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KEY CONCEPTS
• Genetics is the branch of biology dealing with inheritance and variation.
 • Inheritance refers to transmission of characters from parents to offspring.
 • Variation refers to differences among offspring.
 • The study of heredity explains similarities and differences among siblings.

🔹 IMPORTANT EXPLANATIONS
• Offspring resemble parents because of inheritance of traits.
 • Differences among individuals occur due to variation.
 • Humans recognised early (8000–1000 B.C.) that sexual reproduction causes
variation.
 • Early humans used selective breeding and domestication to obtain desirable traits.

🔹 EXAMPLES (concept understanding)
• Elephant giving birth to an elephant — shows inheritance.
 • Mango seed growing into mango plant — species-specific inheritance.
 • Selective breeding of plants and animals — use of variation.

🔹 DEFINITIONS / TERMS
• Genetics — study of heredity and variation.
 • Inheritance (Heredity) — transmission of traits from parents to offspring.
 • Variation — differences in traits among individuals.

FIGURES / DIAGRAMS
• No specific figure on this page (chapter introduction layout only).

🔹 MEMORY TRIGGERS (quick revision keywords)
• Genetics → inheritance + variation
 • Heredity → traits passed
 • Variation → differences
 • Selective breeding
 • Sexual reproduction → variation



RA
NK
BA
AZ
.CO

M

KEY CONCEPTS
• Gregor Mendel proposed the laws of inheritance through experiments on
garden pea plants.
 • He used hybridisation experiments and applied statistical analysis.
 • Mendel studied contrasting traits to understand inheritance patterns.
 • Experiments used true-breeding pea lines for accuracy.

🔹 IMPORTANT EXPLANATIONS
• Mendel’s work (1856–1863) provided a scientific basis of heredity.
 • Large sample size and successive generations increased reliability of results.
 • True-breeding lines show stable traits after continuous self-pollination.
 • Mendel selected plants similar except for one contrasting character to study
inheritance.
 • His findings formed a framework of general rules of inheritance later
expanded by scientists.

🔹 EXAMPLES (concept understanding)
• Smooth vs wrinkled seeds
 • Yellow vs green seeds
 • Violet vs white flowers
 • Full vs constricted pods
 • Green vs yellow pods
 • Axial vs terminal flower position
 • Tall vs dwarf plants

🔹 DEFINITIONS / TERMS
• Hybridisation — crossing of plants with contrasting traits.
 • True-breeding line — plants producing same traits over generations.
 • Contrasting traits — two opposite forms of a character.
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FIGURES / DIAGRAMS
• Fig 4.1 — shows seven pairs of contrasting traits in pea plant studied by
Mendel.

🔹 MEMORY TRIGGERS (quick revision keywords)
• Mendel → pea plant
 • 1856–1863 experiments
 • True-breeding lines
 • Hybridisation
 • Seven contrasting traits
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KEY CONCEPTS
• Mendel studied inheritance of one gene using tall × dwarf pea cross.
 • First hybrid generation is called F₁ (Filial generation).
 • F₁ plants all showed dominant trait (tall).
 • In F₂ generation, both traits reappeared in 3:1 ratio.
 • Traits showed no blending; offspring were either tall or dwarf.

🔹 IMPORTANT EXPLANATIONS
• Mendel crossed true-breeding tall and dwarf plants.
 • All F₁ progeny resembled one parent only (dominant trait).
 • Self-pollination of F₁ plants produced F₂ generation.
 • In F₂, recessive trait reappeared, proving traits are inherited as discrete units.
 • Similar pattern observed for other contrasting traits.

🔹 EXAMPLES (concept understanding)
• Tall × dwarf cross → F₁ all tall.
 • F₂ ratio: 3 tall : 1 dwarf.
 • Same pattern seen in other pea traits.

DEFINITIONS / TERMS
• F₁ generation — first filial generation produced from parental cross.
 • F₂ generation — offspring produced by self-pollination of F₁.
 • Dominant trait — trait expressed in F₁ generation.
 • Recessive trait — trait masked in F₁ but reappears in F₂.

🔹 FIGURES / DIAGRAMS
• Fig 4.2 — shows steps in making a cross in pea (emasculation, pollination, offspring).
 • Table 4.1 — lists seven contrasting traits studied by Mendel.

🔹 MEMORY TRIGGERS (quick revision keywords)
• Monohybrid cross
 • F₁ → all dominant
 • F₂ → 3:1 ratio
 • No blending
 • Dominant vs recessive
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KEY CONCEPTS
• Mendel proposed that traits are controlled by factors (genes) passed through gametes.
 • Genes are the units of inheritance.
 • Different forms of a gene are called alleles.
 • Traits are expressed as genotype (genetic makeup) and phenotype (observable trait).
 • Dominance explains why only one trait appears in F₁.

🔹 IMPORTANT EXPLANATIONS
• Genes carry information required for expression of traits.
 • Capital letters denote dominant allele and small letters denote recessive allele.
 • For plant height: T (tall) and t (dwarf) are alleles.
 • Possible allele combinations: TT, Tt, tt.
 • Homozygous — identical alleles (TT or tt).
 • Heterozygous — different alleles (Tt).
 • Phenotype of Tt is tall because dominant allele masks recessive allele.

🔹 EXAMPLES (concept understanding)
• TT or Tt → Tall phenotype.
 • tt → Dwarf phenotype.
 • F₁ heterozygote showing same appearance as dominant parent.

DEFINITIONS / TERMS
• Gene — unit of inheritance controlling a trait.
 • Alleles — alternative forms of a gene.
 • Genotype — genetic constitution of an organism.
 • Phenotype — observable characteristics.
 • Homozygous — identical allele pair.
 • Heterozygous — different allele pair.
 • Dominant — allele expressed in heterozygous condition.
 • Recessive — allele masked in heterozygous condition.

🔹 MEMORY TRIGGERS (quick revision keywords)
• Genes → factors
 • Alleles → T & t
 • Genotype vs phenotype
 • Homozygous vs heterozygous
 • Dominant masks recessive
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KEY CONCEPTS
• Monohybrid cross involves inheritance of one character (e.g., height).
 • During gamete formation, alleles segregate so each gamete carries only one allele.
 • Segregation is random, giving 50% chance for each allele.
 • Punnett square is used to predict genotypic and phenotypic ratios.

🔹 IMPORTANT EXPLANATIONS
• In cross TT × tt, parents produce gametes T and t respectively.
 • Fertilisation results in Tt hybrids (heterozygous) in F₁ generation.
 • Selfing of Tt × Tt produces F₂ generation.
 • F₂ shows phenotypic ratio 3 tall : 1 dwarf.
 • F₂ shows genotypic ratio 1 TT : 2 Tt : 1 tt.
 • Punnett square gives a graphical representation of allele combinations.

🔹 EXAMPLES (concept understanding)
• TT (tall) × tt (dwarf) → F₁ all Tt (tall).
 • Tt × Tt → F₂ showing 3:1 phenotype ratio.

🔹 DEFINITIONS / TERMS
• Monohybrid — organism heterozygous for one character.
 • Monohybrid cross — cross involving one trait.
 • Segregation — separation of alleles during gamete formation.
 • Punnett square — diagram to calculate genetic probabilities.

MEMORY TRIGGERS (quick revision keywords)
• Law of segregation
 • Gametes → one allele
 • Punnett square
 • F₂ ratio → 3:1
 • Genotype → 1:2:1
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KEY CONCEPTS
• In F₂ generation, genotypes occur in 1:2:1 ratio (TT:Tt:tt).
 • Dominance causes Tt and TT plants to appear tall.
 • Phenotypic ratio in F₂ is 3 tall : 1 dwarf.
 • Test cross is used to determine the genotype of a dominant phenotype.

🔹 IMPORTANT EXPLANATIONS
• Random fertilisation produces ¼ TT, ½ Tt, ¼ tt.
 • Though F₁ genotype is Tt, phenotype appears tall due to dominance.
 • External appearance cannot distinguish TT from Tt.
 • Mathematical probability explains ratios using binomial expansion.
 • Mendel confirmed that dwarf plants are homozygous (tt) through repeated selfing.
 • To find genotype of a tall plant, Mendel crossed it with a recessive parent (tt).
 • In a test cross, progeny analysis reveals the genotype of the unknown parent.

🔹 EXAMPLES (concept understanding)
• Tall (TT or Tt) × dwarf (tt) — used as a test cross.
 • Observation of offspring ratios helps identify genotype of tall plant.

🔹 DEFINITIONS / TERMS
• Genotypic ratio — proportion of different genotypes in offspring.
 • Phenotypic ratio — proportion of observable traits.
 • Test cross — cross of dominant phenotype with recessive parent to determine genotype.

🔹 MEMORY TRIGGERS (quick revision keywords)
• Genotype ratio → 1:2:1
 • Phenotype ratio → 3:1
 • TT vs Tt indistinguishable
 • Test cross → with recessive
 • Dominance
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KEY CONCEPTS
• Test cross results reveal whether dominant phenotype is homozygous or heterozygous.
 • Mendel proposed two main laws: Law of Dominance and Law of Segregation.
 • Traits are controlled by discrete units (factors/genes) occurring in pairs.

🔹 IMPORTANT EXPLANATIONS
Test Cross Interpretation
• If all offspring show dominant trait, parent is homozygous dominant.
 • If offspring show 1:1 ratio of dominant and recessive, parent is heterozygous.

Law of Dominance
• Factors (genes) occur in pairs.
 • In a pair of dissimilar factors, one dominates (dominant) and the other is recessive.
 • Explains why only one trait appears in F₁ and 3:1 ratio in F₂.
Law of Segregation
• Alleles do not blend and separate during gamete formation.
 • Each gamete receives only one allele.
 • Homozygous parent produces one type of gamete, heterozygous produces two types.

🔹 EXAMPLES (concept understanding)
• WW × ww → all violet flowers → parent homozygous dominant.
 • Ww × ww → 1 violet : 1 white → parent heterozygous.

DEFINITIONS / TERMS
• Law of Dominance — dominant allele masks recessive allele in heterozygote.
 • Law of Segregation — separation of allele pairs during gamete formation.
 • Factors — Mendel’s term for genes.

MEMORY TRIGGERS (quick revision keywords)
• Test cross → identify genotype
 • Dominance → one trait expressed
 • Segregation → alleles separate
 • Gamete → one allele
 • 1:1 ratio → heterozygous
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KEY CONCEPTS
• Incomplete dominance occurs when F₁ phenotype is intermediate between parents.
 • Neither allele is completely dominant over the other.
 • Genotypic ratio remains 1:2:1, but phenotypic ratio changes to 1:2:1.

🔹 IMPORTANT EXPLANATIONS
• In snapdragon (Antirrhinum), cross RR (red) × rr (white) gives F₁ pink (Rr).
 • Selfing of F₁ produces F₂ with red, pink, and white flowers.
 • Phenotypic ratio in F₂ is 1 red : 2 pink : 1 white.
 • Incomplete dominance occurs because dominant allele does not fully suppress
recessive allele.
 • Genes control production of enzymes, and differences in enzyme activity lead to
intermediate phenotype.

🔹 EXAMPLES (concept understanding)
• Snapdragon flower colour — classic example of incomplete dominance.
 • RR → red, rr → white, Rr → pink.

🔹 DEFINITIONS / TERMS
• Incomplete dominance — condition where heterozygote shows intermediate
phenotype.
 • Intermediate phenotype — trait expression between two parental forms.

🔹 MEMORY TRIGGERS (quick revision keywords)
• Incomplete dominance → intermediate trait
 • F₁ → pink
 • F₂ ratio → 1:2:1 (phenotype)
 • RR red / Rr pink / rr white
 • No complete dominance
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KEY CONCEPTS
• Dominance depends on whether an allele produces a functional enzyme.
 • Co-dominance occurs when both alleles express equally in F₁.
 • ABO blood group is a classic example of co-dominance and multiple alleles.

🔹 IMPORTANT EXPLANATIONS
Dominance (enzyme concept)
• If an allele produces functional enzyme, trait is expressed normally.
 • A non-functional allele results in recessive phenotype.
 • Dominant allele represents functional form, recessive represents modified/non-functional form.

Co-dominance
• In co-dominance, F₁ resembles both parents simultaneously.
 • In ABO system, gene I has three alleles: Iᴬ, Iᴮ, i.
 • Iᴬ and Iᴮ are dominant over i.
 • When Iᴬ and Iᴮ occur together, both express → blood group AB.
 • Because of three alleles, there are six genotypes and four phenotypes.

🔹 EXAMPLES (concept understanding)
• AB blood group — co-dominance (both A and B antigens expressed).
 • ii genotype → blood group O (no antigen).

🔹 DEFINITIONS / TERMS
• Co-dominance — condition where both alleles express equally in heterozygote.
 • Multiple alleles — more than two forms of a gene in a population.
 • ABO blood group system — classification based on antigens on RBCs.

🔹 MEMORY TRIGGERS (quick revision keywords)
• Functional enzyme → dominant
 • Co-dominance → both expressed
 • Iᴬ, Iᴮ, i
 • AB → both antigens
 • Multiple alleles
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KEY CONCEPTS
• Multiple alleles exist when a gene has more than two forms in a population.
 • A single gene may show different dominance patterns depending on the trait studied.
 • Inheritance of two genes is studied using dihybrid crosses.

🔹 IMPORTANT EXPLANATIONS
Multiple Alleles & Dominance
• In an individual only two alleles are present, even if more exist in population.
 • Example: gene controlling starch synthesis in pea seeds (B and b).
 • BB → large starch grains → round seeds.
 • bb → small starch grains → wrinkled seeds.
 • Bb → intermediate starch grain size, showing incomplete dominance if grain size is considered.
 • Dominance depends on gene product and phenotype considered.

Inheritance of Two Genes
• Mendel crossed plants differing in seed colour and seed shape.
 • Yellow colour (Y) dominant over green (y).
 • Round shape (R) dominant over wrinkled (r).
 • Parental cross: RRYY × rryy → F₁ RrYy.
 • In F₂, each trait shows 3:1 ratio, similar to monohybrid cross.

🔹 EXAMPLES (concept understanding)
• Starch synthesis gene (B/b) affecting seed shape.
 • Yellow round × green wrinkled pea cross.

DEFINITIONS / TERMS
• Multiple alleles — more than two alternative forms of a gene in population.
 • Dihybrid cross — cross involving two characters.

🔹 MEMORY TRIGGERS (quick revision keywords)
• Multiple alleles → >2 forms
 • BB round / bb wrinkled
 • Dominance depends on trait
 • Dihybrid cross → two genes
 • Y over y, R over r
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