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[quiz]

Introduction
· it’s our last class together, then weeks before the exam
· in biology, evolution is called a unifying theory because it explains all diversity in biology (physiological, genetic, developmental, etc.)
· classic definition of evolution: descent with modification
· that implies some kind of relatedness between organisms
· Darwin believed all organisms could be mapped on a tree of life
· Linnaeus created a system of organization (kingdom, phylum, class, order, family, etc)
· these classifications are hypotheses
· we can never know if these relationships are true
· but we have sophisticated molecular techniques and we can get a good idea if we have DNA of past life
· today we’re studying evolutionary relationships
· it’s important to understand them because it’s a reason why we can use model animals to study disease in humans
· they have a lot of the same machinery we have
· we’ll use phylogenetics systematics: a method to reconstruct the pattern of events that led to distribution and diversity of life
· phylogenetic trees illustrate evolutionary relationships between groups of organisms of taxa; they are built using shared derived characteristics
· taxa is plural; taxon is singular
· suppose we have a list of organisms
· [see slide]
· collectively these form the vertebrates
· at some point in evolutionary history, they all developed a backbone
· we can then start defining the evolutionary relationships between the groups by considering what other traits they share
· at a certain time, a speciation event gave rise to the sharks and to the group on the right
· we can keep going up
· eventually we get a pretty well resolved tree
· at tips of branches on tree are the descendants; at bottom are ancestors
· we classify based on characteristics they share

Parts of the tree
· tips of the tree are descendant taxa
· nodes are where speciation happens
· sister groups – if we go back in time, A and B are more closely related than B and C because A and B have common ancestor
· taxon A and taxon B are sister groups
· [see slide]
· outgroup is a taxon outside of the group of interest that defines the ancestral state
· all members of group of interest are more closely related to each other than to the outgroup
· e.g. ancestral state for limbs is 2 limbs (2 fins on the ray-finned fish)

Today’s Lab
· goal is to take a taxa whose relationships are unknown to us, except we know they’re related to each other
· [see slide for potential hypotheses]
· the shared derived characteristics you use will determine what tree looks like
· the more characteristics you use, the better the tree will be
1. choose the taxa you’re interested in
· it can be narrow (like beetles) or broad (like major clades of insects)
2.  determine the characteristics and examine taxa to determine character states
· important to use homologous traits
· e.g. if we have insects and humans, having legs isn’t a good characteristic to use to build phylogenetic tree
· humans probably didn’t inherit legs from common ancestor with insects
· it’s probably unique with vertebrates
3. determine polarity of the characters with respect to ancestral state
4. group taxa by derived character states
5. build your tree

Exercise 1
· in Exercise 1 we will use group of caminalcules 
· these are fictional, made up by a prof in the 1980s
· [see slide]
· outgroup has been identified – it has no eyes
· ancestral state would be no eyes
· ingroup has eyes
· lab manual has table with original characters’ states
· give each group a code
· ancestral state is always 0
· [see tree on slide]
· speciation event gave rise to taxa with eyes
· these taxa are the ancestors to all these groups
· then there was another speciation event giving rise to wings
· we infer the 2 had a common ancestor from whom they inherited wings
· also common ancestor for posterior appendage and claws
· nodes represent speciation events
· internodes represent ancestors
· important to write the horizontal lines on the tree
· write what the transition was, and what direction it was
· usually we take the simplest explanation for the evolution as being true
· that’s the principle of parsimony
· [class participation]
· there is only one root; represents ancestor to all taxa
· nodes represent speciation events (events giving rise to new species)
· there are several nodes on the table, representing the ancestor to all of the higher groups
· branch goes from a node to a taxon
· A is the outgroup 
· there are several monophyletic groups on the tree
· monophyletic group is all the descendants after a node
· they can vary in size
· where there are nodes, there are monophyletic groups
· B and C is a sister group to E and F because if you go back down the tree, they share a common ancestor closer to each other than to any other group
· you can rotate any monophyletic group on its node and your tree will still have the same meaning

Exercise 2: build a tree
· fill out tables 5.3 and 5.4
· [worked individually]
· outgroup 
· abdominal markings absent
· neck length is long
· nasal horn absent
· no elbows absent
· head crest absent
· single/simple posterior appendage
· on an exam, be as formal with these as you can
· [see chart on slide]
· code 0 and 1
· if ancestral state is absent, then derived state in taxa is present
· we use 0 and 1 because they make it easier to visualize how to make character trees
· we have 6 different taxa and only know evolutionary relationship of I
· this is called a polytomy because we have several groups but don’t know their relationships
· there are cases when tree on board is correct; but not today
· I is the outgroup
· [see board]
· at certain point, necks went from being long to short
· taxa with short necks are C and D
· this tree shows relationships for one character
· we make a tree for each character, then put them all together into a big one
· relationships depicted on the board are fine but could be drawn better
· start by drawing 2 branches
· [see trees on slide]
· will do arts and crafts to see how to turn these into a fully resolved tree
· [did activity]
· QBCD and L all share character 1 and character 6
· we use many traits to resolve a phylogenetic trait
· if we only use 2, we get a polytomy without much resolution
· look for smaller groups in ingroup supported by 1 or more characters (trait 2 and trait 3)
· on the actual tree, you’d write the character state transitions
· add characters to resolve remaining polytomy
· once you have fully resolved tree, add outgroup onto the root
· steps to build phylogenies
1. find characters that define ingroup as a monophyletic group, distinct from outgroup
2. look for smaller groups within the ingroup supported by 1 or more characters
3. add characters that can resolve remaining polytomies
4. add homoplasious and unique derived characters to the tree 
· you probably won’t be asked to build one from scratch on the exam – but don’t quote him on that
Exercise 3: add a trait to a tree
· try to figure out where transition to no claws to claws should go
· it can appear on the tree more than once
· C has claws but D doesn’t
· so common ancestor to C and D didn’t have claws
· draw 7:0→1 somewhere along C branch
· claws also came into existence on L branch
· [see slide] 
· likelihood of top left tree occurring is higher than bottom right occurring because of the concept of parsimony
· least complicated explanation is the right answer

Exercise 4: mapping fossil taxa
· [see extinct fossils on slide]
· living organisms are on pipe cleaners
· cut out and tape fossils onto the proper part of the tree
· first identify if any of them are ancestral to the entire tree
· if so, it would go on the root
· [did activity]
· ancestral state of the caminalcules was long neck
· Q, B and L have elbows but I (ancestral state) doesn’t 
· so your fossils will elbows should be ancestral to Q, B and L
· C and D have not evolved elbows; so elbows shouldn’t be on evolutionary pathway to C and D
· [see slide for answer]
· fossils should be on root or internode, not the node

Phylogenies
· in medicine and any biology-related field, phylogenies are used
· in medicine, they do test medications on model organisms rather than humans, because we share a lot of the same machinery
· we need to know what’s close to us
· mice aren’t too far away from us
· insects are much further away from us
· SARS case study
· respiratory disease in 2002-2003
· over 700 people died from it
· there was worldwide panic and travel restrictions
· disease was transported by airborne particles
· this disease came out of nowhere
· scientists thought it was transmitted from animals
· didn’t take long to find out that masked palm civet (a mammal sold for food in southern China) was infected
· this led to mass slaughter of civets, because they thought it was the original source
· they conducted experiments on animals in the wild and found they became seriously ill if infected
· if they’d been exposed to it over long term, they’d have an immune system response to the disease
· but they didn’t have it, so SARS was probably pretty new in this species
· they tested more animals and found bats were carriers of SARS
· bats infected civets, which infected humans
· sequenced RNA from SARS that affected all 3 groups, then built phylogeny

Exercise 5: Phylogenetic tree for SARS
· [worked on questions]
· Tree 1
· [identified the most common ancestor to the 2 human strains]
· closest relative of human strain of SARS is the bat sister group (1, 2 and 3)
· according to this tree, it’s possible civets transmitted SARS to a common ancestor of bats and humans
· Tree 2
· [identified the most common ancestor to the human strains]
· closest relative of human strain of SARS is the civets
· we can’t tell from this tree if human strain comes from civets or bats
· bats probably infected civets and humans, but we don’t know from this diagram if the jump was from bats to humans or civets to humans
· Tree 3
· [identified the most common ancestor to the 2 human strains]
· tree supports the hypothesis that bats are the source of the human strain
· from these 3 trees, we haven’t really determined answer of transmission sequence
· [see slide of SARS phylogeny]
· bats all around – transmitted SARS to civets and to humans
· this is real data
· there’s a mysterious virus going through Saudi Arabia and Middle East – MERS virus
· it’s related to SARS
· if you look up SARS phylogeny, you’ll see MERS is closely related
· important to understand evolutionary transitions

Proposals
· TA wrote everyone thorough suggestions for improvement
· staple revised copy to the package you get back today
· revised proposal should be submitted to Turnitin and in hard copy to drop box outside RW 138
· you’ll be graded on how much you’ve improved 
· work on his comments
· feel free to add your own changes too
· if you see the word “ref” on the proposal, it means you should include a reference there

[returned proposals]

[completed TA evaluation]
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