O N L I N E I N Q U I R Y & I N V E S T I G AT I O N

Microarrays Made Simple: “DNA Chips” Paper Activity

BETSY BARNARD

M

icroarray technology is revolutionizing biological science. DNA microarrays (also called DNA chips)
allow simultaneous screening of many genes for changes in
expression between different cells. Now researchers can
obtain information about genes in days or weeks that used
to take months or years. This paper activity allows students
to visualize how cells grown under different conditions
would be analyzed using a DNA microarray. This activity
also reinforces concepts related to DNA structure, transcription, and experimental design.
DNA chip technology stems from the basic chemistry
of DNA. Most biology students can recite that “A pairs with
T” and “G pairs with C.” This base complementarity is
what allows DNA from cells to bind specifically to known
DNA sequences on a chip. Each sequence is unique to a
specific gene. A microarray can have tens of thousands of
genes in an area smaller than the size of a postage stamp.
Since a cell expresses hundreds or even thousands of
genes at any given time, a “snapshot” of gene activity can
be inferred using microarray technology.
People in many fields use microarray technology.
Scientists use this tool to help them understand basic cellular functions such as cell division or photosynthesis.
People in the pharmaceutical industry are using microarrays to predict mechanisms of toxicity in drugs, and to
develop drugs that promote healthy living and actually
enhance lifespan. Cancer researchers use microarrays to
identify tumor-related genes. Winemakers have created a
DNA chip containing the grape genome to help them
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develop grapes that are better suited to certain climates.
Microarray experiments involve sophisticated equipment and a high level of technical skill. Because a single
microaarray experiment can provide researchers with huge
amounts of information, this technology has created a
demand for people with a broad range of expertise. People
in fields such as computer science and statistics work with
researchers in the physical and life sciences to understand
how to interpret the information from microarray experiments. Students who enter these fields will be well served
by educational practices that include experiences with
microarray technology.
Microarray technology is an exciting topic in the study
of DNA. After studying DNA structure, base pairing, and
transcription/translation, students can be introduced to
reverse transcription and to some of the uses of microarray
technology before they do this paper activity. It is recommended that students complete the “Student Reading”
before the activity. This activity highlights the use of a biological molecule, DNA, for technological advancement—a
perfect example of “bio-technology.”

Description
Grade level: high school
Class time required: approximately 30 minutes
Student prior knowledge: DNA base complementarity,
transcription, reverse transcription
Vocabulary: DNA, transcription, reverse transcriptase,
messenger RNA (mRNA), complementary DNA
(cDNA), antiparallel, target DNA, probe DNA,
hybridization, gene expression

Materials for Each Student
Group (2-4 Students)
• 2-4 pairs of scissors
• clear tape
• small colored stickers (red and
green, or any two different colors;
approximately 1 cm diameter, eight
of each) or markers in two different
colors
• 2-4 copies of “Student Reading”
(one for each person)
• 2-4 copies of “Student Instructions”
(one for each person)
• 1 copy of RNA from light tissue
(Figure 1)
• 1 copy of RNA from dark tissue
(Figure 2)

Figure 1. Light-grown mRNA. Cut these rectangles apart at solid lines.
(light conditions)
mRNA: 5’ U U G G C A 3’
reverse transcriptase

(light conditions)
mRNA: 5’ A A G G C C 3’
reverse transcriptase

cDNA:

cDNA:

5’

5’

(light conditions)
mRNA: 5’ A A G G C C 3’
reverse transcriptase

(light conditions)
mRNA: 5’ A A G G C C 3’
reverse transcriptase

cDNA:

cDNA:

5’

5’

(light conditions)
mRNA: 5’ C G G G A U 3’
reverse transcriptase

(light conditions)
mRNA: 5’ A A C C G U 3’
reverse transcriptase

cDNA:

cDNA:

5’

5’

• 1 copy of DNA chip (Figure 3)

Microarray Paper Activity:
Student Instructions
This simple microarray experiment
involves looking for differences in gene
expression of seedlings grown under two
conditions: One set of seedlings receives
full light and the other set germinates completely in the dark. Light-grown seedlings
are green with open cotyledons (first
leaves) and short hypocotyls (the stem
between the root and the cotyledons).
Dark-grown seedlings are yellowish with
closed cotyledons and long hypocotyls.
1. Divide your group into two:
seedlings grown in light and
seedlings grown in dark.
2. Cut out each rectangle of mRNA
from light-grown and from darkgrown cells.
3. Each person can take one or two of
the mRNA transcripts from the
organism grown in one of the two
conditions. Each transcript represents a gene that was expressed in
that organism at the time the
seedlings were harvested. Note:
some transcripts are rare, some are
abundant (abundant means many
copies are present). Transcripts may
also vary in length, since DNA coding regions vary in length. (In reality, mRNAs are typically much longer
than those used here.)

(light conditions)
mRNA: 5’ A A A U U U 3’
reverse transcriptase

(light conditions)
mRNA: 5’ G A C C U 3’
reverse transcriptase

cDNA:

cDNA:

5’

5’

Figure 2. Dark-grown mRNA. Cut these rectangles apart at the solid lines.
(dark conditions)
mRNA: 5’ U U G G C A 3’
reverse transcriptase

(dark conditions)
mRNA: 5’ C G G G A U 3’
reverse transcriptase

cDNA:

cDNA:

5’

5’

(dark conditions)
mRNA: 5’ A U G G G C 3’
reverse transcriptase

(dark conditions)
mRNA: 5’ G A C C U 3’
reverse transcriptase

cDNA:

cDNA:

5’

5’

(dark conditions)
mRNA: 5’ C U C C U A 3’
reverse transcriptase

(dark conditions)
mRNA: 5’ C U C A A 3’
reverse transcriptase

cDNA:

cDNA:

5’

5’

(dark conditions)
mRNA: 5’ A U U A G C 3’
reverse transcriptase

(dark conditions)
mRNA: 5’ A G U A C 3’
reverse transcriptase

cDNA:

cDNA:

5’

5’
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4. You are the enzyme reverse transcriptase. Write the complementary
DNA sequence (cDNA).
5. On the word “cDNA,” place a red
sticker on the light cDNA and a
green sticker on the dark cDNA.
(Alternatively, use a colored pen or
pencil.)

Figure 3. These are the probe DNA sequences that are “spotted” onto
the glass in an ordered array. This is the DNA chip. Do not cut these apart.
5’T C A C 3’

5’ A C C C 3’

5’ A T T A

5’ C G G G 3’

5’ A A C C 3’

5’ A T G G 3’

7. Hybridize your labeled cDNA to the
5’ A T T T 3’
“spots” on the microarray slide
using tape. Be sure to obey the
5’ C T C C 3’
rules of base complementarity, and
remember that double stranded
DNA is antiparallel. For this activity
5’ G A C C 3’
you may assume the temperature is
high enough so that there must be
at least four bases in a row that
5’ C A T A 3’
match, otherwise the cDNA won’t
bind to the probe DNA. (In reality,
5’ A G T A 3’
microarrays use DNA probes that
are 20-70 bases long and cDNA
that is much longer than 6 bases.
Researchers use sophisticated computational methods for determining how many bases must match
for binding to be specific to a single cDNA
sequence.)

5’ A T A T 3’

6. Degrade the mRNA by cutting it off.
Now you have a single strand of
cDNA (target DNA).

8. Wash away any cDNAs that don’t match.
9. Note which probe molecules have been hybridized
with light cDNAs, dark cDNAs, both, or neither.

Questions
1. Identify which genes are expressed by looking at
the Grid Layout (Figure 5).
2. What was the outcome of each control spot, and
what does this indicate?
3. Were any gene transcripts abundant? Rare? Which
ones? What does this tell you about the expression
of these genes and why might there be differences
in expression levels?
4. Which steps in the flowchart (Figure 4) correspond
to the steps you did?
5. Are there any cDNA target molecules (from mRNA
transcripts) that did not match the probe spots on
the DNA chip? What does this indicate?
6. What are some applications of microarray technology? Use your favorite search engine.

Discussion
In this activity, the results indicate that some genes are
expressed in each condition, some in both conditions, and
some in neither condition. Light is a signal that can start a
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5’ G T C A 3’
5’ A A G G 3’
5’T C G G 3’
5’T T G G 3’
Do not cut these apart
cascade of events that “turn on” many genes in a seedling,
some of which are identified using this simple chip. If a
gene is highly expressed, that mRNA transcript is abundant whereas some genes are expressed at low levels so
those mRNA transcripts are rare. Some genes in an organism could be expressed but not detected since microarrays
don’t usually have every possible gene spotted onto them—
this exemplifies a limitation of microarray technology.
Some spots don’t have anything attached, so that particular gene was probably not expressed in that organism at
that time under either condition.
In order to visualize which cDNAs were attached to
the probe DNA on the chip, all you had to do was use your
eyes to distinguish which cDNA was attached at each location. In real microarray experiments, the cDNA has a fluorescent dye attached to it. A real DNA chip is scanned using
one or more lasers. When the laser energizes the dye, the
dye gives off light and a machine detects which spot that
light came from. Researchers use computer software and
sophisticated statistical methods to interpret the spots
from a chip that might have as many as 30,000 genes on it.
There are many complicated steps involved in analyzing
and interpreting microarray data. This activity is an oversimplification to the extent that playing Monopoly compares to actually investing in real estate.
The controls in this activity validate that the chip is
indeed testing what it is intended to test. For example, the
negative control spot has no cDNA bound to it. This spot
could be DNA from an unrelated organism, which shows
that non-specific binding isn’t taking place under the

hybridization conditions. In a
real experiment, if the negative control spot had cDNA
bound to it, this might indicate that the sample was contaminated, or perhaps the
hybridization temperature
was too low, allowing for noncomplementary base pairing
between a few bases. The positive control spot indicates
that the materials and
method are working properly,
i.e. the mRNA was isolated
intact, the reverse transcription worked, the chip printing
worked, and the hybridization and scanning worked.
This positive control spot
could be the DNA of a gene
that is known to be expressed
in both conditions (also
called “constituitively expressed”). DNA chips usually
have replicate spots in different places to give the experimenter information about the
reliability of the information
from a single spot.

Student Reading
Microarrays Made
Simple: “DNA Chips”
Paper Activity

Figure 4. Overview of a Microarray Experiment. Explanations are in italics.
In a microarray experiment, an organism is grown under two different conditions: Control (C) and
Experimental (E). In this activity we are comparing light grown and dark grown seedlings.
Prepare the Chip:
DNA probes that represent each gene in
the entire genome are stuck to the glass
surface. Each gene has an "address" on
the glass slide so we know which gene is
where.

Prepare the Target:
Break open the cells grown under two different conditions and isolate messenger RNA (mRNA). This is
done because the mRNA is a record of which genes are
currently being expressed in a cell under each condition.

mRNA is reverse transcribed into DNA. This DNA is
called cDNA (complementary DNA). This is done
because the RNA is difficult to work with, as it easily
degrades.

Use a fluorescent dye to label the cDNA from experimental cells. Use a different fluorescent dye to label
the cDNA from control cells. This way you can tell
which cDNA came from which organism.

Hybridize the cDNA (target DNA) to the DNA probes that are stuck to the glass. cDNA that is complementary to probe DNA will bind. Some probe spots will not match any of the cDNA.This is because some
genes aren’t expressed at certain times, so no mRNA is present.

Visualize the chip by using a laser to "excite" the dyes that are attached to those cDNAs that
hybridized to the chip.These represent genes that are expressed. Light from the dyes is detected and
transformed to a signal that can be interpreted using computer software.

A DNA microarray (DNA
chip) is an ordered array of
different known sequences of
DNA (~20-70 bases long).
These DNA sequences represent many of the genes in an
organism. Many copies of each different sequence are stuck
to one “spot” on a solid surface (glass). A DNA chip can
have thousands of different spots, representing thousands
of different genes. A microarray can have tens of thousands
of genes in an area smaller than the size of a postage stamp.
In this activity, each DNA sequence stuck to the chip is
called a probe.
DNA chip technology is based on the basic chemistry
of DNA. Adenine pairs with thymine and guanine pairs
with cytosine. This base complementarity is what allows
DNA from cells to bind specifically to known DNA
sequences (probes) on a chip. Since a cell expresses hundreds or even thousands of genes at any given time, a
“snapshot” of gene activity can be inferred using microarray technology. Without this technology, it could take
years to analyze each gene one at a time.

In this activity you will use only a few probes, rather
than thousands, to detect differences in gene expression
between seedlings that have been sprouted under two different conditions: light and dark (See Figure 4).
A real microarray experiment requires a high level of
skill to prepare the samples and sophisticated equipment
and software to collect and analyze the data. Because this
technology has only been commonly available since the
1990s, it is still being developed, refined, and perfected.
One thing is certain: This technology is not going away—in
fact, it is being adapted for studying other types of molecules in cells such as proteins and carbohydrates.
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Figure 5. Grid Layout and Gene Description.
G R I D L AY O U T
Gene 1

Gene 9

Gene 2

Gene 10

Gene 3

Gene 11

Gene 4

Gene 12

Gene 5

Gene 13

Gene 6

Gene 14

Gene 7

Negative control

Gene 8

Positive control

GENE
NUMBER

DESCRIPTION

1

Abscission (losing leaves)

2

Cell elongation 1

3

Light signal processor I

4

Light signal processor II

5

Stress response

6

Cell division (Mitosis)

7

Temperature response

8

Cell elongation II

9

Reproduction (makes pollen)

10

Cellular metabolism

11

Yellow pigment

12

Reproduction (makes ovaries)

13

Salt response

14

Chlorophyll

15

Animal gene

16

Water transport
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