DNA SEQUENCE ANALYSIS






Imagine that I gave a class of 10 students an assignment to write 10,000 word essays on a certain topic. On the due date, I get back 10 papers that are almost identical. I get one superb paper from John; James’ paper is identical with one exception: word number 300 is different, and the sentence containing the difference now makes no sense at all.  Jan’s paper is identical to James’, except it has two nonsensical mistakes . . . the very same mistake at word #300, plus another at word #1,100. And Susan’s paper shares the very same mistakes at words #300 and #1,100, plus a new one at word #124.

How would you interpret this? Well first of all, the papers were not written independently. Even with the few differences, they are far too similar. Could they all have been copied from the same source, or all copied directly from John? Unlikely. The chance of Susan independently making exactly the same mistakes, at words #300 and 1100, that Jan made is extremely small. And extending the analysis, the chance of the tenth student independently making exactly the same eight errors as the previous student is basically zero. The only reasonable explanation is that James copied from John, and then Jan copied from James, etc.

Question #1:  Determine the order that the sentences below were incorrectly copied.  Identify the differences between the sentences and then order the sentences from 1 to 10, with 1 being the original sentence and 10 being the most divergent.  
	ID
	Sentence
	ORDER

	A
	We wish to suggest a structure for the salt of deoxyribose nucleic acid (D.N.A.).  structure has novel feature which is of considerable biological interests.
	

	B
	We wish to suggest a structure for the salt of deoxyribose nucleic arid (D.N.A.).  structure has novel feature of biological interests.
	

	C
	We wish to suggest a structure for the salt of deoxyribose nucleic arid (DNA).  structure has novel feature of interests.
	

	D
	We wish to suggest a structure for the salt of deoxyribose nucleic acid (D.N.A.).  This structure has novel features which are of considerable biological interest.
	

	E
	We wish to suggest a structure for the salt of deoxyribose nucleic arid (D.N.A.).  structure has novel feature of interests.
	

	F
	We wish to suggest a structure for the salt of deoxyribose nucleic acid (D.N.A.).  structure has novel feature which are of considerable biological interest.
	

	G
	We wish to suggest a structure for the salt of deoxyribose nucleic arid (D.N.A.).  structure has novel feature which is of considerable biological interests.
	

	H
	We wish to suggest a structure for the salt of deoxyribose nucleic acid (D.N.A.).  structure has novel features which are of considerable biological interest.
	

	I
	We wish to suggest a structure for the salt of deoxyribose nucleic acid (D.N.A.).  structure has novel feature which is of considerable biological interest.
	

	J
	We wish to suggest a structure for the salt of deoxyribose nucleic arid (D.N.A.).  structure has novel feature of considerable biological interests.
	


Question #2: Explain how the sentences analogy relates to examination of DNA sequences as a way to show relatedness between species of organisms.
Question #3:  The longer two species have diverged, the more time they have to accumulate mutations.  So, the more differences in a DNA between to species, the further in the past they had a common ancestor.  Based on the actual genetic information provided in the table, rank the 17 species from 1 (most like humans) to 17 (least like humans).  Write the species name on the lines.
	Species

Identity
	# of DNA differences in the myoglobin gene (compared to humans)

	Human
	--

	Chimpanzee
	1

	Sea slug
	123

	Pig
	11

	Otter
	15

	Sea lion
	19

	Porpoise
	20

	Kangaroo
	22

	Whale
	23

	Elephant
	23

	Platypus
	24

	Mouse
	26

	Penguin
	43

	Tuna
	84

	Carp
	88

	Shark
	90

	Chicken
	36


1)____________________

2)____________________

3)____________________

4)____________________

5)____________________

6)____________________

7)____________________

8)____________________

9)____________________

10)___________________

11)___________________

12)___________________

13)___________________

14)___________________

15)___________________

16)___________________

17)___________________

Calmodulin Practice Problem

Calmodulin (CaM for short) is a protein that mediates processes such as inflammation, metabolism, apoptosis, muscle contraction, intracellular movement, short-term and long-term memory, nerve growth and the immune response.  Calmodulin is expressed in many cell types and can have different subcellular locations, including the cytoplasm, within organelles, or associated with the plasma or organelle membranes.  CaM binds calcium ions.  When the CaM protein binds to calcium ions, it undergoes a conformational change, which enables it to bind to specific proteins for a specific response.  

You are going to be analyzing the actual gene sequence for the calmodulin protein from six different organisms.  The calmodulin gene (which codes for the protein) was selected for this activity because the DNA sequence of the gene is relatively short (only 450 base pairs).  You will be examining the CaM gene for:

	Metridium senile (brown sea anemone)
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	Oryza sativa (rice)
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Xenopus laevis (african clawed frog)


	Glycine max (soybean)
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	Homo sapiens (human)
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	Paramecium tetraurelia (paramecium)
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Question #4:  Draw a predicted phylogenic tree for the six organisms listed above. 
On the next page, you will get the actual calmodulin gene DNA sequence for the six organisms.  When DNA is sequenced, only one strand of the DNA is read as a template.   An * below the DNA sequence means that all the organisms have the exact same base in that location on the gene.  
Questions #5:  Create a data table like the one below in which you complete the NUMBER OF DIFFERENCES in the sequence of bases between each of the organisms and then compute the PERCENT DIFFERENCE between each species.  
	Base differences in the 450 base long Calmodulin gene between two organisms

	Organism 1
	Organisms 2
	# different
	% different

	African clawed frog
	Human
	
	

	
	Paramecium
	
	

	
	Brown sea anemone
	
	

	
	Soybean
	
	

	
	Rice
	
	

	Human
	Paramecium
	
	

	
	Brown sea anemone
	
	

	
	Soybean
	
	

	
	Rice
	
	

	Paramecium
	Brown sea anemone
	
	

	
	Soybean
	
	

	
	Rice
	
	

	Brown sea anemone
	Soybean
	
	

	
	Rice
	
	

	Soybean
	Rice
	
	


Questions #6:  Based on the % of DNA that is different between organisms, draw a phylogenic tree base on the calmodulin gene for the six species.  

Calmodulin Gene Sequence for Six Organisms. 
African_clawed_frog      ATGGCTGACCAACTGACAGAAGAGCAGATTGCAGAGTTCAAAGAAGCCTT
Human                    ATGGCTGATCAGCTGACCGAAGAACAGATTGCTGAATTCAAGGAAGCCTT
Paramecium               ATGGCTGAATAATTAACAGAAGAATAAATTGCTGAATTCAAAGAAGCCTT
Brown_sea_anemone        ATGGCTGATCAACTAACAGAAGAACAAATTGCTGAATTCAAAGAGGCTTT
Soybean                  ATGGCAGATCAACTCACCGATGAACAGATCTCGGAGTTCAAGGAAGCCTT
Rice                     ATGGCGGACCAGCTCACCGACGACCAGATCGCCGAGTTCAAGGAGGCCTT
                         ***** **  *  * ** ** **  * **  * ** ***** ** ** **
African_clawed_frog      CTCATTATTCGACAAGGATGGGGACGGCACCATCACCACAAAGGAACTTG
Human                    CTCCCTATTTGATAAAGATGGCGATGGCACCATCACAACAAAGGAACTTG
Paramecium               TGCTCTCTTTGATAAGGATGGTGATGGTACCATTACAACTAAAGAATTGG
Brown_sea_anemone        CTCTCTATTCGATAAAGATGGTGACGGTACCATTACCACCAAAGAGTTGG
Soybean                  CAGTTTGTTCGATAAGGATGGCGATGGTTGCATCACAACAAAGGAGCTTG
Rice                     CAGCCTCTTCGACAAGGACGGCGATGGTTGCATCACAACCAAGGAGCTGG
                              * ** ** ** ** ** ** **   *** ** ** ** **  * *
African_clawed_frog      GCACTGTTATGAGGTCGCTTGGACAAAACCCAACGGAAGCAGAATTGCAG

Human                    GAACTGTCATGAGGTCACTGGGTCAGAACCCAACAGAAGCTGAATTGCAG

Paramecium               GAACAGTTATGAGATCTCTTGGATAAAACCCAACTGAAGCTGAACTTCAA

Brown_sea_anemone        GAACAGTCATGAGATCGCTTGGACAGAACCCTACAGAGGCCGAGCTCCAG

Soybean                  GGACTGTTATGCGTTCGTTGGGTCAGAATCCAACAGAGGCTGAGCTCCAA

Rice                     GAACCGTGATGCGTTCGCTGGGGCAGAACCCAACGGAGGCCGAGCTCCAG

                         * ** ** *** * **  * **  * ** ** ** ** ** **  * ** 

African_clawed_frog      GATATGATCAATGAAGTCGATGCTGATGGCAATGGAACGATTGACTTTCC
Human                    GATATGATCAATGAAGTGGATGCTGATGGTAATGGCACCATTGACTTCCC
Paramecium               GATATGATCAACGAAGTCGATGCTGACGGTAATGGAACAATCGATTTCCC
Brown_sea_anemone        GACATGATCAATGAAGTTGATGCTGATGGAAATGGAACAATTGACTTCCC
Soybean                  GACATGATCAATGAAGTAGATGCTGATGGGAATGGCACCATTGACTTCCC
Rice                     GACATGATCAACGAGGTCGACGCGGACGGCAACGGCACCATCGACTTCCC
                         ** ******** ** ** ** ** ** ** ** ** ** ** ** ** **
African_clawed_frog      TGAATTTCTTACTATGATGGCTAGAAAAATGAAGGACACAGACAGCGAAG
Human                    CGAATTTTTGACTATGATGGCTAGAAAAATGAAAGATACAGATAGTGAAG
Paramecium               TGAATTTTTATCTTTGATGGCTAGAAAAATGAAGGAATAAGATTCTGAGG
Brown_sea_anemone        CGAGTTTCTCACCATGATGGCCAGAAAAATGAAGGACACAGACAGTGAAG
Soybean                  TGAGTTCTTGAACCTCATGGCTAGAAAGATGAAGGACACTGATTCTGAGG
Rice                     GGAGTTCCTCAACCTGATGGCACGCAAGATGAAGGACACCGACTCGGAGG
                          ** **  *     * *****  * ** ***** **    **    ** *
African_clawed_frog      AGGAAATCCGAGAAGCATTCCGTGTTTTTGACAAGGATGGGAACGGCTAC

Human                    AAGAAATCCGTGAGGCATTCCGAGTCTTTGACAAGGATGGCAATGGTTAT

Paramecium               AAGAATTAATTGAAGCTTTCAAAGTCTTTGATAGAGATGGAAACGGACTC

Brown_sea_anemone        AAGAGATCCGTGAAGCTTTCCGTGTATTCGACAAAGACGGCAATGGCTTT

Soybean                  AGGAGCTGAAAGAGGCGTTCCGAGTGTTTGACAAGGACCAGAATGGGTTC

Rice                     AGGAGCTCAAGGAGGCGTTCAGGGTGTTCGACAAAGACCAGAACGGCTTC

                         * **  *    ** ** ***   ** ** ** *  **    ** **    

African_clawed_frog      ATCAGCGCTGCTGAATTACGTCACGTCATGACAAACCTCGGGGAGAAGTT
Human                    ATCAGTGCAGCAGAACTACGTCACGTCATGACAAACTTAGGAGAAAAACT
Paramecium               ATTTCTGCTGCTGAATTGAGACATGTTATGACAAATTTGGGAGAAAAATT
Brown_sea_anemone        ATCAGCGCAGCTGAGCTTCGACATGTAATGACCAATCTTGGTGAAAAATT
Soybean                  ATTTCTGCTGCTGAGCTCCGCCATGTGATGACCAACCTTGGGGAGAAGCT
Rice                     ATCTCCGCCGCCGAGCTCCGCCACGTCATGACCAACCTCGGCGAGAAGCT
                         **    ** ** **  *  * ** ** ***** **  * ** ** **  *
African_clawed_frog      AACAGACGAAGAAGTTGACGAAATGATAAGGGAAGCAGATATTGATGGTG
Human                    AACAGATGAAGAAGTAGATGAAATGATCAGAGAAGCAGATATTGATGGAG
Paramecium               AACTGACGATGAGGTTGATGAAATGATCAGAGAAGCTGATATTGATGGAG
Brown_sea_anemone        AACAGACGAAGAAGTCGACGAGATGATCCGAGAGGCTGACATTGATGGTG
Soybean                  CACTGATGAAGAGGTTGATGAGATGATTCGAGAGGCTGATGTCGATGGCG
Rice                     GACCGACGAGGAGGTCGACGAGATGATCCGCGAAGCCGACGTCGACGGTG
                          ** ** ** ** ** ** ** *****  * ** ** **  * ** ** *
African_clawed_frog      ACGGCCAAGTAAACTACGAAGAGTTTGTACAAATGATGACAGCAAAGTGA
Human                    ACGGACAAGTCAACTATGAAGAATTCGTACAGATGATGACTGCAAAATGA
Paramecium               ATGGACATATCAACTATGAAGAATTCGTCAGAATGATGGTTTCTAAATGA
Brown_sea_anemone        ATGGTCAAGTTAATTATGAAGAGTTTGTCAAGATGATGACCTCCAAGTAA
Soybean                  ACGGCCAAATAAACTACGAGGAGTTTGTTAAGGTCATGATGGCCAAGTGA
Rice                     ACGGCCAGATCAACTACGAGGAGTTCGTCAAGGTCATGATGGCCAAGTGA
                         * ** **  * ** ** ** ** ** **     * ***    * ** * *






























