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The Engine of All Living Organisms

All multicellular organisms begin as a single fertilised egg (a zygote). To grow, repair, or reproduce, that cell
must divide, precisely managing the genetic instructions hidden within its nucleus.

8 cells

Growth Repair Reproduction

Organisms expand by adding countless Lost or damaged cells are continuously Specialized cells are produced specifically to
microscopic building blocks. replaced with exact replicas. pass genetic blueprints to the next generation.




The Language of Genetics: Counting Chromosomes

Diploid Haploid
46 Chromosomes (Human) 23 Chromosomes (Human)
Cells containing the full number of chromosomes Specialized cells containing exactly half the normal
arranged in pairs. number of chromosomes.

Found in normal body cells (e.g., skin, muscle). Found exclusively in gametes (sperm and egg cells).



Mitosis: The Copler

Mitosis produces exact genetic copies.

Zygote 2 cells 4 cells Embryo

Driven in related for growth

Driven by the need for growth, replacing lost cells, Every new cell produced has the exact same genes
and asexual reproduction. and is a flawless clone of the original adult cell.

Every new cell produced



Tracking the Blueprint  %ovso

The nucleus splits into two,

Th ro ug h M itOSiS with genetic information

shared equally between
the two ‘daughter’ cells.

mitosis
. P i e L S A

e S ™
1. Preparation

3. Completion

The cytoplasm divides,
resulting in two
distinct cells, each
returning to the
standard DNA content.

Before mitosis can even
begin, it is essential
that all DNA content is
completely copied

and doubled.

DNA content

time



Mitosis in Action: Natural Clones

Because mitosis strictly creates identical copies, it is the biological mechanism behind Asexual
Reproduction. One animal or plant can produce offspring without gametes or fertilisation.

Hydra Budding Strawberry Runners Potato Tubers

[ All offspring are genetically identical to each other and the parent. This is called a clone. ]




Meiosis: The Splitter

Meiosis drives genetic variation.

Exists strictly to produce
gametes (sex cells) in
preparation for sexual

reproduction.

Cells

Haploid Cell (n)

\ Intermediate [

Haploid Cel

) Diploid Cell
¥ 2n)

I (n

Produces four cells that
are genetically different
from each other,
containing only half the
normal number of
chromosomes (haploid).




Halving the Blueprint:
The Two Divisions i

original cell

Phase 1 (46 - 92): The Copy.
1 Just like mitosis, the starting cell copies all
its chromosomes.

cell division

Phase 2 (92 - 46): First Division.
2 The cell divides into two cells, returning to the
normal diploid count.

Phase 3 (46 = 23): Second Division.

3 The critical difference. The cells divide again
without copying their DNA first, stripping
the count down to haploid (23). 0 S

time

number of chromosomes per cell




Meiosis in Action: Specialized Gametes

Meiosis occurs strictly in specialized organs to prepare
the delicate, haploid cells required for fertilisation.
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Organs: Testes & Ovaries. Organs: Anthers & Ovaries (within flowers).
Gametes: Sperm (equipped with a flagellum for Gametes: Pollen grains (male) and Ovules (female).
swimming and mitochondria for energy) and the
stationary Egg (ovum).




The Synthesis:
The Human Life Cycle

Adult Male  Adult Female
(46 Chromosomes / Diploid)

Meiosis provides the
variation, fertilisation @
restores the count, and S

mitosis builds the body. Sperm
(23 Chromosomes [ Haploid)

Embryo = Baby = Adult

<

Zygote
(46 Chromosomes [ Diploid)




The Catalyst: Fertilisation
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23 (Haploid Sperm) + 23 (Haploid Egg) = 46 (Diploid Zygote)

Fertilisation does more than mathematically restore the 46-chromosome diploid
baseline. By fusing the nucleus of a sperm with the nucleus of an egg, it combines a
completely unique set of genes from two separate parents, serving as the ultimate engine

for genetic variation in a species.



Diagnostic Matrix: Mitosis vs. Meiosis

Primary Purpose Growth, Repair, Clones Gamete Production
Type of Cell Produced Normal Body Cells Sex Cells (Gametes)
Number of Divisions T 2
Number of Daughter Cells 2 4
Chromosome Count Diploid (46) Haploid (23)

Genetic Outcome |dentical Clones Genetically Unique



Data Analysis: Spotting the Signature

Can you identify the biological mechanism strictly from its data footprint?
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Features a single division. The cell returns to its Features a distinctive double-division. The cell count
baseline of 46 chromosomes. halves, dropping to an unstable 23 chromosomes.

Diagnosis: Mitosis. Diagnosis: Meiosis.



Ecosystem Impact: Reproductive Strategies

How cellular mechanics dictate species survival.

Asexual Reproduction Sexual Reproduction
(Mitosis-driven) (Meiosis-driven)

Feature of the process

Gametes produced
Fertilisation takes place x \/

Genetic variation in offspring x \/

Highly stable, unchanging Rapidly changing,

Best Survival Value in: : . :
environments. unpredictable environments.



The Genetic Blueprint: Core Takeaways

1. Maintain & Build (Mitosis).

The cellular copier. It clones identical diploid cells (46 chromosomes) strictly to grow
the organism and repair physical damage.

2. Halve & Shuffle (Meiosis).

The variation engine. It utilizes a double-division to forge unique, haploid gametes
(23 chromosomes).

3. The Master Cycle.

Fertilisation fuses haploid gametes, restoring the full diploid blueprint and jumpstarting
the engine of mitosis anew. Life is the continuous interplay of both pathways.




