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Chapter 26:

Molecular systematics has revealed that
animals,
including humans, and fungi, such as
mushrooms, are more closely related to
each other than either are to plants.
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Phylogeny & Systematics

N

= Phylogeny = the evolutionary history of a species or
group of species

¢ To construct a phylogeny we use systematics, which
classifies organisms based on common ancestries
inferred from...
= fossil records
= morphological & biochemical resemblances

= molecular evidence (DNA/RNA Nucleotide & Protein Amino
Acid Sequence comparisons)

= Systematics ey
¢ Classifying organisms and
determining their evolutionary |
relationships 3

= connects classification system to
phylogeny by categorizing & naming === 0=
AP Biology Organisms | 2004-2005




e
Fossil record
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= Sedimentary rock are the richest
source of fossils

¢ This fossil record is a substantial, but
an incomplete chronicle of evolutionary
history
+ incomplete historical document of biology
+ history of life on Earth
Is punctuated by
mass extinctions

5000 year old ice mummy found on an Alpine
ridge dividing Austria from Italy at 10,500 feet |
above sea level. ;
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Paleontology

lI'he Field that studies fossils

¢ fossils provide the strongest
evidence of change

= links past & current organisms

© Rivers bring sediment to Woolly mammoth tusks
the ocean. Sedimentary rocks

containing fossils form on the

ocean floor.

@ Over time, additional strata
are added, containing fossils
from each time period.

€ As sea levels change
and the seafloor is pushed
upward, sedimentary rocks
are exposed. Erosion by
rivers reveals strata; older
strata contain older fossils.

Younger stratum with
more recent fossils

Older stratum with
older fossils



Fossils - may include the entire organism including soft tissue left
overs, bones, mineralized tissues, or impressions/molds
left behind by the body of the organisms

N
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Systematics

L = " .-"I:".fl " '.* "-‘-;' '-;:.-_‘I'J:--.JJ ‘
| - classifying organisms R A
= Common names of animals®™#'4
can cause confusion and are ~
ambiguous =—

¢ i.e. monkey or jelly“fish” vs Ty Felidae

cray“fish” T
m Scientists use the Latin = o Carnivora
binomial classification

S ! Stem Mammalia

¢ First part is the name of genus
to which the species belongs

¢ Second part is the species

name e
= First letter of genus is e =

capitalized \ o

= Entire binomial name is = o = =
AP Biology italicized Domain

Panthera
pardus

N

O 3 | Panthera

Chordata

Animalia




i Panth
Systematics P
= Linnaeus came up with a - B s
system for naming organisms Genus
*
I:||:||:|I:I Felidae
an/lly/
oo 9,0 :
. Sl Carnivora
= Species that appear to be closely Order
related are grouped into the same
genus (jaguar, tiger, & lion all in Mammalia

same genus: Panthera pardus,
Panthera leo & Panthera tigris)

= Being in the same taxonomic Chordata
unit does not tell you about
the evolutionary relationship 5 g oo
between the members of | Kiagdomn

one grouping (ex: all the e e

species in genus Panthera) [FEEEE e &
AP Biology Domain
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Looking for evolutionary relationships

N

2 JOrganisms who share a close relative are more
likely to share many genes, DNA sequences,
metabolic pathways, embryological development
patterns, and structural OmdsF  Family Gemis  ISpecies
proteins

oeplja4

¢ The evolutionary history
of a group of organisms
can be represented in a
branching diagram called a

eopixe] eJoyjued

eIOAIUIRD

aepl@Isn

enqny

b
Canis “ ¥ Y7
latrans & \

= This represents a hypothesis
about evolutionary relationships

AP Biology
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Phylogeny for Panthera tigris, leo, pardus

— Domestic Cat Lineage
———— Leopard Cat Lineage
Puma Lineage

Lynx Lineage

Ocelot Lineage
Caracal Lineage

Bay Cat Lineage
— Lion (Panthera leo)

Jaguar (Panthera
onca)

Leopard
(Panthera pardu.si (
— Tiger (Panthera

tigris)

Snow Leopard
(Panthera uncia)

Clouded Leopard
(Meofelis nebulosa)




Building trees

N
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= | |deally, there is a
relationship between the

classification into groups
(Linnean Classification
System) and the organisms
ghylogeny (Evolutionary

elationships shown in a
Tree)

+ |f a mistake is noticed and
the organism has been
placed in a group to which
it is not most closely
related, the organisms may
be reclassified and placed
into a different genus or
family etc..to more
accurately reflects its
evolutionary history.

N
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&  Panthera Mephitis Lutra lutra Canis Canis
@  pardus mephitis (European familiaris lupus
& (leopard) (striped skunk) otter)  (domestic dog) (wolf)
z
S Panthera Mephitis Lutra Canis
w I I I
=
E Felidae Mustelidae Canidae
&£
';l!_l Carnivora
@]




Building trees

= |n a phylogenetic tree, a series of dichotomies or two
way branch points are found.
¢ Each branch point or NODE represents the divergence of two
evolutionary lineages from a common ancestor.

taxon

¢+ In the example below, sharks, lungfish and mammals (each made of
multiple species) are all different taxa

+ Mammals and lizards (reptiles) are sister taxa

e T ~ve WS
* ray-finned * “EREEP Tiktaalik A‘” lizards and

sharks fishes coelacanth lungfish (extinct) amphiblans mammals ralatives

most recent
branching point

' 1

AP Biology ?nldest branching point




.
Building trees

= The turquoise dot is the branch point that represents the
most recent common ancestor of mammals and reptiles
(lizards etc).

= The brown dot represents the most recent common
ancestor of all amphibians, mammal, and reptiles

¢ Note:

g gy =2
P 1ay-finned * P Tikgaalik PR |izards and

sharks  fishes coelacanth lungfish (extinct) amphibians ralatives marmmals

most recent
branching point

' 1

AP Biology ?c:lde-st branching point




*Building trees

Tracing possible
evolutionary
relationships between
some of the taxa of the
order Carnivora, a
branch of the class

Mammalia.
The skunk & otter are
sister taxons and
therefore each other’s
closest relatives.
This tree is : the
lowest branch point
represents the common

ancestor of all taxa in
this entire tree.

AP Biology
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Species

Mephitis mephitis

Panthera pardus -

(leopard)
{Europaan otter)
Canis familiaris
(domestic dog)

Lutra lutra

x
=
3

=
4]

Genus

Canidae Family

Felidae

Carnivora Order




JhRooted vs. Unrooted Trees

Réoted tree shows the most basal ancestor of the tree while

unrooted phylogenetic tree does not show an ancestral root.
e Arooted phylogenetic tree serves as a useful diagram which

shows the evolutionary history.

It has a basal node which is called the root, representing the common

ancestor of all the groups of the tree.
e The root of a tree is considered as the oldest point in the tree which
represents the last common ancestor of all groups included in the tree.
e Arooted tree shows the direction of evolutionary time.

Baeotus japetus )

B

D —— Baeotus beotus

fifsz At

Common Ancestor

AP Biology E



*Rooted vs. Unrooted Trees

Ulh'rooted tree is a phylogenetic diagram which lacks a common
ancestor or a basal node.
¢ This tree does not indicate the origin of evolution of the

groups, depicting only the relationship between organisms

irrespective of the direction of the evolutionary time line.

e This tree has no basal node or root representing the common ancestor
of all the groups in the tree.

e |tis difficult to study the evolutionary relationships of the groups with
respect to time

e Does not specify an evolutionary relationship between organisms
A

: -

N

C

AP Biology



To extant species did not evolve from each other

N
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= Are all these phylogenies the same? YES

A B C D A B D C A C D B A

b (b Le) Lo

= One CANNOT assume that a taxon on a phylogentic tree

N

evolved from the taxon next to it. i e,
¢ C did not evolve from D... i > 9s00% N | monkey
(or B or A for that matter). @
" BOTH evolved from a T > 90.90% ‘ Gorll
Common Ancestor. | @

Chimpanzee

* Human did not evolve ===
from modern day chimps |
AP Biology 100% Q% Human




Branch length may or may not indicate the
amount of time that has passed

Vd

o Unless a tree has dates, one cannot assume that the
position of a branch point indicates the time of speciation.

+ Ex: Here, one cannot assume the skunk evolved prior to wolf.

= All we can say is that the most
recent common ancestor of the *
wolf and otter lived before the
most recent common ancestor
the work and coyote

Panthera pardus
(leapard)
{European otter)
Canis familiaris
(domestic dog)

Lutra lutra

= Don’t assume branch length

Genus

Is proportional to time or I
amount of genetic change = e
this info is given v

AP Biology Carnivora Order



Additional Information can be given...
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Here’s a phylogenetic

tree where branch Human
length does indicate Chimpanzee
time since key is Gorlta
given — Orangutan
Gibbon
Old World monkey
Oligocene
|
30 25 20 15 10 5 0

AP Biology Million years ago



Australopithecus J) e
africanus / &

4 N
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e Paranthropus |
(=2 / aethiopicus  Paranthropus robustus s The Paranthropus lineages
\gus \ \ _,J ~<' coexisted with species of Homo

Australopithecus 5 'L'__ : | and Australopithecus in Africa.

Paranthropus boisei ’ T

afarensis (Lucy)

Ardipithecine
ancestors

No fossils are known of this

lineage until 95,000 years ago. :
—, — Homo floresiensis J
\ (extinct 17,000 years ago) — E’;ﬁr/ﬁ,

" /:—_

SUERERNENEEEEEEEY
B

. Several species
< of Homo co-
existed in Africa,
Asia, and Europe
- until recently.

Homo erectus
(extinct 250,000 years ago)

Homo neanderthalensis
(extinct 28,000 years ago)

Homo ergaster A
Homo sapiens

(now worldwide)

) " Expansion
Homo habilis | (rom Africa , I\ ».
Expansion into

60,000-70,000
the New World

1 v, rears ago.
mm= Africa only fEe ( & 9 )| 12,000-20,000
- 4 years ago.

== [xpansion out of Africa -

| | 1 | J

] ] ] ] ] ] ] ] ]
1.0 Present

L | |

4.0 3.0 2.0
Millions of years ago



Building trees

U

= To build a phylogenetic tree, information must be

N

obtained about any kind of feature such as morphology,

behavior, genes/DNA sequences, protein amino acid

sequences, or biochemistry. ¢ /g
¢ You must focus on features EH | % “ EE
that results from common H I I I o
ancestry to reflect T [ TR Sonus
evolutionary relationships. H!; n = QL -

Order

AP Biology —_
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Beware when building trees...

N

= To build a tree one can use morphological &
molecular homologies

¢ group baed on similarities based on shared
ancestries

* bone structure
= DNA or amino acid sequences =

¢+ beware of analogous

marsupial mole - mammal

structures though!!! (masupials = young complete

their embryonic development

in a pouch outside the moth/er)
/

'.'-f,.?‘

(aka homoplasies)

= These are due to convergent
evolution rather than

shared common ancestry =~ <=t S
+ These moles look the same externall placental mole - mammal
their reproductive systems and (eutharians = young complete
internal anatomy are dissimilar. They embryonic development in the

AP Biology are not very closely related. uterus within the mothers body)
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Beware when building trees...

N

= To build a tree one can use morphological &
molecular homologies

¢ group baed on similarities based on shared
ancestries

* bone structure
= DNA or amino acid sequences =

¢+ beware of analogous

marsupial mole - mammal

structures though!!! (masupials = young complete

their embryonic development

in a pouch outside the moth/er)
/

'.'-f,.?‘

(aka homoplasies)

= These are due to convergent
evolution rather than

shared common ancestry =~ <=t S
+ These moles look the same externall placental mole - mammal
their reproductive systems and (eutharians = young complete
internal anatomy are dissimilar. They embryonic development in the

AP Biology are not very closely related. uterus within the mothers body)



Molecular homologies can provide
evidence for evolutionary relationships

» To build a phylogeny one | @ jistaonoomous 4 ccarcacastcc
can align DNA sequences | ndsedessbeanto > CCATCAGAGTCC

diverge from their

4 common ancestor. ‘
Deletion
more €) Deletion and insertion 4 - c AT C A@ﬁ Tcc
mutations shift what
C|Ose|y related had been matching 2 CCATCAGAGTCC

sequences in the two
analyzed by software peces. lnsertion

/

CCATCAAGTCC
CCATGTACAGAGTCC

ATAGT ACTA ANCTA €Y Homologous regions
CGG GTCCAC 0 GEIAG realign afteracom- 1 CCAT CA AGTCC

TCACCGACAGGTC TTTGACTAG B bt 2[CCATRREEC AlAcTCC

Morphological (anatomical)
divergences between related
species may be great while their

genetic divergence is still small or
VICE VERSA!

€) Homologous regions
(yellow) do not all
align because of these
mutations.

[ -

o ]

beware of relying just on morphological homologies



Building trees

= Descendants of a common ancestor are expected to
share certain homologous structures

» Rabbit

Lizard

Frog

Hinged jaw?
—ol Fish

Lampre
Vertebral s

column?

Lancelet

AP Bio|
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Cladistics

= 'In the systematic approach known as cladistics,
common ancestry (not morphology or other) is the
criterion used to classify organisms.

IS clades

A clad includes an - ﬂ de =
T Fay- flnned Foderts

anceStI‘a| SpeCieS and Sharks fizh Amphibians  Pritnates & rabbits  Crocodiles Birds
all of its descendants

¢+ Clades are nested
within larger clades

Eggs with shell:

Armnictic ego

Four limbs

Classifying organisms according to the
order in which adaptations in new lineages
arise along a phylogenetic tree

Bony skeleton

YWertehrae



Clades highlighted in Cladograms (trees)

g

|

g

|

o

A clade

AP Biology

Not a clade

2y

Sgpe

A clade \(% %&

; Not a clade
Not a clade Nota clade \(Q/

Each of these highlighted areas is a clade:




E
Taxa and other Groups vs Clades

= Taxons from other phylogenetic trees that are not
cladograms are only equivalent to a clade if the clade

is monophyletic

Common ancestor

" ™
. A paraphyletic group
“:&amgiﬂétf 5 B (pink box) includes the
QIO C = commaon ancestor and
i ) some, but not all, of the
= kancestr::r's decendants. )
Common ancestor 2 "
of polyphylatic E A polyphyletic group
goupE+F+G {yellow box) does not
- include the common
2] ﬁancesmr of the group. )
G
A monophyletic group )
# H (blue box) includas the
- common ancestor and
| | all descendants of that
ancestor. )
A monophyletic group J
can be removed from the
tree with a single "cut.”
Common ancastor

AP Bio of monophyletic
goupH+1+J
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Groups within the Cladogram

= Paraphyletic groups consists of an ancestral species and
some but not all descendants

Common ancestor
of paraphyletic
goupB+C+D

B r’A paraphyletic group
(pink box) includes the
__.g.r"'f- common ancestor and

> c some, but not all, of the
ancestor’s decendants.
D \ J
Common ancestor - .
of polyphylatic E A polyphyletic group
goupE+F+G (yellow box) does not
F include the common
&3 | ancestor of the group.
G
H A monophyletic group
£ (blue box) includas the
= common ancestor and
| | all descendants of that
ancestor.
A monophyletic group J

can be removed from the

tree with a single "cut.”
Common ancestor

AP Bio of monophyletic
groupH + 1+ J




B E-H-H-P
Groups within a Cladogram

= Polyphyletic groups include taxa
with different common ancestors.

A
Common ancestor i hvleti
of paraphylstic B A paraphyletic group
mpf BF'+ orD (pink box) includes the
Qroue C = common ancestor and
i some, but not all, of the
kancestﬂr's decendants. )
D
Common ancestor - .
of polyphylatic E A polyphyletic group
goupE+F+G (yellow box) does not
F include the common
&3 | ancestor of the group.
G
H A monophyletic group
£ (blue box) includas the
- common ancestor and
| | all descendants of that
ancestor.
A monophyletic group J

can be removed from the

tree with a single "cut.”
Common ancestor

AP Bio of monophyletic
groupH + 1+ J
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Clades highlighted in Cladograms (trees)

L

N

[ IMonophyly
[ Paraphyly
I Polyphyly

Amniota

Tetrapoda

AP Biology ‘Vertebrata



Understanding Cladograms
A

= Cladograms are built off inherited homologies

¢+ Cladograms show patterns of shared inherited characteristics

= Shared ancestral character = a character that originated in
an ancestor of the taxon
¢ Ex: the backbone is shared by all vertebrates not just mammals.

,/ - {/“'h‘ ) |
Lancelest 2= )ESP &7 e

(outgroup) Lamprey Tuna Salamander Turtle Leopard

Amniotic egg

Four walking legs |

Jaws |

Vertebral column|

AP Biology



Understanding Cladograms

N
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= Shared derived character = an evolutionary
novelty unique to a particular clade

¢ Ex: hair is a characteristic unique to mammals only

A//Q {‘T"f
La';celet = \' ) ~_ ~ > i E !

(outgroup) Lamprey Tuna Salamander Turtle Leopard

[ Amniotic egg

Four walking legs |

Having a vertebral column is
though a shared derived
character of the clade that
includes everything from
lamprey’s to mammals like the
leopard but not lancelets.

Jaws
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Understanding Cladograms

N

= Qutgroups and Ingroups
¢ Ingroup - the species or group species we are studying

¢+ Outgroup - A species or group of species from an
evolutionary lineage that is known to have diverged before

the lineage that includes the species we are studying
(i.e. the ingroup)

- outgroup
ingrou p I
Lancelet RSP g ‘* YL 0
@) B (outgroup) Lamprey Tuna Salamander Turtle Leopard
& 7 B C

B Ingroup

A=

Four walking legs

Jaws

Vertebral column

Ar DIUIVYY



B E-H-H-P
Summing up the Terms In Trees

= This cladogram has two outgroups (black & blue) and
the ingroup in red, which includes the species that
share a particular derived characteristic
second outgroup Sister group Ingroup

IF Gl lD E| l.ﬁ. B Cl

-— Node = speciation event

-af— Intemode = ancestral species

AP Bio -f— Eoot = common ancestor
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Building Cladograms

U
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= |t is useful to build a character table in
order to build a cladogram (see below)

2
TAXA
% - % -';j:i'-'"_;.;_i;-:.,.;:_.;.,u’;'
33 B : T (R
552 5 5 ¢ & B
= e Leopard
LIEE RN T,
Hair
Hair| 0O O | O | O | O | 1 Salamander

} Amnictic egg
Amniotic (shelled) egg | 0

f_ -4 Tuna
, Y Four walking legs
Fourwalkinglegs| 0 | 0 | O [ 1| 1 | 1 % Lamprey

Hinged jaws

o
=]
=]
b
—

CHARACTERS

Hingedjaws | 0 | 0 | 1 [ 1 [ 1 | 1 Lancelet {(outgroup)

Vertebral column 0
{backhone)

(a) Character table (b) Cladogram




Use the following Character Tables to find the Shared

Derived Characters of Clades and build a cladogram.
Traits: |Jaws Lungs Amniotic Hair No tail Bipedal
Organism membrane
Lamprey 0 0 0 0 0 0
| Shark 1 0 0 0 0 0
Salamander 1 1 0 0 0 0
Lizard 1 1 1 0 0 0
Tiger 1 1 1 1 0 0
Gorilla 1 1 1 1 1 0
Human 1 1 1 1 1 1

1
= What does the =~ <= ==\ L

Lamprey SharkSalamanderLizard TigerGo rillaHuman
cladogram

look like?

AP Biology 2UU4-2UUd



Molecular Systematics

N

Therefore we...

hypothetical bird
species

Species I

Thee are 3 possible

phylogenies e 1

(there are 12 more) 2!@!
e,vm

e l!

AP Biology III

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.

Species 11

= When hypothesizing phylogenies using molecular data
sometimes many trees can be drawn for the same info.

¢ Always apply principle of mamixum parsimony

(the base DNA chances for example)

Species 111

Three phylogenetic hypotheses:




Parsimony
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= Which phylogeny is the best out of these three?

parsimonious tree, we total all the base- Ly (o f[m) [iv] (] [ [ [v] Lt [v] [ [

change events noted in steps 3-6 (don’t
forget to include the changes for site 1, on
the facing page). We conclude that the
first tree is the most parsimonious of these
three possible phylogenies. (But now we
must complete our search by investigating

the 12 other possible trees,) 8 events 9 events 10 events

= When deciding which tree is the best hypothesis,
choose the “tree” that explains the data invoking the

fewest number of evolutionary events like DNA base
changes/mutations

¢ Here, tree one is considered most parsimonious
AP Biology gut of the three possible phylogenies... 20042005




|Parsimony & analogy vs. homology

'»-«/ {
Lizard Bird Bird Mammal
y 4
Four-chambered
heart
Four-chambered
Four-chambered heart
heart
(a) Mammal-bird clade (b) Lizard-bird clade

Phylogenetic trees are
- Which is the most parsimonious tree?

If the four chambered heart is a homology

AP Biology then tree 1 may be a good hypothesis.



Parsimony & analogy vs. homology

sl & T L &

~L‘ I‘n J -(L-: ()

’J RN = RS

Lizard Lizard Bird Mammal
y 4
Four-chambered
heart
Four-chambered
Four-chambered heart
heart
(a) Mammal-bird clade (b) Lizard-bird clade

DNA comparisons however reveal that aves’ DNA (bird)
is /ess similar to that of placental mammals than
reptilia’'s DNA is to mammals.

four-chambered heart was formed in both birds

and mammals due to convergent evolution (rather than a trait from a
direct common ancestor).



