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Sections to studySections to study

1 Production of biological and pharmaceutical products in 1 Production of biological and pharmaceutical products in 
genetically engineered organismsgenetically engineered organisms
 Insulin, growth hormones, vaccinesInsulin, growth hormones, vaccines

2 Genetic engineering in plants has revolutionized agricultur2 Genetic engineering in plants has revolutionized agriculturee
 HerbicideHerbicide--resistant cropsresistant crops
 PestPest--resistant cropsresistant crops
 NutritionNutrition--enriched cropsenriched crops

3 Genetic engineering in animals3 Genetic engineering in animals
 Transgenic fishes, cows, pigsTransgenic fishes, cows, pigs

4 Gene therapy in humans4 Gene therapy in humans
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Recombinant DNA technologyRecombinant DNA technology
 Restriction enzymesRestriction enzymes
 Plasmid vectorsPlasmid vectors
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 BiotechnologyBiotechnology: The use of living organisms to create a product : The use of living organisms to create a product 
or a process that helps improve the quality of life for humans oor a process that helps improve the quality of life for humans or r 
other organisms.other organisms.
 People in ancient civilizations used microbes to make important People in ancient civilizations used microbes to make important 

products, such as wine, beer, vinegar, breads, and cheeses.products, such as wine, beer, vinegar, breads, and cheeses.
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 Modern biotechnology Modern biotechnology 
relies heavily on relies heavily on 
recombinant DNA recombinant DNA 
technologytechnology, , genetic genetic 
engineeringengineering, and , and 
genomics applications.genomics applications.
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 Genetic engineeringGenetic engineering: The alteration of an organism: The alteration of an organism’’s genome.s genome.
 Genetically Modified OrganismsGenetically Modified Organisms (GMO):(GMO): New varieties of plants, New varieties of plants, 

animals, and other organisms with specific traits.animals, and other organisms with specific traits.
 Required technologiesRequired technologies

 The ability to manipulate DNA in vitroThe ability to manipulate DNA in vitro
 The ability to introduce genes into living cellsThe ability to introduce genes into living cells
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1.1. Production of biological and pharmaceutical products in Production of biological and pharmaceutical products in 
genetically engineered organismsgenetically engineered organisms
 Insulin, growth hormones, vaccinesInsulin, growth hormones, vaccines

2.2. Genetic engineering in plants has revolutionized agricultureGenetic engineering in plants has revolutionized agriculture
 HerbicideHerbicide--resistant, pestresistant, pest--resistant, nutritionresistant, nutrition--enriched cropsenriched crops

3.3. Genetic engineering in animalsGenetic engineering in animals
 Transgenic fishes, cows, pigsTransgenic fishes, cows, pigs

4.4. Human gene therapyHuman gene therapy

Applications of biotechnology and genetic engineeringApplications of biotechnology and genetic engineering
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1 Production of biological and pharmaceutical products in 1 Production of biological and pharmaceutical products in 
genetically engineered organismsgenetically engineered organisms

 Biopharmaceutical productsBiopharmaceutical products
 Therapeutic proteins: insulin, growth Therapeutic proteins: insulin, growth 

hormones, clotting factors were hormones, clotting factors were 
traditionally purified from tissues. traditionally purified from tissues. 

 BiopharmingBiopharming: A commonly used term : A commonly used term 
to describe the production of valuable to describe the production of valuable 
proteins in genetically modified proteins in genetically modified 
animals and plants.animals and plants.
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 A growth hormone produced by A growth hormone produced by 
the the pancreapancrea..

 Used to be extracted from the Used to be extracted from the 
pancreas of cows and pigs.pancreas of cows and pigs.

InsulinInsulin
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 HumulinHumulin: The first human : The first human 
gene product manufactured gene product manufactured 
by recombinant DNA by recombinant DNA 
technology.technology.
 Developed by Developed by GenentechGenentech, a , a 

biotech company founded in biotech company founded in 
19761976

 Licensed to therapeutic use Licensed to therapeutic use 
in 1982 by FDAin 1982 by FDA
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 EngerixEngerix BB, , hepatitis Bhepatitis B vaccine produced in yeast, developed by vaccine produced in yeast, developed by 
GlaxoSmithKline.GlaxoSmithKline.

Recombinant vaccinesRecombinant vaccines
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Dane particles
( 42 nm)



9-13
Copyright © The McGraw-Hill Companies, Inc.  Permission required to reproduce or display

 Vaccines against cancerVaccines against cancer
 GardasilGardasil, a subunit vaccine against , a subunit vaccine against human human papillomaviruspapillomavirus (HPV,(HPV,人乳人乳

头瘤病毒头瘤病毒)) that cause ~ 70% of cervical cancers. Developed by Merck that cause ~ 70% of cervical cancers. Developed by Merck 
and was approved by FDA in 2005.and was approved by FDA in 2005.
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Human papillomavirus (HPV, 人乳头瘤病毒)



9-15
Copyright © The McGraw-Hill Companies, Inc.  Permission required to reproduce or display

Fig 22-2

 Edible vaccinesEdible vaccines
 Vaccines are Vaccines are 

produced in produced in 
plantsplants
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 Transgenic sheep as a Transgenic sheep as a 
biofactorybiofactory
 Valuable products are Valuable products are 

produced in the milk. produced in the milk. 
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Synthetic biology provides new possibilitiesSynthetic biology provides new possibilities

J23100   B0034    C0040    B0010   B0012

tetR
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Artemisinin (青蒿素) fights malaria and cancer

屠呦呦 Artemisia annua (黄花蒿)
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 Mycoplasma mycoides JCVI-syn1.0: The first single-celled 
organism with a completely artificially synthesized genome.

 2010, J. Craig Venter Institute

The negatively stained transmission 
electron micrographs of aggregated 
M. mycoides. 

Artificial design and synthesis of a genome

J. Craig Venter
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 Artificially synthesized 
Mycoplasma mycoides
genome with 
modifications. Deleted 
4000 bp (2 genes), 
replaced 10 genes with 
four “watermark”
sequences, each over 
1000 bp.

 1.08 Mb genome, 
assembled in vitro and in 
yeast cells.

 Recipient: Mycoplasma
capricolum.
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2 Genetic engineering in plants has revolutionized 2 Genetic engineering in plants has revolutionized 
agricultureagriculture

 Genetically modified (GM)Genetically modified (GM) plants as bioreactors producing plants as bioreactors producing 
biological and pharmaceutical productsbiological and pharmaceutical products
 Hormones, enzymes, vaccinesHormones, enzymes, vaccines

 Genetically modified cropsGenetically modified crops: : GM foodsGM foods..
 In 2000, 26% corns, 68% soybeans, and 69% cottons planted in theIn 2000, 26% corns, 68% soybeans, and 69% cottons planted in the

U.S. were GM crops.U.S. were GM crops.
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 Herbicide resistance  Herbicide resistance  
 Corn, soybean, rice, cotton, Corn, soybean, rice, cotton, 

sugarbeetsugarbeet, canola, canola

 Insect resistance  Insect resistance  
 Corn, cotton, potatoCorn, cotton, potato

 Virus resistance  Virus resistance  
 Potato, squash, papayaPotato, squash, papaya

 Delayed ripening  Delayed ripening  
 TomatoTomato

 Nutritional enhancement  Nutritional enhancement  
 Golden riceGolden rice



9-24
Copyright © The McGraw-Hill Companies, Inc.  Permission required to reproduce or display

Methods of introducing foreign DNA into a cellMethods of introducing foreign DNA into a cell
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 Crown gall diseaseCrown gall disease
 Ti plasmid: 200 kbTi plasmid: 200 kb

Agrobacterium tumefaciens
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HerbicideHerbicide--resistant cropsresistant crops
 Damage from weed infestation destroys ~ 10% of crops Damage from weed infestation destroys ~ 10% of crops 

worldwideworldwide
 Herbicides kill weedsHerbicides kill weeds

 GlyphosateGlyphosate ((草甘膦草甘膦), ), a commercial weed killer, marketed by the name a commercial weed killer, marketed by the name 
RoundupRoundup

 By 2012, over 75% of soybeans and cottons in the U.S. are resistBy 2012, over 75% of soybeans and cottons in the U.S. are resistant to ant to 
glyphosateglyphosate..

Fig 22-5
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Creation of glyphosate-resistant transgenic plants

Fig 22-6
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PestPest--resistant cropsresistant crops

 CornCorn--borer (borer (玉米螟玉米螟) larvae) larvae are responsible for millions of are responsible for millions of 
dollars of crop damage worldwidedollars of crop damage worldwide

European corn borer
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 Bt crystalline proteinBt crystalline protein produced by produced by Bacillus Bacillus thuringiensisthuringiensis kill kill 
insectsinsects
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 Bt cropsBt crops: Transgenic crops producing Bt crystalline protein.: Transgenic crops producing Bt crystalline protein.
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 Bt cottonBt cotton（抗虫棉）（抗虫棉）
 Transgenic cotton that are engineered to be insect resistant.Transgenic cotton that are engineered to be insect resistant.
 In China, In China, 30% of cotton planted in 2000 were Bt cotton.30% of cotton planted in 2000 were Bt cotton.

Bt cotton       Regular cotton
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NutritionNutrition--enriched cropsenriched crops

 Golden riceGolden rice: Transgenic rice that : Transgenic rice that 
produces produces --carotenecarotene, a precursor , a precursor 
to to vitamin Avitamin A..
 Vitamin A deficiencyVitamin A deficiency is prevalent is prevalent 

in many areas of Asia and Africa.in many areas of Asia and Africa.

 Decaffeinated teas Decaffeinated teas andand coffeescoffees

Fig 22-7a
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Fig 22-7b
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 FlavrFlavr SavrSavr tomatotomato: Transgenic tomato that has longer shelf life : Transgenic tomato that has longer shelf life 
(several weeks). Developed by (several weeks). Developed by CalgeneCalgene..
 AntisenseAntisense RNA technology to inhibit the production of RNA technology to inhibit the production of 

polygalacturonasepolygalacturonase, an enzyme that digests pectin in the cell wall of , an enzyme that digests pectin in the cell wall of 
tomatoes.tomatoes.

LongerLonger--lasting tomatolasting tomato
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Concerns about Concerns about GMOsGMOs and GM foods and GM foods 

 Consumer safetyConsumer safety
 Are GM plants safe to eat?Are GM plants safe to eat?

 Environmental consequencesEnvironmental consequences
 Possible gene transfer by cross breeding with wild plantsPossible gene transfer by cross breeding with wild plants
 Toxicity to animalsToxicity to animals
 Loss of biodiversity due to the invasiveness of the modified plaLoss of biodiversity due to the invasiveness of the modified plantnt
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3 Genetic engineering in animals3 Genetic engineering in animals

 Genetically engineered animals as bioreactors producing Genetically engineered animals as bioreactors producing 
biological and pharmaceutical productsbiological and pharmaceutical products
 Hormones, enzymes, vaccines Hormones, enzymes, vaccines 

 Genetically engineeredGenetically engineered animals as productsanimals as products
 Transgenic fishTransgenic fish
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Creation of transgenic animals

Fig 22-8
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 GloFishGloFish
 Transgenic Transgenic zebrafishzebrafish

containing red containing red 
fluorescent protein fluorescent protein 
gene from sea gene from sea 
anemones.anemones.

Fig 22-11

The first GM pet in the U.S.
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Environment friendly GM pigs
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 EnviroPigEnviroPig
 Expressing Expressing E. coliE. coli

phytasephytase ((植酸酶植酸酶) ) 
gene in the salivary gene in the salivary 
gland.gland.

 Reducing Reducing 
phosphorus phosphorus 
excretion.excretion.
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 Most have failed!Most have failed!
 Growth is a complex, Growth is a complex, 

multigenemultigene trait? trait? 

 Transgenic Atlantis Transgenic Atlantis 
salmonsalmon
 Expressing Chinook Expressing Chinook 

salmon GH genesalmon GH gene
 Weighs 10 times more Weighs 10 times more 

than nonthan non--transgenic transgenic 
strainsstrains

Creation of oversize farm animals by overexpressing
growth hormone
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4 Human gene therapy4 Human gene therapy

 Began in 1990 with the treatment of a young girl with Began in 1990 with the treatment of a young girl with severe severe 
combined immunodeficiency (SCID)combined immunodeficiency (SCID)
 Caused by a mutation in the adenosine Caused by a mutation in the adenosine deaminasedeaminase (ADA) enzyme(ADA) enzyme

 Delivery systemsDelivery systems
 AdenoAdeno--associated virus (AAV)associated virus (AAV)
 Retroviral vectorsRetroviral vectors

 RNAiRNAi therapytherapy
 Several Several RNAiRNAi clinical trials are underway in the U.S.clinical trials are underway in the U.S.
 Treatment of a form of blindness, due to a mutation in Treatment of a form of blindness, due to a mutation in VEGFVEGF gene gene 

(promotes blood vessel growth).(promotes blood vessel growth).
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Fig 22-27
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 From 1990 to 1999, more than 4000 people underwent gene From 1990 to 1999, more than 4000 people underwent gene 
therapy for a variety of genetic disorders. Many of them have therapy for a variety of genetic disorders. Many of them have 
failed.failed.
 In 1999In 1999--09, Jesse 09, Jesse GelsingerGelsinger died while treating a liver disease in the died while treating a liver disease in the 

U.S.U.S.
 In 2003, 2 of the 10 children treated for XIn 2003, 2 of the 10 children treated for X--linked SCID developed linked SCID developed 

leukemia in France. Due to the activation of leukemia in France. Due to the activation of LMO2LMO2 gene.gene.
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Ethical concerns about gene therapy Ethical concerns about gene therapy 

 Somatic gene therapySomatic gene therapy
 All gene therapy trials are restricted to using somatic cells.All gene therapy trials are restricted to using somatic cells.

 GermGerm--line therapyline therapy
 Germ cells or mature gametes are used as targets for gene transfGerm cells or mature gametes are used as targets for gene transfer.er.
 Not approved.Not approved.


