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1. Genetics

The scientific study of heredity and how tra1ts are passed from parents to offspring.
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2. Heredity / Inheritance
The process by which traits are passed from paren}s to thei;r children. ) B
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3. Trait
A specific inherited characteristic, such as eye color, height, or flower shape.
Sl K8 T ool dob 1 0l 0 Jeo el o Bsl Tols 51 350 2 W1 Wi
4. True-breeding (Pure breeding)

Plants that consistently produce offspring with only one form of a trait.
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5. Self-fertilization

Occurs when a male gamete within a flower combines with a female gamete in the same flower.
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6. Cross-pollination

The transfer of a male gamete from one plant’s flower to the female organ of another plant’s flower.
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7. P Generation
The parent generation in Mendel’s experiments.
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8. F1 Generation
The first filial generation — offspring from the P generation cross.
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9. F> Generation
The second filial generation — offspring from self-fertilizing F4 plants.
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10. Allele

An alternative form of a single gene passed from generation to generation.
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11. Dominant Allele
The allele that masks (hides) the effect of another allele when both are present
12. Recessive Allele J:.vij\ d,U\ﬂJm fa:-U\ L)P Ll WU‘ LL,.
The allele whose trait is masked (hidden) when a dominant allele is present.
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BIOLOGY Mendelian Genetics

13. Homozygous

An organism with two of the same alleles for a trait (e.g, YY or yy).
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14. Heterozygous
An organism with two different alleles for a trait (e.g., Yy).
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15. Genotype

The organism’s allele pair (genetic makeup).

3Y 31 Yy 1YY ;e ¢SS0 LSy I W 5T liod) e pom 8 o) S
Observable characteristic or outward expression of an allele pair.
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16. Phenotype

17. Law of Segregation
Each gamete receives only one allele for each trait during meiosis.
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18. Law of Independent Assortment g

Genes for different traits are distributed to gametes independently of one another.
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19. Punnett Square
A diagram used to predict the possible offspring genotypes from a cross.
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20. Monohybrid Cross
A cross between two individuals differing in only one trait.
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21. Dihybrid Cross
A cross between individuals differing in two traits.
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22. Probability
The likelihood that a specific event will occur.
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23. Hybrid
An organism produced by crossi4ng parents with different traits (heterozygous).
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Pure = Homozygous = True-breeding

Heterozygous = Hybrid
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| Mendelian Genetics )

:@-@ . 1.Gregor Mendel Dr.Reginald Punnett
Who was hef Who was he:
e An Austrla.n monk and plant breeder. o A British geneticist.
What he studied: What he did:

e Studied inheritance using garden pea plants.
What he discovered:
e Found that traits pass from parents to offspring —
this is called heredity (method of inheritance )
Why he used pea plants:

e Developed the Punnett Square.
Purpose of his work:
e Used to predict offspring from a cross between two
known genotypes.
Importance:
® Because they are true-breeding (produce the same o Helped show possible genotype combinations and
trait every time).
When:
e Published his work in 1866.

Title / Importance:

ratios easily.

o Known as the Father of Genetics.

1. Type of Reproduction

Pea plants usually reproduce by self-fertilization, which is common in many flowering plants.

2. Self-fertilization (&;\.’\!\ G.BJ:J\)

Definition:

When a male gamete within a flower combines with a female gamete in the same flower.
Example in peas:

One flower acts as both the male and female — it fertilizes itself naturally.

Result:

Produces true-breeding plants (offspring identical to the parent).

3. Cross-pollination (k! @El:)\)

Definition:
Transfer of male gametes (pollen) from the flower of one pea plant
to the female organ of another pea plant.
Mendel’s steps:
1. Transferred male gametes from the flower of a true-breeding green-seed plant.
2.Placed them onto the female organ of a true-breeding yellow-seed plant.
To prevent self-fertilization:
e Mendel removed the male organs from the flower of the yellow-seed plant.
Result:
Produced hybrid (heterozygous) offspring with mixed traits.

Q Telegram : Easybiologyuae

QD;’/ Sailvux o




-][e]Nelc) ¢

Mendelian Genetics

Feature

Definition

Self-Fertilization

Fertilization occurs within the same flower.

Cross-Pollination

Fertilization between two different plants.

Number of Plants
Needed

One plant only

Two plants

Male Gamete Source

From the same flower

From a different flower/plant

Resulting Type

True-breeding (pure)

Hybrid (heterozygous)

Variation in Offspring

No variation — all offspring identical

Variation — mixing of traits

Used by Mendel to...

Maintain pure lines (control traits)

Study inheritance between traits

(male)

X

Q

(female)

Parental
generation (P)
| pure-breeding)

First fikial
generation (F))

Yellow peas

Self-fertilization

=)

All yellow peas

Green peas

#')

Second filial
generation (F,)

0
g
©"“¢

6022 yellow : 2001 green
3N

0

1. The Organism Used

Figure 2

e Mendel used the garden pea plant .

e It’s a flowering plant that can reproduce by self-fertilization or cross-pollination.

® Pea plants are true-breeding (homozygous), producing the same traits every generation.
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BIOLOGY Mendelian Genetics

2. The Traits Studied
e Mendel studied seven traits in the pea plant, such as:

© Seed color (yellow / green)

Flower color (purple / white)

Seed shape (round / wrinkled)

Pod shape (inflated / constricted)

Pod color (green / yellow)

Stem length (tall / short)

Flower position (terminal / axial)

O O O O O O

3. Type of Plants Used
* He selected two true-breeding (homozygous) plants:
© One with yellow seeds (YY)
© One with green seeds (yy)

4. Cross-Pollination
® Mendel cross-pollinated the yellow-seed plant with the green-seed plant .
e To prevent self-fertilization, he removed the male organs from the yellow-seed flower.

¢ The result of this cross is the Parent (P) generation.

5. F1 Generation
e All offspring in the F; generation had yellow seeds .
® The green trait disappeared — Mendel questioned whether it was lost or hidden (masked).

6. F2 Generation
e Mendel then allowed the F4 plants to self-fertilize.
e The next generation (Fz) showed:
o 6022 yellow seeds
0 2001 green seeds
* Giving a 3 : 1 ratio (yellow : green).
7. Mendel’s Conclusion
e The green trait was not lost, but hidden in Fq and reappeared in F..

e Each trait is controlled by two alleles — one from each parent.

Mendel developed two main laws:
1.Law of Segregation
2.Law of Independent Assortment

These two laws explain how traits are passed from one generation to another.
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Gametes
(pollen or eggs)

A

_ Gametes
Grows into plant _  Gamete {one pollen grain
formation and one eqq)

YY yellow pea

\ Seeq Fy Hybrid
Fertilization @ development

/ Zygate Yy = yellow

@ pea showing

Grows into plant Gamete domenant trait
——— =
formation

yy green pea

e Vo o

¥ = yellow-determining allele
¥y = green-determining allele

Mendelian Genetics

Figure 3
1. Law of Segregation
Experiment:
® Mendel used homozygous yellow (YY) and green (yy) pea plants.
During meiosis:
® Each parent gives one allele:
© Yellow plant =Y
O Green plant =y
During fertilization:
® Gametes unite > Y +y = Yy
Result (Fj):
* All plants = Yy (hybrid)
* All seeds = yellow (yellow is dominant).
Conclusion:
® The two alleles separate during gamete formation,

® then reunite during fertilization.
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Alleles in > Gamete > Possible allele
parental cell formation combinations
in gametes

g
J\
@

Figure 4 (Law of Independent Assortment )

1. Observation
e Mendel studied two traits together:
© Seed color: Yellow (Y) or Green (y)
© Seed shape: Round (R) or Wrinkled (r)
¢ He noticed that:
0 Smooth, round peas appear more often than wrinkled ones.
o Round (R) is dominant, wrinkled (r) is recessive.
2. Parental (P) Generation
e Crossed:
o Yellow round (YYRR) x Green wrinkled (yyrr)
e Resulting Fy plants all had the same phenotype — Round yellow peas
e Genotype: YyRr
3. F4 Self-Fertilization (Dihybrid Cross)
e Mendel allowed YyRr plants to self-fertilize.
e Each parent could form four types of gametes:
e YR, Y1, yR, yr
4. Random Assortment
e During meiosis, genes on separate chromosomes assort independently.
e This means any Y or y can pair with any R or r : random combinations.
5. Result (Law Statement)
Genes for different traits separate independently during gamete formation.

This is called the Law of Independent Assortment.

6 ot
N
Both Law of Segregation and Law of Independent Assortment occur during meiosis.

So, meiosis is the key process behind both laws — it’s where alleles separate and recombine to

create genetic variation.
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BIOLOGY Mendelian Genetics

P YY  VYelow pea @ Green pea
v .
@. 0

Male "~ =" Female
gamete H gamete

\j

¥y | Yeliow pea

Ma e Female

@ St-!-rer)riiu;abm @
Voo

P

Figure 5
Definition
* A monohybrid cross involves hybrids for a single trait (like seed color).
* Example: Yy x Yy (yellow heterozygous peas).
Gamete Formation
e The Yy plant produces two types of gametes:
0 One with Y allele
© One with y allele
® These combine randomly during fertilization forming four genotypes:
* YY, Yy, Yy, yy
Note:
The dominant allele (Y) is always written first, whether it comes from male or female.
Results
Genotypic ratio: 1 : 2 : 1
Phenotypic ratio: 3 : 1 (Yellow : Green)
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g x @

YYRR wyrr

| |
Gametes YR ::C ¥r
X

F, (allidentical)

Female Male
YvRr YyRr
F, YR Y wR yr

vyrR | Yver | veRR | Whr

YYRr Y¥ir YyRr Yierr

" Q0

YyRR | YyRr | yyRR | yyRr

y Qe

YyRr Yyrr yyRr WyIT

Type Genotype Phenotype Number Pher:;fgpic
rati
Parental Y.R yelow 3 916
Recombinant R o %ﬁﬁs é%% 316
Recombinant Y.rr fﬁlme d %g‘lﬁ 316
Parental yyre =) E‘fr*‘?ﬁ;';'icd 53526' 116

Definition
e A dihybrid cross studies two traits at the same time.
¢ In pea plants:
© Round (R) is dominant over wrinkled ().
© Yellow (Y) is dominant over green (y).
1. Parental (P) Generation
¢ Crossed:
©  Homozygous yellow round (YYRR)
© Homozygous green wrinkled (yyrr)
e Result = F4 generation = YyRr
© All Fq plants are yellow and round (dominant traits).
O These are called dihybrids because they are heterozygous for both traits.
2. F4 Self-Fertilization
e Each YyRr plant produces 4 gamete types = YR, Yr, yR, yr
e Cross forms a 4 x 4 Punnett square = 16 combinations
e Genotypes = 9 different types
® Genotypic ratio = complex (1:2:2:4:1:2:1:2:1)
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Phenotype

Yellow round

Yellow wrinkled

Green round

Green wrinkled

Phenotypic ratio: 9:3:3: 1

Example Genotype

YYRR, YYRr, YyRR, YyRr

YYrr, Yyrr 3
YYRR, yyRr 3
yyrr 1

® Monohybrid Cross = involves one gene, so it follows only the Law of Segregation.
(Each pair of alleles separates during meiosis).
e Dihybrid Cross = involves two genes, so it follows both laws:

1.Segregation (each allele pair separates)

2. Independent Assortment (different gene pairs separate independently).

Both happen during meiosis,

Figure 9

® Inheritance = Probability = Mendel compared gene inheritance to flipping a
coin.
© Chance of heads = 5
© Chance of two heads = % — like two traits together.
® Predicted vs Actual:
O Real results may vary, but with more trials, they approach the expected ratio
(1:1).
® Mendel’s results:
© Not exactly 9:3:3:1, but became closer as offspring number increased.
* Conclusion:
The larger the sample, the closer results match Punnett predictions.
Genetic inheritance follows probability — the more crosses, the clearer the
expected ratios appear.
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