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 Rosalind Franklin, May 1952

https://en.wikipedia.org/wiki/Rosalind_Franklin


LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 
Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 

Promoter 

RNA polymerase 

Pribnow/TATA box - TATAAT 

-35 sequence - TTGACA 

Terminator 

Rho dependent 

Rut site/Rho protein 

Rho independent/hairpin 

Transcription factors 

Operators 

palindrome 


Translation syntax 

tRNA 

Ribosome 

RBS/Shine-Delgarno sequence - AGGAGG 

Start codon 

Stop codon 

5’ UTR/3’ UTR 

ORF 


Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF

A-DNA B-DNA Z-DNA

James Watson, Francis Crick (1953)



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 
Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 

Promoter 

RNA polymerase 

Pribnow/TATA box - TATAAT 

-35 sequence - TTGACA 

Terminator 

Rho dependent 

Rut site/Rho protein 

Rho independent/hairpin 

Transcription factors 

Operators 

palindrome 


Translation syntax 

tRNA 

Ribosome 

RBS/Shine-Delgarno sequence - AGGAGG 

Start codon 

Stop codon 

5’ UTR/3’ UTR 

ORF 


Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF

A-DNA B-DNA Z-DNA

James Watson, Francis Crick (1953)

Most commondehydrated extreme cases (methylated)



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 
3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 

Promoter 

RNA polymerase 

Pribnow/TATA box - TATAAT 

-35 sequence - TTGACA 

Terminator 

Rho dependent 

Rut site/Rho protein 

Rho independent/hairpin 

Transcription factors 

Operators 

palindrome 


Translation syntax 

tRNA 

Ribosome 

RBS/Shine-Delgarno sequence - AGGAGG 

Start codon 

Stop codon 

5’ UTR/3’ UTR 

ORF 


Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF

Forward direction

Forward direction

template strand

coding strand



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 
Adenine, Thymine, Guanine, Cytosine 
A, G - Double ring Purines 
T, C, U - Single ring Pyrimidines 
Phosphodiester bond 
Hydrogen bond 

Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 

Promoter 

RNA polymerase 

Pribnow/TATA box - TATAAT 

-35 sequence - TTGACA 

Terminator 

Rho dependent 

Rut site/Rho protein 

Rho independent/hairpin 

Transcription factors 

Operators 

palindrome 


Translation syntax 

tRNA 

Ribosome 

RBS/Shine-Delgarno sequence - AGGAGG 

Start codon 

Stop codon 

5’ UTR/3’ UTR 

ORF 


Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF

deoxyribose/ribose 

nitrogen base

phosphodiester bond atoms

hydrogen bond atoms



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 
Secondary structure 
Tertiary structure 
Dynamic structure 

Transcription syntax 

Promoter 

RNA polymerase 

Pribnow/TATA box - TATAAT 

-35 sequence - TTGACA 

Terminator 

Rho dependent 

Rut site/Rho protein 

Rho independent/hairpin 

Transcription factors 

Operators 

palindrome 


Translation syntax 

tRNA 

Ribosome 

RBS/Shine-Delgarno sequence - AGGAGG 

Start codon 

Stop codon 

5’ UTR/3’ UTR 

ORF 


Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 
Promoter 
RNA polymerase 
Pribnow/TATA box - TATAAT 
-35 sequence - TTGACA 
Terminator  
Rho dependent 
Rut site/Rho protein 
Rho independent/hairpin 
Transcription factors 
Operators 
palindrome  

Translation syntax 
tRNA 
Ribosome 
RBS/Shine-Delgarno sequence - AGGAGG 
Start codon 
Stop codon 
5’ UTR/3’ UTR 
ORF 

Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 
Promoter 
RNA polymerase 
Pribnow/TATA box - TATAAT 
-35 sequence - TTGACA 
Terminator  
Rho dependent 
Rut site/Rho protein 
Rho independent/hairpin 
Transcription factors 
Operators 
palindrome  

Translation syntax 
tRNA 
Ribosome 
RBS/Shine-Delgarno sequence - AGGAGG 
Start codon 
Stop codon 
5’ UTR/3’ UTR 
ORF 

Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF

chemical synthesis 
(different for each 
molecule)



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 
Promoter 
RNA polymerase 
Pribnow/TATA box - TATAAT 
-35 sequence - TTGACA 
Terminator  
Rho dependent 
Rut site/Rho protein 
Rho independent/hairpin 
Transcription factors 
Operators 
palindrome  

Translation syntax 
tRNA 
Ribosome 
RBS/Shine-Delgarno sequence - AGGAGG 
Start codon 
Stop codon 
5’ UTR/3’ UTR 
ORF 

Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 
Promoter 
RNA polymerase 
Pribnow/TATA box - TATAAT 
-35 sequence - TTGACA 
Terminator  
Rho dependent 
Rut site/Rho protein 
Rho independent/hairpin 
Transcription factors 
Operators 
palindrome  

Translation syntax 
tRNA 
Ribosome 
RBS/Shine-Delgarno sequence - AGGAGG 
Start codon 
Stop codon 
5’ UTR/3’ UTR 
ORF 

Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 
Promoter 
RNA polymerase 
Pribnow/TATA box - TATAAT 
-35 sequence - TTGACA 
Terminator  
Rho dependent 
Rut site/Rho protein 
Rho independent/hairpin 
Transcription factors 
Operators 
palindrome  

Translation syntax 
tRNA 
Ribosome 
RBS/Shine-Delgarno sequence - AGGAGG 
Start codon 
Stop codon 
5’ UTR/3’ UTR 
ORF 

Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 
Promoter 
RNA polymerase 
Pribnow/TATA box - TATAAT 
-35 sequence - TTGACA 
Terminator  
Rho dependent 
Rut site/Rho protein 
Rho independent/hairpin 
Transcription factors 
Operators 
palindrome  

Translation syntax 
tRNA 
Ribosome 
RBS/Shine-Delgarno sequence - AGGAGG 
Start codon 
Stop codon 
5’ UTR/3’ UTR 
ORF 

Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 
Promoter 
RNA polymerase 
Pribnow/TATA box - TATAAT 
-35 sequence - TTGACA 
Terminator  
Rho dependent 
Rut site/Rho protein 
Rho independent/hairpin 
Transcription factors 
Operators 
palindrome  

Translation syntax 
tRNA 
Ribosome 
RBS/Shine-Delgarno sequence - AGGAGG 
Start codon 
Stop codon 
5’ UTR/3’ UTR 
ORF 

Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF



LECTURE 2 
GENETIC SYNTAX 
Heterochromatin/Euchromatin 

A/B/Z DNA 

Deoxyribose/ribose 

Forward direction 

3 Carbon/5 Carbon 

Adenine, Thymine, Guanine, Cytosine 

A, G - Double r ing Purines 

T, C, U - Single r ing Pyrimidines 

Phosphodiester bond 

Hydrogen bond 


Primary structure 

Secondary structure 

Tertiary structure 

Dynamic structure 


Transcription syntax 
Promoter 
RNA polymerase 
Pribnow/TATA box - TATAAT 
-35 sequence - TTGACA 
Terminator  
Rho dependent 
Rut site/Rho protein 
Rho independent/hairpin 
Transcription factors 
Operators 
palindrome  

Translation syntax 
tRNA 
Ribosome 
RBS/Shine-Delgarno sequence - AGGAGG 
Start codon 
Stop codon 
5’ UTR/3’ UTR 
ORF 

Benchling 

Create DNA 

Annotate promoter (-10/-35 sequences) 

Analyze rho independent terminator (ARNold) 

Annotate operator (ttgtgagcggataacaa) 

Analyze RNA 5’ UTR structure (NUPACK) 

Annotate 5’ UTR/3’ UTR 

Locate RBS 

Locate Start/stop codons 

Locate ORF

FULL COMPLEX DNA BINDING
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Schematic mRNA with a 5′ untranslated region (5′UTR), coding 
region (ORF) 3′UTR, cap structure (m⁷G), and poly(A) tail, showing 
different cis-acting elements involved in translational control: cap-
independent translation enhancer (CITE), N⁶-methyladenosine 
(m⁶A)-induced ribosome engagement site (MIRES), upstream open 
reading frame (uORF), G-quadruplex (G4), and oligopyrimidine 
(TOP) motif

Translation is the synthesis of protein from the open reading frame (ORF) by  
a molecule called the ribosome. The ribosome synthesizes protein from 20 
amino acids. Aminos acids are carried to the ribosome by molecules called the 
transfer RNA (tRNA). 
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genetic code

4¹ = 4   <20 
4² = 16   <20 
4³ = 64 >20
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TRANSLATION
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