Genetics Lecture 13
Biotechnology & Ethics
Molecular genetics original focus on health & agriculture, adapted for pop eco & evo bio
Reasons we isolate DNA from organisms:


1.  study the genetics of a population or identify the genes of an individual (identification)

2.  study the sequence of DNA or its expression (understand gene function)

3.  put genes into another organisms for recombination, agricultural or study purposes (manipulation)
*First step in all of these is extracting DNA


pulverize tissue, lyse cells (detergent), protease, precipitate out DNA; now have kits
Identifying the genotype of individuals

Two basic ways – in both, we separate the pieces and identify specific ones to view

1.  Restriction Enzymes w/ or w/out Southern Blotting – first used



*restriction enzymes (naturally occurring), cut at specific sites, blunt or sticky ends




~200 known, use ~100


Sticky ends, annealing to plasmid, ligase (for manipulation later)



*electrophoresis separates pieces




*can look at profile from many different enzymes



*probes are used to identify specific pieces – fluorescently labeled
*RFLP electrophoresis – sickle cell




only work if a restriction site is where the mutation occurs




requires a lot of DNA


Northern Blotting used to look at expression (transcription) – mRNA



Western Blotting for proteins with antibody probes

2.  PCR – instead of separating first and then ID, ID and copy first, then separate



?*need:  template DNA, primers, DNA polymerase, dNTPs, buffer


thermal cycle, high temp for denaturing, lower temp for annealing



*Taq



*How to visualize the fragments – electrophoresis, agaraose or polyacrilimide, ladder




**distance moved vs. known size gives standard curve; now ABI


*Types:  VNTR & STR; RAPD



codominant, mostly believed to not be under selection – not genes!




difference in size = different number of repeats


RT PCR – quantitative by knowing how many cycles; use measure of fluorescence

pros & cons – primers are specific, so you need to identify and make them (uses cloning technology)



restriction sites are general, but you don’t always know what you’re looking at
Ethical considerations:  fingerprinting criminals? Health screening implications/access? Pre-natal?
To study sequence (organization) & expression – generally for medical purposes (Genomics & Proteomics)

1.  Sequencing



most popular method is chain termination



*use PCR, but use some ddNTPs that are labeled



*ABI sequencer output

2.  Microarrays – can be used for sequencing, but often used for expression



expression = mRNA being made



*cDNA probes, reverse transcriptase


*gene chip with many different probes, samples loaded on each, color change when bound


concern about gene chips – assist doctors, but does it lead to profiling? 

Use of gene chips for species ID

*Recombination steps
Types of vectors


Vectors need 3 things: OR, marker gene, restriction site


*plasmids – GE to carry known genes easily, usually have an identifier gene as well



picked up by cells through transformation, selective plating identifies those transformed


lambda phage – replace middle 1/3 of genome



use phage to infect bacteria, lytic cycle makes copies

cosmid – hybrid of phage & plasmid



make a plasmid in the phage with its own OR, once in bacterial cell, it replicates


BAC – can carry the largest amount of DNA

all these vectors are easy to work with, but have two problems



1.  can only carry relatively small pieces, some genes are very large


2.  rely on prokaryotic copying & expression




*can’t remove introns – need to use cDNA




no post-translational modifications


sometimes eukaryotic vector is needed – YAC*
getting the cloned DNA into eukaryotic cells


plants – viruses; Agrobacterium tumifaciens used to insert recombinant Ti plasmid



cells in culture grown to full plant, *gene guns

mammals – retroviruses (reverse transcriptase), endocytosis (plasmids, YAC)

*nanocubes
Medical uses


pharmaceuticals:

insulin – used to be taken from pancreases of cows & pigs (1979)



HGH (cadavers), clotting factors



some eukaryotic proteins can’t be fully made by prokaryotes – pharming 




use animals – sheep, gene added next to region regulating milk production




enzyme whose deficiency is associated with heritable emphysema, CF

gene therapy – cells taken from affected individual cultured with viruses made to carry normal alleles



cultured, sorted, implanted


began in 1990, still working on clinical trials; blindness, immunodeficiency, CF, some cancers


germline therapy?  (eugenics) enhancement therapy?
Agricultural uses (transgenic?)

resistance to herbicides or natural threats like temperature, herbivores



Bacillus thuringiensis; US 80% soybeans, 50% corn

nutritional enhancement & productivity – golden rice with beta carotene, extra vitamins



what about vaccines? (potatoes, bananas, spinach/rabies)


allergens? what else?


extensions to animals – salmon and other fish are first, disease resistance
Bioremediation


engineering bacteria to degrade pollutants like PCBs

bacteria in ethanol production


fungi in caffeine fields


phytoremediation – heavy metals on old mines or factories
*The only transgenic animal approved for human use by the FDA?

























