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The Y chromosome is one of two sex chromosomes in mammals, including humans, and 
many other animals. The other is the X chromosome. Y is normally the sex-determining 
chromosome in many species, since it is the presence or absence of Y that typically determines 
the male or female sex of offspring produced in sexual reproduction. In mammals, the Y 
chromosome contains the gene SRY, which triggers male development. The DNA in the 
human Y chromosome is composed of about 59 million base pairs. The Y chromosome 
is passed only from father to son. With a 30% difference between humans and chimpanzees, 
the Y chromosome is one of the fastest-evolving parts of the human genome. The human 
Y chromosome carries an estimated 100-200 genes, with between 45 and 73 of these 
protein-coding. Most therian mammals have only one pair of sex chromosomes in each 
cell. Males have one Y chromosome and one X chromosome, while females have two X 
chromosomes.

The X and Y chromosomes are thought to have evolved from a pair of identical chromosomes, 
termed autosomes, when an ancestral animal developed an allelic variation, a so-called 
“sex locus” – simply possessing this allele caused the organism to be male. The chromosome 
with this allele became the Y chromosome, while the other member of the pair became 
the X chromosome. Over time, genes that were beneficial for males and harmful to (or had 
no effect on) females either developed on the Y chromosome or were acquired through 
the process of translocation.
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Deoxyribonucleic acid (DNA) is a molecule composed of two polynucleotide chains that 
coil around each other to form a double helix carrying genetic instructions for the 
development, functioning, growth and reproduction of all known organisms and many 
viruses. DNA and ribonucleic acid (RNA) are nucleic acids. Alongside proteins, lipids and 
complex carbohydrates, nucleic acids are one of the four major types of macromolecules 
that are essential for all known forms of life.

DNA does not usually exist as a single strand, but instead as a pair of strands that are held 
tightly together. These two long strands coil around each other, in the shape of a double 
helix. The nucleotide contains both a segment of the backbone of the molecule (which 
holds the chain together) and a nucleobase (which interacts with the other DNA strand in 
the helix). A nucleobase linked to a sugar is called a nucleoside, and a base linked to a sugar 
and to one or more phosphate groups is called a nucleotide. A biopolymer comprising 
multiple linked nucleotides (as in DNA) is called a polynucleotide. 

DNA contains the genetic information that allows all forms of life to function, grow and 
reproduce. However, it is unclear how long in the 4-billion-year history of life DNA has 
performed this function, as it has been proposed that the earliest forms of life may have 
used RNA as their genetic material. RNA may have acted as the central part of early cell 
metabolism as it can both transmit genetic information and carry out catalysis as part of 
ribozymes. This ancient RNA world where nucleic acid would have been used for both 
catalysis and genetics may have influenced the evolution of the current genetic code based 
on four nucleotide bases. This would occur, since the number of different bases in such an 
organism is a trade-off between a small number of bases increasing replication accuracy 
and a large number of bases increasing the catalytic efficiency of ribozymes. However, 
there is no direct evidence of ancient genetic systems, as recovery of DNA from most 
fossils is impossible because DNA survives in the environment for less than one million 
years, and slowly degrades into short fragments in solution. 

Building blocks of DNA may have been formed extraterrestrially in outer space. Complex 
DNA and RNA organic compounds of life have also been formed in the laboratory under 
conditions mimicking those found in outer space, using starting chemicals, such as 
pyrimidine, found in meteorites. Pyrimidine, like polycyclic aromatic hydrocarbons (PAH), 
the most carbon-rich chemical found in the universe, may have been formed in red giants 
or in interstellar cosmic dust and gas clouds.
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The Sun is the star at the center of the Solar System. It is a nearly perfect sphere of hot plasma, 
heated to incandescence by nuclear fusion reactions in its core, radiating the energy mainly 
as light and infrared radiation. It is by far the most important source of energy for life on 
Earth. Its diameter is about 1.39 million kilometers, or 109 times that of Earth, and its mass 
is about 330,000 times that of Earth. It accounts for about 99.86% of the total mass of the 
Solar System. Roughly three quarters of the Sun’s mass consists of hydrogen; the rest 
is mostly helium, with much smaller quantities of heavier elements, including oxygen, 
carbon, neon, and iron. 

The Sun formed approximately 4.6 billion years ago from the gravitational collapse of matter 
within a region of a large molecular cloud. Most of this matter gathered in the center, whereas 
the rest flattened into an orbiting disk that became the Solar System. The central mass 
became so hot and dense that it eventually initiated nuclear fusion in its core. It is thought 
that almost all stars form by this process.

The Sun is by far the brightest object in the Earth’s sky, with an apparent magnitude of −26.74. 
This is about 13 billion times brighter than the next brightest star, Sirius, which has an 
apparent magnitude of −1.46. One astronomical unit (about 150,000,000 km) is defined 
as the mean distance of the Sun’s center to Earth’s center, though the distance varies as Earth 
moves from perihelion in January to aphelion in July. At this average distance, light travels 
from the Sun’s horizon to Earth’s horizon in about 8 minutes and 19 seconds, while light 
from the closest points of the Sun and Earth takes about two seconds less. The energy of this 
sunlight supports almost all life on Earth by photosynthesis, and drives Earth’s climate 
and weather.

THE
SUN

Earth is the third planet from the Sun and the only astronomical object known to harbor 
life. About 29% of Earth’s surface is land consisting of continents and islands. The remaining 
71% is covered with water, mostly by oceans but also lakes, rivers and other fresh water, 
which together constitute the hydrosphere. Much of Earth’s polar regions are covered in ice. 

According to radiometric dating estimation and other evidence, Earth formed over 4.5 billion 
years ago. Within the first billion years of Earth’s history, life appeared in the oceans and 
began to affect Earth’s atmosphere and surface, leading to the proliferation of anaerobic 
and, later, aerobic organisms. Some geological evidence indicates that life may have arisen 
as early as 4.1 billion years ago. Since then, the combination of Earth’s distance from the 
Sun, physical properties and geological history have allowed life to evolve and thrive. In the 
history of life on Earth, biodiversity has gone through long periods of expansion, occasionally 
punctuated by mass extinctions.

A planet’s life forms inhabit ecosystems, whose total forms the biosphere. The biosphere 
is divided into a number of biomes, inhabited by broadly similar plants and animals. On 
land, biomes are separated primarily by differences in latitude, height above sea level and 
humidity. Terrestrial biomes lying within the Arctic or Antarctic Circles, at high altitudes 
or in extremely arid areas are relatively barren of plant and animal life; species diversity 
reaches a peak in humid lowlands at equatorial latitudes. Estimates of the number of species 
on Earth today vary; most species have not been described.

A planet that can sustain life is termed habitable, even if life did not originate there. Earth 
provides liquid water—an environment where complex organic molecules can assemble 
and interact, and sufficient energy to sustain metabolism. Plants can take up nutrients from 

the atmosphere, soils and water. These nutrients are constantly recycled 
between different species. The distance of Earth from the Sun, 

as well as its orbital eccentricity, rate of rotation, axial tilt, 
geological history, sustaining atmosphere, and magnetic 

field all contribute to the current climatic conditions 
at the surface.
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Energy is the quantitative property that must be transferred to an object in order to perform 
work on, or to heat, the object. Energy is a conserved quantity; the law of conservation of 
energy states that energy can be converted in form, but not created or destroyed. The 
SI unit of energy is the joule, which is the energy transferred to an object by the work of 
moving it a distance of 1 meter against a force of 1 newton.

Energy is an attribute of all biological systems from the biosphere to the smallest living 
organism. Within an organism it is responsible for growth and development of a biological 
cell or an organelle of a biological organism. Energy used in respiration is mostly stored in 
molecular oxygen and can be unlocked by reactions with molecules of substances such as 
carbohydrates (including sugars), lipids, and proteins stored by cells. 

Sunlight’s radiant energy is also captured by plants as chemical potential energy in 
photosynthesis, when carbon dioxide and water (two low-energy compounds) are 
converted into carbohydrates, lipids, and proteins and high-energy compounds like oxygen 
and ATP. Carbohydrates, lipids, and proteins can release the energy of oxygen, which is 
utilized by living organisms as an electron acceptor. Release of the energy stored during 
photosynthesis as heat or light may be triggered suddenly by a spark, in a forest fire, or 
it may be made available more slowly for animal or human metabolism, when organic 
molecules are ingested, and catabolism is triggered by enzyme action.

Living organisms require energy to stay alive, such as the energy humans get from food. 
Human civilization requires energy to function, which it gets from energy 

resources such as fossil fuels, nuclear fuel, or renewable energy. 
The pro––cesses of Earth’s climate and ecosystem are 

driven by the radiant energy Earth receives from 
the sun and the geothermal energy contained 

within the Earth.

ENERGY
Photosynthesis is a process used by plants and other 

organisms to convert light energy into chemical energy 
that can later be released to fuel the organisms’ activities. This 

chemical energy is stored in carbohydrate molecules, such as sugars, 
which are synthesized from carbon dioxide and water. In most cases, oxygen is 

also released as a waste product. Most plants, most algae, and cyanobacteria perform 
photosynthesis; such organisms are called photoautotrophs. Photosynthesis is largely 
responsible for producing and maintaining the oxygen content of the Earth’s atmosphere, 
and supplies most of the energy necessary for life on Earth.

The first photosynthetic organisms probably evolved early in the evolutionary history 
of life and most likely used reducing agents such as hydrogen or hydrogen sulfide, rather 
than water, as sources of electrons. Cyanobacteria appeared later; the excess oxygen they 
produced contributed directly to the oxygenation of the Earth, which rendered the evolution 
of complex life possible. Today, the average rate of energy capture by photosynthesis 
globally is approximately 130 terawatts, which is about eight times the current power 
consumption of human civilization. Photosynthetic organisms also convert around 100–115 
billion tons of carbon into biomass per year.

Photosynthetic organisms are photoautotrophs, which means that they are able to synthesize 
food directly from carbon dioxide and water using energy from light. However, not all 
organisms use carbon dioxide as a source of carbon atoms to carry out photosynthesis; 
photoheterotrophs use organic compounds, rather than carbon dioxide, as a source of 
carbon.In plants, algae, and cyanobacteria, photosynthesis releases oxygen. This is called 
oxygenic photosynthesis and is by far the most common type of photosynthesis used by 
living organisms. Although there are some differences between oxygenic photosynthesis 
in plants, algae, and cyanobacteria, the overall process is quite similar in these organisms. 
There are also many varieties of anoxygenic photosynthesis, used mostly by certain types 
of bacteria, which consume carbon dioxide but do not release oxygen.
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Evolution is change in the heritable characteristics of biological populations over successive 
generations. These characteristics are the expressions of genes that are passed on from 
parent to offspring during reproduction. Different characteristics tend to exist within any 
given population as a result of mutation, genetic recombination and other sources of genetic 
variation. Evolution occurs when evolutionary processes such as natural selection (including 
sexual selection) and genetic drift act on this variation, resulting in certain characteristics 
becoming more common or rare within a population. It is this process of evolution that 
has given rise to biodiversity at every level of biological organization, including the levels 
of species, individual organisms and molecules.

The history of life was that of the unicellular eukaryotes, prokaryotes and archaea until 
about 610 million years ago when multicellular organisms began to appear in the oceans 
in the Ediacaran period. The evolution of multicellularity occurred in multiple independent 
events, in organisms as diverse as sponges, brown algae, cyanobacteria, slime molds and 
myxobacteria. Soon after the emergence of these first multicellular organisms, a remarkable 
amount of biological diversity appeared over approximately 10 million years, in an event 
called the Cambrian explosion. Here, the majority of types of modern animals appeared 
in the fossil record, as well as unique lineages that subsequently became extinct. Various 
triggers for the Cambrian explosion have been proposed, including the accumulation of 
oxygen in the atmosphere from photosynthesis. About 500 million years ago, plants and 
fungi colonised the land and were soon followed by arthropods and other animals. Insects 
were particularly successful and even today make up the majority of animal species. 
Amphibians first appeared around 364 million years ago, followed by early amniotes and 
birds around 155 million years ago (both from “reptile”-like lineages), mammals around 
129 million years ago, homininae around 10 million years ago and modern humans around 
250,000 years ago. However, despite the evolution of these large animals, smaller organisms 
similar to the types that evolved early in this process continue to be highly successful and 
dominate the Earth, with the majority of both biomass and species being prokaryotes.

EVOL
UTION

Extinction is the termination of a kind of organism or of a group of kinds, usually a species. 
The moment of extinction is generally considered to be the death of the last individual 
of the species, although the capacity to breed and recover may have been lost before this 
point. Because a species’ potential range may be very large, determining this moment is 
difficult, and is usually done retrospectively. This difficulty leads to phenomena such as 
Lazarus taxa, where a species presumed extinct abruptly “reappears” (typically in the fossil 
record) after a period of apparent absence.

More than 99 percent of all species, amounting to over five billion species, that ever lived 
on Earth are estimated to have died out. It’s estimated there are currently around 8.7 million 
species of eukaryote globally, and possibly many times more if microorganisms, like bacteria, 
are included.

In the natural course of events, species become extinct for a number of reasons, including 
but not limited to: extinction of a necessary host, prey or pollinator, inter-species competition, 
inability to deal with evolving diseases and changing environmental conditions (particularly 
sudden changes) which can act to introduce novel predators, or to remove prey. Recently 
in geological time, humans have become an additional cause of extinction (some people 
would say premature extinction) of some species, either as a new mega-predator or by 
transporting animals and plants from one part of the world to another. Such introductions 
have been occurring for thousands of years, sometimes intentionally (e.g. livestock released 
by sailors on islands as a future source of food) and sometimes accidentally (e.g. rats escaping 
from boats). In most cases, the introductions are unsuccessful, but when an invasive alien 
species does become established, the consequences can be catastrophic. Invasive alien 
species can affect native species directly by eating them, competing with them, and introducing 
pathogens or parasites that sicken or kill them; or indirectly by destroying or degrading 
their habitat. Human populations may themselves act as invasive predators. 
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Death is the permanent cessation of all biological functions that sustain a living organism. 
The remains of a living organism begin to decompose shortly after death. It is an inevitable 
process eventually occurring in all living organisms.

Signs of death or strong indications that a warm-blooded animal is no longer alive are:

• Respiratory arrest (no breathing)
• Cardiac arrest (no pulse)
• Brain death (no neuronal activity)

The stages that follow after death are:

• Pallor mortis, paleness which happens in the 15–120 minutes after death
• Algor mortis, the reduction in body temperature following death. This is generally a 

steady decline until matching ambient temperature
• Rigor mortis, the limbs of the corpse become stiff and difficult to move or manipulate
• Livor mortis, a settling of the blood in the lower (dependent) portion of the body
• Putrefaction, the beginning signs of decomposition
• Decomposition, the reduction into simpler forms of matter, accompanied by a strong, 

unpleasant odor.
• Skeletonization, the end of decomposition, where all soft tissues have decomposed, 

leaving only the skeleton.
• Fossilization, the natural preservation of the skeletal remains formed over a very long 

period

Much interest and debate surround the question of what happens to one’s consciousness 
as one’s body dies. The belief in the permanent loss of consciousness after death is often 
called eternal oblivion. Belief that the stream of consciousness is preserved after physical 
death is described by the term afterlife. Neither are likely to ever be confirmed without the 
ponderer having to actually die.

DEATH
Life is a characteristic that distinguishes physical entities that have biological processes, 
such as signaling and self-sustaining processes, from those that do not, either because such 
functions have ceased (they have died), or because they never had such functions and are 
classified as inanimate. Various forms of life exist, such as plants, animals, fungi, protists, 
archaea, and bacteria. Biology is the science concerned with the study of life.

There is currently no consensus regarding the definition of life. One popular definition is 
that organisms are open systems that maintain homeostasis, are composed of cells, have a 
life cycle, undergo metabolism, can grow, adapt to their environment, respond to stimuli, 
reproduce and evolve. Other definitions sometimes include non-cellular life forms such as 
viruses and viroids.

All known life forms share fundamental molecular mechanisms, reflecting their common 
descent; based on these observations, hypotheses on the origin of life attempt to find a 
mechanism explaining the formation of a universal common ancestor, from simple organic 
molecules via pre-cellular life to protocells and metabolism. Models have been divided 
into “genes-first” and “metabolism-first” categories, but a recent trend is the emergence 
of hybrid models that combine both categories. Living organisms synthesize proteins, 
which are polymers of amino acids using instructions encoded by deoxyribonucleic acid 
(DNA). Protein synthesis entails intermediary ribonucleic acid (RNA) polymers. One 
possibility for how life began is that genes originated first, followed by proteins; the alter-
native being that proteins came first and then genes. However, because genes and proteins 
are both required to produce the other, the problem of considering which came first is like 
that of the chicken or the egg. Most scientists have adopted the hypothesis that because of 
this, it is unlikely that genes and proteins arose independently.

According to the panspermia hypothesis, microscopic life—distributed by meteoroids, 
asteroids and other small Solar System bodies—may exist throughout the universe.
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