Exercise 1. Genes are segments of a DNA molecule


Most traits an organism possesses are programmed by genes. Genes are chemical codes that are positioned along the rungs of a structure that looks like a spiral staircase or twisted ladder. 

· Locate the cylindrical coil in the trunk and stretch it out by twisting the two ends in opposite directions. 

The structure is a gigantic model of a part of a DNA molecule whose structure can be seen only through an electron microscope that magnifies objects 10,000+ times. Each DNA molecule contains many, many genes. In man DNA molecules strung out in a line would have a total length of about 1.7 meters. Each chromosome contains about 2 X 108 nucleotide pairs and a singe gene typically is composed of a sequence or string of approximately 100,000 of these bases.  That is a bunch of genes! 

· Calculate the approximate number of genes on a chromosome from the information above and check your answer on the answer sheet under Exercise 1: Question 1.

Each DNA molecule is located in the nucleus or computer of the cell. At certain times in a cell cycle, the DNA molecules can be seen as rod-like bodies called chromosomes (Fig. 1).


The genes one parent passes on to its offspring may be the same or different than the ones the other parent provides. This is because the genes for the same trait may differ chemically. These chemical variants of a gene are called alleles and the chemical differences occur as differences in the order or sequence of nucleotide base pairs on the rungs of the DNA ladder. The differences between individuals and between the species of all organisms are determined by the sequences of nucleotide bases on the rungs of each DNA molecule.

· Examine the section of the DNA molecule you have expanded through twisting. The sides or backbone of the ladder are constructed of a sugar molecule (white) and a phosphate group (black). Four nitrogen bases form the rungs of the ladder and represent the genetic code or library which has only four letters: A for adenine (red), G for guanine (green), T for thymine (blue) and C for cytosine (yellow). Figure 2 will help you to understand the structure you are looking at.

Fig. 1.  A cell nucleus showing its chromosomes (DNA molecules). Genes positioned along these chromosomes  are the blueprints for an organism’s traits.
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Questions:

2. How many pairs of homologous chromosomes (autosomes) are in this cell nucleus?

3. What is the total number of chromosomes in this picture?

4. How many pairs of sex chromosomes (non homologous chromosomes) are in this picture?

· Write your answers on a piece of paper and check them on the answer sheet under Exercise 1.

Fig. 2. One side of a DNA ladder: sugar-phosphate backbone with a sequence of bases sticking off
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The nitrogen bases in a DNA molecule each form a ring-like structure that consists of carbon, hydrogen, nitrogen and oxygen atoms as shown in Fig. 3.  T and C are the smaller bases formed of single rings. They are referred to as pyrimidines. A and G, the purines, are the larger molecules as each is formed of a double ring. 

· Using the plastic tubes and connectors provided in plastic box A, construct a pyrimidine base and the purine base below it to confirm the differences in the size of the two types of nucleotide bases. Use the diagrams in Fig. 3 as blueprints for this construction. Do not dismantle your work until the end of this exercise.

Fig. 3. Blueprints for nitrogen bases that form the rungs of the DNA ladder
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Color key for the parts of the molecule 

White single electron atom = Hydrogen H

Black = tetrahedral center = Carbon C

Blue =  tetrahedral center = Oxygen O

Red = tetrahedral center = Nitrogen N

White tubes = covalent bonds (shared atoms represented by double line between atoms on figure

Replication of DNA: Making Exact Copies

Each purine base pairs with one of the larger pyrimidine bases represented by double rings. 

· Looking at your model section of a DNA molecule, determine which double – ringed base pairs with which-single-ringed base. Check a number of rungs to confirm the fact that a given base is always paired with a particular other base due to the chemical composition of the respective bases. The fact that each base can pair only with one other base is called the Principle of Complementarity and is important to DNA replication. Write the pairs down on a sheet of paper and check your pairing against the correct pairing noted on the accompanying answer sheet under Exercise 1: Question 5. 

· Locate the puzzle of a section of DNA molecule in plastic box B. Piecing the puzzle together will help you to understand why each nitrogen base can only pair with its complementary base. 

· Look at the pyrimidine base and purine base models you have constructed. Consulting the puzzle you have put together, position the two bases in the proper orientation and connect them. 

· Now answer the following questions:

6. The total number of bases making up a gene will be variable but which base will be present in the same amount as A (adenine) in a given DNA molecule?  Write it down and check your answer under Exercise 1: Question 6 on the answer sheet. 

7. Which base is present in the same quantity as G (guanine)in the DNA molecule? Check your answer on the answer sheet under Exercise 1: Question 7.
8.  Here’s a more difficult question. You are a real scholar if you get it right! A (adenine) + C (cytosine) =  ___   +    ___ in a particular DNA molecule. The correct answer is under Exercise 1: Question 8 on the answer sheet. 

The Principle of Complementarity is extremely important to the duplication (replication) of genes during reproduction. Figure 4 demonstrates how DNA duplicates itself by making two exact copies from one. Briefly, the two strands (sides of the ladder) spread apart separating the two complementary bases on each rung from each other. Each base on a rung of the single strand calls in a complement base. The new strand formed attaches to the original side of the ladder still present and the new DNA molecule twists in the characteristic helix. Each side of the original ladder does this so that two molecules are formed from the original single molecule. 

· You can demonstrate this process yourself on a piece of paper using an 8 base pair section of your DNA model. Complete steps 1 and 2 from Fig. 4 for the DNA sample you have chosen.

Fig. 4. During reproduction, DNA copies itself relying on the complementarity of its bases
After Gonick, L.& M. Wheels.1991. The Cartoon Guide to Genetics. HarperCollins

Step 1. The two sides of the ladder (strands of DNA) split apart.
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Step 2. Along each strand, a new 

strand forms in the only 

possible way.
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Step 3. The ladder twists into a helix                      and we wind up with two

copies of the original DNA molecule.

Function of DNA

The information in DNA is used by the cell just as we use a library book. It can be used and read over and over again. The information in the genes is read millions of times in the life of an organism as it contains instructions for building molecules called enzymes that do work and perform the various biological functions of an organism. Each gene is responsible for one specific enzyme. In short: thousands of nitrogen bases = one gene = one enzyme.

· Read a piece of genetic code from one side of your DNA model that is 6 letters long (e.g. A T GT A C). 

· Write these down on a piece of paper.

·  Now whisper the six letters to a classmate and ask the friend to pass it on to another classmate and so on so that a number of people have received it. 

· Have the last person receiving the message recite to you the code they heard. 

· Write it down next to the original code you recorded. 

· Is it the same? 

· If not, at how many positions does it differ? 

Each change in the order or position of a particular letter in a code represents a mutation. A mutation is a chemical change to DNA that produces variations that may cause gene products to be built differently, not built at all, or to be produced in different amounts. This produces new alleles or chemical variants of a gene that may lead to the expression of new traits. We calculate the rate of mutation as the number of base changes in a sequence of a particular length divided by the total number of bases in the sequence. 

· What is the mutation rate in your experiment? (Hint # of positions in the sequence that have the wrong letter /6). 

You can multiply your answer by 100 to obtain percent change.  For example, If two bases were incorrect, your answer would be 2/6 or 1/3. Your mutation rate was .33 and percent change = 33%.

· Calculate your percent change.

ANSWER SHEET FOR EXERCISE 1
Links:
Calladine, C.R. and H.R. Drew. 1992.Understanding DNA: The Molecule & How It Works. 1992 

http://genome.pfizer.com/hsl8.cfm
http://www.accessexcellence.org/AE/AEC/CC/DNA_structure.html
http://learn.genetics.utah.edu/units/basics/builddna/
Gonick, L. and M. Wheels.1991. The Cartoon Guide to Genetics. HarperCollins
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