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Concepts addressed: 
Molecular basis of Heredity: Structure and function of nucleic acids, DNA replication, protein 
synthesis, gene regulation, mutation, transposable elements, viruses,  
 
BIOL 120 and BIOL 233 (in more detail) examines the structure and function of DNA as the 
molecule of heredity and how the structure of DNA is critical to its functioning ("form follows 
function").  
 
DNA is a nucleic acid, made of long chains of nucleotide monomers. Each nucleotide consists of a 
sugar connected to a phosphate group and a nitrogenous base. Alternating sugars and phosphates 
form a backbone, with the bases as appendages. DNA has four kinds of bases adenine (A), thymine 
(T), cytosine (C), and guanine (G). RNA is also a nucleic acid, with a slightly different sugar and 
uracil (U) instead of thymine. James Watson and Francis Crick worked out the three-dimensional 
structure of DNA, which is two polynucleotide strands wrapped around each other in a double helix. 
Hydrogen bonds between the bases hold the strands together. Each base pairs with a complementary 
partner: A with T, and C with G. and line up in anti- parallel formation.  
 
DNA Replication:  
 
DNA strands separate, and enzymes use each strand as a template to assemble new nucleotides into a 
complementary strand. Using the enzyme DNA polymerase, the cell synthesizes one daughter strand 
as a continuous piece, the other as a series of short pieces, which are then connected by the enzyme 
DNA ligase. The two daughter DNA molecules are identical to the parent molecule. This is how 
genetic instructions are copied for the next generation.  
 
Protein Synthesis:  
 
The information constituting an organism's genotype is carried in the sequence of its bases.  
 
Studies of inherited metabolic defects first suggested that phenotype is expressed through proteins. A 
particular gene specifies a particular polypeptide. The DNA of the gene is transcribed into RNA, 
which is translated into the polypeptide. The "words" of the DNA "language" are triplets of bases 
called codons. The codons in a gene specify the amino acid sequence of the polypeptide. Virtually all 
organisms share the same genetic code - universal code.  
 
In transcription, the DNA helix unzips, and RNA nucleotides line up and hydrogen bond along one 
strand of the DNA, following the base-pairing rules. As the single-stranded messenger RNA 
(mRNA) peels away from the gene, the DNA strands rejoin. Eukaryotic RNA is processed before 
leaving the nucleus as mRNA. Noncoding segments called introns are spliced out, and a cap and tail 
are added to the ends. In the cytoplasm, a ribosomes attach to the mRNA and translates its message 
into a specific polypeptide, aided by transfer RNA's (tRNA's) that act as interpreters. Each tRNA is a 
folded molecule bearing a base triplet called an anticodon on one end; a specific amino acid is added 
to the other end. The mRNA moves a codon at a time relative to the ribosome, and a tRNA with a 
complementary anticodon pairs with each codon, adding its amino acid to the peptide chain. Thus, 
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the sequence of codons in DNA, via the sequence of codons in mRNA, spells out the primary 
structure of a polypeptide. Polypeptides form proteins that determine the appearance and functions of 
the cell and organism.  
 
Mutations are changes in the DNA base sequence, caused by errors in DNA replication or by 
mutagens. Substituting, inserting, or deleting nucleotides alters a gene, with varying effects on the 
organism. There are different kinds of mutations (frame shift, point, missense, nonsense, deletion, 
duplication, insertion, expanding), and causes (mutagenic agents - certain viruses, weak or "fragile" 
spots in the DNA, radiation, chemicals).  
 
Viruses:  
 
Viruses can be regarded as genes in packaged in protein. When phage DNA enters a lytic cycle 
inside a bacterium, it is replicated, transcribed, and translated; the new viral DNA and protein 
molecules then assemble into new phages, which burst from the host cell. In the lysogenic cycle, 
phage DNA inserts into the host chromosome and is passed on to generations of daughter cells. Much 
later, it may initiate phage production. Many viruses cause disease when they invade animal or plant 
cells. Many, such as flu viruses, have RNA instead of DNA, as their genetic material. Some animal 
viruses steal a bit of host cell membrane as a protective envelope. Some insert their DNA into a host 
chromosome and remain latent for long periods. Most plant viruses have RNA and they enter their 
hosts via wounds in the plant's outer layers. Emerging viral diseases pose threat to human health - 
HIV, the AIDS virus is a retrovirus; inside a cell it uses its RNA as a template for making DNA, 
using the enzyme reverse transcriptase, which then inserts into a host chromosome becoming a 
provirus. Occasionally, the provirus is transcribed into RNA and translated into viral proteins. New 
viruses assembled from these components leave the cell and can infect other cells. This is the 
standard reproductive cycle for retroviruses.  
 
Virus studies helped establish molecular genetics e.g. the Hershey-Chase experiments which focused 
attention on the central role of nucleic acids in inheritance and set the stage for Watson and Crick. 
Now, molecular genetics helps us understand viruses that cause disease and is an important practical 
goal. Effective vaccines have already been developed against some viral diseases, including mumps, 
measles, and polio. If and when we find the means to control HIV and other deadly viruses 
(including some that cause certain types of cancer), research in molecular genetics will be 
responsible for the discovery.  
 
Gene Regulation:  
 
A chromosome contains a DNA double helix wound around clusters of histone proteins, forming a 
string of beadlike nucleosomes. This beaded fiber is further wound and folded, packing about 3m of 
DNA onto the nucleus of each human cell. DNA packaging tends to block gene expression, 
presumably by preventing access of transcription proteins to the DNA. An extreme example of DNA 
packaging in interphase cells is X chromosome inactivation in the cells of female mammals. A variety 
of regulatory proteins interact with DNA and with each other to turn the transcription of eukaryotic genes on 
or off. After transcription, alternative RNA splicing may generate two or more types of mRNA from 
the same transcript. The lifetime of a mRNA molecule helps determine how much protein is made, as 
do protein factors involved in translation. The protein may need to be activated in some way, and 
eventually the cell will break it down.  
 
In prokaryotes, genes for related enzymes are often controlled together by being grouped into 
regulatory units called operons. Regulatory proteins bind to control sequences in the DNA and turn 
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operons on or off, in response to environmental changes. The lac operon, for example, produces 
enzymes that break down lactose only when lactose is present.  
BIOL 250 reviews and expands on these concepts particularly DNA replication. Mutation is 
discussed in more detail - particularly transposable elements (jumping genes or DNA repeats) as 
causes of mutations AND genetic diversity.  
 
Molecular Basis of Genetic Diseases:  
 
Cancer, sickle cell, hemophilia, recombinant DNA, genetic engineering, genome mapping  
 
BIOL 120 introduces, and BIOL 233 expands on, the heritability of genetic diseases - cancer, sickle 
cell, hemophilia.  
 
Cancer:  
 
Cancer cells which divide uncontrollably, result from mutations in genes whose protein products 
regulate the cell cycle. A mutation can change a proto-oncogene (a normal gene that promotes cell 
division) into an oncogene, which causes cells to divide excessively. Mutations that inactivate tumor-
suppressor genes have similar effects. Many proto-oncogenes and tumor suppressor genes code for 
proteins active in signal-transduction pathways regulating cell division. Mutations of these genes 
cause malfunctions of the pathway. Other cancer-causing mutations seem to impair the cell's ability 
to repair DNA, allowing other mutations to accumulate. Cancers result from a series of genetic 
changes in a cell lineage. Researchers have gained insight into the genetic basis of breast cancer by 
studying families in which a disease predisposing mutation is inherited. Reducing exposure to 
carcinogens (which induce cancer causing mutations) and making other lifestyle changes can help 
reduce cancer risk.  
 
Sickle-Cell Anemia:  
 
A single base difference in a hemoglobin gene results in an amino acid substitution in the protein 
(valine instead of glutamine), altering the structure and behavior of the hemoglobin.  
 
Hemophilia:  
 
Hemophilia is a sex-linked recessive disorder and, as such affects mostly males. Hemophiliacs bleed 
excessively when injured because they have inherited an abnormal allele for a factor involved in 
blood clotting. All genes on the sex chromosomes are said to be sex-linked.  
 
However, in both fruit flies and humans, the X chromosome carries many genes unrelated to sex. 
Their inheritance pattern reflects the fact that females have two homologous X chromosomes, but 
males have only one. Most sex-linked human disorders are due to recessive alleles and are seen 
mostly in males. A male receiving a single X-linked recessive allele from his mother will have the 
disorder; a female has to receive the allele from both parents to be affected.  
 
BIOL 225 examines the physiology that results from mutations in the DNA:  

Sickle cell anemia and oxygen transport 
Sickle cell anemia and malaria  
Hemoglobin and blood clotting  
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BIOL 344 discusses mutation in bacteria as a way to acquire new "capabilities". This leads to a 
discussion on mutation and its role in Natural Selection. Transposable elements are reviewed and 
expanded upon in viruses as a source of new genetic information.  
 
BIOL 358 expands more on the molecular basis of diseases and biotechnology.  
Recombinant DNA and Genetic Engineering:  
 
Recombinant DNA technology is a set of techniques for combining genes from different sources and 
transferring this new DNA into cells where the genes may be expressed.  
 
Bacterial genes can transfer from cell to cell by one of three processes: transformation, transduction, 
conjugation. Plasmids, small circular DNA molecules separate from the bacterial chromosome, can 
serve as carriers for the transfer of genes. Researchers use restriction enzymes (which cut DNA at 
specific points) and DNA ligase (which "glues" DNA fragments together) to insert genes into 
plasmids, creating recombinant DNA. Bacteria take up the recombinant plasmids from their 
surroundings by transformation and reproduce, thereby cloning the plasmids and the genes they 
carry. Copies of a gene or quantities of a gene's protein product may then be harvested. Recombinant 
DNA techniques allow the construction of genomic libraries, sets of DNA fragments containing all of 
an organism's genes. Multiple copies of each fragment are stored in a cloned bacterial plasmid or 
phage.  
 
Reverse transcriptase can be used to make smaller, cDNA libraries, containing only the genes that are 
transcribed by a particular type of cell. A nucleic acid probe can tag a desired gene in a library. The 
probe is a short, single-stranded molecule of radioactively or fluorescently labeled DNA or RNA 
whose nucleotide sequence is complementary to part of the gene (or other DNA of interest). DNA 
micro-array assays use the labeled probe principle to reveal patterns of gene expression in different 
kinds of cells.  
 
Gel electrophoresis is a method used to sort DNA molecules (such as restriction fragments) by size. 
Scientists can compare DNA sequences of different individuals by exploiting restriction fragment 
length differences. A radioactive probe reveals the bands of interest on an electrophoretic gel. When 
a DNA sample is very small, the polymerase chain reaction (PCR) can be used to clone it quickly in 
a test tube.  
 
DNA fingerprinting can help solve crimes. Recombinant DNA technology is used to mass-produce 
gene products such as human insulin and other hormones, cancer-fighting drugs, and new vaccines. 
Agriculture uses recombinant DNA technology to produce new genetic varieties of plants and 
animals; a number of important crop plants now in wide use are genetically modified. However, 
genetic engineering involves some risks, such as the possible ecological damage from GM crops  
Gene therapy may one day be used to treat both genetic diseases (SIDD and sickle-cell) and certain 
non-genetic disorders (heart disease and cancer); progress is slow, however.  
 
Genome Mapping:  
 
The 23 chromosomes in the haploid human genome contain about 3 billion nucleotide pairs. This 
DNA is believed to include about 35,000 genes and a huge amount of non-coding DNA ("junk" 
DNA). Much of the non-coding DNA consists of repetitive nucleotide sequences, such as the 
telomeres at the ends of chromosomes. Barbara McClintock discovered that segments of DNA called 
transposons can move about within a cell's genome, changing the organism’s phenotype in the 
process.  
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The Human Genome Project involves the genetic and physical mapping of chromosomes, DNA 
sequencing, and comparison of human genes with those of other species. This has spawned a new 
field of study - genomics - the study of genomes based on their DNA sequences. The data are 
providing insight into development, evolution, and many diseases.  


