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1. Introduction to Evolution

Evolution is the process through which complex multicellular organisms have developed from simple
unicellular ancestors, leading to the biodiversity observed today. This chapter explores the
mechanisms of evolution, theories like Lamarckism and Darwinism, evidence supporting evolution,
and the role of the nervous system in evolutionary adaptations.

2. Case Study: Antibiotic Resistance in Tuberculosis

A case study illustrates the evolution of antibiotic-resistant bacteria, highlighting the real-world
implications of evolutionary processes.

Case Study Summary
e Patient Scenario (1966):

o Ayoung man with tuberculosis (TB) was treated with antibiotics for 6 weeks,
followed by a specific antibiotic for 33 weeks.

o Post-treatment tests confirmed the cure, but the patient relapsed two months later
with similar symptoms.

o Despite further antibiotic treatment, the patient died due to breathing difficulties.

o Analysis revealed that a mutation.in a specific gene made the TB bacteria resistant
to antibiotics, allowing them to multiply and cause disease relapse.

Key Questions and Answers
Question Answer

The patient received multiple antibiotics for 6 weeks and a specific
antibiotic for 33 weeks. Tests confirmed the TB was cured after 10
months.

What was the initial
treatment and its result?

Why didn’t the disease get The bacteria developed resistance due to a mutation, rendering the

cured the second time? antibiotics ineffective.
How did the bacteria A mutation in a specific gene allowed the bacteria to survive and
acquire resistance? multiply despite antibiotic presence.

What happens if resistant  Resistant traits can pass to future generations, increasing the
bacteria transmit this proportion of resistant bacteria and potentially leading to multidrug-
ability? resistant strains (superbugs).

Implications: Antimicrobial Resistance
e Superbugs: Bacteria resistant to multiple antibiotics due to mutations.

¢ Impact: Common antibiotics become ineffective, posing a significant challenge to
healthcare.
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¢ Mechanism: Mutations enable bacteria to survive antibiotics, and these traits are inherited,
leading to the proliferation of resistant strains.

3. Theories of Evolution
3.1 Lamarckism (Theory of Inheritance of Acquired Characters)
e Proposed by: Jean Baptiste Lamarck, a French biologist.

e Core Idea: Organisms acquire characteristics during their lifetime due to environmental
changes, and these acquired traits are passed to offspring.

¢ Example (Giraffes):

o Short-necked giraffes stretched their necks to reach higher leaves due to food
scarcity.

o This elongation was passed to subsequent generations, resulting in long-necked
giraffes.

e lllustration 2.1 Analysis:

o Change in Environment: Scarcity of ground-level food forced giraffes to reach higher
branches.

o Acquired Character: Neck elongation due to stretching.
o Inheritance: Acquired longer necks passed to offspring.
o Survival: Giraffes with.longer necks survived better in the changed environment.

e Criticism: Later studies showed acquired traits do not alter genetic structure and are not
inherited.

3.2 Darwinism (Theory of Natural Selection)
e Proposed by: Charles Darwin, an English naturalist.

e Core Idea: Organisms with favorable variations survive and reproduce, passing these traits
to offspring, leading to new species over time.

o Key Concepts:

o Overproduction: Organisms produce more offspring than the environment can
support.

o Variations: Individuals show differences in traits (e.g., size, immunity).

o Struggle for Existence: Competition for limited resources (food, shelter, mates).

o Survival of the Fittest: Organisms with favorable variations survive and reproduce.
o Natural Selection: Favorable traits accumulate, leading to new species.

e Example (Galapagos Finches):
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o Diversity of Beak: Finches have beaks varying in size and shape (e.g., seed-eaters,
cactus-eaters, insect-eaters).

o Cause of Diversity: Variations in beak shape/size suited to food availability.

o Survival Impact: Finches with beaks suited to available food survived and
reproduced, leading to speciation.

3.3 Comparison of Lamarckism and Darwinism
Aspect Lamarckism Darwinism

Environment causes variations through Environment selects favorable

Mechanism . .
use/disuse. variations.
Example Continuous neck stretching elongates Giraffes with naturally longer necks
(Giraffes) necks, inherited by offspring. survive and reproduce:
. Acquired traits during lifetime are Naturally occurring variations are
Inheritance . . . .
inherited. inherited.
Outcome Giraffes with longer necks emerge via Only giraffes with longer necks survive,
acquired traits. leading to new species.
Scientific Disproved; acquired traits not genetically. Supported by genetic and fossil
Validity inherited. evidence.

3.4 Neo-Darwinism
e Limitation of Darwinism: Darwin could not explain the genetic basis of variations.
e Advancements:
o Gregor Mendel’s work on genetics clarified inheritance mechanisms.

o Variations arise from genetic changes, recombination during sexual reproduction,
and gene flow.

e Neo-Darwinism: Integrates Darwin’s natural selection with modern genetics, supported by
fields like population genetics, paleontology, and environmental science.

e - Applications: Used in evolutionary clinical medicine to study drug resistance in pathogens
and develop personalized medicine.

4. Evidence of Evolution

4.1 Molecular Biology

e Concept: Comparing DNA nucleotide sequences and protein amino acid sequences reveals
evolutionary relationships.

e Example (Table 2.1):
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Organism Difference in Beta Chain Amino Acids (Compared to Humans)
Chimpanzee 0
Gorilla 1
Rat 31
e Inferences:

o Closest Relationship: Chimpanzees (no differences in beta chain) are most closely
related to humans.

o Distant Relationship: Rats (31 differences) are more distantly related.

o Role of Molecular Biology: Sequence similarities indicate common ancestry; fewer
differences suggest closer evolutionary ties.

4.2 Comparative Anatomy
e Concept: Similarities in internal structures of different organisms suggest common ancestry.

e Example (lllustration 2.6): Homologous structures (e.g., limb bones in mammals) show
similar patterns despite different functions, indicating shared evolutionary origins.

4.3 Fossil Evidence
e Concept: Fossils provide evidence of ancient organisms and their evolutionary transitions.
e Examples (lllustration 2.7):
o Horse Evolution: Ancestors had shorter legs compared to modern horses.
o Connecting Links: Archaeopteryx shows features of both reptiles and birds.
o Extinct Species: Dinosaurs and mammoths indicate past biodiversity.
¢ Role: Fossils trace evolutionary history and confirm gradual changes over time.
4.4 Speciation and Evolutionary Tree

e Speciation: New species arise from a common ancestor due to isolation, mutations, natural
selection, or genetic recombination.

e LUCA and MRCA:
o LUCA (Last Universal Common Ancestor): Hypothetical ancestor of all life forms.

o MRCA (Most Recent Common Ancestor): Closest ancestor shared by specific species
(e.g., humans and chimpanzees).

e Comparison:
Aspect LUCA MRCA

Scope Ancestor of all life Ancestor of specific groups
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Time Billions of years ago More recent

e Circumstances for Variation:
o Mutations, genetic recombination, gene flow, and environmental pressures.

e Species Formation: Accumulated variations in isolated populations prevent interbreeding,
leading to new species.

5. Human Evolution

¢ Common Ancestors: Humans, apes, and monkeys share primate ancestors with traits like
opposable thumbs and binocular vision.

e Evolutionary Tree (lllustration 2.8):
o Anthropoidea Categories: Old World monkeys and apes/humans.
o Common Category: Hominidae (apes and humans).

e Fossil Evidence (Table 2.2):

Cranial
Human Ancestor . Characteristics
Capacity
Sahelanthropus
. P 350 cm? First link, fossils from Africa
tchadensis
Australopithecus 450 cm? Bipedal, fossils from Africa
Homo habilis 600 cm? Tool-making, lived in groups, hunted
Upright walking, omnivorous, used stone
Homo erectus 900 cm? pri 8
weapons
Homo neanderthalensis 1450 cm? Buried dead, small forehead, thick eyebrows
Advanced technology, agriculture, cultural
Homo sapiens 1350 cm? gY: a8

development
e  Cranial Capacity Trend: Increased from 350 cm? to 1450 cm?, enabling complex behaviors.
e Brain Development Impact:
o Enabled tool-making, language, social interactions, and cultural advancements.

o Modern humans have brains optimized for complex thinking, unlike Neanderthals,
whose brains favored vision and body control.
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6. Nervous System and Evolution

e Role in Evolution: The nervous system’s complexity reflects evolutionary advancements,
enabling organisms to adapt to diverse environments.

e Structure of Neuron (lllustration 2.9):
o Cell Body (Cyton): Contains nucleus and organelles.
o Dendrons/Dendrites: Receive impulses from adjacent neurons.
o Axon/Axonites: Transmit impulses away from the cell body.

o Synaptic Knob: Contains neurotransmitters (e.g., acetylcholine) for impulse
transmission.

e Neurotransmitters: Examples include dopamine, serotonin, and GABA.
¢ Neuroglial Cells (Figure 2.1):

o Functions: Provide nutrition, eliminate wastes, act as defense cells, and support
neuron function.

e Myelin Sheath (Figure 2.2):

o Structure: Fatty layer covering axons, produced by oligodendrocytes (CNS) or
Schwann cells (PNS).

o Functions: Insulates axons, speeds up impulse transmission, protects axons.
¢ Nervous System Organization (lllustration 2.10):
o Central Nervous System (CNS): Brain and spinal cord.

o Peripheral Nervous System (PNS): Cranial and spinal nerves, receptors, nerve
ganglia.

6.1 Brain Structure and Functions (Table 2.3)

Part Functions

Cerebrum Controls voluntary actions, memory, thinking, decision-making
Cerebellum Maintains equilibrium, coordinates muscular activities
Thalamus Relay station for messages to/from cerebrum, pain perception
Hypothalamus Regulates homeostasis (temperature, hunger, thirst, emotions)
Mid brain Initial assessment of vision/hearing, eye movement

Pons Coordinates eye/face muscles, regulates ventilation rate

Medulla oblongata Controls involuntary actions (heartbeat, breathing, vomiting)
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6.2 Spinal Cord
e Structure: Continuation of medulla oblongata, transmits impulses between brain and body.
e Protection (lllustration 2.11):
o Covered by meninges (three layers).

o Cerebrospinal fluid (CSF) provides nutrients, removes wastes, regulates pressure,
and protects from injuries.

6.3 Impulse Transmission (lllustration 2.14)

e Mechanism: Neurons maintain a charge difference (negative inside, positive outside).
Stimulation causes positive ions to enter, reversing the charge temporarily to transmit
impulses.

e Synapse (lllustration 2.15):

o Parts: Presynaptic membrane, synaptic knob (contains neurotransmitters), synaptic
cleft, postsynaptic membrane (contains receptors).

o Transmission: Neurotransmitters released into the cleft bind to receptors,
stimulating the next neuron.

o Role: Ensures unidirectional impulse flow and increases transmission speed.

6.4 Types of Neurons (Table 2.4)

Neuron Function

Sensory neuron Transmits impulses from receptors to CNS
Motor neuron Transmits instructions from CNS to organs

Inter neuron  Connects sensory and motor neurons within CNS

6.5 Types of Nerves (Table 2.5)

Nerve Building Block Function
Sensorynerve Sensory neuron Transmits impulses from receptors to CNS
Motor nerve Motor neuron Transmits instructions from CNS to organs

Mixed nerve Sensory and motor neurons Transmits impulses in both directions

6.6 Autonomous Nervous System (lllustration 2.17)

e Components:

o Sympathetic System: Prepares body for emergencies (e.g., dilates pupils, increases
heartbeat).
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o Parasympathetic System: Promotes relaxation and routine functions (e.g., increases
saliva production, decreases heartbeat).

e Functions: Regulates involuntary activities like digestion and heart rate.

6.7 Reflex Actions (lllustration 2.18)

e Definition: Involuntary responses to stimuli.

e Reflex Arc:

o Parts: Receptor, sensory neuron, interneuron, motor neuron, effector
(muscle/gland).

o Functions: Receptors detect stimuli, sensory neurons transmit to CNS, interneurons
process, motor neurons activate effectors.

e Significance: Rapid responses protect the body (e.g., withdrawing hand from heat, blinking).

6.8 Nervous System Across Organisms (lllustration 2.19)

Organism Nervous System

Hydra Neural network, no control center

Planaria Paired nerve ganglia in head for coordination

Insects  Developed brain in head, ganglia in each segment
e Comparison:

o Hydra lacks a centralized system, while Planaria has a basic control center (ganglia).

o Insects show a more developed brain and segmented ganglia, reflecting evolutionary
complexity.

7. Protection of the Nervous System
e Precautions:

o Use helmets and seat belts to prevent injuries.

O

Avoid stagnant water to prevent infections.

o Avoid smoking, alcohol, and drug abuse.

O

Ensure 8-10 hours of sleep to support brain function.

o Exercise regularly to maintain nervous system health.

8. Assessment Questions

1. Correct lllustration for Human Evolution:
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o Choose the illustration aligning with natural selection (survival of favorable traits,
not acquired traits).

2. Dolphins vs. Humans:

o Brain Structure: Humans have a highly developed neocortex (16 billion neurons,
7000 synapses/neuron) for advanced thinking, language, and social interactions.
Dolphin brains are larger but less specialized for these functions.

o Natural Selection: Human brain evolution favored cognitive and social skills, unlike
dolphins.

3. Neuron Labeling:
o (a) Dendrites
o (b) Synaptic knob
o (c) Myelin sheath
4. Darwin’s Limitation:

o Darwin couldn’t explain variation sources; Neo-Darwinism integrates genetics
(mutations, recombination, gene flow).

5. Nerves A and B:

o Identify based on function (sensory, motor, mixed) and confirm no direct message
exchange (synapse mediates).

6. Spinal Cord Parts (Table 2.6):
Part Function
Central canal Fluid nourishes spinal cord
White matter Neurons with myelin sheath
Dorsal root.  Transmits impulses to spinal cord
Grey matter Cell bodies of neurons

7. Human Ancestors (Table 2.7):

o Correct option: (b) A:iii, B: i, C: iv, D: ii.
8. Brain Parts (Table 2.8):

o Correct option: (a) P - Medulla oblongata, Q - Pons, R - Hypothalamus, S - Thalamus.
9. Lamarckism vs. Darwinism (Table 2.9):

Lamarckism Darwinism

Use and disuse Natural selection
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Variations acquired in lifespan Inheritance of variations

Continuous use elongates neck Only long-necked giraffes survive

9. Extended Activities
1. Create a human evolutionary tree model.
2. Organize a seminar on mass extinctions.
3. Prepare a play script on nervous system protection.
4. Build a neuron model using beads, wires, etc.

5. Debate: “Is artificial intelligence a challenge to the human brain?”
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