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Everybody alive
today is related

True of humans -
and true of every
other species too
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These dogs (like all dogs) are distant
cousins. They shared a common ancestor
(at most) 30,000 years ago.




AMERICAN KENNELCLUB « ESTABLISHED 3854

Certified Pedigree

Printed Certified Pedigrees

Just like humans, dogs have pedigrees and are
related to other dogs. Trace back far enough...
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All the carnivores are related
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Relationship of
Living Families of Carnivora



All the mammals are related

Over 5,000 species
have evolved over
200 million years

From Meredith et al.
Science 28, Oct 2011




And the vertebrates
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And
the
plants!
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Eukaryotic Tree of Life
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Saccharomyces cerevisiae Giardia lamblia



<5, 7] N
s P8 ; ot teria
M’:ﬂu"&. 7 4§ ' y

s
Archaea o 7 ; ! 4 ; K ‘“‘“\15{:
v / ; j';f ii Q\y\’ )

Current Tree of Life from Barton et al. Evolution



How do we know that
Common Ancestry is true?



Theodosius Dobzhansky (1900-1975)

committed Russian
Orthodox Christian

1974 - “Nothing in Biology
Makes Sense Except in
the Light of Evolution”



What is the evidence for
common ancestry?
Homology

— “Unexpected” similarities among organisms
Classification

— Hierarchical nesting of taxa within taxa
Biogeography

— Similar species occur near one another
The fossil record

— Transitional forms in temporal sequence

— The “fossil record” mnside us (genetics)



Deep Homology ..

n |grasping

e Distantly related

leapin
organisms share -
structural similarities i
* Function varies
* Explicable by common swimming
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Homology

e Also true of molecular data

;\’ BioEdit Sequence Alignment Editor o |D|§]
File Edit Sequence Alignment View Accessory Application RMA World Wide Web Options ‘Window Help
&0
5 A\cox2,3.bio -0 =
g |Coutier Nen z”“ El B 9 total sequences
Mode: |Select / Side ¥ Selection:0 Sequence Mask: None Start
I e o1 -j Postion: Numbering Mask: None e at |
- G TG T <3037 GAT TTHE Seroll L] 0|
gI1DLD ‘éﬁ mﬁ Eﬁ%.ﬂ' ill?!il“!ﬁ"’;—ﬂu:fe: @MIE ? speed slow o fast
[ A""IV""V"V]"7"'V"l7""""""?""'IV"'[V"V"'YV"""YVY'I"'YIY"'I'YVYI"V'IVY"lV'VV'"'VlVV""V"I""I"V'I'
= 10 20 30 40 30 60 70 80 90 100 110 120
RRO1 — CCNACTNCGNTGGCAGGTTALAGAGAGGGTATATACTATGGEACAGTGCAGCGALATTTGTGECATALACCATGETTTTATGCCTATAGTTGTGEAAGCTGTTTCEGTTACCA
RR0Z2-cox? selGGECCGENNCCNCCCNCNGNGEEEEAANCALGNTALAGAGAGGETATATACTATGGEACAGTGCAGCGALATTTGTGECATALACCATGETTTTATGCCTATAGTTGTGEAAGCTGTTTCGTTACCA
RR03-cox? se CTHNCCANCNTGCGGAGNCANGGTALAAGAGAGGGTATATACTATGGGACAGETGCAGCEAAATTTGTGGCATAAACCATGETTTTATGCCTATAGTTGTGGAAGCTGTTTCGTTACCA
KRD4-cox? se GEEEEENGETTNCGCCTGCEEAGCCATGTNALAGAGAGGGTATATNCNNNGGACNGTGCAGCGALATTTGTGECATALACCATGETTTTATGCCTATAGTTGTGEAAGCTGTTTCGTTACCA
RR05-cox? se GNNCCHNACCAACTGCGENGECATGTTALAGAGAGGETATATACTATGEACAGT GCAGCGALATTTGTGECATAAACCATGETTTTATGCCTATAGT TGTGEAAGCTGTTTCEGTTACCA
KRD6-cox? se GENNNNNACAACTTCGETGCANGTTALAGAGAGGGTATATACTATGGACAGTGCAGCGALATTTGTGGECATAAACCATGETTTTATGCCTATAGTTGTGGEAAGCTGTTTCGTTACCA
RR07-cox? se G GCCCTNCCNNCTTGCGEAGCCAGGTALAAGAGAGGGTATATACTATGEEACAGTGCAGCGAAATTTGTGECAT AAACCATGETTTTATGCCTATAGTTGTGEALGCTGTTTCGTTACCA
KK08-cox? se CCHNACTNCGNTGGCAGGTTALAGAGAGGETATATACTATGGGACAGTGCAGCGALATTTGTGGCAT AAACCATGETTTTATGCCTATAGTTGTGGEAAGCTGTTTCGTTACCA
RR09-cox? gelil GEEEECETCCNCCTECEEAGCCANGTTALAGAGAGGGNATNTNCTNTGEACAGT GCAGCEALATTTGTGECATALACCATGETTTTATGCCTATAGT TGTGEAAGCTGTTTCEGTTACCA

]
| | BN
/




Nested hierarchical structure
“eroups within groups”
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Nested hierarchical structure
“eroups within groups”
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Why do we predict nested
hierarchical structure?

e Only branching evolutionary processes are capable of
generating nested hierarchical structure.

e For example, human languages, which have common
ancestors and are derived by descent with modification,
can be classified in objective nested hierarchies.

e Library books cannot be classified in this way (traits like
subject matter, author, date written, etc. overlap.)



Figure 5-2. The
skulls of a dog (A),
a North American
wolf (B), and a Tas-
manian wolf (C).
Notice that the skull
of the North Ameri-
can wolf is some-
what similar to the
dog’s, which is said
to be related to it,
but nearly identical
to the Tasmanian
wolf, which is
allegedly only dis-
tantly related to it.




o s

[
Of Pandas and People:

'  «“Notice the skull of the North

e American wolf is somewhat similar
to the dog's, which is said to be
related to it, but nearly identical to
the Tasmanian wolf, which is
allegedly only distantly related to it.”

North American wolf

s o Yk
Lo e 2 ’ \A";\"_.' y
. Fay




N. Am. wolf 58
Para-occipital process present

Ear bulla present

Carnassial tooth

Cheek bone & jaw joint

Tasmanian wolf

Tooth formula

Lacrimal bone visible from side




Para-occipital process present

Ear bulla present

Carnassial tooth
Cheek bone & jaw joint

Tooth formula

Carnassial tooth Lacrimal bone visible from side
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Kangaroo
Para-occipital process present

Ear bulla present

Cheek bone & jaw joint

Tooth formula

Lacrimal bone visible from side




Kangaroo
Para-occipital process present

Ear bulla present

Cheek bone & jaw joint

Tooth formula

Lacrimal bone visible from side




Not just the pouch

Similar traits among the Tasmanian wolf and other marsupials:

»Para-occipital process

=Do not have ear bulla

*Cheek bone meets jaw joint
=General tooth formula

= acrimal is visible from the side
"Wide nasal bones

=»Holes in palatal bones
»Reflected lamina

=Nuclear DNA

»Mitochondrial DNA

»Ribosomal genes



Biogeography

e Species (living and fossil) tend to live near
their closest relatives

Glyptodont




Biogeography: closely related species live
near each other

Charles Darwin wrote of the Galapagos finches: “Seeing this
gradation and diversity of structure in one small, intimately
related group of birds, one might really fancy that from an
original paucity of birds in this archipelago, one species has
been taken and modified for different ends.” (C. Darwin, 1859)
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Biogeography: closely related species live
near each other

Hummingbirds: New World not Penguins: Antarctica not
Old World the Arctic



Cactus: New World Euphorb: Old World
~1,750 species ~7,500 species






History of Marsupials

— All Australian
species evolved from
one species ~50
million years ago
which came from
South America
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Biogeography

e Facts about the distribution of fossils

e Facts about the distribution of types of
organisms (cactus, hummingbirds,
penguins, etc.)

e Facts about the distribution of native life
on islands (continental vs. oceanic)

The predictions of common ancestry and
descent with modification are borne out again
and again. No other theory can explain so well

36



Fossils

botit.botany.wisc.edu www.arizonaskiesmeteorites.com


http://botit.botany.wisc.edu
http://www.arizonaskiesmeteorites.com/

Evidence for common ancestry

 Fossil record

— Transitional fossils (sometimes in temporal
sequence): consistent with the existence of real
common ancestors

Living sister group Major clade
Transitional
fossils

>Traits




Origin of Tetrapods (4-limbed)

New tetrapod traits
include:

Limbs and digits
Interlocking vertebrae
- (connecting ribs)
Ears

Lungs instead of gills ,_?:.f#-i-if,l




Figure 4-9. The
bones of a crossop-
terygian fin com-

pared to the bones
of an ichthyostegid
forelimb.

The “fish-amphibian” transition:

8 digits

“Fins must have transformed into forelimbs.”
“...no such transitional species have been recovered.”

: Modern amphibians,
Greererpeton reptiles, birds, and
T mammals
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Acanthostega (~360 mya)
Found 1n 1952, eastern Greenland
Limbs: no ankles, paddle-like, 8 digits

* Skeleton: ribs too short to support weight out
of the water

Lungs: present, internal gills

‘First fossil evidence that feet did not evolve for walking!

7} "'—"\ ST
& Ly / :‘{ r ./ 2'..//4
,ﬁ = ‘i ‘&U Y‘ 2'{;‘ 4 <"§\’j’

Ahlberg et al. (2005
Nature




Ichthyostega (~363 mya)

Found 1n 1955, eastern Greenland
* Limbs: strong enough to support itself, hind
limbs were ‘flipper-like’, 7 digits

» Skeleton: able to support organs out of water,
but no lateral movement

* Lungs: present/gills

‘First fossil evidence for non-aquatic limb use!

N Ahlberg et al.
T oNae

e (2005) Nature




Pederpes (354-344 mya)

Found in 1971, but only described in 2002, western Scotland

e Limbs: forward-facing hind feet, non-paddle-
like, 5 digits!

* Skeleton: resembles that of Ichthyostega

* Lungs: present/gills

‘First fossil evidence for terrestrial locomotion! ‘

<™ Clack (2002)
Nature




o Tiktaalik roseae ~375 mya (unveiled in 2006)
* has fish gills/scales/fins
* has “fishapod” limbs, joints, ear

* has tetrapod ribs, neck, lungs

3 skeletons discovered in
Ellesmere Island, Nunavut,
Canada. Team led by Neil
Shubin (Chicago) and Ted
Daeschler (UPenn) found it
right where they expected

44



The origin of whales

The absence of unambiguous transi-
tional fossils is illustrated by the fossil
record of whales. The earliest forms ot
whales occur in rocks of Eocene age,
dated some 50 million years ago, but little

is known of their possible ancestors. By
and large, Darwinists believe that whales
evolved from a land mammal. The
problem is that there are no clear trans-

itional fossils linking land mammals to
whales. If whales did have land-dwelling
ancestors, it is reasonable to expect to

find some transitional fossils.
www.NCSEweb.org -- PUC, June 2006. “Evolution and Education.”




Is there a big problem
here? How could you
get from a land

animal to a whale (or
dolphin or porpoise)?
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Evolution of the whale
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Early Eocene artiodactyls

Hippos
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Living Cetacea




Early Eocene artiodactyls

Hippos

Pakicetus

Ambulocetus

Protocetids

Basilosaurids

Oldest known
whales are

quadrupedal Living Cetacea




Large paddle-like
hands

Early Eocene artiodactyls
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Early Eocene artiodactyls

Hippos
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Pakicetus

Ambulocetus

Protocetids

Basilosaurids

Living Cetacea

Nostrils move
further back along
skull



30 million years ago

Reprinted with permission from
Evolution: The Triumph of an ldea,
by Carl Zimmer.
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New York: Harper Collins Publishers, 2001
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cladogram from At the Water's Edge,

by Carl Zimmer, Free Press, 1998,

file source:

Cetacean Evolution (Whales, Porpoises, Dolphins)
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Odontocetes

55 ma

49 37
Pakicetus

Nalacelus PAKICETIDAE

Ichthyolestes
Gandakasia
Ambuloceius

Himatayacatus
- —

Attockicelus

Reminglonocetus

Kulchicetus

Andrevisiphius
Indocetus (Rodhocetus)

Takracelus
Artiocetus
e

Babiacatus

Pappocetus
FEocetus
Georgiacetus

Nafehitochia

34

AMBULOCETIDAE

REMINGTONOCETIDAE

PROTOCETIDAE

DORUDONTIDAE

ODONTOCETES

MYSTICETES




Vestigial Structures in Whales

Evolution would also predict that species
occupying very distinct environments from that of
a common ancestor might show vestigial
structures — structures obtained from a common
ancestor but no longer needed for the original
adaptive function.

Sources: top - Young, 1992; lower - http://www.lclark.edu/
~seavey/genetics04/home.html

4

Rudimentary tooth in lower jaw
of a baleen whale

The pelvic girdle seen in reptiles and
mammals as an adaptation for
support in tetrapods, is vestigial in
whales — it is a “fossil”’ footprint of
their ancestry and serving no
function today in swimming
descendants of tetrapods.


http://www.lclark.edu/~seavey/genetics04/home.html
http://www.lclark.edu/~seavey/genetics04/home.html
http://www.lclark.edu/~seavey/genetics04/home.html

* (A) Pan troglodytes, chimpanzee, modern

* (B) Australopithecus africanus, STS 5, 2.6 My

* (C) Australopithecus africanus, STS 71, 2.5 My

* (D) Homo habilis, KNM-ER 1813, 1.9 My

* (E) Homo habilis, OH24, 1.8 My

* (F) Homo rudolfensis, KNM-ER 1470, 1.8 My

* (G) Homo erectus, Dmanisi cranium D2700, 1.75 My

* (H) Homo ergaster (early H. erectus), KNM-ER 3733, 1.75 My

* (I) Homo heidelbergensis, "Rhodesia man," 300,000 - 125,000 y
* (J) Homo sapiens neanderthalensis, La Ferrassie 1, 70,000 y

* (K) Homo sapiens neanderthalensis, La Chappelle-aux-Saints, 60,000 y
* (L) Homo sapiens neanderthalensis, Le Moustier, 45,000 y

* (M) Homo sapiens sapiens, Cro-Magnon |, 30,000 y

* (N) Homo sapiens sapiens, modern



Brain size over time:

Australopithecus afarensis
Australopithecus africanus
Australopithecus robustus and boisei
Homo habilis

Homo erectus

Archaic Homo sapiens
Neanderthals
O Early modern Homo sapiens
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Fi1G. 4. Brain size (in cm?) plotted against time (Myr) for specimens attributed to Hominidae.

H. M. McHenry (1994). "Tempo and mode in human evolution." Proceedings of the National Academy of Sciences. 91(15), pp.
6780-6786. July 19, 1994. New data from McHenry (2002). “Introduction to the fossil record of human ancestry.” Ch. 23 of:
The Primate Fossil Record. Edited by W. C. Hartwig. pp. 401-405.

www.NCSEweb.org -- PUC, June 2006. “Evolution and Education.”



“Fossil traits” of humans

e Arrector pili muscles (goose bumps)
e Muscles to wiggle ears

e Coccyx (sometimes with attached muscle
to wiggle your non-existent tail)

e Embryos have a lanugo (coat of hair)
Yolk sacs

Branchial arches (become
gills in fish)



Recurrent Laryngeal Nerve

* Originates from the
vagal nerve, then
extends down the neck
into the chest, and then
back up to the neck
again (brain to larynx)

e |n fish, this nerve follows
a straight line (brain to . Y

gills)

lllustration: www.voiceproblem.org



Fossil genes are even
more impressive

We don’t smell well since hundreds of our genes for
olfactory receptors are broken (but there...)

Primates (and fruit bats) have genes for
metabolizing vitamin C, but they don’t work
anymore

We have hundreds of molecular markers shared only
with chimps, other shared with chimps and gorillas,
others with all great apes, etc.



Forensics in humans uses
molecular markers

= Thomas Jefferson
fathered Sally
Hemings’ last child
(at least) - Nature,
1998
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0000001 151241.3.911101513.7 (3) 65(1)1443)32.(4)16
0000011 14125.12.3.10.1110.13.13.7  {1)17(3)36.(4)21

000001 14.125.11.3.10.1110.13.13.7  (1)17.(3)37.(4)21

000001 14.12512.310.1110.13.13.7  (1)17(3)36.14)21

000001 14.12.5.11.3.10.1113.1313.7  (1)1643)27{4)21

0000011 141251:31011131313.7  (1)163)2744)21

000001 14.12511.3.10.1113.13.13.7  (1116.(3)27{4)21

1110007 17.126.11.311810.11146 (02)1.(3a)3.(1a)11.(32)30.
(4a)14.(4)2

000001 14.12511.3.10.1113.13.13.7  (1)16.(3).28.(4)20



These same forsensic techniques can be

used to detect our shared ancestry with

the other great apes
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Like other traits, endogenous

retroviruses are shared by groups
united by common ancestry
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Chimp genetic code opens human frontiers
Genome comparison reveals many similarities — and crucial differences
By Alan Boyle

Science editor
MSNBC

Updated: 4:20 p.m. ET Sept. 1,2005 | “More than a century ago Darwin and Huxley posited
that humans share recent common ancestors with the

Scientists unleashed a torrend African great apes. Modern molecular studies have
humans and chimpanzees on| spectacularly confirmed this prediction and have

DNA sequences are identical. . . . .
appears to contain clues to h refined the relationships, showing that the common

relatives in the animal kingda chimpanzee (Pan troglodytes) and bonobo (Pan

paniscus) are our closest living evolutionary relatives.
"We're really looking at an ing

spectacular,” said University ¢rw :
author of a study in the journal Nature presenting the draft of the chlmpanzee
genome.
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Chromosome numbers in
the great apes
(Hominidae):

human (Homo) Sy e
chimpanzee (Pan) 48

gorilla (Gorilla) 48 /
orangutan (Pogo) 48

Centromere

Telomere

The marks of that fusion
must appear in one of the human
chromosomes.

Centromere #1

Telomere
sequences

Centromere #2



Human Chromosome #2 shows the exact
point at which this fusion took place

Homo sapiens

centromere
#13 (inactive)

Telomere
sequences

centromere
#12 (active)

“Chromosome 2 is unique to the human
lineage of evolution, having emerged as a
result of head-to-head fusion of two acrocentric
chromosomes that remained separate in other
primates. The precise fusion site has been
located in 2q13-2q14.1 (ref. 2; hg
16:114455823 — 114455838), where our
analysis confirmed the presence of multiple
subtelomeric duplications to chromosomes 1,
5,8,9, 10, 12,19, 21 and 22 (Fig. 3;
Supplementary Fig. 3a, region A). During the
formation of human chromosome 2, one of the
two centromeres became inactivated (2921,
which corresponds to the centromere from
chimp chromosome 13) and the centromeric
structure quickly deterioriated (42).”

Hillier et al (2005) “Generation and Annotation of the DNA
sequences of human chromosomes 2 and 4,” Nature 434: 724-731.



Molecular similarities show a
single origin for all living things

e DNA/RNA - same 4 nucleotides

e Proteins - same 20 L-amino acids
e (Genetic code

e Ribosomes

e Similar membrane structures

e Shared metabolic pathways (ATP)
e Shared genes (many)




