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Introduction 
Although many alternative approaches have made valuable contributions towards 
understanding pharmacogenetics, the use of molecular genetics in animal models 
possesses two powerful and unique advantages.  First, the DNA contained within 
virtually all cells dictates the structure of any pharmacologic site, regardless of its 
chemical nature.  Second, by screening for mutations that alter responses to drugs, 
nature directs the researcher to the important targets.  As such, the data do not arise 
from preconceived ideas about what should be an important site or mechanism of 
action.   
One point of obvious concern is the applicability of findings in a model organism to 
humans.  A conservative viewpoint acknowledges that, since there will undoubtedly be 
some variation between organisms, it is by comparing the results between these 
different systems that we are likely to understand the global mechanisms underlying 
disease or drug response.    Somewhat surprisingly, it appears that the human genome 
is much smaller and more similar to the genomes of nematodes and fruit flies than 
predicted.  A relatively high percentage of genes is conserved even across this wide 
variation in complexity of animals.  Thus, in many ways, simple organisms often can be 
good initial models for molecular processes of more complex ones.  However, during the 
last decade, it has become possible to use molecular genetics to directly study humans.  
Both the use of model systems and of human studies will be discussed. 
An important point to remember is, whether a gene encodes a structural protein such as 
hemoglobin, a membrane-bound receptor such as an alpha-adrenergic receptor (21), or 
an enzyme such as pseudocholinesterase, it is the sequence of DNA that dictates the 
particular amino acids within the gene product.  The structures of other molecules that 
are not proteins, such as lipids or sugars, are likewise determined by the ability of 
proteins (enzymes, the original gene products) to correctly synthesize them.  All aspects 
of our physiology are ultimately dependent on the genetic material, and can be perturbed 
by changes in it.  The processes of transcription and translation are essentially identical 
(i.e., conserved) across the animal and plant kingdoms, and were first described in 
simple genetic models.  Somewhat surprisingly, the number of genes does not vary 
greatly between invertebrates, such as nematodes and fruit flies, and mammals, such as 
man. In fact it would appear that the human genome is much smaller than previously 
assumed, and may be more similar to the genomes of nematodes and fruit flies than 
previously supposed.  A relatively high percentage of genes is conserved even across 
this wide variation in complexity of animals. Thus, in many ways different-appearing 
organisms are very similar at the DNA level, and simple organisms often can be good 
initial models for molecular processes of more complex ones.  This is particularly true if 
the physiologic process being studied appears to be conserved across species.  In fact, 
most of our detailed knowledge of the functioning of mammalian cellular machinery is 
derived directly from the brilliant studies of bacteria and viruses during the past 50 years.   
 



  

Genetics 
Genetics uses what may seem to most of us like a backward approach to answer a 
question.  In classical forward genetics one changes the experimental animal without 
knowing which variable (gene) caused the change, then looks for the altered variable (a 
mutated gene).  Although one does not necessarily know what molecules caused that 
trait to change, it is clear a permanent change has occurred in the gene that controls 
that trait.  As previously mentioned, the beauty of this approach is its lack of 
preconceptions as to the molecular nature of a given trait.  However, if a complicated 
pathway or cascade of events leads to particular behavior, one may have mutated any 
one of a great number of genes that may contribute to that behavior.  For example, 
mutations that change sensitivity to anesthetics could arise from structural changes in 
molecules that are an anesthetic target, from elimination of enzymes that make these 
molecules, from changes in molecules that interact with an anesthetic target, from 
changes in molecules that make the anesthetic available to a target, or from changes 
which have no direct effect on anesthetic function but which raise or lower the general 
activity of an animal.  Data are sorted out in part by collecting multiple mutations that 
affect anesthetic sensitivity and studying their interactions and relative importance in 
determining anesthetic sensitivity. Finally, one must identify, using molecular techniques, 
the protein products of these genes and deduce their functions from their structure and 
their interactions with other molecules. 
Although still not a trivial undertaking, the task of dissecting the molecular mechanisms 
of drug response or of a disease is substantially simplified by the use of genetic models.  
What should be the characteristics of such a tractable model?  Of course, the organism 
must have observable behaviors that are similar to those identified in humans.  
Preferably these behaviors should be mediated by an anatomic system functionally 
relevant to that of humans (for instance the nervous system); however, a simple genetic 
system that can exploit the powerful tools of modern molecular genetic techniques is 
also needed.  Mutagenesis, rapid gene mapping, the ability to direct mutagenesis, and 
the use of transgenic and mosaic animals are part of the current armamentarium of 
molecular genetics.  In addition, a complete genetic sequence of the chromosomal DNA 
and a reasonable degree of homology of the genes from the organism to those of 
humans is also desirable. At present, the nematode Caenorhabditis elegans, the fruit fly 
Drosophila melanogaster, the mouse Mus muscularis are the organisms that generally 
satisfy the above requirements.  In certain instances yeast, zebrafish and rats are also 
appropriate models as well. 
However, drawbacks also exist to such an approach.  If a complicated pathway or 
cascade of events leads to particular behavior, one may have mutated any one of a 
great number of genes that may contribute to that behavior.  For example, mutations that 
change sensitivity to anesthetics could arise from structural changes in molecules that 
are anesthetic targets, from changes in molecules that interact with an anesthetic target, 
or from a variety of changes that indirectly affect sensitivity.  For example, one must not 
jump to the conclusion that every mutation that alters anesthetic sensitivity represents an 
anesthetic target.   
Classical (or forward) genetics can define the specific chromosomal region in which a 
gene is located.  Advances in molecular biology now allow this information to be used to 
pinpoint a gene to a specific physical fragment of DNA.   It is also possible to manipulate 
pieces of DNA such that they can be moved into novel environments in order to isolate 
their effects.  For example, a normal gene can be introduced into a defective or mutant 
animal, giving rise to a normal animal.  Such a technique is the first step in treating 



  

genetic diseases (i.e. the beginning of genetic therapeutics).  A second use is to 
introduce a defective gene into a previously normal organism, to “genetically engineer” a 
mutation into an organism to study a gene’s function (often termed reverse genetics).  
Introduction of specific mutations into an organism is referred to as targeted 
mutagenesis and illustrates an important point.  Generally, organisms with rapid 
generation times and large numbers of offspring are used to perform random 
mutagenesis searching for mutations affecting a phenotype (such as altered anesthetic 
sensitivity).  The most commonly used model organisms are yeast (Saccharomyces 
cerevisiae), the worm (Caenorhabditis elegans) and the fruit fly (Drosophila 
melanogaster). These are the studies that avoid preconceptions as to the correct 
answer.  After these studies are done, it is often useful to create similar targeted  
mutations in a more complicated organism, such as a mouse, to determine whether the 
mutation has similar effects in a mammal.  Targeted mutagenesis cannot be used as an 
initial screen in mammals, but is a powerful technique for extending studies from a 
simple genetic model into more complicated animals, such as the mouse. 

Gene Mapping 
Traditionally, geneticists have tackled questions of inheritance by observing the passage 
of clearly identifiable traits from one generation to the next. As described above, an 
organism’s observed features, its phenotype, must arise from the content of its genetic 
material, its genotype.  Classical genetics relies on differences in phenotype (e.g., blue 
eyes vs. brown eyes) as the probes for identifying different genes and locating their 
relative positions.  These differences are ascribed to individual genes and positioned in 
the genome (all the DNA of an organism) only after genetic manipulations, usually 
matings, have been carried out. 
In classical genetic animals such as fruit flies (Drosophila), one can usually mate an 
animal with a new mutation to an animal that carries strategically placed genetic 
markers.  These markers are characteristics that are easy to see (such as eye color or 
wing configuration) that are known to be coded by DNA of specific regions of specific 
chromosomes.  These markers are already “mapped,” that is their positions on 
chromosomes are known.  The number of offspring that show the new mutation in 
combination with these mapped genes eventually pinpoints the mutation to a specific 
region of a specific chromosome.  If two mutations are in the same chromosome, the 
distance between them is specified in terms of map units. Two mutations that are one 
map unit apart are genetically very close to each other; they have about one chance in 
100 of separating from each other by chromosomal recombination in each generation.  
The further apart two mutations are, the greater the number of map units between them.  
The above approach of classical genetics has obvious limitations when studying 
genetics in humans.  More recently, physical mapping of genes and mutations has been 
aided by the use of specific physical changes in the DNA sequence of organisms.  Such 
mapping relies much less on phenotypic changes and more on observable differences in 
markers of altered genomic sequence.  There is an array of such markers, but the most 
commonly used is the single nucleotide polymorphism (snp).  These markers are single 
base pair sequence changes, often which make little to no change in the protein being 
made by a gene.  However, these markers have revolutionized the ability to do human 
genetics. 



  

Gene Interactions. 
A second, equally important aspect of classical genetics is to determine the interaction 
between genes.  One may determine the effect of one mutation (A) on a second 
mutation (B) by constructing an animal containing both mutations.  If such an animal has 
elements of both phenotypes, then A and B may function independently.  If such an 
animal has the phenotype of only one mutation, that mutation is thought to be 
“downstream” of the other.  Such information in useful in determining functional 
pathways involving many gene products. For example, if an animal carrying both 
mutations A and B looks identical to an animal carrying only mutation B, then B is said to 
be “downstream” of A in a common genetic pathway.  In a genetic pathway 
“downstream” means that one gene product (in this case A) exerts its effects by 
functioning through a second one (in this case B).   When an animal has the B 
phenotype, it does not matter what the state of A is, because A’s effects are dependent 
on a functioning B product.  A mutation resulting in loss of the B product will always 
produce the B phenotype.   

Gene Sequence. 
To convert DNA sequence into protein, the DNA is first transcribed into an intermediate 
messenger RNA (mRNA) molecule whose sequence is complementary to the DNA. The 
mRNA undergoes further processing wherein non-coding regions of the gene are 
eliminated from the sequence (splicing).  The mRNA is then translated into protein.  The 
flow of information from DNA to protein is termed the central dogma.  Using total isolated 
mRNA as a template and predicted gene sequence to direct the copying, the enzyme 
reverse transcriptase is used to resynthesize the coding DNA.  Called cDNA, this 
represents an exact copy of the DNA strand transcribed from the gene, except that it 
only contains the protein coding sequences from the original strand.    
Once the coding sequence of a gene is known one can begin to understand the function 
of the protein product.  Genes coding for similar proteins in different organisms often 
have a similar order of bases (i.e., of A's, T's, G's, and C's).  Proteins with similar 
functions usually have regions of identical or similar amino acids.  By comparing these 
similarities, called homologies, one can often assign a function to a newly identified 
protein.  A truly immense amount of sequence data has accumulated over the past 10 
years culminating with the recent sequencing of the yeast, nematode, fly and human 
genomes. By comparing newly identified sequences with other known genes, one can 
often identify homologies which in turn often implies similar functions.  If no such 
homology exists, all is not lost.  Certain aspects of a protein’s structure and function 
(such as a membrane spanning region) give characteristic recognizable patterns of 
amino acids.  Thus much information can be gained from the sequence even in the 
absence of known homologies.  It is certainly widely anticipated that in the future the 
ability to analyze existing databases will expand greatly.  The structure of a protein can 
then lead to conclusions about its function. The occasional truly novel gene product 
must wait until biochemical studies are done or other similar genes are characterized 
(possibly in another organism) to determine its function.  In addition, the cloned gene 
often allows one to synthesize the protein product and study it directly n a variety of 
other surroundings.  Thus, we have gone from a gross change in the whole animal to a 
specific gene and protein product, which can be isolated and studied independently of 
the organism.   
The remainder of the presentation will discuss the most common techniques in use in 
molecular genetics.  Polymerase chain reaction (PCR), restriction enzymes, Southern, 



  

Northern and Western blots are all in common use and will be discussed.  In addition we 
will discuss the major techniques being used in the evolving fields of proteomics and 
informatics.  It is the goal of this presentation to acquaint the audience with the general 
flow of experimentation that lies at the root of molecular genetics in this decade. 
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