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Abstract:

In this module, students will explore the mathematics behind molecular biology.  As students learn about DNA, they will explore the fundamentals of combinatorics, including counting techniques such as the product rule, as well as factorials and probability.  Students will model via an activity the processes of DNA transcription and RNA translation to proteins.  Students will use counting techniques to examine nature’s parsimony with respect to DNA bases and nature’s encoding of amino acids by sequences of three bases, known as codons.

Objectives of the module

· Students will model transcription and translation (the process of transferring information from the DNA to RNA, which codes for the amino acids, which build the proteins)

· Students will use counting algorithms to determine the number of arrangements given by nature’s four bases.

· Students will generalize their counting algorithms to any number of bases.

· Students will apply the product rule correctly.

· Students will decode codons to reveal the amino acids that build proteins.

· Students will analyze the probabilities different codons will have similarities creating the same amino acids.

Extension:

· Students will learn the notation and appropriate use of factorials

Projected Time Frame

7 periods of approximately 45 – 50 min. each

(It is understood that teachers will modify this time frame to conform to the level of their own students.)

· Period 1 – Launch with “The Copy Cat Game”

· Period 2 – DNA/RNA Introduction

· Period 3 – Counting Principle & DNA Bases

· Period 4 – The Mathematics of Nature’s Efficient Coding

· Period 5 – Coding and Decoding of Amino Acids

· Period 6 – Extension : Factorials and application to RNA

· Period 7 - Assessment

Student Level

Grades 6 – 9

Prerequisite Knowledge

Biology: none

Mathematics:  Complement of an angle

Ability to read angle notation of the form m / DGA
Materials:

· Color Tiles (or 4 color manipulatives)

· Straight Edge

· 2 colors of Index Cards (or quarters of Colored Paper)

· Access to Copier

Student Activities:

Period 1 – Launch with “The Copy Cat Game”

This game is an analogy of DNA transcription.  The vocabulary associated with DNA is never discussed in this game.  This game is used as a hook to peak student interest.  The game serves as a model of the difficulties encountered in DNA replication.

Period 2 – DNA/RNA Introduction

Students will learn the fundamental process of DNA transcription as modeled by the “The Copy Cat Game.”  This lecture/discussion sets the context for the mathematical explorations to follow.

Period 3 – Counting Principle & DNA Bases

Students will explore how many arrangements of four items exist using manipulatives in four colors.  Students will solve concrete problems in increasing difficulty and work toward a general pattern, culminating in discovering the product rule for themselves.

Period 4 – The Mathematics of Nature’s Efficient Coding

Students will learn about translation and discover for themselves why triplets of bases code for amino acids and why nature uses four bases.

Period 5 – Coding and Decoding of Amino Acids

Students will decode a message encoded with triplets of RNA.  Students will explore the probabilities of certain triplets occurring. 

Period 6 – Extension : Factorials and Application to RNA

Students will discover the pattern of factorials, understand their applications, and use the notation.

Period 7 – Assessment

TEACHER NOTES

The Copy Cat Game!  An analogy for DNA transcription (period 1)

In the interests of scaffolding student knowledge of DNA and how DNA reproduces, this module starts with students playing “The Copy Cat Game.”  This game is an analogy of the way DNA reproduces.  The vocabulary associated with DNA is never discussed in this game.  This game is used as a hook to pique student interest.  The game serves as a model of the difficulties encountered in DNA replication.

Materials for The Copy Cat Game
Copies of Blackline master Game 1.1 for every subgroup, straight edge, index cards in two colors, problem sets for individual subgroups from Blackline Master Game 1.2 cut into group numbers.

The object of the game

To move the information given to group I to group O without telling the information directly.

· [image: image4.wmf]A

Group I has the job of recreating the below picture using nothing but the angle measurements you assign them.

· The Messenger Group has the job of finding the complements of the angles given to them by Group I, and physically transporting that data outside the classroom to Group O.

· Group O has the job of using the complement measure given to them by the Messenger Group to find the original angle measurements.  Then they must recreate the original above picture using these angle measurements.

Prerequisite knowledge
How to find the complement of an angle, how to read angle notation.

· Two angles are complementary if they add up to 90 degrees.  (Note: an angle whose measure is larger than 90 degrees does not have a complement.)

· The notation m / AFB is read the measure of the angle formed by the side (or ray) FA with its end point at F, and the side (or ray) FB with its end point at F.

How to play
Divide the class into three groups.  One group of five serves as your ‘messenger’ group.  The rest of the class needs to be two equal groups.  One Group I, for inside, stays inside the classroom.  The other Group O, for outside, will need to be outside the classroom.  Instruct the class that they will be looking for the complements of given angles, and that for the purposes of this activity, if a complement does not exist they will write the following question:  “What is the sum of 53 and one more than 53?”

Divide Groups I and O each into 5 subgroups.  Assign a number from one to five to each subgroup in I and O.  Number each messenger from one to five as well.  Each subgroup needs Blackline Master Game 1.1.  You will need to give each subgroup in Group I one set of angle measurements found on Blackline Master Game 1.2.

To Play:  

Sort students into groups with their number.  Give group I their angle sets from Blackline Master 1.1, a 3 by 5 card and a copy of Blackline Master Game 1.1.

Messenger will: locate their concurrently numbered subgroup in Group I, and compute the complements of the angle measurement given to that group.  They will then write the complements on a different color index cards and take their complements to the teacher for verification.  When verified, the messenger moves outside the classroom to their concurrently numbered subgroup in Group O and stays with that subgroup.  Messengers may not speak!!!  Messenger will return the finished Blackline Master from Group O to the teacher.

Group I will: draw their angles on their circle (Blackline Master Game 1.1).  As a subgroup finishes drawing its angles on Blackline Master 1.1, they will exchange their copy of the Blackline Master with another subgroup that has completed their angles.  When a subgroup receives a new Blackline Master they add their information to what is already there.  This continues until all Blackline masters have been completed and handed in to the teacher.

Group O, upon receiving their subgroup’s messenger and their information, will compute the complement of the angle measures.  (Thus turning the information back into Group I’s original information.)  The subgroup will then draw their angles on their circle (Blackline Master Game 1.1).  As a subgroup finishes drawing its angles on Blackline Master Game 1.1, they will exchange their copy of the Blackline Master with another subgroup that has completed their angles.  When a subgroup receives a new Blackline Master they add their information to what is already there.  This continues until all Blackline Masters have been completed and returned by the messenger to the teacher.

Game is over when all the all Blackline masters have been completed.  The messenger then confers with his Subgroup I to determine how they arrived at their portion of the drawing so that he can present both subgroup’s drawings to the class.  (The objective was for both Group I and Group O to get the same drawing.  If this does not happen, recall that there are mistakes that occur in DNA replication at times as well.)

Teacher Answers:

ANSWERS:
Subgroup 1-

Subgroup 2-

Subgroup 3-

Subgroup 4-



m / AFB = 107
  *
m / BGC = 107
  *
m / CHD = 107
  *
m / DIE = 107
  *

m / CFE =107
  *
m / DGA =107
  *
m / EHB =107
  *
m / AIC =107  
  *

m / BFC = 71
  19
m / BGA = 71
  19
m / CHB = 71
  19
m / DIC = 71
  19

m / AFE = 71
  19
m / CGD = 71
  19
m / DHE = 71
  19
m / EIA = 71  
  19

m / BAC = 36.5
  53.5
m / CBD = 36.5
  53.5
m / DCE = 36.5
  53.5
m / EDA = 36.5
  53.5

m / ABE = 36.5
  53.5
m / BCA = 36.5
  53.5
m / BDC = 36.5
  53.5
m / CED = 36.5
  53.5

m / DAC = 38
  52
m / EBD = 38
  52
m / ACE = 38
  52
m / BDA = 38
  52
Subgroup 5-

m / EJA = 107
  *

* Tell the students that if no complement exists, as in this case, 

m / BJD = 107
  *

they are to write the following:  

m / EJD = 71
  19


What is the sum of 53 and one more than 53?

m / AJB = 71
  19

m / BEA = 36.5
  53.5

m / DAE = 36.5
  53.5

m / CEB = 38
  52

All answers are in degrees.
What do We Want Students to Know About DNA In Math Class? (period 2)

If you need more biological explanation please visit:   www.cstaff.hinsdale86.org/~kgabric.  

This is an excellent resource for you as a math teacher venturing into biology. It may help you enormously to understand DNA’s role if you have been out of the biology classroom for a while!  Depending upon your students’ experience and ability levels, this site may also be useful to your students.  

Your students need to know the following facts to work efficiently with the mathematics:

· DNA is the blueprint for producing proteins that make life occur.

· DNA is made up of 4 bases:

· A is Adenine

· T is Thymine

· G is Guanine

· C is Cytosine 

(Students do not need to know the scientific names for these bases.  

We will refer to them by their first letter as is common practice!)

· Each DNA base has a complement:  A pairs with T, C pairs with G

(How to remember these pairings? 

A Three Car Garage, or visually, the C and G shapes are very similar.)

· Complementary bases fit like so:

[image: image2.wmf] 



Note how the A and T bases fit together one way or the reverse.  The same can be said of G and C.  They fit together.

· Note that the complementary bases AT, CG, GC,TA, TA, CG, AT,CG form steps that resemble a ladder.  This ladder shape can twist and forms the double helix shape that was discovered by Watson and Crick in 1953.

[image: image3.jpg]




· This DNA does not leave the nucleus because it is too big and its information is too valuable. (Remind your student of the INSIDE GROUP from the game.  Group I was not allowed to leave the classroom, and is the metaphor for DNA.)
· The DNA strand splits, and one strand encodes a complement of itself that is smaller called messenger RNA or mRNA.  (‘Messengers’ in the student game leave the room with the complementary data and cannot return.)

· Since messenger RNA is only half the double helix or one side of the ladder, as well as a copy and not the original, mRNA can leave the nucleus of the cell with its complementary information.  That is an important idea.  The order of the bases, called a string, is the information that is needed to reproduce the DNA’s original data.

· mRNA cannot code a T.  In place of the T mRNA uses a U standing for Uracil (students don’t need to know the name just that mRNA uses U instead of T.)   This is analogous to the fact that in the game there was no complement to angles measuring larger than 90 degrees, so you used an addition expression.

· The strings of bases on the mRNA code for the amino acids.

· Amino acids are the building blocks of proteins.

Teacher Note: The way that Braille works can be used as an analogy for the coding system of DNA.  In Braille a series of bumps codes for a letter, and a series of letters codes for a word.  In DNA a series of bases codes for an amino acids, and a series of amino acids codes for a specific protein.

Possible Arrangements and the Product Rule (period 3)

Students will explore the number of possible arrangements of the four different bases.  Students use manipulatives in four different colors (colored tiles) to list all possible arrangements.  Students work toward developing a pattern for the number of arrangements give n things taken k at a time. 

Materials
Color tiles or any manipulative in 4 different colors (at least 4 of each color and an equal amount of each of the 4 colors, i.e. 4 red; 4 green; 4 blue; and 4 yellow), copies of Blackline Masters 3.1 – 3.6

Students work in groups of four.  Each group gets tiles or other manipulative in four colors and one of each Blackline Master 3.1-3.6.  Each student works specifically with one of the colors.  

Review that there are 4 different bases in DNA.  Assign each color to be a different base (i.e. yellow is Thymine, red is Cytosine, green is Guanine, blue is Adenine.)   

Students are exploring the different arrangements that can be formed with a given number of objects.  Each group member is responsible for researching all possible arrangements starting with their assigned color.  Students record each arrangement they find and count all the possibilities.  The four group members can combine their individual totals and record the sums in a table (see below). 

If we are allowed to choose one tile, have each group list the ways that it could be done and record how many ways there are in a table similar to the one below.  (Each group needs one of Blackline Master 3.1 for recording number of arrangements.  Each group needs one each of Blackline Master 3.2 to 3.5 for recording lists of possible arrangements.)


# of tiles
|
# of arrangements


1
|




2
|




3
|




4
|





|



.
|



.
|



.
|



n
|


If we are allowed to choose two tiles, have each group list the arrangements that could be done and record their totals in the table.  (Again, each group member is responsible for all arrangements beginning with a given color.)

Repeat the same exercise for choosing three tiles.  

Ask the students to see if they can generalize what is happening and find a formula.

Note to teacher
Prepare to get questions such as:  Is CG the same as GC?  (No, they are not the same.)  

It may be beneficial to show visuals of how to organize the possible arrangements.  Trees (pg. 11), arrays or grids (pg. 12), and a table (pg. 13) are excellent visuals.  After trying this exercise with three tiles, students should try to predict the number of arrangements for 4 tiles.  The number of arrangements will be quite large to actually generate.

Homework:  Do the same exercise that was done above but this time only use 3 different colors and record your findings in a table.  See if you can predict the number of arrangements obtained when choosing 4 tiles.  Blackline Master 3.6 can be handed out to record this data.

(The added data may help students in generalizing a formula.  You may wish to use Blackline Master 3.6 on an overhead transparency to record student homework data.  The visualization of this table along with the one on Blackline Master 3.1 should help the students to see the pattern that occurs when choosing a given number of tiles from a given number of colors.)

Single Tile


Two Tiles
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T (Yellow)


T
TT


C (Red)


T
C
TC


G (Green)


G
TG


A (Blue)



A
TA

# of arrangements = 16
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# of arrangements = 64
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Using 4 colors



Using 3 colors



A
ATA

# of tiles 
|# of arrangements
# of tiles 
|# arrangements


T
ACT


1
|
4


1
|
3


C
C 
ACC


2
|
16


2
|
9



G 
ACG


3
|
64


3
|
27



A 
ACA


4
|
256


4
|
81



T 
AGT


n
|
4n


n
|
3 n
A 
G
C
AGC



G 
AGG





A 
AGA


General rule:  (number of colors)(number of tiles chosen)


T 
AAT


A
C 
AAC



G 
AAG



A 
AAA

	
	(T is 2nd)
	(C is 2nd)
	(G is 2nd)
	(A is 2nd)

	(T is 1st)


	TTT

TTC

TTG

TTA
	TCT

TCC

TCG

TCA
	TGT

TGC

TGG

TGA
	TAT

TAC

ATG

ATA

	(C is 1st)


	CTT

CTC

CTG

CTA
	CCT

CCC

CCG

CCA
	CGT

CGC

CGG

CGA
	CAT

CAC

CAG

CAA

	(G is 1st)


	GTT

GTC

GTG

GTA
	GCT

GCC

GCG

GCA
	GGT

GGC

GGG

GGA
	GAT

GAC

GAG

GAA

	(A is 1st)


	ATT

ATC

ATG

ATA
	ACT

ACC

ACG

ACA
	AGT

AGC

AGG

AGA
	AAT

AAC

AAG

AAA


# of arrangements = 64


Using 4 colors



Using 3 colors 

# of tiles 
|# of arrangements
# of tiles 
|# of arrangements 


1
|
4


1
|
3


2
|
16


2
|
9


3
|
64


3
|
27


4
|
256


4
|
81


n
|
4n


n
|
3 n 

General rule: (number of colors)(number of tiles chosen)

	# of tiles


	# of arrangements

	1


	4 = 41

	2


	16 = 4 x 4 = 42

	3


	64 = 4 x 4 x 4 = 43

	4


	256 = 4 x 4 x 4 x 4 = 44

	5


	1024 = 4 x 4 x 4 x 4 x 4 =45

	6


	4096 = 4 x 4 x 4 x 4 x 4 x 4 = 46

	7


	16,384 = 4 x 4 x 4 x 4 x 4 x 4 x 4 = 47

	8


	65,536 = 4x4x4x4x4x4x4x4 = 48

	9


	262,144 = 4x4x4x4x4x4x4x4x4 = 49

	.

.

.


	

	n


	4n


The Mathematics of Nature’s Efficient Coding (period 4)

Materials

Color tiles, or any manipulative, in four different colors, Blackline Masters 4.2 and 4.3

Start class with quick problem:  Decode  9   12·15·22·5   13 1 20·8    

The solution is simple:  each number correlates to letter (A=1, B=2, … Z=26)

But could it have been more complicated than that?   Of course.  

According to Occam’s Razor, given a choice of options the simplest solution or explanation is preferable, and we should keep the number of entities and/or assumptions involved to a minimum.  In other words, simpler models are more likely to be correct than more complex ones.  (William of Occam was a medieval philosopher; a razor is a principle.)  Occam’s Razor is known as the principle of parsimony, which means economy with resources.  

[POST explanation of Occam’s Razor Blackline Master 4.1]

Occam’s Razor is relevant to this activity because students are exploring how nature groups the four bases to code for amino acids.  And nature prefers simplicity.  

Review from yesterday:  base exponent  =  # of combination, in this case bases how many spots used

The four bases code for amino acids, strings of amino acids make up proteins, and proteins carry out life’s processes.  

The information communicated from the DNA to the mRNA (Day 1 game) is like a genetic message.  

Just like our language uses the 26 letters from A to Z, this genetic message is written in a language that uses the bases as its alphabet.  Depending on the order and grouping of the bases, the “message” codes for different amino acids.  And then the amino acids are like the alphabet in the language of proteins.  

The mRNA uses the message to build the proteins.

Students explore this essential question: 

HOW DOES NATURE GROUP BASES TO CODE FOR AMINO ACIDS?

In order to figure out what size group of bases nature uses to code for amino acids, we must determine how many amino acids there are.  

(20 amino acids + the stop codon = 21 things that need to be coded for)

[PASS OUT list of amino acids Blackline Master 4.2]

Before students begin exploration, 

MODEL:  Students can volunteer groupings from yesterday that could code for an amino acid

ex.  A    CG   CCCCCCC   etc.   

You could also take the first step as a class:  Would groups of one base (using one base at a time: A, C, G, U) be enough to code for all the amino acids?  No, because taking each base one at a time only provides 4 options, but there are 21 things for which we need to code.

Remind the class one last time:  

Nature prefers simplicity.  Nature is parsimonious.  Nature prefers most minimal solution.  

Students explore today’s question in small groups.  Once they’ve developed the best way of grouping bases to code for amino acids, they should prepare a brief presentation of their conclusion with a visual.

Questions you may receive: 

Should strings be same length? (yes)—refer to today’s discussion of nature preferring simplicity

Does order matter?  (yes)—refer group to yesterday’s exploration, did they count ACG and GCA?

Extension Questions:

1. Explore using a different amount of bases.  

Using only 3 bases, grouped by threes, providing 33= 27 triplets.  

Using 5 bases, grouped in pairs, providing 52= 25 pairs.  

Why doesn’t nature do this?  Because mRNA is created by complements, or pairs, of bases in DNA.

2. Are there extra groups produced by your system?  What does nature do with extras?

3. Develop another system of grouping bases.  Why is this one more or less likely to be used by nature for coding amino acids?  

Hold a “Math Congress,” where students present their conclusions and discuss nature’s simple solution.

(Not every group should present, choose groups that best represent class’ reasoning.  Begin with most elementary reasoning and conclude with more sophisticated group.)

Use these presentations to guide class discussion.  

Make sure these points are made: 

1.  Using individual bases (41=4 choices) or pairs of bases (42=16 choices) is not sufficient to code for all 21 amino acids and the stop codon.  

2.  Grouping bases by fours (44=256 choices) or more is excessive.  

3.  Grouping the 4 bases by threes provides 43=64 triplets, which is sufficient to code for all 21 things, and is the most parsimonious/simple solution.  

4.  DNA is composed of 4 bases, rather than 3 or 5, because each base needs to have a pair, necessitating an even amount of bases.  (mRNA is created by matching the complementary base to each base on the single strand of DNA.)

Have students journal write to independently sum up the conclusions of the math congress 

“Why does nature group the bases into triplets to code for amino acids?” can be their guiding question. 

Reinforce the concept that for every 3 bases, there is 1 amino acid  

[PASS OUT practice exercises Blackline Master 4.3]

If nature groups 4 bases in triplets, that produces 64 triplets.  But we only need to code for 21 things. So there are 64-21 = 43 extra triplets.  So what does nature do with extras?  

Students can discuss possibilities in groups and then write independently in their journals.  

The practice exercises and journal write can also be used as homework assignments.  

As a whole class, conclude that nature uses the extra triplets to double, triple, quadruple and even sextuple up for each amino acid.  That is, more than one triplet codes for a single amino acid.  

With 64 triplets and only 21 things that need to be coded, 

that means 64/21  ≈  3.05 triplets per amino acid on average.

But 0.05 of a triplet is not possible.  So what does nature actually do?  

[REFER BACK to amino acids Blackline Master 4.2]

Groups come up with possible ways the 64 triplets are divided among the 20 amino acids and the 1 stop codon.  There’s room for 4 possible arrangements in the chart.  

The bottom row is for averaging the numbers.  This is to reinforce the concept of average:  students probably realized that 64/21 will produce the average amount of triplets per amino acid.  But do they realize that if they develop a possible division of triplets for the 21 amino acids/stop codon, the average of the numbers will also equal 64/21  ≈  3.05?  

Groups can post their first choice, compare to other groups, and discuss which is more likely.  

If they demonstrate an interest and develop a conjecture as to how nature assigns the triplets, you can encourage them to do some research.  Biologists don’t have an explanation as to why the triplets are assigned the way they are.  

Decoding with Triplets and Probability (period 5)

Part 1:  Decoding with Triplets

Materials

Blackline Masters 5.1 – 5.8

Make copies of Blackline Masters 5.2 through 5.8 so that when those copies are cut in half each student receives a single message to decode (such as the following):

Review how many amino acids we have to code for.  (20 + 1)

Review how 4 bases grouped in triplets provides 64 arrangements.  

Give students the chart that is the key to the messages (Blackline Master 5.1), where bases grouped in threes code for given words.  Also give each student a coded message.  Let the students spend a few minutes decoding the message they’re given.  

example of coded  message

	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 13      


AUGCGGCUAGGUCAGCGGAUGUGUCCAGAAAAAGCCAUGAUCUAG

Intellectually yours,

Your Math teacher

CUT--------------------------------------------------

Your students’ job is to decode their own message and put all the messages together to read exactly what your demented self has been up to!  Students will see that these codons, strings of three bases, actually can contain information!  This may be a real eye-opener for many of them.  DNA bases really are blueprints for life itself!

	First

Letter
	Second Letter
	Third

Letter

	
	U
	C
	A
	G
	

	U
	UUU

teacher
	UCU

danced
	UAU

weird
	UGU

gigantic
	U



	
	UUC

teacher
	UCC

danced
	UAC

weird
	UGC

gigantic
	C



	
	UUA

Math.
	UCA

danced
	UAA

.
	UGA

.
	A



	
	UUG

Math.
	UCG

danced
	UAG

.
	UGG

on
	G



	C
	CUU

Math.
	CCU

chair
	CAU

eccentric
	CGU

brilliant
	U

	
	CUC

Math.
	CCC

chair
	CAC

eccentric
	CGC

brilliant
	C

	
	CUA

Math.
	CCA

chair
	CAA

jumped
	CGA

brilliant
	A

	
	CUG

Math.
	CCG

chair
	CAG

jumped
	CGG

brilliant
	G



	A
	AUU

student
	ACU

desk
	AAU

wobbly
	AGU

sat
	U

	
	AUC

student
	ACC

desk
	AAC

wobbly
	AGC

sat
	C

	
	AUA

student
	ACA

desk
	AAA

barked
	AGA

brilliant
	A

	
	AUG

the
	ACG

Desk
	AAG

barked
	AGG

brilliant
	G

	G
	GUU

fell
	GCU

At
	GAU

and
	GGU

dog
	U

	
	GUC

fell
	GCC

At
	GAC

and
	GGC

dog
	C

	
	GUA

fell
	GCA

At
	GAA

and
	GGA

dog
	A

	
	GUG

fell
	GCG

At
	GAG

and
	GGG

dog
	G


Created by Created by Gabric, 2003.  Modified by Endicott, Kananack, Murdoch

Note to Teacher
There are 13 coded messages with different code strings, but there are only 4 different translations.  This is due to the fact that many of the triplets stand for the same words.  This is also true in translation:  more than one triplet of bases codes for most amino acids. 

Discuss the resulting messages and liken the process of decoding to the process of translation.  Pass out Amino Acid Chart (Blackline Master 5.9).  Notice and note to your students that the Amino Acid Chart looks very similar to the key code with which the students have just finished working.  

Part 2:  Probability

Students can refer to the chart and count of the possibilities, but should be encouraged to solve mathematically.

Explore the probability of choosing triplets given certain requirements.  

For example, what is the probability that a given codon would start with a U?  

(There are 4 choices for the second base, and for each of those choices, 4 choices for the third base, so there are 4x4 = 16 triplets, or codons, that begin with U.  Since there are 64 total arrangements, the probability is 16/64 = ¼.)

Extend this to different beginning letters.  Ask if without looking at the chart the students tell what the probability of ending in a specific letter is.  

Next, explore the probability of a specific amino acid’s codon beginning with a specific base.  

For example, what is the probability that the codon for Leucine begins with a C.  

(There are 6 triplets that code for Leucine, 4 of which begin with a C.  The probability would be 4/6 = 2/3.)  

Extend this process with questions like the following:

How many codons in the chart begin with either C or A?  Why is this true mathematically?

How many codons in the chart begin with AU?  Why is this true mathematically?

If we know that the first letter in the codon is G, what is the probability that the last letter is T?

What is the probability of getting three different letters in a coding triplet?

Teacher Key:

Homework

Exercises 5.1

1)  Given the Amino acid Chart, what is the probability of getting “Isoleucine” when the bases are put into triples? Why?

4/64 = 1/16  (4 Isoleucine codes out of 64 arrangements)

2) Given that we have Proline, what is the probability that it will begin with a C? 

Why?                     That it will end in A?  Why?



4/4 = 1 (All 4 Proline begin with C)



1/4   (1 one of the 4 Proline end in A)

3) What is the probability of getting a G in the middle of a triple in our Amino 

Acid Chart?

Why?



16/64 = 1/4  (16 with G in middle out of 64 arrangements)  

4) If our codes were groups of 2 instead of groups of 3, what would be the probability of starting a group with a G?    Why?

4/16  = 1/4 (4 with G at beginning out of 16 arrangements)

5)  What is the probability that the code fore Methionine begins with a C?



0/1 = 0 (No code for Methionine begins with a C)

Factorials ! (period 6)  (extension!)

Materials
4 color tiles for each person (equal numbers of 4 colors, i.e. 1 red; 1 green; 1 blue; and 1 yellow), copies Blackline Masters 3.1 – 3.6

Remind students that we have discovered how many possible arrangements there are if we choose a given number of tiles from a given number of colors.  Do a couple of reinforcement problems with them.

(ie:  How many arrangements are there if we have a pile of tiles with 4 colors and choose 3 of the tiles.)

Here is a new question to investigate.  How many possible arrangements are there if we can only use one of each color in our arrangements.  

Place the students in groups of four.

Give one of each color tile to each person in the group.  Each of the group members should be responsible to start with a different color and record each combination they find.  Count and record how many different ways it could be done.  

If we are allowed to choose one tile, have each group list the ways that it could be done and their totals in a table similar to the one below.  (Blackline Master from 3.1 to 3.6 can be used in this lesson as well.)  


     # of tiles
|   # of possible arrangements





1
|
 

2 |




3
|




4
|





|



.
|



.
|



.
|



n
|


If we are allowed to choose two tiles, have each group list all the arrangements that could be made and record their totals in the table.  (Again, each group member is responsible for all arrangements beginning with a given color.)

Repeat the same exercise for choosing three tiles.  

Ask the students to see if they can generalize what is happening and find a formula.

Also investigate what happens if we only have 3 colors from which to choose.  Try to have the students generalize when any given number of colors is used.

Note to teacher
Be sure to discuss what happens when you are trying to choose 5 tiles with 4 different colors that can only be used with one time each.  (This is impossible.)  

A good way to show what is happening is to say how many tiles could be placed in position 1?  (4)   How many colors could be placed in position 2? (Now there are only 3 colors left from which to choose.) How many colors could be placed in position 3?  (Now there are only 2 colors left from which to choose.) 

  4    3    2    Multiply the number possible for each position together:    4 x 3 x 2 = 24   This is the possible number of combination using 4 colors and choosing 3 tiles.  

When all of the n colors are used, we get n! as the number of arrangements possible.

The notation n! is read n factorial and denotes the product of all the integers beginning with n down to 1.

ie: Using 4 colors while choosing 4 tiles we get the expression 4x3x2x1=24.

When we choose less tiles than we have colors we get 

        (# of colors)!       .

(# of colors not chosen)!

ie: Using 4 colors while choosing 2 tiles we get the expression    

(4x3x2x1)  = 
24   =    12 possible arrangements

   (2x1)        
2


 Single Tile


Two Tiles


T (Yellow)





C (Red)


T
C
TC


G (Green)


G
TG


A (Blue)



A
TA

# of arrangements = 12






T
CT

# of arrangements =4

C








G
CG






A
CA






T
GT





G
C
GC






A
GA






T
AT





A
C
AC






G
AG

Three Tiles



























T




T
C
GTC








G
CTG













A
CTA



A
GTA













T
GCT


C
 




 



C
 




G 
TCG


 




 




A 
TCA



 




A 
GCA



 




 




 


T
G
C
TGC

C 
G



G 











G 
CGG



 




A 
TGA



A 
CGA



 




 




 




T 
GAT


A
C 
TAC


A
 



A
C 
GAC



G 
TAG



G 
CAG








 




A 
CAA



 








T
C
ATC

# of arrangements = 24



G
ATG


Using 4 colors



Using 3 colors






# of tiles 
|# of arrangements
# of tiles 
|# arrangements


T
ACT


1
|
4


1
|
3


C
 



2
|
12


2
|
6



G 
ACG


3
|
24


3
|
6



 



4
|
24



|




T 
AGT



|




|


A 
G
C
AGC



 



Note:

if using all of the colors



 




General rule = (number of colors)!









if using less than the number of colors



 




General rule = (# of colors)!/(# of colors not chosen)!



Teacher Page 6.2

Answers to exercises 6.1

1) What is the number of ways to choose 2 tiles from 2 colors?  List them.

2      (Blue Red     or   Red Blue)

2)  What is the number of ways to choose 2 tiles from 5 colors?  List them

20  use R,B,G,Y,O  as colors

RB, RG, RY, RO, BR, BG, BY, BO, GR, GB, GY, GO, YR, YB, YG, YO, OR, OB, OG, OY

3)  What is the number of ways to choose 5 tiles from 7 colors? 


(7x6x5x4x3x2x1)/(2x1)    =   5040/2  =   2520


or alternately multiply the first 5 factors in the 7 factorial


7x6x5x4x3   =   2520

4)  What is the number of ways to choose 3 tiles from 6 colors? 

6x5x4    = 120

5)  What is the number of ways to choose 4 tiles from 5 colors? 

5x4x3x2   = 120

6)  What is the number of ways to choose 7 tiles from 6 colors? 

0 (too many tiles for the number of colors)

7)    What is the value of (n-1)! if n = 4?


If n=4 then we then n-1=3, so 3! = 3x2x1 = 6

For those who understand these well:

*8)  If we are choosing 3 tiles, and we get 210 arrangements, how many colors are we choosing from?



Guess and check method may work best for these students.



7x6x5   =  210     
so 
cho
Blackline Master 1.1


Blackline Master 1.2

Group I

Subgroup 1-

Subgroup 2-

Subgroup 3-

Subgroup 4-



m / AFB = 108
m / BGC = 108

m / CHD = 108

m / DIE = 108

m / CFE =108
m / DGA =108

m / EHB =108

m / AIC =108

m / BFC = 72

m / BGA = 72

m / CHB = 72

m / DIC = 72

m / AFE = 72

m / CGD = 72

m / DHE = 72

m / EIA = 72

m / BAC = 34

m / CBD = 34

m / DCE = 34

m / EDA = 34

m / ABE = 34

m / BCA = 34


m / BDC = 34

m / CED = 34

m / DAC = 36
m / EBD = 36


m / ACE = 36


m / BDA = 36
Subgroup 5-

m / EJA = 108

m / BJD = 108

m / EJD = 72

m / AJB = 72

m / BEA = 34

m / DAE = 34

m / CEB = 36
Blackline Master 1.3

Messenger Group:

You may NOT speak at any time during the computing process!

1)  Go to your Subgroup I and compute the 

complements of the given angles.


2)  Get angle complements checked.


3)  Take the measurements you just computed to 



your Subgroup O.


4)  Once your Subgroup O has done their computing, 

you should join them in determining the given 

shape.

---------------------------------------------------

Group I - (The Insiders)

1)  Allow the Messenger to see your angle measurements 

        so that he can compute the complements.

2)  While the Messenger is computing, begin to draw the 

given angles on your circle paper.  (There will be one 

point which is not already located on your paper.  You 

will need to decide where inside the circle this point 

goes.

3)  Once you have completed your portion of the picture, 

exchange circle papers with another subgroup from I 

and add your portion of the picture to their drawing.  

Continue until you have determined the entire picture.

Blackline Master 1.4

Group O - (The Outsiders)

1)  When the Messenger brings you angle measurements,


compute the complement of the given angles.  

2)  Once computation is complete, ask your messenger to 

join you.

3)  Draw the angles you have just compute on your circle 

paper. (There will be one point which is not already 

located on your paper.  You will need to decide where 

inside the circle this point goes.

4)  Once you have completed your portion of the picture, 

exchange circle papers with another subgroup from O 

and add your portion of the picture to their drawing.  

Continue until you have determined the entire picture.

-------------------------------------------------------

Over all rules


1)  If there in no complement to a given angle write:

"What is the sum of 52 and 4 more than 52?"


2)  The Messenger Group may NOT speak!


3)  Only record the complements of angles - 

not the original angle measurements.

Blackline Master 3.1

Using 4 Colors

# of Tiles

|
# of Arrangements


1


|

______



2


|

______



3


|

______



4


|

______






|






|






|






|



n


|

______

 Blackline Master 3.2



My first tile is T (yellow)

Choose 1 tile:





____



____



____


# of arrangements= _____

----------------------------------------------------------------  

Choose 2 tiles:

____   ____  


____   ____


____   ____

____   ____


____   ____


____   ____



____   ____  


____   ____


____   ____

 

____   ____  


____   ____


____   ____




# of arrangements= _____

---------------------------------------------------------------- 

Choose 3 tiles:

____   ____   ​​​​____ 
 
 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


# of arrangements= _____

Blackline Master 3.3

My first tile is C (red)

Choose 1 tile:





____



____



____


# of arrangements= _____

----------------------------------------------------------------  

Choose 2 tiles:

____   ____  


____   ____


____   ____

____   ____


____   ____


____   ____



____   ____  


____   ____


____   ____

 

____   ____  


____   ____


____   ____




# of arrangements= _____

---------------------------------------------------------------- 

Choose 3 tiles:

____   ____   ​​​​____ 
 
 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


# of arrangements= _____

Blackline Master 3.4

My first tile is G (Green)

Choose 1 tile:





____



____



____


# of arrangements= _____

----------------------------------------------------------------  

Choose 2 tiles:

____   ____  


____   ____


____   ____

____   ____


____   ____


____   ____



____   ____  


____   ____


____   ____

 

____   ____  


____   ____


____   ____




# of arrangements= _____

---------------------------------------------------------------- 

Choose 3 tiles:

____   ____   ​​​​____ 
 
 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


# of arrangements= _____

Blackline Master 3.5

My first tile is A (blue)

Choose 1 tile:





____



____



____


# of arrangements= _____

----------------------------------------------------------------  

Choose 2 tiles:

____   ____  


____   ____


____   ____

____   ____


____   ____


____   ____



____   ____  


____   ____


____   ____

 

____   ____  


____   ____


____   ____




# of arrangements= _____

---------------------------------------------------------------- 

Choose 3 tiles:

____   ____   ​​​​____ 
 
 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


____   ____   ​​​​____ 

 ____   ____   ____


____   ____   ____


# of arrangements= _____

Blackline Master 3.6

Using 3 Colors

# of Tiles

|
# of Arrangements


1


|

______



2


|

______



3


|

______



4


|

______






|






|






|






|



n


|

______

Blackline Master 4.1
Occam’s Razor

or

The Principle of Parsimony

simple is best!

The simplest solution or explanation is often right.

Keep the number of elements involved to a minimum.  

Blackline Master 4.2

AMINO ACIDS

	Alanine
	
	
	
	

	Arginine
	
	
	
	

	Asparagine
	
	
	
	

	Aspartate
	
	
	
	

	Cysteine
	
	
	
	

	Glutamate
	
	
	
	

	Glutamine
	
	
	
	

	Glycine
	
	
	
	

	Histidine
	
	
	
	

	Isoleucine
	
	
	
	

	Leucine
	
	
	
	

	Lysine
	
	
	
	

	Methionine
	
	
	
	

	Phenylaline
	
	
	
	

	Proline
	
	
	
	

	Serine
	
	
	
	

	“Start”
	
	
	
	

	“Stop”
	
	
	
	

	Threonine
	
	
	
	

	Tryptophan
	
	
	
	

	Tyrosine
	
	
	
	

	Valine
	
	
	
	

	Average number of triplets per amino acid
	
	
	
	


Blackline Master 4.3

Amino Acids Encoded by Bases

1. A biologist is researching a short string of alligator DNA that has 90 bases.  How many amino acids will this encode?

2. A biologist is searching the human genome.  She finds a string of 100 amino acids.  How many bases coded for this string?

3. A molecular biologist learns that a protein of coronavirus that causes SARS has 3,402 amino acids of interest to her.  How many bases coded for those 3,402 amino acids?

4. Biologist Endicott is searching a strand of Felis domesticus DNA composed of 2457 bases.  How many amino acids will these bases encode?  

5. Biologist Murdoch is studying the evolutionary relationship between rats and mice.  The rat and mouse DNA sequences both consist of 702 bases.  How many amino acids will be encoded?

6. Biologist Kananack is researching the evolution of whales.  While searching the protein database, she finds a sequence of 789 amino acids that is remarkably similar to another species.  How many bases coded for this sequence? 

Blackline Master 5.1


Your slightly demented Math teacher has been sending students in your class strange emails.  The code has finally been broken!  Oddly enough, coming from a Math teacher your key was based on DNA code.  Take your assigned messages and use the mRNA grid below to decipher the message.

	First

Letter
	Second Letter
	Third

Letter

	
	U
	C
	A
	G
	

	U
	UUU

teacher
	UCU

     Danced
	UAU

weird
	UGU

gigantic
	U



	
	UUC

teacher
	UCC

Danced 
	UAC

weird
	UGC

gigantic
	C



	
	UUA

Math.
	UCA

Danced
	UAA

.
	UGA

.
	A



	
	UUG

Math.
	UCG

Danced
	UAG

.
	UGG

on
	G



	C
	CUU

Math.
	CCU

Chair
	CAU

eccentric
	CGU

brilliant
	U

	
	CUC

Math.
	CCC

Chair
	CAC

eccentric
	CGC

brilliant
	C

	
	CUA

Math.
	CCA

Chair
	CAA

jumped
	CGA

brilliant
	A

	
	CUG

Math.
	CCG

Chair
	CAG

jumped
	CGG

brilliant
	G



	A
	AUU

student
	ACU

Desk
	AAU

wobbly
	AGU

sat
	U

	
	AUC

student
	ACC

Desk
	AAC

wobbly
	AGC

sat
	C

	
	AUA

student
	ACA

Desk
	AAA

barked
	AGA

brilliant
	A

	
	AUG

the
	ACG

Desk
	AAG

barked
	AGG

brilliant
	G

	G
	GUU

fell
	GCU

At
	GAU

and
	GGU

dog
	U

	
	GUC

fell
	GCC

At
	GAC

and
	GGC

dog
	C

	
	GUA

fell
	GCA

At
	GAA

and
	GGA

dog
	A

	
	GUG

fell
	GCG

At
	GAG

and
	GGG

dog
	G


Created by Created by Gabric, 2003  Modified by Endicott, Kananack, Murdoch

Blackline Master 5.2

	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 1      

AUGUACCUCUUUUCACGGAUGACUGAUAAAGCGAUGAUAUGG

Intellectually yours,

Your Math teacher

CUT--------------------------------------------------

	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 2     

AUGUAUCUGUUCUCCCGGAUGACCGACAAGGCCAUGAUCUGA

Intellectually yours,

Your Math teacher

Blackline Master 5.3
	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 3      

AUGUACCUCUUUUCUCGGAUGACAGAAAAAGCUAUGAUUUAG

Intellectually yours,

Your Math teacher

CUT--------------------------------------------------

	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 4     

AUGCAUCUUUUUCAACGGAUGUGUAAUACUGAUGUUUAA

Intellectually yours,

Your Math teacher

Blackline Master 5.4
	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 5      

AUGCACCUCUUCCAGCGGAUGUGCAACACCGACGUCUGA

Intellectually yours,

Your Math teacher

CUT--------------------------------------------------

	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 6     

AUGCAUUUGUUUCAGCGGAUGUGCAAUACAGAAGUAUGG

Intellectually yours,

Your Math teacher

Blackline Master 5.5
	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 7      

AUGCACUUAUUCCAACGGAUGUGCAACACGGAGGUGUAG

Intellectually yours,

Your Math teacher

CUT--------------------------------------------------

	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 8     

AUGUAUCUGAUUAAAGCUAUGUUUGAUCAACGGAUGGGUUAA

Intellectually yours,

Your Math teacher

Blackline Master 5.6
	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 9

AUGUACCUAAUAAAGGCGAUGUUCGAGCAGCGGAUGGGAUAG

Intellectually yours,

Your Math teacher

CUT--------------------------------------------------

	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 10     

AUGUAUCUCAUCAAAGCAAUGUUUGAACAACGGAUGGGGUGA

Intellectually yours,

Your Math teacher

Blackline Master 5.7
	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 11      


AUGAGACUCGGGCAGCGGAUGUGUCCUGAUAAAGCUAUGAUUUGG

Intellectually yours,

Your Math teacher

CUT--------------------------------------------------

	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 12     

AUGCGCCUGGGACAACGGAUGUGCCCCGACAAGGCAAUGAUAUAA

Intellectually yours,

Your Math teacher

Blackline Master 5.8
	Math Student – important message


From:
Your Math Teacher

To: 
One of my Favorite Math Students

Time:
Math class time

Subject:
Important message 13      


AUGCGGCUAGGUCAGCGGAUGUGUCCAGAAAAAGCCAUGAUCUAG

Intellectually yours,

Your Math teacher

CUT--------------------------------------------------

Blackline Master 5.9 Amino Acids Chart

Second nucleotide

	 
	U 
	C 
	A 
	G 

	U 
	UUU Phenylalanine  
	UCU Serine  
	UAU Tyrosine 
	UGU Cysteine  
	U 

	
	UUC Phenylalanine 
	UCC Serine
	UAC Tyrosine 
	UGC Cysteine 
	C 

	
	UUA Leucine  
	UCA Serine 
	UAA STOP 
	UGA STOP 
	A 

	
	UUG Leucine 
	UCG Serine 
	UAG STOP 
	UGG Tryptophan 
	G 

	C 
	CUU Leucine
	CCU Proline 
	CAU Histidine 
	CGU Arginine
	U 

	
	CUC Leucine 
	CCC Proline 
	CAC Histidine 
	CGC Arginine 
	C 

	
	CUA Leucine
	CCA Proline
	CAA Glutamine  
	CGA Arginine 
	A 

	
	CUG Leucine 
	CCG Proline
	CAG Glutamine
	CGG Arginine 
	G 

	A 
	AUU Isoleucine
	ACU Threonine  
	AAU Asparagine
	AGU Serine  
	U 

	
	AUC Isoleucine 
	ACC Threonine 
	AAC Asparagine 
	AGC Serine 
	C 

	
	AUA Isoleucine
	ACA Threonine 
	AAA Lysine 
	AGA Arginine 
	A 

	
	AUG Methionine  or START 
	ACG Threonine
	AAG Lysine 
	AGG Arginine
	G 

	G 
	GUU Valine  
	GCU Alanine 
	GAU Aspartic acid 
	GGU Glycine 
	U 

	
	GUC Valine
	GCC Alanine 
	GAC Aspartic acid
	GGC Glycine
	C 

	
	GUA Valine 
	GCA Alanine 
	GAA Glutamic acid 
	GGA Glycine 
	A 

	
	GUG Valine 
	GCG Alanine 
	GAG Glutamic acid
	GGG Glycine
	G 


Blackline Master 5.10  Homework

Exercises 5.1

1) Given the Amino Acid Chart, what is the probability of getting “Isoleucine” when the bases are put into triples? Why?

2) Given that we have Proline, what is the probability that it will begin with a C? 

Why?                     That it will end in A?  Why?

3) What is the probability of getting a G in the middle of a triple in our Amino 

Acid Chart?

Why?

4) If our codes were groups of 2 instead of groups of 3, what would be the probability of starting a group with a G?    Why?

5) What is the probability that the code fore Methionine begins with a C?

Blackline Master 6.1

Exercises 6.1:

1) What is the number of ways to choose 2 tiles from 2 colors?  List them.

2) What is the number of ways to choose 2 tiles from 5 colors?  List them

3) What is the number of ways to choose 5 tiles from 7 colors? 

4) What is the number of ways to choose 3 tiles from 6 colors? 

5) What is the number of ways to choose 4 tiles from 5 colors?

6) What is the number of ways to choose 7 tiles from 6 colors? 

7) What is the value of (n-1)! if n = 4?

For those who understand these well:

*8)  If we are choosing 3 tiles, and we get 210 arrangements, how many colors are we choosing from?

Blackline Master 7.1

Assessment






Name ____________________

5 points per number:

We have a package of orange and black M&M candies (for Halloween).  The bag has an equal number of orange and black M&Ms inside.

1) If we are only eating one M&M, list the different ways that one M&M could be choosen. 

2)  If we are eating 2 M&Ms, list the different arrangements that we could choose.

3-7)  Fill in the table below.  (Total of 25 points available for this table.)


# of M&Ms eaten

|
# of arrangements


1

|
_____



2

|
_____



3

|
_____



4

|
_____



.

|



. 

|



. 

|



n

|
_____

8)  What is the probability of choosing so that we get two black M&Ms?

9)  What is the probability of choosing so that we get at least one orange M&M?

10)  What is the probability of choosing so a red M&M from our "Halloween bag"?

11)  How many bases exist in our DNA?

12)  If we have fragment of DNA with a string of 60 bases, for how many amino acids would this string code?

13)  If we had a string of 60 amino acids, we would need a string of how many bases to code for it?

14)  If our bag of M&Ms has 7 colors in it, we could make how many arrangements of 3 colors when we can not repeat a color?       (Be sure to show the mathematical work that leads to your answer.)

15)  If our bag of M&Ms has 7 colors in it, we could make how many arrangements of 7 colors when we can not repeat a color? 
(Be sure to show the mathematical work that leads to your answer.)

(over )

(Total of 25 points available for the question below.)

16-20) NASA reports finding an alien creature on Europa.  The DNA structure is believed to consist of five to seven bases that work like our DNA bases, just more of them.  NASA's robotic craft determines that this

creature has 48 amino acids.  What are possible number of bases that should be grouped together to allow for the coding of this creature's DNA?   (Defend your possible answers mathematically.)  Which of these is your selection for the best number for DNA bases to group together and why?
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� � HYPERLINK "http://www.ac-rennes.fr/pedagogie/svt/cartelec/cartelec_lyc/premiere_s/vegetal/adn/adn_frag.gif" ��www.ac-rennes.fr/pedagogie/svt/cartelec/cartelec_lyc/premiere_s/vegetal/adn/adn_frag.gif�, 7/28/2004


� � HYPERLINK "http://www.esa.int/export/images/double_helix_l.jpg" ��www.esa.int/export/images/double_helix_l.jpg�, 7/28/2004
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