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1.1 CELL

Cells are often referred to as

A cell is the basic structural, functional, and biological unit of all living organisms.

the "building blocks of life" because they carry out essential

functions such as energy production, metabolism, and replication.

1

.1.1 Discovery of Cells

First observed cells in a thin

microscope.

Coined the term "cell” after
noticing small, box-like
structures resembling the
cells (rooms) in a monastery.

Robert Hooke
(1665)

Discovery

Anton van
Leeuwenhoek
(1674):

single-celled ol

Observed bloo
cells, and bacti
demonstrating

slice of cork using a compound

First to observe and describe
called "animalcules” (now

recognized as microorganisms,
including bacteria and protozoa).

widespread in nature.

A physician and pathologist who
expanded cell theory with the idea
that "all cells arise from pre-existing
cells”

A botanist who concluded
that all plants are
composed of cells.

Proposed that cells are
the fundamental units of
plant life.

This contradicted the earlier belief in
spontaneous generation and
established that cellular
reproduction was essential for life.

Matthias
Schleiden Rudolf
(1838): Virchow (1855):

Theodor Schwann
(1839):

A zoologist who extended
Schleiden’s observations to animals,
concluding that all animals are also
made of cells

rganisms, which he

Together, Schleiden and Schwann
proposed the basic concept of cell
theory: that all living organisms are
composed of cells.

d cells, sperm
eria,
that cells were

1.1.2 Cell Theory

The cell theory states that:

1. All living organisms are
made up of one or more
cells.

The cell is the basic unit
of structure and function
in living organisms.

All cells arise from pre-
existing cells through
cell division.
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1.1.3 Types of cells

< Cells are basically of two types: Eukaryotic & Prokaryotic
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Prokaryotes
< Prokaryotes are single-celled organisms that lack a membrane-bound nucleus and other
membrane-bound organelles.
< Their genetic material is not enclosed within a nucleus but is instead found in a region
called the nucleoid.
< Examples: Bacteria and archaea are the two main groups of prokaryotes.

Cell Structure: Simple and small
Genetic Circular DNA located in the nucleoid region, not
Material: enclosed by a nuclear membrane.

Reproduce through a process called binary
Cell Division: fission, where the cell divides into two identical
cells.

Lack membrane-bound organelles. Only
Organelles: ribosomes (not membrane-bound) are present for
protein synthesis.

Often present, made of peptidoglycan in bacteria
Cell Wall: (providing shape and protection). Archaea have
different cell wall compositions.

Can carry out various metabolic processes,
Metabolism: including photosynthesis, nitrogen fixation, and

Characteristics: fermentation, depending on the species.
Flagella and Some prokaryotes use these structures for
Pili: movement and attachment to surfaces.
Eukaryotes

® Eukaryotes are organisms whose cells have a well-defined, membrane-bound nucleus
and other membrane-bound organelles, making them structurally more complex than
prokaryotes.

S Examples: Plants, animals, fungi, and protists are all eukaryotic organisms. They can be
unicellular (like some protists) or multicellular (like plants and animals).
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Cell Structure: Larger and more complex than prokaryotic
cells

Genetic DNA is linear and organized into

Material: chromosomes within a membrane-bound
nucleus.
Reproduce through mitosis (for growth and

Cell Division: repair) or meiosis (for producing gametes in

e T ok sexual reproduction).

Contain various membrane-bound
organelles such as mitochondria (for energy
production), endoplasmic reticulum (for
" Organelles: protein and lipid synthesis), Golgi apparatus
(for packaging and transport), and
sometimes chloroplasts (for photosynthesis

Cytoplasm

in plants).
Micravilli
Rough Endeplmic Present in some eukaryotes (e.g., plants and
Golg Complex Cell Wall: fungi), but absent in others (e.g., animals). In
plants, the cell wall is made of cellulose; in
Characteristics: fungi, it's made of chitin
A well-developed network of protein
Cytoskeleton filaments that maintains cell shape, aids in
intracellular transport, and is involved in cell
division.

In multicellular eukaryotes, cells can
Specialized differentiate into various types, such as
Cells: muscle cells, nerve cells, and epithelial cells,
each with specialized functions.

Prokaryotes Eukaryotes

Nucleolus

Nucleus Cytoplasmic
Cell Nuclear membrane

membrane
q Membrane
:—&x’_’/f"

Endoplasmic
reticulum

Nucleoid

Cell wall L - Ribosomes

(in some eukaryotes)

Capsule Chloroplast
(some prokoryofes] /

Flagellum

Golgi

Mitochondrion
© howstuffwdrks

1.1.4 Cell Structure and Organelles

Cell Organelles

S Acell organelle is a subcellular structure that, like an organ in the body, has one or more
specific tasks to carry out within the cell.
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1.1.5 Key Components of a Cell

The nuclear brane is a double layer that encloses the
cell's nucleus, where the chromosomes reside. It separates the
chromosomes from the cell's ecytoplasm and other contents.

Known as the
"powerhouse" of the cell,

they generate energy (ATP)
through cellular Semi-permeable, controlling
respiration. ‘\ the movement of substances
Nuclear membrane in and out of the cell.
Acts as the control center, Mitochondrion /,
housing genetic material Jelly-like substance inside
(DNA) and regulating Cell

membrane the cell, where various
cellular activities. /r e .

Cytoplasm

Nucleus

modifies, sorts, and

Golgi packages proteins
apparatus

and lipids for
Endoplasmic storage or transport
Lysosome reticulum out of the cell.
Contain digestive
enzymes to break down Centrioles A network of
waste materials and membranes inside a
o .
cellular debris. cell through which
proteins and other
molecules move.
1.Rough ER: Has ribosomes
The sites of protein synthesis. attached and synthesizes
Can be free in the cytoplasm gr proteins.
attached to the rough Ribosomes 2.Smooth ER: Lacks ribosomes and

endoplasmic reticulum. synthesizes lipids.

1.1.6 Subtypes of Eukaryotic Cells

S There are different types of eukaryotic cells. Plant and animal cells are both types of
eukaryotic cells, meaning they have a defined nucleus and membrane-bound organelles.

< This nucleus houses DNA, differentiating them from prokaryotic cells, which lack such

compartmentalization.

Animal Cells

Plant Cells

essential components are:

Nucleus

Cytoplasm

Cell

Mitochondria

In most animal cells, the four

Contains DNA and controls
cellular activities

; A mostly water-based liquid
where chemical reactions occur.

membrane N A flexible layer that manages

what enters and exits the cell.

/

Responsible for energy production
through respiration by breaking

Plant cells contain core components similar to animal cells, such as
the nucleus, cell membrane, cytoplasm, and mitochondria.
However, they also have unique features:

s Cell wall ’ Provides structural support
and is made of cellulose.

Nucleus
Cytoplasm -
A large, water-filled structure
Cell that maintains cell firmness.
membrane |

Found in green parts of

Chloroplasts plants, these contain
\ Sl >==} chlorophyll for

— photosynthesis
Plant Cell

Mitochondria

Animal Cell down glucose.
PLANT CELL vs. ANIMAL CELL
Feature Plant Cell Animal Cell
Cell Wall Present, rigid Absent
Nucleus Location Peripheral cytoplasm Centered
Reserve Food Starch Glycogen
Plastids Present Absent
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Mitochondria Fewer in number Numerous

Centrosome

Generally absent (except in some

lower forms) Present

Cell Division Cell plate method Cleavage method

Cytokinesis Stage

Formation of a cell plate (due to | Formation of a cleavage furrow
rigid cell wall) (pinching the cell membrane)

Glyoxysomes Present in some cells Absent

Plant cells Animal cells
Both

Nucleus

| Lysosomes
Large centra Chloroplasts
vacuole Small vacuoles

Cell wall

1.1.7 Cellular Organization in Multicellular Organisms

Somatic Cells

2 A subtype of eukaryotic cells in multicellular organisms, somatic cells are all body cells
except reproductive cells (sperm and egg), known as germ cells. E.g. skin cells, liver cells,
muscle cells.

< In humans, somatic cells are diploid, containing two sets of chromosomes (one from each
parent).

S They undergo mitosis to produce identical daughter cells, maintaining the same number
of chromosomes.

< Mutations in somatic cells affect the individual but cannot be inherited by offspring.

o These cells play essential roles in growth, repair, and daily functions of tissues and organs.

Germ Cells

< Specialized cells involved in reproduction, located in the reproductive organs (ovaries in
females, testes in males).

S Theygiverise to gametes (spermin males and eggs in females), which carry half the genetic
material to form a new organism upon fertilization.

< They undergo meiosis to produce gametes with half the chromosome number, ensuring

genetic diversity in offspring.
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Germ cells
Haploid
23 chromosomes (n) in human

Somatic cells
Diploid
46 chromosomes (2n) in human

v

Research Use: iPSCs help scientists
explore regenerative treatments and
understand disease mechanisms.

Skeletal and muscle cells Blood cells
. 09 gt
. (Mg atatd
( OL® {
L o ) 4 ‘J g v
30 : o~ *A
Fertilized egg Stem cells All other cells Organ and tissue cells
« ' )
G ot W'f‘\
v “-'
Ovum (egg)
Fat cells Neuron cells
Stem Cells
, _ _ STEM CELL
S These are undifferentiated cells with the
i ili i i Cardiac
unique ability to develop into different cell g
types and to self-renew. «\‘m*
o Stemcells can divide to create identical copies Stem cell / e
of themselves, helping in tissue maintenance ' o o
d re air Blastocyst | ..
an pair. 3 Enlerocytes
o Also, they can transform into specialized cell B S
types with specific functions, like muscle, cells
nerve, or blood cells. ﬁ\ \
Neuron Red blood
cells
Epithelial cells  Chondrocyte
Types of Stem Cells Origin: Obtained from embryos
around 3-5 days old, during the
blastocyst stage.
Source: Found in amniotic fluid and Embryonic Pluripotent: They can develop
umbilical cord blood. Stem Cells into any cell type in the body.
Potency: Exhibits properties Perinatal Stem (ESCe): Applications: Due to their
between embryonic and adult stem Cells: versatility, they hold potential for
cells, capable of differentiating into regenerating or repairing tissues
various cell types. and organs.
Process: Created by reprogramming Location: Found in small
regular adult cells to gain embryonic- Types of quantities in specific tissues,
like properties. such as bone marrow and fat.
Stem Cells
Potential: Can differentiate into Induced Multipotent: They have limited
various cell types, reducing ethical Pluripotent differentiation ability compared
concerns related to embryonic stem Stem Cells to ESCs, often restricted to cell
cells; Pluripotent, similar to (iPSCs): Adult Stem types of their tissue of origin
embryonic stem cells Cells: (e.g., hematopoietic stem cells

in bone marrow produce blood
cells).

Function: Primarily involved in
the maintenance and repair of
the tissue in which they are
found.
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Other types of Stem cells

< Totipotent stem cells: Produced from the fusion of an egg and sperm cell and can construct
a complete, viable organism.

< Pluripotent stem cells: Pluripotent stem cells can divide into most, or all, cell types in an
organism, but cannot develop into an entire organism on their own. Embryonic Stem Cells
come under this category..

° Multipotent stem cells: Only those cells which are closely related family of cells Eg. The
bone marrow contains multipotent stem cells that give rise to all the cells of the blood but
not to other types of cells.

S Oligopotent stem cells: Can differentiate into only a few cells

< Unipotent cells: One cell type, their own, include muscle stem cells.

1.1.8 Cell Division and Reproduction
< Cellsin organisms grow in two main ways:

Cell replication (division) to create more cells.
Cell expansion in volume.

Cell Division

S There are two types of cell division: mitosis and meiosis.
® Most often, cell division relates to mitosis, the process of making new body cells.

(1) Mitosis

< Process by which body cells (somatic cells) divide, producing identical daughter cells. It is
used for growth, repair,
and regeneration in multi-
cellular organisms. It is a
fundamental process for

life.

It is named for the thread-
like appearance of chro-
mosomes during division;
discovered by Walther
Flemming in 1882.

E In mitosis, the parent cell is duplicated. As a result, the
two daughter cells contain the same genetic material as

the parent cell.

- AN
Two daughter
cells

> =
SN

MITOSIS

Mother cell

@D

DNA replication

B

It results in two genetical-
ly identical diploid cells.

It occurs in both unicellu-

Cell division

lar and multicellular eu-
karyotes.

(2) Meiosis

< Meiosis is the type of specialized cell
division that creates gametes (sperm
and egg) with half the genetic material
of the parent cell, enabling sexual
reproduction and genetic diversity.

It is named for the halving of genetic
material; fusion of gametes observed
by Oskar Hertwig in 1876.

It results in four genetically unique
haploid cells.

It occurs only in organisms that
reproduce sexually.

Daughter nuclei Il

|
Daughter nuclei 4‘5
{

]

e

Y\

Homolegous
chromosomes

{
- Interphase

[

ey

W

Meiosis |

= o]

[N |

Meiosis Il
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1.1.9 Deoxyribonucleic Acid (DNA)

< Deoxyribonucleic acid (DNA) is a molecule that carries our hereditary material, meaning it
contains the genetic information passed from one generation to the next.
< DNA holds the genes that make each organism unique, and it is fundamental to the
structure and function of almost all living organisms.
< In eukaryotic cells (such as human cells), DNA is linear and contained within the nucleus.
In prokaryotic cells (such as bacteria), DNA is circular and located in a region called the
nucleoid.
S DNAreplication
e When cells divide for growth, repair, or reproduction, each new cell requires an exact
copy of DNA.
e Through DNA replication, the two strands of DNA separate, and cellular proteins
create a new complementary strand for each original strand, resulting in two identical
DNA molecules. Each new cell receives one copy of this DNA after cell division
completes.
< Main Functions of DNA

e DNA carries the instructions necessary for an organism’s growth, development, and
reproduction. This information is encoded in the sequence of nucleotide bases.

e During protein synthesis, cells read groups of three DNA bases at a time (called
codons) to form amino acids, which are the building blocks of proteins.

e Proteins perform various essential roles within the body, including catalyzing
metabolic reactions, supporting immune functions, and building cellular structures.

Structure of Deoxyribonucleic acid (DNA)

The nitrogen bases in DNA
Double helix shape qﬁsg —Z Q include adenine (A), cytosine
P sior roove (C), guanine (G), and thymine

(T), which pair to form the
“rungs” of the DNA ladder-like

DNA consists of p— structure.
nucleotides, which are Minor graove
the basic units that - | B ) "
build DNA. Each f ‘ . ., .N
nucleotide is - ) W N
Sugar H o
composed of three Phoshate - — A
parts: Bones -

1. a sugar molecule (2- M \0 . “
deoxyribose) @\ ) /T N . |
2. a phosphate group 2. A 4 ,
H Q

3. a nitrogen base.

Thymine Guanine

1.1.10 Ribonucleic Acid(RNA)

2 Ribonucleic acid (abbreviated RNA) is a nucleic acid present in all living cells that has structural
similarities to DNA. It is a molecule essential for various biological roles, primarily in coding,
decoding, regulating, and expressing genes.

2 RNAis similar to DNA, but it differs in structure, function, and types, playing a critical role in
transferring genetic information from DNA to the cell’'s protein-making machinery
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single-stranded K

Cytosine
. B

Cytosine
" Nucleobases " Ly .
-

An RNA molecule has a backbone (:)" ) @ :
made of alternating phosphate ’ )
. Guanine Guanine
groups and the sugar ribose, Q @ 9 o
. P "ol Ve ol
rather than the deoxyribose g W i W
found in DNA M Base pait "
Adenine El Adenine @
HN HN
I:,';‘x,.j E i
Thymine .

Uracil R .
Attached to each sugar is one of 1

four bases: adenine (A), uracil »’Lﬁ L,
(U), cytosine (C) or guanine (G).

helix of
sugar-phosphates

Nucleobases Nucleobases
of RNA of DNA

RNA DNA

Ribonucleic
acid (RNA)

Deoxyribonucleic
acid (DNA)

Carries genetic information from DNA in the

Messenger
RNA (mRNA):
=—r——___ ]

Transfer RNA
(tRNA):
| ——

Ribosomal
RNA (rRNA):
e ——

Other Types
(eg.

microRNA,
small
interfering
RNA):
=

(1) MESSENGER RNA

nucleus to the ribosomes in the cytoplasm, where
proteins are synthesized. mRNA acts as a
template for protein synthesis.

Brings amino acids to the ribosome during
translation. Each tRNA has an anticodon that
pairs with the mRNA codon, ensuring that amino
acids are added in the correct order to form
proteins.

Combines with proteins to form ribosomes, which
are the cellular structures that assemble
proteins. rRNA helps catalyze the formation of
peptide bonds between amino acids.

These play roles in regulating gene expression,
such as turning genes on or off, or in RNA
interference, where RNA molecules inhibit gene
expression or translation by neutralizing targeted
mRNA molecules.

S Messenger RNA (mRNA) is a type of RNA that plays a crucial role in the process of protein
synthesis. It acts as a template for assembling amino acids into proteins according to the
instructions encoded in a cell's DNA.

2 mRNA is synthesized during transcription, a process in which an mRNA strand is created
based on the DNA sequence of a gene.

< Enzymes called RNA polymerases bind to the DNA and "read" the gene sequence, creating
a complementary mRNA strand.

< ThismRNAstrand is atemporary copy of the genetic code needed to make a specific protein.
After transcription, mRNA leaves the nucleus and enters the cytoplasm.

< Ribosomes, the cell's protein-building machinery, bind to the mRNA strand and "read" the
sequence in sets of three bases at a time.

(V)
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Structure of Messenger
RNA (mRNA)

Messenger RNA é
(mRNA)

ﬂsingle-stranded

— molecule
— C
— Q)
-
N

— &
—Ty
b S

The mRNA sequence
begins with a start codon
(usually AUG) and ends

¥ S

CODONS L with a stop codon '(UAA,
- UAG, or UGA), marking the
It contains codons - |— M boundaries of the protein-
groups of three — g coding region.

nucleotide bases (such e
as AUG, CAG, etc.)that |-
correspond to specific '—_E_
amino acids. =
p— )

S Each codon corresponds to a specific amino acid, and transfer RNA (tRNA) molecules
bring the correct amino acids to the ribosome in the sequence dictated by the mRNA.

S Theribosome links these amino acids together to form a protein.

mRNA carries genetic information from the DNA in the nucleus to the
ribosomes in the cytoplasm, where proteins are synthesized.

AN

ANANAY

Transcription

| [ / " MRNA
Protein\

Ribosomes

(2) MICRO RNA

2 MicroRNA (miRNA) is a small, non-coding RNA molecule that plays a key role in regulating
gene expression.

< These tiny RNA molecules, typically about 21-23 nucleotides long, do not code for proteins
but instead control the expression of other genes by interacting with messenger RNA
(MRNA).

2 This process of regulation helps control many cellular activities, from growth and
development to immune responses and cell death

2 Nobel Prize in Medicine, 2024

e U.S. scientists Victor Ambros and Gary Ruvkun won
the 2024 Nobel Prize in Medicine for the discovery
of microRNA and and its essential role in regulating
gene expression, which is crucial for the growth,
specialization, and function of cells in multicellular
organisms.
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Their findings explain how cells with identical genetic information can differentiate into
various types like muscle and nerve cells, contributing to complex bodily structures and

functions.

As per the discovery, MicroRNA influences gene expression at the post-transcriptional
level by interacting with messenger RNA (mMRNA), which guides the production of proteins.

Proteins are the primary building blocks of life, produced based on the DNA code.

Nobel Prize in Medicine, 2024 for MicroRNA

. . influences gene
the discovery of microRNA exireseiba atiilie

post-
transcriptional
level by interacting

AINCTNTTN with messenger

) ) ) ) j RNA (MRNA),
DNA which guides the
Transcription production of
I proteins
| / 1 mRNA

:2;%@

Ribosomes

1.1.11 GENES

(1) Gene

S A gene is a specific segment of

=

DNAthatcontainstheinstructions
for making a particular protein or chromosome

set of proteins. gene
Genes are fundamental units / 1
of heredity and are responsible
for various traits and functions
within an organism.

Genes carry information that
determines characteristics such protein
as eye color, blood type, and
other inherited traits.

DNA

They also code for proteins that

perform essential roles in cells, including those involved in growth, repair, and metabolism.
Genes are located on chromosomes within the nucleus of a cell (in eukaryotic organisms)

and are composed of sequences of nucleotides (A, T, C, and G).

(2) GENOME
S Agenomeisthe complete set of an organism’s DNA, including all of its genes. It contains all

=

=

the information necessary for building, maintaining, and running the organism.

The genome includes both coding regions (genes) and non-coding regions (DNA sequences
that don't directly code for proteins but play roles in regulating gene expression and other

functions).

The size of a genome varies significantly among different organisms. In humans, the
genome consists of about 3 billion DNA base pairs organized into 23 pairs of chromosomes.
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S The genome is considered
important because it is a

Chromosome Chromatin

blueprint for all genetic /
information in an organism, <
influencing development, Nuclsosmse

health, and inherited traits.

JU{J‘

[~ Histone (protei
protein) m

2 Related Terms

I

¢ Genome sequencing is the - S
process of determining the
complete DNA sequence
of an organism’'s genome.
It involves identifying the
order of nucleotides (A, T, C,
G) in the DNA.

e The goal of genome sequencing is to understand the genetic makeup of an organism,

which helps in identifying genes, understanding their functions, and studying the
relationships between different species.

Double helix

Advanced technologies (such as

The DNA is next-generation sequencing or

extracted from NGS) are used to read the

cells. sequence of bases in these DNA
fragments.

& DNA — .
S — w Extraction: Sequencing:
S y 4
T T
Fragmentation: Assembly:

Process: The DNA is The small sequences are
broken into aligned and assembled into
smaller pieces a complete sequence,
for easier representing the entire
analysis. genome.

© Genome mapping is the process of creating a map that shows the locations of specific
genes or other markers in the genome. It involves identifying the position of genes on
chromosomes and determining their relative distances.

Wild type
AL

Mutant Type

S The goal of genome mapping is to provide a "roadmap" of where genes are located on
chromosomes, which helps in understanding the function of different regions of the
genome and their roles in diseases and traits.
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1.1.12 Transcription and Translation

Transcription

< Transcription is the process where the DNA sequence of a gene is copied into messenger
RNA (mRNA). It essentially transfers the genetic code from DNA to RNA.

< This process takes place in the nucleus of eukaryotic cells.

© The mRNA strand carries the genetic information from the DNA out of the nucleus to the
ribosomes, where proteins will be assembled.

< Transcription is the first step in the pathway of gene expression, enabling genetic
information in DNA to reach the protein-making machinery of the cell.

Translation

o Translation is the process by which the mRNA sequence is read by the ribosome to
synthesize a polypeptide chain (protein). It translates the genetic code into amino acid
sequences, which form proteins.

< Translation occurs in the cytoplasm at the ribosomes, either in the cytosol or attached to
the endoplasmic reticulum.

< Translation decodes the information in mRNA to form proteins, which are essential for cell
structure, function, and regulation.

< Translationis the final step in gene expression, where the information in the gene ultimately

becomes a functional product that carries out activities within the cell.

DNA RNA Protein

Transcription Z Translation

RNA polymerase, an enzyme,
binds to a specific region of _/
RNAEERyLer) to begin ==« The ribosome binds to the mRNA at
trewiscriptiony the start codon (AUG).
RNA polymerase reads the  tRNA brings amino acids, matching
DNA template strand and anticodons to mRNA codons,
synthesizes a forming a polypeptide chain.
complementary mRNA * The ribosome reaches a stop codon

strand by matching DNA (UAA, UAG, or UGA), releasing the
bases with RNA nucleotides polypeptide.

NN

1.2 RELATED TECHNOLOGY AND PROJECTS

1.2.1 GENE EDITING

=

Gene Editing refers to a powerful and innovative technology that enables precise
modifications to an organism's DNA (genetic material). This technology has the potential
to revolutionize biology, medicine, and agriculture by allowing scientists to alter specific
genes to achieve desired outcomes.

How Gene Editing Works ?

=

Gene editing involves the insertion, deletion, or replacement of DNA in an organism'’s
genome using engineered nucleases or molecular scissors.
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1. Key Tools in Gene Editing
Four families of engineered nucleases are commonly used:

¢ Meganucleases
e Zinc Finger Nucleases (ZFNs)
e Transcription Activator-Like Effector Nucleases (TALENSs)

e CRISPR-Cas System (Clustered Regularly Interspaced Short Palindromic
Repeats)

2. Mechanism
e These nucleases create site-specific double-strand breaks (DSBs) in DNA.

e The breaks are repaired via end-joining or homologous recombination, leading to
targeted mutations.

e CRISPR-Cas9, the most well-known gene-editing tool, provides unparalleled precision
and efficiency in targeting and modifying DNA sequences. It has democratized gene
editing due to its simplicity and wide applicability.

(1) CRISPR-Cas9
< CRISPR-Cas9is agroundbreaking gene-editing technology that allows scientists to precisely
alter DNA within living organisms

< CRISPR stands for Clustered Regularly Interspaced Short Palindromic Repeats. These
are sequences found in the DNA of bacteria that act as a defense mechanism against
viruses.

© Cas9is an enzyme that acts like "molecular scissors." It can be guided to a specific location
in the DNA by a piece of RNA and cut the DNA at that precise spot.

[ ]
(o ts:
How CRISPR-Cas9 Works pm——
* Cas9 Enzyme: Acts as
target sequence
—— "molecular scissors.
DNA Cas9 enzyme binds * —Guide' RNA (gR‘_NA); A
1 to guide RNA specially designed
RNA molecule that
ke Cas9 directs Cas9 to the
e target DNA
et =.====-} sequence.
- -
Guide RNA binds to
target sequence o
Cas9 enzyme cuts The cut is repaired
both strands of DNA introducing mutation

(2) Transcription Activator-Like Effector Nucleases (TALENs): A Pioneer in Gene Editing

o TALENSs are engineered nucleases composed of a TALE DNA-binding domain and a DNA-
cleaving domain. They allow scientists to target and cut DNA at specific sequences, making
them a critical step in the evolution of gene editing technologies.

< TALENSs consist of two primary components:

e TALE DNA-Binding Domain: This domain binds to specific sequences of DNA. It is
derived from naturally occurring Transcription Activator-Like Effectors (TALEs)
that bacteria use to interact with plant cells.

e DNA Cleavage Domain: This is a nuclease that cuts the DNA strands at the targeted
location.

2 Mechanism of Action: By fusing these two domains, TALENs can be programmed to bind
to nearly any desired DNA sequence, enabling scientists to create double-strand breaks
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(3) Zinc
=

(DSBs) at precise genomic locations. The cell's natural repair mechanisms then fix these
breaks, allowing scientists to make targeted mutations or insertions.

Applications: TALENs are used for gene editing or genome editing in situ, a process where
DNA is edited directly within the organism. This technology is used for gene therapy, the
creation of genetically modified organisms (GMOs), and in biotechnological research..

Finger Nucleases (ZFNs)

Zinc Finger Nucleases (ZFNs) are artificial enzymes created by fusing a zinc finger DNA-
binding domain to a DNA-cleavage domain. Zinc fingers are small protein motifs that
can be engineered to bind to specific DNA sequences, allowing ZFNs to target and modify
genes at precise locations within the genome.

Design and Mechanism: The zinc finger DNA-binding domain is customizable, which
enables ZFNs to bind to almost any specific DNA sequence. The DNA-cleavage domain
is typically derived from the Fokl enzyme, which cuts the DNA at the targeted location.
The combination of the DNA-binding and DNA-cleaving domains results in a tool that can
induce double-strand breaks (DSBs) at chosen genomic sites.

Applications: Like other gene editing tools, ZFNs leverage the cell's endogenous repair
mechanisms, suchas non-homologous endjoining (NHEJ) orhomologous recombination,
to introduce targeted mutations, corrections, or insertions in the genome.

(4) Gene silencing

=

=

Gene silencing is a technique used to "turn off" specific genes, particularly those involved
in diseases.

Unlike genetic modification, it doesn’t alter the DNA but suppresses gene expression,
reducing the production of harmful proteins.

. . Small interfering RNA
Gene Silencing (siRNA) molecules are

designed to match the
g sequence of the target mRNA.
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siRNAs bind to the target Reduction in
mRNA, forming a disease causing
Genes affected by complex that blocks protein
disease protein synthesis or
degrades the mRNA,

halting its effect.

(5) GENE-DRIVE TECHNOLOGY (GDT)

=

Gene-drive technology is a genetic engineering method designed to modify the genetic
makeup of organisms, ensuring specific genes are inherited preferentially, bypassing
Mendelian inheritance rules.

It was conceptualized by Austin Burt, a professor at Imperial College London.
Process:
e A protein cuts DNA at a non-coding region of the mosquito genome.

e The natural DNA repair mechanism incorporates a drive sequence into the damaged
region, ensuring selective gene inheritance.

Applications:

o Eradication of Malaria: Used to target malaria-carrying mosquitoes, modifying them
to block Plasmodium parasite development or reduce their lifespan.
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e Controlled Testing: Conducted in India, Brazil, and Panama under outdoor, controlled
conditions.

Mendelian inheritance

It refers to the principles of genetic inheritance
established by Gregor Mendel, based on his experiments
with pea plants. These rules describe how traits are passed
from parents to offspring through genes:

Law of
Dominance:
Some alleles
(dominant) mask
the expression of
others (recessive).

Law of Segregation: Each
organism carries two alleles for a
trait, and these alleles separate
during gamete formation,
ensuring offspring receive one
allele from each parent.

Law of Independent
Assortment: Genes for
different traits are inherited
independently of each other,
provided they are on different
chromosomes.

1. 2.2 GENE THEREPY

How It Works:
Replacement Therapy:
Introducing healthy copies of
faulty or missing genes.
* Gene Editing: Using tools like
CRISPR to correct defective
genes,
¢ Gene Silencing: Inactivating
harmful genes that cause
diseases.
¢ Introducing New Genes: Adding
genes to help fight diseases.

< Gene therapy is a medical technique aimed at treating
or preventing diseases by altering an individual's
genetic material.

9 Gene therapy differs from traditional drugs by
addressing the root genetic causes of diseases directly
within cells rather than just managing symptoms.

S Methods:

e Viral Vectors: Viruses are engineered to carry
therapeutic genes into cells.

¢ Non-viral Vectors: Direct delivery using nanoparticles.

(1) Types of Gene Therapy

Somatic cell gene therapy

such as this neuron, will not
pass on genetic modifications
to the next generation

Most cells in the body are
somatic cells.

Somatic cell gene therapy involves
modifying or replacing faulty genes in
somatic (non-reproductive) cells to treat
or prevent diseases. Unlike germ line
therapy, these changes are not inherited
by future generations

somatic cells

Germ line therapy

germline cells

like this egg cell and sperm
cell, will pass on genetic
modifications to the next
generation.

Germ line therapy involves
modifying the DNA in germ cells
(sperm or eggs) or early-stage
embryos. This ensures that genetic
changes are passed on to future
generations.
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< exvivo approach

In gene therapy, the ex vivo approach involves removing specific cells from a patient's
body, modifying their genetic material in a laboratory (e.g., using a viral vector), and then
reintroducing the corrected cells back into the body.

This method allows for precise control over gene editing and is often used for conditions
like blood disorders.

< invivo approach

Theinvivo approach involves directly delivering therapeutic genetic material to the target
cells inside the patient's body using vectors like viruses or nanoparticles.

This is useful for treating localized or systemic conditions but poses challenges in
targeting accuracy.

(2) Applications of Gene Therapy

< Gene therapy has diverse applications in treating various genetic and acquired conditions:
® Used to address inherited disorders such as cystic fibrosis, hemophilia, and muscular
dystrophy by replacing defective genes with functional ones.
< Enhances immune response (e.g., CAR-T therapy), introduces tumor suppressor genes, or
delivers oncolytic viruses to kill cancer cells.
< Aimsto repair damaged heart tissues or improve blood vessel function.
< Treats conditions like Parkinson’s disease by targeting specific genetic mutations.
o Investigated for improving immunity against diseases like HIV.
1.2.3 CAR-T CELL THERAPY
< Chimeric Antigen Receptor (CAR)-T =
cell therapy is a revolutionary o Q - @ ¥
immunotherapy  that genetically ~ Collect bloods ~ Reprogam T-cells ~ !a_t-‘
engineers a patient’s T cells to target ﬁ Teals s @
and destroy cancer cells.
o Process: ﬁ!' CAR-T cell
e Collection: T cells are extracted ’ Therapy ® M?I:I‘.ﬂ'
from the patient’s blood. “ I’ g
e Engineering: T cells are genetically £3 - = 0
modifiedtoexpress CARs, specialized . Y
proteins enabling them to recognize SR ’]? Unfusion) .
cancer-specific antigens. ' "
e Multiplication: Modified T cells are
cultured to increase their numbers.
e Infusion: The engineered T cells are reintroduced into the patient’s body to attack cancer
cells.
S CART-T Cell Therapy : Applications

Treatment of Hematological cancers.
Expanding applications to solid tumors
Treatment of Rare Genetic Disorders
Treatment of autoimmune conditions
Addressing Relapsed or Refrractory Cancers
Advancement in precision medicine.




