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I.  Module Overview

The student will be introduced to one of the mathematical models utilized by biologists as they look for similarities between the genes in different species for the purpose of making evolutionary connections or to compare an unknown gene sequence to a known genome.

Specifically, students will learn how to apply several dynamic programming techniques to optimally align base strings globally and locally.  By applying these algorithms students will be working through biological problems using a mathematical approach. 

II.  Introduction and Background Information

     A.  History and application

The science of biology is all about constructing meaning from the information. In the last couple of decades, an enormous new category of information has become available about living systems. An array of technical revolutions in molecular biology, still ongoing, have made it possible to get enormous amounts of information about the sequences of amino acids in proteins and the sequences of bases in nucleic acids. To construct meaning from the sequence information, the array of computer techniques called bioinformatics has been developed. To understand the basic idea of bioinformatics, one might think of a written language. The text you are reading consists of a series of letters, words, sentences, and paragraphs. If you did not know the meanings of the words and the rules of the language, this page would just be a collection of meaningless symbols. Similarly, the first time scientists saw gene and protein sequences, they saw a string of symbols with no clear meaning in terms of biological function. But now, bioinformatics is showing us many things about what sequences mean. (Biology Workbench Tutorial)

In 1957 Richard Bellman was the first to use the term Dynamic Programming and it was originally related to computers. Biologically, dynamic programming can be used to globally align base strings using the Needleman-Wunch approach and can be used to locally align base strings using the Smith-Waterman algorithm. When used, it always returns the best solution and reduces the number of calculations that need to be performed. It can only be used with optimal structures and needs to be tailored to each type of problem.

     B.  Topic description


Dynamic programming algorithms will be used to integrate nucleotide base alignments with mathematical processes to achieve an optimal solution in a minimal number of steps. Utilizing mathematical algorithms such as dynamic programming in an application setting like nucleotide base alignments allows for efficient, reliable results for biological problems. 

     C.   Intended audience

1. Algebra 1, Algebra 2, and Biology classes. 

2. Length of module is approximately 3-4, 45-60 minute class lessons.  

     D.
Prerequisite knowledge 

1. Introductory biology 

a. Structure of DNA is a double helix 

b. Base pairing of nucleotides guanine (G), adenine (A), cytosine (C), and    

    thiamine (T)

c. Complementary base pairs: G pairs with C on each strand and A pairs with T   

    on each strand.  

d. Aligning two strands of code is to compare the base sequences. 

2. Counting, adding integers, and applying multiple computational rules.

     E.   Materials


1. Day one



a. Overhead projector



b. Transparency markers



c. Computer and presentation device (optional)



d. DNA beads


2. Day two



a. Overhead projector



b. Transparency markers



c. Computer and presentation device (optional)


3. Day three



a. Overhead projector



b. Transparency markers



c. Computer and presentation device (optional)



d. DNA beads

III.
Teacher’s Guide

A. Mathematical Concepts in these lessons- 

The first lesson involves the use of number patterns and requires the student to guess the rule for the pattern.

The students will also be required to follow a scoring procedure that requires them to add a value from a scoring rule to 3 other numbers, and then determine which sum has the greatest value.  The value from the scoring rule is determined by comparing corresponding positions in two strings of bases.  There are 3 possible outcomes when comparing corresponding positions 1.)  the letters in the positions match, 2.) the letters in the positions are a mismatch,  or 3.)  the corresponding positions contain a letter and a gap.  The scoring rule is known as a gap scoring rule.
A matrix layout is used to keep track of the scoring. (see example below)  The first row of the matrix contains the letters of one of the base strings and the first column of the matrix contains the the letters of the other base string.  The other entries in the matrix are used to record the highest score that results from applying the gap scoring rule.  One possible gap scoring rule assigns +1 to a match,  0 for a  mismatch and -1 for a gap paired with any letter.

Matrix layout Example:  

	
	--
	A
	C
	T
	G

	--
	0
	-1
	-2
	-3
	-4

	T
	-1
	
	
	
	

	T
	-2
	
	
	
	

	G
	-3
	
	
	
	


 The following parts of this section contain an explanation of each Warm Up activity that is designed to lead into the concepts developed in the lesson and an explanation of each Handout for the lesson.

B. Lesson Activities –Please note that the student handout materials contain all the notes that the student needs in order to learn the concept in the lesson.  The purpose is twofold.  The instructor can have the student focus on the group presentation led by the instructor rather than having the student take notes and miss some of the points of the lesson.  The instructor can direct the student to underline relevant sentences in the notes.  Thus the student has an accurate reference when the homework problems are attempted.  Secondly, if a student is absent for the class lesson then the student materials essentially contain the teacher’s class presentation that was missed.

 1. Warm up 1
Hand out to students at the beginning of class to work on for a few minutes. This warm up is designed to get the students to practice counting and get them ready for the algorithms of the day. Review the warm up with the students before you start the lesson. 

2.  Handout 1
This hand out is the meat of the lesson. The students will review the objectives and background material for the lesson that is printed on the handout. If time permits, the teacher can go to the suggested web resources to illustrate some of these concepts. The teacher may also want to have the students play with DNA beads to internalize the physical nature nucleotide strings. In the “Guess the Rule” section of the handout, students will work in groups of two to four and examine the numbers on the grid to try to determine how the numbers were achieved. They need to guess the rule that was used. They need to confirm their rule on point C and justify their discovery. The “Check for Understanding” section allows the students to reinforce the understanding of their rule. 

3.  Assignment 1

The follow up assignment is a handout that the students will work on independently to reinforce the lesson.

4.  Warm up 2
Serves as a segue to the next lesson. Students will reinforce the previously learned rule in problem 1. Students will practice identifying patterns and review Pascal’s Triangle and the Fibonacci Sequence as well. Have students work on the warm up before starting the lesson.

5.  Handout 2
Have the students read through the objectives for the lesson so that they know what is expected of them. The teacher will walk through how to calculate the optimal score on the first grid by counting the distance to each vertex. After calculating the optimal score, the teacher, with help from the students, will trace back from the lower right corner to the upper left corner to find the shortest paths. In the third graphic, the students will have an opportunity to work in small groups (3-4) to calculate the optimal score and trace the shortest paths and perhaps make a conjecture as to how many optimal shortest paths exist and how they might determine that. Students can then read a biological background that will segue into the next section. There is room for class discussion here at teacher discretion. The teacher will now introduce gap scoring. Students will have an opportunity in the next several examples to understand the gap scoring. Presentation methods vary depending on class time and teacher discretion.

6.  Assignment 2
This is the follow up to Handout 2

7.  Warm up 3
Students may work on warm up 3 in pairs or independently. This warm up allows the students to apply the scoring system that they learned in the previous lesson to pre-aligned strings. It offers students a different perspective on a previous topic.

8.  Handout 3
Students can read through the objectives for the lesson so that they know what is expected of them. The teacher, based on student suggestions, will review the scoring matrix on the handout to catch up any one that may have fallen behind or not completely understood the previous lesson. Global Alignment will now be introduced and practiced. After students have an opportunity to review background gene material with a partner, Local Alignment will be introduced. There is lots of room for class discussion in this lesson. Teacher, depending on level and time, may want to initiate discussions of advantages and disadvantages of different algorithms. The teacher can, if time permits and additional practice is needed, give the students two short strings of four-colored DNA beads. The students can identify the two strings they were given, optimally align them using an algorithm of their choice, determine the number of optimal alignments, and justify their work in a short presentation either after the activity or at the start of the next class as a warm up/segue.

9.  Assignment 3
This is the follow up to Handout 3

B. Extension Problems 

1.  Introduce the Student Biology Workbench referenced in the Resources for further exploration section to have students experience what biologists do when they are looking for optimal alignments between certain species. This is a great resource to illustrate the algorithms results on actual living organisms.

2.  Students can use the internet as a resource to find other applications of Dynamic Programming. This is an opportunity for individual projects and presentations. Students may also want to find other mathematical applications in biology.

3.  Students may want to create alternate scoring rules for optimal alignments and justify the use of their individual methods for different hypothetical situations.

C.  Resources for further explorations

1. http://cstaff.hinsdale86.org/~kgabric/DIMACS/
DimacsIntro.htm 

Website to learn fundamentals of DNA

2.  http://peptide.ncsa.uiuc.edu
This is the student interface to the biology workbench. The site is an excellent resource for non-bio teachers who want to develop a better understanding of the fundamental concepts in this module. It includes information and training that will enable you to do independent explorations in bioinformatics to enrich your formal class work. 

D.  Assessment and Conclusion

Assessment is embedded into each activity. During student group work, the teacher can assess the students’ progress by observation. The teacher can modify and adjust the level of the activity appropriately. Reviewing and/or grading the assignment can assess activities that involve students’ independent work via a handout assignment. Student presentations of group work can be a form of monitoring the students’ progress as well. There is a lot of room in the activities for the teacher to insert class discussion to further develop a concept. The activities in this module are designed for the average level student. The teacher can feel free to elaborate on any topic and to extend any of the assignments to student projects or presentations.

E.   References used in the Module
1.  Bioinformatics-Sequence and Genome Analysis, Mount, David W, Cold Spring  

     Harbor Laboratory Press, Cold Spring Harbor, NY, ISBN 0-87969-608-7, (2-13;64- 

     78)

2.   Introduction to Computational Molecular Biology, Steubal and Meidanis, PWS 

      Publishing, Boston, MA, ISBN 0 –534-95262-3, ((49-69)

3.   Introduction to Computational Biology, Waterman, Michael, Chapman & Hall, 

      London, UK, ISBN 0-412-99291-0, (183-232)
4.   Fundamental Concepts of Bioinformatics, Krane and Raymer, Benjamin 

      Cummings, San Francisco, CA, ISBN 0-8053-4633-3, (35-51)
5.    www.cs.uakron.edu
6.    www.maths.ex.ac.uk
IV.
Student and Teacher Materials

The following materials are masters of warm-ups, handouts, and assignments that are ready to be copied for classroom distribution or for classroom presentation via transparencies.

Name __________________


Riddle of the Genes

Warm Up 1

1.
What is the sum of the following list of integers?

-3, 5, 7, -4, 13, -20, 9

For #2-5, use the given computing rule to calculate the sum of the given ten integers. 

2.
Computing Rule: Change any negative integer to 0.



-3, 5, 0, -1, 11, 28, -18, -6, 25, 7

3.
Computing Rule: Change any positive integer to the next consecutive integer.



6, -4, -2, 1, 12, 27, 17, -5, 22, -7

4. 
Computing Rule: Change any even integer to 2.



-3, 5, 0, -1, 11, 28, -18, -6, 25, 7

5.
How many arrangements can be made with the letters A, T, C, and G?

Handout 1

Making the Connection:

Objectives: The student will be able 

· score the optimal path of a network

· identify the name of the DNA base chemical by its one letter symbol.

DNA Strings
“You ‘re kidding right?”

“No way the human is related to a pig!” 

“What’s that?”

“A change in one gene and I could have been a dwarf!”

“No way!”

Discovering the genetic relationships between different species of life that inhabit the earth is one of the riddles that biologists are trying to solve in order to establish the identity of the primal common ancestor for all species. Perhaps, a more important riddle is to find the genetic codes that are responsible for causing diseases in humans so that effective drugs can be developed to combat those diseases.

The code for a substring of bases in DNA would be written like this “ACG CCT AAC”

In order to better understand what the letters in the code represent, let’s start by recalling some fundamental terms needed to work with DNA.

Adenine (A), Guanine (G), Thymine (T) and Cytosine (C) are the names for the 4 base chemicals that make up DNA. The number of bases and the order of the bases form the code for what a gene will make. 

The “Bio Guru” link can help you review the biology terms

Link to "Bio Guru" 

One problem that a biologist tries to solve is to determine the optimal, or best, alignment (matching) between two strands of DNA.  In order to solve this problem, some math tools must be explored.

Dynamic Programming
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Guess the Rule:

	7

3
	2

4
	2

6

	4

2
	5

1
	1

3


1


2
3
4


8

Given:
The number represents the edge distance between two vertices

The goal is to determine the optimal distance from start to end.

The optimal edge distance to point A is 4 and 

the optimal edge distance to point B is 7. 

Investigate Determine the optimal edge distance to point C.  Explain your rule below.

Apply the Optimal Edge rule to calculate the optimal distance for the network.

Total Optimal Edge Distance ______________

Check for Understanding:


2
3
7

	
x

5
	y

z
	r

s

	
	
	


Justify your solutions:

1. If the optimal value to point A is 4, determine the value of x

2. Determine the possible values of y and z so that only one path is optimal

3. Determine the possible values for r and s so that only one path is optimal.

Dynamic Programming is a process for problem solving a larger problem by solving several smaller problems and keeping track of those solutions.

Follow up:  Assignment 1

Name __________________


Riddle of the Genes

Assignment 1


For problems 1 and 2, find the shortest path length from start to end.

1. 

	
	
	

	
	
	





	
	
	

	
	
	

	
	
	


2.

3.
How many ways are there to walk from A to B on the grid to the right, without backtracking? (hint: count the number of ways that you can reach a vertex starting at A and cumulatively work your way to B)


	
	
	

	
	
	

	
	
	



Do you recognize the famous pattern?

4.
Find the shortest path length from A to B for the following 4 by 5 grid.


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Extended Practice:

5.
Create your own grid (2x3, 3x3, or 3x4 edges) by indicating the edge weights as the distances to each node. Then, adjacent to that grid, duplicate that and find the shortest path without backtracking from the top left corner to the bottom right corner. How many ways can you achieve that shortest path?

6. 
Continue the pattern from problem 3 and complete how many ways there are to achieve the shortest path for a 6 by 6 grid. 

Name __________________


Riddle of the Genes

Warmup 2

1.
Given this simple network with node values indicating the number of ways to reach each node, find the number of ways to reach:


	
	
	

	
	
	


a) A     ______

b) B     ______

c) C     ______

2.
Given the first five rows of the following famous pattern called Pascal’s Triangle, please continue the pattern and complete the next two rows




        1




         1        1

                               1      2      1



        
    1     3      3     1

                           _____________________



  ___________________________

3.
Given the first five entries in the Fibonacci series, complete the next five entries of the series.


1, 1, 2, 3, 5, __, __, __, __, __

Handout 2:
Optimal Paths and Sequence Alignment

Objectives:  
The student will be able 

· determine the number of paths in a network that have the optimal score.

· trace back to start all paths of optimal length.

· apply the optimal string scoring technique to a global string alignment.

Review optimal score and counting paths:

	
	
	

	
	
	

	
	
	




	
	
	

	
	
	

	
	
	





	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Where are my genes?

From the discovery of DNA by Watson and Crick, biologists know that each human cell contains chromosomes that contain 3 billion base pairs. The 3 billion pairs are also referred to as a genome.  Recall that the bases are Adenine (A), Guanine (G), Thymine( T) and Cytosine (C). Hidden in this vast amount of data are our genes, those minute packets of information that make us who we are! Only 5 % of the billions of base pairs in a chromosome form genes or about 150 million bases. 

Thus, the riddle biologists are trying to solve is to determine which parts of the genome contain the genes.  In order to create a mathematical model of the genome, scientists use a single letter (A, C, G or T) to represent a base chemical in the code that represents a segment of the genome.  One of the phases in searching for a gene in a string of DNA is to create an alignment between two substrings.  For example, a scientist might be interested in determining the optimal alignment between two strings such as ‘AATCTATA’ and ‘AAGATA’.
 To determine the optimal alignment between two strings a scoring system must be utilized.  One possible scoring system assigns +1 for a match between two bases and a zero (0) for a mismatch.

	Base letter code

	String1
	A
	A
	T
	C
	T
	A
	T
	A
	Score

	String2
	A
	A
	G
	A
	T
	
	
	
	3 +3?

	value
	1
	1
	0
	0
	1
	?
	?
	?
	

	rule
	match
	match
	mismatch
	mismatch
	match
	
	
	
	


The Score of 3 + 3? looks strange!  Well, our scoring system does not indicate what to do when one string has more bases (letters) than the other.  If we are trying to align two sequences of bases in order to determine an evolutionary connection then a mismatch could be interpreted as a mutation. A missing base in a string can be interpreted as a deletion.  Our scoring system must be revised to give a score to a deletion, which creates a gap in the string.  The new scoring system must have a value for a match, a mismatch and a gap paired with a base.



Now let’s apply the Gap Scoring rule to the two strings ‘AATCTATA’ and ‘AAGATA’.

Rule:  
+1 for a match


0 for a mismatch


-1 for a gap

	Base letter code

	String1
	A
	A
	T
	C
	T
	A
	T
	A
	Score

	String2
	A
	A
	G
	A
	T
	-
	-
	-
	0

	value
	1
	1
	0
	0
	1
	-1
	-1
	-1
	

	rule
	match
	match
	mismatch
	mismatch
	match
	gap
	gap
	gap
	


The new score of this alignment is zero (0).  Researchers try different alignments between the two strings to find the best or optimal score that can be achieved by aligning the strings.  Sometimes there will be more than one way to align the strings that produces the optimal score. For instance:  A A T C T A T A


A A T C T A T A 


           -  A  - A G A T  -


A A  - G -  A T  -

Determine the Optimal Score and the number of alignments

Using the network arrangement introduce in the previous lesson as the math tool, the optimal score and the number of alignments that produce the optimal score can be determined.

Let’s look at two shorter strings ‘ACTG’ and ‘TTG’ to work as an example.

First setup a network grid and enter the strings in row 1 and column 1. Then enter the initial values in the second row and  second column using the gap scoring rule.

As scores are calculated and you move across a row or down a column, the 

number that is  entered is the sum of the previous entries. Therefore, the 

final entry is the total score.

	
	--
	A
	C
	T
	G

	--
	0
	-1
	-2
	-3
	-4

	T
	-1
	
	
	
	

	T
	-2
	
	
	
	

	G
	-3
	
	
	
	


The second row of numbers indicates that the score for paring (A,gap), (C,gap), (G,gap) and (T,gap)  is –4.

The –1 in the second column indicates the value of the pairing (gap, T).

Write the pairing represented by the other numbers in the second column.

 ___________ and ___________

How to compute the values for each cell in the grid

	
	--
	A
	C
	T
	G

	--
	0
	-1
	-2
	-3
	-4

	T
	-1
	???
	
	
	

	T
	-2
	
	
	
	

	G
	-3
	
	
	
	


To determine the value in the cell marked with  ??? (row 3, column 3), the gap scoring rule must be applied to the numbers in the three adjacent cells.  The value entered in this cell will be the greatest of the 3 calculations.


First:  if we pair (A, gap) then add –1 (gap penalty) to the –1 (from adjacent cell above)  Result  -1 + -1 = -2


Second:  if we pair (A,T) then add 0 (a mismatch) to 0 (from the diagonal cell to the upper left corner).  Result  0 + 0 = 0

Third:  if we pair (gap, T) then add –1 (gap penalty) to –1 (from left adjacent cell) 

Result  -1 + -1 = -2

Zero will be entered in cell (3,3) because it is the greatest of the three calculations.

	
	--
	A
	C
	T
	G

	--
	0
	-1
	-2
	-3
	-4

	T
	-1
	0
	
	
	

	T
	-2
	
	
	
	

	G
	-3
	
	
	
	


Notice that there is a line segment connecting cell (2,2) with cell (3,3). The connector will be used to determine the optimal path(s) thru the network and the number of different alignments that produce the optimal score.

It is your turn to apply the gap scoring rule to determine the optimal score.  Then we can determine how many optimal alignments exist.  Compute the values for the remaining cells in the grid.

Follow up:  Assignment 2

Name __________________


Riddle of the Genes

Assignment 2

For problems 1 and 2 please refer to the following scoring guide. 

+1 match



-1 mismatch



-2 gap

1.
Complete the scoring grid for ACT and TGT.


2. 
Complete the scoring grid for AGCGT and CAGT.


3. 
An initial gap is the first time a gap is introduced in an alignment.  A continuous gap is any gap that exists after an initial gap. Use the following scoring guide to complete the scoring grid for the strings in problem 2.





+2 match



-2 continued gaps



-1 mismatch



initial gaps are no charge


Name _____________________


Riddle of the Genes

Warm Up 3

For each alignment, calculate the score based on this scoring guide.






-2 gap (-)






+1 match






 -1 mismatch

1.
A  C  T

           T  G  C

2.
T  A  C  T


C  A   -  G

3.
G  G  C  T  -  T  A  A  A  T


G   -   T  T  A T A  G  C  T 

4.
-  T  G  C  A  A  T  C


A C  G  C  -   A  C  T  

Handout 3:  Optimal Alignment from the Optimal Paths

Objectives:  
The student will be able 

· identify the global optimal alignment of two strings by interpreting the optimal alignment paths in a scoring matrix;

· apply a revised gap scoring rule to determine optimal local alignments between two strings 

Review Scoring Matrix

	
	--
	A
	C
	T
	G

	--
	0
	-1
	-2
	-3
	-4

	T
	-1
	0
	-1
	-1
	-2

	T
	-2
	-1
	0
	0
	-1

	G
	-3
	-1
	-1
	0
	1


The optimal score as indicated in cell (6,5) is 1.  The bold lines indicate that there are two paths to the optimal score.  Therefore there are two ways to globally align the two strings.

Writing the Global Alignment


To write the first alignment, follow the path from zero to the right. Moving to the right is a horizontal move that means a gap is placed in the second string.  So the first pairing is (A, gap).  Continue on the path to the right which shows a diagonal move which means to pair the two letters at the head of the column and row (C,T).  Continuing on the path to the right shows anther diagonal move which pairs (T, T).  Finally, the last move along the path to the right is another diagonal move which pairs (G,G).


The first global alignment is written as 

Your turn:  State the other global alignment   


_______________

Practice:
Now that all the parts of a scoring matrix have been developed, apply what you have learned to determine the optimal global alignment between these two strings of bases ‘GAGT’ with ‘CCAGT’

Where’s my genes?

In a previous lesson, it was noted that each human cell genome contains 3 billion base pairs.  The code for the genes in each cell accounts for only 5% of all those billions of pairs.  Since the code for a gene is a tiny part of the entire genome string, scientists are interested in examining segments of the code rather than the entire code.  The term local alignment refers to working with a small segment of the genome string or a substring contained with in a larger string of genes.   On the average, a gene contains 15,000 base pairs, which are read in groups of three that ultimately form the code for a protein consisting of 5,000 amino acids.  If one of the 15,000 base pairs is changed then the protein will not form correctly causing death or a genetic disease such as dwarfism!!!

So, the code for a specific gene is a segment of the entire genome and the code for an amino acid in that gene would be a substring of that segment.  Thus the local alignment between a pair of stings is important to the researcher working on a cure for a specific disease.

Local Alignment Scoring Rule

The gap scoring rule is modified in the following manner:  The gap penalty will be separated into two parts a) an initial gap has the value of 0 and b) an gap adjacent to the initial gap has a score of –1.  A mismatch changes to -1 and the match value is still +1. 
A final modification in the rule makes determining the cell value even easier.  If the greatest value for a cell is negative then a zero becomes the value for that cell.  In other words, put a zero in any position in the table if all other rules result in a score lower than zero.  The new scoring rule is known as the Smith-Waterman Algorithm.
Here’s an Example:  Determine the optimal local alignments between these strings ‘AACCTATAGCC’ and ‘ACGATATA’

	
	--
	A
	A
	C
	C
	T
	A
	T
	A
	G
	C
	T

	--
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	G
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	C
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	2
	1

	G
	0
	0
	0
	1
	1
	0
	0
	0
	0
	1
	1
	1

	A
	0
	1
	1
	0
	0
	0
	1
	0
	1
	0
	0
	0

	T
	0
	0
	0
	0
	0
	1
	0
	2
	1
	0
	0
	1

	A
	0
	1
	1
	0
	0
	0
	2
	1
	3
	2
	1
	1

	T
	0
	0
	0
	0
	0
	
	
	
	
	
	
	

	A
	0
	1
	1
	0
	0
	
	
	
	
	
	
	


Explanation 

Row 2 and column 2 are set to zero because they represent an initial gap.

Except for cell (11,3) that has a value of 1, all the entries in row 3 have the value of 0 because applying the scoring rule results in a 0 using the mismatch calculation with the value from the diagonal cell.  The value for cell (11,3) is 1 because there is a match between the row and column letters.

Note that any increase in score is the result of a match.

Practice applying the revised scoring rule by filling in the remaining cells of the matrix.

Identifying the optimal local alignment

Visually search the completed matrix to locate the highest score in all the cells, from the highest score work backward until a score of zero is reached. The row and column letters corresponding to these cells form the optimal  local alignment.

State the highest score ________

State the best local alignment

Discuss:  Could there be more than on best local alignment

Follow up:  Assignment 3
Name __________________


Riddle of the Genes

Assignment 3

Determine the optimal local alignment for each pair of strings by completing the scoring matrix using the Smith-Waterman Algorithm.


1.







Optimal alignment(s) ___________________________________________________


Optimal alignment(s) ___________________________________________________

V. 
Solutions


This section contains solution masters to Warm ups and Assignments. 

Name __________________
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Warm Up 1 Solutions
1.
What is the sum of the following list of integers?

-3, 5, 7, -4, 13, -20, 9



ans:
7

For warm up #2-5, use the given computing rule to calculate the sum of the given ten integers. 

2.
Computing Rule: Change any negative integer to 0.



-3, 5, 0, -1, 11, 28, -18, -6, 25, 7



ans: 0+5+0+0+11+28+0+0+25+7=76

3.
Computing Rule: Change any positive integer to the next consecutive integer.



6, -4, -2, 1, 12, 27, 17, -5, 22, -7



ans: 7+-4+-2+2+13+28+18+-5+23+-7=73

4. 
Computing Rule: Change any even integer to 2.



-3, 5, 0, -1, 11, 28, -18, -6, 25, 7



ans: -3+5+0+-1+11+2+2+2+25+7=50

5.  
Computing Rule: Change any odd integer to 3.

6, -4, -2, 1, 12, 27, 17, -5, 22, -7

ans: 6+-4+3+12+3+3+3+3+22+7=58

Name __________________
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Assignment 1 Solutions


For problems 1 and 2, find the shortest path length from start to end.

1. 

	
	
	

	
	
	





	
	
	

	
	
	

	
	
	


2.


3.
How many ways are there to walk from A to B on the grid to the right, without backtracking? 


	
	
	

	
	
	

	
	
	



Do you recognize the famous pattern?

4.
Find the shortest path length for the following 4 by 5 grid.


	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Extended Practice:

5.
Create your own grid (2x3, 3x3, or 3x4) by indicating the edge weights as the distances to each node. Then, adjacent to that grid, duplicate that and find the shortest path without backtracking from the top left corner to the bottom right corner. How many ways can you achieve that shortest path?


6. 
Continue the pattern from problem 3 and complete how many ways there are to achieve the shortest path for a 6 by 6 grid. 


Name __________________


Riddle of the Genes

Warmup 2  Solutions
1.
Given this simple network with node values indicating the number of ways to reach each node, find the number of ways to reach node


	
	
	

	
	
	


d) A =1
e) B =10
f) C =2
2.
Given the first four rows of the following famous pattern called Pascal’s Triangle, please continue the pattern and complete the fifth and sixth rows.




        1




         1        1

                               1      2      1
                               1      3         3        1



  ___1____4____6___4___1_____



___1__ 5__  _10_   10_   5___1_____

3.
Given the first five entries in the famous Fibonacci series, please complete the next five entries of the series.


1, 1, 2, 3, 5, 8, 13, 21, 34, 55

Name __________________
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Assignment 2 Solutions
For problems 1 and 2 please refer to the following scoring guide. 

+1 match



-1 mismatch



-2 gap

1.
Complete the scoring matrix for ACT and TGT.


2. 
Complete the scoring matrix for AGCGT and CAGT.



3. 
An initial gap is the first time a gap is introduced in an alignment.  A continuous gap is any gap that exists after an initial gap. Use the following scoring guide to complete the scoring matrix for the strings in problem 2.

+2 match



-2 continued gaps



-1 mismatch



initial gaps are no charge



Name _____________________
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Warm Up 3 Solutions
For each alignment, calculate the score based on this scoring guide.






-2 gap (-)






+1 match






 -1 mismatch

1.
A  C  T

           T  G  C


ans: -3


-1  -1  -1

2.
T  A  C  T


C  A   -  G


-1 1  -2  -1






ans: -3

3.
G  G  C  T  -  T  A  A  A  T


G   -   T  T  A T A  G  C  T 


1  -2  -1 1  -2 1 1  -1 -1 1






ans: -1

4.
-  T  G  C  A  A  T  C


A C  G  C  -   A  C  T  


-2 -1 1  1 -2  1 -1  -1






ans: -4

Name __________________
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Assignment 3 Solutions
Determine the optimal local alignment for each pair of strings by completing the scoring matrix using the Smith-Waterman Algorithm.


1.
















Optimal alignment(s) ___________________________________________________
















Optimal alignment(s) ___________________________________________________
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+1 for a match between bases


 0 for a mismatch between bases


-1 for a gap paired with a base





+1 for a match
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Calculating the optimal score


















































2





2





1








5





1








4





7








4





3








1





1





5





4





3





3





2





2





5





1





8





7





4





9





3





1





6





2





4





4





7





4





5





3





1





5





4





5





1





8





8





3





2





4





1








7








2








1








3








3





start





Calculating the optimal score and trace the shortest paths.
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Student answers will vary
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Fill in the Smith-Waterman scoring rules





Match _____


Mismatch ______


Initial Gap ______


continued gap ____
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Fill in the Smith-Waterman scoring rules





Match _____


Mismatch ______


Initial Gap ______


continued gap ____
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For example:
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Continuous 
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