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DNA primary structue: chain of nucleotides with phosphodiester bonds. 
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CHARGAFF RULES: to explain the proportion of different nucleobases in double-helix DNA.

1.- A=T: the number of Adenines equals the number of Thymines.

2.- C=G: the number of Cytosines equals the number of Guanines.

3.- Purines=pyrimidines: purines (Adenine + Guanine) = pyrimidines (Thymine + Citosine).

4.- (A+T)/(C+G): la proporción entre la cantidad de Adeninas y Timinas y la cantidad de Citosinas y
Guaninas es variable y depende de la especie considerada.

Existe diferencia en la composición de bases nitrogenadas de las distintas moléculas de ADN



ACGTTTTCCGACGATCTAAA TTCCGTTTTCCGACTTCGCT

TGCAAAAGGCTGCTAGATTT AAGGCAAAAGGCTGAAGCGA



ACGTTTTCCGACGATCTAAA TTCCGTTTTCCGACTTCGCT

TGCAAAAGGCTGCTAGATTT AAGGCAAAAGGCTGAAGCGA

A/T = 12/12 
C/G = 8/8

A/T = 10/10 

C/G = 10/10

(A+G) = (T+C) = 20 (A+G) = (T+C) = 20 



1.- A=T: the number of Adenines equals the number of Thymines.

2.- C=G: the number of Cytosines equals the number of Guanines.

3.- Purines=pyrimidines: purines (Adenine + Guanine) = pyrimidines (Thymine + Citosine).

There is a purine for each pyrimidin, and they appear coupled

4.- (A+T)/(C+G): la proporción entre la cantidad de Adeninas y Timinas y la cantidad de Citosinas y
Guaninas es variable y depende de la especie considerada.

Existe diferencia en la composición de bases nitrogenadas de las distintas moléculas de ADN

CHARGAFF RULES: to explain the proportion of different nucleobases in double-helix DNA.



1.- A=T: the number of Adenines equals the number of Thymines.

2.- C=G: the number of Cytosines equals the number of Guanines.

3.- Purines=pyrimidines: purines (Adenine + Guanine) = pyrimidines (Thymine + Citosine).

There is a purine for each pyrimidin, and they appear coupled

4.- (A+T)/(C+G): Adenine & Thymine and Cytosine & Guanine proportion is variable and depends on
the species considered.

Existe diferencia en la composición de bases nitrogenadas de las distintas moléculas de ADN

CHARGAFF RULES: to explain the proportion of different nucleobases in double-helix DNA.



ACGTTTTCCGACGATCTAAA TTCCGTTTTCCGACTTCGCT

TGCAAAAGGCTGCTAGATTT AAGGCAAAAGGCTGAAGCGA

A/T = 12/12 
C/G = 8/8

A/T = 10/10 

C/G = 10/10

(A+T)/(C+G) = 24/16 (A+T)/(C+G) = 20/20 



1.- A=T: the number of Adenines equals the number of Thymines.

2.- C=G: the number of Cytosines equals the number of Guanines.

3.- Purines=pyrimidines: purines (Adenine + Guanine) = pyrimidines (Thymine + Citosine).

There is a purine for each pyrimidin, and they appear coupled

4.- (A+T)/(C+G): Adenine & Thymine and Cytosine & Guanine proportion is variable and depends on
the species considered.

DNA molecules differ in nucleobases composition

CHARGAFF RULES: to explain the proportion of different nucleobases in double-helix DNA.
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DNA secondary structure: chains are antiparallel and complementary.



ACGTTTTCCGACGATCTAAA

TGCAAAAGGCTGCTAGATTT

5’

5’3’

3’
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- Phosphodiester (1ª)

- H bond(2ª)

- Pi-stacking (2ª)

TYPES OF BONDS:

DNA secondary structure: chains are antiparallel and complementary.



Source: MITx Bio



DNA secondary structure: chains are antiparallel and complementary.
Stable 3D structure. 

DNA-B DNA-A DNA-Z

Source: Wikipedia



DNA-B

DNA secondary structure: chains are antiparallel and complementary.
Stable 3D structure. 



DNA-A

DNA secondary structure: chains are antiparallel and complementary.
Stable 3D structure. 



DNA-Z

DNA secondary structure: chains are antiparallel and complementary.
Stable 3D structure. 



Source: Acdx., Wikipedia

Palindromes

DNA secondary structure: chains are antiparallel and complementary.
Stable 3D structure. 



Estructura Secundaria del ADN: cadenas antiparalelas y complementarias. Estructura tridimensional estable. 

Source: Panamericana

Palindromes & Complementary Regions

DNA secondary structure: chains are antiparallel and complementary.
Stable 3D structure. 

Loops

Forks

Cross



DNA tertiary structure: DNA packaging and protein binding. 

Source: Panamericana Ed.



Histone Octamer or Nucleosome

Source: Wikipedia



Fuente: Panamericana Ed.

DNA tertiary structure: DNA packaging and protein binding. 



Source: Wikipedia and Info-Farmacia

Beads on “string” structure



Source: Panamericana Ed.

DNA tertiary structure: DNA packaging and protein binding. 



Source: Panamericana Ed.

DNA tertiary structure: DNA packaging and protein binding. 



Source: Panamericana

DNA SUPERCOILING IN BACTERIAL CHROMOSOMES:

DNA tertiary structure: DNA packaging and protein binding. 

NucleoidProteins

DNA Loops



Source: rafaelnavajas.eu

POLYTENE CHROMOSOMES O CROMOSOMAS GIGANTES:

- In salivary glands, digestive tract and rectum of Drosophila
larvae.

- Homologous chromosomes are paired (although they belong
to somatic cells).

- Multiple DNA strands paired.

- Intensely stained regions and decondensed regions (puffs),
these later indicate high rate of transcription.

DNA tertiary structure: DNA packaging and protein binding. 



Source: Oskar Hertwig, Wikipedia

LAMPBRUSH CHROMOSOMES:

- Oocites of sharks, salamanders and spermatocytes of
many vertebrates.

- Meiotic chromosomes with regions of decondensed
chromatin.

- Large size, especially in diplotene.

- These loops are probably made of RNA (indicating high
rate of gene transcription).

DNA tertiary structure: DNA packaging and protein binding. 
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RNA primary structure: chain of nucleotides with phosphodiester bonds. 
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RNA secondary structure

Source: Zhengqing Ouyang, ResearchGateSource: Manish Kumar Gupta, ResearchGate



RNA tertiary structure: tRNA

Source: ASM Press and Sinauer Associates



Main types of RNA



Main differences
DNA/RNA

- Stable way to store information.
Instructions for all traits and functions.

- Auto-replicate with fidelity.

- Express the information. Central Dogma of
Biology DNA->RNA->Protein

Features of hereditary
material



Friedrich Miescher, 
1869

Richard Altmann, 
1889

Albrecht Kossel, 
1910

Phoebus Levene, 
1920

Nuclein Nucleic Acid Nucleobases Phosphates
and Riboses

Pioneers in DNA structure and composition

Erwin Chargaff, 
1940

A-T & C-G 
proportions





Rosalind Franklin, 
1953

Francis Crick, 
1953

James Watson, 
1953

Maurice Wilkins, 
1953

X-ray
crystallography

Tridimensional 
structure

Pioneers in DNA structure and composition



Frederick Griffith, 
1928

Oswald Avery, 
1944

Alfred Hershey, 
1952

Martha Chase, 
1952

Transformation
of bacteria

The Transforming
Principle

Bacteriophages

Pioneers in DNA function



Source: Khan Academy



Source: Wikipedia

Hershey & Chase Experiment



Source: Stated Clearly

RNA World Hypothesis

- LUCA (Last Universal Common Ancestor).

- RNA strands would have served as templates for auto-replication.

- Catalitic activity of ribozimes (autocatalitic and non-autocatalitic) would allow the acquisition of new
“functions”.



Baltimore Classification of Virus

DNA VIRUS:
GROUP I: double strand
GROUP II: one strand

RNA VIRUS:
GROUP III: double strand
GROUP IV: one strand (+)
GROUP V: one strand (-)

DNA VIRUS OR RNA REVERSE TRANSCRIPTASE:
GROUP VI: RNA one strand
GROUP VII: DNA double strand



Huma papiloma virus

Herpes virus
Chickenpox virus

DNA VIRUS:
GROUP I: double strand

Parvovirus
(fifth disease)

DNA VIRUS:
GROUP II: one strand

Tobacco mosaic virus



Rotavirus
(gastroenteritis)

Bluetongue virus

RNA VIRUS:
GROUP III: double strand

SARS-CoV-2 Yellow feverMERS

RNA VIRUS:
GROUP IV: one strand (+)

RNA VIRUS:
GROUP V: one strand (-)

Influenza virus Ebola virus



Source: theconversation.com



Source: covid19vaccinetrial.co.uk/



Source: sputnikvaccine.com/



Fuente: theconversation.com

Pfizer, Moderna y Biontech









Hepatitis B

DNA VIRUS OR RNA VIRUS WITH REVERSE TRANSCRIPTASE:
GROUP VI & VII

HIV



HBV CYCLE

Source: Wikipedia



HIV CYCLE



DNA Replication

Soruce: https://www.youtube.com/watch?v=YqjbmrQcyfM & Panamericana 

Helicase GyraseGyrase

SSB
(single-stranded DNA binding

proteins)

https://www.youtube.com/watch?v=YqjbmrQcyfM


DNA POLYMERASE:

- Needs a double-stranded fragment (primer) with
a free 3’ end.

- Add nucleotides in 5’-3’ direction.

Source: https://www.youtube.com/watch?v=YqjbmrQcyfM

DNA Replication

https://www.youtube.com/watch?v=YqjbmrQcyfM


Primase

3’ End
(free OH)

Source: https://www.youtube.com/watch?v=YqjbmrQcyfM

5’3’

DNA Replication

https://www.youtube.com/watch?v=YqjbmrQcyfM


Polymerase III
(polimerase activity 5’-3’)

Fuente: https://www.youtube.com/watch?v=YqjbmrQcyfM

DNA Replication

https://www.youtube.com/watch?v=YqjbmrQcyfM


Polymerase I
(exonuclease activity 3’-5’)

Fuente: https://www.youtube.com/watch?v=YqjbmrQcyfM

DNA Replication

https://www.youtube.com/watch?v=YqjbmrQcyfM


Fuente: https://www.youtube.com/watch?v=YqjbmrQcyfM

Leading strand

Lagging strands (Okazaki
Fragments)

DNA Replication

https://www.youtube.com/watch?v=YqjbmrQcyfM


Fuente: https://www.youtube.com/watch?v=YqjbmrQcyfM

DNA Replication

https://www.youtube.com/watch?v=YqjbmrQcyfM


Fuente: https://www.youtube.com/watch?v=YqjbmrQcyfM

Ligase 

DNA Replication

https://www.youtube.com/watch?v=YqjbmrQcyfM


Source: Panamericana
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Replication of Telomeres
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REPLICATION OF TELOMERES

www.rafaelnavajas.eu

Telomerase

RNA primer is removed
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(no telomerase activity)

Germ line 
(telomerase activity)
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Immortal cancer cells
(telomerase activity)



Source: CNIO, El Mundo



Source: https://youtu.be/ZDqsojQ8A5k

DNA Replication in bacteria

https://youtu.be/ZDqsojQ8A5k


Proofreading

Proof-reading Mismatch repair

Source: Khan Academy
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