DNA Sequencing Simulation:
the LEGO® Way

LEGO,

The purpose of this exercise is to use a manipulative modd to demondrate the
princples behind DNA sequencng. Students will work togeher to determinethe
sequence of an unknown DNA fragment.

Background:
Why do you think it is important to obtain unknown DNA seqguence information?
1.

2.
3.
4.

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

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

Caveats for DNA replication

1. Thetwo strandsof DNA are antipaalel. Thar suga-phophae backbones goin
opposte directions.

2. Thenew DNA strand elongaes from the 5Gend to the 3Gend.

3. Addition of addNTP stops DNA replication.

Materials:
Scissors
Shaker tha containsbricks and tiles at aratio of 4:1.
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Directions:

Youwill condud a DNA sequencing simulation usng 1x2 thin bricks as your
nudeotides, and 1x2tiles (flat top9g as your terminaors (dideoxynudeotides).

Each base will be assignal the following colors:

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

Table 1: DNA Sequencing Rules
Procedure:
1. Students work in groupsof two. Obtain thefollowing materials
- Template DNA and Primer for DNA Sejuencing Handouttha contains
template DNA and primers (trinudeotides)
- Primer Congruction (Oligorudeotides R Us) Handouttha contains
ingructionson primer synthesis
- Scissors
Shaker tha containsthe nudeotides (1x2 thin bricks) and terminators
(1x2tiles) at aratio of 4:1.

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

3. Please bring oneprimer/template strip and the Primer Condruction
(Oligonudeotides R Us) Handoutto the oligonudeotide synthesis area (Operon

Biotechnologies, Inc). Synthesize 10 LEGO copies of your primer usng the 1x2
thin bricks, and retumn to your desk.

4. Placethe 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(postion,
and the hollow end is at the 5(position. __
- Thepgoer bases of the primer line up with the correctly colored LEGO
brick ontheLEGO primer (see Table 1).

Andrew Lettes, Ph. D. Pueblo High School/BIOTECH Project Summer 2005



5. Begin to synthesize thenew DNA from the 3Gend (notched end) of your LEGO
Primer.
- Shake outonenudeotide from the nudeotide shaker.
- Itthenudeotidewas notan A (green), putit back in the shaker, andtry
agan. Repeat until agreen LEGO nudeotide comes out
- Ifitisan A (green), it is complementary to thefirst available nudeotide
onyourtemplate DNA, T (see Table 1). Attach this green LEGO
nudeotideto the 3Cend of your LEGO Primer. __
If you get aterminator, flat topped LEGO tile, attach this green LEGO
nudeotideto the 3Gend of your LEGO Primer. No more nudeotides can
be added to it, so placeit to theside Go back to Step 4.

6. Repeat Step 5 for the secondbase of yourtemplate DNA, A. The
complementary baseis T (red). Agan, if you select aterminaor, no more
nudeotides can beadded to it.

7. Continuedown the template to the end.

8. Stop after you synthesize 10 DNA fragments.

9. Now it istime to load the gd and perform electrophaesis.

Procedure: Electrophoresis and Laser Detection )

1. Place your DNA fragments on the ONVellOof theLego Base Plate, see Figure 1
bedow. You have just loaded your PCR products onto the gel.

2. Imagine electrophaesis occurs. Attach your DNA fragments to the Base Plate.
The smallest fragment, primer plusonenudeotide (P + 1) travels thefurthest.

Well
P+12l OOOO0O00O0000O0
P+11l OOOO0O0000000
P+10 OO OO0 0O00000O0
P+9 OO0OO0O0000000
P+8) OO OO0 000000

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 thereaction produds are arranged on the Base Plate, congruct your
electrophaogram, see Condruction of the Electrophe ogram handout
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Generation of an electropheogram 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 ddNTPs. We will use a
black lightto replace thelaser, since the 1x2 tiles (ddNTPs) were sprayed with
fluorescent pants. Your eye will act as the sensor.

Create a graph that shows how your fragment would read.

1. Read the fragments from smallest to largest.

2. Draw a peak in thecolor tha corresponds with tha letter alongthetimeline
beow. See the example on thetop of this handout For example, if the
dideoxynudeotide on the shortest fragment is an adening, A, draw a peak fromthe
Baseline at the bottom to the Peak Heightline at thetop at point 1 in green, see
Table 1.

3. Use different colored pendls for each letter and work on only oneletter 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

1. Thegraph you have drawn is called an electropheogram. Now compare your
sequence to the electropheogram from the University of Arizona Itislocated in
the sealed enveope

2. Have you correctly sequenced the DNA template? Explain.
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