16.1 Recombinant DNA technology

I.  Gene Manipulation - moving genes from one organism to another


A. Genetic Engineering - cleaving DNA into small fragments & inserting them into another organism of the

                                                      same or different species


B. Recombinant DNA - DNA made of connected fragments of different sources



Ex: glowing tobacco plant - put firefly DNA into bacteria that infected plant


C. Transgenic Organisms - contain the recombinant DNA



1. isolation of foreign DNA to be inserted



2. joining of DNA to vector


3. actual transfer of DNA to host


D. DNA can only be recombined if isolated & snipped into smaller fragments

Restriction Enzymes - bacterial proteins (100's) that cut DNA strands



        - cuts at specific point in nucleotide sequence

                                  - results in double stranded DNA with protruding ends



        - ends join readily with other organisms DNA - "sticky"


E. Vectors - transfer foreign DNA fragment to the host



1. Mechanical - micropipette or tiny metal bullet with DNA on it



2. Biological - viruses or plasmids (ring of DNA in bacteria that carries non bacterial chromosomes)


F. Gene Splicing - rejoining the cut DNA with viral DNA or plasmid (plasmid may have to use

 restriction enzymes also & can have "sticky" ends)

G. DNA is then transferred to the host cell - when host divides it copies the foreign DNA along with its own =

Clones - genetically identical copies - can make multiple copies of the desired gene!


**Cloning is possible because a foreign piece of DNA introduced into a bacterial cell has been integrated into

                 that cell's DNA so completely that the foreign DNA is replicated as if it were bacterial DNA!!


**Each of the new bacterial cells formed has the desired foreign piece of DNA in it, which can be easily 

                 purified, studied & manipulated - can make gene in large quantities for drugs


**Why use bacteria? a huge population of them can be grown, all with the desired gene!


H. Sequencing DNA - determining the sequence of DNA bases in the fragment


       Gel Electrophoresis:



1. One of the 2 strands of DNA is produced by cloning



2. restriction enzymes chop DNA into pieces of varying lengths



3. fragments placed in gel w/ dye that glows pink w/ UV light



4. each DNA piece migrates toward electrode of opposite charge (larger move slower)



5. position of the bands of dye in the gel allow a reading of the sequence of bases

II. Applications of DNA Technology


A. Transgenic bacteria in Agriculture


Ex: removed bacterial gene that promotes frost damage in strawberry plants



Ex: hope to engineer bacteria in soil to more quickly convert nitrogen to nitrates

B. Transgenic Bacteria in Industry


Ex: break down pollutants (oil) into harmless products


C. Transgenic Bacteria in Medicine


Ex: produce growth hormone (dwarfism), interferon (cancer), insulin (diabetes)



Ex: phenylalanine (NutraSweet)


D. Transgenic Plants - hard to engineer because of thick cell walls & lack of viruses or plasmids





- have to use the gene gun or electricity to transfer genes



Ex: resist herbicides, produce internal pesticides & increase protein production

Future: more nutritious, less fertilizer, fruit ripens later, grow in unfavorable conditions


E. Transgenic Animals - don't readily accept plasmids into their own DNA - use micropipette



Ex: goats produce milk w/ high levels of a protein that dissolves blood clots



Future: bigger livestock w/ more milk & ???????????

16.2 The Human Genome

I. Mapping & Sequencing the Human Genome


1990 - The Human Genome Project - international effort to completely map & sequence the 

                       approximately 100 000 genes on the 46 human chromosome


Also: the sequence of the 3 million base pairs of DNA in the human genome is being analyzed


A. Linkage Map - a genetic map that shows the location of genes on a chromosome

1. study linkage data from human pedigrees



- crossing over results in combinations of alleles not found in either parent




- genes that cross over more frequently must be farther apart



- use this info to find relative position of a gene on the chromosome
- in humans this method is insufficient since they have few offspring &

     generation time is so long



2. polymerase chain reaction (PCR) - scientists copy DNA from sperm & analyze the results of 

                                                                            crossing over that occurred during the meiosis that produced the sperm


B. Sequencing the Human Genome - cleave DNA into fragments using restriction enzymes & put in order 

II. Applications of the Human Genome Project


A. Diagnosis of Genetic Disorders 

1. DNA of people with trait is analyzed for common patterns

2. cells from fetus or surrounding fluid - grow to many cells in nutrients = cell culture
3. check for DNA pattern associated with the disorder

B. Gene Therapy - insertion of normal genes into the human cells to correct genetic disorders

Ex: first trials on patients with cystic fibrosis 

      - hopefully copies of normal genes (which enter through a cold virus) will cause lung

        cells to produce normal mucous


C. DNA Fingerprinting - every person is genetically unique



1. minute samples of DNA from blood, hair or skin (all have same DNA)



2. copy millions of times with polymerase chain reaction techniques



3. when cleaved with restriction enzyme, DNA fragments are of different lengths



4. electrophoresis separates DNA fragments to compare with others



5. Non-coding patterns of DNA follow a distinct pattern in each individual



6. only identical twins have the same sequence

