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Human Genome Project, Gene Therapy & Cloning
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Human Genome Project
 – Genomics – the study of complete sets of genes
 – Begun in 1990, the Human Genome Project was a massive scientific endeavor to
 • determine the nucleotide sequence of all the DNA in the human genome and
 • identify the location and sequence of every gene.
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Human Genome Project
 – At the completion of the project,• more than 99% of the genome had been
 determined to 99.999% accuracy,• about 3 billion nucleotide pairs were identified,• about 21,000 genes were found, and• about 98% of the human DNA was identified as
 noncoding.
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Human Genome Project
 – The Human Genome Project can help map the genes for specific diseases such as
 • Alzheimer’s disease and• Parkinson’s disease.
 – Now that we have the genes, we need to figure out how they work together to direct our bodies
 – Will we enter an age of “personal genomics” where we can use your personal genetic information for medical use?
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Human Gene Therapy
 – Human gene therapy• is a recombinant DNA procedure, that seeks to
 treat disease by altering the genes of the afflicted person, and
 • often replaces or supplements the mutant version of a gene with a properly functioning one.
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Human Gene Therapy
 • The gene from a healthy person is cloned and turned into an RNA version and inserted into a harmless virus
 • Bone marrow cells of the patient are removed and infected with the virus
 • The virus incorporates its DNA (that has the healthy human gene in it) into the patient’s cells
 • These bone marrow cells are then injected back into the bone marrow and these cells now make the healthy gene
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Human Gene Therapy
 • Bone marrow cells are used because they multiply throughout a person’s life and they include the stem cells that give rise to all the types of blood cells.
 • If the procedure works, the cells will multiply permanently and produce a steady supply of the healthy protein
 • Hasn’t been 100% effective though
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Human Gene TherapyNormal human gene
 Healthy person
 The engineeredcells are injectedinto the patient.
 Bone of personwith disease
 Bonemarrow
 Bone marrow cell from the patient
 Viral DNA carrying the human geneinserts into the cell’s chromosome.
 Bone marrow cells of the patientare infected with the virus.
 Inserted human RNA
 RNA genome of virus
 An RNA version of a normal humangene is inserted into a harmlessRNA virus.
 1
 2
 3
 4
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Cloning(pages 207-210 in book)
 • Clone is a member of a population of genetically identical cells produced from a single cell
 • Cloning is currently used to produce plants with desirable traits such as high fruit yield, disease resistance, or seedless fruit
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Cloning(pages 207-210 in book)
 – Nuclear transplantation involves:• replacing the nucleus of an egg cell with the
 nucleus from an adult body cell
 – Reproductive cloning:• the developing embryo must be placed into a
 surrogate mother of the same or similar species
 – Theraputic cloning:• the developing cells are left in a petri dish for
 further research (stem cells)
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Cloning(pages 207-210 in book)
 Removenucleusfrom eggcell
 Add somaticcell fromadult donor
 Grow in cultureto produce ablastocyst (earlyembryo)
 Donorcell Nucleus from
 donor cell
 Reproductive cloning
 Implant embryo insurrogate mother
 Clone ofdonor is born
 Therapeutic cloning
 Remove embryonicstem cells fromembryo and growin culture
 Induce stemcells to formspecializedcells fortherapeutic use
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Reproductive Cloning
 A body cell is taken from a donor animal.
 An egg cell is taken from a donor animal.
 The fused cell begins dividing, becoming an embryo.
 The nucleus is removed from the egg.
 The body cell and egg are fused by electric shock.
 The embryo is implanted into the uterus of a foster mother.
 The embryo develops into a cloned animal.
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Reproductive CloningA donor cell is taken from a sheep’s udder. Donor
 Nucleus
 These two cells are fused using an electric shock.
 Fused Cell
 The fused cell begins dividing normally.
 EmbryoThe embryo is placed in the uterus of a foster mother.Foster
 Mother
 The embryo develops normally into a lamb—Dolly
 Cloned Lamb
 Egg Cell
 An egg cell is taken from an adult female sheep.
 The nucleus of the egg cell is removed.
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Cloning
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Cloning
 • Uses:– “control” animals for research– Help endangered species
 • May find use in medical and scientific research, but raises serious ethical issues…
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Safety and Ethical Issues
 • Cloning• Extremely difficult and inefficient – only a small
 percentage of cloned embryos develop normally and of the ones that do develop, they appear less healthy
 • Should people be cloned? And if so, under what circumstances?
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Safety and Ethical Issues(pages 235-237 in book)
 • GM Foods• crops carrying genes from other species might harm
 the environment,• GM foods could be hazardous to human health,
 and/or• transgenic plants might pass their genes to close
 relatives in nearby wild areas.
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Safety and Ethical Issues(pages 235-237 in book)
 • DNA Technology• Should genetically engineered human growth
 hormone be used to stimulate growth in HGH-deficient children?
 • Should we try to eliminate genetic defects in our children and their descendants?
 • Should people use mail-in kits that can tell healthy people their relative risk of developing various diseases?
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