Chapter Outline

I. Witnessing Genetic Engineering










A. Genetic engineering has been around since 1973.



1. Many genetically modified organisms (GMOs) have been produced.




a) Ex: fish, cows, pigs, strawberries, potatoes, soybeans, bacteria



2. Gene therapy is a reality.


B. Gene for Bioluminescence



1. Some organisms create their own light because they are bioluminescent.




a) Ex: fireflies, jellyfish, glowworms, beetles, various fishes



2. The gene for bioluminescence in jellyfish codes for a protein called green 




fluorescent protein (GFP).



3. The gene for bioluminescence is first located in the jellyfish genome.



4. That gene is then introduced into the embryo of a pig, mouse, or rabbit.



5. The result is a “glow-in-the-dark” organism.


C. Genes and Species Barriers



1. Genes have no problems crossing the species barrier.



2. The genes of all organisms are composed of DNA and the manufacture of a 




protein is similar, regardless of the DNA source.


D. Ethics



1. Is it ethical to give a mouse a gene that makes it glow?



2. Advocacy groups have grave concerns about creating GMOs.



3. Some worry that modified organisms might harm the environment.



4. Others fear that products produced by GMOs might not be healthy for humans.



5. To what extent is it proper to improve the human genome?

II. Cloning of Organisms, Genes, and DNA Segments___________________________
Critical concepts include: reproductive cloning, therapeutic cloning, and the ethics of 


animal cloning.


13.1 Animals can be cloned using surrogate mothers


A. With reproductive cloning, the desired end is an individual that is exactly like 




the original individual. 




1. Remove a cell serve as a source for 2n nucleus.




2. Place this nucleus in an egg after its own nucleus has been removed.




3. After development begins, place the embryo in the uterus of a surrogate 





mother so development will continue to term.




4. The newborn animal will be a clone of the animal that donated the 2n 





nucleus.



B. Reproductive cloning shows that any 2n nucleus contains all the genes 




necessary to produce an organism, but all the genes must be turned on.




1. At one time, this was difficult.




2. Dolly, a Dorset sheep, was successfully cloned in 1997.




3. Scottish investigators who cloned Dolly used a G0 nucleus that was 





amenable to cytoplasmic signals for initiation of development.



C. Cloning Animals




1. It is common practice to clone farm animals that have desirable traits.




2. In the U.S., no federal funds can be used for experiments to reproductively 





clone human beings.




3. We can also clone rare animals that might otherwise become extinct.


13.2 Genes can be cloned in bacteria


A. Gene cloning is done to produce many identical copies of the same gene.




1. Gene cloning requires recombinant DNA (rDNA), which contains DNA 
           from two or more different sources.




2. Requires a vector, by which the gene of interest will be introduced into a 





host cell





a) A common vector is a plasmid, a small accessory ring of DNA found in 





bacteria.




3. A restriction enzyme is used to cleave the plasmid.





a) A restriction enzyme cuts DNA at a specific site.





b) Ex: EcoRI





c) This leaves a gap into which a piece of foreign DNA can be placed if it 





begins and ends in bases complementary to those exposed by the 





restriction enzyme.




4. The enzyme DNA ligase is used to seal foreign DNA into the opening 





created in the plasmid.





a) “Sticky ends” facilitate the pasting of the plasmid DNA with the DNA 





of the inserted gene.




5. Some of the bacteria take up the recombinant plasmid.




6. Gene cloning occurs as the plasmid replicates on its own. 




7. The bacterium has been genetically engineered and is a genetically 




modified organism (GMO) that can make a product it could not make 





before. 

13.3 DNA segments can be cloned in a test tube



A. The polymerase chain reaction (PCR) is widely used in biotechnology 
         laboratories.

1. Creates copies of DNA segments quickly in a test tube.

2. PCR is a chain reaction because of the targeted DNA is repeatedly replicated as long as the process continues.



B. Analyzing DNA




1. Before PCR, technicians allowed restriction enzymes to chop up all of the 
           individual’s DNA.




2. A process called gel electrophoresis allowed DNA fragments to move 
           through a gel in an electric field, separating by size.




3. This created a visible pattern.




4. The process is known as DNA fingerprinting.



C. Application for PCR are limited only by the imagination.




1. Confirmation of a viral infection or genetic disorder.




2. Crime scene analysis.




3. STR profiling.




4. Paternity suits.




5. Evolutionary comparisons of ancient organisms.

III. Biotechnology Products and Genetically Modified Organisms_________________

Critical concepts include: recombinant DNA technology, genetically modified bacteria, genetically modified plants, genetically modified animals, gene therapy.


13.4 Genetically modified bacteria produce useful products



A. Genetically modified bacteria can be used in various ways.




1. GM bacteria clone a gene that can be isolated and used in basic research.




2. GM bacteria can be used to produce commercial products





a) Biotechnology products such as insulin, clotting factor VIII, food 
              ingredients.




3. GM bacteria can be used to modify plants.




4. GM bacteria can be used to prevent environmental pollution.

13.5 Plants can be genetically modified


A. Corn, potato, soybean, and cotton plants have been genetically modified.




1. They are resistant to either insect predation or widely used herbicides.




2. In 2006, GMOs were planted on more than 252 million acres worldwide.



B. Crops with other improved agricultural and food-quality traits are desirable.




1. Researchers have now made potato plants that are invulnerable to a range of 





potato blight strains.




2. Genetic modification of crops can also improve their agricultural value.





a) Ex: salt-tolerant crops.




3. Some progress has been made in increasing the nutritional quality of crops.





a) Ex: soybeans that produce oleic acid





b) Ex: Golden Rice




4. Many products for medical use have come from modified plants.





a) Ex: human hormones, clotting factors, antibodies

How Biology Impacts Our Lives

13A Are Genetically Engineered Foods Safe?


A. Can Transgenic Foods Make People Sick?




1. FDA must approve food for human consumption.




2. FDA tests for poisons and allergens




3. Appears that transgenic foods, such as Bt corn, do not contain allergens that 
           would make people sick.




4. Bt corn gets its name from a bacterium Bacillus thuringiensis. 





a) Carries a gene that allows corn to resist destruction by corn borers.




5. Activists would like GM foods clearly labeled.



B. Are GM Crops Environmental Safe?




1. Many studies have been done and conclude that GM plants are not harmful to 
           the environment.



C. Are Transgenic Crops Really Needed?




1. GM crops do not increase yield, but do prevent loss of yield when compared 
           to traditional crops.

13.6 Animals can be genetically modified


A. Techniques to insert genes into the eggs of animals




1. Microinjection of foreign genes into eggs by hand



B. Gene Pharming is the use of transgenic animals to produce pharmaceuticals is 
           being pursued by a number of firms.




1. Genes that code for therapeutic and diagnostic proteins are incorporated 





into an animal’s DNA, and the proteins appear in the animal’s milk.




2. Procedure





a) The gene of interest is microinjected into donor eggs.





b) Following in vitro fertilization, the zygotes are placed in host females.





c) After the transgenic female offspring mature, the product is secreted in 





their milk.





d) Then cloning can be used to produce many animals that produce the same 





product.





e) Donor enucleated eggs are fused with 2n GM nuclei.





f) Development continues in the host female until the clones are born.





g) The female offspring are clones that have the same product in their milk.



C. Researchers are using transgenic mice for various research projects.




1. Ex: studies on the SRY section of DNA




2. Ex: mouse models of human diseases such as cystic fibrosis



D. Xenotransplantation is the use of animal organs in transplant patients. 




1. Researchers work with pigs because they are prolific and have been raised 





as a meat source.




2. Pigs are being genetically modified to make their organs less likely to be 





rejected by the human body.


13.7 A person’s genome can be modified


A. Gene therapy is the insertion of a foreign gene into human cells for the 




treatment of a disorder.




1. Gene therapy can be used to cure inborn errors of metabolism as well as more 





generalized disorders.




2. Ex vivo gene therapy means the gene is inserted into cells that have been 





removed from the body and then returned.




3. In vivo gene therapy means the gene is delivered directly into the body.




4. Viruses and liposomes can be used to carry genes into the body.



B. Ex Vivo Gene Therapy




1. Children with SCID lack the enzyme ADA.





a) ADA is involved in the maturation of white blood cells, therefore, these 





children are prone to constant infections.





b) Bone marrow stem cells are removed and infected with a virus that 





carriers a normal gene for the enzyme. The cells are then returned to the 





patient.




2. Familial hypercholesterolemia





a) High levels of blood cholesterol make patients subject to fatal heart 





attacks at a young age.





b) A small portion of the liver is surgically excised and then infected with 





a virus containing a normal gene before being returned to the patient.




3. PKU-studies are in process



C. In Vivo Gene Therapy




1. Cystic fibrosis





a) Patients lack a gene that codes for the transmembrane carrier of the 





chloride ion.





b) The gene need to cure cystic fibrosis is sprayed into the nose or 





delivered to the lower respiratory tract by a virus or by liposomes.




2. Poor coronary circulation





a) Scientists know that VEGF can cause growth of new blood vessels.





b) This gene can be injected alone or within a virus into the heart.




3. Gene therapy is increasingly being applied as a part of cancer therapy.
IV. The Human Genome and How It Functions_________________________________

Critical concepts include: genome, Human Genome Project, polymerase chain reaction, pseudogene, repetitive DNA, introns, tandem repeat, interspersed repeat, transposons, unique noncoding DNA, functional genomics, DNA microarrays, genetic profile, proteome, proteomics, bioinformatics, homologous genes, and comparative genomics.


13.8 The human genome has been sequenced


A. We now know the sequence of bases in the human genome.




1. The human genome contains about 3.2 billion base pairs.




2. The sequencing of the human genome was accomplished by the Human 




Genome Project (HGP). 




3. The task would not have been possible without the use of polymerase 





chain reaction (PCR) and high-speed DNA sequencing machines. 





a) PCR was used to amplify target DNA of restriction enzyme fragments.





b) Automated sequencers were used when they became available. 





c) Modern sequencers can analyze up to 3 billion base pairs in a 24-hour 





period. 

13.9 The genome contains coding and noncoding DNA


A. Coding DNA




1. Only 2% of our genome is composed of protein-coding exons.




2. The total number of protein coding genes is 23,000.




3. A larger number of genes was expected.




4. Multiple copies of the same gene can exist. 




5. A duplicate gene contributes raw material for evolution.





a) Pseudogenes are copies of genes that are nonfunctional because of a 





mutation.



B. Noncoding DNA




1. The genome has a tremendous amount (98%) of noncoding DNA.




2. Some of this noncoding DNA is transcribed into RNA.




3. 24% of this noncoding DNA is introns.





a) These may be regulators of gene expression. 





b) Introns may also be a source of small RNAs.




4. Repetitive DNA makes up 59% of the genome. 





a) This was once dismissed as “junk DNA.”





b) Centromeres and the ends of chromosomes are composed of 





repetitive elements.





c) Repetitive DNA can occur as tandem repeats and interspersed 





repeats.





d) One form of tandem repeat, called short tandem repeats, or STRs, are 





useful in forensics.





e) Transposons are specific repetitive DNA sequences that can move 





within and between chromosomes.





f) A transposon called the Alu element occurs once per every 5,000 base 





pairs in human DNA. 





g) When transposons move, they can sometimes act like regulatory genes.





h) Very little is known about unique noncoding DNA.


13.10 Functional and comparative genomics are active fields of study


A. Functional Genomics




1. Functional genomics wants to know how the many variant forms of genes on 
            the human chromosomes affect the phenotype.




2. A technology called DNA microarrays assists functional genetics.





a) The microarray contains microscopic amounts of base sequences on a 
            silicon chip.





b) The binding of the mRNA molecules to the spots tells which alleles are 
            active in the cells of a person. 
            c) This is called the person’s genetic profile.




3. DNA microarrays are available that rapidly identify all the various 





mutations in the genome of an individual. 



B. Comparative Genomics




1. The aim of comparative genomics is to compare the human genome to the 




   genome of other organisms. 




2. The genomes of many model organisms have been sequenced.




3. This also offers a way to study changes in a genome over time.




4. Plants have more nucleotide base pairs than mammals.






a) Most likely due to polyploidy.




5. Humans have very few duplicate genes




6. Researchers are very interested in comparing the human genome to the great 
            apes.



C. Protein-Coding Genes




1. Biologist are unsure of to say that in some cases they do not know what 
            proteins some genes code for.




2. Researchers have found that the same type of gene genes can be found in a wide 
            variety of organisms.





a) This is due to the genes being conserved as the process of evolution 
            occurred.

How Science Progresses

13B DNA Microarray Technology



A. With advances in robotic technology, it is now possible to place the entire 
          human genome onto a single microarray.




1. The mRNA is labeled with a fluorescent dye and add to the chip.




2. When the mRNA binds to the microarray, a fluorescent pattern results.





a) Researchers can use this method to determine the difference in gene 
            expression between two different cell types.



B. Genetic Profiles




1. A mutation microarray can be used to generate a person’s genetic profile.




2. The genetic test can indicate if the individual may have a particular disorder 
            or is at risk for developing it later in life. 



C. Diseased Tissues




1. DNA microarrays hasten the identification of genes associated with diseased 
            tissue.





a) First mRNA derived from the diseased tissue and the normal tissue are 
            labeled with different fluorescent dyes.





b) Both normal and abnormal tissues is applied to the microarray.





c) The relative intensities of fluorescence from a spot on the microarray 
            indicate the amount of mRNA originating from that gene in the diseased 
            tissue relative to the normal tissue.




2. Genomic microarrays are also being used to identify links between disease 
            and chromosome mutations.

13.11 Proteomics analyzes the proteins in human cells



A. Proteomics is a new field of endeavor that studies the structure and function, 
          and interaction of cellular proteins within a cell or organism.



1.The term proteome refers to the entire collection of a species’ proteins.



B. Two processes account for why the proteome is larger than the genome.




1. Alternative pre-mRNA splicing in the nucleus.




2. Posttranslational modification in the cytoplasm.



C. Proteins have a particular structure and that structure has to be suitable to the 
          particular function they will have in the cell.




1. The large number of proteins in the cytoplasm presents a formidable task for 
            biologists.





a) Not possible to use mRNA and DNA microarray chips to determine what 
            proteins are present.




2. Biologists must use sophisticated methods and high powered laboratory 
            equipment.





a) Ex: X-ray crystallography and nuclear magnetic resonance (NMR) 
            spectroscopy.





b) Ex: Z corporation printer


13.12 Bioinformatics assist the study of genomics and proteomics



A. An enormous amount of data was collected in order to sequence the bases in the 
         human genome.




1. High powered computers are available to store all these data.




2. A database has data stored in a single location and organized for easy 
            accessibility.

   3. The application of computer technologies, specifically devel​oped software, 
            and statistical techniques to study biological infor​mation in a database, is 
            called bioinformatics.

   4. The human genome has 3 billion known base pairs.


      a) A computer is needed to make sense of these data.

            b) Basic Local Alignment Search Tool (BLAST) is a computer program that 
              can even identify homologous genes among the genomic sequence of 
              various organisms.

            c) Homologous genes are genes that code for the same proteins, although the 
              base sequence may be slightly different.

         5. Bioinformatics have various other applications in the field of medicine.


     
a) Finding the protein that causes cystic fibrosis.
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13C We Are Closely Related to Chimpanzees


A. Humans and chimpanzees are very closely related.




1. Humans have 46 chromosomes while chimpanzees have 48.




2. However, human chromosome 2 is a fusion of two chimpanzee 





chromosomes.




3. Humans and chimpanzees have similar patterns of transposons in their 





genomes.





a) Ex: Alu element near the hemoglobin genes




4. Humans and chimpanzees have similar pseudogene patterns also.




5. These discoveries caused researchers to place the great apes in the same 





family as humans.




6. The base sequence of chimpanzees and humans differs by only 1.5%.




7. However, significant differences do exist.





a) Many DNA stretches are absent in one or the other genome.





b) Noncoding DNA is involved in the evolution of mammals.





c) Certain genes are not expressed in chimpanzees to the same degree as in 





humans.





d) Some of these genes may control the development of the brain.

