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Abstract

This project has been inspired by the 1995 discovery in China of a very bird-like reptile Sinosauropteryx and then, in 2000, of a fossil specimen identified only as “Dave.” The amazing feature about this latest find was that Dave clearly showed evidence of being covered with feathers. And yet, he was also a dinosaur.

The idea that birds evolved directly from dinosaurs has been debated since the discovery of the an archaeopteryx fossil in 1861. Careful scientific analysis shows this species to be transitional - intermediate in structure between birds and dinosaurs.

Evidence continues to accumulate supporting the idea that birds did, in fact, evolve from dinosaurs. The activities in this module will use both the tools and the data that is currently being considered in this debate.

To substantiate their claims of relatedness between species scientists have developed several tools that compare and align data. The mathematics behind these tools is an interesting study in its own right. This project will seek to bring the two fields together for the purpose of exposing our young students to the concept that the study of modern biology is increasingly insufficient without the inclusion of an appropriate mathematics background.

The students will perform their own analysis of the data using binary systems, including binary addition. They will use also compute hamming distance to transfer data into a matrix. Neighbor Joining graphs will be used to suggest common ancestry. Finally, the students will access the Biology Student Workbench online in order to manipulate, compare and align large amounts of data effectively and accurately.

The Link Between Dinosaurs and Birds
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Grade Level: High School 9-12

Lesson Groupings: 

Individuals for lab completion and assessment materials,

Small Groups for work on the project, homework and lab work 

Whole class for discussion of Biology Students Workbench findings and genetics.

National Science Standards*

A: Science as Inquiry

Identify questions and concepts that guide scientific investigations

Design and conduct scientific investigations 

Use technology and mathematics to improve investigations and communications 

Recognize and analyze alternative explanations and models

Communicate and defend a scientific argument 

B: Life Science

Biological evolution

G: History and Nature of Science


Science as a human endeavor 


Nature of scientific Knowledge

* http://www.nap.edu/readingroom/books/nses/html/6e.html
National Math Standards*:  Topics in this module align with the following NCTM Standards.

Problem Solving

Reasoning and Proof 

Communication

Connections

Representation

* http://standards.nctm.org/document/chapter3/index.htm

Biology background: Systematics: Evolutionary Classification of Organisms

Evolutionary classification, or phylogenetics, creates classification that represents hypothesized relationships among groups of organisms. Systematists use a combination of fossil records, comparative anatomy, cladistical analyses and molecular data to understand the patterns of relationships among organisms.

The fossil record is an accumulation of all fossils found within layers of sedimentary rock and helps to reconstruct a geological time scale. Fossils are the remnants or impressions of organisms that lived in the past.

Homologies are similarities among species attributed to the inheritance of a feature from a common ancestor. Important information about common ancestry can be discovered by comparing different organisms’ anatomical, embryological and molecular homologies. A classic example of homologous structures is the comparison of the basic groups of bones in the forelimbs of different groups of vertebrates (whale, alligator, penguin and human). Although each forelimb is adapted for a different use, the bones are formed in the same way during embryological development, suggesting descent from a common ancestor.

Cladistics is based on the idea that members of a group share a common evolutionary history and are more closely related to members within their group than to other organisms. These groups are recognized as sharing unique, derived features not present in distant ancestors. A cladogram is a branching diagram that illustrates hypothesized relationships based on shared, derived characteristics. 

Comparative sequencing: Scientists also can compare DNA and RNA sequences among different organisms to unravel evolutionary relationships and common ancestry. These sequences can be used in comparison studies to determine phylogenetic relationships that can not be compared between morphological or fossil data.  Ribosomal RNA, chloroplast DNA, and mitochondrial DNA have proven particularly useful in these kinds of studies.

Molecular clock studies compare sequences of macromolecules (proteins and nucleic acids) among species, assuming that these macromolecules evolve at constant rates throughout time, and for different lineages. Changes in sequences (nucleotide or amino acid substitutions, or mutations) are used to develop ideas about the evolutionary divergence of species. The molecular clock hypothesis has been a powerful technique for determining evolutionary events of the remote past for which the fossil record and other evidence is lacking or insufficient. The reliability of this hypothesis is currently under debate in the scientific community.

Taxonomic Diagrams

Sometimes, biologists group organisms into categories that represent common ancestries, not just physical similarities. Early naturalists used physical characteristics and later, fossil data, attempting to represent evolutionary relationships among organisms. Today, modern classification systems use fossil data, physical characteristics and DNA/RNA information to draw increasingly accurate branching diagrams.

Phylogenetic trees, or phylogenies, represent hypothesized evolutionary relationships among organisms and may include extinct as well as modern species. Cladograms are based only on characteristics observable in fossil and existing species. The branching patterns in a cladogram are defined by the presence of unique, evolving innovations (derived characteristics) shared by all members of the group.

Curriculum Links

Students must have a basic understanding of molecular genetics before attempting this unit, because of references to the genetic code. The unit will take longer if the students do not have experience with the genomic analysis tools used on biology student workbench. 

Objectives

Technology: To use the website Biology Student Workbench and programs such as CLUSTALW, DRAWTREE and DRAWGRAM to suggest evolutionary connections
The students will learn to use Hamming distance to develop a distance matrix

The students will use the neighbor joining method to find common ancestors

The students will build a cladogram using information derived from matrices

Evolution: Student integration of evolutionary concepts of change over time 

Changes in derived characteristics of anatomy can be used as evidence of evolution.

Build phylogenetic trees to represent these changes.

Phylogenetic trees show the distance from one ancestor to the next

Inquiry: Employ scientific questioning and inductive reasoning to answer questions about evolution and human diversity

Draw conclusions from research data about evolutionary progression 

Use original research to conduct further explorations

Scope and Sequence See PowerPoint file Attachment

Materials

Student Lab report directions 

Activity sheets

Lab report rubric

Computers with access to the internet

Time Frame

This lesson plan is designed to take five classes of approximately 45 minutes

Day 1 -Power Point Presentation for introduction of the topic 

Day 2 -Students use binary systems and Hamming distance to construct matrices from fossil evidence

Day 3- Students learn Neighbor Joining method to find common ancestors of species

Day 4-Students utilize Biology Student Workbench to get a more accurate picture of common ancestors. Students use the program to draw a rooted tree and an unrooted tree.

Day 5- Assessment

DAY 1

PowerPoint presentation of evolution evidence basics

Cover the basics of systematics and cladistics

Engage Activity 1 Handout 1 - cladogram construction with the 5 paper dinosaurs

Homework Read article Mark meets Dave, Discussion questions on what happens when you discover what appears to be a new dinosaur in the field.

What do you want to know? What data do you collect in the field of paleontology?

Cladogram Construction

Objectives: Create a cladogram of these five dinosaurs using these pictures.

Definitions:

Cladogram - A branching, treelike diagram in which the endpoints of the branches represent specific species of organisms. It is used to illustrate phylogenetic relationships and show points at which various species have diverged from common ancestral forms.

Phylogenetic - Relating to or based on evolutionary development or history.

Directions:

Step 1 – Cut out each of the five dinosaur pictures.

Step 2 – Examine each of the pictures carefully. Notice the differences and the similarities between each of the dinosaurs.

Step 3 – Construct a tree that shows which dinosaurs seem to have a common ancestor. 

1. Allosaurus fragilis – 10 meters long, carnivorous, large teeth, bipedal

2. Struthiomimus altus – 3.5 meters long, carnivorous, no teeth, bipedal

3. Oviraptor philoceratops – 2.5 meters long, carnivorous (eggs?), beak, bipedal

4. Sinornithosaurus millenii – ~1 meter long, feathers

5. Gallus gallus – < 1 meter, no tail, bipedal, feathers, capable of flight
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DAY 2

Mathematics Introduced

Homework review discuss the data collected for Dave hand out incomplete chart of the five dinosaurs and 12 characteristics 

Discussion: Have students look at the 12 characteristics that were used to examine Dave and compare him to others.

Activity 2 (Optional activity for mathematics classes) Fill out the chart with the students by going over the Gallus skeleton with the students.  

Complete the binary chart by reading the article and using the pictures to guide you. 

From the chart use Hamming distance method to construct a matrix

Where does Dave (Sinornithosaurus millenii) fit on the evolutionary tree? Reconstruct your paper dinosaur cladogram by using pattern analysis of the 5 x 5 matrix 

Discussion of results 

Homework Construct a 5 x 5 matrix of Gallus gallus, Dave and 3 different species of dinosaurs using a chart made from paleontological evidence.

Day 2      Student Handout: Mathematics Class

Name _________________________               Date__________________

“Using the cladistic method for classification, [Dr Norell] picked up a six page document that listed 205 characters that described advanced theropods to guide him through the examination and description of Dave”. An example would be #12 from our chart. Fossil forelimbs less than half the length of the hindlimbs (0) or greater than half the length of the hindlimbs (1).

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

	Allosaurus fragilis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Struthiomimus altus
	0
	0
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1

	Oviraptor philoceratops
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1

	Sinornithosaurus millenii (Dave)
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	0
	1

	Gallus gallus
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1


Binary Addition/Hamming Distance

Using the binary chart above find the number of differences between each of the five species and make a matrix. 

	Species
	Allosaurus fragilis
	Struthiomimus altus
	Dave
	Oviraptor philoceratops
	Gallus gallus

	Allosaurus fragilis
	0
	
	
	
	

	Struthiomimus altus
	
	0
	
	
	

	Sinornithosaurus millenii (Dave)
	
	
	0
	
	

	Oviraptor philoceratops
	
	
	
	0
	

	Gallus gallus

(chicken)
	
	
	
	
	0


Day 2      Student Handout: Biology Class

Name _________________________               Date__________________

   “Using the cladistic method for classification, [Dr. Norell] picked up a six page document that listed 205 characters that described advanced theropods to guide him through the examination and description of Dave”. An example would be #12 from our chart. Fossil forelimbs less than half the length of the hindlimbs (0) or greater than half the length of the hindlimbs (1). 

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

	Allosaurus fragilis
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Struthiomimus altus
	0
	0
	1
	0
	1
	0
	1
	0
	1
	0
	0
	1

	Oviraptor philoceratops
	0
	1
	0
	1
	0
	1
	1
	0
	1
	1
	0
	1

	Sinornithosaurus millenii (Dave)
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	0
	1

	Gallus gallus
	1
	1
	0
	1
	1
	1
	1
	0
	1
	1
	1
	1


Hamming Distance

Using the above chart, find the number of differences between each of the five species and make a matrix. 

	Species
	Allosaurus fragilis
	Struthiomimus altus
	Dave
	Oviraptor 

philoceratops
	Gallus gallus

	Allosaurus fragilis
	0
	
	
	
	

	Struthiomimus altus
	
	0
	
	
	

	Dave
	
	
	0
	
	

	Oviraptor philoceratops
	
	
	
	0
	

	Gallus gallus

(chicken)
	
	
	
	
	0


Name______________KEY__________                            Date_____________________

                                                         Homework  Day 2

Below is a chart with the chicken, Dave and 3 other species of dinosaurs.  Use Hamming distance to build a 5 x 5 matrix. Can you make a conjecture about common ancestry ?

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

	Tyrannosaurus Rex
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Archaeopteryx lithographica
	2
	1
	2
	2
	2
	2
	0
	0
	0
	1
	0
	1

	Velociraptor mongoliensis 
	0
	0
	1
	1
	1
	1
	0
	1
	0
	1
	0
	1

	Sinornithosaurus millenii (Dave)
	1
	0
	2
	2
	1
	1
	2
	1
	0
	1
	0
	1

	Gallus gallus
	2
	1
	1
	3
	3
	2
	2
	0
	1
	1
	1
	1


	Species
	Tyrannosaurus Rex
	Archaeopteryx lithographica
	Velociraptor mongoliensis
	Sinornithosaurus millenii (Dave)
	Gallus gallus

	Tyrannosaurus rex
	0
	
	
	
	

	Archaeopteryx lithographica
	13
	0
	
	
	

	Velociraptor mongoliensis
	7
	8
	0
	
	

	Sinornithosaurus millenii (Dave)
	12
	7
	5
	0
	

	Gallus gallus

(chicken)
	18
	7
	13
	10
	0


Conjecture: According to our limited information (only 12 characteristics) the Tyrannosaurus rex is closest to Velociraptor and furthest from the chicken. Archaeopteryx is equally close to Dave and the chicken. Dave is closest to Velociraptor and the chicken is closest to Archaeopteryx.  This is confusing. Let’s use some more math to help clarify.

Name________________________                            Date_____________________

                                                         Homework  Day 2

Below is a chart with the chicken, Dave and 3 other species of dinosaurs. Use Hamming distance to build a 5 x 5 matrix. Can you make a conjecture about common ancestry?

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

	Tyrannosaurus rex
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	Archaeopteryx lithographica
	2
	1
	2
	2
	2
	2
	0
	0
	0
	1
	0
	1

	Velociraptor mongoliensis 
	0
	0
	1
	1
	1
	1
	0
	1
	0
	1
	0
	1

	Sinornithosaurus millenii (Dave)
	1
	0
	2
	2
	1
	1
	2
	1
	0
	1
	0
	1

	Gallus gallus

(chicken)
	2
	1
	1
	3
	3
	2
	2
	0
	1
	1
	1
	1


	Species
	Tyrannosaurus Rex
	Archaeopteryx lithographica
	Velociraptor mongoliensis
	Sinornithosaurus millenii (Dave)
	Gallus gallus

	Tyrannosaurus rex
	0
	
	
	
	

	Archaeopteryx lithographica
	
	0
	
	
	

	Velociraptor mongoliensis
	
	
	0
	
	

	Sinornithosaurus millenii (Dave)
	
	
	
	0
	

	Gallus gallus

(chicken)
	
	
	
	
	0


Conjecture:

DAY 3

 MATHEMATICS CONNECTIONS

Go over the homework. Students will need a correct homework from day 2 (using Hamming distance) in order to be able to complete the Day 3 assignment. 

How do we use math to calculate evolutionary ancestors and closeness?

Activity: Neighbor Joining - From the 5 x 5 matrix constructed during the previous day’s class time we will derive a phylogenetic tree. This is accomplished by combining the closest species into an internal node to signify a common ancestor. The process is called the Neighbor Joining Method. The students will combine species and calculate relative evolutionary distances in order to then make a more accurate phylogenetic tree or cladogram.

Make conclusion on relatedness of Dave to others based on the mathematical data.

Homework: Calculate the relative closeness of the homework set of species by using the neighbor joining method learned in class today.

Read Mitochondrial DNA and Biology Workbench Tutorial (instructions for the next day’s activities)
Student Handout Day 3                           KEY

We took information from the archaeologist’s binary chart and made a matrix to see how ‘far’ each species was from it’s closest relative. Here is our matrix. Let’s see if we can make a more accurate phylogenetic tree or cladogram. 

	Species:
	Allosaurus fragilis
	Struthiomimus altus
	Dave
	Oviraptor philoceratops
	Gallus gallus

	Allosaurus fragilis
	0
	5
	7
	7
	10

	Struthiomimus altus
	5
	0
	8
	6
	7

	Dave
	7
	8
	0
	4
	5

	Oviraptor Philoceratops
	7
	6
	4
	0
	*3

	Gallus gallus
	10
	7
	5
	*3
	0


Oviraptor and Gallus (the chicken) are the most closely related according to our information.  Lets combine those two into one internal node. Call the node OG.  Which species is the most closely related to OG ?

Calculate Allosaurus fragilis' distance from OG.

Allosaurus fragilis to Oviraptor: 7      Allosaurus fragilis to Gallus: 10 

 so Allosaurus to OG =[image: image2.wmf]2

10

7

+

 = 8.5

Continue filling in the matrix below by finding Struthiomimus altus' and then Dave’s average distance from the new node OG.

	Species:
	Allosaurus fragilis
	Struthiomimus altus
	Dave
	OG

	Allosaurus fragilis
	0
	5
	7
	8.5

	Struthiomimus altus
	5
	0
	8
	7.5

	Dave
	7
	8
	0
	4.5

	OG
	8.5
	7.5
	4.5
	0


Make conclusions from data about the common ancestor to Allosaurus fragilis, Struthiomimus altus, Dave and your “derived” ancestor OG.

	Species
	Allosaurus fragilis
	Struthiomimus altus
	DOG

	Allosaurus fragilis
	0
	5
	7.25

	Struthiomimus altus
	5
	0
	7.25

	DOG
	7.25
	7.25
	0


Make conclusions from data about the common ancestor to Allosaurus fragilis, Struthiomimus altus and your “derived” ancestor DOG

Student Handout Day 3
Name __________________________________                Date ____________________

We took information from the archaeologists binary chart and made a matrix to see how ‘far’ each species was from it’s closest relative. Here is our matrix. Let’s see if we can make a more accurate phylogenetic tree or cladogram. 

	Species:
	Allosaurus fragilis
	Struthiomimus altus
	Dave
	Oviraptor philoceratops
	Gallus gallus

	Allosaurus fragilis
	0
	5
	7
	7
	10

	Struthiomimus altus
	5
	0
	8
	6
	7

	Dave
	7
	8
	0
	4
	5

	Oviraptor Philoceratops
	7
	6
	4
	0
	*3

	Gallus gallus
	10
	7
	5
	*3
	0


Oviraptor and Gallus (the chicken) are the most closely related according to our information.  Lets combine those two into one internal node. Call the node OG.  Which species is the most closely related to OG ?

Calculate Allosaurus fragilis' distance from OG.

Allosaurus fragilis to Oviraptor : 7      Allosaurus fragilis to Gallus : 10 

 so Allosaurus to OG =[image: image3.wmf]2

10

7

+

 = 8.5

Continue filling in the matrix below by finding Struthiomimus altus' and then Dave’s average distance from the new node OG.

	Species:
	Allosaurus fragilis
	Struthiomimus altus
	Dave
	OG

	Allosaurus fragilis
	0
	
	
	

	Struthiomimus altus
	5
	0
	
	

	Dave
	7
	8
	0
	

	OG
	
	
	
	0


Make conclusions from data about the common ancestor to Allosaurus fragilis, Struthiomimus altus, Dave and your “derived” ancestor OG.

	Species
	Allosaurus fragilis
	Struthiomimus altus
	DOG

	Allosaurus fragilis
	0
	
	

	Struthiomimus altus
	
	0
	

	DOG
	
	
	0


Make conclusions from data about the common ancestor to Allosaurus fragilis, Struthiomimus altus and your “derived” ancestor DOG

Name______________KEY__________                            Date_____________________

Homework  Day 3

Below is the 5 x 5 matrix with the chicken, Dave and 3 other species of dinosaurs. Using the Neighbor Joining method find the species that would share common ancestry. Make a conjecture about common ancestry and build a cladogram.  

	Species
	Tyrannosaurus Rex
	Archaeopteryx lithographica
	Velociraptor mongoliensis
	Sinornithosaurus millenii (Dave)
	Gallus gallus

	Tyrannosaurus rex
	0
	
	
	
	

	Archaeopteryx lithographica
	13
	0
	
	
	

	Velociraptor mongoliensis
	7
	8
	0
	
	

	Sinornithosaurus millenii (Dave)
	12
	7
	5
	0
	

	Gallus gallus

(chicken)
	18
	7
	13
	10
	0


Dave and Velociraptor are closest in our matrix so we will join those two species into an internal node.

	Species
	Tyrannosaurus Rex
	Archaeopteryx lithographica
	Dave/ Velociraptor
	Gallus gallus

	Tyrannosaurus rex
	0
	
	
	

	Archaeopteryx lithographica
	13
	0
	
	

	Dave/ Velociraptor 
	
	
	0
	

	Gallus gallus

(chicken)
	18
	7
	
	0


Find the distance from the internal node formed by joining the Dave and Velociraptor to our other species.

*From our 5 x 5 matrix we see that Tyrannosaurus rex to Dave was 12. Tyrannosaurus rex to Velociraptor was 7. We average the 12 and 7 and come up with 9.5 as the distance from DV to Tyrannosaurus rex.

Do the same for Archaeopteryx lithographica A to D =7, A to V = 8 so (7+8) /2 = 7.5
Now for Gallus gallus. G to D = 10, G to V = 13 so (10 + 13) /2 = 11.5

Here is the completed 4 x 4 matrix:
	Species
	Tyrannosaurus Rex
	Archaeopteryx lithographica
	Dave/ Velociraptor
	Gallus gallus

	Tyrannosaurus rex
	0
	
	
	

	Archaeopteryx lithographica
	13
	0
	
	

	Dave/ Velociraptor 
	9.5
	7.5
	0
	

	Gallus gallus

(chicken)
	18
	7
	11.5
	0


Next we see that the chicken and archaeopteryx are now closest (7) so we will join them in an internal node.

	Species
	Tyrannosaurus Rex
	Archaeopteryx/ Gallus gallus
	Dave/ Velociraptor

	Tyrannosaurus rex
	0
	
	

	Archaeopteryx/  Gallus gallus
	15.5
	0
	

	Dave/ Velociraptor 
	9.5
	14.5
	0


*Find the distance from the internal node formed by joining the Archaeopteryx/Gallus gallus to Tyrannosaurus rex. 

From our 4 x 4 matrix we see that Tyrannosaurus rex to Archaeopteryx  was 13. Tyrannosaurus rex to Gallus gallus was 18. (13 + 18 )/2 = 15.5 as the distance from AC to Tyrannosaurus rex.

*Do the same for D/V to A/C.

DV to Archaeopteryx  was 7.5, DV to Gallus gallus was 11.5. ( 7.5 + 11.5)/2 = 14.5
Tyrannosaurus rex and the Dave/Velociraptor are closest as we see from the 3 x 3 matrix.

	Species
	Tyrannosaurus/

DaveVelociraptor
	Archaeopteryx/ Gallus gallus

	Tyrannosaurus/ DaveVelociraptor
	0
	

	Archaeopteryx/  Gallus gallus
	
	0


We have only one calculation left. How far is the Archaeopteryx/Gallus gallus node from our new Tyrannosaurus/Dave/Velociraptor?

Find the distance from AG to Tyrannosaurus  15.5

Find the distance from AG to Dave/Velociraptor  9.5

Our final distance is (15.5 + 9.5)/2 = 12.5

Conjecture:

Dave and Velociraptor are closely related and Archaeopteryx and the chicken are as well. Tyrannosaurus Rex is furthest from any of them. Recall we have built this tree from only 12 characteristics so the conjecture is limited by our small database.

Please stress that the numbers are only a relative distance since there are several ways to interpret this data.

                                              12.5         

     9.5

                                      2                                               3.5                  3.5 

                            2.5                  2.5                    


            Sinornithosaurus        Velociraptor           Archaeopteryx            Gallus      

              millenii                      mongoliensis          lithographica              gallus                 

          

Tyrannosaurus

Rex

Name___________________________                            Date_____________________

Homework  Day 3

Below is the 5 x 5 matrix with the chicken, Dave and 3 other species of dinosaurs. Using the Neighbor Joining method find the species that would share common ancestry. Make a conjecture about common ancestry and build a cladogram.

	Species
	Tyrannosaurus Rex
	Archaeopteryx lithographica
	Velociraptor monogoliensis
	Sinornithosaurus millenii (Dave)
	Gallus gallus

	Tyrannosaurus rex
	0
	
	
	
	

	Archaeopteryx lithographica
	13
	0
	
	
	

	Velociraptor monogoliensis
	7
	8
	0
	
	

	Sinornithosaurus millenii (Dave)
	12
	7
	5
	0
	

	Gallus gallus

(chicken)
	18
	7
	13
	10
	0


Dave and Velociraptor are closest in our matrix so we will join those two species into an internal node.

	Species
	Tyrannosaurus Rex
	Archaeopteryx lithographica
	Dave/ Velociraptor
	Gallus gallus

	Tyrannosaurus rex
	0
	
	
	

	Archaeopteryx lithographica
	13
	0
	
	

	Dave/ Velociraptor 
	
	
	0
	

	Gallus gallus

(chicken)
	18
	7
	
	0


Continue using the neighbor joining method until you have found the distances of each species to a common ancestor.
Day 4

Computer Lab     Student Handout

Computer alignment and Phylogenetic trees: Use Biology Student Workbench http://bighorn.animal.uiuc.edu/cgi-bin/sib.py
With our original 5 x 5 matrix we can use an applet to calculate the neighbor joining and draw an accurate (according to our limited data) tree.

Here’s the address:

http://www.dina.kvl.dk/~sestoft/bsa/Match7Applet.html 

Change sequence count to 5 and enter the data from our original matrix 

Click build tree

Compare the rooted tree given to the one you made.  Were your conclusions accurate?

Now for the good stuff:

http://bighorn.animal.uiuc.edu/cgi-bin/sib.py 

Open Student Interface

Log on (if you haven’t created an account you will need to do this now)

Create a New Session

Name it: Dino Lab

Open Nucleic Tools

Click Add

Click Browse and locate the data file Dino Data (Complete Set).txt

Upload data file 

Click Save 

Select our original five species

Click CLUSTALW

Import Alignment

Select group

Drawtree to produce an unrooted tree

Click return and select group again.

Drawgram to produce a rooted tree

This should be a much more accurate tree since we have 222 categories to compare the species. Now choose your own set of 15 species and start from step 8. 

Clustalw to make the full tree using alignment and 

DRAWTREE unrooted

DRAWGRAM rooted

Print work

Deductive reasoning: Confirm hypothesis of dinosaur relationships done with alignments and both phylogenetic tree diagrams. Compare with the original hypothesis of with pictures on phylogenetic tree done the day before

HW  ethics articles on human diversity  draw conclusions from research on human evolution and diversity of Homo sapiens
DAY 5

Discussion of lab results 

Discussion of evolution of human diversity and race 

Complete lab quiz 

Supplementary Materials

Describe any off-line worksheets and/or activities you will design.

Activity 1 Lab: Cladogram data completion 

Activity 2 Math worksheets

Activity 3 Lab: Biology Student workbench Phylogenetic trees 

Quiz

Assessment of Students

completion of Phylogenetic trees 

lab report including paper fossil cladograms and Biology Student workbench computer materials for activity 3

discussion and homework 

quiz  

Evaluation of the Lesson

Engagement of students in activities and application of inquiry skills 

Improved test scores on the unit tests in subject area evolution molecular genetics 

Application and synthesis of subject area knowledge in evolution to improve scientific reasoning

Glossary

Internal node

Cladogram

Matrix

Binary

Binary system

Chart

conjecture

Hamming distance

Neighbor joining

Phylogenetic tree

Rooted tree

Theropod

systematics

Unrooted tree

References 

Hwang, S.H., M.A. Norell, Q. Ji, and K.-Q. Gao. 2002. Matrix and character list from New specimens of Microraptor zhaoianus (Theropoda: Dromaeosauridae) from Northeastern China. American Museum Novitates 3381:1-44. 

http://research.amnh.org/~sunny/datasets.html
DIMACS materials 

http://bsw-uiuc.net/
http://www.naturalhistorymag.com/0701/0701_feature.html
http://workbench.sdsc.edu 

http://aleph0.clark.edu/~djoyce/java/Phyltree/distances.html 

Suggested Reading

http://www.talkorigins.org/faqs/archaeopteryx/info.html#specimens
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