Abstract
 
The study of how five different mammalian species have evolved, is to be studied: the white-tailed deer (Odocoileus virginianus) , the Virginia opossum (Didelphis virginiana) ,  the domestic cat (Felis cattus), the domestic dog (Canis familiaris), and the domestic horse (Equus caballus). In order to examine the different traits of these mammals, we must construct a phylogenic tree (a tree showing evolutionary relatedness) that illustrates both, molecular sequencing data and morphological data. The phylogenic tree that illustrates molecular sequencing is derived from the amino acid sequence of haemoglobin A in the mammal’s blood, the other phylogenic tree that illustrates morphological data was constructed based on the diversification of certain traits and characters of the species. After constructing both trees, it was found that in both phylogenetic trees, the cat and dog are related. Although for the other species, the morphological tree and molecular tree were not as identical. 
Introduction


Organisms can have completely different physical traits but can still be related.  The degree of relatedness depends on the overall similarities of any taxa and their ancestors and overall differences between those taxa. All species share DNA, and other similarities that first appeared in an ancestral taxon (Biology department, 2011). Ancestral taxon is a species that gave rise to at least one new daughter species during speciation (Maydan, 1992). 


Phylogenetic systematics describes relatedness of species through a branching tree diagram, a cladogram (Biology department, 2011).  Phylogenetic systematics is based on the idea that evolution of species can be represented as a branching pattern, describing the degree and time span of the relatedness of each species (Biology department, 2011). The basis for this is the identification of characters that first arose through a common ancestor and then evolved to a slightly different form in all descendants of that ancestor, which is referred to as synapomorphies (Biology department, 2011).  In deciding which of two or more phylogenetic trees is more likely to reflect the true evolutionary history of a group systematic, we must introduce a principle known as parsimony, the use of the simplest possible route .The most parsimonious tree is the simplest tree or the tree that contain the fewest evolutionary events (Biology department, 2011).

In this lab, five mammal species characters were to be examined; the white tailed deer (Odocoileus virginianus), which is the most common species in the lower 48 states, whitetails must cope with a host of predators that show no mercy to the weak (McDougall, 1997). The Virginia opossum (Didelphis virginiana), which is a relatively average-sized mammal with a pointed nose; usually black with leathery ears and white edges along with a prehensile tail (Caraway, 1998).  The domestic cat (Felis cattus) is a small furry domesticated carnivorous mammal that is valued by humans for its companionship and for its ability to hunt vermin and household pests (Feldhamer, 2007). The domestic dog (Canis familiaris) is a domesticated form of the gray wolf, a member of the Canidaefamily of the order Carnivora (Feldhamer, 2007). The last species is the domestic horse (Equus caballus) has an anatomy that enables them to make use of speed to escape predators and they have a well-developed sense of balance and a strongfight-or-flight instinct (Reeder, 2005).

The purpose of this lab is to compare the evolutionary hypotheses based on the differences in characteristic traits of these five different species and the differences in their genetic make up (Amino acid sequences of hemoglobin A). 

Methods


A group of four students were working with skulls of five mammal species: the white-tailed deer (Odocoileus virginianus) , the Virginia opossum (Didelphis virginiana) ,  the domestic cat (Felis cattus), the domestic dog (Canis familiaris), and the domestic horse (Equus caballus).  A table of different morphological characters was constructed. The first character was the size of maxilla which is a fusion of two bones along the palatal fissure that form the upper jaw. Number of skull openings posterior to the eye for each skull of the species was counted. Saggital crest which is a ridge of bone running lengthwise along the midline of the top of the skull and keel which is a thickening of bone on part or all of the midline of the frontal was determined for every skull.

The forth character was the contacts of nasal with maxilla and premaxillae in dorsal view of the skull were determined as it presents a large, irregular opening leading into the maxillary sinus. Incisors were also one of the characters; they are located in the premaxilla above and mandible below. Foot/ground during walking was also examined, these mammals fall under two categories, Plantigrade means walking flat on the ground while Digitigrade is an animal that walks on its toes. The seventh character was the number of teeth, which was found for the five species. Presence of canines was also found.  Differentiation of teeth and type for every species was determined. The tenth character was the type of diet for each species which can be omnivore (are species that eat both plants and animals as their primary food source) or carnivore (an organism that derives its energy and nutrient requirements from a diet consisting mainly or exclusively of animal tissue). 

Activity of period for each species was also found, diurnal (the behavior of animals whether they are active in the daytime) or nocturnal (mammals that can function only at night). The last character was the length of tail of each species. 


After the character table was constructed, a matrix table was developed. To polarize the character states for each species, the outgroup comparison method was used. Lizard in this case, as it has most ancestral is the outgroup which is a comparative group not included in the classification. All character states for the lizard would be coded as “0”. The rest of the taxa are all members of the ingroup and the character states of the taxon is determined as follows: if the character is the same as the outgroup, it is coded as 0; if it is different from the outgroup it is coded as 1, if the trait is different from both 0 and 1, then it is coded as 2 (its own separate category). Character matrices for all species were recorded in Table 2.


The first tree that was constructed was based on morphological data.  First of all, the character that separates the out-group from the in-group was found. Each evolutionary step on the tree is denoted with the number of the character and the derived character state in brackets. Every character supports the group of certain species. As for the second phylogenetic tree, it was constructed based on molecular data, the differences in the amino acid sequences of hemoglobin A sample. The percentage similarity for each species is calculated using the equation shown in the calculation section below. In order to find the average percentage difference, for each species, we took the average percentage of each species that is related to every other specie Subsequently, the tree was built using the average percentage of similarities.  A sample calculation is done below.

Results

Morphological, anatomical and physiological features and characteristics of five skulls were examined. Table 1 tabulates homologous characters and scores for the description and/or type of characters in each taxon. Subsequently, each taxa was polarized based in the character states of the out-group taxon (the lizard).  By definition, all character states for the lizard are coded as “0” and all the other species are members of the in-group. Based on the characteristics from Table 1, data matrix table was constructed (Table 2).


In order to find a character that is useful in grouping taxa, groups that share new characters, were found (identify and group by synapomorphies). Next, the relationships within the in-groups were defined. All the characters are included in the tree (figure 1). 


Table 3 and figure 3 indicates how percentage similarity data is used to a phylogentic tree using hemoglobin A percentage similarity for cat, dog, deer, horse and opossum species. The percentage similarity (table 3) for each species was calculated (as shown in sample calculation). Using that table, the average of the similarity was found and phylogenetic tree was constructed (figure 3).

Table 1. Homologous characters used to develop a character matrix for a cladogram for lizard, cat, dog, deer, horse and opossum species.

	Character
	Lizard
	Cat
	Dog
	Deer
	Horse
	Opossum

	1.Size of maxilla
	<1/2 skull length
	>1/2 skull length
	<1/2 skull length
	<1/2 skull length
	<1/2 skull length
	>1/2 skull length

	2.Number of skull openings posterior to the eye
	two
	two
	two
	two
	two
	two

	3. Saggital crest or keel (crest or keel on top and in back of skull
	none
	crest
	crest
	crest
	crest
	Keel

	4. Contacts of nasal with maxilla and premaxilla in dorsal view of the skull
	Separate
	Connected

	Connected

	Separate

Maxilla only
	Separate

Maxilla
Only
	Connected


	5. Incisors
	No
	Yes
	Yes
	Yes
	Yes
	Yes

	6. Foot/ground during walking
	Plantigrade
	Digitigrade
	Digitigrade
	Digitigrade
	Digitigrade
	Plantigrade

	7. Number of teeth
	Less than 20
	30
	42
	32
	40
	50

	8. Presence of canines
	No
	Yes
	Yes
	No
	No
	Yes

	9. Differentiation of teeth and type
	No
	Yes
	Yes
	Yes
	Yes
	Yes

	10. Type of diet (omnivore or carnivore)
	Omnivore
	Carnivore
	Carnivore
	Herbivore
	Herbivore
	Omnivore

	11. Activity period
	Diurnal
	Nocturnal
	Diurnal
	Diurnal
	Diurnal
	Nocturnal

	12. Length and type of tail
	Long tail
	Long tail
	Long tail
	Short tail
	Short tail
	Long tail


Table 2. Character matrix for a cladogram containing lizard, cat, dog, deer, horse and opossum.
	Character
	Lizard
	Cat
	Dog
	Deer
	Horse
	Opossum

	1.
	0
	1
	1
	0
	0
	1

	2.
	0
	0
	0
	0
	0
	0

	3.
	0
	1
	1
	1
	1
	2

	4.
	0
	1
	1
	2
	2
	1

	5.
	0
	1
	1
	1
	1
	1

	6.
	0
	1
	1
	1
	1
	0

	7.
	0
	1
	1
	1
	1
	1

	8.
	0
	1
	1
	0
	0
	1

	9.
	0
	1
	1
	1
	1
	1

	10.
	0
	1
	1
	2
	2
	0

	11.
	0
	1
	0
	0
	0
	1

	12.
	0
	0
	0
	1
	1
	0





        






       

                




                                           


 

                   

Figure 1. A Phylogeny depicting the relationship of these five mammals based on their morphological qualities.
Table 3. Similarity in haemoglobin A amino acid sequences for five species. 

	
	Cat 
	Dog
	Deer 
	Horse 
	Opossum

	Cat 
	100%
	87.94%
	82.27%
	70.92%
	69.50%

	Dog
	
	100%
	82.90%
	73.04%
	65.96%

	Deer
	
	
	100%
	78%
	71.63%

	Horse
	
	
	
	100%
	62.41%

	Opossum
	
	
	
	
	100%




Figure 3. A Phylogeny depicting the evolutionary relationship of the five different mammals based on their molecular make up.
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Similarity (%) =
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Domestic dog (Canis familiaris) vs. Domestic cat (Felis cattus)

Similarity = 100 - 
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Similarity percentage = 87.94 %
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Finding the average percentage relatedness.

For Deer,

Deer & Horse: 78 %

Deer &Cat: 73.04 %

Deer & Dog: 70.92 %

(78 + 73.04 + 70.92 ) / 3 = 73.97 %

Discussion


The purpose of this lab was to compare the evolutionary hypotheses. To do so, two phylogenetic trees were construced.The first cladogram for five mammalian species was built based on morphological features. For the morphological tree to be built (figure 1), characters of the species were examined and tabulated in table 1. Using that data, character matrix was found by using the outgroup comparison (table 2).  Figure 1 was built by first, finding a character that separates the outgrpup from the ingroup. Next, the relationships within the ingroup were defined. 


For the second phylogenetic tree, it was built based on molecular data by finding the differences in the amino acid sequence of hemoglobin A molecule. Like all proteins, hemoglobin A is made up of a string of amino acids and is the oxygen carrier in the bloodstream of animals (Biology department, 2011). The percentage similarity was found as shown in sample calculation and tabulated in table 3. Phylogenetic tree was constructed from the similarity data from table 3(figure 3). 


After constructing both trees, it was found that the only similarity between the two trees was that both phylogenetic trees supported that the domestic cat (Felis cattus) and the domestic dog (Canis familiaris ) were related. As for the differences, both trees were built based on different data. As for the morphological tree, it was more subjective and less acurate than the molecular tree which misrepresents the diversification and messes the fossil record (Sytsma, 2000).


Some of the differences of these trees can be addressed to local environmental factors which might have altered certain physical traits that allows a specie to look similar to one specie but be molecularly related to a different one. The problem with the morphological data is that there is a much larger room for error.

Identification of characters that first arose in the common ancestor and then evolved to a slightly different form in all descendants of that ancestor, is referred to as synapomorphies which is used to construct the tree (Biology department, 2011). A principle known as parsimony is used to decide which of the two phylogenetic trees is most likely to reflect the true evolutionary history of a group systematists (Biology department, 2011). The most parsimonious tree is the simplest tree or the tree that contains the fewest evolutionary events which in this case I think it is the molecular tree.


One of the limitations of these approaches is that they are essentially “all-or-nothing”; that is, they return a tree only if the input trees are compatible. But, incompatibility tends to rule rather than the exception for real biological data (Emonds, 2004).


The morphological trees represents relative recency of common ancestry and the amount of evolutionary change that has occurred along the different branches (Holmes,). While the molecular tree shows data that is obtained directly from the sequences themselves (Holmes, ). The discrepancy between both can be used to measure how good the fit is between the observed distances and the best tree representation.

Comparing both trees to the supertree (Emonds, 2007), the supertree indicates that the dog and the cat are close and related to each other. In both our trees, cat and dog were closely related species, which indicates that the evolutionary relationship between them is high. 
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