Transcription: The Molecular Blueprint A
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The highly selective mechanism of copying DNA information into RNA.

Template Strand (3" to 5")

CORE DEFINITION " CRITICAL SHIF .' DEFINITIVE TAKEAWAY BIOCHEMICAL DISASTER

Transcription is the process by which the . Crucial rule shift: RNA uses The resulting RNA molecule serves Error in reading frame or base
genetic information stored in a specific - Uracil (V) instead of as a mobile copy of the genetic pairing during transcription can
segment of DNA is copied into a - Thymine (T). The base code, essential for protein synthesis lead to non-functional proteins
complementary sequence of RNA. pairing is A-U and G-C. and other cellular functions. or disease states.
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The Blueprint Translates to a Messenger

Transcription is the process of Like DNA replication, transcription is
copying genetic information from one governed by the principle of

strand of DNA into RNA. It is the complementarity, ensuring precise
crucial first step in expressing a gene. Information transfer.




The Base Pairing Shift




Distinguishing Transcription from Replication

Template Usage

Base Pairing

Fate of the Strand

Replication ;

Duplicates the total DNA of an
organism.

Uses both DNA strands as
templates.

Pairs Adenine with Thymine (A-T).

Permanently integrates the new
strand.

Copies only a specific segment of
the DNA.

Uses only one strand.

Pairs Adenine with Uracil (A-U).

Releases the nascent RNA strand,
allowing the DNA helix to re-close.
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The One Strand Rule A
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Why aren’t both DNA strands copied during transcription? i

Scenario A: The Protein Collision. Scenario B: The dsRNA Blockade

If both strands acted as templates, they If two RNA molecules were produced
would code for RNA with different | simultaneously, they would be
sequences (complementarity does not complementary to each other. They
mean identical). - They would instantly net instantly

One DNA segment would code for two - bind to form double-stranded RNA
different proteins, complicating the (dsRNA), preventing the RNA from being

genetic information transfer machinery. e translated into a protein.
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The Molecular Blueprint A

Anatomy of a Transcription Unit TopAl
The Promoter The Structural Gene The Terminator
(Binding site for (The actual sequence to be transcribed) (Defines the end of the
RNA polymerase) transcription process)
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The Promoter The Structural Gene The Terminator
(Binding site for (The actual sequence to (Defines the end of the

RNA polymerase) be transcribed) transcription process)



Decoding the Strands: Template vs. Coding
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I 1 Template Strand - Acts as the
S—-ATGCERI GCAITGC-95 actual physical mold for RNA

; ; Coding Strand - Displaced
5"—-TACGTACGTACG-33 during transcription, does not

code for anything

5"—-UACGUACGUAT CG — 3" NewlySynthesized RNA

Notice how the newly synthesized RNA is an exact sequence match to the Coding Strand
(with Uracil substituting for Thymine). This is why all reference points (Promoter/Terminator)
are based on the Coding Strand’s 5' to 3’ polarity.
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The Molecular Blueprint A
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The Mechanism: Initiation & Elongation (Prokaryotes)

Step 1: Initiation Step 2: Elongation

Promoter

RNA polymerase cannot initiate on its own. It The enzyme facilitates the opening of the DNA helix. Using
transiently associates with an initiation factor (Sigma) nucleoside triphosphates as substrates, DNA-dependent
to bind perfectly to the Promoter region, altering RNA polymerase polymerizes in a strictly 5’ to 3' direction,
its specificity. building the RNA chain based on complementarity.




The Molecular Blueprint A
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The Mechanism: Termination

Only a short stretch of RNA remains bound to the enzyme during elongation.
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Once the polymerase reaches the terminator region, _ \A
It associates with the termination factor (Rho).
This triggers the nascent RNA to fall off, and the
RNA polymerase itself detaches from the DNA,
successfully terminating transcription.




The Molecular Blueprint

Eukaryotic Complexity: The Division of Labor

Unlike bacteria, which use a single RNA polymerase, the eukaryotic nucleus contains three distinct

polymerases with highly specific tasks.

RNA Polymerase |

Transcribes: rRNAs (28S, 18S,
and 5.8S).

Role: Building the structural
components of the ribosome.

RNA Polymerase ||
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Transcribes: Precursor of mRNA,

known as heterogeneous nuclear
RNA (hnRNA).

Role: Creating the raw blueprint
for protein synthesis.

RNA Polymerase ll|
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Transcribes: tRNA, 5srRNA, and
snRNAs (small nuclear RNASs).

Role: Supplying adapter
molecules and splicing tools.
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Eukaryotic Processing: Splicing the Split Gene

Eukaryotic structural genes are monocistronic but split—the primary transcript (hnRNA)
contains both functional and non-functional sequences. It must be refined before translation.

Raw
Transcript

Mature
Merge
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The Molecular Blueprint %
Eukaryotic Processing: Capping & Tailing
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Capping Spliced mature mRNA strand Tailing

An unusual nucleotide (methyl (exons only, introns removed) 200-300 adenylate residues
guanosine triphosphate) is are added in a template-
permanently affixed to the 5’-end. independent manner.

4 h
Only after splicing, capping, and tailing is the hnRNA fully processed into

mature mRNA, ready to be transported out of the nucleus for translation. )
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Key Takeaway

Transcription is the highly selective process of
converting a specific DNA blueprint info a mobile
RNA messenger. By utilizing a single template
strand, Uracil substitution, and precise enzymatic
processing, the cell safely transcribes genetic
code into functional instructions ready for
protein synthesis.

NCERT Biology: Molecular Basis of Inheritance



