Evolution 9
e send answer to iClicker Question 6A now.
* Molecular Evolution
* Molecular Phylogeny
- mutations
- molecular clocks
- examples (whales & HIV)
* iClicker Question 6B

Due in lab next week:

= pre-lab for Molecular Phylogeny (lab manual p. 27 and on-line)
= Skull lab report

= Meet in W-2-030 & -032
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Bio 112 Lecture and Lab Schedul&; REV

Date Topic
M1/25 Evolution 1: Introduction NONE
W 1/27  Evolution 2: Details
F1/29 Evolution 3: Population Genetics [
M2/1 Evolution 4: Population Genetics 11 01: Field Trip:
W2/3 Evolution 5: Population Genetics I1I Museum of Natural History
F2/5 Evolution 6: Natural Selection [report due week of 2/8]
M2/8 Evolution 7: Species & Phylogeny 02: Skulls & Evolution
W2/10 SNOW v
F2/12 Evolution 9: Molecular Phylogeny [report due week of 2/15]
M2/15 Presidents’ Day 03: Molecular Phylogeny
W2/17  Evolution 8: Taxonomy & Earth History
F2/19 Themes 1: Major Groups & Nutrition [report due week of 2/22]
M2/22  Themes 2: Size and Scale 04: Aipotu IV
W2/24  Themes 3: Size, Respiration, and Circulation
F2/26 Themes 4: Reproduction [report due week of 3/1]
M3/1 EXAM 1: Evolution & Themes 05: Eukaryotic Cells
W3/3 Plants 1: Introduction
F3/5 Plants 2: Mosses & Ferns [report due week of 3/8]
M3/8 Plants 3: Gymnosperms & Angiosperms I 06: Plant Diversity I
W3/10  Plants 4: Angiosperms II
E3/12 Plants 5: Monocots & Dicots
M3/15 SPRING BREAK NONE
W3/17 SPRING BREAK
F3/19 SPRING BREAK
M3/22  Animals I1: Introduction 06: Plant Diversity 11
W3/24  Animals 2: Invertebrates I
F3/26 Animals 3: Invertebrates 11 [report due week of 4/5]
M3/29 Animals 4: Invertebrates III 06: Plant Diversity Il
W3/31  Animals 5: Vertebrates Lab Practical Exam
F4/2 Physiology 1: Nervous Systems Introduction
M4/5 EXAM 2: Themes & Plants 07: Animal Diversity I: Trout
wW4/7 Physiology 2: Resting Potential
F4/9 Physiology 3: Action Potential
M4/12  Physiology 5: Input & Output 07: Animal Diversity II: Squid
W4/14  Physiology 6: Scent & Smell [report due week of 4/26]
F4/16 Physiology 7: Muscle
M4/19  Patriots” Day 07: Animal Diversity I1I:
W4/21  Physiology 8: Neurotoxins & Excretion Lab Practical Exam
F4/23 Ecology 1: Introduction & Climate
M4/26  EXAM 3: Animals & Physiology 08: Animal Behavior
W4/28  Ecology 2: Population Growth
F4/30 Ecology 3: Interactions I [report due week of 5/3]
M5/3 Ecology 4: Interactions II 09: Phylogenetic Collection
W5/5 Ecology 5: Interactions 111
F5/7 Ecology 6: Community Structure [rpt. to TA mailbox wk of 5/10]
M5/10  Ecology 7: Ecosystems NONE
W5/12  Ecology 8: Biogeochemical Cycles

Changes:

—~— « Evolution 8 and 9 switched

Be prepared !
— = Physiology 4 cancelled

~ Wednesday afternoon and night labs (sections 5, 6, and 11) will do both Skulls &
Evolution and Molecular Phylogeny on 2/17. Their HMNH reports will be due 2/17; the
Skulls and Mol Phyl reports will be due on 2/24.

2/10/10 2

Molecnlac Eyolution :Ckw\\cs i {thes CONM over Cuﬂl\rhbnarb hime

‘ , tomehmes
¥ due o murabion = Cl'\ay\ju I JNA fequenct —

(~ aming acio Jequence of proteins

Cl\amg es

Molecolar Phulogeny - wans difberences 1 MR orabein  Seavenced Brian White Ph.D. © 2011

Evolution9 Page 2


IT
Stamp


MO\Qtdlkr P}w\lO‘lth»' - us\'nj A»(ﬁrcncet th Buﬂ/fﬂ)‘,‘flr\ IC7vcn¢¢J
To [nfe- tvoluh‘ana,««\; /‘C(ahbnshnlff

bO\St’{__o_v\ T f"°\~-\a{0vx.~ R(Cumu[qho\ 0[: MJ{‘A{'c'onl ovir ‘[1Mc

Lot moe bme has pusced s\ace latk common ancestor
CLCk) the  woce dilferent e dequentts i\l b

o The moce ob'shv\H«‘ felatd Fwo  organimy are
The moce dftramt Mo  $tivenu YY)

(¢ wWee vers)

€ mubchont are fandons  bob averaged duer [ony Feran
Leovwilabr ab o~ constant ke

A(lp@,r\di'l\j on @ W\\)(’k[’sbk ml’c

® - Flew bl[t"‘).‘ o} Sequences - how Mam?
'Whhoru (b Can fke ¢ shi /c/ncﬁ'a,\

LW
2 molewlar clogk"

Brian White Ph.D. © 2011

Evolution9 Page 3


IT
Stamp


molechar Uock Witl @) pm{’e{,\
Paw’f' o(' Couular r&‘{n'mh'ok

Molecular Phylogeny Handout/ W done by L

Comparision of amino acid sequences of cytochrome ¢ proteins from Human and Cucumber.

The computer program first aligns the sequences to find the maximum number of matching
amino acids; these are indicated by the vertical bars “|”. It then counts the number of amino
acids which aricdenhcal in both ¢ fDChrOme ¢’s.

% Io [} ILCV\{I m(

Human: GDVEKGKKIFIMKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGYSYTAANKNKGIIWG
matches: | O o o o o o O P o N
Cucumber: GNSKAGEKIFKTKCAQCHTVDKGAGHKQGPNLNGLFGROSGTTPGYSYSAANKNRAVIWE

Human: EDTLMEYLENPKKYIPGTKMIFVGIKKKEERADLIAYLKKAT 103 This USCS,éhC SJJ‘EIG'ICt*Cf
matches: LAPE L Dl ) BT W) ) LTI T e

A = alanine
G= gycine,
etc.

Cucumber: EKTLYDYLLNPKKYIPGTKMVFPGLKKPQDRADLIAYLKEAT 110

These two species come from different kingdoms (plantae and animalia) and their cytochrome
¢’s only have 69 out of 102 amino acids that are identical. That is, 102-69 or 33 substitutions
have occurred since the two organisms last had a common ancestor.

oy With such a large number of substitutions, it is
e possible that a given amino acid has changed more than
1wl k pens/ (3) once. Since this multiple change would only appear to be
Animats] one substitution, it is necessary to compensate using the
1200 f"’"“"/ following formula:

raw substitutions)

Corrected substitutions = - 1[]0111'{1 -
\ 100

g

in this case :

“Myogiobin ]
@ Hem{)gl obin

B

corrected sub's = - 100111(1— 43 ok,
\" 100/

§ 7

g r

= -100In(0.67)

= 40 corrected substitutions
With fewer than 10 substitutions, the correction is not
necessary.

For cytochrome ¢, one substitution occurs roughly
every 21 million years. Therefore humans and plants last
common ancestor lived about 850 million years ago. This
agrees roughly with the fossil record.

g

g

g

Millions of years since common ancestor.
2

g8

Graph from The Structure
and Function of Proteins
Dickerson & Geis.

0 8 100 120 10 160
Corrected # of amino acid substitutions
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Bio 112 Molecular Phylogeny Handout
Question: What is the closest land relative of a whale, a Hippo, a Cow, or a Deer?

Data: ]?‘NA sequences from the same part of the same gene (the gene for casein, a protein found in milk) in all 4 organisms.
Wse n»\o(g (‘,d(ﬁ-r\ Cluol‘, . (-\)‘n.l dut - Wu -~ u ol Ao EGMI

Whale: AATCCCCAAAGCTAAGGAGACTATCCTTCCTAAGCATAAAGAAATGCCCTTCCCTATATC )
Hippo: AGTCCCCMAGQ‘?}MGGAGACTATCCTTCCTAAGCA’.PAAJ}GAMTGCCCTTC’;L'CTMATC) 8
Cow: AGTCCCCBAAGTGMGGAGAC'I'A'I'GGTTCCTMGCRCMGGAMTGCCCTTCCCTMATZ&
Deer: AGTCTCCGAAGTGAAGGAGACTATGGTTCCTAAGCACGAAGAAATGCCCTTCCCTARATA
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Wopo & clogest land relatine of Whale (of thece mammals)
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Molecular phylogeny & criminal justice

* 1994: Dr. Richard Schmidt accused of injecting his ex-girlfriend (the Victim) with
HIV (AIDS virus) from one of his patients.

* HIV evolves very rapidly, even leading to multiple different sequences in the same p]
patient!

« Police collected HIV samples from victim (V), Dr. Schmidt’s patient (P), and many
local HIV' individuals from the community who were unrelated to the case (LA)

+ They then used computer tools to construct the following phylogeny.

a

100% of bootstrap
replicates place
victim sequences

within patient
sequences

LADZRT

From: “Molecular evidence of HIV-1 transmission in a criminal case” by Michael L.
Metzker, David P. Mindell, Xiao-Mei Liu, Roger G. Ptak, Richard A. Gibbs, and David
M. Hillis. Proceedings of the National Academy of Sciences 99:22 14292-14297 (2002).
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