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The Evolutionary History of Life
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Defining Life

ÅIn fact, when we considerwhat life really is, and
how living systems can be distinguished from
nonliving ones, the ability to store and transmit
information (genotype)and the ability to express
t4hat information (phenotype) are perhaps the
most important criteria that set life apart from
nonlife.

ÅBesides,the ability to evolveis a crucialcomponent
of anydefinition of life.
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Origin of Life ????

ÅIn 2004, a poliovirus was synthesized in lab using simple
chemicals. Thisvirus was capableof replicatingits genomeand
couldinfect livingcells.

ÅAlthough virusesare not cells, they show some similarities to
living thingsand maybe similar to someof the earliestforms of
life.

by SS Nishank, Dept.of Zoology, Utkal 
University

5



Origin of Life ????

ÅWhatconditionson Earthbillionsof yearsagocouldhaveallowed
for the creationof the first livingthing?

ÅWhat additional steps would be necessaryto get cells from
simplechemicals?
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Early Thoughts About the Origin of Life

ÅSpontaneousgeneration is the concept that living things arise
from nonliving material. Aristotle (384ς322 b.c.) proposedthis
concept and it was widely accepted until the seventeenth
century.

ÅPeoplebelieved that maggotsarose from decayingmeat; mice
developedfrom wheat stored in dark, damp places; lice formed
from sweat; andfrogsoriginatedfrom dampmud.
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Early Thoughts About the Origin of Life

ÅIn 1668, FrancescoRedi, an Italian physician, performed an
experiment that challenged the concept of spontaneous
generation.

ÅRediconcludedthat the maggotsarosefrom the eggsof the flies
(biogenesis),not from spontaneousgenerationin the meat.
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Early Thoughts About the Origin of Life
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Current Thinking  About the Origin of Life

Åit isclearthat current livingthingsare the resultof biogenesis.

ÅBut that does not answer the question of how the first living
thing developed.

ÅThereare manydifferent hypothesesthat havesomesupporting
evidence.

ÅAn ExtraterrestrialOrigin for Life on Earth : Earlyin the 1900s,
Swedish scientist Svante Arrhenius popularized the idea of
panspermia. Panspermiais the concept that life arose outside
Earthandthat livingthingswere transportedto Earthto seedthe
planetwith life.

ÅIn 1996, a meteorite found in Antarcticageneratedexcitement
about the possibilityof life on other planets. Its chemicalmakeup
suggestedit hadbeena portion of the planetMarsthat hadbeen
ejectedfrom that planetasa resultof a collisionwith anasteroid.
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Current Thinking  About the Origin of Life

ÅAn ExtraterrestrialOriginfor Lifeon Earth:

ÅAnalysisof the meteorite showed the presence of complex
organic molecules and tiny, microscopic objects that were
thought to be ancientmicroorganisms. While scientistsno longer
think theseobjectsare microorganismsor were formed by living
things,manystill think conditionson Mars may havebeen able
to supportlife in the past.

ÅEvidencefrom Mars and Beyond: The robotic vehiclerovers on
surfaceof mars in year 2003, by NASArevealedthat that it is
highly likely that in the past, liquid water existedin largeenough
quantitiesto form rivers,lakes,andperhapssaltyoceans.

ÅAlthough none of these discoveriesproves that life exists or
existedelsewherein the universe,they keepopen the possibility
that life mayhaveoriginatedelsewhereandarrivedon Earth.
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An Earth Origin for Life on Earth

ÅA popular alternative explanationfor the origin of life on Earth
focuseson chemical evolution. This hypothesisproposes that
chemical reactions between simple, inorganic chemicals
producedcomplex,carbon-containingorganicmolecules. These
organicmolecules,in turn, combinedto form the first livingcell.

ÅSeveralpiecesof evidencesupport the idea that life could have
arisenon Earth.
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Origin for Life on Earth- Evidences
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hǊƛƎƛƴ ƻŦ ƭƛŦŜ ǘƘǊƻǳƎƘ ǘƘŜ ƭŜƴǎ ƻŦ ¢ƘŜ ά.ƛƎ .ŀƴƎέ ŀƴŘ
the Origin of the Earth

ÅTheά.ƛƎ.ŀƴƎέ:

Åour universebeganas a very densemassof matter that had a
great deal of energy. This densemassof matter explodedin a
άōƛƎōŀƴƎέabout 13 billion yearsago,resultingin the formation
of simpleatoms,suchashydrogenandhelium.

ÅWhenhugenumbersof theseatomscollectedin one place,stars
formed. Starsconsistprimarily of hydrogenand helium atoms.
Thelight from starsis the result of nuclearfusion,in which these
atomscombineto form largeratoms.

ÅAccording to this theory, all of the chemical elements were
formedasa resultof nuclearfusion.
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hǊƛƎƛƴ ƻŦ ƭƛŦŜ ǘƘǊƻǳƎƘ ǘƘŜ ƭŜƴǎ ƻŦ ¢ƘŜ ά.ƛƎ .ŀƴƎέ ŀƴŘ
the Origin of the Earth

ÅTheFormationof the PlanetEarth:

ÅMany scientistsbelieve that Earthτalong with other planets,
meteors,asteroids,and cometsτwas formed at least 4.6 billion
yearsago.

ÅThe protoplanet nebular model proposesthat the solar system
wasformed from a largecloud of gasesand elementsproduced
by previouslyexistingstars

ÅThe simplest and most abundant gases were hydrogen and
helium,but other, heavierelementshadbeenformed by nuclear
fusionandwerepresentaswell.

ÅA gravitational force was created by the collection of particles
within this cloud,which causedother particlesto be pulled from
the outer edgesto the center.
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hǊƛƎƛƴ ƻŦ ƭƛŦŜ ǘƘǊƻǳƎƘ ǘƘŜ ƭŜƴǎ ƻŦ ¢ƘŜ ά.ƛƎ .ŀƴƎέ ŀƴŘ
the Origin of the Earth

ÅTheFormationof the PlanetEarth:

ÅAsthe particlescollectedinto largerbodies,gravityincreasedand
more particleswere attracted to the bodies. Ultimately,a central
body (the Sun)was formed, with severalother bodies(planets)
movingaroundit.

ÅLike other stars, the Sun consistsprimarily of hydrogen and
heliumatomsthat arebeingfusedtogether to form largeratoms,
with the releaseof largeamountsof thermonuclearenergy.

ÅThermonuclearreactionsalso occurredas the particlesbecame
concentratedto form Earth. Thus, the early Earth would have
been a very hot place. Geologically,this period in the history of
Earth is called the άHadean Eon.έThe term Hadean means
άƘŜƭƭƛǎƘ.έAlthoughnot as hot as the Sun,the material of Earth
formed a molten core, which becameencasedby a thin outer
crustasit cooled. by SS Nishank, Dept.of Zoology, Utkal 
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The Chemical Evolution of Life on Earth
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How did life originate on earth?
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CHEMICAL REACTIONS NEEDED TO START LIFE

ÅThechemicalreactionsessentialto start life on Earthare calledredox reactions.
These involve exchange of electric charge (resulting from movement of
electrons)betweenthe reactingatomsand molecules. Forexample,the process
producingwater is a redox reaction. First, a hydrogenmoleculeis convertedto
two hydrogennuclei (positivelychargedprotons) and two electrons(negatively
charged):

ÅSecond,the two protons and two electronsare combinedwith an oxygenatom
to producewater

ÅHere oxygen acceptsan electron becoming more negatively chargedτcalled
reducedτwith the chargeof hydrogenincreasedor hydrogenbecomesoxidized
(becauseit combineswith oxygen; the word redox comesfrom the combined
first letters in reducedandoxidized).

ÅA redox reaction involvestransfer of one or more electronsfrom an electron
donor (oxidized)to anelectronacceptor(reduced). Thistransferproducesenergy
that canthen drivebiochemicalreactionsresponsiblefor life.
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Stage 1: Organic Molecules Formed 
Prior to the Existence of Cells
ÅLogic: Conditionof early earth was more conductiveto

spontaneousformationof organicmolecules.

Å1938, Russianbiochemist Alexander Oparin & Scottish
biologist J.B.S. Haldaneproposedspontaneousorigin of
organic molecules(known as primordial soup) on early
earth

ÅPrebioticsynthesisof organicmolecules(or synthesisof
moleculeswithout livingcell)

ÅAccumulationof organicmoleculeson oceanfloor/earth
surfaceformedprebioticsoup

ÅWhat is the mechanism?
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Hypothesis made to answer this Question

Å1. Reducingatmospherehypothesis:

ÅAtmosphereon early earth enriched with water vapor, hydrogen
gas(H2), methane(CH4), ammonia(NH3) but lackedoxygen

ÅMethane& ammoniareadilygiveup electronsto other molecules.
Suchredox reactionare required for formation of complexorganic
moleculesfrom simpleinorganicmolecules

ÅIn 1953, American chemist Stanley Miller & Harold Urey gave
evidenceof abioticoriginof organicmolecules(seeFigure)

ÅIn 2011, scientistisolated23 aminoacidsfrom Miller sampleleft in
1958.
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