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So… What is a gene? 

• One gene – one enzyme 

– but not all proteins are enzymes 

– but all proteins are coded by genes 

• One gene – one protein 

– but many proteins are composed of several polypeptides 

– but each polypeptide has its own gene 

• One gene – one polypeptide 

– but many genes only code for RNA 

• One gene – one product 

– but many genes code for  more than one product …  



Defining a gene… 

 

gene 

polypeptide 1 

polypeptide 2 

polypeptide 3 

RNA gene 



The “Central Dogma” 

protein RNA DNA 
transcription translation 

replication 



From nucleus to cytoplasm… 

• Where are the genes? 

– genes are on chromosomes in nucleus 

• Where are proteins synthesized? 

– proteins made in cytoplasm by ribosomes  

• How does the information get from 

nucleus to cytoplasm? 

– messenger RNA 

nucleus 



RNA 

• ribose sugar  

• N-bases 
– uracil instead of thymine 

– U : A 

– C : G 

• single stranded 

• mRNA, rRNA, tRNA,  
siRNA…. 

2005-2006 RNA DNA 
transcription 



Transcription 

• 5' to 3' direction 

• Sense Strand (coding) 

o Same base sequence as mRNA 

o Uracil instead of Thymine 

• Antisense strand (template) 

o Transcribed  

 



Transcription 

• Transcribed DNA strand = template strand 

– untranscribed DNA strand = coding strand 

• Synthesis of complementary RNA strand 
– transcription bubble 

• Enzyme 
– RNA polymerase 



Synthesis of an RNA Transcript 

• The stages of 
transcription 
are 

– Initiation 

– Elongation 

– Termination 
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1 Initiation. After RNA polymerase binds to  

the promoter, the DNA strands unwind, and  

the polymerase initiates RNA synthesis at the  

start point on the template strand. 

2 Elongation. The polymerase moves downstream, unwinding the 

DNA and elongating the RNA transcript 5  3 .  In the wake of  

transcription, the DNA strands re-form a double helix. 

3 Termination. Eventually, the RNA 

transcript is released, and the  

polymerase detaches from the DNA. 



Transcription in Prokaryotes 

• Initiation 
– RNA polymerase binds to promoter 

sequence on DNA  

Role of promoter 
1. Where to start reading 

 = starting point 

2. Which strand to read 

 = template strand 

3. Direction on DNA 

 = always reads DNA 3'5' 

TRANSCRIPTION 

RNA PROCESSING 

TRANSLATION 
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Transcription initiation complex 

Eukaryotic promoters 1 
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Transcription in 

Prokaryotes 
• Promoter sequences 

2005-2006 

RNA polymerase 

molecules bound to 

bacterial DNA 



Transcription in 

Prokaryotes 
• Elongation 

– RNA polymerase unwinds DNA  
~20 base pairs at a time 

– reads DNA 3’5’ 

– builds RNA 5’3’ (the energy governs the synthesis!) 

No proofreading 

 1 error/105 bases 

 many copies 

 short life 

 not worth it! 



Transcription 

2005-2006 

RNA 



Transcription in 

Prokaryotes 

• Termination  
– RNA polymerase stops at termination sequence 

– mRNA leaves nucleus through pores 

2005-2006 

RNA GC  

hairpin turn 



Transcription in 

Eukaryotes 



Prokaryote vs. Eukaryote 

genes 

• Prokaryotes 

– DNA in cytoplasm 

– circular chromosome 

– naked DNA 

– no introns 

• Eukaryotes 

– DNA in nucleus 

– linear chromosomes 

– DNA wound on histone 
proteins 

– introns vs. exons 

eukaryotic 

DNA 

exon = coding (expressed) sequence 

intron = noncoding (in between) sequence 



Transcription in Eukaryotes 

• 3 RNA polymerase enzymes 

– RNA polymerase I  
• only transcribes rRNA genes  

– RNA polymerase II 
• transcribes genes into mRNA 

– RNA polymerase III 
• only transcribes rRNA genes 

 

each has a specific promoter sequence it recognizes 



Transcription in Eukaryotes 

• Initiation 
complex 

 
– transcription factors bind to 

promoter region upstream of 
gene 

• proteins which bind to DNA & 
turn on or off transcription 

• TATA box binding site 

 

– only then does RNA polymerase 
bind to DNA 



Post-transcriptional processing 

• Primary transcript  
– eukaryotic mRNA needs work after transcription 

• Protect mRNA 
– from RNase enzymes in cytoplasm 

• add 5' cap 

• add polyA tail 

• Edit out introns 

2005-2006 
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eukaryotic 
DNA 

exon = coding (expressed) sequence 

intron = noncoding (inbetween) sequence 

primary mRNA 
transcript 

mature mRNA 
transcript 

pre-mRNA 

spliced mRNA 



Transcription to translation 

• Differences between prokaryotes & 
eukaryotes 
– Time & physical separation between processes 

– RNA processing 

2005-2006 
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RNA Polymerase Type of RNA synthesized 
I 5.8S ; 18S ; 28S 

II mRNA 

III 5S ; tRNA ; rRNA 

II AND III snRNA and scRNA 

Mitochondrial Mitochondrial genes 

Chloroplast Chloroplast genes 

 





Promoters 

•

•𝛅

•

•





TRANSCRIPTION PROCESS 



Initiation Stage  
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Elongation Stage 
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Termination Stage 
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Eukaryotic mRNA processing 

• 5' end - RNA is capped by 7-
methylguanosine 

o Ribosome binding site during translation 

• 3' end - poly-A tail (200-250 A's) is added 
o Protects RNA from breakdown 

o A tag that allows passage through a nuclear pore  

• Introns are deleted 
o Sliced by snRPS (small ribonucleic particles) 

o snRPS are part of the spliceosome 

 bring the intron ends together and loop it out of the gene 

 catalyze the excision and ligation of exon ends  








