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❏ DEFINITION---Synthesis of RNA from 
ssDNA as a template by DNA dependent RNA 
polymerase enzyme.

❏ Similar to replication in terms of chemical 
mechanism, polarity and use of template but 
differs in :

---------DOES NOT REQUIRE PRIMER

----------ONLY A SHORT SEGMENT OF DNA IS 
TRANSCRIBED.





SALIENT FEATURES OF TRANSCRIPTION

● Synthesis of all types of RNA in NUCLEUS
● Only ONE STRAND of DNA participates.

● RIBONUCLEOTIDES are used in RNA synthesis

● RNA synthesis occur in 5’-3’ direction, DNA template is 

read from 3’-5’ direction.

● Synthesis follows WATSON CRICK MODEL ie. A with U 
and G with C

● DNA dependent RNA polymerase is used.







TRANSCRIPTION------

(PROKARYOTES)









PROKARYOTIC PROMOTERS



RNA POLYMERASE IN PROKARYOTES

❏ It has 5 subunits ie 2 alpha units, beta, beta’ and sigma subunit.

❏ Beta’ subunit- LARGEST SUBUNIT
❏ Beta subunit- SECOND LARGEST SUBUNIT
❏ Alpha subunit- THIRD LARGEST SUBUNIT

CORE ENZYME
2 alpha subunit (alpha1 and alpha2)

Beta subunit

Beta’ subunit

Omega subunit

HOLO ENZYME
2 alpha subunit (alpha1 and alpha2)

Beta subunit

Beta’ subunit

Omega subunit

SIGMA SUBUNIT









1.INITIATION OF TRANSCRIPTION (PROKARYOTES)





2. ELONGATION





3. TERMINATION

● This is the process of ending transcription, which happens when 

signaled by a stop sequence known as a terminator sequence.

● This happens when the RNA polymerase transcribes the 

terminator sequence.

● The RNA polymerase then releases the DNA temple which unwinds 

back to a double-helical structure.

● This can be of two types: (1) RHO- DEPENDENT                                                      

(2) RHO- INDEPENDENT          



RHO-DEPENDENT TERMINATION

★ This is the termination process where the RNA molecule contains a binding site 

for a protein known as the Rho factor, which binds to the DNA sequence.

★ It starts to climb up the transcript towards the RNA polymerase and reaches the 

transcription bubble.

★ At the bubble, the Rho factor pulls the RNA transcript and the DNA template 

strand apart, releasing the RNA molecule and terminating the transcription 

process.

★ A transcription stop point sequence that is found later in the DNA causes the RNA 

polymerase to stop and allow the Rho factor to catch up and terminate the 

process.





RHO INDEPENDENT TERMINATION

➢ This process depends on a specific sequence found on the DNA template strand.

➢ During transcription, as the RNA polymerase approaches the endpoint of the gen 

that is transcribed, it reaches a region that is rich in Cytosine (C) and Guanine(G).

➢ The RNA that is transcribed from this region folds back on itself, and the 

complementary C and G bind together forming a stable hairpin that makes the 

RNA polymerase to stall.

➢ The hairpin is followed by a Uracil (U) in the RNA terminator which 

complementary to the DNA template Adenine (A).

➢ The U-A region forms a weak interaction with the DNA template and with the 

stalled RNA polymerase causes an instability allowing the enzyme to fall off and 

end from the new RNA transcript.











TRANSCRIPTION------
(EUKARYOTES)



EUKARYOTIC PROMOTERS

➢ TATA BOX OR 
GOLDBERG 
HOGNESS BOX-
Sequence is 
TATAAAAG. Located 
at -25bp. To this box 
mainly the TATA box 
binding protein (TBP) 
of 34 kDa attached in 
turn to bind TAF’s 

➢ CAAT BOX- located 
at 70 to 80 bp. 
Sequence is CAAT or 
5’ CCAAT 3’. It is cis 
acting regulatory 
element. Mutation of 
this region lowes the 
rate of transcription.

➢ GC BOX- it contains 
the sequence as 5’ 
GGGCGC 3’ at the 
core and is bound 
by the 
transcriptional 
factor Sp1. it is 
about 110 bp 
upstream from 
transcription 
initiation site (TSS)  



PROMOTERS FOR EUKARYOTES





GENE CONTROL REGIONS

❏ Transcription is the process of RNA synthesis, controlled by the interaction of promoters and 
enhancers.

❏ Start site. A start site for transcription.

❏ A promoter. A region a few hundred nucleotides 'upstream' of the gene (toward the 5' end). It is not transcribed 

into mRNA, but plays a role in controlling the transcription of the gene. Transcription factors bind to specific 

nucleotide sequences in the promoter region and assist in the binding of RNA polymerases.

❏ Enhancers. Some transcription factors (called activators) bind to regions called 'enhancers' that increase the rate 

of transcription. These sites may be thousands of nucleotides from the coding sequences or within an intron. 

Some enhancers are conditional and only work in the presence of other factors as well as transcription factors.

❏ Silencers. Some transcription factors (called repressors) bind to regions called 'silencers' that depress the rate of 

transcription.



RNA POLYMERASE IN EUKARYOTES

IT IS OF THREE TYPES AS MENTIONED BELOW:





STAGES OF TRANSCRIPTION

➢ The transcription is divided into various stages that are:
➢ PRE- INITIATION COMPLEX FORMATION
➢ INITIATION
➢ ELONGATION
➢ TERMINATION
➢ POST TRANSCRIPTIONAL MODIFICATIONS



1. PRE INITIATION COMPLEX (PIC)

★ For the process of transcription in eukaryotes the first step is formation of a pre 
initiation complex

★ It includes the binding of TBP (TATA BOX BINDING PROTEIN) that binds to the TATA 
box

★ Some general transcriptional factors  ( GTF) are also involved, these are: TFIID, TFIIA, 
TFIIB, TFIIF, TFIIH, TFIIE 

★ TBP mainly contain TFIId as its subunit
★ TBP + TAF( TBP  associated factors) = TFIID
★ So

GTF + RNA POLYMERASE II = PIC







2. ELONGATION

TFIIH has two functions:

1. It is a helicase, which means that it can use ATP to unwind the DNA helix, allowing transcription to 

begin.

2. In addition, it phosphorylates RNA polymerase II which causes this enzyme to change its 

conformation and dissociate from other proteins in the initiation complex.

● The key phosphorylation occurs on a long C-terminal tail called the C-terminal domain (CTD) of the 

RNA polymerase II molecule.

● Interestingly, only RNA polymerase II that has a non-phosphorylated CTD can initiate transcription 

but only an RNA polymerase II with a phosphorylated CTD can elongate RNA.

● RNA polymerase II now starts moving along the DNA template, synthesizing RNA, that is, the 

process enters the elongation phase.

● RNA synthesis occurs in the 5’ → 3’ direction with the RNA polymerase catalyzing a nucleophilic 

attack by the 3-OH of the growing RNA chain on the alpha-phosphorus atom on an incoming 

ribonucleoside 5-triphosphate.

● The RNA molecule made from a protein-coding gene by RNA polymerase II is called a primary 

transcript.



ELONGATION







POST TRANSCRIPTIONAL 
MODIFICATIONS



❏ They are of THREE types:
❏ CAPPING
❏ TAILING
❏ SPLICING



1. CAPPING









2. POLYADENYLATION OR TAILING





3. SPLICING

❏ The eukaryotic primary mRNAs are made up of two types of segments; non-coding introns 
and the coding exons.

❏ The introns are removed by a process called RNA splicing where ATP is used to cut the RNA, 
releasing the introns and joining two adjacent exons to produce mature mRNA.

❏ The splicing can be of various mechanisms that is:

❏ (A) GROUP 1 INTRON
❏ (B) GROUP 2 INTRON
❏ © GROUP 3 INTRON (SPLICEOSOME COMPLEX)
❏ (D) GROUP 4 INTRON
❏ (E) ALTERNATIVE SPLICING



BASIC STRUCTURE OF INTRON



GROUP 1 INTRON - self splicing

● The 3'-OH of the guanine nucleotide is the nucleophile that attacks and joins to the 5' phosphate

of the first nucleotide of the intron. This leaves the 3'-OH of the last nucleotide of the upstream

exon available to attack and join the 5' phosphate of the first nucleotide of the downstream

exon. These two phosphoester transfers result in a joining of the two exons and excision of the

intron (with the initiating G nucleotide attached to the 5' end.) The excised intron is then

circularized by attack of the 3'-OH of the last nucleotide of the intron on the phosphate between

the 15th and 16th nucleotides of the introns. Further degradation effectively removes the intron

from the reaction and helps prevent the reverse reaction from occurring. Note that the

phosphoester transfers are readily reversible unless the products (excised intron) are removed.

There is no increase or decrease in the number of phosphoester bonds during this splicing.





GROUP 2 INTRON- self splicing

● The 2′-OH of a highly conserved bulged A nucleotide located within 
domain 6 of the intron attacks the 5′-splice site. This results in release of 
the 5′-exon and formation of a lariat structure whose 5′-end of the 
intron is covalently attached to the 2′-OH of the bulged A. Alternatively, 
the 5′-exon can be released by hydrolysis in which water is the 
nucleophile. The second step of splicing involves attack by the 5′-exon on 
the 3′-splice site. This results in ligation of the flanking exons and release 
of the lariat or linear intron



GROUP2
INTRON
SPLICING



GROUP 3 INTRON

THIS IS A NOTE ON 
SPLICEOSOME AND snurps





SPLICEOSOME MEDIATED RNA PROCESSING



ROLE OF 
SNRNPS IN
SPLICING



MECHANISM 
OF 

SPLICEOSOME



4. GROUP 4 INTRONS



CONTD...



5. ALTERNATIVE SPLICING

❏ Alternative RNA splicing is a mechanism that allows different protein products to be produced from 

one gene when different combinations of introns (and sometimes exons) are removed from the 

transcript.

❏ This alternative splicing can be haphazard, but more often it is controlled and acts as a mechanism of 

gene regulation, with the frequency of different splicing alternatives controlled by the cell as a way to 

control the production of different protein products in different cells, or at different stages of 

development.

❏ Alternative splicing is now understood to be a common mechanism of gene regulation in eukaryotes; 

according to one estimate, 70% of genes in humans are expressed as multiple proteins through 

alternative splicing.





MECHANISM 
OF

ALTERNATIVE
SPLICING



THE END
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