SS3 BIOLOGY FIRST TERM LESSON NOTES
WEEK 1: REPRODUCTIVE BEHAVIOURS IN ANIMALS

CONTENT

1. Meaning of Reproductive Behaviour

Reproductive behaviour encompasses all activities and patterns exhibited by animals before,
during, and after mating to ensure successful reproduction and offspring survival. These
behaviours are genetically controlled and evolutionarily shaped to maximize reproductive

success. They include mate attraction, courtship, mating, nesting, and parental care.
2. Courtship Behaviour

Courtship is a sequence of behavioural patterns displayed by animals before mating. It serves

multiple biological functions essential for reproductive success.
Types of Courtship Displays:

e Visual displays: Peacocks displaying elaborate tail feathers; fireflies producing

bioluminescent flashes; male birds performing elaborate dances

e Auditory signals: Birds singing complex songs; frogs and toads croaking; crickets
chirping; whales producing songs

¢ Chemical communication: Moths and butterflies releasing pheromones; ants using
chemical trails; mammals marking territories with scent

e Tactile interactions: Spiders vibrating webs in specific patterns; birds engaging in

mutual preening; mammals nuzzling

e Behavioral displays: Bower birds building and decorating elaborate structures; male

fiddler crabs waving oversized claws
Functions of Courtship Behaviour:

e Species recognition to prevent hybridization

e Assessment of mate quality, health, and genetic fitness




e Synchronization of reproductive physiology between partners
e Reduction of natural aggression to allow mating
e Formation and strengthening of pair bonds

e Stimulation of hormone release for reproduction

3. Mating Systems

Animals exhibit diverse mating systems determined by ecological, physiological, and

evolutionary factors.
A. Monogamy (One male + One female)

e Definition: Exclusive pairing between one male and one female for at least one breeding

season
e Types: Serial monogamy (successive single partners) and lifelong monogamy
e Examples: Swans, eagles, albatrosses, gibbons, beavers, wolves
e Characteristics: High parental investment, bi-parental care, territorial defense
e Advantages: Shared parental duties, better offspring survival, resource defense

e Disadvantages: Limited genetic diversity, reproductive opportunities restricted
B. Polygamy (Multiple mating partners)
i) Polygyny (One male + Multiple females)

¢ Most common mating system in mammals

e Examples: Lions, gorillas, elephant seals, red deer, chickens, peacocks

e Characteristics: Sexual dimorphism, male competition, harems

e Advantages: Strong males pass superior genes, males maximize reproductive output

¢ Disadvantages: Intense male competition, some males excluded from reproduction,

minimal paternal care
ii) Polyandry (One female + Multiple males)

e Rare in animals, more common in certain bird and fish species

e Examples: Jacanas, phalaropes, some tropical fish
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e Characteristics: Females larger and more aggressive, males provide parental care
e Advantages: Females maximize egg production, males ensure some offspring survive

e Disadvantages: Paternity uncertainty, lower genetic contribution per male
C. Promiscuity (Multiple males + Multiple females)

e Neither sex forms pair bonds

e Examples: Chimpanzees, bonobos, many amphibians and fish

e Characteristics: No lasting bonds, sperm competition, little parental care

e Advantages: Maximum genetic diversity, no resource investment in partners

e Disadvantages: High disease transmission risk, low offspring survival without care

4. Parental Care in Different Animal Groups

A. Fishes Most fish species exhibit external fertilization with minimal parental investment.

However, some show remarkable care:

¢ Cichlids: Guard eggs and fry, some species are mouthbrooders

o Sticklebacks: Males build nests, guard eggs, fan them for oxygenation

e Seahorses and pipefish: Males carry fertilized eggs in specialized brood pouches
e Tilapia: Mouthbrooding where parent carries eggs and young in mouth

e Catfish: Some species guard eggs until hatching

e Most marine fish release millions of eggs with no care, relying on numbers for species

survival
B. Amphibians Amphibians show varying degrees of parental care:

¢ Frogs and toads: Most provide no care after egg laying; some guard eggs
e Midwife toads: Males carry egg strings wrapped around hind legs until hatching

e Poison dart frogs: Transport tadpoles on their backs to water-filled plants; some provide

unfertilized eggs as food
e Surinam toads: Eggs embedded in female's back skin where they develop

e Some salamanders: Guard eggs and may remain with larvae




e External fertilization and aquatic larval stage limit extensive care
C. Birds Birds exhibit the most extensive parental care among non-mammalian vertebrates:

e Nest building: Both parents often participate in construction

e Incubation: Shared or alternating between parents; maintains optimal egg temperature
¢ Feeding nestlings: Regurgitation, bringing insects, teaching foraging

e Protection: Defense against predators, sheltering from weather

e Teaching: Flight training, hunting skills, migration routes

o Extended care: Many species care for young weeks or months after fledging

e Altricial young (helpless at birth) require intensive care

e Precocial young (mobile at birth) still receive protection and guidance
D. Mammals Mammals show the highest level of parental investment:

e Gestation: Internal development with direct maternal nourishment

e Lactation: Extended milk feeding providing nutrition and antibodies
e Protection: Constant vigilance against predators

e Teaching: Hunting techniques, social behaviors, territory knowledge
e Social learning: Cultural transmission of behaviors

¢ Extended dependency: Prolonged juvenile period in many species

e Maternal care dominant: Though some species show paternal involvement (wolves,

marmosets, humans)
e Play behavior: Facilitates learning and physical development

e Examples: Elephants have 22-month gestation and years of maternal care; primates show

extensive teaching behaviors

5. Importance of Reproductive Behaviours in Species Survival
A. Species Continuity

e Ensures successful mating and fertilization

e Maintains population numbers across generations




Prevents population extinction

B. Genetic Quality Control

Mate selection favors healthy, fit individuals
Reduces transmission of genetic defects

Promotes beneficial gene combinations

C. Offspring Survival

Parental care dramatically increases survival rates
Protection from predators and harsh conditions

Provision of food and resources during vulnerable periods

D. Species Recognition

Courtship prevents interspecies mating
Maintains species integrity and genetic boundaries

Reduces production of sterile hybrids

E. Genetic Diversity

Various mating systems promote different genetic strategies
Sexual selection drives evolutionary change

Diversity provides adaptive potential for environmental changes

F. Behavioral and Cultural Transmission

Teaching passes essential survival skills
Cultural knowledge preserved across generations

Adaptation to local conditions facilitated

G. Population Regulation

Reproductive behaviors respond to environmental conditions

Territorial behavior prevents overpopulation




Mating systems balance population structure

H. Evolutionary Adaptation

Sexual selection drives development of elaborate traits
Reproductive success determines genetic contribution

Behaviors evolve in response to ecological pressures

EVALUATION

[a—
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Define reproductive behaviour and give three examples.

Explain five functions of courtship behaviour in animals.

Distinguish between monogamy, polygyny, and polyandry with two examples each.
Why do most fish species show minimal parental care compared to birds and mammals?
Describe parental care in any two groups of vertebrates.

Explain how courtship behaviour prevents interspecies breeding.

What are the advantages and disadvantages of polygamous mating systems?

Compare parental care in amphibians and mammals.

List and explain four importance of reproductive behaviours to species survival.

10. Why do mammals generally invest more in parental care than other vertebrate groups?

ASSIGNMENT

1.

Observe a domestic animal (chicken, dog, cat, or goat) in your environment and write a
detailed report on any reproductive behaviour you observe. Include courtship, mating, or

parental care behaviors.

Research and write a comprehensive essay (250 words) on courtship behaviour in any

three Nigerian bird species, explaining the types of displays used and their significance.

Draw a table comparing parental care in fishes, amphibians, birds, and mammals under
the following headings: Type of fertilization, Duration of care, Who provides care,

Examples of care behaviors, and Offspring survival rate.
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4. Explain with specific examples why the mating system in lions (polygyny) is more

successful for species survival than monogamy would be in the same species.




WEEK 2: BIOLOGY OF HEREDITY (GENETICS I)

CONTENT

1. Concept of Heredity

Heredity is the biological process by which parents transmit genetic characteristics to their
offspring through genes. It explains why offspring resemble their parents and other relatives
while also showing variations. Heredity accounts for both the similarities and differences
observed within families and species. The genetic information passed from one generation to

another is encoded in DNA molecules located on chromosomes within the cell nucleus.
2. Brief History of Genetics - Gregor Mendel's Experiments

Background: Genetics as a scientific discipline began with the work of Gregor Johann Mendel
(1822-1884), an Austrian monk who conducted groundbreaking experiments on garden pea

plants (Pisum sativum) in the monastery garden between 1856 and 1863.
Why Mendel Chose Garden Peas:

e Easy to cultivate and had short generation time

e Produced many offspring, providing large sample sizes for statistical analysis

e Had distinct contrasting characteristics (tall vs. short, round vs. wrinkled seeds)
¢ Both self-pollination and cross-pollination were easily controlled

e Pure-breeding varieties were available

e Flowers could be protected from unwanted pollination

Mendel's Experimental Approach: Mendel studied seven contrasting characteristics in pea

plants:

1. Plant height (tall vs. dwarf)
Seed shape (round vs. wrinkled)

Seed color (yellow vs. green)

Sl

Pod shape (inflated vs. constricted)




5. Pod color (green vs. yellow)
6. Flower position (axial vs. terminal)

7. Flower color (purple vs. white)
Mendel's Methodology:

e Used pure-breeding lines (homozygous parents)
e Carefully controlled pollination

e Counted and recorded all offspring

e Applied mathematical analysis to results

e Conducted experiments across multiple generations (P, Fi, F2, F3)

Significance: Though published in 1866, Mendel's work was not recognized until 1900 when
three scientists (Hugo de Vries, Carl Correns, and Erich von Tschermak) independently

rediscovered his principles. Mendel is now called the "Father of Genetics."
3. Basic Genetic Terminologies

A. Gene A gene is a unit of heredity; a segment of DNA on a chromosome that codes for a
specific protein or trait. Genes determine inherited characteristics such as eye color, blood group,
height, and disease susceptibility. Each gene occupies a specific location (locus) on a

chromosome. Humans have approximately 20,000-25,000 genes.

B. Allele Alleles are alternative forms of the same gene occupying the same position on
homologous chromosomes. They control the same characteristic but may produce different
expressions. For example, the gene for height in pea plants has two alleles: one for tall (T) and

one for short (t). Alleles arise through mutation and contribute to genetic variation.

C. Chromosome Chromosomes are thread-like structures in the cell nucleus composed of DNA
and proteins (histones). They carry genes arranged linearly. Humans have 46 chromosomes (23
pairs): 44 autosomes and 2 sex chromosomes. Chromosomes exist as homologous pairs in

diploid organisms, with one chromosome from each parent.

D. Genotype Genotype refers to the genetic makeup or combination of alleles an organism

possesses for a particular trait. It represents the genes inherited from both parents. Genotype is
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written using letters (e.g., TT, Tt, tt for height). The genotype determines the potential

characteristics but may not always be visible.

E. Phenotype Phenotype is the observable physical, biochemical, and physiological
characteristics of an organism resulting from the interaction between genotype and environment.
It represents the expression of genes. Examples include height, eye color, blood group, and

behavior. The phenotype can be influenced by environmental factors.

F. Homozygous An organism is homozygous for a trait when it possesses two identical alleles
for that characteristic. Written as TT (homozygous dominant) or tt (homozygous recessive).
Homozygous organisms breed true, producing offspring with the same phenotype when self-

fertilized. Also called pure-breeding.

G. Heterozygous An organism is heterozygous when it possesses two different alleles for a
particular trait (e.g., Tt). The organism exhibits the dominant phenotype but carries the recessive
allele. Heterozygous individuals do not breed true and can produce offspring showing both

dominant and recessive phenotypes. Also called hybrid.

H. Dominant Allele A dominant allele is expressed in the phenotype even when present in
single copy (heterozygous condition). It masks the effect of the recessive allele. Represented by

capital letters (T, R, Y). Only one dominant allele is needed for expression.

I. Recessive Allele A recessive allele is only expressed phenotypically when two copies are
present (homozygous recessive condition). It is masked in the presence of a dominant allele.

Represented by lowercase letters (t, 1, y). Both alleles must be recessive for the trait to appear.

J. Locus (plural: Loci) The specific physical location of a gene on a chromosome. Each gene
has a specific locus, and alleles of the same gene occupy corresponding loci on homologous

chromosomes.

K. Hybrid An offspring resulting from a cross between parents with different alleles for one or

more traits. First-generation hybrids (F:) from pure-breeding parents are heterozygous.
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4. Mendel's Laws of Inheritance

A. Law of Dominance (First Law) When two organisms that are pure-breeding for contrasting
traits are crossed, only one trait (the dominant trait) appears in the first filial generation (F1),

while the other trait (recessive) remains hidden but is not lost.
Explanation:

e In a heterozygous condition, the dominant allele is fully expressed
e The recessive allele is present but masked

e The recessive trait reappears in F2 generation

Example: When Mendel crossed pure-breeding tall pea plants (TT) with pure-breeding short pea
plants (tt):

e P generation: TT (tall) x tt (short)
e Fi generation: All Tt (100% tall)
e The tall trait dominated; short trait was hidden but not lost

e F, generation showed both tall and short plants

B. Law of Segregation (Second Law) During gamete formation, the paired alleles for a
characteristic separate (segregate) so that each gamete receives only one allele from each pair.

The alleles reunite randomly during fertilization.
Explanation:

e Alleles exist in pairs in diploid organisms

¢ During meiosis, homologous chromosomes separate

e Each gamete receives only one allele from each pair

e Fertilization restores the diploid number with two alleles per trait

e This explains the 3:1 ratio in F2 generation
Example: F: heterozygous tall plant (Tt):

e Produces two types of gametes: T and t (in equal proportions)
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e Each gamete carries only one allele
e When Fi plants self-pollinate: Tt x Tt
e F: offspring genotypes: TT, Tt, Tt, tt (1:2:1 ratio)

e F, phenotypes: 3 tall : 1 short

C. Law of Independent Assortment (Third Law) When two or more pairs of contrasting
characteristics are considered together, the inheritance of one pair of alleles is independent of the
inheritance of other pairs, provided the genes are on different chromosomes or far apart on the

same chromosome.
Explanation:

e Different gene pairs segregate independently during meiosis
e Applies to genes on different chromosomes (unlinked genes)
e [Each trait is inherited separately without influencing others
e Results in new combinations of traits in offspring

e Creates genetic variation
Example: Mendel crossed plants differing in two traits:

e P generation: Round yellow seeds (RRYY) x Wrinkled green seeds (rryy)
e Fi generation: All RrYy (100% round yellow)

e F, generation from F: self-cross: 9 round yellow : 3 round green : 3 wrinkled yellow : 1

wrinkled green
e The 9:3:3:1 ratio demonstrates independent inheritance

5. Application of Mendel's Laws

Monohybrid Cross (studied in Week 3): A cross involving one pair of contrasting

characteristics, demonstrating the Law of Segregation.

Dihybrid Cross (studied in Week 3): A cross involving two pairs of contrasting characteristics,

demonstrating the Law of Independent Assortment.

Significance of Mendel's Work:
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Established genetics as a scientific discipline

Provided mathematical basis for inheritance

Explained how traits are transmitted across generations

Laid foundation for modern genetics, genetic counseling, and biotechnology

Helped understand genetic diseases and breeding programs

EVALUATION

8.
9.

. Define heredity and explain its biological significance.

State five reasons why Mendel chose garden pea plants for his experiments.

Distinguish between the following pairs of terms: a) Gene and allele b) Genotype and

phenotype ¢) Homozygous and heterozygous d) Dominant and recessive alleles
State and explain Mendel's Law of Dominance with a suitable example.

What is the Law of Segregation? Explain how it accounts for the 3:1 ratio in F»

generation.

State Mendel's Law of Independent Assortment and explain its genetic significance.
If T represents the allele for tallness and t for shortness in pea plants, what are the
genotypes of: (a) homozygous tall plant (b) heterozygous tall plant (c) short plant?
Why is Gregor Mendel called the "Father of Genetics"?

Explain why the recessive trait disappears in Fi generation but reappears in F2 generation.

10. What is a chromosome and what is its relationship to genes?

ASSIGNMENT

1.

2.

A heterozygous tall plant (Tt) is crossed with a short plant (tt). Using a genetic diagram,

determine: a) The genotypes of the parents b) The genotypes of the offspring c¢) The

phenotypes of the offspring d) The phenotypic ratio

Write detailed notes explaining why Mendel's work was not recognized during his

lifetime but became the foundation of modern genetics after its rediscovery.
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3. Create a table with three columns showing: Term, Definition, and Example for the
following genetic terms: gene, allele, genotype, phenotype, homozygous, heterozygous,

dominant, and recessive.

4. In humans, the ability to roll the tongue is dominant (R) over the inability to roll the
tongue (r). A man who can roll his tongue (heterozygous) marries a woman who cannot
roll her tongue. What are the possible genotypes and phenotypes of their children? Show

your working.
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WEEK 3: GENETICS 11

CONTENT

1. Monohybrid Cross

A monohybrid cross is a genetic cross between two individuals that involves one pair of
contrasting characteristics controlled by a single gene with two alleles. It demonstrates Mendel's

Law of Segregation.
Key Features:

e Involves one trait with two contrasting forms
e Uses one gene with two alleles
e Demonstrates 3:1 phenotypic ratio in F> generation

e Shows 1:2:1 genotypic ratio in F2 generation
Example 1: Height in Pea Plants
Cross 1: Homozygous tall x Homozygous short
Let T = allele for tallness (dominant) Let t = allele for shortness (recessive)
P generation: TT (tall) x tt (short) Gametes: T X t F1 generation: Tt (all tall - 100%)
F: phenotypic ratio: 4 tall : 0 short (All tall) F: genotypic ratio: All Tt (heterozygous)
Cross 2: Fi1 self-cross (Tt x Tt)
P generation: Tt x Tt Gametes: T, t X T, t

Punnett Square:

T t
T TT Tt
t 1 Loy
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F2 genotypes: 1 TT : 2 Tt : 1 tt F> phenotypes: 3 tall : 1 short (75% tall, 25% short)
Cross 3: Test Cross (Tt x tt)

A test cross is used to determine whether an organism showing the dominant phenotype is

homozygous or heterozygous. The organism is crossed with a homozygous recessive individual.
P generation: Tt (tall) x tt (short) Gametes: T, t x t, t

Punnett Square:

T t
| | !
t] 1t | tt |
| | |
| ! !
t | T8 | tE |
| | !

[+ genotypes: 2 Tt : 2 tt (L ratio) F1 phenotypes: 2 tall : 2 short (50% tall, 50% short)

Example 2: Seed Shape in Pea Plants
Let R =round seeds (dominant) Let r = wrinkled seeds (recessive)

P generation: RR (round) X rr (wrinkled) Fi: All Rr (100% round) F1 x Fi: Rr x Rr F2: 1 RR : 2
Rr: 1 1r (3 round : 1 wrinkled)

2. Dihybrid Cross

A dihybrid cross involves two pairs of contrasting characteristics controlled by two different
genes located on different chromosomes. It demonstrates Mendel's Law of Independent

Assortment.
Key Features:

e Involves two traits simultaneously
e Uses two genes with four alleles
e Demonstrates 9:3:3:1 phenotypic ratio in F> generation
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Produces 16 possible offspring combinations

Example: Seed Shape and Color in Pea Plants

Let R =round seeds (dominant), r = wrinkled seeds (recessive) Let Y = yellow seeds (dominant),

y = green seeds (recessive)

Cross 1: Parental Cross

P generation: RRYY (round yellow) x rryy (wrinkled green) Gametes: RY x ry F1 generation:
All RrYy (100% round yellow)

Cross 2: F1 Self-Cross (RrYy x RrYy)

Each F: plant produces four types of gametes: RY, Ry, rY, ry (in equal proportions)

Punnett Square (4x4):

RY Ry EY ry
| T | | |
RY | RRYY | RRYy | RrYY | Rrvy |
| | | | |
| 1 1 1 |
Ry | RRYy | RRyy | Rrvy | Rryy |
| | | | |
| 1 1 1 |
ry | RrYY | RrYy | rrYY | rrYy |
| | | | |
| 1 1 1 |
ry | ReYy [ Rryy | revy | orryy |
| | | | |

F2 Phenotypic Results:

9 Round Yellow (R_Y ): RRYY, RRYy (x2), RtYY (%2), RrYy (x4)
3 Round Green (R _yy): RRyy, Rryy (x2)
3 Wrinkled Yellow (rrY ): rrYY, 1Yy (x2)

1 Wrinkled Green (rryy): rryy

F2 Phenotypic ratio: 9:3:3:1
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F: Genotypic Results: 9 different genotypes in specific ratios:
e 1RRYY:2RRYy:2RrYY:4RrYy: 1 RRyy:2Rryy:11rYY :21rYy: 1 1ryy
Interpretation:

e Round yellow =9/16 (56.25%)

e Round green = 3/16 (18.75%)

e  Wrinkled yellow = 3/16 (18.75%)

e Wrinkled green = 1/16 (6.25%)

e New combinations (recombinants): Round green and wrinkled yellow
e Parental types: Round yellow and wrinkled green

3. Punnett Square Applications

The Punnett Square is a graphical method for predicting the outcomes of genetic crosses. It was

developed by British geneticist Reginald Punnett.
Steps for Constructing a Punnett Square:

1. Determine parent genotypes: Identify the alleles each parent possesses
2. Determine gamete types: List all possible gametes each parent can produce

3. Draw the grid: Create a square with gametes from one parent across the top and the

other down the side
Fill in boxes: Combine alleles from each gamete to show offspring genotypes
Count genotypes: Tally each unique genotype

Determine phenotypes: Identify the physical expression of each genotype

N S » s

Calculate ratios: Express genotypic and phenotypic ratios
Applications of Punnett Squares:

e Predicting offspring from known parents
e Determining probability of inheriting specific traits
e Identifying carrier status in genetic diseases

¢ Planning breeding programs in agriculture
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e Genetic counseling for inherited disorders
e Understanding inheritance patterns

4. Sex Determination in Humans

Sex determination is the biological mechanism that determines whether an organism develops as

male or female.
Chromosomal Basis:

e Humans have 46 chromosomes: 44 autosomes + 2 sex chromosomes
e Females: XX (homogametic - produce one type of egg)
e Males: XY (heterogametic - produce two types of sperm)

e Sex is determined at fertilization
Mechanism of Sex Determination:

Mother (XX) produces only X-bearing eggs Father (XY) produces two types of sperm: X-
bearing (50%) and Y-bearing (50%)

Punnett Square for Sex Determination:

X (egg) X (egg)
I I 1
X (sperm) | XX | XX |
| (Female) | (Female) |
| | |
I I 1
Y (sperm) | XY | XY |
| (Male) | (Male) |
| ] ]
Result:

e 50% XX (females)

e 50% XY (males)

e Sex ratio: 1:1 (males:females)

e Father's sperm determines the sex of the child
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e Mother always contributes X chromosome
The Y Chromosome:

e Smaller than X chromosome
e Contains SRY gene (Sex-determining Region Y)
e SRY gene triggers male development

e Presence of Y = male; absence = female
Abnormalities in Sex Chromosomes:

e Turner syndrome: XO (45 chromosomes, female)

e Klinefelter syndrome: XXY (47 chromosomes, male)
e Triple X syndrome: XXX (47 chromosomes, female)
e XYY syndrome: XYY (47 chromosomes, male)

5. Sex-Linked Traits

Sex-linked traits are characteristics controlled by genes located on sex chromosomes, particularly

the X chromosome. These traits show different inheritance patterns in males and females.
Characteristics of X-Linked Traits:

e Genes located on the X chromosome

e More common in males than females

e Affected males cannot pass the trait to sons

e Carrier females usually unaffected (heterozygous)

e Affected females must inherit mutant allele from both parents
A. Hemophilia (Bleeder's Disease)

Hemophilia is a genetic disorder where blood fails to clot normally due to deficiency of clotting

factors.
Types:

e Hemophilia A: Factor VIII deficiency (most common)
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e Hemophilia B: Factor IX deficiency
Genetics:

e X-linked recessive disorder
e Let X" =normal allele, X" = hemophilia allele
e Genotypes:
o X" XH=normal female
o XM Xh= carrier female (normal phenotype)
o Xh Xt =hemophiliac female (very rare)
o X"Y =normal male

o XM"Y = hemophiliac male
Example Cross 1: Normal male x Carrier female

P generation: X" Y (normal male) x X" X" (carrier female)

male) male)

| | | |
| | X" (egg) | X" (egg) |
| I | |
| X* (sperm) [ (Normal e (Carrier

| | female) | female) |
| | | |
[ I [ |
| Y (sperm) [y (Normal | x vy (Hemophilic |
| | | |
| | I |

Results:

e 25% normal females

e 25% carrier females

e 25% normal males

e 25% hemophiliac males

e 50% of males affected

Example Cross 2: Hemophiliac male x Normal female




P generation: XP'Y x XH XH
Results:

e All daughters are carriers (X" X")
e All sons are normal (X" Y)

e No affected offspring, but daughters carry the gene
Symptoms:

e Prolonged bleeding from minor injuries
e Spontaneous internal bleeding
e Joint pain and swelling from internal bleeding

¢ Blood in urine or stool
B. Color Blindness (Red-Green Color Blindness)
Color blindness is the inability to distinguish certain colors, most commonly red and green.
Genetics:

e X-linked recessive disorder
e Let Xc=normal vision, X¢ = color blindness
e Genotypes:
o Xe¢X¢=normal female
o Xe¢Xe= carrier female (normal vision)
o Xe¢Xe¢=color-blind female (rare)
o X°Y =normal male

o X°¢Y =color-blind male
Example Cross: Normal male x Carrier female
P generation: X¢Y x X¢ X¢

Results:
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e 25% normal females
e 259% carrier females
e 25% normal males

e 25% color-blind males
Types:

e Protanopia: red-blind (missing red cones)
e Deuteranopia: green-blind (missing green cones)

e Tritanopia: blue-blind (rare)
Symptoms:

e Difficulty distinguishing red and green
e Colors appear faded
e Problems with traffic lights

e Usually diagnosed in childhood
Why Sex-Linked Traits Are More Common in Males:

e Males have only one X chromosome

e One recessive allele on X causes expression

e Females need two recessive alleles (one on each X)
e Males cannot be carriers - either affected or normal

e Females can be carriers without showing symptoms

6. Importance of Genetics in Agriculture
A. Selective Breeding:

e Choosing organisms with desirable traits for breeding
e Improves crop yield, disease resistance, and quality

e Examples: High-yielding rice varieties, improved cattle breeds
B. Hybridization:
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e Crossing two different varieties or species
e Creates offspring with combined desirable traits
e Produces hybrid vigor (heterosis)

e Examples: Hybrid maize with increased productivity
C. Development of Disease-Resistant Varieties:

e Breeding crops resistant to pests and diseases
e Reduces pesticide use
e Increases crop security

e Examples: Rust-resistant wheat, virus-resistant cassava
D. Improved Nutritional Content:

¢ Biofortification of crops
e FEnhanced vitamin and mineral content

e Examples: Golden rice (vitamin A), iron-rich beans
E. Adaptation to Environmental Conditions:

¢ Drought-resistant crops
e Salt-tolerant varieties
e Cold or heat-resistant plants

e Examples: Drought-tolerant maize for African climates
F. Increased Productivity:

e Faster growth rates

e Larger fruits and grains

e More offspring in livestock

e Examples: Broiler chickens, high-milk-yield cows

7. Importance of Genetics in Medicine

A. Blood Transfusion:
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¢ Understanding ABO and Rh blood groups
e Preventing incompatibility reactions
e Safe blood matching for transfusions

e Understanding blood group inheritance

B. Genetic Disease Diagnosis:

e Identifying carriers of genetic disorders
e Prenatal screening for chromosomal abnormalities
e Early detection allows for treatment planning

e Examples: Sickle cell disease, Down syndrome screening

C. Genetic Counseling:

e Assessing risk of inherited disorders
¢ Informing reproductive decisions
e Family planning guidance

e Carrier testing before marriage

D. Pharmacogenetics:

e Understanding how genes affect drug response
e Personalized medicine
e Avoiding adverse drug reactions

e Optimal dosage determination

E. Gene Therapy:

e Treating genetic disorders by modifying genes
e Correcting defective genes
e Future treatment for inherited diseases

e Examples: Experimental treatments for hemophilia

F. Understanding Disease Susceptibility:
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e Genetic predisposition to diseases
e Preventive healthcare strategies
e Risk assessment for cancers, diabetes, heart disease

e Lifestyle modification recommendations
G. Paternity Testing:

e DNA fingerprinting
e Legal and social applications

e Establishing biological relationships
H. Stem Cell Research:

e Understanding cell differentiation
e Regenerative medicine

e Potential treatment for degenerative diseases

EVALUATION

1. Define monohybrid cross and state the phenotypic ratio obtained in F2 generation.

2. Using a Punnett square, show the result of crossing a heterozygous tall plant (Tt) with

another heterozygous tall plant. State the genotypic and phenotypic ratios.

3. What is a test cross and why is it performed? Illustrate with an example.

4. Define dihybrid cross and state the characteristic phenotypic ratio in F2 generation.

5. Cross a plant with round yellow seeds (RrYy) with a plant having wrinkled green seeds

(rryy). Use a Punnett square to determine the genotypes and phenotypes of the offspring.

6. Explain the chromosomal basis of sex determination in humans. Why is the male parent

responsible for determining the sex of the child?

7. What are sex-linked traits? Why are they more common in males than females?
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10.

11.

12.

. A normal woman whose father was color-blind marries a normal man. What is the

probability that their sons will be color-blind? Use a genetic diagram to support your

answer.

Distinguish between a carrier and an affected individual in the case of hemophilia.
Explain five ways in which genetics is important in agriculture.

Describe four applications of genetics in medicine.

A hemophiliac man marries a normal homozygous woman. Determine the genotypes and

phenotypes of their children.

ASSIGNMENT

1.

Monohybrid Cross Problem: In guinea pigs, black fur (B) is dominant over white fur
(b). A black guinea pig of unknown genotype is crossed with a white guinea pig,
producing 6 black and 5 white offspring. a) What is the genotype of the black parent?
Explain your reasoning. b) Show the cross using a Punnett square. c) If two of the black

offspring are mated, what proportion of their offspring would be white?

Dihybrid Cross Problem: In tomatoes, red fruit (R) is dominant over yellow fruit (r),
and tall plant (T) is dominant over short plant (t). A farmer crosses a homozygous red tall
plant with a yellow short plant. a) What are the genotypes and phenotypes of the F:
generation? b) If two Fi plants are crossed, show using a Punnett square all possible
genotypes and phenotypes of F» generation. c) What proportion of F2 plants would be red
and short? d) How many different genotypes appear in F2?

Sex-Linked Inheritance Problem: A carrier woman for hemophilia (X" X") marries a
normal man (X" Y). a) Draw a genetic diagram showing all possible offspring. b) What is
the probability that their first child will be a hemophiliac boy? ¢) What is the probability
that their first daughter will be a carrier? d) If they have four children, what is the

expected ratio of normal to affected children?
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4. Research Assignment: Write a comprehensive essay (300-400 words) on how genetic
knowledge has been applied to improve crop production in Nigeria. Include specific
examples of crops that have been improved through genetic techniques, the traits that

were enhanced, and the benefits to Nigerian farmers and food security.
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WEEK 4: VARIATION AND EVOLUTION I

CONTENT

1. Concept of Variation

Variation refers to the differences that exist between members of the same species or between
offspring and parents. No two individuals are exactly alike, even identical twins show some

differences. Variation is fundamental to evolution and species adaptation.

Definition: Variation is the occurrence of differences among individuals of the same species in
terms of physical appearance, physiological processes, behavioral patterns, and genetic

constitution.
Significance of Variation:

e Provides raw material for evolution

e Enables species adaptation to changing environments

e Basis for natural selection

e Allows survival of species under diverse conditions

e Important for selective breeding and genetic improvement

e Increases biodiversity

Sources of Variation: The main sources include genetic factors (mutation, meiosis, fertilization)

and environmental factors, which will be discussed in detail later.
2. Types of Variation
A. Morphological (Structural) Variation

Morphological variation refers to differences in physical structure, form, and appearance of

organisms.
Examples:
e Height differences in humans (short, medium, tall)
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¢ Body shape (ectomorph, mesomorph, endomorph)
e Skin color and pigmentation

e Eye color (brown, blue, green, hazel)

e Hair texture (straight, wavy, curly, kinky)

e Facial features (nose shape, lip thickness, ear size)
e Fingerprint patterns (loops, whorls, arches)

e Leaf shape in plants

e Flower color in plants

¢ Body size and proportions
Characteristics:

e Most easily observable form of variation

e Often controlled by multiple genes (polygenic)
e May be influenced by environmental factors

e (Can be measured and quantified

e Used in identification and classification
B. Physiological Variation

Physiological variation involves differences in biochemical and functional processes within

organisms.
Examples:

e Blood group (A, B, AB, O)

e Metabolic rate differences

e Enzyme activity levels

e Hormone production rates

e Ability to digest certain foods (lactose tolerance/intolerance)
e Ability to taste certain substances (PTC tasting ability)

e Disease resistance
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¢ Hemoglobin types (normal, sickle cell)
e Ability to roll tongue
e Drug metabolism rates

e Body temperature regulation efficiency
Characteristics:

e Not directly visible

e Requires biochemical or physiological tests to detect

e Often genetically determined

e Less influenced by environment than morphological traits

e Important in medicine and health
C. Discontinuous Variation

Discontinuous variation produces distinct categories with no intermediates. Individuals fall into

clearly defined groups.
Characteristics:

e Controlled by one or few genes

e Shows clear-cut differences

¢ Not influenced by environment

e (Qualitative variation

e Can be placed in distinct categories

e Shows simple Mendelian ratios
Examples:

e ABO blood groups (A, B, AB, O - no intermediates)
e Ability to roll tongue (can or cannot)
e Ability to taste PTC (taster or non-taster)

e Attached or free earlobes
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e Widow's peak (present or absent)

e Sex in most organisms (male or female)
e Sickle cell trait (present or absent)

e Seed shape in peas (round or wrinkled)

e Flower color in some plants (red or white, no pink)

Graphical Representation: When plotted on a graph, shows distinct bars (bar chart) with gaps

between categories, not a smooth curve.
D. Continuous Variation

Continuous variation shows a range of phenotypes between two extremes with no distinct

categories. Individuals are distributed along a continuum.
Characteristics:

e Controlled by many genes (polygenic inheritance)
e Shows gradual change from one extreme to another
e Strongly influenced by environment

¢ (Quantitative variation

e (Can take any value within a range

e Shows normal distribution (bell-shaped curve)
Examples:

e Height in humans (from very short to very tall)
e Weight/body mass

e Skin color (from very light to very dark)

¢ Intelligence (IQ scores)

e Shoe size

e Hand span

e Finger length

e Milk yield in cattle

32




¢ Grain yield in crops
e Leaf length in plants

e Hair color shades

Graphical Representation: When plotted, shows a smooth bell-shaped curve (normal

distribution) with most individuals near the mean and fewer at the extremes.

Comparison Table:

Feature Discontinuous Variation Continuous Variation
Genetic control One or few genes Many genes (polygenic)
Categories Distinct groups Range with no clear groups
Environmental influence | Little or none Significant

Type Qualitative Quantitative

Distribution Separate bars Bell curve

Examples Blood group, tongue rolling | Height, weight

3. Causes of Variation
A. Mutation

Mutation is a sudden permanent change in the genetic material (DNA) of an organism that can be

inherited.
Types of Mutation:

i) Gene Mutation (Point Mutation):

e Change in DNA sequence of a single gene

e Examples: Sickle cell anemia, hemophilia, albinism
e Can be beneficial, harmful, or neutral

e Substitution: one base replaced by another

e Insertion: extra base added
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e Deletion: base removed
ii) Chromosomal Mutation:

e Changes in chromosome structure or number

e Deletion: loss of chromosome segment

e Duplication: segment repeated

e Inversion: segment reversed

e Translocation: segment moved to another chromosome

e Aneuploidy: change in chromosome number (e.g., Down syndrome - trisomy 21)

e Polyploidy: multiple complete chromosome sets
Causes of Mutation:

e Errors during DNA replication

¢ lonizing radiation (X-rays, gamma rays, UV light)

e Chemical mutagens (certain drugs, tobacco, industrial chemicals)
e Biological agents (certain viruses)

e Spontaneous changes
Effects of Mutation:

e Source of new alleles and genetic variation
e Usually harmful or neutral, rarely beneficial
e Basis for evolution

e Can cause genetic diseases

e Some mutations are lethal

¢ Beneficial mutations may increase survival
Examples:

e Sickle cell mutation: provides malaria resistance in heterozygotes

e Antibiotic resistance in bacteria
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e Lactose tolerance in adult humans

e Albinism: lack of melanin pigment
B. Meiosis (Crossing Over and Independent Assortment)

Meiosis is a type of cell division that produces gametes with half the chromosome number. It

introduces variation through two main mechanisms:
i) Crossing Over (Recombination):

e Exchange of genetic material between homologous chromosomes
e Occurs during prophase I of meiosis

e C(Creates new combinations of alleles on chromosomes

e Produces genetic recombination

e Increases genetic diversity of gametes

e The closer two genes are on a chromosome, the less likely crossing over occurs between

them
ii) Independent Assortment:

¢ Random distribution of homologous chromosomes to daughter cells
e Occurs during metaphase I and anaphase I

e Each chromosome pair segregates independently

e Creates 2" possible combinations (n = number of chromosome pairs)
e In humans: 2% = 8,388,608 possible gamete combinations

¢ Different from Mendel's Law of Independent Assortment which refers to genes
Result:

e Each gamete has a unique combination of genes
e Siblings (except identical twins) are genetically different

e (Qreatly increases genetic variation in sexually reproducing organisms

C. Fertilization (Random Fusion of Gametes)
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Fertilization is the union of male and female gametes to form a zygote.
How It Causes Variation:

¢ Random combination of gametes from two parents

e Any sperm can fertilize any egg

e Each parent contributes half the genetic material

e Creates unique gene combinations in offspring

e In humans: 22 x 22 = 70 trillion possible combinations

¢ No two offspring (except identical twins) are genetically identical
Process:

e Sperm carries paternal chromosomes and genes
e Egg carries maternal chromosomes and genes

e Fertilization restores diploid number

e Offspring inherits mixed genetic information

e Combination is completely random
Significance:

e Ensures genetic diversity in populations
e [Each child is unique (except identical twins)
e Basis for family resemblance with individual differences

e Important for species adaptation and survival
D. Environmental Factors

Environmental factors can influence the expression of genetic traits, causing phenotypic

variation even with identical genotypes.
Environmental Factors Include:
i) Nutrition:

e Affects growth, development, and health
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Examples: Stunted growth from malnutrition; obesity from overnutrition

Well-nourished individuals may grow taller than genetic potential in malnourished

populations

Affects coat color in some animals

ii) Climate and Temperature:

Aftects body size (Bergmann's rule: larger bodies in colder climates)
Influences plant growth and flowering
Himalayan rabbits: darker fur in colder body parts

Affects metabolic rates

iii) Light:

Affects plant growth and chlorophyll production
Etiolation in plants grown in darkness (pale, elongated stems)
Affects flowering in photoperiodic plants

Influences skin pigmentation in humans (tanning)

iv) Disease and Parasites:

Can affect growth and development
May cause permanent physical changes
Examples: Stunted growth from childhood diseases

Affects overall health and vigor

v) Physical Factors:

Exercise affects muscle development
Wind affects plant shape (trees bent by prevailing winds)
Water availability affects plant size

Altitude affects body adaptations

vi) Social and Cultural Factors:
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e Education and upbringing affect behavior
e Language and accent

e Cultural practices affect appearance (body modifications)
Important Note:

e Environmental variations are NOT inherited
e Only genetic variations can be passed to offspring
e Acquired characteristics are not inherited (contrary to Lamarck's theory)

e Example: Bodybuilder's muscles not inherited by children

4. Adaptive Coloration in Animals

Adaptive coloration refers to color patterns and markings that help animals survive in their

environment. It is an evolutionary adaptation that enhances survival and reproduction.
Types of Adaptive Coloration:
A. Camouflage (Cryptic Coloration)

Camouflage is coloration that helps an organism blend with its environment, making it difficult

to detect.
Mechanisms:

¢ Body color matches background
e Pattern disrupts outline
e Reduces visibility to predators or prey

e May change with seasons or environment
Examples:

¢ Chameleons: Change color to match surroundings
e Stick insects: Resemble twigs and branches
e Leafinsects: Look exactly like leaves

¢ Flatfish (flounder): Match ocean floor patterns
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e Arctic hare: White in winter, brown in summer
e Green grasshoppers: Blend with grass

e Moths: Bark-like patterns when resting on trees
e Tiger stripes: Disruptive pattern in tall grass

e Leopard spots: Break up outline in dappled forest light
Functions:

e Protection from predators (prey animals)
e Concealment while hunting (predators)
e Increases survival rate

e Allows close approach to prey
B. Warning Coloration (Aposematic Coloration)
Bright, conspicuous colors that advertise danger, toxicity, or unpalatability to potential predators.
Characteristics:

e Bright, contrasting colors (red, yellow, black, white)
¢ Bold patterns
e Easily visible and memorable

e Honest signal of danger
Examples:

e Poison dart frogs: Bright blue, red, or yellow colors signal toxicity

e Monarch butterfly: Orange and black pattern; contains cardiac glycosides from

milkweed
e Coral snakes: Red, yellow, and black bands; venomous
e Wasps and bees: Black and yellow stripes; can sting
e Ladybugs: Red with black spots; distasteful

¢ Skunks: Black and white pattern; spray defense
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e Some caterpillars: Bright colors indicate toxicity or irritating hairs
Functions:

e Warns predators of danger
e Reduces predation attempts
e Predators learn to avoid brightly colored prey

e More effective if several species share similar patterns (Miillerian mimicry)
C. Mimicry

Mimicry is the resemblance of one organism (mimic) to another organism (model) or to a natural

object, providing survival advantage.
Types of Mimicry:
i) Batesian Mimicry:

e Harmless species mimics a harmful or distasteful species
e Mimic gains protection without being dangerous

e Named after Henry Walter Bates
Examples:

e Hoverflies: Mimic wasps and bees but cannot sting
¢ King snake: Mimics venomous coral snake but is harmless
e Viceroy butterfly: Mimics toxic monarch butterfly

¢ Some harmless snakes: Mimic color patterns of venomous species
Requirements:

e Model must be more numerous than mimic
e Model must be truly dangerous or distasteful

e Predators must have learned to avoid the model

ii) Miillerian Mimicry:
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e Two or more harmful species resemble each other
e All species benefit from shared warning pattern
e Predators learn faster with consistent signals

e Named after Fritz Miller
Examples:

e Several species of poisonous butterflies share similar color patterns
e Different species of stinging wasps have similar black and yellow patterns

e Various toxic amphibians share similar bright warning colors
iii) Aggressive Mimicry:

e Predator or parasite mimics harmless species to get close to prey

e Benefits predator, harms prey
Examples:

e Anglerfish: Lure resembles small prey to attract fish
e Alligator snapping turtle: Tongue resembles worm to lure fish

e Some orchids: Mimic female insects to attract males for pollination
iv) Self-Mimicry:

¢ One part of body resembles another important part

e Deflects attacks to less vital areas
Examples:

o Butterfly eyespots: False eyes on wings deflect attacks from head

e Some fish: False eyespot near tail makes predator attack wrong end
Adaptive Significance:

e Reduces predation pressure

e Increases survival rate
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e Allows coexistence of species
e Drives evolutionary arms race between predators and prey

e Demonstrates natural selection in action
Conditions for Effective Mimicry:

e Mimic must closely resemble model in appearance
¢ Mimic and model must share same habitat
e Predators must be common to both species

e Predators must be capable of learning

EVALUATION

1. Define variation and explain its importance in species survival.

2. Distinguish between morphological and physiological variation with three examples each.
3. Compare and contrast continuous and discontinuous variation in a table format.

4. Explain four causes of variation in organisms.

5. What is mutation? Describe two types of mutation and give examples of each.

6. Explain how meiosis contributes to genetic variation through crossing over and

independent assortment.
7. Why are environmental variations not inherited? Give examples to support your answer.
8. Define adaptive coloration and explain its evolutionary significance.

9. Distinguish between camouflage and warning coloration with specific examples from

nature.
10. What is mimicry? Describe Batesian and Miillerian mimicry with examples.

11. Explain how fertilization introduces variation in sexually reproducing organisms.
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12. A plant grown in darkness is pale and has elongated stems, while the same species grown
in sunlight is green with normal stem height. What type of variation is this? Is it heritable?

Explain your answer.

ASSIGNMENT

1. Variation Analysis: Conduct a survey of at least 20 students in your class. Measure and
record the following: a) Height (to nearest cm) b) Ability to roll tongue (yes/no) c) Blood

group (if known, or use attached/free earlobes as alternative)
Organize your data and:

o Draw appropriate graphs for each characteristic

o Identify which shows continuous variation and which shows discontinuous

variation
o Explain why each characteristic shows its particular type of variation
o Calculate the mean height and identify the range

2. Adaptive Coloration Research: Research and write a detailed essay (300-400 words) on

adaptive coloration in African wildlife. Include:

o At least five specific examples of animals
o The type of adaptive coloration each uses
o How this adaptation helps survival

o The evolutionary advantage provided

o Include diagrams or pictures if possible

3. Causes of Variation Exercise: For each of the following examples, identify whether the
variation is caused by genetic factors, environmental factors, or both. Explain your
reasoning: a) Identical twins with different body weights b) Differences in ABO blood
groups among siblings ¢) A person's skin becoming tanned after sun exposure d)
Variation in human height across different populations e) Sickle cell trait in some
individuals f) Plants of the same species having different leaf sizes g) Tongue-rolling

ability h) Language spoken by an individual
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4. Critical Thinking Question: A farmer notices that his corn plants vary in height. Some
of this variation is due to genes, and some is due to soil quality. Explain: a) How the
farmer could determine which plants are genetically tall b) Why selecting the tallest
plants for breeding might not always produce the tallest offspring ¢) What breeding

strategy would be most effective for developing a consistently tall variety
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WEEK 6: EVOLUTION 11

CONTENT

1. Meaning of Evolution

Evolution is the gradual change in the inherited characteristics of populations of organisms over
successive generations, leading to the development of new species from pre-existing ones. It is

the unifying principle of biology that explains the diversity of life on Earth.
Key Concepts:

e Evolution occurs in populations, not individuals

e Changes accumulate over long periods (thousands to millions of years)
e All life forms share common ancestry

e Evolution is ongoing and continuous

e Results in adaptation to environment

e Accounts for both similarities and differences among organisms
Levels of Evolution:

e Microevolution: Small-scale changes within species (e.g., antibiotic resistance in

bacteria)

e Macroevolution: Large-scale changes leading to new species (speciation)
Evolution vs. Individual Development:

e Evolution involves genetic changes in populations
¢ Individual development (ontogeny) involves growth from embryo to adult
e Individuals do not evolve; populations evolve

e Evolutionary changes are heritable; developmental changes are not inherited

2. Theories of Evolution

A. Lamarckism (Theory of Inheritance of Acquired Characteristics)
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Proposed by Jean-Baptiste Lamarck (1744-1829), a French naturalist, in his book Philosophie
Zoologique (1809).

Main Principles:

i) Use and Disuse:

Organs that are used frequently become stronger and larger
Organs that are not used become weaker and smaller, eventually disappearing

Example: Lamarck suggested giraffes stretched their necks to reach high leaves, and this

stretching made their necks longer

ii) Inheritance of Acquired Characteristics:

Characteristics acquired during an organism's lifetime can be passed to offspring
Changes induced by environment or behavior are inherited

Example: A bodybuilder's developed muscles would be inherited by their children

Lamarck's Explanation of Giraffe Evolution:

A e o

Ancestral giraffes had short necks

They stretched their necks to reach high leaves
Stretching made their necks slightly longer

This acquired longer neck was passed to offspring
Each generation stretched and passed on longer necks

Over many generations, modern long-necked giraffes evolved

Weaknesses of Lamarckism:

Acquired characteristics are NOT inherited (disproved by genetics)

August Weismann's experiment: Cut tails of mice for 22 generations; offspring still had

tails
No genetic mechanism for transmitting acquired traits
Changes in somatic (body) cells don't affect gametes (sex cells)

Modern molecular biology shows DNA changes occur randomly, not in response to need
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Contributions:

e First comprehensive theory of evolution

e Recognized that organisms change over time

e Acknowledged environmental influence on organisms

e Stimulated scientific debate about evolution

B. Darwinism (Theory of Natural Selection)

Proposed by Charles Darwin (1809-1882), an English naturalist, in his book On the Origin of
Species by Means of Natural Selection (1859).

Darwin's theory was developed after his five-year voyage (1831-1836) on HMS Beagle,

particularly his observations in the Galapagos Islands.

Darwin's Observations:

1. Overproduction:

o

O

O

Organisms produce more offspring than can possibly survive
Example: A single cod fish produces millions of eggs

If all survived, the oceans would be filled with cod

2. Struggle for Existence:

(@]

(@]

O

O

Limited resources (food, water, space, mates)
Competition within and between species
Predation, disease, environmental challenges

Only a fraction of offspring survive to reproduce

3. Variation:

o

o

O

O

Individuals within a species show variation
No two individuals are exactly alike
Variations are inherited

Some variations are more advantageous than others

4. Survival of the Fittest (Natural Selection):
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5.

o Individuals with advantageous traits are more likely to survive
o Survivors reproduce and pass favorable traits to offspring

o Unfavorable traits are eliminated

o "Fitness" means reproductive success, not physical strength

Adaptation and Evolution:

o Over generations, favorable traits accumulate
o Population gradually changes
o New species eventually form

o Organisms become better adapted to their environment

Darwin's Explanation of Giraffe Evolution:

S v kW

. Ancestral population had giraffes with varying neck lengths (variation)

During food shortages, longer-necked individuals could reach more food (struggle for

existence)

Longer-necked giraffes survived better and reproduced more (natural selection)
Offspring inherited genes for longer necks

Over many generations, average neck length increased

Eventually, modern long-necked giraffes predominated

Key Principles of Natural Selection:

Variation: Individuals differ

Heredity: Traits are inherited

Differential survival: Some individuals survive better
Differential reproduction: Survivors have more offspring

Accumulation: Favorable traits increase in frequency

Examples of Natural Selection:

i) Peppered Moths (Biston betularia) in Industrial England:
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e Before industrialization: Light-colored moths camouflaged on light tree bark; dark moths

easily seen and eaten

e During industrialization: Soot darkened tree bark; dark moths now camouflaged; light

moths conspicuous
e Result: Dark moth frequency increased dramatically
e After pollution control: Light moths became common again

e Demonstrates evolution in action (microevolution)
ii) Antibiotic Resistance in Bacteria:

¢ Random mutations make some bacteria resistant
e Antibiotic kills susceptible bacteria

e Resistant bacteria survive and multiply

e Population becomes predominantly resistant

e Happens within human lifespan (rapid evolution)
iii) Darwin's Finches:

e 13 species of finches on Galépagos Islands

e Descended from common ancestor

e Different beak shapes adapted to different food sources
e Seed-eaters: thick, strong beaks

e Insect-eaters: thin, pointed beaks

e Demonstrates adaptive radiation
Weaknesses of Original Darwinism:

e Darwin couldn't explain source of variation (genetics unknown in his time)
¢ Didn't understand mechanism of inheritance
e Thought inheritance was "blending" (now known to be particulate)

e Couldn't explain how favorable traits persist

Contributions:
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e Provided naturalistic explanation for evolution
e Supported by extensive evidence
e Mechanism (natural selection) is testable

¢ Foundation of modern evolutionary biology

3. Modern Synthetic Theory of Evolution (Neo-Darwinism)

Developed in the 1930s-1940s by synthesizing Darwin's natural selection with Mendelian

genetics, molecular biology, and population genetics.
Key Contributors:

e Theodosius Dobzhansky
e FErnst Mayr
e George Gaylord Simpson

e Julian Huxley
Main Principles:
1. Genetic Variation:

e Variation arises from:
o Mutations (ultimate source of new alleles)
o Sexual reproduction (recombination)
o Gene flow (migration between populations)

e Provides raw material for evolution
2. Natural Selection:

e Acts on phenotypes (expressed traits)
e Differential reproductive success
e Changes allele frequencies in populations
e Multiple types:
o Directional selection (favors one extreme)

o Stabilizing selection (favors average)
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o Disruptive selection (favors both extremes)
3. Genetic Drift:

¢ Random changes in allele frequencies
e Significant in small populations
¢ Independent of fitness

e Examples: Bottleneck effect, founder effect
4. Gene Flow:

e Movement of genes between populations
e Through migration and interbreeding
e Increases genetic variation

e Can introduce new alleles
5. Reproductive Isolation:

e [Essential for speciation
e Prevents interbreeding between populations
e Types:

o Prezygotic barriers (prevent mating)

o Postzygotic barriers (offspring inviable or sterile)
6. Population is Unit of Evolution:

e Evolution occurs in populations, not individuals
e Gene pool changes over time

e Allele frequencies shift
Modern Synthesis Explanation of Giraffe Evolution:

1. Random mutations produced variation in neck-length genes

2. Sexual reproduction created diverse combinations
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3. During environmental pressure (food shortage), longer-necked individuals had survival

advantage
Natural selection favored longer-neck alleles
Over generations, frequency of longer-neck alleles increased in gene pool

Reproductive isolation from short-necked populations

N S » e

Eventually, distinct long-necked species emerged
Advances Over Darwin:

e Explains source of variation (mutation)

e Describes mechanism of inheritance (genes)
¢ Quantifies evolution (population genetics)

e Incorporates molecular biology (DNA)

e Explains rapid and gradual evolution

e Accounts for genetic drift and gene flow

Evidence Supporting Modern Synthesis:

DNA sequencing shows genetic relationships

e Observed evolution in laboratory and nature

e Fossil record documents transitions

e Mathematical models predict allele frequency changes

e Comparative genomics reveals evolutionary history

4. Evidence of Evolution
A. Fossil Records

Fossils are preserved remains, impressions, or traces of organisms that lived in the past, typically

found in sedimentary rocks.
Formation of Fossils:

e Organism dies and is quickly buried in sediment

e Soft parts decay; hard parts (bones, shells) remain
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e Minerals replace organic material (petrification)
e Sediment hardens into rock over millions of years

e Geological processes may expose fossils
Types of Fossils:

e Petrified fossils: Mineralized remains

Molds and casts: Impressions in rock

Trace fossils: Footprints, burrows, coprolites

Amber fossils: Organisms preserved in tree resin

Frozen fossils: Preserved in ice (woolly mammoths)

e Tar pit fossils: Preserved in natural tar
What Fossils Reveal:

e Chronological sequence: Older fossils in deeper layers

e Transitional forms: Organisms with intermediate features

e Extinct species: Most species that ever lived are extinct

e Change over time: Species characteristics change through geological periods

e Common ancestry: Similar structures in related organisms
Examples:
i) Archaeopteryx (Transitional Fossil):

e Lived about 150 million years ago

e Features of both reptiles and birds:
o Reptilian: Teeth, clawed wings, long bony tail
o Avian: Feathers, wishbone, wings

e Evidence of reptile-to-bird evolution
ii) Horse Evolution Series:

e Traced from Eohippus (Hyracotherium) to modern Equus
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e Shows gradual changes:
o Size increase: Dog-sized to modern horse
o Toe reduction: Four toes to one hoe (hoof)
o Tooth changes: Small teeth to large grinding molars
o Leg lengthening for running

e Demonstrates gradual evolution over 55 million years
iii) Whale Evolution:

e Land-dwelling ancestors (Pakicetus) to aquatic whales
e Transitional forms show:

o Gradual leg reduction

o Tail fluke development

o Nostril movement to top of head (blowhole)

e Fossils include Ambulocetus (walking whale) and Basilosaurus
Limitations of Fossil Record:

e Incomplete (fossilization is rare)
e Soft-bodied organisms rarely fossilize
e Gaps due to geological processes
e Dating fossils can be challenging

e Environmental bias (aquatic organisms fossilize better)
B. Comparative Anatomy

Study of similarities and differences in anatomy of different species reveals evolutionary

relationships.
i) Homologous Structures:

e Structures with same basic structure and embryonic origin but different functions
¢ Indicate common ancestry
e Result of divergent evolution
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Examples:
e Pentadactyl limb: Five-digit limb structure in vertebrates

o Human arm: Grasping and manipulation

o Whale flipper: Swimming

o Bird wing: Flying

o Horse leg: Running

o Bat wing: Flying

o All have same bone pattern: humerus, radius, ulna, carpals, metacarpals,
phalanges

e Other examples:

o Vertebrate hearts (varying chambers but same origin)

o Vertebrate brains (different sizes but similar structure)

Significance: Same structure adapted for different functions shows modification from common

ancestor
ii) Analogous Structures:

e Structures with different basic structure and origin but same function
e Result of convergent evolution

e Do NOT indicate close evolutionary relationship

Examples:
e Wings:
o Insect wing: Membrane supported by veins, no bones
o Bird wing: Modified forelimb with feathers and bones
o Bat wing: Skin membrane stretched between elongated fingers
o All function in flight but have different structures
e Eyes:

55




o Vertebrate eye and octopus eye function similarly
o Different embryonic origin and structure
o Example of convergent evolution

e Other examples:

o Shark (fish) and dolphin (mammal) body shapes

o Cactus (New World) and euphorbia (African) adaptations to desert

Significance: Similar functions in similar environments lead to similar adaptations despite

different ancestry
iii) Vestigial Structures:

e Reduced or non-functional structures
e Were functional in ancestors
e Retained through evolution but lost function

e [Evidence that organisms have changed over time
Examples in Humans:

e Appendix: Reduced cecum; was larger in herbivorous ancestors
¢ Wisdom teeth: Third molars; useful when diet was rougher

e Coccyx (tailbone): Remnant of tail in ancestors

e Ear muscles: For moving ears; functional in many mammals

¢ Body hair: Sparse compared to ancestors

e Goosebumps: Erects body hair (useful for warmth/intimidation in furry ancestors)
Examples in Other Organisms:

e  Whale pelvic bones: Remnants of hind limbs from land ancestors
e Snake pelvic girdle: Traces of legs in some species

e Flightless bird wings: Ostriches, penguins have reduced wings

e Cave-dwelling fish eyes: Blind fish have non-functional eyes

e Human embryo tail: Temporary structure during development
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Significance: Presence of vestigial structures indicates evolutionary change from ancestors
C. Comparative Embryology

Study of similarities in embryonic development across different species.

Key Observations:

e Vertebrate embryos show remarkable similarities in early stages
e More closely related species show greater embryonic similarity
e Embryos exhibit features of evolutionary ancestors

e Development recapitulates evolutionary history (with exceptions)
Examples:
i) Vertebrate Embryonic Similarities: All vertebrate embryos show:

e Gill slits/pharyngeal pouches: Present in fish, amphibian, reptile, bird, and mammal

embryos
o In fish: Develop into functional gills
o In land vertebrates: Modified into other structures (ear parts, tonsils)
e Tail: All vertebrate embryos have tails
o Retained in most vertebrates
o Reduced to coccyx in humans
e Similar body structure: Early embryos of fish, chicken, pig, and human look very
similar

ii) Developmental Genes (Hox Genes):

e Highly conserved across species
e Control body plan development
e Same genes in insects, fish, humans

e Evidence of common ancestry at molecular level

Significance:

57




e Similarities indicate common ancestry
e Embryos preserve evolutionary history
e Explains presence of transient structures

e Supports idea that complex organisms evolved from simpler forms
Biogenetic Law (Recapitulation Theory):

e Proposed by Ernst Haeckel: "Ontogeny recapitulates phylogeny"
¢ Embryonic development repeats evolutionary history
e Partially true but oversimplified

e Embryos show ancestral features, not adult ancestral forms

D. Comparative Biochemistry and Molecular Biology

Comparing DNA, proteins, and other molecules reveals evolutionary relationships.

i) DNA Sequence Comparison:

e More similar DNA = more closely related
e Can quantify genetic distance between species

e Universal genetic code indicates common origin of life
Examples:

e Humans and chimpanzees: 98-99% DNA similarity
e Humans and gorillas: ~98% similarity
e Humans and mice: ~85% similarity

e Humans and fruit flies: ~60% of genes have human equivalents
ii) Protein Comparison:
e Cytochrome c: Respiratory protein found in all aerobic organisms

o Human and chimpanzee: Identical
o Human and rhesus monkey: 1 amino acid difference

o Human and horse: 12 amino acid differences
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o Human and yeast: 44 amino acid differences

e Hemoglobin: Oxygen-carrying protein
o Shows similar patterns of similarity
iii) DNA Hybridization:

e Technique to measure DNA similarity
e More heat required to separate similar DNA strands

¢ Quantifies evolutionary distance
iv) Amino Acid Sequencing:

e Comparing protein sequences

e Fewer differences = closer relationship

e Molecular clock: Mutations accumulate at relatively constant rate

Significance:

¢ Provides quantitative measure of relatedness

e Supports relationships determined by anatomy
e Can compare organisms with no fossil record
e Reveals common ancestry at molecular level

e Used to construct phylogenetic trees

E. Biogeography

Study of geographical distribution of organisms provides evidence for evolution.

Key Observations:

i) Island Species:

¢ Islands have unique species found nowhere else (endemic species)

¢ Island species resemble nearest mainland species

¢ Indicates colonization and subsequent evolution in isolation
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e Examples: Galapagos finches, Hawaiian honeycreepers, Madagascar lemurs
ii) Continental Drift:

e Similar fossils on now-separated continents
e Example: Identical fossils in South America and Africa
e Explains distribution of related species

e Supports idea of common ancestors before continental separation
iii) Isolated Ecosystems:

e Australia: Unique marsupials evolved in isolation
e Madagascar: Lemurs found nowhere else

e Geographic isolation leads to unique evolutionary paths
iv) Distribution Patterns:

e Related species in adjacent areas
e Environmental similarity leads to similar adaptations

e Barriers (mountains, oceans) create distinct populations
Significance:

e Explains why certain species are found where they are
e Geographic isolation drives speciation

e Similar environments produce similar adaptations

e Continental movement influenced evolutionary patterns

5. Natural Selection and Adaptation
Natural Selection Mechanisms:
A. Directional Selection:

e Favors one extreme phenotype

e Average shifts in one direction
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e Example: Giraffe neck lengthening, antibiotic resistance

B. Stabilizing Selection:

e Favors intermediate phenotypes
e Eliminates extremes

e Example: Human birth weight (very small or large babies have lower survival)

C. Disruptive Selection:

e Favors both extreme phenotypes
¢ Eliminates intermediates
e (an lead to speciation

e Example: Darwin's finches with either large or small beaks

Adaptation: Adaptation is an inherited characteristic that enhances an organism's ability to

survive and reproduce in its environment.

Types of Adaptation:

e Structural: Physical features (giraffe neck, bird beak)
e Physiological: Internal processes (snake venom, antifreeze proteins in Arctic fish)

e Behavioral: Actions (migration, hibernation, courtship)

Examples:

e Desert plants: Water storage, reduced leaves (cacti)
e Polar bears: Thick fur, white coloration, fat layer
e Cheetahs: Streamlined body, large heart, non-retractable claws

e Camels: Hump (fat storage), ability to drink large amounts, broad feet

Adaptation vs. Acclimatization:

e Adaptation: Genetic, inherited, takes many generations

e Acclimatization: Physiological adjustment during lifetime, not inherited
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Example: Genetic adaptation to high altitude vs. individual adjustment when visiting

mountains
EVALUATION

1. Define evolution and explain why it is considered the unifying principle of biology.

2. State and explain Lamarck's theory of evolution. Give two weaknesses of this theory.

3. Describe Darwin's theory of natural selection. How does it differ from Lamarckism?

4. Explain the Modern Synthetic Theory of Evolution. How does it improve on Darwin's
original theory?

5. What are fossils? Describe how they are formed and explain how they provide evidence
for evolution.

6. Distinguish between homologous and analogous structures with examples. What does
each type tell us about evolution?

7. What are vestigial structures? Give four examples in humans and explain their
evolutionary significance.

8. Explain how comparative embryology provides evidence for evolution.

9. Describe how molecular biology and biochemistry support the theory of evolution.

10. Using the peppered moth as an example, explain how natural selection works in nature.

11. Distinguish between directional, stabilizing, and disruptive natural selection.

12. What is adaptation? Give three examples of adaptations and explain how each helps

organism survival.
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ASSIGNMENT

1.

Evolution Theory Comparison: Create a detailed comparison table with the following

headings:

Theory name

Proposer and year

Main principles

Explanation of giraffe evolution
Strengths

Weaknesses

Current acceptance

Include Lamarckism, Darwinism, and Modern Synthetic Theory.

2. Evidence Analysis: Research and write a comprehensive essay (400-500 words) on ONE

of the following: a) How fossil evidence supports the theory of evolution, with specific
examples from the horse evolution series or whale evolution b) Vestigial structures in
humans and other animals: What they tell us about our evolutionary past ¢) How

antibiotic resistance in bacteria demonstrates evolution in action

Natural Selection Activity: Imagine a population of beetles living on gray tree bark.
Some beetles are light gray, some are dark gray, and some are black. a) Describe what
would happen to this population if pollution darkened the tree bark over several
generations. b) Explain your answer using Darwin's principles of natural selection. c)
Draw a graph showing how you predict the proportion of each color would change over
10 generations. d) What type of selection (directional, stabilizing, or disruptive) is this?

Explain.

Critical Thinking: "Lamarck was wrong about the mechanism, but right that organisms
change over time." Explain this statement in detail, discussing both what Lamarck got
wrong and what he got right. Why was his contribution still important to the development

of evolutionary theory?
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WEEK 8: HUMAN EVOLUTION

CONTENT

1. Origin of Man

Human evolution is the lengthy process of change by which modern humans (Homo sapiens)
evolved from ape-like ancestors. This process occurred over approximately 6-7 million years and

involves both biological and cultural evolution.
Key Concepts:

e Humans belong to the Order Primates, Family Hominidae (great apes)
¢ Humans did not evolve from modern apes but share common ancestors

e Human evolution was not linear but involved multiple human species existing

simultaneously
e Evolution occurred primarily in Africa

¢ Both biological and cultural factors shaped human evolution
Hominid vs. Hominin:

e Hominid: Includes all great apes (humans, chimpanzees, gorillas, orangutans)
¢ Hominin: Human lineage after split from chimpanzee lineage (more specific)

e Modern classification focuses on hominins
Timeline Overview:

e 6-7 million years ago: Human-chimpanzee lineages diverge
e 4 million years ago: Australopithecines appear

e 2.5 million years ago: Genus Homo emerges

e 300,000-200,000 years ago: Modern Homo sapiens appears
e 70,000-50,000 years ago: Behavioral modernity emerges
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2. Fossil Evidence of Human Evolution

Fossil discoveries provide direct evidence of human evolutionary history. Key fossils show

progression from ape-like ancestors to modern humans.

A. Australopithecus (Southern Ape)

Time Period: 4 to 2 million years ago Location: East and South Africa
Species:

o Australopithecus afarensis (most famous)
o Australopithecus africanus

e Australopithecus anamensis
Key Features:

e Brain size: 400-550 cm? (similar to chimpanzees)

e Height: 1.0-1.5 meters (3-5 feet)

e Weight: 30-55 kg

e Locomotion: Bipedal (walked upright on two legs) - most significant feature
e Face: Protruding jaw, large teeth

e Skull: Ape-like with small brain case

e Arms: Long arms relative to legs (still some tree climbing)

e Pelvis: Bowl-shaped, adapted for upright walking

¢ Diet: Omnivorous, plant-based with some meat
Famous Fossils:
o "Lucy" (Australopithecus afarensis): Discovered 1974 in Ethiopia by Donald Johanson

o 3.2 million years old
o 40% complete skeleton
o Female, about 1.1 meters tall

o Clear evidence of bipedalism
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e "Taung Child" (dustralopithecus africanus): Discovered 1924 in South Africa

o First Australopithecus fossil
o 2.5 million years old

o Child's skull showing human and ape features
Significance:

e First clear evidence of bipedalism in human ancestors
e Showed that upright walking evolved before large brains
e Bridge between apes and humans

e Lived in woodland and savanna environments
B. Homo habilis (Handy Man)
Time Period: 2.4 to 1.4 million years ago Location: East Africa (mainly Tanzania, Kenya)
Key Features:

¢ Brain size: 600-750 cm?® (50% larger than Australopithecus)
e Height: 1.0-1.3 meters

e Weight: 30-45 kg

e Face: Less protruding than Australopithecus, flatter face

e Teeth: Smaller than Australopithecus

e Hands: Precision grip capable

¢ Locomotion: Fully bipedal
Behavior and Culture:

¢ First tool-maker: Created simple stone tools (Oldowan tools)
o Choppers and scrapers
o Used for butchering meat and processing plant foods

e Diet: Omnivorous, increased meat consumption

e Social behavior: Possibly lived in groups
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e Habitats: Open woodlands and grasslands

Famous Fossils:

e OH 7 (Olduvai Hominid 7): Discovered 1960 in Tanzania by Louis and Mary Leakey

e First species classified as genus Homo
Significance:

e First member of genus Homo

e Tool use marks important cognitive advancement

e Increased brain size indicates enhanced intelligence

e Transition from Australopithecus to more human-like features

e Name means "handy man" due to tool-making ability
C. Homo erectus (Upright Man)

Time Period: 1.9 million to 143,000 years ago Location: Africa, Asia (Indonesia, China),

possibly Europe
Key Features:

¢ Brain size: 850-1,100 cm? (closer to modern humans)

e Height: 1.5-1.8 meters (similar to modern humans)

e  Weight: 50-70 kg

e Face: Less protruding, more human-like

e Skull: Thick bones, prominent brow ridges, sloping forehead
e Body: Modern proportions, long legs, shorter arms

e Teeth: Smaller than earlier hominins

e Locomotion: Fully bipedal, efficient long-distance walker
Behavior and Culture:

e Advanced tools: Acheulean tools (hand axes, cleavers)

o More sophisticated than H. habilis tools
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o Symmetrical, carefully crafted
¢ Fire control: First evidence of controlled use of fire

o Cooking food

o Warmth

o Protection from predators

o Social gathering point
¢ First to migrate out of Africa: Spread to Asia and possibly Europe
e Hunting: Organized hunting of large animals

e Shelter: Built simple shelters
Famous Fossils:
e "Turkana Boy" (Nariokotome Boy): Discovered 1984 in Kenya

o 1.6 million years old

o 80% complete skeleton

o Male child (8-11 years old)

o Shows modern body proportions

e "Peking Man" and "Java Man'': Found in Asia

o Evidence of H. erectus migration

o Used fire, lived in caves
Significance:

e Longest-surviving human species (nearly 2 million years)
¢ First hominin to migrate out of Africa

e Control of fire revolutionized human lifestyle

¢ Body proportions similar to modern humans

e Increased brain size indicates higher intelligence

e Cultural advancements (tools, fire, hunting)
D. Homo sapiens (Wise Man)
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Time Period: Emerged 300,000-200,000 years ago; modern behavior 70,000-50,000 years ago

Location: Originated in Africa, now worldwide
Key Features:

e Brain size: 1,200-1,600 cm? (largest of hominins)

e Height: 1.5-1.9 meters

e Weight: 50-90 kg

e Face: Flat, small jaws, prominent chin

e Skull: High, rounded forehead; reduced brow ridges; thin skull bones
¢ Body: Modern human proportions

e Teeth: Small teeth

¢ Locomotion: Fully bipedal, efficient striding gait
Behavior and Culture:

e Complex language: Sophisticated communication
e Advanced tools: Wide variety of specialized tools
o Blades, needles, harpoons
o Multiple materials (stone, bone, wood)
e Art and symbolism:
o Cave paintings (Lascaux, France; Altamira, Spain)
o Sculptures, jewelry, musical instruments
o Burial rituals indicate belief systems
e Complex social structures: Large communities, cooperation
e Agriculture: Developed about 10,000 years ago (Neolithic Revolution)
e Technology: Continuous innovation and accumulation of knowledge

e Cultural diversity: Different cultures, languages, customs
Subspecies/Groups:

e Anatomically modern Homo sapiens: Appeared 300,000-200,000 years ago
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Behaviorally modern Homo sapiens: Emerged 70,000-50,000 years ago

Archaic Homo sapiens: Earlier forms (Neanderthals, Denisovans)

Out of Africa Theory:

Modern humans evolved in Africa
Migrated out of Africa 70,000-50,000 years ago
Replaced or interbred with other human species

Spread to all continents (except Antarctica)

Interbreeding with Other Species:

Neanderthals: Modern humans share 1-4% DNA with Neanderthals
Denisovans: Some populations share DNA with Denisovans

Indicates some interbreeding occurred

Significance:

Only surviving human species

Unprecedented cognitive abilities

Ability to modify environment extensively

Cultural evolution now dominates biological evolution
Colonized entire planet

Technology and culture allow survival in all environments

3. Similarities Between Humans and Apes

Modern apes (chimpanzees, gorillas, orangutans) and humans share many characteristics,

supporting common ancestry.

A. Anatomical Similarities:

1.

Skeletal Structure:

o Similar bone arrangement

o Same number of bones in limbs
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o Pentadactyl limbs (five digits)

o Flexible shoulder joints

o Opposable thumbs (precision grip)
2. Skull and Face:

o Forward-facing eyes (binocular vision, depth perception)
o Similar ear structure

o Similar dental formula (though teeth sizes differ)

o Large brain case relative to body size

3. Internal Organs:

o Similar organ systems

o Four-chambered heart

o Comparable digestive systems
o Similar reproductive systems

4. SKkin and Hair:

o Similar skin structure
o Nails instead of claws
o Facial expressions

o Fingerprints
B. Physiological Similarities:
1. Blood Groups:

o ABO blood group system present in both
o Similar blood proteins

2. Biochemistry:

o Similar enzymes and hormones
o Same metabolic pathways

o Similar immune system components
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3. Reproduction:

o Similar gestation periods
o Single offspring usually (occasional twins)
o Extended parental care

o Similar developmental stages
C. Genetic Similarities:
1. DNA Comparison:

o Humans and chimpanzees: 98-99% DNA similarity
o Humans and gorillas: ~98% similarity
o Humans and orangutans: ~97% similarity

2. Chromosomes:

o Similar chromosome number (humans: 46; great apes: 48)
o Human chromosome 2 is fusion of two ape chromosomes
o Similar chromosome banding patterns

3. Genes:

o Same genes for similar functions
o Shared developmental genes (Hox genes)

o Similar genetic diseases possible
D. Behavioral Similarities:

1. Intelligence:

o Problem-solving abilities

o Tool use (chimpanzees use sticks to extract termites)
o Learning from observation

o Self-recognition in mirrors

2. Social Behavior:
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o Live in social groups

o Complex social hierarchies

o Communication systems

o Cooperation and competition

o Maternal care and family bonds

3. Emotions:

o Joy, sadness, anger

o Empathy and compassion

o Grief (mourning dead companions)
o Play behavior

4. Cultural Transmission:

o Teaching offspring
o Local traditions (different tool-use methods in different groups)

o Social learning
E. Embryological Similarities:

e Similar stages of embryonic development
e Temporary tail in human embryos
e Similar timing of organ development

e Pharyngeal pouches in both
Significance:

e Strong evidence for common ancestry
e Closer similarity indicates more recent common ancestor
¢ Humans and chimpanzees shared common ancestor 6-7 million years ago

¢ Differences result from evolutionary divergence
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4. Cultural and Biological Evolution of Humans

Human evolution is unique in that it involves both biological (genetic) changes and cultural

(learned behavior) changes.

A. Biological Evolution

Key Biological Changes:
1. Bipedalism:

Walking upright on two legs

o

o Freed hands for tool use and carrying
o Allowed seeing over tall grass
o More energy-efficient for long-distance travel

o Anatomical changes: bowl-shaped pelvis, S-shaped spine, repositioned foramen

magnum

2. Brain Enlargement:

o Tripled in size from Australopithecus to Homo sapiens
o Increased cognitive abilities

o Complex language possible

o Abstract thinking, planning, problem-solving

o Changes in skull shape to accommodate larger brain

3. Reduced Jaw and Teeth:

o Smaller jaws and teeth compared to early hominins

o Related to dietary changes (cooked food, processed food)
o Tool use for processing food reduced need for large teeth
o Allowed for chin development

4. Precision Grip:

o Fully opposable thumb

o Fine motor control
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o Enabled tool-making and use
o Allowed manipulation of small objects

5. Vocal Apparatus:

o Descended larynx

o Allows wider range of sounds

o Necessary for complex speech

o FOXP2 gene important for language
6. Prolonged Childhood:

o Extended period of dependency
o Allows for learning complex skills
o Brain continues developing after birth

o Parental investment in offspring
Biological Adaptations:

e Loss of body hair (except head)
e Increased sweat glands (cooling during running)
e Adaptations for endurance running

e Skin pigmentation variation based on UV exposure
B. Cultural Evolution

Cultural evolution refers to changes in learned behavior, knowledge, beliefs, and technology

passed through generations by teaching and imitation, not genes.
Characteristics of Cultural Evolution:

e Faster than biological evolution: Can occur within a generation
¢ Lamarckian-like: Acquired knowledge can be passed on (unlike biological evolution)
e Cumulative: Builds on previous knowledge

e Diverse: Different cultures develop different solutions
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Stages of Cultural Evolution:
1. Stone Age Culture (2.5 million - 3,000 BCE):

Paleolithic (Old Stone Age, 2.5 million - 10,000 BCE):

e Simple stone tools (Oldowan, Acheulean)
e Hunter-gatherer lifestyle

¢ Nomadic, following food sources

e Control of fire

e Cave paintings and art

e Burial of dead

e Small bands of 20-100 individuals

Mesolithic (Middle Stone Age, 10,000 - 8,000 BCE):

e More sophisticated tools (microliths)
e Fishing and fowling
e Semi-permanent settlements

e Domestication of dogs
Neolithic (New Stone Age, 8,000 - 3,000 BCE):

e Agricultural Revolution: Domestication of plants and animals
e Permanent settlements

e Pottery making

e Polished stone tools

e Weaving

e Population growth

e Food surplus and storage
2. Bronze Age (3,000 - 1,200 BCE):

e Metal working (copper, bronze)
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e Writing systems developed

e Complex societies and civilizations
e Trade networks

e Specialized occupations

e Monumental architecture
3. Iron Age (1,200 BCE onwards):

e [ron tools and weapons
e Expansion of empires
e Advanced agriculture

e Development of philosophy, science
4. Modern Era:

e Industrial Revolution (18th-19th centuries)
e Scientific Revolution

¢ Information Age (20th-21st centuries)

e Space exploration

e Genetic engineering

¢ Digital technology
Key Aspects of Cultural Evolution:
a) Language Development:

e Most important cultural development

e Allows complex communication

e Transmission of abstract ideas

e Accumulation and sharing of knowledge
e Basis for all other cultural developments

e Enables cooperation on large scales




b) Technology:

e Tool making and use

e Fire control

e Agriculture

e  Writing

e Wheel and transportation
¢ Industrial machines

e Computers and internet

e Each advancement builds on previous ones
¢) Social Organization:

e Family units

e Tribes and clans

e Chiefdoms

e States and nations

e Legal systems and governance

e Economic systems
d) Art and Symbolism:

e Cave paintings

e Sculpture

e Music

e Literature

e Religious and spiritual beliefs

e Rituals and ceremonies
e) Science and Knowledge:

e Understanding natural world

e Mathematics
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e Medicine
e Astronomy
e Scientific method

e Accumulation of knowledge across generations
C. Interaction Between Biological and Cultural Evolution
How Cultural Evolution Affected Biological Evolution:

1. Tool Use — Hand Evolution:

o Selection for better manipulation skills
o Refined precision grip
o Hand-brain coordination

2. Fire and Cooking — Digestive Changes:

o Cooked food easier to digest

o Allowed smaller teeth and jaws

o More nutrients available for brain development
o Reduced digestive system

3. Language — Brain Development:

o Selection for language ability
o Brain regions specialized for language (Broca's area, Wernicke's area)
o Vocal tract modifications

4. Agriculture — Genetic Adaptations:

o Lactose tolerance in dairy-farming populations
o Adaptations to agricultural diet
o Disease resistance (crowded living conditions)

5. Clothing and Shelter — Body Hair Loss:

o Cultural methods of temperature regulation

o Reduced need for body hair
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o Loss of protective fur

Cultural Evolution Now Dominates:

Humans adapt through culture, not physical evolution
Technology allows survival in all environments
Medical advances counteract natural selection

Rapid cultural change vs. slow biological evolution

Future human evolution more cultural than biological

EVALUATION

1. Define human evolution and explain why humans did not evolve from modern apes.

2. Describe the key features of Australopithecus and explain its significance in human
evolution.

3. Compare and contrast Homo habilis and Homo erectus in terms of brain size, tools, and
cultural achievements.

4. Trace the evolution of brain size from Australopithecus to Homo sapiens. What is the
significance of this increase?

5. Explain the significance of bipedalism in human evolution. What advantages did it
provide?

6. List and explain five anatomical similarities between humans and apes. What do these
similarities tell us about human origins?

7. Distinguish between biological evolution and cultural evolution. Give three examples of
each.

8. Describe the "Out of Africa" theory of human evolution.

9. Explain how the control of fire by Homo erectus represented a major advancement in

human evolution.
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10. What is the Neolithic Revolution and how did it change human society?

11. Describe three ways in which cultural evolution has influenced biological evolution in

humans.

12. Why is Homo sapiens the only surviving human species? What advantages did modern

humans have over other human species like Neanderthals?

ASSIGNMENT

1. Fossil Comparison Table: Create a comprehensive comparison table for the four main
stages of human evolution (Australopithecus, Homo habilis, Homo erectus, Homo

sapiens) with the following columns:

o Time period

o Geographic location

o Brain size (cm?)

o Height

o Key physical features

o Tool use and technology

o Cultural achievements

o Significance

2. Research Essay: Write a detailed essay (400-500 words) on ONE of the following topics:

a) Lucy and the Taung Child: What these fossils revealed about early human evolution b)
The role of fire in human evolution: How controlled use of fire changed human

development ¢) Why humans lost their body hair: Biological and cultural explanations d)

The Neolithic Revolution: How agriculture transformed human society

3. Human-Ape Comparison Activity: a) Research and list 10 specific similarities between
humans and chimpanzees (include at least two from each category: anatomical, genetic,

behavioral, and physiological) b) List 10 specific differences between humans and
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chimpanzees c) Based on your findings, write a paragraph explaining what these

similarities and differences tell us about human evolution

Critical Analysis: "Cultural evolution has now become more important than biological
evolution for human survival and adaptation." a) Explain what this statement means b)
Provide at least five pieces of evidence supporting this claim c) Discuss whether
biological evolution has completely stopped in humans or is still occurring d) Predict

what factors might drive human evolution in the future (300-400 words)
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WEEK 9: APPLICATION OF GENETICS AND EVOLUTION

CONTENT

1. Applications of Genetics and Evolution in Agriculture

Genetic principles and evolutionary concepts have revolutionized agricultural practices, leading
to increased food production, improved crop quality, and enhanced resistance to diseases and

environmental stress.
A. Selective Breeding (Artificial Selection)

Selective breeding is the process of choosing organisms with desirable traits and breeding them

to produce offspring with those traits.
Process:

1. Identify organisms with desired characteristics

2. Breed selected individuals together

3. Select best offspring from each generation

4. Repeat process over many generations

5. Desired traits become more common in population
Principles:

e Based on natural genetic variation

e Human selection replaces natural selection

e Artificial selection is faster than natural selection
e Can produce dramatic changes in short time

e Must maintain genetic diversity to avoid inbreeding depression
Applications in Crops:
i) High-Yielding Varieties:

e Rice: Development of IR8 rice variety (International Rice Research Institute)
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o Shorter stems resist lodging (falling over)
o More grain production
o Responds well to fertilizers
o Green Revolution variety
Wheat: Dwarf varieties with larger grain heads

Maize: Selected for larger cobs, more kernels

ii) Quality Improvement:

Taste and appearance: Sweeter fruits, larger vegetables
Nutritional content: Higher protein content in cereals
Storage quality: Longer shelf life, reduced spoilage

Oil content: High-oil palm varieties, sunflower seeds

iii) Early Maturity:

Crops that mature faster
Allow multiple harvests per year
Adaptation to shorter growing seasons

Examples: Early-maturing cassava, quick-ripening tomatoes

Applications in Livestock:

i) Meat Production:

Cattle: Breeds with more muscle mass (Angus, Hereford)
Chickens: Broilers that grow faster, larger breast muscles
Pigs: Leaner meat, faster growth rates

Sheep: Better meat quality, larger size

ii) Milk Production:

Dairy cattle: Holstein-Friesian produces high milk volumes

Jersey cattle produce milk with high butterfat
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e Selective breeding increased milk yield dramatically

e Modern cows produce 6-10 times more milk than ancestors
iii) Egg Production:

e Layer chickens: Selected for high egg production (280-300 eggs/year vs. 12-20 in wild

ancestors)
e Larger eggs
e Stronger shells

e Consistent laying patterns
iv) Other Traits:

¢  Wool quality: Merino sheep with fine wool
e Disease resistance: Cattle resistant to trypanosomiasis
e Temperament: Docile animals easier to manage

e Adaptability: Heat tolerance, drought resistance
Advantages of Selective Breeding:

e Uses natural genetic variation

e No genetic modification required
e Culturally accepted

o Cost-effective

e Sustainable over long term
Disadvantages:

e Slow process (many generations)

e Reduces genetic diversity

e Cannot introduce completely new traits
e Inbreeding risks

e May reduce fitness in wild conditions
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B. Hybridization

Hybridization is the crossing of two genetically different individuals, usually from different

varieties, breeds, or species, to produce offspring with combined desirable traits.
Types of Hybridization:
i) Intraspecific Hybridization:

e Crossing different varieties within same species
e Most common in agriculture

e Examples: Different maize varieties, wheat types
ii) Interspecific Hybridization:

e Crossing different species
e Offspring often sterile

e Examples: Mule (horse x donkey), triticale (wheat x rye)
Hybrid Vigor (Heterosis):

e Hybrid offspring often superior to both parents
e Greater size, strength, disease resistance

e Higher yields

e Better adaptation to stress

e Results from combination of favorable alleles from both parents
Applications:
i) Crop Hybridization:

e Hybrid maize: Dramatically increased yields

o Fi hybrid from crossing two inbred lines
o Shows heterosis: 15-50% yield increase

o More uniform growth
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o Disease resistant
o Must produce new hybrids each season (F» doesn't maintain vigor)

Hybrid rice: High-yielding varieties

Hybrid vegetables: Tomatoes, peppers, cucumbers with better qualities
Seedless fruits: Watermelons (triploid hybrids), bananas

Triticale: Wheat x rye hybrid

o Combines wheat's grain quality with rye's hardiness
o Grows in poor soils

o High protein content

ii) Livestock Hybridization:

Mules: Horse (mare) x donkey (jack)

o Strong, hardy, sure-footed
o Better endurance than horses
o Sterile (cannot reproduce)

Crossbreeding cattle: Combine traits

o Brahman (heat tolerance) x European breeds (high milk/meat)
o Disease resistance + productivity

Hybrid chickens: Commercial egg and meat production

o Specific crosses for layers or broilers

o Uniform growth, predictable traits

Process of Producing Hybrid Crops:

> » D

Develop inbred lines through self-pollination (several generations)
Test combinations of inbred lines
Select combinations showing best hybrid vigor
Mass-produce F: hybrid seeds
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5. Farmers plant F: seeds annually

6. Must purchase new seeds each year (F2 loses hybrid vigor)
Advantages:

e Combines best traits of both parents
e Hybrid vigor increases productivity
e More uniform crop

e Predictable characteristics

e Disease and pest resistance
Disadvantages:

e Seeds cannot be saved (F2 generation variable)
e Farmers depend on seed companies

e More expensive than traditional seeds

e Requires technical knowledge

e May reduce traditional variety diversity
C. Genetic Engineering and GMOs (Genetically Modified Organisms)

Genetic engineering involves directly manipulating an organism's DNA to introduce, remove, or

modify genes, creating organisms with desired traits.
Techniques:

e Gene cloning: Copying specific genes

¢ Recombinant DNA technology: Combining DNA from different sources
¢ Gene insertion: Using vectors (plasmids, viruses) to insert genes

e CRISPR-Cas9: Precise gene editing tool

¢ Gene gun: Physical insertion of DNA-coated particles

e Agrobacterium-mediated transformation: Natural gene transfer system

Differences from Traditional Breeding:
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¢ Can introduce genes from any organism (not just related species)
e Much faster than selective breeding

e Precise changes to specific genes

e Can add entirely new traits

¢ Does not require sexual reproduction
Applications in Agriculture:
i) Insect Resistance:

e Bt crops: Contain gene from Bacillus thuringiensis bacteria
o Produces protein toxic to specific insects
o Bt cotton, Bt maize, Bt eggplant
o Reduces pesticide use
o Target-specific (doesn't harm beneficial insects)

o Bollworm resistance in cotton
ii) Herbicide Resistance:

¢ Roundup Ready crops: Resistant to glyphosate herbicide
o Soybeans, maize, cotton
o Allows weed control without harming crop
o Farmers can spray herbicide over entire field

o Controversy over health and environmental effects
iii) Disease Resistance:

e Virus-resistant papaya: Ringspot virus resistance (Hawaii)
e Fungus-resistant crops: Reduced crop losses

e Bacterial disease resistance: In various crops
iv) Nutritional Enhancement (Biofortification):

¢ Golden Rice: Contains beta-carotene (vitamin A precursor)
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o Addresses vitamin A deficiency
o Prevents blindness in children
o Controversial but potentially life-saving

e Iron-enriched beans and rice: Combat anemia
¢ High-lysine maize: Better protein quality
¢ Omega-3 enriched crops: Health benefits

v) Environmental Stress Tolerance:

¢ Drought-resistant crops: Survive water scarcity
e Salt-tolerant plants: Grow in saline soils
e Cold-tolerant crops: Extended growing seasons

e Flood-tolerant rice: Survives submersion
vi) Extended Shelf Life:

e Flavr Savr tomato: First GM food approved (1994)
o Slowed ripening and softening
o Reduced spoilage

o No longer commercially available
vii) Improved Yield:

e Faster growth rates
e Larger fruits and grains
e More efficient nutrient use

e Better photosynthesis
Applications in Livestock:

¢ Growth hormones: rBST in dairy cows (increases milk production)
e Disease-resistant animals: Pigs resistant to swine fever

e AquAdvantage salmon: Grows faster year-round
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¢ Goats producing spider silk protein in milk: Industrial applications
Advantages of Genetic Engineering:

e Precision and speed

e Can introduce any trait from any organism

e Addresses specific problems (malnutrition, climate change)
e Reduces pesticide use

e Increases crop yields

e (Can benefit human health and nutrition
Disadvantages and Concerns:

e Safety concerns: Long-term health effects unknown
¢ Environmental risks:

o Gene flow to wild relatives

o Harm to non-target organisms

o Development of resistant pests/weeds
e Ethical issues: "Playing God," animal welfare
¢ Economic concerns:

o Corporate control of food supply

o Farmers dependent on companies

o Expensive technology
e Labeling and choice: Consumer right to know

¢ Biodiversity loss: Replacement of traditional varieties
Regulation:

e Strict testing required in most countries
e Risk assessments before approval
e Field trials monitored

e Some countries ban GMOs, others embrace them
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Status in Nigeria:

e Nigeria approved Bt cotton (2019)
e Bt cowpea under development
e National Biosafety Management Agency regulates GMOs

e Ongoing debate about adoption
D. Marker-Assisted Selection (MAS)

Modern technique combining traditional breeding with genetic markers (DNA sequences linked

to desired traits).
How It Works:

1. Identify DNA markers associated with desired traits

2. Screen breeding population for markers

3. Select individuals with favorable markers

4. Breed selected individuals

5. Much faster than traditional phenotype-based selection
Advantages:

e Select traits at seedling stage (don't wait for mature plant)
e Identify traits not visible (disease resistance genes)

e Select multiple traits simultaneously

¢ Faster than traditional breeding

e More precise selection
Applications:

¢ Disease resistance breeding
e Quality traits (grain quality, oil content)
e Stress tolerance

e Used in rice, wheat, maize improvement programs
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E. Tissue Culture and Micropropagation

Producing large numbers of identical plants from small tissue samples under sterile laboratory

conditions.
Applications:

e Rapid multiplication: Thousands of plants from one parent

¢ Disease-free plants: Virus elimination through meristem culture
e Preservation: Conservation of rare/endangered species

e Uniform production: All plants genetically identical

e Year-round production: Not dependent on season
Examples:

e Banana and plantain multiplication
¢ Orchid production

e Oil palm cloning

e Pineapple propagation

e Potato seed production
F. Cloning
Creating genetically identical organisms.
In Animals:

e Dolly the sheep: First cloned mammal (1996)
¢ Cloning elite livestock for breeding
e Preservation of rare breeds

e Research applications
Concerns:

e Low success rates
e Health problems in clones

93




e FEthical concerns
e High costs

e Reduced genetic diversity

2. Applications of Genetics and Evolution in Medicine
A. Blood Transfusion and Blood Groups
Understanding genetics of blood groups ensures safe transfusions.

ABO Blood Group System:

e Controlled by gene I with three alleles: 14, 1B, i

e ]A and IB are codominant; both are dominant over i
Genotypes and Phenotypes:

e Blood group A: IAI* or 141
e Blood group B: IBIB or IBi
e Blood group AB: IAIB

e Blood group O: i1
Antigens and Antibodies:

e Type A: A antigens on red blood cells; anti-B antibodies in plasma
e Type B: B antigens; anti-A antibodies
e Type AB: Both A and B antigens; no antibodies (universal recipient)

e Type O: No antigens; both antibodies (universal donor)
Transfusion Compatibility:

e Must match blood types or serious reaction occurs
e Agglutination (clumping) if incompatible

e (Can be fatal

Rh Factor:
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e Another blood group system
e Rh positive (Rh*): Has Rh antigen (dominant)
e Rhnegative (Rh™): Lacks Rh antigen (recessive)

e Important in pregnancy (Rh incompatibility between mother and fetus)
Medical Applications:

e Emergency transfusions

e Surgery preparation

e Treating blood loss

e Managing blood disorders
e Paternity testing

e Forensic investigations
B. Understanding and Treating Genetic Diseases

Sickle Cell Disease:

e (Caused by mutation in hemoglobin gene
e Autosomal recessive disorder

¢ Common in malaria-endemic regions
Genetics:

e HbAHbA: Normal
e HbAHbs: Carrier (sickle cell trait) - resistant to malaria

e HbsHbs: Sickle cell disease
Medical Management:

¢ Genetic screening identifies carriers
e Prenatal testing available
e Treatment: Pain management, blood transfusions, hydroxyurea

¢ Genetic counseling for carriers

95




e Bone marrow transplant can cure
Evolutionary Significance:

e Balanced polymorphism
e Heterozygote advantage in malaria regions

e Demonstrates natural selection in humans
Other Genetic Diseases:

e Hemophilia: X-linked bleeding disorder

Cystic fibrosis: Mucus buildup in lungs

Huntington's disease: Progressive brain disorder

Thalassemia: Blood disorder

Phenylketonuria (PKU): Metabolic disorder
Medical Interventions:

e Genetic screening and testing
e Carrier identification

e Prenatal diagnosis

e Newborn screening

e Gene therapy (experimental)

e Enzyme replacement therapy
C. Genetic Counseling
Professional service providing information and support regarding genetic conditions.
Who Needs Genetic Counseling:

e Family history of genetic disorder
e Previous child with genetic condition
¢ Consanguineous marriage (close relatives)

e Advanced parental age
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e Multiple miscarriages
e Ethnic groups with high disease prevalence

e Abnormal prenatal test results
Services Provided:

e Risk assessment: Calculate probability of genetic condition

e Education: Explain inheritance patterns, disease manifestations
e Testing coordination: Arrange genetic tests

e Interpretation: Explain test results

e Decision support: Reproductive options, family planning

e Psychological support: Coping with genetic risks

¢ Resource referral: Connect with support groups, specialists
Benefits:

¢ Informed reproductive decisions

e Early detection and intervention

e Reduced incidence of genetic diseases
e Psychological preparation

e Family planning guidance
Genetic Tests:

e Carrier testing: Identifies carriers before pregnancy
e Prenatal testing:

o Amniocentesis (analyze amniotic fluid)

o Chorionic villus sampling (CVS)

o Ultrasound screening
e Newborn screening: Early detection for treatment

e Predictive testing: Adult-onset conditions (e.g., Huntington's)

D. Cloning and Stem Cell Research
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Reproductive Cloning:

e Creating genetically identical organisms
e Dolly the sheep (1996)
e Potential applications:

o Preserve endangered species

o Clone deceased pets

o Produce genetically identical livestock
Ethical Concerns:

¢ Human cloning banned in most countries

o Safety issues (high failure rates, health problems)
e Identity and individuality questions

e Psychological impacts

e "Playing God" objections
Therapeutic Cloning:

e Creating embryos for stem cell extraction
e Stem cells used for research and therapy

e Not intended to create full organism
Stem Cell Research:

e Stem cells can differentiate into any cell type
e Embryonic stem cells: From early embryos (controversial)
e Adult stem cells: From bone marrow, other tissues

¢ Induced pluripotent stem cells (iPSCs): Reprogrammed adult cells
Medical Applications:

e Regenerative medicine: Replace damaged tissues

e Disease treatment:
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Parkinson's disease
Spinal cord injuries
Heart disease

Diabetes

e Drug testing: Test on stem cell cultures

e Understanding development: Study cell differentiation

Ethical Issues:

¢ Embryonic stem cell source (destroying embryos)

e Moral status of embryo

e Religious objections

e Slippery slope concerns

e Resource allocation

E. In Vitro Fertilization (IVF)

Assisted reproductive technology where fertilization occurs outside the body.

Process:

1. Hormonal stimulation of ovaries

NS kv

Applications:

Egg retrieval

Sperm collection
Fertilization in laboratory
Embryo culture (3-5 days)
Embryo transfer to uterus

Pregnancy test after 2 weeks

e Infertility treatment:

@)

(0]

Blocked fallopian tubes

Low sperm count
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o Endometriosis
o Unexplained infertility
e Genetic screening: Preimplantation genetic diagnosis (PGD)
o Screen embryos for genetic disorders
o Select healthy embryos
o Prevent genetic disease transmission
o Fertility preservation: Freeze eggs/embryos for future use
e Same-sex couples: Using donor gametes

e Single parents: Using donor gametes
Success Rates:

e Varies by age, health, clinic
e Generally 20-40% per cycle

e Multiple attempts often needed
Risks and Concerns:

e Multiple pregnancies (twins, triplets)

e Ovarian hyperstimulation syndrome

¢ Emotional and financial stress

e Ethical concerns about unused embryos

e "Designer babies" concerns with PGD
F. Pharmacogenetics
Study of how genes affect drug response.
Concept:

e Genetic variations affect drug metabolism
e Same drug, dose has different effects in different people

e Personalized medicine based on genetics
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Applications:

¢ Dosage optimization: Right dose for individual
¢ Drug selection: Choose most effective drug
e Adverse reaction prevention: Avoid drugs causing problems

e Cancer treatment: Target therapy based on tumor genetics
Examples:

e Warfarin (blood thinner): Genetic testing determines safe dose
e Cancer chemotherapy: Genetic markers predict response
e Psychiatric medications: Genetic testing guides antidepressant choice

¢ Pain medications: Genetic variations affect opioid metabolism

Benefits:

e More effective treatment
e Fewer side effects
e Cost savings (avoid ineffective drugs)

e Improved patient outcomes
G. Evolution and Medicine
Understanding Disease Evolution:
e Antibiotic resistance: Bacteria evolve resistance

o Natural selection in action
o Overuse accelerates resistance
o Requires new antibiotics

e Cancer evolution: Tumors evolve

o Chemotherapy acts as selective pressure
o Resistant cancer cells survive

o Informs treatment strategies
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e Viral evolution: Flu virus changes annually

o New vaccines needed yearly
o HIV evolves rapidly

o Challenges drug development
Evolutionary Medicine Principles:
e Trade-offs: Features beneficial in past may cause problems now

o Example: Thrifty genes (store fat efficiently) contribute to obesity in modern

environment

e Mismatch with modern environment:

o Bodies evolved for different conditions
o Diet, activity levels changed rapidly
o Contributes to modern diseases (diabetes, heart disease)

e Defenses vs. diseases:

o Fever, inflammation are defenses, not diseases
o Excessive suppression may be harmful

o Understanding evolutionary purpose guides treatment
Applications:

e Vaccine development: Understanding pathogen evolution
e Antimicrobial stewardship: Slow resistance development
e Public health: Evolutionary perspective on epidemics

¢ Personalized medicine: Considering evolutionary history

3. Role of Evolution in Biodiversity and Conservation
A. Understanding Biodiversity:

e Evolution creates diversity through speciation

e Natural selection adapts species to environments
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Mutation and genetic drift generate variation

Understanding evolution helps protect biodiversity

B. Conservation Applications:

Genetic diversity preservation: Maintain healthy populations
Identifying endangered species: Evolutionary distinct lineages prioritized
Captive breeding: Genetic management prevents inbreeding
Reintroduction programs: Consider genetic factors

Habitat protection: Protect evolutionary processes

C. Adaptation to Climate Change:

Some species may evolve to cope with changes
Rapid environmental change may outpace evolution
Genetic diversity provides adaptive potential

Conservation must maintain evolutionary potential

EVALUATION

1. Define selective breeding and explain how it differs from natural selection.

2. Describe the process of producing hybrid maize and explain why farmers cannot save F2
seeds for planting.

3. What is genetic engineering? List four applications of genetic engineering in agriculture.

4. Explain the concept of hybrid vigor (heterosis) with appropriate examples.

5. Compare and contrast selective breeding and genetic engineering in terms of speed,
precision, and limitations.

6. Describe the ABO blood group system. Why is blood group O called the universal donor?

7. Explain how understanding genetics is important for managing sickle cell disease.

103




8. What is genetic counseling? List five situations where genetic counseling would be
beneficial.

9. Distinguish between reproductive cloning and therapeutic cloning. What are the ethical
concerns associated with each?

10. Explain how antibiotic resistance in bacteria demonstrates evolution in action.

11. What is pharmacogenetics and how can it improve medical treatment?

12. Describe four ways in which genetic principles are applied in modern agriculture.

ASSIGNMENT

1. Genetic Engineering Debate: Write a balanced essay (400-500 words) presenting both
sides of the GMO debate: a) Explain what GMOs are and give three specific examples b)
Present arguments in favor of GMOs (benefits) c) Present arguments against GMOs
(concerns) d) State your own informed opinion with justification e) Discuss the current
status of GMO adoption in Nigeria

2. Blood Group Genetics Problem: A man with blood group AB (I*I®) marries a woman

with blood group O (i1). a) Draw a genetic diagram showing all possible offspring b)
What are the possible blood groups of their children and in what ratio? c) Could they
have a child with blood group AB? Explain. d) If the man is Rh* (heterozygous) and the
woman is Rh™, what are the possible Rh types of their children?

Research Assignment: Choose ONE of the following topics and write a comprehensive
report (400-500 words): a) Success story of selective breeding: The domestication and
improvement of any Nigerian crop or livestock b) Golden Rice: How genetic engineering
could address malnutrition, including controversies ¢) In Vitro Fertilization in Nigeria:
Availability, cultural acceptance, ethical considerations d) Antibiotic resistance: An

evolutionary arms race between humans and bacteria

Critical Thinking: "Modern medicine has interfered with natural selection in humans,
allowing harmful genes to persist in populations." a) Explain what this statement means
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with specific examples b) Do you agree or disagree with this perspective? Justify your
position c¢) Should medical interventions that help people with genetic disorders
reproduce be limited? Explain your reasoning d) What ethical principles should guide our

approach to this issue?
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WEEK 10: ETHICAL, SOCIAL AND ECONOMIC IMPLICATIONS OF GENETICS
AND EVOLUTION

CONTENT

1. Ethical Debates in Genetics and Biotechnology

Advances in genetics and biotechnology raise profound ethical questions that society must

address.

A. Cloning Ethics

Human Reproductive Cloning:

Arguments Against (Ethical Concerns):
e Human dignity and individuality:

o Reduces humans to products

o Identity and psychological issues for clones
o Violates uniqueness of individuals

o Creates predetermined genetic identity

e Safety concerns:

o High failure rates in animal cloning

o Health problems in cloned animals (premature aging, organ defects)
o Dolly the sheep had arthritis, died young

o Unknown long-term effects on humans

o High miscarriage and birth defect risks

e Family and social relationships:

o Confusing parent-child relationships
o Clone of deceased child creates unrealistic expectations

o Social stigma and discrimination
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o Identity crisis for clone

e Religious and moral objections:

o "Playing God"
o Interfering with natural reproductive processes
o Sanctity of human life

o Soul and spiritual identity questions

e Exploitation risks:

o Creating humans for organ harvesting
o Reproductive slavery

o Designer babies for wealthy

o Eugenics concerns

e Slippery slope:

o Opens door to other unethical practices
o Difficult to draw ethical boundaries

o Potential for abuse
Arguments For (Limited Contexts):
¢ Reproductive freedom:

o Couples' right to have genetically related children
o Alternative for infertile couples
o Personal autonomy in reproductive decisions

e Medical benefits:

o Study human development
o Understand genetic diseases
o Could lead to therapeutic advances

e Preservation:

o Exceptional individuals (genius, talent)
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o Though highly controversial and problematic

Current Status:

¢ Human reproductive cloning banned in most countries
e Illegal in Nigeria and most of the world
e Nearly universal scientific and ethical opposition

e UNESCO, WHO condemn human reproductive cloning
Therapeutic Cloning:
Purpose:

e Create embryos for stem cell extraction
e Produce genetically matched tissues for transplantation

e Research purposes only, not creating human babies

Ethical Issues:
e Embryo status:

o Is embryo a human life?

o At what stage does life begin?

o Moral status of early embryo

o Destroying embryos for research

e Slippery slope:

o Could therapeutic cloning lead to reproductive cloning?
o Difficulty maintaining distinction

o Potential for misuse
Arguments For Therapeutic Cloning:

e Potential to cure diseases
¢ Rejection-free transplants (genetically matched)

e Understanding development and disease
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¢ Embryo is pre-implantation (not yet a person, some argue)

e Could save lives
Arguments Against:

e Destroying human embryos

e Commodification of human life

e Alternative sources available (adult stem cells, iPSCs)
e Resource-intensive

e Exploitation of women (egg donors)
Compromise Positions:

e Use iPSCs (induced pluripotent stem cells) instead
e Strict regulation and oversight
e Use excess IVF embryos

e Limited research applications only
B. Stem Cell Research Ethics
Types and Sources:
e Embryonic stem cells: From 3-5 day embryos

o Most versatile (pluripotent)
o Ethical controversy

e Adult stem cells: From various adult tissues

o Limited differentiation potential
o No ethical objection

¢ Induced pluripotent stem cells (iPSCs): Reprogrammed adult cells

o Pluripotent like embryonic
o No embryo destruction

o Promising ethical alternative
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Ethical Concerns with Embryonic Stem Cells:
Pro-Research Arguments:

e Medical benefits:

o Potential to treat Parkinson's, Alzheimer's, diabetes, spinal injuries
o Could save millions of lives

o Reduce suffering

o Scientific progress

e Embryo status:

o Pre-implantation embryo not yet a person

o No nervous system, consciousness

o Potential life, not actual life (some argue)

o Used embryos would be discarded anyway (IVF excess)

e Moral obligation to heal:

o Duty to pursue cures
o Prevent suffering

o Benefit outweighs cost
Anti-Research Arguments:
e Sanctity of life:

o Life begins at conception

o Embryo is human being with rights
o Destroying embryo is killing

o Ends don't justify means

e Alternatives exist:

o Adult stem cells viable

o 1PSCs eliminate need for embryos
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o Continued embryo research unnecessary

e Slippery slope:

o Creating embryos solely for research
o Harvesting fetal tissue
o Human dignity erosion

e Unproven benefits:

o Treatments remain largely experimental
o Overhyped promises

o Resource allocation questions
Religious Perspectives:

e Catholic Church: Strongly opposed (life begins at conception)

¢ Some Protestant denominations: Opposed or cautious

e Islam: Varied views (some scholars permit before 40-120 days)

e Judaism: Generally more permissive (embryo not full person until birth)

¢ Hinduism, Buddhism: Varied interpretations
Regulatory Approaches:

e Permissive: UK, Sweden, China (allow with oversight)
e Restrictive: Germany, Italy (ban or severely limit)
e Moderate: US (federal funding restrictions, state variations)

e Nigeria: Limited research, strict ethical review required
Compromise Solutions:

e Focus on iPSC research
e Use only excess IVF embryos (not create for research)
e Strict informed consent

e Transparent oversight
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e Alternative sources prioritized

C. GMO Ethics

Environmental Concerns:

Ecological Risks:

e Gene flow to wild relatives:

(©]

o
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GM crops cross-pollinate with wild plants
Creates "superweeds" resistant to herbicides
Uncontrolled spread of engineered genes

Impossible to recall genes once released

e Harm to non-target organisms:

©)

©)
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o

Bt toxin may affect beneficial insects
Monarch butterfly larvae threatened by Bt corn pollen
Soil organisms affected

Unknown ecosystem impacts

e Biodiversity loss:

o

o

@)

@)

Monoculture of GM varieties
Displacement of traditional varieties
Loss of genetic diversity

Extinction of local breeds/varieties

e Evolution of resistant pests:

@)

@)
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Insects develop Bt resistance
Requires higher toxin levels or new approaches

Pesticide treadmill continues

e Unpredictable effects:

(0]

Long-term environmental impacts unknown
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o Complex ecological interactions

o May take generations to manifest
Health Concerns:

Potential Risks:
e Allergenicity:

o New proteins may cause allergic reactions
o Cross-contamination of non-GM foods
o Difficult to identify allergenic proteins

e Toxicity:

o Unintended toxic compounds
o Long-term consumption effects unknown
o Accumulation in food chain

e Antibiotic resistance:

o Marker genes for antibiotic resistance
o Could transfer to gut bacteria
o Contribute to resistance crisis

e Nutritional changes:

o Altered nutrient composition
o Unintended metabolic changes

o Unknown effects on health
Counterarguments:

e Extensive safety testing required
e No confirmed health problems to date
e More testing than conventional foods

e Potential benefits outweigh risks
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Economic and Social Concerns:
Corporate Control:
e Patent issues:

o Corporations own gene patents
o Farmers cannot save seeds

o Dependency on seed companies
o Annual seed purchases required

e Market concentration:

o Few companies control GM seed market
o Monsanto (now Bayer), others dominate
o Reduced farmer autonomy

o Power imbalance

e Developing country impacts:

o Technology expensive for poor farmers
o Debt from purchasing seeds

o Loss of traditional farming knowledge
o Food security concerns

e Labeling and consumer choice:

o Right to know what we eat
o Informed consent
o GMO labeling controversial

o Corporate opposition to labeling
Traditional Knowledge:

e Displacement of indigenous varieties
e Loss of cultural practices
e Erosion of traditional agricultural knowledge
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Homogenization of food systems

Ethical Principles:

Precautionary Principle:

"Better safe than sorry"
Burden of proof on those introducing technology
Should not release until proven safe

Applied strictly in Europe

Substantial Equivalence:

GM food similar to conventional counterpart considered safe
Industry and some regulators favor

Critics say inadequate protection

Arguments FOR GMOs:

Food security:

o Feed growing population
o Increase crop yields
o Climate-adapted varieties

Environmental benefits:

o Reduced pesticide use
o Less environmental impact from farming
o Drought-tolerant crops save water

Health benefits:

o Biofortification addresses malnutrition
o Golden Rice prevents blindness
o Allergen-reduced foods

Economic development:
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o Agricultural productivity
o Export opportunities

o Economic growth
Arguments AGAINST GMOs:

e All concerns listed above
e Natural alternatives exist
e Unproven long-term safety
e Corporate control of food

¢ Ethical objections to genetic manipulation
Regulatory Frameworks:

e Europe: Strict regulations, labeling required
e US: More permissive, generally regarded as safe
e Africa: Mixed (South Africa permits, Kenya bans)

e Nigeria: Cautious approval process, limited adoption
D. Designer Babies and Genetic Enhancement
Concept:

e Using genetic technologies to select or modify traits in embryos

e Goes beyond disease prevention to enhancement
Current Capabilities:

e Preimplantation Genetic Diagnosis (PGD):
o Screen IVF embryos for genetic disorders
o Select healthy embryos
o Sex selection possible

o Currently used to prevent serious genetic diseases

Future Possibilities:
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e CRISPR gene editing:
o Modify specific genes in embryos
o Eliminate disease genes
o Potentially enhance traits

o Technology rapidly advancing
Ethical Concerns:
Disease vs. Enhancement:
e Medical applications (generally accepted):

o Preventing serious genetic diseases
o Reducing suffering
o Therapeutic use

e Enhancement (controversial):

o Selecting for intelligence, height, appearance
o Athletic ability, musical talent
o Personality traits

o Where to draw the line?
Justice and Equality:
e Access disparity:

o Technology expensive

o Only wealthy could afford

o Genetic divide between rich and poor
o Exacerbate social inequality

e Discrimination:

o Against those not enhanced

o Pressure to enhance
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o "Natural" children disadvantaged

o New form of eugenics
Human Dignity:
e Commodification of children:

o Children as products to be designed
o Parental expectations and pressure
o Child's autonomy violated

o Right to "open future"

e Diversity and acceptance:

o Narrow definition of "desirable" traits
o Loss of human diversity
o Disability rights concerns

o Devaluing of differences
Unforeseen Consequences:
e Genetic complexity:

o Traits influenced by many genes
o Gene interactions unpredictable
o Environmental factors crucial

o "Enhancement" may have costs

e Long-term effects:

o Germline modifications passed to future generations
o [Irreversible changes to gene pool
o Unknown evolutionary impacts

o Playing with human future

"Playing God'" Objection:
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¢ Humans should not control human evolution
e Natural processes should not be interfered with
e Hubris and overconfidence dangerous

e Respect for nature and natural order
Slippery Slope:

e Disease prevention — enhancement — eugenics
¢ Difficult to maintain boundaries
e Social pressure to enhance

e Coercion and loss of reproductive freedom
Arguments FOR Limited Use:

e Prevent suffering from genetic diseases
e Parents' reproductive autonomy

e Similar to other medical interventions
e Could benefit humanity if regulated

e Natural evolution already involves selection
Regulatory Responses:

e Many countries ban germline editing in humans
e Strict oversight of PGD use
¢ International summit calls for moratorium

e Need for global consensus
He Jiankui Controversy (2018):

e Chinese scientist edited genes in human embryos
e Created first "CRISPR babies" (twins)
¢ International condemnation

e Imprisoned in China
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Highlighted need for enforcement

Future Considerations:

Who decides what traits are desirable?
How to ensure equitable access?
Balance individual freedom and social good

Need for international cooperation and regulation

2. Advantages and Disadvantages Summary

Genetic Technologies:

Advantages:

Cure or prevent genetic diseases
Improve agricultural productivity
Address malnutrition and food security
Advance scientific knowledge
Economic development opportunities
Personalized medicine

Conservation of biodiversity

Disadvantages:

Unknown long-term effects

Ethical concerns (human dignity, playing God)
Environmental risks

Social inequality and injustice

Corporate control and exploitation

Loss of diversity and traditional knowledge

Potential for misuse and abuse

Balanced Approach:
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e Careful regulation and oversight

e Public engagement and democratic decision-making
e Precautionary principle application

e Benefit-risk assessment

e FEthical review boards

e International cooperation

e Transparent research and accountability

3. Importance of Conservation of Genetic Resources
Genetic Resources:

e Genetic diversity within species (genes, alleles, genotypes)
e Variety of species (species diversity)

e Variety of ecosystems (ecosystem diversity)

e Wild relatives of crops and livestock

e Traditional varieties and breeds
Why Conserve Genetic Resources:
A. Food Security:

e Crop improvement:

o Wild relatives provide resistance genes
o Source of traits for breeding programs
o Insurance against crop failures

e Example:

o Wild potato species resistant to late blight (caused Irish famine)
o Used to breed resistance into commercial varieties
o Without wild populations, would be extinct

e Climate adaptation:
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o Genetic diversity allows adaptation to changing conditions
o Heat tolerance, drought resistance

o Future food security depends on genetic resources
B. Medicine:
e Drug sources:

o 70% of new cancer drugs from natural sources
o Aspirin from willow bark

o Quinine (malaria) from cinchona tree

o Many undiscovered medicines in plants

e Traditional medicine:

o Indigenous knowledge of medicinal plants
o Potential pharmaceutical developments
o Loss of species = loss of potential cures

e Examples from Nigeria:

o Neem tree (antiseptic, antimalarial)
o African mahogany (antifungal)

o Bitter leaf (various medicinal uses)
C. Agricultural Sustainability:
e Pest and disease resistance:

o Genetic diversity prevents widespread crop failure
o New pests/diseases require new resistance genes
o Monoculture vulnerable

e Irish Potato Famine (1845-1852):

o Genetically uniform potato crop

o Late blight devastated entire crop

122




o Million died, millions emigrated
o Warning about genetic uniformity

e Biodiversity insurance:

o Unknown future needs
o Unpredictable environmental changes

o Options for future breeding
D. Ecosystem Services:

e Pollination

e Soil fertility

e Water regulation

e Climate regulation
e Pest control

e Nutrient cycling
E. Ethical and Aesthetic Reasons:

e Intrinsic value of biodiversity

e Rights of species to exist

e Beauty and cultural significance
e Future generations' inheritance

e Moral obligation as stewards
Threats to Genetic Resources:

1. Habitat destruction:

o Deforestation
o Urbanization
o Agricultural expansion

2. Genetic erosion in agriculture:
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o Replacement of traditional varieties with modern cultivars
o Loss of landraces
o Monoculture farming

3. Climate change:

o Shifting ecosystems
o Species extinction
o Range changes

4. Overexploitation:

o Overharvesting
o Unsustainable hunting/fishing
o Trade in wildlife

5. Pollution:

o Chemical contamination
o Plastic pollution

o Water pollution
Conservation Strategies:
A. In Situ Conservation (On-site):
e Protected areas:

o National parks

o Nature reserves

o Wildlife sanctuaries
o Sacred groves

e On-farm conservation:

o Farmers maintain traditional varieties
o Incentive programs

o Seed exchanges
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e Community conservation:

o Indigenous management practices
o Traditional knowledge preservation

o Community-based natural resource management
Nigerian Examples:

e Yankari National Park (wildlife)
e Cross River National Park (endangered species)

e Sacred groves (traditional conservation)
B. Ex Situ Conservation (Off-site):
e Seed banks:

o Long-term storage of seeds
o Backup for crop diversity

o Svalbard Global Seed Vault (Norway)

e Gene banks:

o Tissue samples stored
o DNA preservation
o Cryopreservation

e Botanical gardens:

o Living plant collections
o Research and education
o Rare species cultivation

e Zoos and aquaria:

o Captive breeding programs

o Reintroduction to wild
Nigerian Institutions:
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National Centre for Genetic Resources and Biotechnology (NACGRAB)
International Institute of Tropical Agriculture (IITA)

Nigerian Institute for Oil Palm Research (NIFOR)

C. Legal and Policy Frameworks:

International:

o Convention on Biological Diversity (CBD)
o International Treaty on Plant Genetic Resources
o Nagoya Protocol (access and benefit-sharing)

National:

o National Biodiversity Strategy
o Biosafety laws

o Protected species legislation

D. Sustainable Use:

Sustainable agriculture practices
Agroforestry
Integrated pest management

Crop rotation and diversity

E. Research and Education:

Study of genetic diversity
Documentation of traditional knowledge
Public awareness

Training programs

4. Relevance to Nigeria's Development

A. Agriculture and Food Security:

Challenges:
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e Population growth (Nigeria expected to reach 400 million by 2050)

¢ Climate change impacts (erratic rainfall, desertification)

e Soil degradation

e Pest and disease pressures

e Post-harvest losses

Genetic Solutions:

e Improved varieties:

o

o

©)

©)

Drought-tolerant crops (maize, sorghum, millet)
Disease-resistant varieties (cassava mosaic resistance)
High-yielding varieties (NERICA rice)

Early maturing varieties (two crops per year)

e Biofortified crops:

©)

o

o

Vitamin A-enhanced cassava and maize
Iron-rich beans

Address malnutrition

e  GMO potential:

o

(©]

©)

Bt cowpea (pod borer resistance)
Bt cotton (already approved, increased yields)

Could reduce pesticide use

Success Stories:

e [IITA's cassava improvement programs

e High-yielding hybrid maize adoption

e Disease-resistant yam varieties

B. Economic Development:

Opportunities:
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e Biotechnology industry:

o Research and development jobs
o Commercial applications
o Export potential

e Agricultural exports:

o Improved crop quality and yields
o Competitive in global markets
o Cash crops (cocoa, cotton, palm oil)

e Value addition:

o Processing industries
o Pharmaceutical development from native plants

o Bio-based products
Challenges:
e Technology access:

o Limited research funding
o Infrastructure gaps
o Brain drain

e Regulation:

o Balancing innovation and safety
o Biosafety implementation

o Intellectual property issues
C. Healthcare:
Applications:
¢ Genetic disease management:

o Sickle cell disease widespread (20-30% carriers)
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o Screening programs
o Genetic counseling
o Public education

e Personalized medicine:

o Pharmacogenetics for drug selection
o Targeted therapies
o Improved treatment outcomes

e Traditional medicine integration:

o Scientific validation
o Drug development from native plants
o Intellectual property protection

e Disease prevention:

o Genetic screening
o Early intervention

o Prenatal diagnosis
Infrastructure Needs:

e Genetic testing facilities
e Trained genetic counselors
e Public health programs

e Research institutions
D. Conservation and Environment:
Rich Biodiversity:

e Nigeria is biodiversity hotspot
e Unique ecosystems (rainforests, savannas, wetlands)
e Endemic species

e Wild crop relatives
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Conservation Needs:
e Threatened species:

o Nigerian-Cameroon chimpanzee
o African forest elephant

o Preuss's monkey

o Many plant species

e Habitat protection:

o Deforestation rates high
o Protected area management
o Community involvement

e Genetic resource documentation:

o Traditional knowledge preservation
o Ethnobotanical studies

o Benefit-sharing arrangements
Economic Value:

e Ecotourism potential
e Ecosystem services
e Genetic resource value

e Traditional medicine market
E. Education and Public Awareness:
Needs:

e Science education:

o Genetics and biotechnology in curriculum
o Practical laboratory experience

o Critical thinking skills
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e Public engagement:

o Informed decision-making on GM foods
o Understanding genetic testing

o Conservation awareness

o Combating misinformation

e Cultural sensitivity:

o Addressing religious concerns
o Traditional values and modern science
o Community consultation

o Ethical deliberations
F. Policy and Governance:
Regulatory Framework:

e National Biosafety Management Agency (NBMA)
e Genetic resource management
e Intellectual property laws

e Access and benefit-sharing

Challenges:

¢ Balancing innovation and caution
e Public trust building
e Enforcement capacity

e International cooperation
Recommendations:

e Evidence-based policy
e Stakeholder engagement

e Transparent processes
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e Adaptive management
G. Ethical and Social Considerations:
Cultural Context:

e Religious perspectives (Christianity, Islam, traditional beliefs)
e Community values
e Family and kinship systems

e Traditional governance
Social Justice:

e [Equitable access to technologies
e Benefit-sharing with local communities
e Protection of vulnerable populations

e Gender considerations
National Priorities:

e Food security paramount

e Health improvement

e Environmental sustainability
e Economic development

e Social cohesion

EVALUATION

1. Explain three ethical concerns associated with human reproductive cloning.

2. Distinguish between therapeutic cloning and reproductive cloning. Which is more

ethically acceptable and why?

3. Discuss the ethical debate surrounding embryonic stem cell research. Present both sides

of the argument.
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4. What environmental concerns are associated with genetically modified crops? Explain
three specific risks.

5. Explain the concept of "designer babies." What are the main ethical objections to human
genetic enhancement?

6. Why is the conservation of genetic resources important for future food security?

7. Describe three strategies for conserving genetic diversity in crops.

8. How can genetic knowledge and biotechnology contribute to Nigeria's agricultural
development? Give specific examples.

9. Explain why genetic counseling is important in Nigeria, considering the high prevalence
of sickle cell disease.

10. Discuss three ways in which evolutionary principles are relevant to modern medicine.

11. What is the precautionary principle and how does it apply to GMO regulation?

12. Explain the relationship between biodiversity conservation and sustainable development
in Nigeria.

ASSIGNMENT
1. Ethics Debate Essay: Write a comprehensive essay (500-600 words) on the following:

"Should Nigeria embrace genetically modified crops to address food security

challenges?"

Your essay should include: a) Introduction explaining Nigeria's food security situation b)
Arguments for GMO adoption (benefits) ¢) Arguments against GMO adoption (risks and
concerns) d) Specific Nigerian context (cultural, religious, economic factors) ) Comparison with
other African countries' approaches f) Your informed recommendation with justification g)

Conclusion
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2. Case Study Analysis: Research sickle cell disease in Nigeria: a) Explain the genetics of
sickle cell disease b) Describe its prevalence in Nigeria and why it's so common c)
Discuss the evolutionary advantage of sickle cell trait d) Explain how genetic counseling
could reduce incidence e) Describe barriers to implementing genetic counseling in

Nigeria f) Propose a practical strategy for sickle cell prevention (250-300 words)

3. Conservation Project: Choose one endangered Nigerian species or traditional crop
variety: a) Describe the species/variety and its importance b) Explain threats to its
survival ¢) Discuss its genetic value (food security, medicine, ecosystem services) d)
Propose a conservation strategy combining in situ and ex situ methods e) Explain how
local communities can be involved f) Discuss economic benefits of conservation (300-

400 words)

4. Critical Thinking: "The He Jiankui experiment (creating CRISPR babies) violated
ethical principles and should never be repeated." a) Explain what He Jiankui did and why
it was controversial b) Identify which ethical principles were violated ¢) Discuss whether
there could ever be a justification for human germline editing d) Explain what safeguards
should be in place e) Discuss how society should decide on such issues (Who should

decide? What process?) (350-400 words)
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