DNA Sequencing Simulation:
the LEGO® Way

LEGO,

The purpose of this exercise is to use a manipulative model to demonstrate the
principles behind DNA sequencing. Students will work together to determine the
sequence of an unknown DNA fragment.

Background:

Why do you think it is important to obtain unknown DNA sequence information?
1. One can do detailed analysis of gene structure. This includes the location of
open reading frames that may represent gene fragments, and putative exon and
intron sites.

2. One can compare the DNA sequence to already characterized sequences that one
finds at the National Center for Biotechnology Information (NCBI) web site
(www.ncbi.nih.gov/index.html) using BLASTN.

3. Confirm products from gene cloning experiments such as PCR.

4. Examine DNA variation (polymorphisms) between individuals.

How does the DNA sequencing reaction mimic cellular replication of DNA?
Match the items in the columns below. Answers may be used more than once.

Questions DNA Replication Choices Sequencing Reaction (PCR)
F 1. Genomic DNA A. Deoxynucleotides (ANTP)
D 2. Helicase B. Dideoxynucleotides (ddNTP)
C 3. RNA primers C. DNA primer
E 4. DNA polymerase D. Heat
A.B 5. Deoxynucleotides (ANTP) E. Taq DNA polymerase
F. Unknown DNA

Caveats for DNA replication

1. The two strands of DNA are antiparallel. Their sugar-phosphate backbones go in
opposite directions.

2. The new DNA strand elongates from the 5° end to the 3’ end.

3. Addition of a ddNTP stops DNA replication.

Materials:
Scissors
Shaker that contains bricks and tiles at a ratio of 4:1.
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Directions:

You will conduct a DNA sequencing simulation using 1x2 thin bricks as your
nucleotides, and 1x2 tiles (flat tops) as your terminators (dideoxynucleotides).
Each base will be assigned the following colors:

Base Symbol | Color | Base Pairing Rules
Adenine A Green A pairs with T
Thymine T Red T pairs with A
Guanine G Yellow G pairs with C
Cytosine C Blue C pairs with G

Table 1: DNA Sequencing Rules

Procedure:
1. Students work in groups of two. Obtain the following materials
- Template DNA and Primer for DNA Sequencing Handout that contains
template DNA and primers (trinucleotides)
- Primer Condruction (Oligonudeotides R Us) Handout that contains
instructions on primer synthesis
- Scissors
Shaker that contains the nucleotides (1x2 thin bricks) and terminators
(1x2 tiles) at a ratio of 4:1.

2. Cut out the template DNA molecules with the attached primers. Do not separate
the primers from the template DNA. Ten primer/template strips are required and
can be placed on a table or desk.

3. Please bring oneprimer/template strip and the Primer Congruction
(Oligonudeotides R Us) Handout to the oligonucleotide synthesis area (Operon
Biotechnologies, Inc). Synthesize 10 LEGO® copies of your primer usng the 1x2
thin bricks, and retumn to your desk.

4. Place the LEGO® primer on top of the primer on your primer/template strip.
- Check that the notched end of the LEGO® primer is at the 3’ position,
and the hollow end is at the 5° position.
- The paper bases of the primer line up with the correctly colored LEGO®
brick on the LEGO® primer (see Table 1).
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5. Begin to synthesize the new DNA from the 3’ end (notched end) of your LEGO®
Primer.

- Shake out one nucleotide from the nucleotide shaker.

- It the nucleotide was not an A (green), put it back in the shaker, and try
again. Repeat until a green LEGO® nucleotide comes out.

- Ifitis an A (green), it is complementary to the first available nucleotide
on your template DNA, T (see Table 1). Attach this green LEGO®
nucleotide to the 3’ end of your LEGO® Primer.

If you get a terminator, flat topped LEGO® tile, attach this green LEGO®
nucleotide to the 3’ end of your LEGO® Primer. No more nucleotides can
be added to it, so place it to the side. Go back to Step 4.

6. Repeat Step 5 for the second base of your template DNA, A. The
complementary base is T (red). Again, if you select a terminator, no more
nucleotides can be added to it.

7. Continue down the template to the end.

8. Stop after you synthesize 10 DNA fragments.

9. Now it is time to load the gel and perform electrophoresis.

Procedure: Electrophoresis and Laser Detection

1. Place your DNA fragments on the “Well” of the Lego” Base Plate, see Figure 1
below. You have just loaded your PCR products onto the gel.

2. Imagine electrophoresis occurs. Attach your DNA fragments to the Base Plate.
The smallest fragment, primer plus one nucleotide (P + 1) travels the furthest.

Well

P+12 OO OO0OO0O00O000O0
P+11l OO OO0OO0O00O000O0
P+10 OO OO0O0OO000000
P+9l OOOO0O0OO0OO00O0O0O0
P+8f OOOO0OO0OO0OO000O0O0

P+71 OOO0OO0OO000O00O0
P+6 OOOOOOO0O00OO0
P+5 OOOOO0O0OO00O00O0
P+4 OOOOO0OO00000O0
P+3l OOOOO0OOO0O00O0
P+2 OOOO0OO0OO00O000O0
P+11 OOO0OO0OO0OO00000O0

Figure 1: Lego” Base Plate
2. When all the reaction products are arranged on the Base Plate, construct your
electropherogram, see Condruction of the Electropheogramhandout.
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Generation of an electropherogram requires a laser to excite the fluorescent
tag on the ddNTPs, and a sensor capable of distinguishing between the different
wavelengths of light (colors) for each of thefour different ddANTPs. We will use a
black light to replace the laser, since the 1x2 tiles (ddNTPs) were sprayed with
fluorescent paints. Your eye will act as the sensor.

Create a graph that shows how your fragment would read. Read the
fragments from smallest to largest. Draw a peak in the color tha correspondswith
tha letter alongthetimeline bdow. See the example on thetop of this handout For
example, if thedideoxynucleotide on the shortest fragment is an adenine, A, draw
a peak from the Baseline at the bottom to the Peak Height line at the top at point 1
in green, see Table 1. Use different colored pencils for each letter and work on
only one letter at a time.

Peak 1 2 3 4 5 6 7 8 9 10 11 12
Height

Baseline 1 2 3 4 5 6 7 8 9 10 11 12

A T T C G A G C T C G

1. The graph you have drawn is called an electropherogram. Now compare your
sequence to the electropherogram from the University of Arizona. It is located in
the sealed envelope.

2. Have you correctly sequenced the DNA template? Explain.
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DNA Sequencing Simulation: :
the LEGO® Way ¢Go

Template DNA and Primer for DNA Sequencing

primer

5’ |T|GAl
3’ |AQT|TAAIGC|T|IClGAlG] §°

template DNA —Y

5’ |T|GAl
3’ |AQT|T|AAlGC|T|IClGAlG] §°

5’ |T|GAl
3’ |AQT|TAAIGC|T|IClGAlG] §°

5’ |T|GAl
3’ |AQT|TAAlGC|T|IClGAlG] §°

5’ |T|GAl
3’ |AQT|T|AAIGC|T|IClGAlG] §°

5’ |T|GAl
3’ |AQT|TAAIGC|T|IClGAlG] §°

5’ |T|GAl
3’ |AQT|TAAIGC|T|IClGAlG] §°

5’ |T|GAl
3’ |AQT|TAAIGC|T|IClGAlG] §°

5’ |T|GAl
3’ |AQT|TAAIGC|T|IClGAlG] §°

5’ |T|GAl
3’ |AQT|TAAIGC|T|IClGAlG] §°
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DNA Sequencing Simulation:
the LEGO® Way

LEGO,

Primer Construction (oligonudeotidesR Us)

operen

molecules for life

Background:

Prior to DNA sequencing, a short polynudeotide (oligonudeotide) that is
complementary to the DNA strand to be sequenced mugt be synthesized. This
oligonudeotideis called a primer.

Procedure:
1.Please bring the newly designed primer to the oligonudeotide synthesis area
(Operon Biotechnologies, Inc)

2. Use the primer template to make 10 copies of your primer.

 5Qria 30

3. For this DNA sequencing simulation, use 1x2 thin bricks as your nucleotides.
Each base will be assigned the following colors:

Base Symbol | Color
Adenine A Green
Thymine T Red
Guanine G Y ellow
Cytosne C Blue

Note: the notched end of 1x2 thin bricksis at the 3(postion, andthehollow end is
at the 5(postion.

The total cost is USD $16. 26.
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DNA Sequencing Simulation:
the LEGO® Way
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Elctropherograms from the University of Arizona
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