
Rearranging the Molecules of Life 

Mini-STEM February 25th, 2014 

 

Steven P. Bennett, PhD. 

GENETIC ENGINEERING 
 

www.kurzweilai.net 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=5xrzzKDw5GpRTM&tbnid=QgXsccuaXtM6PM:&ved=0CAQQjB0&url=http://www.kurzweilai.net/evolution-machine-genetic-engineering-on-fast-forward&ei=qJYKU9ObC5fDoASLpICIAw&bvm=bv.61725948,d.cGU&psig=AFQjCNEaz1bmSys4YEewmQWe7icLOB_G8w&ust=1393289236599564


OVERVIEW OF TOPICS 

 

• What is Genetic Engineering (GE)? 

• How is GE performed? 

• What are the common uses for GE? 

• Concerns with GE 



DEFINITION OF GENETIC ENGINEERING 

• IUPAC definition: 

 Process of inserting new genetic information into existing cells in order to 

modify a specific organism for the purpose of changing its characteristics 

 Also Known as Recombinant DNA technology, gene modification, and gene 

therapy 

Microorganisms 

Bacteria Yeast 
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A TYPICAL  ANIMAL CELL 

www.tandfonline.com 
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CELL DIVERSITY IN HUMANS 

All genes are in each cell nucleus, but only those specific to that tissue are turned “on” 
www.buzzle.com 

brainu.org 

bcrc.bio.umass.edu 
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CHROMOSOMES AND GENETIC MATERIAL 

www.buzzle.com rejenerations.blogspot.com 

http://www.buzzle.com/
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=9Sw4YMRvVzdfFM&tbnid=i2s49scJdSkAvM:&ved=0CAQQjB0&url=http://rejenerations.blogspot.com/2012/03/celebrate-world-down-syndrome-day.html&ei=_e0KU6v2Ocf0oAT4roDwAQ&psig=AFQjCNG992Mj20i1jpLGdI6rTpZl0BIeug&ust=1393311567567121


PACKAGING GENETIC INFORMATION 

www.precisionnutrition.com 
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THE UNIVERSAL GENETIC CODE 

A-Adenine 

C-Cytosine 

G-Guanine 

T-Thymine 

Understanding the human body based on genetic code is like learning English with only a dictionary 

bjpsbiotech.edublogs.org 
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GENE TRANSCRIPTION & TRANSLATION- 

CENTRAL PRINCIPLE OF MOLECULAR BIOLOGY 

2cysticfibrosis.wikispaces.com www.conncoll.edu 
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• Structural (collagen) 

• Enzymes (Trypsin) 

• Transporters (hemoglobin) 

• Antibodies (immune 

response)  

• Cell receptors (Insulin) 

PROTEINS “Functional molecules” 



TRANSLATION: PROTEIN MANUFACTURING 

evolution.berkeley.edu 

the-meniscus.blogspot.com 
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TRANSLATION: PROTEIN MANUFACTURING 

Why is this so important? 

The code is Universal  

evolution.berkeley.edu 

stevemorse.org 
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GENETIC MUTATION 

en.wikipedia.org 
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PROTEIN FOLDING AND STRUCTURE 

en.wikipedia.org 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&docid=qWGNGg6gCwcg3M&tbnid=Mc8Fgi9TzA3WEM:&ved=0CAQQjB0&url=http://en.wikipedia.org/wiki/Protein_folding&ei=kfEKU8uyNoS8oQSjxIDwAQ&psig=AFQjCNHmeXHix6KYZ4iSXy7RaTmRqKkLSg&ust=1393312527031291


ESSENTIAL PROTEINS IN THE BODY-

HEMOGLOBIN 
 

evolution.berkeley.edu  
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ESSENTIAL PROTEINS IN THE BODY- 

 INSULIN 

web.campbell.edu seekyt.com 
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ESSENTIAL PROTEINS IN THE BODY-  

COLLAGEN 
 

Several diseases linked to mutations in the COL1A1 gene 
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MOLECULAR BIOLOGY SUMMARY 

Insulin 
www.bbc.co.uk  
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HOW CAN THIS INFORMATION BE ALTERED? 



BACTERIOPHAGE 

engineering.curiouscatblog.net beckteria.wordpress.com 
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BACTERIAL DEFENSE 

users.rcn.com 
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BACTERIAL DEFENSE 

users.rcn.com 
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MOLECULAR CLONING 

Alberts: Molecular Biology of the Cell 

Filebox.vt.edu 



USES OF GENETIC ENGINEERING 

• Industrial- mass production of hormones and 

biofuels 

• Agricultural- herbicide, insect resistant plants 

• Animals- Disease mechanisms and food sources 

• Medical- Gene Therapy 
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OIL CLEAN UP AND PSEUDOMONAS PUTIDA 

news.softpedia.com www.fcmlaw.com 
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INDUSTRIAL INSULIN PRODUCTION 

www.industry.siemens.com 

microorganisms 
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BIOFUEL ARABIDOPSIS THALIANA 

Decreased Lignin production 

eandt.theiet.org 
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USES OF GENETIC ENGINEERING 

• Industrial- mass production of hormones and biofuels 

• Agricultural- herbicide, insect resistant plants 

• Animals- Disease mechanisms and food sources 

• Medical- Gene Therapy 

 

 

 

 

 

 



GENETICALLY MODIFIED FOOD (GMO) 

Antiviral                    Increased Nutrition                   Herbicide Resistance             Insect Resistance       



GOT PAPAYA?? 

Papaya ring virus 

Resistance gene 



ROUNDUP RESISTANT SOYBEANS 

Glyphosate 

Resistance gene 



INSECT RESISTANT CORN 

Corn borer worm “billion dollar bug” 

Bt Corn- Bacillus 

thuringiensis 

Bacterial toxins 

(Cry proteins) 



GOLDEN RICE 

Biosynthesis of beta carotene- 

a vitamin A precursor via GMO 

webeye.ophth.uiowa.edu 
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USES OF GE 

• Industrial- mass production of hormones and 

biofuels 

• Agricultural- herbicide, insect resistant plants 

• Animals- Disease mechanisms and food sources 

• Medical- Gene Therapy 
 

 

 

 

 

 



TRANSGENIC MICE- ALZHEIMER’S DISEASE 

Amyloid 

Plaques 
www.accessexcellence.org 

www.nbrc.ac.in 
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TRANSGENIC MICE- GREEN FLUORESCENT PROTEIN 

Aequorea victoria 

www.upenn.edu 

1) Visualize animal development 

2) Transplants 

3)   “Tag” other proteins 
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GMO ANIMALS AS A FOOD SOURCE 



USES OF GENETIC ENGINEERING 

• Industrial- mass production of hormones and 

biofuels 

• Agricultural- herbicide, insect resistant plants 

• Animals- Disease mechanisms and food sources 

• Medical- Gene Therapy 
 

 

 

 

 

 



IN VIVO GENE THERAPY (DIABETES) 
 

• Insulin that is produced is mutated/defective 

“Healthy” Insulin 



IN VIVO GENE THERAPY (CYSTIC FIBROSIS) 

nametsomathiba.blogspot.com 

CFTR 

Cystic fibrosis 

transmembrane 

conductance 

regulator gene 

mutations 
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EX VIVO GENE THERAPY (HIV) 

www.discoverymedicine.com 
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ETHICAL CONCERNS 

• Health concerns 

• Eating GMOs 

• Livestock consuming GMOs 

• Environmental concerns 

• Pollution 

• Gene Flow 

• Genetic contamination 

• Cross breeding 

• Moral concerns 

• Are we improving life or going too far? 

• Do we have a medical obligation to humans with gene therapy? 

• Do we have a moral obligation to produce food in quantity and quality? 



SUMMARY OF TOPICS 

 

• What is Genetic Engineering (GE)? 

• How is GE performed? 

• What are the common uses for GE? 

• Industrial, Agricultural, Animals, Gene Therapy 

• Ethical Aspects of GE 



QUESTIONS? 



CODONS AND PROTEIN ABBREVIATIONS 



GFP ANIMALS 


