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Chapter 1

Syllabus1

1.1 Text

There are no assigned readings for this class although we recommend the following textbooks as valuable
references:

1. Gri�ths, Anthony J. F., Je�rey H. Miller, David T. Suzuki, Richard C. Lewontin, and William
M. Gelbart. An Introduction to Genetic Analysis. 7th ed. New York: W. H. Freeman, 2000. ISBN:
9780716735205.

2. Egger G, Liang G, Aparicio A, et al. Epigenetics in human disease and prospects for epigenetic
therapy. Nature 2004;429:457-63.

3. Principles of genetics: A textbook, with problems (McGraw-Hill publications in the agricultural and
botanical sciences).

1.2 Assignments and Exams

There are seven graded problem sets for this course. Students may collaborate with classmates on the
problem sets, but copying problem set solutions is not permitted. Any student who copies another problem
set or allows his or her problem set to be copied will be assigned a 0 for that problem set.

There are three one-hour exams. The exams will be closed book, but students may bring one 8 1/2 x 11
sheet of notes to the exam. In addition to the exams, there will also be a �nal during exam week. The �nal
will be comprehensive and will cover material from the entire course with an emphasis on material of the
lecture 31 not covered by an hour exam.

1This content is available online at <http://cnx.org/content/m26598/1.1/>.
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2 CHAPTER 1. SYLLABUS

1.3 Grading

Table for Grading

ACTIVITIES POINTS

Quiz I 100

Quiz II 100

Quiz III 100

Final 200

Seven Problem Sets 140

Total 640

Table 1.1
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Chapter 2

Basic Principles of Genetics1

2.1 Lecture 1. Genetics is a science of genes

Since the beginning of human history, people have wondered how traits are inherited from one generation
to the next. Although children often look more like one parent than the other, most o�spring seem to be
a blend of the characteristics of both parents. Centuries of breeding of domestic plants and animals had
shown that useful traits - speed in horses, strength in oxen, and larger fruits in crops - can be accentuated
by controlled mating. However, there was no scienti�c way to predict the outcome of a cross between two
particular parents.

It wasn't until 1865 that an Augustinian monk named Gregor Mendel found that individual traits are
determined by discrete "factors," later known as genes, which are inherited from the parents. His rigorous
approach transformed agricultural breeding from an art to a science. However, Mendel's work was not
appreciated immediately.

That's why the science of genetics really began with the rediscovery of Gregor Mendel's work at the turn
of the 20th century, and the next 40 years or so saw the elucidation of the principles of inheritance and
genetic mapping. Microbial genetics emerged in the mid 1940s, and the role of DNA as the genetic material
was �rmly established. During this period great advances were made in understanding the mechanisms of
gene transfer between bacteria, and a broad knowledge base was established from which later developments
would emerge.

The discovery of the structure of DNA by James Watson and Francis Crick in 1953 provided the stimulus
for the development of genetics at the molecular level, and the next few years saw a period of intense activity
and excitement as the main features of the gene and its expression were determined. This work culminated
with the establishment of the complete genetic code in 1966. The stage was now set for the appearance of
the new genetics.

From 1865 to now the history of genetics development is the development of human knowledge and
understanding of genes. In other words, genetics is a science of the structure, function and movement of
genes. Before going into the exact de�nition of gene, one can begin by understanding that a gene is a piece
of DNA which has a function such as determining human eye color, pea seed shape or a disease.

2.2 Lecture 2. Genes are mostly located on chromosomes

All living organisms are composed of cells. Many of the chemical reactions of an organism, its metabolism,
take place inside of cells. The genetic information required for the maintenance of existing cells and the
production of new cells is stored within the membrane-bound nucleus in eukaryotic cells or in the nucleoid
region of prokaryotes. This genetic information passes from one generation to the next.

1This content is available online at <http://cnx.org/content/m26565/1.1/>.
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4 CHAPTER 2. BASIC PRINCIPLES OF GENETICS

The nucleus, which contains the genetic information (DNA), is the control center of the cell. DNA in
the nucleus is packaged into chromosomes. DNA replication and RNA transcription of DNA occur in the
nucleus. Transcription is the �rst step in the expression of genetic information and is the major metabolic
activity of the nucleus.

Figure 2.1

A gene, a unit of hereditary information, is a stretch of DNA sequence, encoding information in a four-
letter language in which each letter represents one of the nucleotide bases. Much of the information stored
in stretches of DNA sequence is subsequently expressed as another class of biopolymers, the proteins.

Figure 2.2

Work on cytology in the late 1800s had shown that each living thing has a characteristic set of chromo-
somes in the nucleus of each cell. During the same period, biochemical studies indicated that the nuclear
materials that make up the chromosomes are composed of DNA and proteins. In the �rst four decades of
the 20th century, many scientists believed that protein carried the genetic code, and DNA was merely a
supporting "sca�old." Just the opposite proved to be true. Work by Avery and Hershey, in the 1940s and
1950s, proved that DNA is the genetic molecule.

Available for free at Connexions <http://cnx.org/content/col10782/1.1>
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Figure 2.3

Figure 2.4

Work done in the 1960s and 1970s showed that each chromosome is essentially a package for one very
long, continuous strand of the DNA. In higher organisms, structural proteins, some of which are histones,

Available for free at Connexions <http://cnx.org/content/col10782/1.1>



6 CHAPTER 2. BASIC PRINCIPLES OF GENETICS

provide a sca�old upon which DNA is built into a compact chromosome. The DNA strand is wound around
histone cores, which, in turn, are looped and �xed to speci�c regions of the chromosome.

2.3 Lecture 3. Genes are made of DNA or RNA

Structure of DNA
Deoxyribonucleic acid (DNA) is composed of building blocks called nucleotides consisting of a deoxyribose
sugar, a phosphate group, and one of four nitrogen bases - adenine (A), thymine (T), guanine (G), and
cytosine (C). Phosphates and sugars of adjacent nucleotides link to form a long polymer. It was showed that
the ratios of A - to T and G � to - C are constant in all living things. X-ray crystallography provided the
�nal clue that the DNA molecule is a double helix, shaped like a twisted ladder.

Figure 2.5

Available for free at Connexions <http://cnx.org/content/col10782/1.1>
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Figure 2.6

In 1953, the race to determine how these pieces �t together in a three-dimensional structure was won by
James Watson and Francis Crick at the Cavendish Laboratory in Cambridge, England. They showed that
alternating deoxyribose and phosphate molecules form the twisted uprights of the DNA ladder. The rungs
of the ladder are formed by complementary pairs of nitrogen bases - A always paired with T and G always
paired with C.

Base pairs bond the double helix together. The "beginning" of a strand of a DNA molecule is de�nedas 5'.
The "end" of the strand of A DNA molecule is de�ned as 3'. The 5' and 3' terms refer to the position of the
nucleotide base, relative to the sugar molecule in the DNA backbone, which is make up by the phosphodiester
bonds linking between the 3' carbon2 atom3 and the 5' carbon of the sugar deoxyribose4 (in DNA) or ribose5

(in RNA).

2http://en.wikipedia.org/wiki/Carbon
3http://en.wikipedia.org/wiki/Atom
4http://en.wikipedia.org/wiki/Deoxyribose
5http://en.wikipedia.org/wiki/Ribose
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8 CHAPTER 2. BASIC PRINCIPLES OF GENETICS

Figure 2.7: The two strands in a double helix are oriented in opposite directions.

Each chromosome is composed of a single DNA molecule. Our DNA contains greater than 3 billion base
pairs�an enormous amount by any measure. All of this information must be organized in such a manner
that it can be packaged inside the nucleus of the cell. To accomplish this, DNA is complexed with histones
to form chromatin. Histones are special proteins that the DNA molecule coils around to become more
condensed. The chromatin then becomes coiled upon itself, which ultimately forms chromosomes.

When one cell divides into two daughter cells, the DNA, all 46 chromosomes, for example, in humans,
must be replicated. The speci�city of base pairing between A/T and C/G is essential for the synthesis of
new DNA strands that are identical to the parental DNA. Each strand of DNA serves as a template for DNA
synthesis. Synthesis occurs by adding bases that exactly mirror the template strand. So, as each strand is
copied, two sets of DNA are made that are identical to the original two strands. The order of nucleotide
bases along a DNA strand is known as the sequence.

If a problem occurs during DNA replication, this can lead to a disruption of gene function. For example,
if the wrong base is inserted during replication (a mutation6 ) and this mistake happens to be in the
middle of an important gene, it could result in a non-functional protein. Fortunately, we have evolved
various mechanisms to ensure that such mutations are detected, repaired, and not propagated. However,
these mechanisms sometimes fail, and uncorrected mutations will occur. If the resulting alteration in gene
function, through its interplay with the environment, su�ciently disrupts metabolism or structure, clinical
disease can result.
Some viruses store genetic information in RNA
DNA was believed to be the sole medium for genetic information storage. Furthermore, Watson and Crick's
central dogma assumed that information �owed "one-way" from DNA to RNA to protein. So it came as a
surprise in 1971 when it was discovered that some viruses' genetic information is RNA.

6http://www.uic.edu/nursing/genetics/Lecture/Molecular/mutation.htm
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Figure 2.8

Even so, these viruses ultimately make proteins in the same way as higher organisms. During infection,
the RNA code is �rst transcribed "back" to DNA - then to RNA to protein, according to the accepted
scheme. The initial conversion of RNA to DNA - going in reverse of the central dogma - is called reverse
transcription, and viruses that use this mechanism are classi�ed as retroviruses. A specialized polymerase,
reverse transcriptase, uses the RNA as a template to synthesize a complementary and double stranded DNA
molecule as shown in the picture.

Available for free at Connexions <http://cnx.org/content/col10782/1.1>



10 CHAPTER 2. BASIC PRINCIPLES OF GENETICS

2.4 Lecture 4. Genes can replicate themselves

Figure 2.9

As genes are made of DNA, they can make themselves when DNA is replicated. The speci�city of base
pairing between A/T and C/G helps explain how DNA is replicated prior to cell division. Enzymes unzip
the DNA by breaking the hydrogen bonds between the base pairs. The unpaired bases are now free to bind
with other nucleotides with the appropriate complementary bases. The enzyme primase begins the process
by synthesizing short primers of RNA nucleotides complementary to the unpaired DNA. DNA polymerase
now attaches DNA nucleotides to one end of the growing complementary strand of nucleotides. Replication
proceeds continuously along one strand, called the leading strand, which is shown here on the right. The
process occurs in separate short segments called Okazaki fragments next to the other, or lagging, strand on
the left. This di�erence is due to the fact that DNA polymerase can only add new nucleotides to the 3 prime
end of a nucleotide strand in a 5'[U+F0E0] 3' direction. A primer begins any new strand, including each
Okazaki fragment. An enzyme replaces the RNA primer with DNA nucleotides. Then an enzyme called
DNA ligase binds the fragments to one another.

There are now two DNA molecules. Each consists of an original nucleotide strand next to a new comple-
mentary strand. The two molecules are identical to each other.

Available for free at Connexions <http://cnx.org/content/col10782/1.1>
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Figure 2.10

A detailed and clear schematic of DNA synthesis kindly provided by Prof. Douglas J. Burks is shown
below:

http://upload.wikimedia.org/wikipedia/commons/thumb/9/9f/DNA_replication.svg/691px-
DNA_replication.svg.png

2.5 Lecture 5. Language of genes is simple and informative

Genetic information likes a language. We use letters of the alphabet to make words and then join these
words together to make sentences, paragraphs and books. In the case of DNA7:

• The alphabet is only 4 letters (A,T,G and C) long.
• Each letter represents a chemical compound called a base8 or nucleotide9 .
• These 4 letters are used to form the genetic words called codons10.
• Unlike a normal language, all genetic words are only three letters long.
• These words combine together to form sentences called genes11, which encode the instruction for amino

acids in a polypeptide.
• At the end of each sentence is a special word or full stop called a stop codon12.
• All the sentences join together to form a book that contains all the genetic information about you

called your genome13.

Let's make some comparisons between English Language and Genetic Language:

7See the �le at <http://cnx.org/content/m26565/latest/javascript:newWindow('..>
8See the �le at <http://cnx.org/content/m26565/latest/javascript:newWindow('..>
9See the �le at <http://cnx.org/content/m26565/latest/javascript:newWindow('..>

10See the �le at <http://cnx.org/content/m26565/latest/javascript:newWindow('..>
11See the �le at <http://cnx.org/content/m26565/latest/javascript:newWindow('..>
12See the �le at <http://cnx.org/content/m26565/latest/javascript:newWindow('..>
13See the �le at <http://cnx.org/content/m26565/latest/javascript:newWindow('..>
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