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http://www.biologyexams4u.com/2012/12/ti-plasmid-based-vectors-co-integrate.html#.VmkNVL9cw6E 

https://en.wikipedia.org/wiki/Transfer_DNA_binary_system  

Binary Vector System 

Binary plasmid 

 

The T-DNA portion of the binary plasmid is 

flanked by left and right border sequences and 

consists of a transgene as well as a plant 

selectable marker (PSM). Outside of the T-DNA, 

the binary plasmid also contains a bacterial 

selectable marker (BSM) and an origin of 

replication (ori) for bacteria 

Agrobacterium tumefaciens Ti Plasmid based DNA Transfer System 

Disarmed Ti-Helper Plasmid 

The helper plasmid contains the vir genes 

that originated from the Ti plasmid of 

Agrobacterium. These genes code for a 

series of proteins that cut the binary 

plasmid at the left and right border 

sequences, and facilitate transduction of 

the T-DNA to the host plant's cells. The 

helper plasmid also contains a BSM and an 

ori for bacteria 
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Plant Insect 

resistance 

Herbicide 

Resistance 

Virus 

Resistance 

Male 

Sterility 

Product 

Composition 

Others 

Maize yes yes yes 

Cotton yes yes 

Canaola yes yes  

Tomato yes Ripening retard. 

Potato yes yes Starch 

Soybean yes Fatty Acids 

Tobacco yes 

Sugar Beet yes 

Chicoree yes yes 

Rice yes carotene 

Zucchini yes 

Melon yes Ripening retard. 

Flowers Color  Stability 

Features of Transgenic Plants 
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Glyphosate 

Resistance by overproduction of a resistant 

EPSPS variant 

 

Resistance by enzymatic degradation 

catalyzed by a glyphosphate 

oxidoreductase 

 

Resistance by Acetylation 
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P-E35S  E35S promoter 

CTP  chloroplast transpeptide (transport into chloroplasts) 

CP4-EPSPS 5-enolpyrovylshikimate-3-phosphate synthase 

NOS3‘  terminator of nopaline synthase gene 
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Gluphosinate 

(Phosphinothricin) 

 

Inactivation by acetylation 

 

Phosphinothricin acetyltransferase 

 

(bar gene from Streptomyces 

hygrosscopicus 

pat gene from S. viridochromogenes) 
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Bt-Toxins 

 

• Proteins derived from Bacillus thuringiensis that 

specifically act against insects 

• Act in the intestine of insects 

• No toxicity on higher organisms 

• Bt-toxin has long history of use as insecticide – 

spraying of protein preparations obtained by 

fermentation of B.thuringiensis strains 

• offically accepted in organic farming 

 

 



21 Bacillus thuringiensis Toxin 
Cry toxins belonging to the three 
domain Cry toxin family, display clear 
differences in their amino acid 
sequences but all share in common a 
remarkably similar and conserved three 
domain structure. 
 
Fig. 4: Three dimensional structure of 
Cry2Aa toxin. This structure from PDB 
accession number 1I5P is 
representative of a three domain toxin 
produced by Bt. Roman numerals 
indicate the typical domains of the 
three domain Cry proteins. I perforating 
domain; II central domain; involved in 
toxin receptor interactions; III galactose 
binding domain; involved in receptor 
binding and pore formation. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4280536/pdf/toxins-06-03296.pdf 
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Trends in Biotechnology, Volume 26, Issue 10, 2008, 573–579; doi:10.1016/j.tibtech.2008.06.005 

Models of the mode of action of Cry toxins 

http://dx.doi.org/10.1016/j.tibtech.2008.06.005
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Figure 2. Models of the mode of action of Cry toxins and resulting mechanism for resistance. 
Two different mechanisms can be distinguished: the pore-formation model (top) and the 
signal transduction model (bottom), which both include similar initial steps for toxin 
solubilization in midgut lumen (1), activation by midgut proteases (2), and binding to primary 
receptor cadherin (3). In the pore-formation model (top), step 3 induces the cleavage of helix 
α-1 and triggers toxin oligomerization (4). The toxin oligomer then binds to a secondary 
receptor, such as aminopeptidase or alkaline phosphatase, which are anchored by a 
glycosylphosphatidylinositol anchor in the membrane (5). Finally, the toxin inserts itself into 
the membrane, thereby forming a pore that kills the insect cells (6). The signal transduction 
model (bottom) proposes that the interaction of the Cry toxin with a cadherin receptor 
triggers an intracellular cascade pathway that is mediated by activation of protein G (4a), 
which, in a subsequent step (5a), activates adenylyl cyclase. This signal then increases the 
levels of cyclic adenosine monophosphate, which activates protein kinase A and leads to cell 
death. See Refs 13, 15, 16, 17, 18, 19, 20, 51, 52, 53 and 54 for the different mechanisms that 
have resulted in toxin resistance in several insects. The CryMod toxins, in which helix α-1 is 
deleted, avoid resistance by bypassing cadherin interaction [38]. 

Trends in Biotechnology, Volume 26, Issue 10, 2008, 573–579; doi:10.1016/j.tibtech.2008.06.005 

http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib13
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib15
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib16
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib17
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib18
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib19
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib20
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib51
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib52
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib53
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib54
http://www.sciencedirect.com/science/article/pii/S0167779908001844#bib38
http://dx.doi.org/10.1016/j.tibtech.2008.06.005
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Target Specificity - Overview 

  

Pathotype A 

- B.t. sv. kurstaki (B.t.k.) act against larvae of Lepidoptera (order of insects 

that includes moths and butterflies) , not against Noctuidae (Eulenfalter, 

owlet moths) 

 

- B.t. sv. aizawai (B.t.a.) act against larvae of distinct Lepidoptera , also 

against Noctuidae (Eulenfalter owlet moths) 

  

Pathotype B 

- B.t. sv. israelensis (B.t.i.) act against larvae of distinct Diptera (Diptera, 

from the Greek di = two, and ptera = wings) 

  

Pathotype C 

- B.t. v. tenebrionis (B.t.t.) act against larvae of distinct Chrysomelidae 

(commonly known as leaf beetles) 

 

Bacillus thuringiensis Toxin 
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Bacillus thuringiensis Toxin 

Taken from: B.R. Glick, J.J. Pasternak, C.L. Patten; Molecular Biotechnology, 4th Edition; ASM Press 



29 

Transgenic Bt-maize - Benefits 

Harvest losses due to Ostrinia nubilalis (corn borer, Maiszünsler)  

 

In USA: 20% of total harvests (15 mio t/year) 

  = 200 % of Canada‘s maize production 

 

Savings by Bt-Maize  

 

• 2.5 mio ha land 

• 100,000 t fertilizer 

• 100 mio litres of fuel 

• Chemical plant protection agents 

 
Data from Novartis 
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34 Antisense-Technique 

antisense RNA Protein 

Pectinase Gene Pectinase Gene 

mRNA mRNA 

Antisense Construct 

P 

P 
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Antisense strategy: blocking enzyme synthesis 

 

Researchers at BASF Plant Science have now developed a new starch potato 

(under the brand name Amflora), which produces starch composed almost 

exclusively of amylopectin. Using the antisense strategy, they switched off the 

gene for the starch synthase enzyme, which is involved in the synthesis of 

amylose, by inserting a mirror image of the gene (‘antisense’) into the DNA of the 

potato. This blocks the information to synthesise the enzyme. 

Transgenic Potato 

Transgenic Tomato 

In the UK, Zeneca produced a tomato paste that used technology similar to the Flavr 

Savr.[6] Don Grierson was involved in the research to make the genetically modified 

tomato.[7] Due to the characteristics of the tomato, it was cheaper to produce than 

conventional tomato paste, resulting in the product being 20% cheaper. Between 

1996 and 1999, 1.8 million cans, clearly labelled as genetically engineered, were sold 

in Sainsbury's and Safeway. At one point the paste outsold normal tomato paste but 

sales fell in the autumn of 1998 

https://en.wikipedia.org 
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Virus Resistance 

Some virus-resistant transgenic plants that contain cloned viral coat proteins 
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Virus Resistance 
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Virus Resistance 

Taken from: B.R. Glick, J.J. Pasternak, C.L. Patten; Molecular Biotechnology, 4th Edition; ASM Press 



41 Dry Resistance 

Taken from: B.R. Glick, J.J. Pasternak, C.L. Patten; Molecular Biotechnology, 4th Edition; ASM Press 



42 Plant Colour 

Taken from: B.R. Glick, J.J. Pasternak, C.L. Patten; 
Molecular Biotechnology, 4th Edition; ASM Press 



43 

vaccination banana??!! 
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44 Vaccines and plants used 

Modified from:  www.gen-ethisches-netzwerk.de/ 

Vaccination against Plants used Directly edible 

Cholera Potato, Tomato, Tobacco Yes 

Norwalk Virus Potato, Tomato, Tobacco Yes 

Papilloma Virus (HPV) Potato, Tomato, Tobacco Yes 

Rabies Spinach Yes 

Hepatitis B (HBV) Potato, Lupin Yes 

E. coli Enterotoxin (ETEC) Potato, Tobacco, Mais Yes 

Transmissible Gastroenteritis Virus 
(a pig disease) 

Mais Yes 

Non-Hodgkins Lymphoma Tobacco (Tobacco Mosaic Virus) No 

Influenza (Rhino RX) Tobacco No 
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Golden Rice 

http://gmwatch.org/news/archive/2013/15023-golden-rice-myths 
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The most damaging micronutrient deficiencies in the world are the consequence of 
low dietary intake of iron, vitamin A, iodine and zinc. Vitamin A deficiency (VAD) is 
prevalent among the poor whose diets are based mainly on rice or other 
carbohydrate-rich, micronutrient-poor calorie sources. Rice does not contain any β-
carotene (provitamin A), which their body could then convert into vitamin A. 
Dependence on rice as the predominant food source, therefore, necessarily leads to 
VAD, most severely affecting small children and pregnant women. In 2012 the World 
Health Organization reported that about 250 million preschool children are affected 
by VAD, and that providing those children with vitamin A could prevent about a third 
of all under-five deaths, which amounts to up to 2.7 million children that could be 
saved from dying unnecessarily.  
VAD compromises the immune systems of approximately 40 percent of children 
under five in the developing world, greatly increasing the severeness of common 
childhood infections, often leading to deadly outcomes. VAD is most severe in 
Southeast Asia and Africa. For the 400 million rice-consuming poor, the medical 
consequences are fatal: impaired vision—, in extreme cases irreversible blindness; 
impaired epithelial integrity, exposing the affected individuals to infections; reduced 
immune response; impaired haemopoiesis (and hence reduced capacity to transport 
oxygen in the blood) and skeletal growth; among other debilitating afflictions.  

http://www.goldenrice.org/ 
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The precursor molecule for 
carotenoid biosynthesis is 
geranylgeranyl diphosphate (GGDP). 
Horizontal bars delimit the steps of 
the carotenoid biosynthetic pathway 
that were overcome using the two 
transgenes phytoene synthase (PSY) 
and the multifunctional bacterial 
carotene desaturase (CRTI), rather 
than the two plant desaturases PDS 
and ZDS.  

Golden Rice 

http://www.goldenrice.org/ 
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Figure 2. 
Essentials of carotenoid biosynthesis related to Golden Rice 
(GR). Wild-type rice has the biosynthetic capacity to produce 
geranylgeranyl-diphosphate (GGPP), which stems (when 
synthesized in amyloplasts) from an initial decarboxylation of 
pyruvate and condensation with glyceraldehyde-3-phosphate 
catalyzed by 1-deoxy-D-xylulose-5 phosphate synthase (DXS). A 
series of reactions [34] leads to the formation of isopentenyl-
diphosphate (IPP) and its isomer, dimethylallyl-diphosphate 
(DMAPP), the building blocks of isoprenoids. These are used to 
form GGPP by the enzyme GGPP synthase (GGPPS). GGPPS 
enters into a variety of prenylation and cyclization reactions, 
among which only vitamin E biosynthesis is considered here, 
starting with its condensation with a non-prenyl acceptor, 
homogentisic acid (HGA), stemming from the shikimate 
pathway. To proceed towards b-carotene formation, the plant 
enzymes phytoene synthase (PSY), phytoene-desaturase (PDS), 
z-carotene-desaturase (ZDS) and carotene cis-trans-isomerase 
(CRTISO) need to be supplemented. CRTISO is required to 
convert the specific cis-carotene intermediates [35] into the 
final all-transform of lycopene that is cyclized. The bacterial 
desaturase CRTI, expressed along with a plant PSY, substitutes 
for the three plant enzymes by performing the complete 
desaturation sequence with all-trans intermediates. Beyond 
the sequence of transformed genes, lycopene cyclases (LCY) 
expressed in wild-type rice are sufficiently active to produce a- 
and b-carotene as well as hydroxylases (HYD), which lead to 
the respective derived hydroxylated xanthophylls. The intrinsic 
activity of CRTISO is required in experimental GR versions 
expressing the plant desaturases. 

http://www.goldenrice.org/PDFs/Al-Babili_Beyer_TIPS_2005.pdf 
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Gene construct used to generate Golden Rice. RB, T-DNA right border sequence; Glu, rice 
endosperm-specific glutelin promoter; tpSSU, pea ribulose bis-phosphate carboxylase small subunit 
transit peptide for chloroplast localisation; nos, nopaline synthase terminator; Psy, phytoene 
synthase gene from Narcissus pseudonarcissus (GR1) or Zea mays (GR2); Ubi1, maize polyubiquitin 
promoter; Pmi, phosphomannose isomerase gene from E. coli for positive selection (GR2); LB, T-
DNA left border sequence.  

Golden Rice 

The image clearly shows the 
progress made since the proof-of-
concept stage of Golden Rice. The 
new generation, also known as GR2 
contains β-carotene levels that will 
allow to provide an adequate 
amount of pro- vitamin A in normal 
children's diets in SE Asia.  

http://www.goldenrice.org/ 
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