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Trait (Character) : qualitative or quantitative feature transmissible to the
next generations

Evolution : Modification of traits from generation to generation driven
par natural selection and genetic drift

Heredity : transmission of inherited traits from one individual to its
progeny

Genetic: science that studies individuals’ inherited characters, their
transmission throughout generations and their alterations (mutations).

INTRODUCTION

Fundamental principles



I – The emergence of Molecular Biology

Gregor Mendel (1822 - 1884)

 Classical genetics

Heredity’s (Mendel’s) laws (1866)

Law n°1 : uniformity of characters at first generation.

Loi n°2 : Segregation of characters

Genes and alleles : (concepts 1 to 6) : http://www.dnaftb.org/1/ 



Gregor Mendel (1822 - 1884)

 Chromosome is the support of heredity (1910)

Thomas Morgan (1866 - 1945)

Chromosmal theory of heredity

Drosophila melanogaster

Chromosomes polytènes

 Classical genetics

I – The emergence of Molecular Biology



 Chromosome is the support of heredity (Thomas Morgan)



 Chromosome is the support of heredity

Genes and Chromosomes : (concepts 7 to 14) : http://www.dnaftb.org/1/

https://www.youtube.com/watch?v=PLaDJMx88FI 

http://www.dnaftb.org/1/


Thomas Morgan (1866 - 1945)
Alfred Sturtevant (1891 - 1970)

 DNA is the support of inheritence

Gregor Mendel (1822 - 1884)

Fred Griffith (1877 - 1941)
Oswald Avery (1877 – 1955)

Alfred Hershey (1908-1997)
Martha Chase (1927-2003)

 Composition and structure of DNA

Erwin Chargaff (1905 - 1992)

A+T / C+G = K

A / T = C / G = 1

 Chromosome is the support of inheritence

 Classical genetics

https://www.youtube.com/watch?v=a3_1AOXCMmo

I – The emergence of Molecular Biology



II – Structure of nucleic acids

II.I Simple molecules

Desoxyribonucleic acid (DNA)

= polymers of small sub-units called nucleotides

BASE

SUGAR

PHOSPHORIC ACID



II.I.1 Nitrogenous bases

6-amino-purine 2-amino-6-oxy
-purine

2-oxy-4-amino
-pyrimidine 2,4-dioxy-pyrimidine 2,4-dioxy-5-méthyl-

pyrimidine



II.I.2 Sugars

RNA DNA



NucleoSides

SUGAR + BASE 

II.2 Nucleosides

N-glycosidic
b-osidic bound



Base Ribonucleoside Desoxyribonucleoside

Adénine Adénosine Désoxyadénosine
Guanine Guanosine Désoxyguanosine

Uracile Uridine Désoxyuridine
Cytosine Cytidine Désoxycytidine
Thymine      Thymine ribonucléoside Désoxythymidine

ou
thymidine

II.2 Nucleosides

Purines

Pyrimidines
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II.3 Phosphoric Acid



II.4 Nucleotides
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Nucléoside-5’-Phosphate 

C C 

NUCLEOSIDE 

NUCLEOTIDE 

Liaison ester 

SUGAR + BASE+ PHOSPHATE = NUCLEOTIDE



NucleoTides : nucleosides-5’-Monophosphate

Base RibonucleoTide DesoxyribonucleoTide

Adénine Adénosine-5’-Monophosphate (AMP) Désoxyadénosine-5’-Monophosphate (dAMP)
Guanine Guanosine-5’-Monophosphate (GMP) Désoxyguanosine-5’-Monophosphate (dGMP)
Uracile Uridine-5’-Monophosphate (UMP) Désoxyuridine-5’-Monophosphate (dUMP)
Cytosine Cytidine-5’-Monophosphate (CMP) Désoxycytidine-5’-Monophosphate (dCMP)
Thymine      Thymine riboside -5’-Monophosphate (TMP) Désoxythymidine -5’-Monophosphate (dTMP)

II.4 Nucleotides
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II.5 Phosphodiester bound
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Polynucleotidic chain

II.5 Phosphodiester bound



A T G C A G

P P P P P P

3’ 3’ 3’ 3’ 3’ 3’

5’ 5’ 5’ 5’ 5’ 5’

p5’dAp5’dTp5’dGp5’dCp5’dAp5’dG ou 5’-dATGCAG-3’
5’-ATGCAG-3’

Polynucleotidic chain

II.5 Phosphodiester bound



II.6 Secondary Structure of DNA

Secondary Structure : The Watson et Crick model

Rosalind Franklin



La molécule d’ADN : structure secondaire

- Bicaténaire (2 chaînes polynucléotidiques) 

- Antiparallèle

- Hélicoïdale

- Bases (intérieur) Sucres/phosphates 
(extérieur)

- Complémentaire

http://biomodel.uah.es/en/model4/dna_fr/dnapairs.htm

II.6 Structure Secondaire de la molécule d’ADN



Rules of complementarity

5’

5’

3’

3’

II.6 Secondary Structure of DNA



The DNA molecule : secondary structure and stability

https://www.youtube.com/watch?v=q6PP-C4udkA

II.6 Secondary Structure of DNA

https://www.youtube.com/watch?v=o_-6JXLYS-k



Exercise

The proportion of nitrogenous bases in a single stranded DNA was calculated. The G-C 
content of that molecule is 39,8%.

1. Calculate the proportion of each of the 4 bases (A, T, G, C) in the molecule.

2. Propose a 20 nucleotide long double-stranded DNA molecule that fits this criteria.



III. Structure of genomes

In cells, the molecule of DNA is associated to specialized proteins which will determine the structure by 
imposing a series of constraints : Chromosome

The structuration of DNA will have an impact on :

- its size

- its accessibility (protection, replication, transcription, etc..)



The genome of each organism is organized into a specific number of chromosomes, whose
shape is caracteristic

III. Structure of genomes



Allele : one of the versions of a gene

Locus : position of a gene on the 
chromosome

In an individual, or a population, more 
than one allele can be found at a 
single locus

What’s a gene

III. Structure of genomes



The gene

The genetic code
Genetic Code : the relation between the 
sequence of nucleotides in the DNA and 
the sequence of amino acids in the 
polypeptides

Genetic Information : genes + regulatory
sequences

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



The genetic code



genetic code  : the open reading frame (ORF)

In general, only one of them is used

A particular DNA sequence encompases 3 independent ORFs

III. Structure of genomes



The size of the genome is roughly correlated to the complexity of the organism

C-value  : size of a genome in bas pairs 
(bp) or pico-gram

III. Structure of genomes



The number of genes increases as the complexity of the organism increases

III. Structure of genomes



The C-value paradox : There is not a strict correlation between the size 
of the genome and the complexity of the organism or the number of 
genes

III. Structure of genomes

https://bio.libretexts.org/TextMaps/Genetics/Book%3A_Working_with
_Molecular_Genetics_(Hardison)/Unit_I%3A_Genes%2C_Nucleic_Acids
%2C_Genomes_and_Chromosomes/4%3A_Genomes_and_Chromosom
es/4.5%3A_Sizes_of_genomes_-_The_C%E2%80%91value_paradox



III. Structure of genomes

The number of genes roughly increases with the complexity of the 
organism



Structure of genes

In procaryotes, genes are not interrupted (monocistronic)

In eukaryotes, genes are longer and mostly interrupted (introns/exons)

 ADN et ARNm sont colinéaires

III. Structure of genomes

http://www.nature.com/scitable/topicpage/what-is-a-gene-colinearity-and-transcription-
430



During evolution, genes went from mostly short and not interrupted to 
mostly longer and interrupted

Structure of genes

III. Structure of genomes



exons are short and with constant sizes 
throughout evolution

introns are more variable in size and 
become longer throughout evolution

Structure of genes

III. Structure of genomes



III. Structure du génome

More complex organisms have lower gene densities

Moderatly or highly repeated DNA (junk
DNA) : in general, non coding
(transposons, satellite DNA, low
complexity DNA)

Non repeated DNA : coding regions
(genes)



Classical composition of a superior eukaryote genome

The majority of DNA is non coding!

III. Structure du génome

https://www.youtube.com/watch?v=uaq2XdXgfPY



IV. Mutations

Mutations are modifications of DNA sequences

Spontaneous mutations (mistakes during
replication)

Inducible mutations (chemical modifications)

Insertion of exogenous DNA (viruses, transposons)

http://education-portal.com/academy/lesson/mutagens-how-the-environment-affects-
mutation-rates.html



IV. Mutations

Spontaneous Mutations



IV. Mutations

Spontaneous Mutations



(Science, Nov
2016)

IV. Mutations

Inducible Mutations and mutagens



Mutations can be :

Silent (no effect)

Null (loss of function)

New function (gain of function)

IV. Mutations



Mutations are in general
recessive

 Recessive alleles produce
inactive proteins

IV. Mutations



1 : Chromosomal mutations : modifications of the structure or copy number
of chromosomes

n (germinal cell, monoploïd), 2n (somatic cell, diploïd) : normal euploïdy

3n, 4n,…8n : abberent euploïdy

2n-1, 2n+1 : aneuploïdy

45

IV. Mutations



1 : Chromosomal mutations : modifications of the structure or copy number
of chromosomes

IV. Mutations



Substitutions

IV. Mutations



Genetic code

IV. Mutations



Substitutions may change the sequence of the final polypeptide



V. Decoding the genomes

Genetic maps



http://www.youtube.com/watch?v=nrnJPC6e19c

The genetic/molecular markers :

Définition : fragment (sequence) of polymorphic DNA that is specifically
identifiable in individuals

features: multiallelic (polymorphism), universal et inherritable

V. Decoding the genomes

http://www.youtube.com/watch?v=nrnJPC6e19c


RFLP : Restriction length fragment polymoprhism

Gene coupling

V. Decoding the genomes



STRs : Short tandem repeats (VNTR)

Detected by RFLP : 

Detected by AFLP : 

https://www.youtube.com/watch?v=DbR9xMXuK7c

V. Decoding the genomes



SNP : Single nucleotide polymorphism

V. Decoding the genomes



SNP : Single nucleotide polymorphism

V. Decoding the genomes



SNP : Single nucleotide polymorphism

V. Decoding the genomes

https://www.youtube.com/watch?v=DE9b1dxy_pE


