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What Is DNA?
 DNA is the thread of life. in each of the cells that make up your body, 
information is stored in the form of DNA. this information is the genetic blue -
print that contains all of the directions that control the functions of your body. 
t he differences in the information stored are responsible for all of the inherited 
differences among people. the cells in your body have stored a great deal of 
information in a very small space. they can even make an exact copy of the 
DNA to be passed on to new cells produced by your body. So what exactly is 
this thing called DNA? it’s a complex chemical substance found in the cell’s 
nucleus. this large organic molecule is called Deoxyribonucleic  (dee oK 
see RY boh noo KLee ik) Acid . Scientists studied cells for many years before 
they discovered the structures within the cells called chromosomes . t he 
chromosomes contain coiled and fixed genes. they consist of two strands 
connected by base pairs like a twisted zipper. each individual has a unique 
genetic makeup.

The Shape of DNA
 DNA is like a miniature ladder with two sides and rungs connecting the sides. the sides 
twist around each other like a spiral staircase with ten rungs for each turn.

DNA Make-up
 DNA is made up of three substances, all connected together in a definite pattern.
 •  Phosphate (P)
 •  Deoxyribose (D) -  a sugar
 •  4 bases - there are four nitrogen bases present in DNA: adenine (A),  cytosine (C) , 

guanine (G) , and thymine (T) .
 
The Sides or Strands of the Ladder—The Backbone
 imagine if you can, that each side of the ladder is made up of phosphates (P), joined 
with units of deoxyribose (D). the units alternate to form the two strands.

 Side 1: P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-

 Side 2: P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-

Rungs of the Ladder—The Base Pairs
 Now try to visualize the two strands connected by pairs of bases. each base pair forms a 
rung on the ladder. the four bases will only pair up with each other in an orderly manner. Adenine 
(A) pairs only with thymine (t), and cytosine (C) only pairs with guanine (G). A single DNA mol-
ecule, or ladder, can have thousands of steps. the number of steps and how they are arranged 
form a genetic code. the genetic code  determines the different kinds of inherited traits.

  P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-P
      A     t     C     G     A     G     t     C
        t     A     G     C     t     C     A     G
  P-D-P-D-P-D-P-D-P-D-P-D-P-D-P-D-P

What is DNA?

Genetic Code:
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Name:  Date: 

What Is DNA?: Reinforcement Activity
To the student observer:  What is responsible for the differences in people?

Analyze:  What would two developing embryos that contained the same genetic code look 
like?

Directions:  Answer the following questions about a DNA molecule.

  1. What is DNA? 

 

 

  2.  What does DNA look like? 

 

 

 

  3. What substances make up a DNA molecule? 

 

 

  4.  What is the backbone (sides) of the  DNA ladder made of? 

 

 

  5.  What are the rungs (steps) of a DNA molecule made of? 

 

 

  6.  What are the four nitrogen bases present in DNA, and how do they pair up? 

 

 

 

What is DNA?: Reinforcement Activity
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The History of DNA

 Since the 1800s, it has been known that the nuclei of cells 
contained a chemical called nucleic acid. People have always 
noticed that certain traits are passed on from one generation to 
the next. in 1857, an Austrian monk, Gregor Mendel, was the first 
person to describe how these traits called genes  are inherited. 
Mendel studied ordinary pea plants for eight years. t he pea plants 
made an excellent choice for experimentation because they grew 
and reproduced quickly. he was able, in a relatively short period 
of time, to observe nine generations of the pea plants. he ob -
served a variety of traits in them, such as tallness or shortness, 
the color green or yellow, smooth or wrinkled seed coats, and so 
on. Mendel wondered why certain traits of the parents showed 
up, while others did not. he used a branch of mathematics called 
probability to predict what kind of plants would be produced from 
each parent. his research led to the principles of genetics and 
his title, the “f ather of Genetics.” 
 in 1928, a taxonomist named f rederick Griffith, who classified pathogens (disease-caus-
ing organisms), showed the existence of an inheritance molecule . he performed a remarkable 
experiment with a bacterium called Streptococcus pneumonia. he observed that these bacteria 
produced two types of colonies on the growth—medium-rough and smooth. it was known by 
this time that chromosomes contained both protein and DNA. Scientists wondered: upon which 
of these components was the heredity information written? Did the hereditary information come 
from the protein or the DNA?
 Griffith then used mice to conduct an experiment to test this question. he removed the 
protein capsule and injected mice with only the DNA; the mice died. he also discovered the 
one strain, smooth (S), was deadly while the other strain, rough (R), was harmless. he heated 
the (S) bacteria and found it to be harmless, as the mice did not develop the disease. he then 
injected the mice with the harmless (R) strain and found that the mice did not develop the deadly 
disease. however, when he injected the mice with both the heated harmless (S) strain and the 
harmless (R) strain, the mice all caught a raging case of the disease and died. Griffith realized 
the (R) bacteria had transformed into a harmful strain, and the change became an inherited 
permanent change, thus proving the existence of an inherited molecule.
 in 1944, o swald Avery continued the work of Griffith and identified DNA as the inheritance 
molecule. Most scientists believed that protein had to be the substance that carried hereditary 
material. they believed that DNA was not complex enough to carry out such a task. Avery 
grew huge amounts of deadly bacteria in vats of broth that were heated to the temperature of 
human blood. he then spun the broth in a centrifuge to separate the pneumococci. he broke 
open the cells to extract fluid and began testing them one by one. this took years, and none of 
the proteins Avery tried affected the pneumococci. only a non-protein substance could induce 
a smooth, deadly coat in harmless pneumococci. Analysis of the non-protein substance found 
a 1.67:1 ratio of nitrogen to phosphorous. As it happened, this was the same ratio found in 
DNA. Avery felt certain he had made a mistake. he added enzymes to the DNA transforming 

the history of DNA

Gregor Mendel
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The History of DNA (cont.)

agent, knowing it would digest any protein present. Avery then introduced the resulting product 
to the harmless (R) strain, and the smooth coat appeared. Avery then became convinced that 
DNA was, in fact, the inheritance molecule. Avery became the world’s first genetic engineer by 
introducing a gene into an organism that did not previously have that gene.
 in 1951, Rosalind f ranklin discovered the double-helix shape of DNA . She discovered 
that the DNA molecule was really a strand of molecules in a spiral form. By using an X-ray 
technique, she was able to show that the spiral was actually two spirals, similar to a spiral stair-
case.
 in 1953, James Watson and f rancis Crick made a model of the DNA molecule . the 
model was accurate and has changed very little since then. According to Watson and Crick, the 
sides are made up of two twisted strands of sugar and phosphate molecules. the stairs that 
hold the strands apart are made up of molecules called nitrogen bases. the DNA molecule is 
made up of five elements: carbon, hydrogen, oxygen, nitrogen, and phosphorus.

the history of DNA

Francis Crick and James Watson 
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Learning About Microscopes
 
 Before we can observe and study cells, we must learn to use a very important scien-
tific tool, the microscope. Micro means “very small,” while scope means “to look at.” over time, 
scientists developed a tool to make things look larger than their actual size. Microscopes use 
lenses  (curved pieces of glass) to bend light rays in order to make an enlarged image. the first 
compound microscope was invented around 1590 by two Dutch eyeglass makers, hans and 
Zacharias Janssen. their microscope had two lenses, one at each end of a tube, but the lenses 
were poor; as a result, the images produced were blurred and distorted. it wasn’t until 1670 that 
the quality of the lenses had improved enough to produce a clear image.

Kinds of Microscopes
 there are many different kinds of microscopes. Microscopes are either simple  (con-
taining one lens) or compound  (containing two or more lenses). A simple microscope is like 
a magnifying glass. have you ever used a hand lens before? if you have, you have used a 
simple microscope. Light microscopes  use light and lenses to magnify  (enlarge) things. the 
microscopes you use in your classroom are compound light microscopes . they let light pass 
through the object and then through two or more lenses. Convex lenses are used as magnifying 
lenses and bend the light toward your eye. they usually have an eyepiece lens with the power 
to magnify something ten times. the objective lenses vary in power. using the different objec -
tive lenses changes the magnification of the microscope. the low-power  objective is usually a 
10X magnification lens. it shows more of the object but less detail. the high-power  objective 
contains the lens with the greatest amount of magnification. it shows less of the object you are 
viewing but shows it in greater detail. the magnification power of a microscope is the product 
of the magnifying power of the lenses: take the magnification of the eyepiece and multiply it by 
the magnification of the objective (nosepiece) lens to determine the total magnification of the 
microscope. A standard microscope can make objects appear 50 to 500 times larger than their 
actual size.

     Magnification of a Microscope
   eyepiece lens =       10X (magnification)
   objective lens =       43X (magnification)
   t otal magnification =      430X (the product of 10 x 43)

 Electron microscopes use electrons to magnify objects; this type of microscope does 
not use light. electrons are the particles that light up your television screen. Scientists use 
electron microscopes to look at things too small to be seen with a light compound microscope. 
the transmission electron microscope (TEM)  is used to study parts inside a living cell. the 
scanning electron  microscope (SEM) is used to view dead cells and tissue. it is also used to 
see the surfaces of the whole object. these microscopes are very expensive and are not likely 
to be found in your classroom. t hey are used in research centers, hospitals, and doctors’ offices. 
electron microscopes can magnify objects 300,000 times their actual size.
 Your classroom may have a light stereoscope microscope ; this type of microscope is 
used to see three-dimensional views of objects too thick to let light pass through. f or example, 
if you wanted to see a worm up close, you would use one of these microscopes. 

Learning About Microscopes
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Base

Arm

Eyepiece

Body tube

Nosepiece

Objective lenses

Stage

Stage clips

Diaphragm

Mirror or light source

Fine adjustment knob

Coarse adjustment knob

Microscope Parts and Functions

 Microscopes are fun and easy to use if you know their parts and what they do. All com-
pound microscopes have the same basic parts. As you read about the parts of the microscope, 
locate each in the drawing below.

 • Eyepiece  - contains the lens you look through; the top part of the microscope
 • Body tube  - the hollow tube through which light passes; also maintains the correct 

distance between the lenses
 • Nosepiece  - holds the objective lenses and rotates to change the magnification
 • Objective lens  - several objective lenses, each having a different magnification
 • Stage  - supports the object (microscope slide) being viewed
 • Stage clips  - used to hold the microscope slide in place
 • Diaphragm (DY uh fram) - changes the amount of light that enters the body tube
 • Mirror or light source  - used to send light up through the hole in the stage, the object, 

and the lenses
 • Base  - supports the microscope and is used to carry it; the bottom part of the micro-

scope
 • Arm  - supports the body tube and is used to carry the microscope
 • Fine adjustment knob  - moves slightly to sharpen the image while focusing
 • Coarse adjustment knob  - turns to raise and lower the body tube or stage for focusing 

(Always use this knob first.)

Note:  Always use both hands to carry a microscope. one hand should be on the arm, and the other hand should 
be under the base. Always store your microscope with the low-power objective in place. When focusing your mi-
croscope, use the low-power objective first.

Microscope Parts and functions
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Learning About Microscopes: Reinforcement Activity

To the student observer:  Can you explain the proper way to carry a microscope?

Analyze:  how does changing the objective lens from low to high power affect the image of the 
object you are viewing (how does it change what you see in the microscope?)?

Directions:  Answer the following questions.

  1. What makes microscopes compound or simple? 

 

  2.  upon which part of the microscope do you place the object you are viewing?

 

  3. Who invented the first compound  microscope?  

 

  4.  if the eyepiece of the microscope has a 10X lens, and the high objective has a 50X lens, 

what is the total magnification in high power? 

 

  5.  Which parts enable you to adjust the focus of the microscope? With which part should you 

focus first?  

 

 

  6.  When would you use an electron microscope? 

 

 

  7. When would you use a stereoscope microscope? 

 

   

 

Learning About Microscopes: Reinforcement Activity
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Name:  Date: 

How to Use a Microscope: Student Lab
To the student observer:  Microscopes enable us to see things we cannot see with our eyes 
alone. in this lab, you will learn how to use a microscope by becoming familiar with its parts. You 
will also learn how to prepare objects for viewing. in this experiment, you will look first at a very 
small, lowercase letter “e” cut from a magazine or even from this sheet. using the lowercase 
letter “e” will help you understand how a microscope works and how the lens system changes 
the position of the object you are viewing. Be patient, and have fun while you explore the world 
of the microscope.

Materials needed:  (Note:  t eachers may obtain threads by pulling the threads off the edges of 
cut pieces of nylon and wool fabric.)

Microscope  Dropper  Magazine  Microscope slide Water 
Scissors  Strand of hair Cover slip  Nylon thread  Wool thread 

Part A: Procedure
  1.  With a partner, study the figures below, and identify the parts of your microscope so you 

will understand the directions in this lab. 
  2. Cut a small (the smaller, the better) lowercase letter e from a magazine, and place it on 

a slide. Put a drop of water on the slide next to the letter, and place a cover slip over both 
the water and the letter.

  3.   Place the slide on the microscope stage. Move the slide to center the e over the hole in 
the stage. use stage clips to hold the slide in place (You may have to move it slightly in 
one direction or the other to bring it into your field of view. the field of view is the circle you 
see when looking through the microscope.).

  4. t urn on the light if your microscope has one. if it does not have a light, adjust the mirror 
so that the light is reflected through the eyepiece.

  5.  Note the position (how it is sitting) of the letter e on the slide without looking through the 
eyepiece. is the letter sitting right-side-up, upside-down, sideways, etc.? in the Data and 
observation portion of this lab, draw a picture of the letter e as it looks on the microscope 
slide.

how to use a Microscope: Student Lab

Microscope using a light source
(angled body tube)

Microscope with a mirror
(straight body tube)

Light Source
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How to Use a Microscope: Student Lab (cont.)
  6. Now it is time to check your objectives on the revolving nosepiece. Click the low-power 

objective (usually 10X) lens in place. the low-power objective is the shortest one. the lens 
should be directly over the hole in the stage. t urn the coarse adjustment knob to bring the 
lens close to the slide. the low-power lens is short enough, so you shouldn’t hit or break 
the slide or damage the lens.

  7. everything is now ready for you to look through the eyepiece and begin to practice focus-
ing by slowly turning the coarse adjustment knob. Remember, if you cannot see the letter, 
you may have to move the slide slightly to make sure the letter is under the lens.

  8. When the letter is clearly visible, draw what you see in your field of view (through the eye-
piece) in the Data and o bservation portion of this lab. Discuss with your partner what you 
have observed about the position of the letter.

  9. When the letter is clearly in view, move the slide to the left while looking through the eye-
piece. Which way did it appear to move? Next, with the letter in view, move the slide to 
the right. Which way did it appear to move? Discuss with your partner what you have just 
observed.

Part B: Preparing microscope slides for viewing
  1.  Place a drop of water on a clean glass slide. Put a strand of your hair on the drop of water 

and place a cover slip on top.
  2. observe the hair, using the same procedure you used in Part A.
  3. observe the wool and nylon threads next, using the same procedure.

Data and Observations:
  1.  in the spaces below, draw what you observed about the letter e during your lab activity.

     Without the microscope     Through the microscope

 a. Position of the letter e             b. Position of the letter e
            (in field of view)

  2.  in the spaces below, draw what you observed in your field of view when looking at the 
strand of your hair and the nylon and wool threads during your lab activity.

              a. hair    b.  nylon thread   c. wool thread

how to use a Microscope: Student Lab
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Name:  Date: 

How to Use a Microscope: Reinforcement Activity

  1.  Compare your drawing of the letter e without the microscope to the drawing of the letter 
as seen through the microscope. Note below how the microscope changed the position of 
the letter.  

 

  2. What direction does the object appear to move into your field of view when compared to 
the way you actually moved it? 

 

  3. Describe the difference you observed in the field of view between the two kinds of 
threads.

 

 

  4. Describe how to prepare a slide for viewing. 

 
   

  5. Why do you think it’s a good idea to always focus with the low-power objective in place 
first? 

 

  6. Which adjustment knob should you focus with first? 

  7. What is the magnification of your power objectives?

 high          Low 

  8. Do you know how to calculate the total magnification of the microscope you used today? 
Write the procedure below. 

 

 

 

 

 

how to use a Microscope:  Reinforcement Activity




