645 bp

AY122057 Bacillus thuringiensis insecticidal crystal protein CrylAc
2466 3111 645 bp

(crylAc)gene
AY646166 Bacillus thuringiensis parasporal crystal protein gene 2341 2911 570 bp
AY225453 Bacillus thuringiensis CrylAc (cryl Ac) gene 2344 2989 645 bp

AF059670 Bacillus thuringiensis subsp. kurstaki plasmid pUCBtS93 crystal
2381 2948 567 bp
protein (cryl Ab) gene

X56144 B. thuringiensis cryl gene for insecticidal crystal protein 2320 2965 645 bp
X5398S5 Bacillus thuringiensis BtX I gene for crystal protein 2449 3094 645 bp
Y 09663 B.thuringiensis mRNA for delta-endotoxin 2418 3063 645 bp
AJ002514 Bacillus thuringiensis kurstaki cry218 gene 2731 3376 645 bp
722511 B.thuringiensis encoding crystal protein 2533 3178 645 bp
722510 B.thuringiensis encoding crystal protein 2362 3007 645 bp
Y 09326 B.thuringiensis crylM gene 2993 3638 645 bp
AJ130970 Bacillus thuringiensis gene encoding crystal toxin protein 2499 3144 645 bp
X13535 Bacillus thuringiensis cryA gene for parasporal crystal toxin 2338 2983 645 bp
X54939 B. thuringiensis crylA(b) gene for insecticidal crystal protein 2413 2980 567 bp
AF358861 Bacillus thuringiensis crystal endotoxin Cryl Ab (crylAb) gene 3825 4392 567 bp
AF254640 Bacillus thuringiensis insecticidal protein P (crylAb) gene 2979 3546 567 bp
AF202531 Bacillus thuringiensis Cry032 (cry032) gene 2707 3352 645 bp
AB026261 Bacillus thuringiensis gene for BtT84 A1 crystal protein 2490 3135 645 bp
D00348 Bacillus thuringiensis serovar aizawai gene 2410 3055 645 bp
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continued

AF510713 Bacillus thuringiensis serovar sotto crystal protein Cryl Aal3 gene
AF492767 Bacillus thuringiensis CrylAc gene

AF154676 Bacillus thuringiensis subsp. kurstaki 135 kDa insecticidal protein
gene

U70725 Bacillus thuringiensis wuhanensis insecticidal crystal protein CryH2
(crylGbl) gene

U94323 Bacillus thuringiensis protoxin CrylEa4 (crylEa4) gene

AF358862 Bacillus thuringiensis cryl Db operon

AF327926 Bacillus thuringiensis subsp. kunthalaRX27 insecticidal crystal
protein BTRX27 gene

AF327925 Bacillus thuringiensis subsp. kunthalaRX?28 insecticidal crystal
protein BTRX28 gene

AF327924 Bacillus thuringiensis subsp. kunthalaRX?24 insecticidal crystal
protein BTRX24 gene

U87397 Bacillus thuringiensis kurstaki crystal protein (CryIA(c)) gene
U89872 Bacillus thuringiensis CrylAc delta-endotoxin gene

U87793 Bacillus thuringiensis kurstaki insecticidal delta-endotoxin
CrylIA(c)gene

U94191 Bacillus thuringiensis delta endotoxin gene

U35780 Bacillus thuringiensis crystal toxin gene

M?73249 Bacillus thuringiensis gene

M35524 B. thuringiensis delta-endotoxin gene

M?73248 Bacillus thuringiensis (crylAc3) gene

D17518 Bacillus thuringiensis crylA(a) gene for insecticidal crystal protein

D00117 Bacillus thuringiensis gene for delta-endotoxin

2365
2341

2338

2836

2707
4852

2496

2496

2496

2496
2731

3319

2413
3032
2344
2580
2342
2418
2503

3010
2986

2983

3481

3352
5497

3063

3063

3063

3141
3376

3964

2980
3677
2989
3225
2987
3063
3070

645 bp
645 bp

645 bp

645 bp

645 bp
645 bp

567 bp

567 bp

567 bp

645 bp
645 bp

645 bp

567 bp
645 bp
645 bp
645 bp
645 bp
645 bp
567 bp

CrylAc protein expressed in transgenic tomato lines exhibit highly selective

insecticidal activity against a narrow range of lepidopteran pests. Insect resistant

tomato line 5345 was developed by the insertion of the CrylAc gene from the soil

bacterium Bacillus thuringiensis subsp. kurstaki (B.t.k.) strain HD73.

78



Focusing on the Monsanto’s insect resistant tomato line 5345, a primer pair was
designed specific to CrylAc gene by comparing the U89872, AF148644, M35524,
M73248 and AY122057 CrylAc sequences and U87397, U87793, M11068
sequences that are specific to B.t.k HD73 strain (Appendix F). Sequences were found
from EMBL, NCBI GenBanks. The ClustalW analysis of CrylAb, CrylAc and
CrylAc-F/CrylAc-R primers indicated that the reverse primer showed homology
only to the CrylAc sequences (Figure 3.12), providing a specific detection of

CrylAc sequences including the B.t.k. HD73 strain.

a7y ATCGAGT TCGTGTACGGTATGC TTCTCTAACC COGAT TCACC TCAR- ~CCTTAATT GGG 1637
2987ET ATCGAGT TCGTGTACGGTATGC TTCTCTAACC COGAT TCACC TCAR- —~CCTTAATT GGG 2024
148644 4F ATCGAGT TCGTGTACGGTATGC TTCTCTAACC COGAT TCACC TCAR- -~CCTTAATT GGG 1624
BEEE4N ATCGAGT TCGTGTACGGTATGC TTCTCTAACC COGAT TCACC TCAR- —~-COTTAATTGEEG 1872
73248 ATCGAGT TCGTGTACGGTATCGC TTCTCTAACC COGAT TCACC TCAR- ~CCTTAATT GGG 1624
122057AY ATCGAGT TCGTGTACGGTATGC TTCTCTAACC COGAT TCACC TCAR- ~CCTTAATT GGG 1752
LU= irans ATCGAGT TCGTGTACGGTATGC TTCTCTAACC COGAT TCACC TCAR- ~CCTTAATT GGG 1637
Mlloes ATCGAGT TCGTGTACGGTATGC TTCTCTAACC COGAT TCACC TCAR- —~COGTTAATTGEEG 1627
ZE4c40LF ATCCGCTAAGAATT CEC TACGC TTCTACCACAALTTTACAAT TCCATACATCALTTGACG 2265
0ES&T70AF ATCCGETAAGAATT CEC TACGC TTCTACCACAALTTTACAAT TCCATACATCALTTGACG 1657
o +* * FE FE FEEEEE ** * ** *+ * * * FEEEE *

Figure 3.12; Specificity of Cryl Ac reverse primer (¥, indicates the homologous base pairs)

In CrylAc PCR results, beside the expected 415 bp amplicon, a second 197 bp
unexpected fragment was observed in samples 2, 5, 6, 7, 8,9, 15, 17, 18 and 19. In

order to evalute the CrylAc PCR results, it is necessary to sequence these fragments.

MI1NT 1

2345678910 1112 1314 1516 1718 19 20 22 23 24 25 26 2728 29 M2

" 415 bp ' -]

/ ' : 805 bp
197 bp -

[Rtet ]

400 bp \ L :
300 b --u-n/ - e . 448 bp

200 bp : S - mae

Figure 3.13; CrylAc specific PCR results with Cryl Ac-F/CrylAc-R primer set, line M1; 100bp
molecular weight marker, line NT; no template, line 1-29; samples and line M2 pstl digested lambda
() DNA
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The unexpected 197 bp fragment was taken from the gel by using tips and re-
amplified. 60ul of obtained PCR product was sent to IONTEK (Istanbul/TURKEY)
for automatic sequencing. As in the case of Cryl A PCR, the obtained result was not
satisfactory with 41% homology, resulting from the quality of bands. The 197 bp

resultant fragment contains 42 unidentified bp’s N’s.

CLUSTAL W (1. 82) multiple sequetce aliopment

[
L

z47-1E e CGCGCACARCTTCTCCHGEMMACESE 25
AV122057 CTGTATACAGARALACC CEAACCE TAGAT TCGCT CEATCARA TACCACCACAGRATANCA 1381
* o+ * * o M
z47-15 A GCTHC ANGTTAG—GTT TTC THATHANCGG THATHHC ATH CECC- —— ~TC TTHHOCCE 79
AY122057 ACGIGCCACCTAGECARGEATT TAGTCATCOATT ARG CCATGTT ICARTGITICET IR 1441
*rE ** * o R S N S TEE * o *
247-15 M TAL AR THACANGETHANCHE C- —-- GEGETT THANG THHCCHECOG AN AMA AC GRATAT 135
EY122057 GCTCTAGTAGTAGT GTAAG TATAL TARGAGCT COTAT GT TCTCT TEGATACATCGTA-GT 1501
*Tx * * I * T * * TEFT ¥ X *TET X 0¥
247-15 AT TTHANGEACT TTATCHEZEEECTHON GAARC COCHA - THMANT TTHTEHAACCHGHNT A 154
AT177057 GETGAAT TTAAT AR TRT AR TTGCATCGGATASTATTACT CARAT CCCTGCAGTGARGEGA 1561
* x * *x e * * * * *TEr x
247-1E AR - 17
AT122057 AACTTTCTTTITAATGGTT CTGTALTT TCARGACCAGGATTTACTOGTRRECACTTAGTT 1621
**
247-1E -
AV122057 ACATTAAATACTAGTCCARATAACATT CAGRATAGAGCETATAT TCARGTTC CAATTCAD 1681
d
Al
z47-15% T T eI
AV122057 TTCOCATCEACATE TAC CAGATAT CGAGT TCGTE TACGE TAT GO TTC TETARCC CCGATT 1741
z47-15 -
AY122057 CACCTCAANGTT AR TTEEEETART TCATC CAT TT TTT CCARTACACTAC CAGCTACAGET 1801

Figure 3.14; ClustalW analysis of CrylAc PCR result 200 bp and targeted sequence AY 122057 (*,
indicates the homologous base pairs)
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In order to obtain the satisfactory sequencing analysis results, it was aimed to clone

645 bp CrylA and 415 bp CrylAc PCR fragments.

BLAST analysis of forward and reverse primers was also done for CrylAc-

F/CrylAc-R primer set, observed data showed high specificity to Cryl Ac sequences

producing an amplicon of 415 bp in length (Table 3.3).

Table 3.3; Homology search of Cryl Ac forward and reverse primers

CrylAc-F CAg AAA AAg Cgg AAC ggT Ag/ CrylAc-R gAA TCg ggg TTA CAg AAg CA

Sequence accession no. & name From To Length
AY122057 Bacillus thuringiensis insecticidal crystal protein CrylA gene 1328 1740 412 bp
AY225453 Bacillus thuringiensis CrylAc gene 1203 1618 415 bp
AJ002514 Bacillus thuringiensis kustaki cry218 gene 1590 2005 415 bp

X54159 Bacillus thuringiensis crylA(c) gene for insecticidal (Lepidoptera
1541 1953 412 bp

specific)

AJ130970 Bacillus thuringiensis gene encoding crystal tox 1358 1773 415 bp
AF492767 Bacillus thuringiensis CrylAc gene 1203 1615 412 bp
AF148644 Bacillus thuringiensis insecticidal CrylAc partial cds 1203 1615 412 bp
U87397 Bacillus thuringiensis kurstaki crystal protein (CrylA(c)) gene 1355 1770 415 bp
U89872 Bacillus thuringiensis CrylAc delta-endotoxin gene 1590 2005 415 bp

U87793 Bacillus thuringiensis kurstaki insecticidal delta-endotoxin
2178 2593 415 bp

CrylA(c)gene

U43606 Bacillus thuringiensis crylA(c) gene 1203 1615 412 bp
M73249 Bacillus thuringiensis gene 1203 1618 415 bp
M73248 Bacillus thuringiensis (crylAc3) gene 1203 1615 412 bp
M35524 B.thuringiensis delta-endotoxin gene 1441 1853 412 bp
M11068 B.thuringiensis 75 kb plasmid crystal protein gene 1590 2005 415 bp
AY525369 Synthetic construct cryl AcAT modified toxin gene 1203 1618 415 bp
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3.2.4 Cloning and sequencing of fragments

645 bp Cryl A fragment from sample 24 and 415 bp CrylAc fragment from sample
15 were selected for cloning. Cloning of the fragments was achieved by ligation into
pTZS57R/T vector and transforming into E.coli Dh5-¢ cells. PCR amplification of the
selected colonies with M13 primers was performed. Eight CrylA (with lane
designation 1, 2, 3, 4, 5, 6, 7, 8) and eight CrylAc (with lane designation 9, 10, 11,
12, 13, 14, 16, 17, 18, 20) colonies observed to be carrying the expected size inserts

(Figure 3.15).

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 M

- e e .
“-"“---ﬂﬂﬂ“--ﬂu- 500bp

L] o #5 sa ws on 0

Figure 3.15; M13 PCR results with 645 bp CrylA and 415 bp CrylAc clones, line 1-8; CrylA
samples, line 9-20; CrylAc samples and line M; 100 bp DNA Ladder

Plasmids of two selected CrylA (with lane designation 1 and 5) and CrylAc (with
lane designation 9 and 13) colonies were isolated and prepared for sequencing. In
order to confirm the isolation of plasmids carrying the correct inserts were also
electrophoresed after double digestion with EcoRI and Pstl enzymes (Figure 3.16). It
was understood from the double digestion results that CrylA fragments contain an

additional restriction site either for EcoRI or Pstl.
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Figure 3.16; Double digestion results of selected plasmids with EcoRI and Pstl, line 1-2; CrylA
samples, line 3-4; Cryl Ac samples and line M; pstl digested lambda (A) DNA

Isolated plasmids that is expected to contain the 645 bp CrylA fragments were
automatic sequenced with T7 primers, results compared with targeted CrylA
sequence AY122057 did not show homology (Figure 3.17). High similarity was
observed form the comparison of sequence analysis results of CrylA clones with
previous CrylA sequencing results (Appendix H). Nucleotide and amino acid
sequence alignments of sequenced CrylA clones were checked with nucleotide-
nucleotide and protein-protein BLAST programmes in order to identify these
sequences, obtained results did not exhibit any meaningful homology with sequences

found in GenBank database.
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Gegh Name Lenint) 3%edqE Nane Lenint) 3core

1 AT122057 720 2 1 639 3
1 AT122057 720 3 24 639 2
2 1 639 3 24 639 94
_—
1a e GGTTCCTTAT GECCGCT TAGCARACGAG 28
zh MNNGC TCTGCGT CEAGGEE COGEEATCCGATT GETTCCT TAT GECCGCT TAGCARACGAG 60
AY1Z20E7 e CTACGEGTTCCTTATGECCCCTTTCAGOCCARR 33
TEEFEEEEE LT L L L AL L L +* *
1a GCTCE-——GRACGGEET GEATGET TA- —————-———TGECGTATCGT AGATCGRAC TITE 75
za COTCE-——GEACEGEEET BEATEET TA- —————————TEE0GETATCETAGATC CRAC TTTE 107
AY17Z0E7 CTCCAATCGRALAGTET CEAGAGCCGAAT CEATGOGC COCACACCTT GAATGLAAT CCTE 93
* * *rE * FEEE +* o o e b e O **
1a CTTTTCOAGECT OO ————AGEC TAGAGGAGEECT ATT COAT- AT CAGCACCTAT SO TAGE 130
Zh CTTTTCCAGGCTCC————AGGC TAGAGARGEECTATT COAT-ATCAGCACCTATCC TAGE 162
AY17Z0E7 ACTTAGATTGTTCGTOTAGGEATGGAGAA ARG TG TEOCCATCAT TOGCATCATT TCTOCT 163
*x * X *E ¥ O FEET X * TEEE X *EE * * **
1a TCGARALGGACT GAMAGARCTT ACA-T TAGGT CETGACT TRAGGCTCAGCGEARCGAGD - 182
Zh TCGARALGGACT GARAGARCTTACA-T TAGGT CETGRACT TRAGGCTCAGCGEARCGAGD - 220
AY17Z0E7 TAGACATTGATGTAGGATG TACAGACT TALAT GAGGACC TAGGT CTATGEGT GATC TTTA 213
* *E * *+ * &R ek * *EE * * *x *EE *
1a -GOTAALGAACT AAGGAGGTCGAC TAGTT CTT AGCTT CATTGARCTCAGCATAGTTAGAS 247
zh -GETAALGAAGT ARGGAGETCGAC TAGTTCTTAGCTT GATTGARCTCAGCATAGTT AGAS 273
AY1Z20E7 AGATTARGACCCANGAT CECCACECARGACTAGEGARTC TAGAGTTTOT COARGACARAD 273
* * FEEE O *ET *+ * * ** * * ** * * ** +* *
1a -ATTAGAGGAGATAGCCTT TCT TTCTATT GCT TRAGT GEA-————-ATCAGT TGACARA - 293
Zh ~ATTAGACGAGATAGCCTT TCT TTOTATT GCT TEAGT BEA——-——-ATCACT TEACARA - 331
AY17Z0E7 CATTAGT AGGAGAAGCGCTAGC TOGTETGAALAGAGC CEAGA A AR TECAGAGACARAC 333
TEEE L * *rE * +* Lo *TEE FE ** *TEEEEE
s ARGCTOGAACCT—— AATTCACT TCTTTCT TAACT TARAT ARACCA-——AGAGATC 349
zx - AAGCTCGAACCT—— AATTGACTTCTTTCT TAACT TARAT ARAGGA-——AGAGATG 281
AY17Z0E7 CTGARALAT TEGAATCECALAC AR ATATCOTT TATARAGAGECARALGAATCTGTAGATE 393
xx T TEET X *x * *TE X TEX xTEETE X TEELTE
1a ————ATTTGAAGAAG-——AATTCATTCCTCTCCGAGCAG TRAAG ————— TGCCAT-—-—— 392
Zh ————ATTTGEAGAAG-——AATTCATTCCTOTCCGAGCAG TRAAG ————— TGCCAT-—-—- 424
AY17Z0E7 CTTTATTTGTALACTCTCAATATGATC AR TTACALGCCEATACGAATAT TGCCATGATTE 453
FTEEETE o+ *EE *+ * * FEE o+ * * *EEEE
1a ATCCTAGAGARAGEGOT TCACC GETCGTTAMGAT AGAGT TR TG TOGGTAGC TG TTCTT G 452
2h ATCOTAGACAGAGEGOT TTACC GETOGTTAMGAT AGAGT TRETE TOGETAGC TETTOTT G 454
AY1ZZ0E7 ATGCGECACATAALCGT GT TCATAGCATT CEAGRAGC TTATC TECCT G- AGCTETCTGT G E1Z
**t * *EE * * * * ** ** * *E * * ETEEEEE **
1a CTTAGCECCATCAGETC AL CARTC GET GACAT ACTTTAGGAR TEAAT AT CTGTAAC TOCC E12
Zh CTTAGCGGGATCAGGTCAC CAATC GET GACAT AGTTTAGGAATCARTAT CTGTAACTOCC Gdd
AY1ZZ0E7 ATTCCRGGT GTCARTGC GECTATT TTT GAAGAA- ~TTAGAMGGECGTAT TT-TCACTGOA 69
xx xx TEx x* * T TEE * TEEET X * TEE T X ETEET X
1a ATTCCAGTACTTARACT GACAAAATGCARTARAC AT CAAGACC TGGCT CAAGECTAACT E72
Zh ATTCCAGTACTTARACT GATAAAATGCARTARAC AT CAAGACC TEGCC CAAGECTAACT &0
AY1ZE0ET TTCTCCCTATATGATGCGA-GARATCTCATTARA AATGETGATT TTAAT ARTGGCTTATC 628
* * ** i ** T EE *E *TE EEE ** +* * FEEE X *
<
1a COTCC-——-ACACTCAGGET CAGGAACGTCARAGEGCATGART CEGATCCCOGRCCOTOGA 629
zh CCCCC-——ACACTC AGGET CAGGAACGTEARABGECAT - ————— ————— ——————————— 39
AY1220E7 CTGCT GEAACET GAARGCECAT CTACATC TAGAAGAACAARACAACCAACCTTCGETOCT 625
* * ** A ity - R SRy - Tt * * *

Figure 3.17; ClustalW analysis of Cryl A clone sequencing results 1A and 2A and targeted sequence
AY 122057 (*, indicates the homologous base pairs)
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Nucleotide-nucleotide BLAST analysis results of 415 bp CrylAc fragments, indicate
an homology with Cry genes (Appendix I). The reason for that low complementarity
might arise from the synthetic construction of inserted gene. DNA sequencing results
of two cloned CrylAc fragments exhibited 98% homology with each other, but on
the other hand score obtained from comparison of sequenced fragments and targeted

AY122057 sequence did not give satisfactory result (Figure 3.18).
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1 AYT1Z2057
1 AYT1Z2057
Z Acl

Arcl
ArcE
AY1ZZ057

Arcl
AoE
AYT1ZZ0E7

Aol
Aok
AT1zz057

Acl
ApZ
AT1zz057

Ael
ArZ
AT1zz057

Arcl
AoE
AY1ZZ057

Arcl
AoE
AYT1ZzZ0E7

Aol
Al
AY177057

Acl
ApZ
AT1zz0KE7

Lenint) 3edqb Name Lenint) 3core

540 & Acl 463 4

540 3 Ace 454 4

463 3 Ace 454 L]
>

———————CAGARALACC GEAAC CGTAGCC TAC GAAGC AT GACAATCRAC CAGAT GT TTGA
———————CAGARALACC GEAAC GG TAGCC TAC GAAGC AT GACAATCRAC CAGAT GT TTGA
CTGTATACAGARALACC GEALC GETAGAT T-CGC TOGAT GAAAT ACCAC CACAGRLTALC

o o o o e * ** * FEEE * TEEE * *

GAAAT GECECGETECTFAGGTT CT COGRAGGECC GTT CRGAEEATET TGCCC AR GAACC
GAAAT GEGHCGETHETFAGGTT CT COGGAGEGCC GTT CoGEFGATGT TGCCCAAGAGCC =
AACET GCCACCTAGGCAAGGAT TT———AGTCATC GAT TAACC CATGT T--TCAATGTITC

+* ** * ** *EE % e * TErE L *EE

GCTTCGGRATARGAGET TEGCT COGTT GAAGAGT GAGTC TTTGEGTC TT TGC TG TT CRil
GCTTCGGEATARGAGET TGCCT COGTT CAAGACT GAGTC TTTGEGTC TT TGC TG TT CRil
GTTCAGGCT CTAGTAGT AGTCT AL GTATAATAA-CGAGCT CCTAT GTTCTCTT GEATACAT

* * *+* ** *E o+ * ** tE * *EE * ** * +* * *

TGTACTACGCARAGTGAGACTGTT GCT GACTT GAACAGC CTT —— —CGAGGGTCT G- ————

TGTACTACGCARAGTEAGLCTGTT GCT GACTT GAACAGC CTT —— —-CLAGGGTCT G- ————

CGTAGTGCT GARTT TAATARTATAATT GCATC GRATAGTATTAC TCAARTCCCT GLAGT G
i

*EE * * *x OO R R S ** FE I EIRE ** *E*

——GCTCATCCTTAC ARG GAGAR TATCG TAAAGTT COG TAACA AMG-TC GG TTATT GRCAAT
——GCTCATCCTTAC ARG GAGAR TATCGTALAGTT COGTAACAAG-TCGETTATT GGCAAT
AACCEALACTTTCTTTT TAATGGT TCT GTAAT TT CAGGACCAGEATT TACTGCT GEGERAC

* * * Ex * ** *Eh kEE E k EE k * * *EE *

TTGCCGEAGGTGCAACAGECCT TCARGALGCC T- —GAGG CTCAGGCC AL GCAGT CT GCAT
TTGCCGEAGCTGCAACAGECCT TCARGALGCC T- —GAGG CTCAGGOC AL GCAGT CT GCAT
TTAGT T-AGATTALATAGTAGT GEARATAACATT CAGAL TAGAGGCT ATATT GARGTTICC

*+* ** * *+ *F * ** b S SR Tt E * *

AAATEET GO TTGET CAAGEGEEAC ——CAAATC GARCA AR ACT CAALT ———CATC TCTCAC
ALATGET GCTTGET CARGEGGGAC ——GAAATC GARCA AR ACT GAALT ———-CATCTCTCAC
AATTCACTTCCCAT CEACATCTAC CAGATATC GAGTT CGTCTAC GETAT GCT TC TG TARD

*t * *E * ** *E ETEEEE ** * * EFEE *F *E

CTCAGAT -GCGACGCCATCTGC TTCTGTAACC C- —CEAT TCAAT CGLAT CCC GGG CCTC
CTCAGAT -GCGRCGCCATC TGC TT CTGTAACC C- —CGAT TCAAT CGGAT CCC GGG CCTC

CCCELTTCACCT CAACGTT AAT TEEEETAATT CATCCAT TTT TT CCAAT ATAGT A CAGD
i +* * * ik * TEEx * * *EE ** *E % ** *
BB DT LA B BT —= = = o e e
G DB A G T — = — = — = — o m e e

TACAGCTACGTCAT TAGATAAT CTACAAT CARGT GAT TT TGGTTATT TT GAAAGTGCCAL

**

Figure 3.18; ClustalW analysis of CrylAc clone sequencing results Acl and Ac2 and
sequence AY 122057 (*,indicates the homologous base pairs)
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3.2.5 Interpretation of results

The control of extracted DNA samples were done by patatin gene specific PCR.
Twenty-eigth out of twenty-nine amplicon produced the expected amplicon, which
indicates the presence and amplification capacity of our DNA samples. The sample
21, that has a 1.222 Ao/ Azgo value did not produce an amplicon and eliminated

from further screening and identification studies.

In our screening tests, only Nptll PCR exhibited positive signals, in Nos terminator
and 35S promoter specific PCRs it was not observed any amplification signal.
Samples 1, 3, 25, 26, 28 and 29 produces only an amplicon in Nptll specific PCR
whereas they did not produce any product in 35S promoter, Nos terminator and in
Cry identification PCR systems. Among approved genetically modified tomato lines,
Nptll kanamycin resistance gene is present in nearly all. Therefore it gives a great
opportunity to screen them by targeting this resistance gene. But in the case of 35S
promoter and Nos terminator, they could not provide such a general detection, the

presence of these three targets in GM tomatoes were summarized in Table 3.4.
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Table 3.4; Summarization of genetic elements of approved transgenic tomato lines (Bruderer &
Leitner, 2003)

Event name 35S promoter  Nos terminator ~ NptlI gene Approval type ﬁlg E éoval
117, 1046, 1204, . . . Field production-
1208 (vir. res.) No map information available import Japan
. Food, Field
1345-4 (del. rip.) + + + production-food Canada, USA
35 1 N (del. rip.) - + + Field production-food USA
405, 707(vir. res.) No map information available Field ‘productlon— Japan
import
. Food, Field
5345 (ins. res.) + + + production-food Canada, USA
8338 (del. rip.) + + + Field production-food USA
. Food, Field
B, Da, F (del. rip.) + + + production-food Canada, USA
China tomato 1 (vir. No map information available Field production- China
res.) food, feed
China tomato 2 (vir. No map information available Field production- China
res.) food, feed
proflfc(;(ii(’nili?rlliort Canada,
Flavr Savr (del. rip.) + - + Field production-food J:apan,
Mexico, USA
feed
ICI9, ICI13 . . . Field production-
(del. rip.) No map information available import Japan
Japan tomato 1 (vir. No map information available Field ‘productlon— Japan
res.) import
o . . . . Field production-
N°4-7 (vir. res.) No map information available import Japan

(vir. res.; virus resistant, del. rip.; delayed ripening, ins. res.; insect resistant)

The reason for our non-detection, could be the other promoter and terminator regions
used in transgenic tomato lines instead of 35S promoter and Nos terminator. It was
known that in recent studies, scientists begin to improve crops by using their own
promoter and terminator regions. And also in genetically modified crops, different
sequence mutants of P-35S fragments can be used. Therefore we could not detect

those regions with our primer sets.

As mentioned in the report of Bruderer & Leitner, (2003), genetically modified
tomato lines with variable improved properties were approved in different parts of

the world. Virus resistant tomato with event name 117-1046-1204-1208, 405-707,
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ICI9-ICI13, Japan tomato in Japan, and additionally China tomato 1 and 2 in China
are the approved transgenic tomato lines with no genetic map information. In order
to evaluate our Nptll positive results whether they improved to provide virus
resistance or not, it needs genetic information. Our kanamycin positive samples with
no 35S promoter and Nos terminator could be also belong to that virus resistant

genetically modified tomato group.

In our identification studies, seventeen positive amplification signals were observed
with CrylA-F/CrylA-R primer set and ten amplification signals with CrylAc-
F/CrylAc-R specific primer set. In samples 4, 10, 11, 12, 13,14 and 24, we detected
645 bp amplicon by using Cryl A-F/Cry1A-R primers that refers the presence of Cry
genes, but we could not observed any 415 bp fragment with CrylAc-F/CrylAc-R
primers. The observed 645 bp fragment might result from any Cry gene instead of
CrylAc gene, indicating a non-approved transgenic line. The sample 14 which
produced positive amplification signal only with Cry1A-F/Cry1A-R primers could be

an unknown transgenic line.

In samples 2, 5, 6, 7, 8, 9, 15, 17, 18 and 19 positive amplification signals were
observed with Cryl A-F/Cryl A-R and CrylAc-F/CrylAc-R primer sets. Detection of
these 645 and 415 bp products indicates probable existance of CrylAc gene. In order
to identify them as transgenic line 5345, it is necessary to detect 35S promoter and
Nos terminator regions beside the Nptll and CrylAc genes,. The reason for our not
detection could be the non-homology of our primer pairs, at that point it is very

important to have tomato line 5345 as positive control to make a comparison.
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Another estimation is that, detected tomatoes could belong to a different, non

approved insect resistant tomato line.

Table 3.5; Summarization of obtained results

IS\Ia;?ple Sample ID: Pat 35S Nos  Nptll CrylA CrylAc
1 Ankara (Eryaman) + - - + - -
2 Ankara (Etimesgut) + - - + +
3 Ankara (Yildiz) + - - + - R
4 Ankara (Yildiz) + : - + 4 ;
5 Ankara (Armada) + - - + + +
6 Ankara (Etimesgut) + - - + + +
7 Ankara (Cankaya) + - - + + +
8 Ankara (Bilkent) + - - + + +
9 Ankara (Yildiz) + - - + + +
10 Spain 1 + - - + + R
11 Spain 2 + - - + + _
12 Belgium 1 + - - + + -
13 Belgium 2 + - - + + -
14 Canakkale + - - - + R
15 Ayas + - - + + +
16 Eskigehir + - - _ _ _
17 Isparta + - - + + +
18 Antalya + - - + + +
19 Afyon + - - + + +
20 China 1 + - - - - -
21 China 2 - - - - -
22 Antalya-Kalkan 1 + - - - - -
23 Antalya-Kalkan 2 + - - - - R
24 Antalya-Kalkan 3 + - - + + -
25 Antalya-Kalkan 4 + - - + - -
26 USA 1 + - - + - -
27 USA 2 + - - - - -
28 Mersin 1 + - - + - R
29 Mersin 2 + - - + - R
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CHAPTER 1V

CONCLUSION

Turkey is one of the most important country concerning the advances of its
ecological and agricultural properties and also one of the main tomato producer in
the world. It was known that including the tomato, many genetically modified crop
takes place in our food markets and it is really necessary to detect and evaluate the

presence of GM foods in Turkey food markets.

In this study we attempt to screen and identify tomatoes collected from Turkey food
market whether they are genetically modified insect resistant tomatoes or not. The
detection of presence of genetically modified crops has a special importance in the
aspect of acceptance of Turkey in GM food market. By this way it could force the

regulatory agencies to develop required regulations.

In this study, it was aimed to detect genetically modified insect resistant tomatoes.
There is not any available construct and sequence information about genetically
modified insect resistant tomato which our country imports from Israel, Holland and
USA. So Monsanto’s transgenic tomato line 5345 has been taken as a model, and

focused on the main target genes of this genetically modified insect resistant tomato

91



line. This insect resistant line has an approval for food use in Canada and USA since
2000 and 1998 respectively. Even for a scientific study, in order to import
Monsanto’s GM tomato line 5345, a permission is needed from Ministry of
Agriculture. Although our great efforts, resulting from the absence of required
permission, we could not obtain the positive control 5345 tomato line and it caused

difficulties in identification experiments.

In order to detect insect resistant GM tomatoes, three screening targets and an
identification target gene were used, 8 primer sets that were specific to 35S promoter,
Nos terminator, Nptll kanamycin resistance gene, CrylA and CrylAc insect

resistance genes were designed.

In conclusion NptlI gene was detected in most of our samples, this screening target is
used both in delayed ripened and insect resistant GM tomatoes. In our seventeen
samples positive amplification signals were observed indicating the presence of Cry
genes and in our ten samples amplicons were obtained with CrylAc-F/CrylAc-R

primers. These obtained data indicates the existance of Turkey in GM food market.
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Annealing sites of PatGc-PatGd primer set was illustrated on the Solanum tuberosum

APPENDIX A

gene for patatin with the NCBI accession no. X03932 (Jaccaud et al., 2003).

2641

2701

2761

2821

2881

2941

3001

3061

3121

3181

3241

3301

3361

3421

3481

3541

3601

gatcaatact
cgaaacttgc
tgttgttgcect
aagagacagc
cagcaagttc
aaaacaatta
tctcactagt
caaaattagg
gaatcagtga
cctaagattt
ctctaatctt
gccttaaata
cgccecctgte
ctcccatgta
acgtatctag
ctatttttgt

gataggaaat

attatgtgtt

acaagtggat

gtacgtgcaa

ccaaaatttg

ctcattaggc
taaatggggt
ttacatgact
cctaagggtt
ttgcaatatt
tgtaatagtt
cggattcagg
gatcttggat
acatttagga
tacaacggac
tagaatacat
tttggtattc
tgcgatttgc
gtatctggta

tcttaataag

>

actggcacta
actgcacgat
gattattacc
caagtaagtc
acctatttta
ctaaatacat
atttacatta
ccttaaggtg
ggctcaaaat
gtaagttttt
tagcaaatct
cagatacatg
atgtatcttg
gcaaaaatac

tggtaagata
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tgcaggcatt
cttcaattaa
cttcagagtt
ggatgttagt
tttctactgce
ccaactatta
ccaaattttg
tctatccaag
aaggggttaa
agttttgaac
caatatatag
gttgtgaacc
ttctcgcectct
agaatcacac
gatacatacg
atgtatctaa

cgtactattt

attatccatt
gtcattgaat
tgataaaaca
tatacagaaa
ttttcaagcect
ttatagggaa
atatatctag
tggattcaca
aaagaaaaaa
ccctcgacca
acataaaaat
cccttgtcaa
cttcaatctc
cagatgcata
tatctcactc
gtatattttt

cagaaatata

agcgttgcaa
tacaagcaaa
tatacagcag
<4+—
atgactagtg
cttgattcac
cttacataaa
gatacatggt
tggatctcta
acgagtagtg
ctgagtcaac
tcttaaaatt
cctctagggc
gcttgccact
cagatacagt
acctttctca

cttaatatat

tatgatagtg



APPENDIX B

ClustalW  analysis  (ClustalW  homology  search  programme, 2004,

http://www.ebi.ac.uk/clustalw) results indicates the non-homology between

commonly used 35S promoter sequence AF078810 (Jaccaud et al., 2003) and 35S
promoter sequence with EMBL GenBank accession no. CMV7626 that was used in
primer design. Blue color is indicating the first primer set 35S-F/35S-R that was used
in our study, and the pink color is indicating the second primer set, 355-1/35S-2. In
some transgenic crops, the duplicated versions of 35S promoter are used
(AF078810), the sequence carries a second complementary annealing site for the

35S-1 primer (Jaccaud et al., 2003).

SegA Name Len (nt) SegB Name Len (nt) Score

— ¥ 35S-F

CMV7626 GGATCCTCTAGAGTCCCCCGTGTTCTCTCCARATGAAATGAACTTCCTTATATAGAGGAA 60
AF078810  ———--- CCTGCAGGTCAACATGGTGGAGCACGACACACTTGTCTACTCCAAAAATATCAA 54
* * * * * * kK K * * *  x * Kk K *x kK Kk K * x
CMV7626 GGGTCTTGCGAAGGATAGTGGGATTGTGCGTCATCCCTTACGTCAGTGGA-GATTCCAGA 119
AF078810 AGATACAGTCTCAGAAGACCARAGGGCAATTGAGACTTTTCAACAAAGGGTAATATCCGG 114
* ok * * % * * * ok *  kkx Kk * % * x * * * ok
CMV7626 TAGGCCTAACGCTTGTCCAAG---ATCTATTCAGGATTCCAG-ATAGGCCTAACGCTTGT 175
AF078810 AAACCTCCTCGGATTCCATTGCCCAGCTATCTGTCACTTTATTGTGAAGATAGTGGARRA 174
* * * % * * * * ok k ok k *  x * * * % *
» 35S-1
CMV7626 CCAAGATCTATTCAGGATATCACATCAATCCACTTGCTTTGAAGACGTGGTTGGAACGTC 235
AF078810 GGAAGGTGGCTCCTACAAATGCCATCATTGCGATAAAGGAAAGGCCATCGTTGAA--GAT 232
*kk  Kk *  x * kK *k kK Kk Kk K * * kK kK ok kkkk Kk *
35S-R <«
CMV7626 TTCTTTTTCCACGATGCTCCTCGTGGGTGGGGGTCCATCTTTG-GGACCACTGTCGGCAG 294
AF078810 GCCTCTGCCGACAGTGGTCC-CAAAGATGGACCCCCACCCACGAGGAGCATCGTGGAAAA 291
*k  x * kK *k Kk Kk K * Kk k ok * kK K * kK kK kK * kK *
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CMV7626
AF078810

CMV7626
AF078810

CMV7626
AF078810

CMV7626
AF078810

CMV7626
AF078810

CMV7626
AF078810

CMV7626
AF078810

AGGCATC--TTCAACGATGGCCTTTCCTTTATCGCAATGATGGCATT---TGTAGGAGC— 348
AGAAGACGTTCCAACCACGTCTTCAAAGCAAGTGGATTGATGTGATAACATGGTGGAGCA 351

* K * * kkKkk ok Kk Kk K * * kK Kk k kK * K * * * Kk Kk Kk ok

————— CACCTTCCTTTTCCACTATCTTICACA-ATAAAGTGACAGATAGCT---GGGCAAT 399
CGACACACTTGTCTACTCCAAAAATATCAAAGATACAGTCTCAGAAGACCAAAGGGCAAT 411

*kk K * % * ok ok ok * KkKkk K kkk kKK * Kok ok * Kok ok kK ok K

GGAATCC-——————-— GAGGAGGTTTCCGGATA-—————————————————————————— 423
TGAGACTTTTCAACAAAGGGTAATATCCGGAAACCTCCTCGGATTCCATTGCCCAGCTAT 471

* % * * * K kkkokokx ok

GGATTGATGTGATATCTCCACTGACGTAAGGGATGACGCACAATCCCACTATCCTTCGCA 711
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Annealing sites of Nos-1/Nos-3 primer set was illustrated on sequence with the

NCBI accession no.

1201

1261

1321

1381

1441

1501

1561

1621

1681

1741

1801

1861

1921

tgaccgacca
atgaaaggtt
gggatctcat
ccgatatcat
tgatcgggcc
tgcaccgcga
tgatccccga
—
gtcttgcgat
tgtaatgcat
tttaatacgc
tgtcatctat
tctggtggcg

gagggaggcyg

U12540.

agcgacgccc
gggcttcgga
gctggagttc
tacgacagca
cggcgtccac
tatcttgctg
tcgttcaaac
gattatcata
gacgttattt
gatagaaaac
gttactagat
gctctgaggg

gttccggtgg

APPENDIX C

aacctgccat
atcgttttcc
ttcgcccacg
acggccgaca
atcaacggcg
cgttcggata
atttggcaat
taatttctgt

atgagatggg
d

cacgagattt
gggacgccgyg
ggatctctgce
agcacaacgc
tcggeggega
ttttcgtgga
aaagtttctt
tgaattacgt

tttttatgat

cgattccacc
ctggatgatc
ggaacaggcyg
cacgatcctg
ctgcccaggce

gttcccgeca

gccgceccttet
ctccagcgcg
gtcgaaggtg
agcgacaata
aagaccgaga

cagacccgga

aagattgaat
taagcatgta

tagagtcccg

Al
aaaatatagc

cgggcctcecct
tggtggctct

tggctctggt
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gcgcaaacta

gtcaatgctg

gagggtggcg

tccggtgatt

ggataaatta

gcggcggcete

gttctgaggg

ttgattatga

cctgttgecg
ataattaaca
caattataca
tcgcgegegg
tggtggtggt
tggcggctcect

aaagatggca



APPENDIX D

Selected kanamycin sequences were aligned and alignments were checked. Primer

annealing sites for kanamycin resistance primer sets represented as red colour.

27458 6AF CCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACT 457
274974AF CCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACT 479
274975AF CCACGACGGGCGTTCCTTGCGCAGCTGTGCTCGACGTTGTCACTGAAGCGGGAAGGGACT 343

R R R R S S R TR

27458 6AF GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCG 517
274974AF GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCG 539
274975AF GGCTGCTATTGGGCGAAGTGCCGGGGCAGGATCTCCTGTCATCTCACCTTGCTCCTGCCG 403

Kok ok ok ok ok ok ok ok ok ok Ak hkk Ak ko kA A kA Ak kA Ak kA Ak ok k ok ok khkkkhkk ok ok ok kk ok kk ok ok kkxk

27458 6AF AGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCT 577
274974AF AGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCT 599
274975AF AGAAAGTATCCATCATGGCTGATGCAATGCGGCGGCTGCATACGCTTGATCCGGCTACCT 463

R R R R TR

27458 6AF GCCCATACGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCG 637
274974AF GCCCATACGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCG 659
274975AF GCCCATACGACCACCAAGCGAAACATCGCATCGAGCGAGCACGTACTCGGATGGAAGCCG 523

Kk ok kK ok ok kK ok ok Kk ok ok Kk ok ok Kk ok kK ok ok kK ok ok Kk ok ok Kk ok ok ok ok k ko k kK kR ok ok ok ok ok ok ok ok ok ok ok

27458 6AF GTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGT 697
274974AF GTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGT 719
274975AF GTCTTGTCGATCAGGATGATCTGGACGAAGAGCATCAGGGGCTCGCGCCAGCCGAACTGT 583

R L R R R S R TR

27458 6AF TCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATG 757
274974AF TCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATG 779
274975AF TCGCCAGGCTCAAGGCGCGCATGCCCGACGGCGAGGATCTCGTCGTGACCCATGGCGATG 643

B R R R R T

27458 6AF CCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCC 817
274974AF CCTGCTTGCCGAATATCATGGTGGAARAATGGCCGCTTITTICTGGATTCATCGACTGTGGCC 839
274975AF CCTGCTTGCCGAATATCATGGTGGAAAATGGCCGCTTTTCTGGATTCATCGACTGTGGCC 703

R R R R R S R TR

27458 6AF GGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTIGCTGAAG 877
274974AF GGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAG 899
274975AF GGCTGGGTGTGGCGGACCGCTATCAGGACATAGCGTTGGCTACCCGTGATATTGCTGAAG 763

Kk ok kK ok ok kK ok ok Kk ok ok Kk ok ok Kk ok kK ok ok kK ok ok Kk ok ok Kk ok ok ok ok k kK ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

27458 6AF AGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATT 937
274974AF AGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATT 959
274975AF AGCTTGGCGGCGAATGGGCTGACCGCTTCCTCGTGCTTTACGGTATCGCCGCTCCCGATT 823
KAk Ak hkhkkhkhkhkhkhkhkhkhkhkhkhkhhhkhk bk hkhhhkhhhkhkhkhkhkhkhkhkhkhkhkdkhkhkhkhkhkhkhkhkhkhkhhkhkkhkhkhxxx
<

27458 6AF CGCAGCGGATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGA 981

274974AF CGCAGCGGATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGA 1003

274975AF CGCAGCGGATCGCCTTCTATCGCCTTCTTGACGAGTTCTTCTGA 867

Kk ok kK ok ke kK ok ok Kk ok ok ok Kk ok ok Rk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok
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APPENDIX E

Comparison of CrylAb and CrylAc sequences, that indicates the non-homology
between U63372 and other CrylA sequences at primer binding region. AF254640
belongs to CrylAb (blue color), AY122057, M11068 sequences (green color) and
U63372 sequence belongs to CrylAc groups. Red color indicates the primer pair

Cry-F/Cry-R that is expected to produce an amplicon 136 bp in length.

SegA Name Len (nt) SegB Name Len (nt) Score
1 AF254640 4293 2 AY122057 3659 88
1 AF254640 4293 3 M11068 3537 88
1 AF254640 4293 4 U63372 1859 69
2 AY122057 3659 3 M11068 3537 99
2 AY122057 3659 4 U63372 1859 82
3 M11068 3537 4 U63372 1859 82
p Cry-F
AF254640 ATGAATGCATTCCTTATAATTGTTTAAGTAACCCTGAAGTAGAAGTATTAGGTGGAGAAA 720
AY122057 ATGAATGCATTCCTTATAATTGTTTAAGTAACCCTGAAGTAGAAGTATTAGGTGGAGAAA 207
M11068 ATGAATGCATTCCTTATAATTGTTTAAGTAACCCTGAAGTAGAAGTATTAGGTGGAGAAA 82
U63372 ACGAGTGCATTCCTTACAACTGCCTGAGCAACCCTGAGGTTGAGGTGCTGGGTGGAGAAC 92

Kk kk Ak krkkAkrkKkAkk kK kK * Kk Kk Akkkrkkk Kk Kk KK *  kk Kk kkkk kK

AF254640 GAATAGAAACTGGTTACACCCCAATCGATATTTCCTTGTCGCTAACGCAATTTICTTTTGA 780
AY122057 GAATAGAAACTGGTTACACCCCAATCGATATTTCCTTGTCGCTAACGCAATTTCTTTTGA 267
M11068 GAATAGAAACTGGTTACACCCCAATCGATATTTCCTTGTCGCTAACGCAATTTCTTTTGA 142
U63372 GGATTGAGACTGGTTACACACCTATCGACATCTCGTTGTCACTTACCCAATTCCTTTTGT 152
Kk kk kk kkkkkAkkkhkhkk kk khkkkhkk kxk kk Kkkkhkikk kk kk kkrkkk Kkkkkkxk
CryR «
AF254640 GTGAATTTGTTCCCGGTGCTGGATTTGTGTTAGGACTAGTTGATATAATATGGGGAATTT 840
AY122057 GTGAATTTGTTCCCGGTGCTGGATTTGTGTTAGGACTAGTTGATATAATATGGGGAATTT 327
M11068 GTGAATTTGTTCCCGGTGCTGGATTTGTGTTAGGACTAGTTGATATAATATGGGGAATTT 202
U63372 CAGAGTTCGTGCCCGGTGCTGGATTCGTGCTTGGACTTGTCGATATCATTTGGGGAATCT 212

Kk kk kk kkkkkkkhkkkkkkk kkk ok kkkkk kk Akkkk kk kkkkkkkk Kk

AF254640 TTGGTCCCTCTCAATGGGACGCATTTCTTGTACAAATTGAACAGTTAATTAACCAAAGAA 900
AY122057 TTGGTCCCTCTCAATGGGACGCATTTCTTGTACAAATTGAACAGTTAATTAACCAAAGAA 387
M11068 TTGGTCCCTCTCAATGGGACGCATTTCTTGTACAAATTGAACAGTTAATTAACCAAAGAA 262
U63372 TTGGTCCCTCTCAATGGGACGCCTTTCTTGTACAGATAGAGCAACTTATCAACCAAAGGA 272

Kk hkhkkhhhkhhhAhkhhkhkhhhkh*hk *KkhkhAkkhkhrAkkhkhk *%k **% ** * kK kkkkkhkkKkk K
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APPENDIX F

Comparison of CrylA and CrylAc sequences by Clustal W software programme, in
order to design primers, complementary to homologous regions. Black colored
sequences are the B.t.k HD73 strains (CrylAc), blue colored ones are CrylAc and
the green colored ones are belonging to CrylAb genes. Purple color indicates the
region where CrylAc primers were designed and the red color indicates the region of

forward and reverse CrylA primers.

CrylAc-F

>
U87397 TTGCTTATGGAACCTCCTCAAATTTGCCATCCGCTGTATACAGAARAAGCGGAACGGTAG 1222
089872 TTGCTTATGGAACCTCCTCAAATTTGCCATCCGCTGTATACAGAAAAAGCGGAACGGTAG 1609
AF148644 TTGCTTATGGAACCTCCTCAAATTTGCCATCCGCTGTATACAGAARAAGCGGAACGGTAG 1222
M35524 TTGCTTATGGAACCTCCTCAAATTTGCCATCCGCTGTATACAGAAAAAGCGGAACGGTAG 1460
M73248 TTGCTTATGGAACCTCCTCAAATTTGCCATCCGCTGTATACAGAARAAGCGGAACGGTAG 1222
AY122057 TTGCTTATGGAACCTCCTCAAATTTGCCATCCGCTGTATACAGAAAAAGCGGAACGGTAG 1347
U87793 TTGCTTATGGAACCTCCTCARATTTGCCATCCGCTGTATACAGAAAAAGCGGAACGGTAG 1222
M11068 TTGCTTATGGAACCTCCTCAAATTTGCCATCCGCTGTATACAGAAAAAGCGGAACGGTAG 1222
AF254640 TTGCTTATGGAACCTCCTCAAATTTGCCATCCGCTGTATACAGAAAAAGCGGAACGGTAG 1860
AF059670 TTGCTTATGGAACCTCCTCAAATTTGCCATCCGCTGTATACAGAAAAAGCGGAACGGTAG 1262

KAk hkhkhkhkkhkhkkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhkhkkhkhkhhxx
087397 ATTCGCTGGATGAARATACCGCCACAGAATAACAACGTGCCACCTAGGCAAGGATTTAGTC 1282
089872 ATTCGCTGGATGAARATACCGCCACAGAATAACAACGTGCCACCTAGGCAAGGATTTAGTC 1669
AF148644 ATTCGCTGGATGAAATACCACCACAGAATAACAACGTGCCACCTAGGCAAGGATTTAGTC 1282
M35524 ATTCGCTGGATGAAATACCACCACAGAATAACAACGTGCCACCTAGGCAAGGATTTAGTC 1520
M73248 ATTCGCTGGATGAAATACCACCACAGAATAACAACGTGCCACCTAGGCAAGGATTTAGTC 1282
AY122057 ATTCGCTGGATGAARATACCACCACAGAATAACAACGTGCCACCTAGGCAAGGATTTAGTC 1407
U87793 ATTCGCTGGATGAAATACCGCCACAGAATAACAACGTGCCACCTAGGCAAGGATTTAGTC 1282
M11068 ATTCGCTGGATGAAATACCGCCACAGAATAACAACGTGCCACCTAGGCAAGGATTTAGTC 1282
AF254640 ATTCGCTGGATGAAATACCGCCACAGAATAACAACGTGCCACCTAGGCAAGGATTTAGTC 1920
AF059670 ATTCGCTGGATGAAATACCGCCACAGAATAACAACGTGCCACCTAGGCAAGGATTTAGTC 1322

Ak hkhkhkhkkhkhkhhhkhkhkhkhkhhhkd *AhkhhkkhhkhhhhhkhhkhkrrhhArkdkrhkhkhkhkdhhkhhkhkhhkhkrrhkhxkxx
U87397 ATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTTTAGTAATAGTAGTGTAAGTATAA 1342
089872 ATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTTTAGTAATAGTAGTGTAAGTATAA 1729
AF148644 ATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTCTAGTA-—-GTAGTGTAAGTATAR 1339
M35524 ATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTCTAGTA-——GTAGTGTAAGTATAA 1577
M73248 ATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTCTAGTA-—-GTAGTGTAAGTATAR 1339
AY122057 ATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTCTAGTA-——GTAGTGTAAGTATAA 1464
U87793 ATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTTTAGTAATAGTAGTGTAAGTATAA 1342
M11068 ATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTTTAGTAATAGTAGTGTAAGTATAA 1342
AF254640 ATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTTTAGTAATAGTAGTGTAAGTATAA 1980
AF059670 ATCGATTAAGCCATGTTTCAATGTTTCGTTCAGGCTTTAGTAATAGTAGTGTAAGTATAA 1382

khkhkhkhkhkkhkkhkhhkhkhhkhkhkrrhkhk A rhkhkhkhhkhkhhkhkrhkhkhkrx *hkk*x* Kk kkhkkkhkkhkhkkhkkkkkkk
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Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug87793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug9872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

TAAGAGCTCCTATGTTCTCTTGGATACATCGTAGTGCTGAATTTAATAATATAATTGCAT
TAAGAGCTCCTATGTTCTCTTGGATACATCGTAGTGCTGAATTTAATAATATAATTGCAT
TAAGAGCTCCTATGTTCTCTTGGATACATCGTAGTGCTGAATTTAATAATATAATTGCAT
TAAGAGCTCCTATGTTCTCTTGGATACATCGTAGTGCTGAATTTAATAATATAATTGCAT
TAAGAGCTCCTATGTTCTCTTGGATACATCGTAGTGCTGAATTTAATAATATAATTGCAT
TAAGAGCTCCTATGTTCTCTTGGATACATCGTAGTGCTGAATTTAATAATATAATTGCAT
TAAGAGCTCCTATGTTCTCTTGGATACATCGTAGTGCTGAATTTAATAATATAATTGCAT
TAAGAGCTCCTATGTTCTCTTGGATACATCGTAGTGCTGAATTTAATAATATAATTGCAT
TAAGAGCTCCTATGTTCTCTTGGATACATCGTAGTGCTGAATTTAATAATATAATTCCTT
TAAGAGCTCCTATGTTCTCTTGGATACATCGTAGTGCTGAATTTAATAATATAATTCCTT

R R R

CGGATAGTATTACTCAAATCCCTGCAGTGAAG-—-—-GGAAACTTTCTTTTTAATGGTTCTG
CGGATAGTATTACTCAAATCCCTGCAGTGAAG—-—-GGAAACTTTCTTTTTAATGGTTCTG
CGGATAGTATTACTCAAATCCCTGCAGTGAAG--—-GGAAACTTTCTTTTTAATGGTTCTG
CGGATAGTATTACTCAAATCCCTGCAGTGAAG—-—-GGAAACTTTCTTTTTAATGGTTCTG
CGGATAGTATTACTCAAATCCCTGCAGTGAAG--—-GGAAACTTTCTTTTTAATGGTTCTG
CGGATAGTATTACTCAAATCCCTGCAGTGAAG-—-—-GGAAACTTTCTTTTTAATGGTTCTG
CGGATAGTATTACTCAAATCCCTGCAGTGAAG-—-—-GGAAACTTTCTTTTTAATGGTTCTG
CGGATAGTATTACTCAAATCCCTGCAGTGAAG-—--GGAAACTTTCTTTTTAATGGTTCTG
CATCACAAATTACACAAATACCTTTAACAAAATCTACTAATCTTGGCTCTGGAACTTCTG
CATCACAAATTACACAAATACCTTTAACAAAATCTACTAATCTTGGCTCTGGAACTTICTG

* Kokkkk  kkkokk  kokKx * * * * % * % * K * K Kk ok

TAATTTCAGGACCAGGATTTACTGGTGGGGACTTAGTTAGATTAAATAGTAGTGGAAATA
TAATTTCAGGACCAGGATTTACTGGTGGGGACTTAGTTAGATTAAATAGTAGTGGAAATA
TAATTTCAGGACCAGGATTTACTGGTGGGGACTTAGTTAGATTAAATAGTAGTGGAAATA
TAATTTCAGGACCAGGATTTACTGGTGGGGACTTAGTTAGATTAAATAGTAGTGGAAATA
TAATTTCAGGACCAGGATTTACTGGTGGGGACTTAGTTAGATTAAATAGTAGTGGAAATA
TAATTTCAGGACCAGGATTTACTGGTGGGGACTTAGTTAGATTAAATAGTAGTGGAAATA
TAATTTCAGGACCAGGATTTACTGGTGGGGACTTAGTTAGATTAAATAGTAGTGGAAATA
TAATTTCAGGACCAGGATTTACTGGTGGGGACTTAGTTAGATTAAATAGTAGTGGAAATA
TCGTTAAAGGACCAGGATTTACAGGAGGAGATATTCTTCGAAGAACTTCACCTGG--CCA
TCGTTAAAGGACCAGGATTTACAGGAGGAGATATTCTTCGAAGAACTTCACCTGG--CCA

* * K kkhkhkhkkrxkkrxkhkhkkkhkrxk *xk **k K**k * * Kk KK * Kk Kk * Kk *

ACATTCAGAATAGAGGGTATATTGAAGTTCCAATTCACTTCCCATCGACATCTACCAGAT
ACATTCAGAATAGAGGGTATATTGAAGTTCCAATTCACTTCCCATCGACATCTACCAGAT
ACATTCAGAATAGAGGGTATATTGAAGTTCCAATTCACTTCCCATCGACATCTACCAGAT
ACATTCAGAATAGAGGGTATATTGAAGTTCCAATTCACTTCCCATCGACATCTACCAGAT
ACATTCAGAATAGAGGGTATATTGAAGTTCCAATTCACTTCCCATCGACATCTACCAGAT
ACATTCAGAATAGAGGGTATATTGAAGTTCCAATTCACTTCCCATCGACATCTACCAGAT
ACATTCAGAATAGAGGGTATATTGAAGTTCCAATTCACTTCCCATCGACATCTACCAGAT
ACATTCAGAATAGAGGGTATATTGAAGTTCCAATTCACTTCCCATCGACATCTACCAGAT

GATTTCAACCTTAAGAGTAAATA-—————————— TTACTGC--ACCATTATCACAAAGAT

GATTTCAACCTTAAGAGTAAATA-—————————— TTACTGC--ACCATTATCACAAAGAT

* Kk x k * *k Kkkk kK * Kk xk Kk *  x * kK * Kk Kk
CrylAc-R «

ATCGAGTTCGTGTACGGTATGCTTCTGTAACCCCGATTCACCTCAA--CGTTAATTGGGG
ATCGAGTTCGTGTACGGTATGCTTCTGTAACCCCGATTCACCTCAA--CGTTAATTGGGG
ATCGAGTTCGTGTACGGTATGCTTCTGTAACCCCGATTCACCTCAA--CGTTAATTGGGG
ATCGAGTTCGTGTACGGTATGCTTCTGTAACCCCGATTCACCTCAA--CGTTAATTGGGG
ATCGAGTTCGTGTACGGTATGCTTCTGTAACCCCGATTCACCTCAA--CGTTAATTGGGG
ATCGAGTTCGTGTACGGTATGCTTCTGTAACCCCGATTCACCTCAA--CGTTAATTGGGG
ATCGAGTTCGTGTACGGTATGCTTCTGTAACCCCGATTCACCTCAA--CGTTAATTGGGG
ATCGAGTTCGTGTACGGTATGCTTCTGTAACCCCGATTCACCTCAA--CGTTAATTGGGG
ATCGGGTAAGAATTCGCTACGCTTCTACCACAAATTTACAATTCCATACATCAATTGACG
ATCGGGTAAGAATTCGCTACGCTTCTACCACAAATTTACAATTCCATACATCAATTGACG

* Kk kk  kk * * Kk kk kkkk kK * % * kK * Kk Kk * kK Kk k kK *

TAATTCATCCATTTTTTCCAATACAGTACCAGCTACAGCTACGTCATTAGA-TAATCTAC
TAATTCATCCATTTTTTCCAATACAGTACCAGCTACAGCTACGTCATTAGA-TAATCTAC
TAATTCATCCATTTTTTCCAATACAGTACCAGCTACAGCTACGTCATTAGA-TAATCTAC
TAATTCATCCATTTTTTCCAATACAGTACCAGCTACAGCTACGTCATTAGA-TAATCTAC
TAATTCATCCATTTTTTCCAATACAGTACCAGCTACAGCTACGTCATTAGA-TAATCTAC
TAATTCATCCATTTTTTCCAATACAGTACCAGCTACAGCTACGTCATTAGA-TAATCTAC
TAATTCATCCATTTTTTCCAATACAGTACCAGCTACAGCTACGTCATTAGA-TAATCTAC
TAATTCATCCATTTTTTCCAATACAGTACCAGCTACAGCTACGTCATTAGA-TAATCTAC
GAAG--ACCTATTAATCAGGGGAATTTTTCAGCAACTATGA-GTAGTGGGAGTAATTTAC
GAAG--ACCTATTAATCAGGGGAATTTTTCAGCAACTATGA-GTAGTGGGAGTAATTTAC

* % * Kk KKk * * * KKk Kk Kk Kk * Kk * *kk Kk kk Kk
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1402
1789
1399
1637
1399
1524
1402
1402
2040
1442

1459
1846
1456
1694
1456
1581
1459
1459
2100
1502

1519
1906
1516
1754
1516
1641
1519
1519
2158
1560

1579
1966
1576
1814
1576
1701
1579
1579
2205
1607

1637
2024
1634
1872
1634
1759
1637
1637
2265
1667

1696
2083
1693
1931
1693
1818
1696
1696
2322
1724



Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug87793
M11068
AF254640
0AF59670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug9872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

AATCAAGTGATTTTGGTTATTTTGAAAGTGCCAATGCTTTTACATCTTCA-————— TTAG
AATCAAGTGATTTTGGTTATTTTGAAAGTGCCAATGCTTTTACATCTTICA-————— TTAG
AATCAAGTGATTTTGGTTATTTTGAAAGTGCCAATGCTTTTACATCTTCA-————— TTAG
AATCAAGTGATTTTGGTTATTTTGAAAGTGCCAATGCTTTTACATCTTCA-————— TTAG
AATCAAGTGATTTTGGTTATTTTGAAAGTGCCAATGCTTTTACATCTTCA-————— TTAG
AATCAAGTGATTTTGGTTATTTTGAAAGTGCCAATGCTTTTACATCTTCA-————— TTAG
AATCAAGTGATTTTGGTTATTTTGAAAGTGCCAATGCTTTTACATCTTCA-————— TTAG
AATCAAGTGATTTTGGTTATTTTGAAAGTGCCAATGCTTTTACATCTTCA-————— TTAG

AGTCCGGAAGCTTTAGGACTGTAGGTTTTACTACTCCGTTTAACTTTTCAAATGGATCAA

AGTCCGGAAGCTTTAGGACTGTAGGTTTTACTACTCCGTTTAACTTTTCAAATGGATCAA
* kk ok K,k ok Kk * kK * ok ok ok ok kkkk ok kkkk * ok

GTAA---TATAGTAGGTGTTAGAAATTTTAGTGGGACTGCAGGAGTGATAATAGACAGAT
GTAA---TATAGTAGGTGTTAGAAATTTTAGTGGGACTGCAGGAGTGATAATAGACAGAT
GTAA---TATAGTAGGTGTTAGAAATTTTAGTGGAACTGCAGGAGTGATAATAGACAGAT
GTAA---TATAGTAGGTGTTAGAAATTTTAGTGGGACTGCAGGAGTGATAATAGACAGAT
GTAA---TATAGTAGGTGTTAGAAATTTTAGTGGGACTGCAGGAGTGATAATAGACAGAT
GTAA---TATAGTAGGTGTTAGAAATTTTAGTGGGACTGCAGGAGTGATAATAGACAGAT
GTAA---TATAGTAGGTGTTAGAAATTTTAGTGGGACTGCAGGAGTGATAATAGACAGAT
GTAA---TATAGTAGGTGTTAGAAATTTTAGTGGGACTGCAGGAGTGATAATAGACAGAT
GTGTATTTACGTTAAGTGCTCATGTCTTCAATTCAGGCAATGAAGTTTATATAGATCGAA
GTGTATTTACGTTAAGTGCTCATGTCTTCAATTCAGGCAATGAAGTTTATATAGATCGAA

* * * * Kok Kk ok Kk *k kK * kok ok * ok K Kk Kk * %

TTGAATTTATTCCAGTTACTGCAACACTCGAGGCTGAATATAATCTGGAAAGAGCGCAGA
TTGAATTTATTCCAGTTACTGCAACACTCGAGGCTGAATATAATCTGGAAAGAGCGCAGA
TTGAATTTATTCCAGTTACTGCAACACTCGAGGCTGAATATAATCTGGAAAGAGCGCAGA
TTGAATTTATTCCAGTTACTGCAACACTCGAGGCTGAATATAATCTGGAAAGAGCGCAGA
TTGAATTTATTCCAGTTACTGCAACACTCGAGGCTGAATATAATCTGGAAAGAGCGCAGA
TTGAATTTATTCCAGTTACTGCAACACTCGAGGCTGAATATAATCTGGAAAGAGCGCAGA
TTGAATTTATTCCAGTTACTGCAACACTCGAGGCTGAATATAATCTGGAAAGAGCGCAGA
TTGAATTTATTCCAGTTACTGCAACACTCGAGGCTGAATATAATCTGGAAAGAGCGCAGA
TTGAATTTGTTCCGGCAGAAGTAACCTTTGAGGCAGAATATGATTTAGAAAGAGCACAAA
TTGAATTTGTTCCGGCAGAAGTAACCTTTGAGGCAGAATATGATTTAGAAAGAGCACAAA

Kk kkkkkk khkxkk Kk * kKK Kk ckkkokk kkkkokk kk ok kkkkkkkk Kk ok

AGGCGGTGAATGCGCTGTTTACGTCTACAAACCAACTAGGGCTAAAAACAAATGTAACGG
AGGCGGTGAATGCGCTGTTTACGTCTACAAACCAACTAGGGCTAAAAACAAATGTAACGG
AGGCGGTGAATGCGCTGTTTACGTCTACAAACCAACTAGGGCTAAAAACAAATGTAACGG
AGGCGGTGAATGCGCTGTTTACGTCTACAAACCAACTAGGGCTAAAAACAAATGTAACGG
AGGCGGTGAATGCGCTGTTTACGTCTACAAACCAACTAGGGCTAAAAACAAATGTAACGG
AGGCGGTGAATGCGCTGTTTACGTCTACAAACCAACTAGGGCTAAAAACAAATGTAACGG
AGGCGGTGAATGCGCTGTTTACGTCTACAAACCAACTAGGGCTAAAAACAAATGTAACGG
AGGCGGTGAATGCGCTGTTTACGTCTACAAACCAACTAGGGCTAAAAACAAATGTAACGG
AGGCGGTGAATGAGCTGTTTACTTCTTCCAATCAAATCGGGTTAAAAACAGATGTGACGG

AGGCGGTGAATGAGCTGTTTACTTCTTCCAATCAAATCGGGTTAAAAACAGATGTGACGG
hhkkkkhkkkhhhkk hhkkkhkkxk *kk * Kk kkk Kk Kkkk Kkkkkkkk Kkkhkkk Kkkk

ATTATCATATTGATCAAGTGTCCAATTTAGTTACGTATTTATCGGATGAATTTTGTCTGG
ATTATCATATTGATCAAGTGTCCAATTTAGTTACGTATTTATCGGATGAATTTTGTCTGG
ATTATCATATTGATCAAGTGTCCAATTTAGTTACGTATTTATCGGATGAATTTTGTCTGG
ATTATCATATTGATCAAGTGTCCAATTTAGTTACGTGTTTATCGGATGAATTTTGTCTGG
ATTATCATATTGATCAAGTGTCCAATTTAGTTACGTATTTATCGGATGAATTTTGTCTGG
ATTATCATATTGATCAAGTGTCCAATTTAGTTACGTATTTATCGGATGAATTTTGTCTGG
ATTATCATATTGATCAAGTGTCCAATTTAGTTACGTATTTATCGGATGAATTTTGTCTGG
ATTATCATATTGATCAAGTGTCCAATTTAGTTACGTATTTATCGGATGAATTTTGTCTGG
ATTATCATATTGATCAAGTATCCAATTTAGTTGAGTGTTTATCTGATGAATTTTGTCTGG
ATTATCATATTGATCAAGTATCCAATTTAGTTGAGTGTTTATCTGATGAATTTTGTCTGG

Kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok k ok K ok ok ok ok ok ok ok ok ok ok ok Kok Kk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

ATGAAAAGCGAGAATTGTCCGAGAAAGTCAAACATGCGAAGCGACTCAGTGATGAACGCA
ATGAAAAGCGAGAATTGTCCGAGAAAGTCAAACATGCGAAGCGACTCAGTGATGAACGCA
ATGAAAAGCGAGAATTGTCCGAGAAAGTCAAACATGCGAAGCGACTCAGTGATGAACGCA
ATGAAAAGCGAGAATTGTCCGAGAAAGTCAAACATGCGAAGCGACTCAGTGATGAACGCA
ATGAAAAGCGAGAATTGTCCGAGAAAGTCAAACATGCGAAGCGACTCAGTGATGAACGCA
ATGAAAAGCGAGAATTGTCCGAGAAAGTCAAACATGCGAAGCGACTCAGTGATGAACGCA
ATGAAAAGCGAGAATTGTCCGAGAAAGTCAAACATGCGAAGCGACTCAGTGATGAACGCA
ATGAAAAGCGAGAATTGTCCGAGAAAGTCAAACATGCGAAGCGACTCAGTGATGAACGCA
ATGAAAAAAAAGAATTGTCCGAGAAAGTCAAACATGCGAAGCGACTTAGTGATGAGCGGA
ATGAAAAAAAAGAATTGTCCGAGAAAGTCAAACATGCGAAGCGACTTAGTGATGAGCGGA

Kk ok ok kK oKk E R T R R R R e TR R R TR S ST S 3
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1750
2137
1747
1985
1747
1872
1750
1750
2382
1784

1807
2194
1804
2042
1804
1929
1807
1807
2442
1844

1867
2254
1864
2102
1864
1989
1867
1867
2502
1904

1927
2314
1924
2162
1924
2049
1927
1927
2562
1964

1987
2374
1984
2222
1984
2109
1987
1987
2622
2024

2047
2434
2044
2282
2044
2169
2047
2047
2682
2084



Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug87793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug9872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

ATTTACTCCAAGATTCAAATTTCAAAGACATTAATAGGCAACCAGAACGTGGGTGGGGCG
ATTTACTCCAAGATTCAAATTTCAAAGACATTAATAGGCAACCAGAACGTGGGTGGGGCG
ATTTACTCCAAGATTCAAATTTCAAAGACATTAATAGGCAACCAGAACGTGGGTGGGGTG
ATTTACTCCAAGATTCAAATTTCAAAGACATTAATAGGCAACCAGAACGTGGGTGGGGCG
ATTTACTCCAAGATTCAAATTTCAAAGACATTAATAGGCAACCAGAACGTGGGTGGGGCG
ATTTACTCCAAGATTCAAATTTCAAAGACATTAATAGGCAACCAGAACGTGGGTGGGGCG
ATTTACTCCAAGATTCAAATTTCAAAGACATTAATAGGCAACCAGAACGTGGGTGGGGCG
ATTTACTCCAAGATTCAAATTTCAAAGACATTAATAGGCAACCAGAACGTGGGTGGGGCG
ATTTACTTCAAGATCCAAACTTTAGAGGGATCAATAGACAACTAGACCGTGGCTGGAGAG
ATTTACTTCAAGATCCAAACTTTAGAGGGATCAATAGACAACTAGACCGTGGCTGGAGAG

KKk hkhkkrk Kk Akkkkx KArxkk kK Kk kK kk kkkkk K*rxkk kkx Kkhkkhkrxk xkk Kk K

GAAGTACAGGGATTACCATCCAAGGAGGGGATGACGTATTTAAAGAAAATTACGTCACAC
GAAGTACAGGGATTACCATCCAAGGAGGGGATGACGTATTTAAAGAAAATTACGTCACAC
GAAGTACAGGGATTACCATCCAAGGAGGGGATGACGTATTTAAAGAAAATTACGTCACAC
GAAGTACAGGGATTACCATCCAAGGAGGGGATGACGTATTTAAAGAAAATTACGTCACAC
GAAGTACAGGGATTACCATCCAAGGAGGGGATGACGTATTTAAAGAAAATTACGTCACAC
GAAGTACAGGGATTACCATCCAAGGAGGGGATGACGTATTTAAAGAAAATTACGTCACAC
GAAGTACAGGGATTACCATCCAAGGAGGGGATGACGTATTTAAAGAAAATTACGTCACAC
GAAGTACAGGGATTACCATCCAAGGAGGGGATGACGTATTTAAAGAAAATTACGTCACAC
GAAGTACGGATATTACCATCCAAGGAGGCGATGACGTATTCAAAGAGAATTACGTTACGC
GAAGTACGGATATTACCATCCAAGGAGGCGATGACGTATTCAAAGAGAATTACGTTACGC

Kok okokkkok K Khkkkkkhhkkkhkhkhhkhk hrhkhhrhhkhhkk *hkkkhkx khkrkkkhkrk ** %

TATCAGGTACCTTTGATGAGTGCTATCCAACATATTTGTATCAAAAAATCGATGAATCAA
TATCAGGTACCTTTGATGAGTGCTATCCAACATATTTGTATCAAAAAATCGATGAATCAA

TATCAGGTACCTTTGATGAGTGCTATCCAACATATTTGTATCAAAAAATCGATGAATCAA
TATCAGGTACCTTTGATGAGTGCTATCCAACATATTTGTATCAAAAAATCGATGAATCAA
TATCAGGTACCTTTGATGAGTGCTATCCAACATATTTGTATCAAAAAATCGATGAATCAA
TATCAGGTACCTTTGATGAGTGCTATCCAACATATTTGTATCAAAAAATCGATGAATCAA
TATCAGGTACCTTTGATGAGTGCTATCCAACATATTTGTATCAAAAAATCGATGAATCAA
TATTGGGTACCTTTGATGAGTGCTATCCAACGTATTTATATCAAAAAATAGATGAGTCGA
TATTGGGTACCTTTGATGAGTGCTATCCAACGTATTTATATCAAAAAATAGATGAGTCGA

* K Kk

AATTAAAAGCCTTTACCCGTTATCAATTAAGAGGGTATATCGAAGATAGTCAAGACTTAG
AATTAAAAGCCTTTACCCGTTATCAATTAAGAGGGTATATCGAAGATAGTCAAGACTTAG
AATTAAAAGCCTTTACCCGTTATCAATTAAGAGGGTATATCGAAGATAGTCAAGACTTAG
AATTAAAAGCCTTTACCCGTTATCAATTAAGAGGGTATATCGAAGATAGTCAAGACTTAG
AATTAAAAGCCTTTACCCGTTATCAATTAAGAGGGTATATCGAAGATAGTCAAGACTTAG
AATTAAAAGCCTTTACCCGTTATCAATTAAGAGGGTATATCGAAGATAGTCAAGACTTAG
AATTAAAAGCCTTTACCCGTTATCAATTAAGAGGGTATATCGAAGATAGTCAAGACTTAG
AATTAAAAGCCTATACCCGTTACCAATTAAGAGGGTATATCGAAGATAGTCAAGACTTAG
AATTAAAAGCCTATACCCGTTACCAATTAAGAGGGTATATCGAAGATAGTCAAGACTTAG

AAATCTATTTAATTCGCTACAATGCAAAACATGAAACAGTAAATGTGCCAGGTACGGGTT
AAATCTATTTAATTCGCTACAATGCAAAACATGAAACAGTAAATGTGCCAGGTACGGGTT
AAATCTATTTAATTCGCTACAATGCAAAACATGAAACAGTAAATGTGCCAGGTACGGGTT
AAATCTATTTAATTCGCTACAATGCAAAACATGAAACAGTAAATGTGCCAGGTACGGGTT
AAATCTATTTAATTCGCTACAATGCAAAACATGAAACAGTAAATGTGCCAGGTACGGGTT
AAATCTATTTAATTCGCTACAATGCAAAACATGAAACAGTAAATGTGCCAGGTACGGGTT
AAATCTATTTAATTCGCTACAATGCAAAACATGAAACAGTAAATGTGCCAGGTACGGGTT
AAATCTATTTAATTCGCTACAATGCCAAACACGAAACAGTAAATGTGCCAGGTACGGGTT
AAATCTATTTAATTCGCTACAATGCCAAACACGAAACAGTAAATGTGCCAGGTACGGGTT

——» CrylA-F

CCTTATGGCCGCTTTCAGCCCAAAGTCCAATCGGAAAGTGTGGAGAGCCGAATCGATGCG
CCTTATGGCCGCTTTCAGCCCAAAGTCCAATCGGAAAGTGTGGAGAGCCGAATCGATGCG
CCTTATGGCCGCTTTCAGCCCAAAGTCCAATCGGAAAGTGTGGAGAGCCGAATCGATTCG
CCTTATGGCCGCTTTCAGCCCAAAGTCCAATCGGAAAGTGTGGAGAGCCGAATCGATGCG
CCTTATGGCCGCTTTCAGCCCAAAGTCCAATCGGAAAGTGTGGAGAGCCGAATCGATGCG
CCTTATGGCCGCTTTCAGCCCAAAGTCCAATCGGAAAGTGTGGAGAGCCGAATCGATGCG
CCTTATGGCCGCTTTCAGCCCAAAGTCCAATCGGAAAGTGTGGAGAGCCGAATCGATGCG
CCTTATGGCCGCTTTCAGCCCCAAGTCCAATCGGAAAATGTG-—————————————————
CCTTATGGCCGCTTTCAGCCCCAAGTCCAATCGGAAAATGTG-—————————————————
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2107
2494
2104
2342
2104
2229
2107
2107
2742
2144

2167
2554
2164
2402
2164
2289
2167
2167
2802
2204

2227
2614
2169
2462
2224
2349
2227
2227
2862
2264

2287
2674

2522
2284
2409
2287
2287
2922
2324

2347
2734

2582
2344
2469
2347
2347
2982
2384



Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug7397
Ug9872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

U87397
Ug9872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

U87397
Ug9872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

Ug87397
Ug9872
AF148644
M35524
M73248
AY122057
Ug87793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

CGCCACACCTTGAATGGAATCCTGACTTAGATTGTTCGTGTAGGGATGGAGAAAAGTGTG
CGCCACACCTTGAATGGAATCCTGACTTAGATTGTTCGTGTAGGGATGGAGAAAAGTGTG
CGCCACACCTTGAATGGAATCCTGACTTAGATTGTTCGTGTAGGGATGGAGAAAAGTGTG
CGCCACACCTTGAATGGAATCCTGACTTAGATTGTTCGTGTAGGGATGGAGAAAAGTGTG
CGCCACACCTTGAATGGAATCCTGACTTAGATTGTTCGTGTAGGGATGGAGAAAAGTGTG
CGCCACACCTTGAATGGAATCCTGACTTAGATTGTTCGTGTAGGGATGGAGAAAAGTGTG
CGCCACACCTTGAATGGAATCCTGACTTAGATTGTTCGTGTAGGGATGGAGAAA-GTGTG

CCCATCATTCGCATCATTTCTCCTTAGACATTGATGTAGGATGTACAGACTTAAATGAGG
CCCATCATTCGCATCATTTCTCCTTAGACATTGATGTAGGATGTACAGACTTAAATGAGG
CCCATCATTCGCATCATTTCTCCTTAGACATTGATGTAGGATGTACAGACTTAAATGAGG
CCCATCATTCGCATCATTTCTCCTTAGACATTGATGTAGGATGTACAGACTTAAATGAGG
CCCATCATTCGCATCATTTCTCCTTAGACATTGATGTAGGATGTACAGACTTAAATGAGG
CCCATCATTCGCATCATTTCTCCTTAGACATTGATGTAGGATGTACAGACTTAAATGAGG
CCCATCATTCGCATCATTTCTCCTTAGACATTGATGTAGGATGTACAGACTTAAATGAGG
CCCATCATTCCCATCATTTCTCCTTGGACATTGATGTTGGATGTACAGACTTAAATGAGG
CCCATCATTCCCATCATTTCTCCTTGGACATTGATGTTGGATGTACAGACTTAAATGAGG

ACCTAGGTGTATGGGTGATCTTTAAGATTAAGACGCAAGATGGGCACGCAAGACTAGGGA
ACCTAGGTGTATGGGTGATCTTTAAGATTAAGACGCAAGATGGGCACGCAAGACTAGGGA
ACCTAGGTGTATGGGTGATCTTTAAGATTAAGACGCAAGATGGGCACGCAAGACTAGGGA
ACCTAGGTGTATGGGTGATCTTTAAGATTAAGACGCAAGATGGGCACGCAAGACTAGGGA
ACCTAGGTGTATGGGTGATCTTTAAGATTAAGACGCAAGATGGGCACGCAAGACTAGGGA
ACCTAGGTGTATGGGTGATCTTTAAGATTAAGACGCAAGATGGGCACGCAAGACTAGGGA
ACCTAGGTGTATGGGTGATCTTTAAGATTAAGACGCAAGATGGGCACGCAAGACTAGGGA
ACTTAGGTGTATGGGTGATATTCAAGATTAAGACGCAAGATGGCCATGCAAGACTAGGAA
ACTTAGGTGTATGGGTGATATTCAAGATTAAGACGCAAGATGGCCATGCAAGACTAGGAA

ATCTAGAGTTTCTCGAAGAGAAACCATTAGTAGGAGAAGCGCTAGCTCGTGTGAAAAGAG
ATCTAGAGTTTCTCGAAGAGAAACCATTAGTAGGAGAAGCGCTAGCTCGTGTGAAAAGAG
ATCTAGAGTTTCTCGAAGAGAAACCATTAGTAGGAGAAGCGCTAGCTCGTGTGAAAAGAG
ATCTAGAGTTTCTCGAAGAGAAACCATTAGTAGGAGAAGCGCTAGCTCGTGTGAAAAGAG
ATCTAGAGTTTCTCGAAGAGAAACCATTAGTAGGAGAAGCGCTAGCTCGTGTGAAAAGAG
ATCTAGAGTTTCTCGAAGAGAAACCATTAGTAGGAGAAGCGCTAGCTCGTGTGAAAAGAG
ATCTAGAGTTTCTCGAAGAGAAACCATTAGTAGGAGAAGCGCTAGCTCGTGTGAAAAGAG
ATCTAGAATTTCTCGAAGAGAAACCATTAGTAGGAGAAGCACTAGCTCGTGTGAAAAGAG
ATCTAGAATTTCTCGAAGAGAAACCATTAGTAGGAGAAGCACTAGCTCGTGTGAAAAGAG

CGGAGAAAAAATGGAGAGACAAACGTGAAAAATTGGAATGGGAAACAAATATCGTTTATA
CGGAGAAAAAATGGAGAGACAAACGTGAAAAATTGGAATGGGAAACAAATATCGTTTATA
CGGAGAAAAAATGGAGAGACAAACGTGAAAAATTGGAATGGGAAACAAATATCGTTTATA
CGGAGAAAAAATGGAGAGACAAACGTGAAAAATTGGAATGGGAAACAAATATCGTTTATA
CGGAGAAAAAATGGAGAGACAAACGTGAAAAATTGGAATGGGAAACAAATATCGTTTATA
CGGAGAAAAAATGGAGAGACAAACGTGAAAAATTGGAATGGGAAACAAATATCGTTTATA
CGGAGAAAAAATGGAGAGACAAACGTGAAAAATTGGAATGGGAAACAAATATCGTTTATA
CGGAGAAAAAATGGAGAGACAAACGTGAAAAATTGGAATGGGAAACAAATATTGTTTATA
CGGAGAAAAAATGGAGAGACAAACGTGAAAAATTGGAATGGGAAACAAATATTGTTTATA

AAGAGGCAAAAGAATCTGTAGATGCTTTATTTGTAAACTCTCAATATGATCAATTACAAG
AAGAGGCAAAAGAATCTGTAGATGCTTTATTTGTAAACTCTCAATATGATCAATTACAAG
AAGAGGCAAAAGAATCTGTAGATGCTTTATTTGTAAACTCTCAATATGATCAATTACAAG
AAGAGGCAAAAGAATCTGTAGATGCTTTATTTGTAAACTCTCAATATGATCAATTACAAG
AAGAGGCAAAAGAATCTGTAGATGCTTTATTTGTAAACTCTCAATATGATCAATTACAAG
AAGAGGCAAAAGAATCTGTAGATGCTTTATTTGTAAACTCTCAATATGATCAATTACAAG
AAGAGGCAAAAGAATCTGTAGATGCTTTATTTGTAAACTCTCAATATGATCAATTACAAG
AAGAGGCAAAAGAATCTGTAGATGCTTTATTTGTAAACTCTCAATATGATAGATTACAAG
AAGAGGCAAAAGAATCTGTAGATGCTTTATTTGTAAACTCTCAATATGATAGATTACAAG

118

2467
2854

2702
2464
2589
2467
2466

2527
2914

2762
2524
2649
2527
2526
3084
2486

2587
2974

2822
2584
2709
2587
2586
3144
2546

2647
3034

2882
2644
2769
2647
2646
3204
2606

2707
3094

2942
2704
2829
2707
2706
3264
2666

2767
3154

3002
2764
2889
2767
2766
3324
2726



Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
U87793
M11068
AF254640
AF059670

Ug87397
Ug89872
AF148644
M35524
M73248
AY122057
Ug7793
M11068
AF254640
AF059670

CGGATACGAATATTGCCATGATTCATGCGGCAGATAAACGTGTTCATAGCATTCGAGAAG
CGGATACGAATATTGCCATGATTCATGCGGCAGATAAACGTGTTCATAGCATTCGAGAAG
CGGATACGAATATTGCCATGATTCATGCGGCAGATAAACGTGTTCATAGCATTCGAGAAG
CGGATACGAATATTGCCATGATTCATGCGGCAGATAAACGTGTTCATAGCATTCGAGAAG
CGGATACGAATATTGCCATGATTCATGCGGCAGATAAACGTGTTCATAGCATTCGAGAAG
CGGATACGAATATTGCCATGATTCATGCGGCAGATAAACGTGTTCATAGCATTCGAGAAG
CGGATACGAATATTGCCATGATTCATGCGGCAGATAAACGTGTTCATAGCATTCGAGAAG
CGGATACCAACATCGCGATGATTCATGCGGCAGATAAACGCGTTCATAGCATTCGAGAAG
CGGATACCAACATCGCGATGATTCATGCGGCAGATAAACGCGTTCATAGCATTCGAGAAG

CTTATCTGCCTGAGCTGTCTGTGATTCCGGGTGTCAATGCGGCTATTTTTGAAGAATTAG
CTTATCTGCCTGAGCTGTCTGTGATTCCGGGTGTCAATGCGGCTATTTTTGAAGAATTAG
CTTATCTGCCTGAGCTGTCTGTGATTCCGGGTGTCAATGCGGCTATTTTTGAAGAATTAG
CTTATCTGCCTGAGCTGTCTGTGATTCCGGGTGTCAATGCGGCTATTTTTGAAGAATTAG
CTTATCTGCCTGAGCTGTCTGTGATTCCGGGTGTCAATGCGGCTATTTTTGAAGAATTAG
CTTATCTGCCTGAGCTGTCTGTGATTCCGGGTGTCAATGCGGCTATTTTTGAAGAATTAG
CTTATCTGCCTGAGCTGTICTGTGATTCCGGGTGTCAATGCGGCTATTTTTGAAGAATTAG
CTTATCTGCCTGAGCTGTCTGTGATTCCGGGTGTCAATGCGGCTATTTTTGAAGAATTAG
CTTATCTGCCTGAGCTGTCTGTGATTCCGGGTGTCAATGCGGCTATTTTTGAAGAATTAG

AAGGGCGTATTTTCACTGCATTCTCCCTATATGATGCGAGAAATGTCATTAAAAATGGTG
AAGGGCGTATTTTCACTGCATTCTCCCTATATGATGCGAGAAATGTCATTAARAATGGTG
AAGGGCGTATTTTCACTGCATTCTCCCTATATGATGCGAGAAATGTCATTAARAATGGTG
AAGGGCGTATTTTCACTGCATTCTCCCTATATGATGCGAGAAATGTCATTAAAAATGGTG
AAGGGCGTATTTTCACTGCATTCTCCCTATATGATGCGAGAAATGTCATTAARAATGGTG
AAGGGCGTATTTTCACTGCATTCTCCCTATATGATGCGAGAAATGTCATTAARAATGGTG
AAGGGCGTATTTTCACTGCATTCTCCCTATATGATGCGAGAAATGTCATTAAAAATGGTG
AAGGGCGTATTTTCACTGCATTCTCCCTATATGATGCGAGAAATGTCATTAARAATGGTG
AAGGGCGTATTTTCACTGCATTCTCCCTATATGATGCGAGAAATGTCATTAARAATGGTG

CrylA-R «
ATTTTAATAATGGCTTATCCTGCTGGAACGTGAAAGGGCATGTAGATGTAGAAGAACAAA
ATTTTAATAATGGCTTATCCTGCTGGAACGTGAAAGGGCATGTAGATGTAGAAGAACAAA
ATTTTAATAATGGCTTATCCTGCTGGAACGTGAAAGGGCATGTAGATGTAGAAGAACAAA
ATTTTAATAATGGCTTATCCTGCTGGAACGTGAAAGGGCATGTAGATGTAGAAGAACAAA
ATTTTAATAATGGCTTATCCTGCTGGAACGTGAAAGGGCATGTAGATGTAGAAGAACAAA
ATTTTAATAATGGCTTATCCTGCTGGAACGTGAAAGGGCATGTAGATGTAGAAGAACAAA
ATTTTAATAATGGCTTATCCTGCTGGAACGTGAAAGGGCATGTAGATGTAGAAGAACAAA
ATTTTAATAATGGCTTATCCTGCTGGAACGTGAAAGGGCATGTAGATGTAGAAGAACAAA
ATTTTAATAATGGCTTATCCTGCTGGAACGTGAAAGGGCATGTAGATGTAGAAGAACAAA
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2827
3214

3062
2824
2949
2827
2826
3384
2786

2887
3274

3122
2884
3009
2887
2886
3444
2846

2947
3334

3182
2944
3069
2947
2946
3504
2906

3007
3394

3242
3004
3129
3007
3006
3564
2966



APPENDIX G

Comparison of sequence analysis results of Cryl A PCR.

SegA Name Len (nt) SegB Name Len (nt) Score

1 92-15-F 611 2 14-F 640 20

1 92-15-F 611 3 l4-fromR 865 23

1 92-15-F 611 4 211-17-F 607 22

1 92-15-F 611 5 211-17-fromR 636 30

2 14-F 640 3 l4-fromR 865 5

2 14-F 640 4 211-17-F 607 1

2 14-F 640 5 211-17-fromR 636 1

3 l4-fromR 865 4 211-17-F 607 81

3 l14-fromR 865 5 211-17-fromR 636 84

4 211-17-F 607 5 211-17-fromR 636 78

14-fromR NNNNNNNNNNNNNNNNNNNNNCNNNNNNNNCNNNNNNCNANNNNNNNNNNNNNNNTTGGN

211-17-F = s e

211-17-fromR = —-m oo NN

92-15-F = o

14-F  mmm e NGCGCGCA

14-fromR NNNNNNTNNGNGNANTTGNNCNNNNCN-AANANNNNNNNCNNNNNNTGGTTCCTTATGGC

211-17-F = s e

211-17-fromR NNNNNNNNNNNNNNNNNNNNNNNNNNN-NNNNNNNNNNNNNNNNTTTNGNTNCCCCNNNN

92-15-F ~—GGTCTGCATNGTGNATNCCNTTTTG-TNCCGGTNATACTGGAATGGGAGTNACAGATA

14-F NGGACATCCATTATCCGGAAGAAACAAATAACGATTTTACCACCAAGTTTTCTGTCAACA

l4-fromR CGCTTAGCAAACGAGGCTCGGGACGGGGTGGATGGTTATGGCGTATCGTAGATCGGACTT

211-17-F —~GCCGCGTTGGTGTCGTTTATGG-GCCNTCTGTGGTATCGTTATNTCGCGACTTG—————

211-17-fromR NGGGCTACAAACGAGGCTCGGGACGGGGTGGATGGTTATGGCGTATCGTAGATCGGACTT

92-15-F TGATG-GCTAANNTATGTCACGATTGGTGACCTGATCCCGCTA-ANCAAGAACAGCACCG

14-F TCTTCGGCGATAAAAGAGATCCATTATTCAAATGAGATAATTAATGGTTATAACTTATAA

* K

l4-fromR ~TGCTTTTCCAGGCTCCAGGCTAGAGAAGGGCTAT-TCCATATCA-GCAGCTATGCTAGC

211-17-F ~TGCTTTTCCAGGCTCCTGGCTAGAGAAGGGCTAT-TCCNTATCA-GCAGCTATGCTAGC

211-17-fromR ~TGCTTTTCCAGGCTCCAGGCTAGAGAAGGGCTAT-TCCATATCA-GCAGCTATGCTAGC

92-15-F ACACNNTNTCTATCTTAACNATCGGTAAAGCCTCTCTCTACGATATGGCACNTCACTGGT

14-F CTCCAGTGTTCAGTCTTGTTCGCCGGAAAGAATGGAGTTTCGCTA-TGAATCTCCTTACC
* * *k  x * * *

l4-fromR TCGAA-AAGGACTGAAAGAACTTACATTAGGTCGTGACTTGAGGGTGAGGGGAAGGAGCG

211-17-F TCGAA-AAGGACTGAAAGAACTTACATTAGGTCGTGACTTGAGGGTGAGGGGAAGGAGCG

211-17-fromR TCGAA-AAGGACTGAAAGAACTTACATTAGGTCGTGACTTGAGGGTGAGGGGAAGGAGCG

92-15-F NCNGACGAGGANTGAATCCNCTC-CTTTTCACCNCNNCTTTCATNNCANGNTNAGGANN—

14-F TTTTAATTGGTGGGGATGGATTT-GGTTAGGTGGACATTTATGTAGCATTATAATATACA

* * * * Kk * * ok * * * *
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240

2

8

299

61

68

359

121
115
128

416
110
178
175
187

475
169
237
233
246



l4-fromR
211-17-F
211-17-fromR
92-15-F

14-F

l4-fromR
211-17-F
211-17-fromR
92-15-F

14-F

l4-fromR
211-17-F
211-17-fromR
92-15-F

14-F

l4-fromR
211-17-F
211-17-fromR
92-15-F

14-F

l4-fromR
211-17-F
211-17-fromR
92-15-F

14-F

l4-fromR
211-17-F
211-17-fromR
92-15-F

14-F

l4-fromR
211-17-F
211-17-fromR
92-15-F

14-F

l4-fromR
211-17-F
211-17-fromR
92-15-F

14-F

GTAAAGAAGTAAGGAGGTCGACTAGTTCTTAGCTTGATTGAACTCAGCATAGTTAGANAT
GTAAAGAAGTAAGGAGGTCGACTAGTTCTTAGCTTGATTGAACTCAGCATAGTTAGAGAT
GTAAAGAAGTAAGGAGGTCGACTAGTTCTTAGCTTGATTGAACTCAGCATAGTTAGAGAT
77777 GAAGTCNAANTNNGTTCCANCTNTTTGANCACNTGNATNCNACNNCAANNCNATT
—CATTGAATGCGACACCTCATTTTGTTAATAGGAAGGGTAGAAGTGA-TTCAATAGTAAG

* K Kk * *  x * *

TAGAGGAGATAGCCTTTCTTTCTATTGCTTGAGTGGAATCAGTTGACAAAAAGCTCGAAC
TAGAGGAGATAGCCTTTCTTTCTATTGCTTGAGTGGAATCAGTTGACAAAAAGCTCGAAC
TAGAGGAGATAGCCTTTCTTTCTATTGCTTGAGTGGAATCAGTTGACAAAAAGCTCGAAC
NNAANANAANCGGTGNTCNNCCTNNAACTNNNCT--AACNGANTGNNTGAG-GTNCAANC
AGGTAAAGGATAATTTTCAGCTAAAACATAATGAAGAATATATTTGCTCTA--TTTTAAA

* * * * % * *

GTAATTGACTTCTTTCTTAACTTAAATAAAGGAAGAGATGATTTTNAGAAGAATTCNTTC
GTAATTGACTTCTTTCTTAACTTAAATAAAGGAAGAGATGATTTGGAGAAGAATTCATTC
GTAATTGACTTCTTTCTTAACTTAAATAAAGGAAGAGATGATTTGGAGAAGAATTCATTC
TGCGNCNNCAACNCNGNCAACC--GNCCNTNANCNCNCTTACCCGCAN-—————— CTTCN
TGTTTTGGGGGAAAAGGGATATGGGTTTTGGGTCGGATATGGGTAGGATAAGTTATTTAA

* *

CTCTCCGNGGCAGTGAAGTGCCNTATCCTAGAGAGAGGGCTTTCCCGNTCGTTAAGATAG
CTCTCCGAG-CAGTGAAGTGCCATATCCTAGAGAGAGGGCTTTACCGGTCGTTAAGATAG
CTCTCCGAG-CAGTGAAGTGCCATATCCTAGAGAGAGGGCTTTACCGGTCGTTAAGATAG
CNCCCNCANCNNNTTCANNNNCNCNNCCNNANTCGAACNANNCNTTACAAGTTCGAGTNN
AAGAGGGNTATAATTGAACCATAAAATATGGATAATAAAAGGGTTTAATGGGTCGGATTT

* * * Kk *

AGNTTGGTGTCGGT-AGCTGTTCTTGCTTAGCGGGATCAGGTCGCCACATCCGGTGAGCA
AGTT-GGTGTCGGT-AGCTGTTCTTGCTTAGCGGGATCAGGTCACCAA--TCGGTGA-CA
AGTT-GGTGTCGGT-AGCTGTTCTTGCTTAGCGGGATCAGGTCACCAA--TCGGTGA-CA
CTGTCCCNNCNCAN-ANNCNCNCGCNCATNNNCNACNNGNNNCNTCGN-—-TCNNCNCTCG
TTAGGGGCATATTTGACCCTTTCTCTTTTGTAATATAAATGCCACGATGTAATATTAAAA

* * * *

TAGTTTAGGAATGAATNTCCGTANCTCCCATNCCAGTACTTAANGCTGACAAAATGGAAT
TAGTTTAGGAATGAATATCTGTAACTCCCATTCCAGTACTTAAA-CTGACAAAATGGAAT
TAGTNTAGGAATNAATATNNGNNACTCCCNATCCGNNNNTNAAANGGCATNANGCGATNG
CCACNCCGN—-—-TNNAATNTNGCNNNTGNCATGACCGCNNCNNTCACNNCCGNTGNCTCCN
TGACGTGGAAAATCCATTTGGGCAATTAAAGAAAAGTAAAATGCGCTG--GATATTTTGA

* * *

AAACAATCAAGACCTGNTCCAGG--CANCCTCC———=———————————————————————
AAACAATCAAGACCTGGCTCAAGGCTAACCCCTCCACACTCAGGGTCAGCGGGNAAAANG
GAACNGNNAAGGNCATGNGNACANGGGAACGNAAANGGCANGGCG———————————————
CNNNNCTCNTN-CCNTCNCCNCATCNNGNNANCCATNNCTC———————————————————
CGTGGCCAACTAACG-CTNAANGGGAANCCAAANNNNNNNN-——-—-———————————————

121

535
229
297
288
304

595
289
357
345
362

655
349
417
396
422

715
408
476
456
482

774
463
531
513
542

834
522
591
571
600



APPENDIX H

Comparison of automatic and clone sequence analysis results of Cryl A PCR.

SegA Name Len (nt) SegB Name Len (nt) Score

1 2A 639 2 1A 639 94

1 2A 639 3 l4-fromR 865 87

1 2A 639 4 211-17-F 607 88

1 2A 639 5 211-17-fromR 636 81

2 1A 639 3 l4-fromR 865 86

2 1A 639 4 211-17-F 607 89

2 1A 639 5 211-17-fromR 636 81

3 l14-fromR 865 4 211-17-F 607 81

3 l4-fromR 865 5 211-17-fromR 636 84

4 211-17-F 607 5 211-17-fromR 636 78

2 mmmmmm e NNNGCTCTGCGTCGAGGGCCCGGGATCCGATTGGTTCCTTATGGCC
1A e GGTTCCTTATGGCC
211-17-F = o
l4-fromR NNNNNNTNNGNGNANTTGNNCNNNNCNAANANNNNNNNCNNNNNNTGGTTCCTTATGGCC

211-17-fromR

2A
1A
211-17-F
l4-fromR

211-17-fromR

2A
1A
211-17-F
l4-fromR

211-17-fromR

2A
1A
211-17-F
l4-fromR

211-17-fromR

2A
1A
211-17-F
l4-fromR

211-17-fromR

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNTTTNGNTNCCCCNNNNN

GCTTAGCAAACGAGGCTCGGGACGGGGTGGATGGTTATGGCGTATCGTAGATCGGACTTT
GCTTAGCAAACGAGGCTCGGGACGGGGTGGATGGTTATGGCGTATCGTAGATCGGACTTT
GCCGCGTTGGTGTCGTTTATGG-GCCNTCTGTGGTATCGTTATNTCG————— CGACTTGT
GCTTAGCAAACGAGGCTCGGGACGGGGTGGATGGTTATGGCGTATCGTAGATCGGACTTT
GGGCTACAAACGAGGCTCGGGACGGGGTGGATGGTTATGGCGTATCGTAGATCGGACTTT

* * * Kk * * * * Kk k * * kok ok * * * Kk

GCTTTTCCAGGCTCCAGGCTAGAGAAGGGCTATTCCATATCAGCAGCTATGCTAGCTCGA
GCTTTTCCAGGCTCCAGGCTAGAGGAGGGCTATTCCATATCAGCAGCTATGCTAGCTCGA
GCTTTTCCAGGCTCCTGGCTAGAGAAGGGCTATTCCNTATCAGCAGCTATGCTAGCTCGA
GCTTTTCCAGGCTCCAGGCTAGAGAAGGGCTATTCCATATCAGCAGCTATGCTAGCTCGA
GCTTTTCCAGGCTCCAGGCTAGAGAAGGGCTATTCCATATCAGCAGCTATGCTAGCTCGA

KAk Kk kA hhkhhkhhkhhkk hhkkhkkhk Fhhkkkhhkhhkx hhkrAkhkhkhkkhhkhkkhhkkkkhkkxk

AAAGGACTGAAAGAACTTACATTAGGTCGTGACTTGAGGGTGAGGGGAAGGAGCGGTAAA
AAAGGACTGAAAGAACTTACATTAGGTCGTGACTTGAGGGTGAGGGGAAGGAGCGGTAAA
AAAGGACTGAAAGAACTTACATTAGGTCGTGACTTGAGGGTGAGGGGAAGGAGCGGTAAA
AAAGGACTGAAAGAACTTACATTAGGTCGTGACTTGAGGGTGAGGGGAAGGAGCGGTAAA
AAAGGACTGAAAGAACTTACATTAGGTCGTGACTTGAGGGTGAGGGGAAGGAGCGGTAAA

B R R

GAAGTAAGGAGGTCGACTAGTTCTTAGCTTGATTGAACTCAGCATAGTTAGAGATTAGAG
GAAGTAAGGAGGTCGACTAGTTCTTAGCTTGATTGAACTCAGCATAGTTAGAGATTAGAG
GAAGTAAGGAGGTCGACTAGTTCTTAGCTTGATTGAACTCAGCATAGTTAGAGATTAGAG
GAAGTAAGGAGGTCGACTAGTTCTTAGCTTGATTGAACTCAGCATAGTTAGANATTAGAG
GAAGTAAGGAGGTCGACTAGTTCTTAGCTTGATTGAACTCAGCATAGTTAGAGATTAGAG

KA Kk A Ak kA hkhkhkhk ok ok khk ok hk ok ok ok ok k ok ok hkkk ok hkkhk ok Ak hk ok Ak hk ok Ak hkkkkkkx Kk hkkkkkk

122

46
14

300
62

106
74

360
122

166
134
114
420
182

226
194
174
480
242

286
254
234
540
302



2A

1A
211-17-F
l4-fromR

211-17-fromR

2A
1A
211-17-F
l4-fromR

211-17-fromR

2A
1A
211-17-F
l4-fromR

211-17-fromR

2A
1A
211-17-F
l4-fromR

211-17-fromR

2A
1A
211-17-F
l4-fromR

211-17-fromR

2A
1A
211-17-F
l4-fromR

211-17-fromR

2A
1A
211-17-F
l4-fromR

211-17-fromR

GAGATAGCCTTTCTTTCTATTGCTTGAGTGGAATCAGTTGACAAAAAGCTCGAACGTAAT
GAGATAGCCTTTCTTTCTATTGCTTGAGTGGAATCAGTTGACAAAAAGCTCGAACGTAAT
GAGATAGCCTTTCTTTCTATTGCTTGAGTGGAATCAGTTGACAAAAAGCTCGAACGTAAT
GAGATAGCCTTTCTTTCTATTGCTTGAGTGGAATCAGTTGACAAAAAGCTCGAACGTAAT
GAGATAGCCTTTCTTTCTATTGCTTGAGTGGAATCAGTTGACAAAAAGCTCGAACGTAAT

B R R

TGACTTCTTTCTTAACTTAAATAAAGGAAGAGATGATTTGGAGAAGAATTCATTCCTCTC
TGACTTCTTTCTTAACTTAAATAAAGGAAGAGATGATTTGAAGAAGAATTCATTCCTCTC
TGACTTCTTTCTTAACTTAAATAAAGGAAGAGATGATTTGGAGAAGAATTCATTCCTCTC
TGACTTCTTTCTTAACTTAAATAAAGGAAGAGATGATTTTNAGAAGAATTCNTTCCTCTC
TGACTTCTTTCTTAACTTAAATAAAGGAAGAGATGATTTGGAGAAGAATTCATTCCTCTC

Kok Kok ok ok Kk ke ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok Kok kok ok ok ok ok ok k kok ok ok ok ok ok ok

CGAG-CAGTGAAGTGCCATATCCTAGAGAGAGGGCTTTACCGGTCGTTAAGATAGAGTT—
CGAG-CAGTGAAGTGCCATATCCTAGAGAGAGGGCTTCACCGGTCGTTAAGATAGAGTT -
CGAG-CAGTGAAGTGCCATATCCTAGAGAGAGGGCTTTACCGGTCGTTAAGATAGAGTT—
CGNGGCAGTGAAGTGCCNTATCCTAGAGAGAGGGCTTTCCCGNTCGTTAAGATAGAGNTT
CGAG-CAGTGAAGTGCCATATCCTAGAGAGAGGGCTTTACCGGTCGTTAAGATAGAGTT—

I kR R R R R kKhkk KAkhkAKkhkhk Ak hkhkA**k *

GGTGTCGGTAGCTGTTCTTGCTTAGCGGGATCAGGTCACCAA--TCGGTGA-CATAGTTT
GGTGTCGGTAGCTGTTCTTGCTTAGCGGGATCAGGTCACCAA--TCGGTGA-CATAGTTT
GGTGTCGGTAGCTGTTCTTGCTTAGCGGGATCAGGTCACCAA--TCGGTGA-CATAGTTT
GGTGTCGGTAGCTGTTCTTGCTTAGCGGGATCAGGTCGCCACATCCGGTGAGCATAGTTT
GGTGTCGGTAGCTGTTCTTGCTTAGCGGGATCAGGTCACCAA--TCGGTGA-CATAGTNT

KA Kk A Ak kA hkhk kA hkhk kA hkhkhkkhkhkhkkhkhkhkkkhkhkhkhkxk *kk Khkkkkk Kk Kkkkk Kk

AGGAATGAATATCTGTAACTCCCATTCCAGTACTTAAA-CTGATAAAATGGAATAAACAA
AGGAATGAATATCTGTAACTCCCATTCCAGTACTTAAA-CTGACAAAATGGAATAAACAA
AGGAATGAATATCTGTAACTCCCATTCCAGTACTTAAA-CTGACAAAATGGAATAAACAA
AGGAATGAATNTCCGTANCTCCCATNCCAGTACTTAANGCTGACAAAATGGAATAAACAA
AGGAATNAATATNNGNNACTCCCNATCCGNNNNTNAAANGGCATNANGCGATNGGAACNG

KhkKkKk KK KKK Kk * * ok ok Kk ** * Kk * * * * ok x

TCAAGACCTGGCCCAAGGCTAACCCCCCCACACTCAGGGTCAGGAACGTGAAAGGGCAT—
TCAAGACCTGGCTCAAGGCTAACCCCTCCACACTCAGGGTCAGGAACGTGAAAGGGCATG
TCAAGACCTGGCTCAAGGCTAACCCCTCCACACTCAGGGTCAGCGG-GNAAAANGGGGGG
TCAAGACCTGNTCCAGG--CANCCTCC—————————————————————————————————
NNAAGGNCATGNGNACANGGGAACGNAAANGGCANGGCG—————————————————————

* K Kk * * *

AATCGGATCCCGGGCCCTCGACGCGAGCTNC 639
NNGGGNANNNNNNNNNNNNN-—————————— 607

123

346
314
294
600
362

406
374
354
660
422

464
432
412
720
480

521
489
469
780
537

580
548
528
840
597



APPENDIX I

Nucleotide-nucleotide BLAST analysis results of sequenced 415 bp CrylAc

fragment.

Sequences producing significant alignments: bits) Value

o~
N

gi|23344759|gb|AY122057.1] Bacillus thuringiensis insectici...
gi|29293656|gb|AY225453.1| Bacillus thuringiensis CrylAc (c...
gi|2584728|emb|AJ002514.1|BTAJ2514 Bacillus thuringiensis k...
gi|40274|emb|X54159.1|BTCRYIAC Bacillus thuringiensis cryIA...
gil3979716|emb|AJ130970.1|BTHI30970 Bacillus thuringiensis ...
gi|46409856|gb|AY570733.1] Bacillus thuringiensis serovar k...
gi|33321715|gb|AF492767.1| Bacillus thuringiensis CrylAc ge...
gi|5052773|gb|AF148644.1|AF148644 Bacillus thuringiensis in...
gi|1842094|gb|U87397.1|BTU87397 Bacillus thuringiensis kurs...
gi|42717975|gb|AY525369.1| Synthetic construct crylAcAT mod...
gi|1888558|gb|U89872.1|BTU89872 Bacillus thuringiensis Cryl...
gi|1839245|gb|U87793.1|BTU87793 Bacillus thuringiensis kurs...
gi|1171234|gb|U43606.1|BTU43606 Bacillus thuringiensis cryI...
gi|143125|gb|M73249.1|BACKURS Bacillus thuringiensis gene, ..
gi|142741|gb|M73248.1|BACCRYIACC Bacillus thuringiensis (cr...
gi|142739|gb|M35524.1|BACCRYIA B.thuringiensis delta-endoto...
gi|142721|gb|M11068.1|BACCRSG B.thuringiensis 75 kb plasmid...

s s s s s s s s s [ s s s s s s
N[N R R[N [N R[N R no o [N [ po oo
PR RRRRPRRRRRRRRRRR
PR RRRRPRRRRRRRRRRR

Alignments

>gi|23344759|gb|AY122057.1| Bacillus thuringiensis insecticidal crystal protein
CrylAc (crylAc)
gene, complete cds
Length = 3659

Score = 42.1 bits (21), Expect = 1.1
Identities = 21/21 (100%)
Strand = Plus / Minus

Query: 30 tgaatcggggttacagaagca 50
FEEEETEEEE T rrrr e
Sbjct: 1741 tgaatcggggttacagaagca 1721

>gi|29293656|gb|AY225453.1 | Bacillus thuringiensis CrylAc (crylAc) gene, complete
cds

Length = 3537
Score = 42.1 bits (21), Expect = 1.1

Identities = 21/21 (100%)
Strand = Plus / Minus

124



Query: 30 tgaatcggggttacagaagca 50
FEETTEEEErrrrrrrrrnrl
Sbijct: 1619 tgaatcggggttacagaagca 1599

>gi 2584728 |emb|AJ002514.1|BTAJ2514 Bacillus thuringiensis kurstaki cry218 gene
Length = 4190

Score = 42.1 bits (21), Expect = 1.1
Identities = 21/21 (100%)
Strand = Plus / Minus

Query: 30 tgaatcggggttacagaagca 50
FEETTEEErrrrrrrrrrnnl
Sbjct: 2006 tgaatcggggttacagaagca 1986

>gi|40274|emb|X54159.1|BTCRYIAC Bacillus thuringiensis cryIA(c) gene for
insecticidal crystal protein
(Lepidoptera specific) (partial)
Length = 2192

Score = 42.1 bits (21), Expect = 1.1
Identities = 21/21 (100%)
Strand = Plus / Minus

Query: 30 tgaatcggggttacagaagca 50
FEEEETEEEE T rrrr e
Sbjct: 1954 tgaatcggggttacagaagca 1934

>gi|3979716|emb|AJ130970.1[BTH130970 Bacillus thuringiensis gene encoding crystal
toxin protein
Length = 3692

Score = 42.1 bits (21), Expect = 1.1
Identities = 21/21 (100%)
Strand = Plus / Minus

Query: 30 tgaatcggggttacagaagca 50
FEEEEEEEEr e
Sbijct: 1774 tgaatcggggttacagaagca 1754

>gi|46409856|gb|AY570733.1] Bacillus thuringiensis serovar kurstaki clone 44 crylA
type crystal
protein gene, partial cds
Length = 2381

Score = 42.1 bits (21), Expect = 1.1
Identities = 21/21 (100%)
Strand = Plus / Minus

Query: 30 tgaatcggggttacagaagca 50
FEETTEEEErrrrrrrrrnrl
Sbijct: 1595 tgaatcggggttacagaagca 1575

>gi|33321715|gb|AF492767.1| Bacillus thuringiensis CrylAc gene, complete cds
Length = 3534

Score = 42.1 bits (21), Expect = 1.1
Identities = 21/21 (100%)
Strand = Plus / Minus

Query: 30 tgaatcggggttacagaagca 50
FEEEETEEEr T rrrr e
Sbjct: 1616 tgaatcggggttacagaagca 1596
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>gi | 5052773 |gb|AF148644.1|AF148644

Bacillus thuringiensis insecticidal protein

CrylAc (crylAc) gene,
partial cds
Length = 2169
Score = 42.1 bits (21), Expect =
Identities = 21/21 (100%)
Strand = Plus / Minus
Query: 30 tgaatcggggttacagaagca
FEETEEEETEr el
Sbjct: 1616 tgaatcggggttacagaagca

>gi|1842094|gb|U87397.1|BTU87397
(CryIA(c)) gene,
complete cds
Length 3693

Score 42.1 bits (21), Expect
Identities 21/21 (100%)
Strand Plus / Minus

Query: 30 tgaatcggggttacagaagca
FEETEEEEEEr el

Sbjct: 1771 tgaatcggggttacagaagca

>gi|42717975|gb|AY525369.1|
complete cds
Length

Synt

2028

Score
Identities
Strand

42.1 bits (21), Expect
21/21 (100%)
Plus / Minus

Query: 30 tgaatcggggttacagaagca
FEETEEEETErrr el

Sbjct: 1619 tgaatcggggttacagaagca

>gi[1888558|gb|U89872.1|BTU89872

gene, complete cds
Length = 4178

Score = 42.1 bits (21), Expect =

Identities = 21/21 (100%)

Strand = Plus / Minus
Query: 30 tgaatcggggttacagaagca

FEEEEEEEEr ey

Sbjct: 2006 tgaatcggggttacagaagca

>gi[1839245|gb|U87793.1|BTU87793
delta-endotoxin CryIA(c)

(cryIA(c)) gene, compl
Length = 5319
Score = 42.1 bits (21), Expect =
Identities = 21/21 (100%)
Strand = Plus / Minus
Query: 30 tgaatcggggttacagaagca
FEEEETEEEE T rrrr e
Sbjct: 2594 tgaatcggggttacagaagca

1.1

50

1596

Bacillus thuringiensis kurstaki crystal protein

1.

50

1751

hetic construct crylAcAT modified toxin gene,

1.1

50

1599

Bacillus thuringiensis CrylAc delta-endotoxin

1.

50

1986

Bacillus thuringiensis kurstaki insecticidal

ete cds

1.1

50

2574
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>gi|1171234|gb|U43606.1|BTU43606
Length = 1821
Score = 42.1 bits (21), Expect =
Identities = 21/21 (100%)
Strand = Plus / Minus

Query: 30 tgaatcggggttacagaagca
FEETEEEETEr el

Sbjct: 1616 tgaatcggggttacagaagca

>gi[143125|gb|M73249.1|BACKURS
Length = 3537

Score =
Identities =
Strand =

42.1 bits (21), Expect =
21/21 (100%)
Plus / Minus

Query: 30 tgaatcggggttacagaagca
FEETTEEEErrrrrrrrrnrl

Sbjct: 1619 tgaatcggggttacagaagca

>gi|142741|gb|M73248.1|BACCRYIACC
CDS

Length = 3534

Score = 42.1 bits (21), Expect =
Identities = 21/21 (100%)

Strand = Plus / Minus

Query: 30 tgaatcggggttacagaagca
FEETTEEEErrrrrrrrrnrl

Sbjct: 1616 tgaatcggggttacagaagca

>gi[142739|gb|M35524.1|BACCRYIA
Length = 4320

Score = 42.1 bits (21), Expect =
Identities = 21/21 (100%)
Strand = Plus / Minus

Query: 30 tgaatcggggttacagaagca
FEEEEEEEEr e e

Sbjct: 1854 tgaatcggggttacagaagca

>gi|142721|gb|M11068.1|BACCRSG
and flanks
Length =

4300

Score = 42.1 bits (21), Expect =
Identities = 21/21 (100%)
Strand = Plus / Minus

Query: 30 tgaatcggggttacagaagca

Sbjct: 2006 tgaatcggggttacagaagca

Bacillus thuringiensis gene,

Bacillus thuringiensis cryIA(c) gene, partial cds

1.1

50

1596

complete CDS

1.1

50

1599

Bacillus thuringiensis (cryIA(c)3) gene, complete

50

1596
B.thuringiensis delta-endotoxin gene,

complete cds

1.1

50

1834

B.thuringiensis 75 kb plasmid crystal protein gene

1.1

50

1986
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