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Lecture 2
Botany: An Introduction

what drives life is . . . "a little current, kept up by the sunshine,” wrote Nobel laureate Albert

Szent-Gyorgyi. With this simple sentence, he summed up one of the greatest marvels of evolution-

photosynthesis.
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During the photosynthetic process, radiant energy from the sun is captured and used to form the

sugars on which all life, including our own, depends. Oxygen, also essential to our existence, is released as

a by-product. The “little current” begins when a particle of light strikes a molecule of the green

pigment chlorophyll, boosting one of the electrons in the chlorophyll to a higher energy level. The

“excited” electron, in turn, initiates a flow of electrons that ultimately converts the radiant energy

from the sun to the chemical energy of sugar molecules.
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Only a few types of organisms-plants, algae, and some bacteria-possess chlorophyll, which is

essential for a living cell to carry out photosynthesis. Once light energy is trapped in chemical form, it

becomes available as an energy source to all other organisms, including human beings. We are totally

dependent on photosynthesis, a process for which plants are exquisitely adapted.
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The word “botany” comes from the Greek botane- , meaning “plant,” derived from the verb

boskein, “to feed.” Plants, however, enter our lives in innumerable ways other than as sources of food.

They provide us with fiber for clothing; wood for furniture, shelter, and fuel; paper for books (such as the
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page you are reading at this moment); spices for flavor; drugs for medicines; and the oxygen we breathe.

We are utterly dependent on plants.
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Plants also have enormous sensory appeal, and our lives are enhanced by the gardens, parks, and

wilderness areas available to us. The study of plants has provided us with great insight into the nature of

all life and will continue to do so in the years ahead. And, with genetic engineering and other forms of

modern technology, we have entered the most exciting period in the history of botany, where plants can

be transformed, for example, to resist disease, kill pests, produce vaccines, manufacture

biodegradable plastic, tolerate high-salt soils, resist freezing, and provide higher levels of vitamins

and minerals in food products, such as maize (corn) and rice.
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Evolution of Plants

Life Originated Early in Earth’s Geologic History

Like all other living organisms, plants have had a long history during which they evolved, or changed,

over time. The planet Earth itself-an accretion of dust and gases swirling in orbit around the star that is

our sun-is some 4.6 billion years old.
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It is believed that Earth sustained a lethal meteor bombardment that ended about 3.8 to 3.9 billion
years ago. Vast chunks of rubble slammed into the planet, helping to keep it hot. As the molten Earth
began to cool, violent storms raged, accompanied by lightning and the release of electrical energy, and
widespread volcanism spewed molten rock and boiling water from beneath the Earth’s surface.
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The earliest known fossils are found in rocks of Western Australia about 3.5 billion years old

(Figure 2—1). These microfossils consist of several kinds of small, relatively simple filamentous

microorganisms resembling bacteria.
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2—1 The earliest known fossils Obtained from ancient rocks in northwestern Western Australia. These so-called

microfossils have been magnified 1000 times.
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About the same age as these microfossils are ancient stromatolites-fossilized microbial mats

consisting of layers of filamentous (cyanobactrial mats) and other microorganisms and trapped

sediment. Stromatolites continue to be formed today in a few places, such as in the warm, shallow

oceans off the shores of Australia and the Bahamas (Figure 2—2). By comparing the ancient

stromatolites with modern ones, which are formed by cyanobacteria (filamentous photosynthetic

https://manara.edu.sy/



https://manara.edu.sy/
https://manara.edu.sy/

A
Bl ol

bacteria), scientists have concluded that the ancient stromatolites were formed by similar filamentous

bacteria.
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More complex organisms-those with eukaryotic cellular organization-did not evolve until

about 2.1 billion years ago. For about 1.5 billion years, therefore, prokaryotes were the only forms

of life on Earth.
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Whether life originated on Earth or reached Earth through space in the form of spores (resistant
reproductive cells) or by some other means is problematic. Life may have formed on Mars, for example,

whose early history paralleled that of Earth.
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Strong evidence, first discovered by the Opportunity rover in 2004, indicated that water once

flowed across the planet, raising the possibility that, at one time, Mars could have supported life (Figure

2-3).1n 2008, the Phoenix Mars Lander found water ice in abundance near the surface. Moreover, its

instruments monitored a diurnal water cycle.
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2-3 Life on Mars? This color-enhanced image shows a portion of the Jezero Crater, that once held a lake. Claylike
minerals (indicated in green) were carried by ancient rivers into the lake, forming a delta. Because clays are able to
trap and preserve organic matter, deltas and lakebeds are promising areas in which to search for signs of ancient

life on Mars.
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In 2011, NASA’s Mars Reconnaissance Orbiter satellite found evidence of liquid water flowing down

slopes and crater walls during the warm month on Mars.
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No organic molecules or traces of previous or present biological activity (were detected at the Phoenix
landing site). However, one would expect organic molecules to be present in the Martian soil, given the

steady influx of certain types of meteorites that contain considerable quantities of organic material.

Meteorites that fall to Earth contain amino acids and organic carbon molecules such as

formaldehyde. We will continue to assume, however, that life on Earth originated on Earth.
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Most Likely, the ancestors of the First Cells Were Simple Aggregations of Molecules

According to current theories, organic molecules, formed by the action of lightning, rain, and solar
energy on gases in the environment or spewed out of hydrothermal vents, accumulated in the oceans.
Some organic molecules have a tendency to aggregate in groups, and these groups probably took the
form of droplets, similar to the droplets formed by oil in water. Such assemblages of organic molecules
appear to have been the ancestors of primitive cells, the first forms of life. According to current theories,

these organic molecules may also have served as the source of energy for the earliest forms of life.
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Today, just about all organisms use an identical genetic code to translate DNA into proteins, whether

they are fungi, plants, or animals. It seems quite clear, therefore, that life as we know it emerged on

Earth only once and that all living things share a common ancestor: a DNA-based microbe that

lived more that 3.5 billion years ago
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Near the end of On the Origin of Species, Charles Darwin wrote: “Probably all the organic beings
which have ever lived on this earth have descended from someone primordial form, into which life was
first breathed.”
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Autotrophic Organisms Make Their Own Food, but Heterotrophic Organisms Must

Obtain Their Food from External Sources

Evidence of the activities of photosynthetic organisms has been found in rocks 3.4 billion years old,
about 100 million years after the first fossil evidence of life on Earth. We can be almost certain, however,
that both life and photosynthetic organisms evolved considerably earlier than the evidence suggests. In

addition, there seems to be no doubt that heterotrophs evolved before autotrophs. With the arrival

of autotrophs, the flow of energy in the biosphere (that is, the living world and its environment) came to
assume its modern form: radiant energy from the sun channeled through the photosynthetic autotrophs

to all other forms of life.
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Photosynthesis Altered Earth’s Atmosphere, Which in Turn Influenced the Evolution

of Life

As photosynthetic organisms increased in number, they changed the face of the planet. This biological
revolution came about because photosynthesis typically involves splitting the water molecule (H,0) and

releasing its oxygen as free oxygen molecules (O,).
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This increase in oxygen level had two important consequences:

® First, some of the oxygen molecules in the outer layer of the atmosphere were converted to

ozone (O;) molecules. When there is a sufficient quantity of ozone in the atmosphere, it absorbs

the ultraviolet rays-rays highly destructive to living organisms-from the sunlight that reaches the

Earth.
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® Second, the increase in free oxygen opened the way to a much more efficient utilization of the

energy-rich carbon containing molecules formed by photosynthesis. It enabled organisms to

break down those molecules by the oxygen-utilizing process known as respiration.
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Before the atmosphere accumulated oxygen and became aerobic, the only cells that existed were
prokaryotic-simple cells that lacked a nuclear envelope and did not have their genetic material organized

into complex chromosomes. It is likely that the first prokaryotes were heat-loving organisms called

“ n . a“ . n
archaea” (meaning “ancient ones”).
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According to the fossil record, the increase of relatively abundant free oxygen was

accompanied by the first appearance of eukaryotic cells-cells with nuclear envelopes, complex

chromosomes, and organelles, such as mitochondria (sites of respiration) and chloroplasts (sites of
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photosynthesis), surrounded by membranes. Eukaryotic organisms, in which the individual cells are
usually much larger than those of the bacteria.
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Plant Biology Includes Many Different Areas of Study

The study of plants has been pursued for thousands of years, but like all branches of science, it became

diverse and specialized only during the twentieth century. Until the late 1800s, botany was a branch of
medicine, pursued chiefly by physicians who used plants for medicinal purposes and who were
interested in determining the similarities and differences between plants and animals for that purpose.

Today, however, plant biology is an important scientific discipline that has many subdivisions:
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- Plant physiology, which is the study of how plants function, that is, how they capture and

transform energy and how they grow and develop.
- plant morphology, the study of the form of plants.
- plant anatomy, the study of their internal structure.

- plant taxonomy and systematics, involving the naming and classifying of plants and the study

of the relationships among them.
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- cytology, the study of cell structure, function, and life histories.
- genetics, the study of heredity and variation.

- genomics, the study of the content, organization, and function of genetic information in whole

genomes.

- molecular biology, the study of the structure and function of biological molecules.
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- economic botany, the study of past, present, and future uses of plants by people.

- ethnobotany, the study of the uses of plants for medicinal and other purposes by indigenous

peoples.
- ecology, the study of the relationships between organisms and their environment.
- paleobotany, the study of the biology and evolution of fossil plants.
draiadly ¢ palaly (ol § @blall bl oleliseiw dulys (gabaid¥l olidl ole -
Aol (oW ablall lelagiul duls (@addl cdall gl Jiad! cdadl gasy) gaelad! oladl ole -
sl Cogaddl i3 (e (2l (e Lants
Loy el Sl oy cldall dulys adl ode -

gl SULal slaty Bl dulys (Flaiud! of g 9as¥) peudll ciladl ol -

End of lecture
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