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What is Phylogeny?
Systematics or phylogeny

Â The study of the evolutionary history of 
organisms.

Â To identify all species of life on Earth.
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Phylogeny
Common ancestor
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Â Biologists estimate that there are about 
5 to 100 million species of organisms
living on Earth today. 

Â All organisms evolved from common 
ancestor:

1. Similar plasma membrane
2. Use ATP for energy
3. DNA is genetic storage.



Phylogeny
Tree of Life

Â Evidence from morphological, biochemical, 
and gene sequence data suggests that:

1. All organisms on earth are genetically 
related, and

2. The genealogical relationships of living 
things can be represented by a vast 
evolutionary tree, the Tree of Life.
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Phylogeny
Tree of Life

Â The Tree of Life then represents the 
phylogeny of organisms i.e. the history of 
organismal lineages as they change through 
time.

Â It implies that:
1. different species arise from previous forms 

via descent, and
2. that all organisms, from the smallest 

microbe to the largest plants and 
vertebrates, are connected by the passage 
of genes along the branches of the 
phylogenetic tree that links all of Life . 
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Phylogenetic tree of life

All organisms are connected by the passage of genes 
along the branches of the phylogenetic Tree of Life. 17



Phylogeny
Tree of Life

Â The Tree of Life on planet Earth begins about 3.7 billion 
years ago. 

Â There are three major branches:
1. The Bacteria
2. The Archaea, and
3. The Eukaryota.
Â The Bacteria are common prokaryotes living in virtually all 

environments.
Â They include:
1. The human gut commensal Escherichia coli, 
2. Soil bacteria like Bacillus subtilis, 
3. Pathogens like Salmonella, Agrobacterium. 

18Hoekstra-Chap13,2005

A billion is 1 000 000 000 (a thousand million or more rarely milliard).



A Brief History of Origin of Life

A.  Evolution of the Earth and Earliest Life Forms:

Â Origin of the earth;

Â Evidence for microbial life on the early earth;

Â Conditions on early earth;

Â Origin of life. 

B.  Primitive Organisms and Metabolic Strategies:

Â Metabolism of primitive organisms;

Â Further metabolic evolution and photosynthesis: 
oxygenation of the atmosphere.

C. Primitive Organisms and Molecular Coding:

Â From RNA world to DNA/protein world.
19



A Brief History of Origin of Life

1. Evolution of the Earth and Earliest Life Forms

2. Primitive Organisms and Metabolic Strategies 
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Age of the universe
Chronology of the universe
Nature timeline

Â Detailed measurements of the 
expansion rate of the universe place 
this moment at approximately 13.8 
billion years ago, which is thus 
considered the age of the universe.

Â After the initial expansion, the 
universe cooled sufficiently to allow 
the formation of subatomic particles, 
and later simple atoms.

Â Giant clouds of these primordial 
elements later coalesced through 
gravity in halos of dark matter , 
eventually forming the stars and 
galaxies visible today.

21
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Age of the universe
Nature timeline
Life and human timeline

22
Wikipedia,2017



The origin of life
Origin of life vs. evolution of life

Â The "origin of life" (OOL) is best described as the 
chemical and physical processesthat brought into 
existence the first self-replicating molecule. 

Â It differs from the "evolution of life" because 
Darwinian evolution employs mutation and natural 
selection to change organisms, which requires 
reproduction. 

Â Since there was no reproduction before the first life, 
no "mutation - selection" mechanism was operating 
to build complexity.

Â Hence, OOLtheories cannot rely upon natural 
selection to increase complexity and must create the
first life using only the laws of chemistry and physics.

23



The origin of life
Intelligent life

Â If we ignore the reality of an infinite universe , and 
pick a hypothetical birth date of 13.6 bya for the 
beginning of life , and using the evolution of life on 
Earth as an example, then it could also be predicted 
that sentient, intelligent life would have evolved on 
numerous Earth-life planets by 9 bya.

Â This could mean that the genetic template for the 
evolution of all manner of life, including those similar 
to humans, would have been established almost 5 
billion years before Earth became Earth.

24Joseph and Schild,2010



History of life on earth
15 billion years ago age of Universe

The Origin and Evolution of Microbial Life: Prokaryotes and Protists. Chapter 16



Origin of the earth/life
Origin of life  (OOL)

Â Bacteria lived as early as 3.5 billion years ago.

Â The evolutionary history of life , spanning a period of 
more than 3.5 billion years (Giga annum or Ga).

Â Given that mainstream scientists believe:
Â Earth is about 4.54 billion years old, and that the

Â earthôs crust did not solidify until 4 billion years ago.
Â There may be as few as 200 million years allowed for 

the OOL.

Â That may seem like a long time, but it only 
represents about 1/22 of the earthôs totalhistory. 

26



Evolution of life on earth

27Stephen,2013

Timeline of life evolution on Planet Earth with approximate dates 



Evolutionary history of life
Geologic Time Scale

Â Earth: 4.5 billion years 
old

Â Life: 4 billion years

Â Vertebrates: 500 million

Â Mammals: 180 million

Â Man: 3 million

Â Fire: 500,000 years?

Â Writing: 5,000 years.

12 hour clock :

Â 2:40 AM life began

Â 8:48 PM Cambrian explosion

Â 9:20 PM vertebrates arise

Â 11:02 PM mammals arise

Â 11:59:02 PM man arise

Â Last 10 seconds ïfire

Â Last 100 msecïwriting

Â Last nanosecïcell phones!

Â Most of the history of life. 

28

Å Most of the history of life was dominated by blue -green algae (90% of 4 billion years). 
Å Then sexual reproduction arose as an out come of the Cambrian Epoch (last 10%). 
ü This introduced biological uncertainty; 
ü Rapid rates of formation of new species.



Evolutionary history of life
Bacteria

29
www.bacterialphylogeny.com



Evolutionary history of life
Geologic time represented in a diagram called a geological clock, showing the 
relative lengths of the eons of Earth's history and noting major events

30
Wikipedia,2018



Evolutionary history of life

Â A clock analogy tracks 
the origin of the Earth 
to the present day.

Â Also shows some 

major events in the 
history of Earth and 
its life.

31The Origin and Evolution of Microbial Life: Prokaryotes and Protists. Chapter 16



Evolution of life on earth

Â Before Present (BP) years is 
a time scale used mainly in 
geology, and other scientific 
disciplines to specify when 
events in the past occurred.

Â Because the "present" time 
changes, standard practice is 
to use 1 January 1950 as the 
origin of the age scale, 
reflecting the fact that 
radiocarbon dating became 
practicable in the 1950s.

32Logan,1994;Wikipedia



Evolution of life on earth
Basic timeline

Â The basic timeline is a 4.5 billion year old earth with (very approximate) dates:

Â 3.8 billion years of simple cells (prokaryotes),

Â 3 billion years of photosynthesis,

Â 2 billion years of complex cells (eukaryotes),

Â 1 billion years of multicellular life,

Â 600 million years of simple animals, 

Â 570 million years of arthropods (ancestors of insects, arachnids and crustaceans),

Â 550 million years of complex animals,

Â 500 million years of fish and proto-amphibians,

Â 475 million years of land plants,

Â 400 million years of insects and seeds,

Â 360 million years of amphibians,

Â 300 million years of reptiles, 

Â 200 million years of mammals,

Â 150 million years of birds,

Â 130 million years of flowers,  

Â 65 million years since the non-avian dinosaurs died out,

Â 2.5 million years since the appearance of the genus Homo, 

Â 200,000 years since humans started looking like they do today,

Â 25,000 years since Neanderthals died out.

Wikipedia,2016



History of life on earth

Millions of years before present
Geological/fossil record

[abstracted from EncyclopaediaBritannica, 1986]

about 4,600 Planet earth formed

3,500 -3,400 Microbial life present , evidenced by stromatolites (sedimentary 
structures known to be formed by microbial communities) in some 
Western Australian deposits

2,800 Cyanobacteria (formerly called blue-green algae are relatively 
simple, primitive life forms closely related to bacteria) capable of 
oxygen -evolving photosynthesis (based on carbon dating of 
organic matter from this period). They would have been preceded by 
bacteria that perform anaerobic photosynthesis.

2,000 -1,800 Oxygen begins to accumulate in the atmosphere

1,400 Microbial assemblages of relatively large unicells (25-200 
micrometres) found in marine siltstones and shales, indicating the 
presence of eukaryotic (nucleate) organisms . These fossils have 
been interpreted as cysts of planktonic algae. [Eukaryotes are 
thought to have originated about 2,000 million years ago ]

800 -700 Rock deposits containing about 20 different taxa of 
eukaryotes , including probable protozoa and filamentous green 
algae

640 Oxygen reaches 3% of present atmospheric level

650 -570 The oldest fossils of multicellular animals , including primitive 
arthropods

570 onwards The first evidence of plentiful living things in the rock record

400 onwards Development of the land flora

100 Mammals, flowering plants, social insects appear



The origin of modern human 
Hominid and hominin ïwhatôs the difference? 

Â Hominid ïthe group consisting of all modern and 
extinct Great Apes (that is, modern humans, 
chimpanzees, gorillas and orang-utans plus all their 
immediate ancestors).

Â Hominin ïthe group consisting of modern humans, 
extinct human species and all our immediate 
ancestors (including members of the genera Homo, 
Australopithecus, Paranthropus and Ardipithecus).

Â See more at: 
http://australianmuseum.net.au/hominid -and-
hominin-whats-the-difference#sthash.ScE7lWfW.dpuf

35Blaxland,2016 



The origin of modern human 
Hominid and hominin

4.4 million years: Appearance of Ardipithecus , an early Hominin Genus .

4 million years:
North and South America joined at the Isthmus of Panama. Animals and plants cross the new land 
bridge.

3.9 million years: Appearance of Australopithecus, Genus of Hominids.

3.7 million years: Australopithecus Hominids inhabited Eastern and Northern Africa.

2.7 million years: Evolution of Paranthropus (extinct hominins ).

2.4 million years: Homo Habilis appeared.

2 million years:
Tool -making Humanoids emerged. 
Beginning of the Stone Age, lasted several million years.

1.7 million years: Homo Erectus first moved out of Africa.

1.2 million years: Evolution of Homo antecessor. The last members of Paranthropus died out.

700,000 years: Human and Neanderthal lineages started to diverge genetically.

600,000 years: Evolution of Homo Heidelbergensis .

530,000 years: Development of speech in Homo Heidelbergensis .

400,000 years: Hominids hunted with wooden spears and used stone cutting tools.

370,000 years: Human ancestors and Neanderthals were fully separate populations.

350,000 years: Evolution of Neanderthals.

300,000 years:
Hominids used controlled fires. 
Neanderthal man spread through Europe

200,000 years: Anatomically modern humans appeared in Africa.

105,000 years: Stone age humans foraged for grass seeds such as sorghum.

80,000 years: Non -African humans interbreed with Neanderthals.

60,000 years: Oldest male ancestor of modern humans.

40,000 years: Cro-Magnon man appeared in Europe.

30,000 years: Neanderthals disappeared from fossil record.

15,000 years: Bering land bridge between Alaska and Siberia allowed human migration to America.

Stephen,2013



Phylogenetic Relationships
Horizontal Gene Transfer
Origin of eukaryotes

Â However, not all of these genes have been 
expressed, whereas yet other were silenced or 
activated in response to specific environmental 
signals, thereby giving rise to new species (Joseph 
2000, 2009b,c).

Â Genes transferred to the eukaryotic genome by 
prokaryotes and Viruses, include exons, introns, 
transposable elements, informational and operational 
genes, RNA, ribozomes, mitochondria, and the core 
genetic machinery for translating, expressing, and 
repeatedly duplicating genes and the entire genome.

37
Joseph and Schild,2010



Phylogenetic Relationships
Horizontal Gene Transfer
Origin of eukaryotes

Â Almost all scientists will agree 
that modern day life can trace 
its genetic ancestry to the first 
life forms to appear on Earth. 

Â These first Earthlings (Archae, 
Bacteria, and their viral genetic 
luggage) contained the genes 
and genetic information for :

1. altering the environment, 

2. the "evolution" of multicellular 
Eukaryotes, and

3. the metamorphosis of all 
subsequent species (Joseph 
2009b,c).

38
Joseph and Schild,2010



Phylogenetic Relationships
Horizontal Gene Transfer
Origin of eukaryotes

1. Although it is likely that single celled Eukaryotes 
were also present on Earth from the very beginning ,

2. there is also considerable evidence that Archae, 
Bacteria, and Viruses transferred genes to these 
single celled Eukaryotes, thus trigger multi -cellularity 
(Joseph 2009b,c).

Â Thus we see that the genomes of modern day 
eukaryotic species, including humans, contain highly 
conserved genes were acquired from Archae and 
Bacteria. 

39
Joseph and Schild,2010



Evolutionary history of life
Prokaryotic phylogeny

40

Â Bacteria represent the oldest form of life .

Â The evolution of bacteria over at least 3.5 billion years 
spans and occurred in step with its geochemical 
development.

Â Prokaryotic evolution has the main role in the origin of 
the eukaryotic cell: 

1. Responsible for creating oxygen atmosphere.
2. Plays important role in genetic diversity.
3. Transfer of genes via viruses, plasmids, other DNA 

fragments.
4. Rapid generation time is an alternative evolutionary 

strategy.



Evolutionary history of life
Prokaryotic phylogeny

Â The Bacteria make up the vast majority of 
prokaryotes.

Â Hence, discerning(detect or 
distinguish) the evolutionary relationships 
among them constitutes a major part of 
understanding prokaryotic phylogeny.

41


