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GENETICS
THE STUDY OF HEREDITARY BIOLOGICAL

TRAITS

FUNDAMENTAL NOTION

.Hereditary biological traits are carried by elements

of heredity (genes), 

..which are transmitted from the parents to the 

offspring

…during reproduction
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MENDELIAN GENETIC
THE BEGGINING

• First bases of Genetics

– Around 1860 by Gregor Mendel (an Austrian monk).

– Studied the transmission of certain physical traits of edible peas,
from one generation to the next.

– Scientific observation : The progeny of certain plants has similar
traits to their ancestors traits.

• Two big questions answered by the study of the heridity of certain traits

– Why do related organisms (ex. plants and mammals) have similar
traits?

– How do we explain the familial similarities?

– = MENDEL LAWS OF GENETICS.
5

VOCABULARY

• The vocabulary of Mendelien Genetics:

1. PHENOTYPE : group of apparent traits of an individual

2. GENES : determinant factors if the apparent traits

3. GENOTYPE : group of genes of an individual

4. ALLELE : one of the possible form of the same gene

5. HOMOZYGOTE : an individual is homozygote for a gene if he
possesses two identical alleles of the gene.

6. HETEROZYGOTE : an individual is heterozygote for a gene if he
possesses two different alleles of the gene.

7. DOMINANT OR RECESSIVE ALLELE : for an heterozygote individual
for a gene composed of the G allele and g allele ; if the individual
expresses only the trait of the G allele, this allele will be "dominant"
compared to the g allele "recessive".

6
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THE MENDEL LAWS OF GENETICS

• Many biologists before Mendel studied the crossbreeding between plants and
mammals, but their studies didn’t bring any strong conclusion.

– They worked with plants and organisms with many different traits, so they
couldn’t find the logic of hereditary transmission.

– Mendel innovated by his meticulous scientific approach.

• He worked with edible peas carrying seven different traits, each of them present under
two easily distinguishable forms :

Á FORM OF THE SEED (ROUND OR WRINKLE)

Á COLOR OF THE SEED (YELLOW OR GREEN)

Á Color of the envelop (grey or white)

Á Form of the clove (rectilinear or dented)

Á Colour of the clove (green of yellow)

Á Position of the flowers (axial or terminal)

Á Lenght of the stem (long or short)

MOST FAMOUS MENDELIAN TRAITS

7

MENDELIAN STUDY OF TRAIT TRANSMISSION

• Monohybridism : Cross of pea varieties distinguishable through only one character (most
famous character : form of the seed (round vs wrinkled)).

•Mendel cross bred two purebred lineages (P) : P round seeds + P wrinkled seeds

RESULT : ALL HYBRIDS (F1 GENERATION) HAVE ROUND SEEDS. 

Round  Wrinkled

8
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MENDELIAN STUDY OF TRAIT TRANSMISSION

Self-pollination of the F1 generation (the hybrid round seeds)

THE F2 GENERATION PRESENT BOTH ROUND SEEDS AND WRINKLED SEEDS PHENOTYPES

ROUND : WRINKLED phenotype ratio = 3:1

Round  Wrinkled

9
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MENDELIAN STUDY OF TRAIT TRANSMISSION

Main Observation
Re-apparition of the wrinkled trait at the second generation
(F2) without any external intervention

Conclusions
1. The F1 generation possess the trait, but it is not visible

(latent).
2. Two forms (allele) of the gene (locus) govern the form of

the seed
3. Each parent contribute one heredity unit (allele) to the

offspring (gamete pathway)
4. Each offspring has two alleles of a gene.
5. The first generation of peas possess one allele for the

round seed and one allele for the wrinkled seed,
(heterozygote Aa)

6. The round seed allele “A” is dominant, the wrinkled seed
allele “a” is recessive.

7. The first generation has a 100% dominant round seed
phenotype.
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MENDELIAN STUDY OF TRAIT TRANSMISSION

Parents (P) : homozygote genotypes (AA or aa)
Phenotype

F1 generation : all heterozygote genotype Aa
Phenotypic Ratio (round : wrinkled) = 2:0

Genotypic Ratio (AA : Aa : aa) = 0:2:0

F2 generations
Phenotypic Ratio (round : wrinkled) = 3:1

Genotypic Ratio (AA : Aa : aa) = 1:2:1

One way to visualize Mendel’s
monohybrid cross

PUNNETT TABLE

Round    Wrinkled

MONOHYBRID CROSS

http://www.accessexcellence.org/RC/VL/GG/images/MENDEL.gif
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ǀ

ǁ
Allele 1.1    Allele 1.2

1.1/1.1   1.1/1.2
1.1/1.2   1.2/1.2
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LAW OF DOMINANCE

• An organism with variables forms (alleles) of a gene will
express the dominant form.

– Origin of this law : Homogeneity of the F1 generation

* Reminder : Alleles can have more than two variable forms.
– Multiples alleles in the same population

– An individual can only possess two of those alleles.

13

THE FIRST LAW OF MENDEL
LAW OF SEGREGATION

Explain the transmission of the allele : A GAMETE
receives only ONE OF THE 2 ALLELES of the organism. 
The fertilization will bring the total number of alleles to 
two. 

Two members of the SAME GENIC PAIR (ALLELES) will
SEGREGATE from each other during the gamete
formation.  Half of the gamete possess one allele, while
the other half possess the other allele.

Mendel tested its segregation law through crosses until
the F6 generation. Similar resultsΧsame conclusions  

Today, we know that the segregation of alleles happens 
during GAMETOGENESIS s (i.e. meiosis). 14
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651 : 207

6022 : 2001

5474 : 1850

882 : 299

428 : 152

787 : 277

705 : 224

3:1 RATIO

Mendel tested the segregation law with the 

seven traits of the edible pea.

15

Flower Color

Flower Position

Seed Color

Seed Shape

Pod Shape

Pod Color

Stem Lenght

DIHYBRIDISM

•Mendel also studied the transmission of many traits through dihybrid crosses.

•Example: The parental generation comprised round and yellow seeds (RRYY) and
wrinkled and green seeds (rryy).

–DOMINANT TRAITS

–recessive traits

Observations

• F1 GENERATION

– ALL round and yellow seeds (RrYy).

• F2 GENERATION (cross of the F1 generation)

–9 round and yellow seeds

–3 round and green seeds

–3 wrinkled and yellow seeds

–1 wrinkled and green seeds 16
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F1 GENERATION

Mendel observed the disappearance

of two parental traits

Which ones?

F2 GENERATION

Mendel observed the reapparition of

the two absent traits of the F1

generation in 6% of the offsprings.

Sames results for all his dihybrid

crosses.

Parents of pure lines

P 1

F 1

F 2

F 1           P 2

Yellow and round
seed

100% yellow and round 
seeds

X

Green and wrinkled
seed

9               3               3               1

X

56.25%  
yellow and

round

18,75% 
green and

round

18,75%  
yellow and
wrinkled

6,25% 
green and 
wrinkle

DIHYBRIDISM

17

WHAT GAMETES AN INDIVIDUAL WITH THE 
Rr Yy GENOTYPE CAN PRODUCE?

Answer : 25% RY, 25% Ry , 25% rY , 25% ry

18

R r Y y
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CROSS CHECKER

•A two-entry grid can establish easily and systematically all the gamete combinations.

•The number of colums (and lines) is determined by the different types of gametes
produced by the individual. What you have to mention :

Á The different types of gametes produced and their respective proportions.

Á The different genotypes and phenotypes and their frequencies.

EXAMPLE

In a cross, the female produces 4 types of gametes (RY; Ry; rY; ry) with the same
proportions (¼; ¼; ¼; ¼); and the male produces 2 types of gametes (RY; Ry) with the same
proportions (½ et ½). The following two-entry grid can be formed :

GAMETES RY 1/4 Ry 1/4 rY 1/4 ry 1/4

RY 1/2 RRYY (RY) 1/8 RRYy (RY) 1/8 RrYY (RY) 1/8 RrYy (RY) 1/8

Ry 1/2 RRYy (RY) 1/8 RRyy (Ry) 1/8 RrYy (RY) 1/8 Rryy (Ry) 1/8
19

THE PUNNETT SQUARE

F1 Cross

4 types of gametes : RY, rY, Ry et ry.

Each gamete receives one allele corresponding to the seed color and one
allelecorresponding to the seed form.

Genotypic ratio Phenotypic ratio

(1) RRYY
(2) RrYY
(2) RRYy
(4) RrYy

9 round and yellow

(1) RRyy
(2) Rryy 3 round and green

(1) rrYY
(2) rrYy 3 wrinkled and yellow

(1) rryy 1 wrinkled and green

http://www.2classnotes.com/images/12/science/biology/botany/Mendal_work/dihybrid_cross.gif

20
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FOR 3 LOCI 
SAME

METHOD

A locus B locus C locus PROBABILITY

1/4 AA

1/4 BB

1/4 CC 1/64 AABBCC

1/2 Cc 1/32 AABBCc

1/4 cc 1/64 AABBcc

1/2 Bb

1/4 CC 1/32 AABbCC

1/2 Cc 1/16 AABbCc

1/4 cc 1/32 AABbcc

1/4 bb

1/4 CC 1/64 AAbbCC

1/2 Cc 1/32 AAbbCc

1/4 cc 1/64 AAbbcc

1/2 Aa

1/4 BB

1/4 CC 1/32 AaBBCC

1/2 Cc 1/16 AaBBCc

1/4 cc 1/32 AaBBcc

1/2 Bb

1/4 CC 1/16 AaBbCC

1/2 Cc 1/8 AaBbCc

1/4 cc 1/16 AaBbcc

1/4 bb

1/4 CC 1/32 AabbCC

1/2 Cc 1/16 AabbCc

1/4 cc 1/32 Aabbcc

1/4 aa

1/4 BB

1/4 CC 1/64 aaBBCC

1/2 Cc 1/32 aaBBCc

1/4 cc 1/64 aaBBcc

1/2 Bb

1/4 CC 1/32 aaBbCC

1/2 Cc 1/16 aaBbCc

1/4 cc 1/32 aaBbcc

1/4 bb

1/4 CC 1/64 aabbCC

1/2 Cc 1/32 aabbCc

1/4 cc 1/64 aabbcc

21

LAW OF INDEPENDANT DISTRIBUTION

Based on its results, Mendel postulated the Law of Independant 
Distribution

During the gamete formation, the alleles of one locus will be 
distributed independantly from the the alleles other loci.

Today, we know that genes coding FOR INDEPENDANT TRAITS are 
localized on DIFFERENT CHROMOSOMES.

22



12

THE MENDELIAN MODEL OR 
THE LAWS OF MENDEL

1. THE HOMOGENEITY OF F1 GENERATION : each inherited trait depends on
the interaction of the two alleles of one gene.

• One of the allele, the dominant one, is expressed at the
phenotypic level.

• All hybrids from the first generation (F1) are homogeneous and
present the dominant phenotype.

2. TRAIT SEGREGATION : during gametes formation, chromosomes are
separated to ensure that each gamete receives only one copy of
each allelic pair.

• Gametes possess half of the hereditary materiel (n) from a
normal cell (2n).

23

OTHER MODELS OF HEREDITY

We have considered alleles to be either dominant or recessive 

For the edible pea : round is dominant over wrinkled, yellow is 
dominant over green

Other models of heredity exist…

24
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CODOMINANCE

Alleles can be codominant, meaning that both alleles are expressed equally in the
phenotype.

Phenotype of an heterozygote genotype : mix corresponding to the respective
homozygote genotypes.

Examples of codominance

The HLA antigenes (HLA-A,B,C,DR,DQ,DP) are expressed codominantly.

The blood groups ABO (A and B are codominant, O is recessive)

25

INCOMPLETE DOMINANCE

P1 RR (red) x R’R’ (white)

F1 RR’ (pink)

F2 1 RR (red)  2 RR’ (pink)  1 R’R’ (white)

In the case of an incomplete dominance, the heterozygote genotype shows an 
intermediary phenotype between both parents (homozygote genotype).  

• Example: The colour of particular flowers

• The PINK COLOUR comes from the red allele encoding a functional protein for the 
production of a red pigment and the white allele encoding a non-functionnal
protein wich cannot produce the red pigment.

cps.ci.cambridge.ma.us

26
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LETHAL GENES

Cross of Boxer dogs with the coat colour determined by the following alleles

Fawn (b) = recessive allele

Brindle (B) = dominant allele

The offspring with the fawn coat (phenotype) are carrying a b/b genotype.

The brindle coat (phenotype) is determined by the dominant allele B. The

offspring with the brindle coat (phenotype) are carrying the B/B or B/b

genotype.

Theorically, a cross Bb x Bb will lead to the following phenotypic ratio

3 brindle (1 BB and 2 Bb) and 1 fawn (bb)

But we always obtain the following phenotypic ratio : 2 brindle and 1 fawn.

The genotype B/B is a lethal form. 27

PENETRANCE

The term penetrance indicates the portion of individuals with a given genotype and,

normally, presenting the phenotype associated with the given genotype.

– % penetrance = NUMBER of individuals with the PHENOTYPE

NUMBER of individual with the CORRESPONDING GENOTYPE

– If all individuals present the same effect, the penetrance will be complete.

Most genes show a complete penetrance.

Otherwise, we deal with incomplete penetrance.

– Eyeless gene of the fruit fly (Drosophila melanogaster) : penetrance of 85% with a
phenotype varrying between the complete absence of eyes to a barely visible
reduction of the eye size.

– Polydactyly of the human (various gene) : supernumerary fingers or toefingers.

28
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CHROMOSOMIC THEORY OF HEREDITY

The Laws of Mendel, combined with cytologic evidences of the mitosis and meiosis

pathways obtained at the end of the 19th century, led to the CHROMOSOMIC THEORY OF

HEREDITY.

• Observations made :

1. The chromosomes in the nuclei divided in a longitudinal way during cell
division.

2. The divided chromosomes are distributed equally between the daughter
cells.

3. The total number of chromosomes does not change in all the organism’s cells
(mitosis), except during the formation of gametes (second step of meiosis).

4. The number of chromosomes varies between each species.

5. In 1903, Sulton and Boveri observed that the transmission of chromosomes
followed the transmission of genes (from one generation to the next).

30
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•From 1909 to 1915, the american Thomas Hunt Morgan evoked the first
molecular fundations of genetic by studying the hereditary transmission
of different traits of the fruit fly (Drosophila melanogaster).

He was the first to associate a specific gene to a specific chromosome (sex
chromosome). During aŜƴŘŜƭΩǎstudies, chromosomes were not
discovered.

This theory says that the hereditary factors described by Mendel are
located on chromosomes that are submitted to segregation and
independent assortment during gametogenesis.

CHROMOSOMIC THEORY OF HEREDITY

31

THERE ARE MORE

LOCI/GENES IN

AN ORGANISM THAN

CHROMOSOMES.

EACH CHROMOSOME

CARRIES MANY LOCI.

http://www.accessexcellence.org/RC/VL/GG/images/genes.gif

32

CHROMOSOMES ARE THE GENE CARRIERS
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2 TYPES OF CHROMOSOMES

SEX CHROMOSOMES DETERMINE THE GENDER (1 pair/human).

Sex chromosomes are GENETICALLY DIFFERENT.

In general, theyŘƻƴΩǘform homologous pairs.

Hereditary form different from the ŀǳǘƻǎƻƳŜǎΩǎ.

All the other chromosomes are called AUTOSOME OR

AUTOSOMAL CHROMOSOME (22 pairs/humans ).

Autosomes exist in homologous pairs

Each chromosome carries one copy (allele) of each

gene.

http://www.ck12.org/ck12/images?id=292500

33

GRAND TOTAL : 23 pairs/human

CELL DIVISION

Cell division is complex biological process where the cell duplicates. It implies a precise
duplication and division of DNA that contains the genetic programmation of the cell (the
genome).

1. Create an indentical progeny from the parents in unicellular organisms.

2. Growth of pluricellular organisms.

3. Development of pluricellular organisms.

4. Reparation of pluricellular organisms.

The eucaryotic genome is far more complex than the procaryotic genome.

Á Duplication and division of the thousands of genes in eucaryotes require a well-
regulated biological process.

Á The regroupement of those genes on chromosomes simplifies their distribution
during cell division.

34
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TWO TYPES OF CELL DIVISION

MITOSIS

The nuclei divides to form 2 daughter cells carrying the

same number of chromosomes than the mother cell.

MEIOSIS

The cells divide to reduce the number of chromosomes

in half to produce gametes (sex cells).

35

IMPORTANT CONCEPTS

1. The mother cell has a pair number of chromosomes and is diploid (2n).

2. Gametes are haploid (n) : they possess half of the chromosomes.

Only the precusor cells of the sex cells can divide through meiosis, which lead

to the formation of gametes with n chromosomes.

3. ALL CELLS FROM THE SAME SPECIE POSSESS 2N CHROMOSOMES
(EXCEPTION : THE

MATURE SEX CELLS (GAMETES : SPERMATOZOIDS AND EGG)).

Each specie has a precise and specific number of chromosomes in its

somatic cells.

36
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4. Each chromosome is a long molecule of 
DNA associated with proteins helping to 

maintain the structure of the 
chromosome and to control the activity 

of the genes.

5. The DNA-proteins complex is called 
chromatin : it is fold-back and coiled

mountsinai.on.ca

37

IMPORTANT CONCEPTS

6. When a spermatozoid with n chromosomes

(paternal) fertilizes an egg with n

chromosomes (maternal), the result is a

fertilized egg (or zygote) with 2n

chromosomes. Those chromosomes are

paired to form homologous

chromosomes.

7. All cells of the zygote will go through

mitosis and will carry n paternal

chromosomes and n maternal

chromosomes (total = 2n)

38

IMPORTANT CONCEPTS
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EXAMPLE : BIOLOGICAL CYCLE OF HUMAN

Each human cell contains 46 chromosomes

23 from the father, 23 from the mother

The 46 chromosomes are assembled in the 

nucleus of the cell after the fusion of a

spermatozoid (23 chromosomes) with an egg

(23 chromosomes) 

The process of fertilization creates a zygote

with 46 chromosomes.

After mitosis, the zygote can produce all the

somatic cells of the human body. 39

CELL CYCLE

The typical duration of the cell cycle in mammals is

18-24 hours (around 10-30 hours for plant cells).

G1 (Gap 1) : 10 hour

G2 (Gap 2) : 4 hours

S (DNA Synthesis): 9 hours

M (Mitosis) : 1 hour

INTERPHASE

Cell growth, metabolic activity and DNA

replication. Around 90% of the cell cycle.

MITOSIS

Chromosomes are segregated and separated

between the two daughter cells

The cytoplasm is divided.

Image : www.biologycorner.com/resources/cell_cycle.jpg

40
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INTERPHASE

• The G1 phase (G = gap) : pre-replication loophole and cell growth

– The cell prepares to replicate DNA.

• The S phase (DNA Synthesis) : chromosomes duplication

– Amount of DNA doubles.

• The G2 phase : post-replication loophole, the cell prepares for division

– The nuclear membrane is intact and evident.

– The nucleole is visible.

– The chromosomes are not visible.

– The DNA replication happens during the S phase.

• Each chromosome is duplicated (two chromatids).

41

INTERPHASE AND MITOSIS

Image : http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=hmg&part=A127

42
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MITOSIS

• Increase the number of cells (the progeny)

• Ensure the cell renewal and the identical genetic
composition of all somatic cells of the same organism.

• The ONLY way to reproduce for asexual species.

• The cell divides in four steps
– Prophase

– Metaphase

– Anaphase

– Telophase 43

MEIOSIS

• All meiosis events : basics of the Laws of Mendel.

• Happens only in organisms that reproduce sexually.

• Meiosis is the only mechanism that can reduce the number of chromosomes
before the fertilization and formation of the zygote.

• In absence of meiosis, the number of chromosomes wouldn’t be regulated.

– Right amount of genetic material between generations.

• Characterized by two cell divisions

1) REDUCTIONNIST DIVISION : FORMATION OF HAPLOID CELLS

• Homologous chromosomes are separated to produce two daughter cells
carrying half of the chromosomes.

2) EQUATORIAL DIVISION : SIMILAR TO MITOSIS

• Separate the sister chromatids to produce four haploid daughter cells. 44
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MEIOSIS I – REDUCTIONNIST PHASE

PROPHASE I

1. Start of the chromatin condensation

– Chromosomes appear as long filaments.

2. Homologous chromosomes are brought together to form pairs (synapses)

– The synaptoneme complex is formed between homologous chromosomes to
facilitate their appariement.

3. Chromosomes continue to shrink and the sister chromatids appear as tetrads.

4. Exchange of genetic material (crossing-over)

– Crossing-over is a reciprocal exchange between homologous chromosomes.

– The function of the crossing-over is to offer a greater genetic diversity to the
progeny.

5. The spindles are attached to the centromeres. 45

DURING PROPHASE I : CROSSING-OVER

Synapsis

Pairing of the homolous chromosomes (gene-to-

gene)

Formation of a tetrad

Chiasma

Genetic exchange site, visible by microscopy

Crossing over

Exchange of genetic segments between two

homologous chromatids.

http://faculty.irsc.edu/FACULTY/TFischer/bio%201%20files/bio%201%20resources.htm

46
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METAPHASE I

1. Each pair of homologous chromosomes (tetrad of chromatids) are placed at the cell’s equatorial plate

(Alignment of all chromosomes at the ŎŜƭƭΩǎequatorial plate)

ANAPHASE I

1. Each chromosome of each homologous pair will move toward opposite poles of the cell. This ensures
the reduction of the number of chromosomes.

• Homologous chromosomes are separated through the spindle fibers.

• Centromeres don’t duplicate (the sister chromosomes are separated, not the sister chromatids).

• Separation and migration of dyads of sister chromatids at each pole.

TELOPHASE I

1. Similar to the mitosis telophase.

– A new haploid nucleus is formed in the two daughter cells.

– The chromosomes visually disappear.

– Cytokinesis is almost complete.

There are now TWO HAPLOID CELLS WITH CHROMOSOMES CONTAINING TWO CHROMATIDS. This means
that DNA has double.

MEIOSIS I – REDUCTIONNIST PHASE

47

MEIOSIS II : EQUATORIAL PHASE

• The second cell division of meiosis is the equatorial division.

ü The daugter cells will have the same number of chromosomes
than the mother cell.

• The four cells produced during meiosis are haploid.

• The prophase II, metaphase II, anaphase II and telophase II are very
similar to the SAME EVENTS IN MITOSIS.

48
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http://nte-serveur.univ-

lyon1.fr/nte/EMBRYON/www.uog

uelph.ca/zoology/devobio/210lab

s/meiosis1.html

MEIOSIS

49

http://library.thinkquest.org/C01

23260/basic%20knowledge/cel

l%20division.htm

MEIOSIS

50
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WHAT IS INDEPENDANT SEGREGATION?

51

DIFFERENCES BETWEEN
MITOSIS AND MEIOSIS

MITOSIS

V Produces somatic cells

V Daughter cells are genetically identicals.

V Daughter cells are diploids.

V Happens in all tissus.

V Comprise one DNA replication cycle and 

one cell division cycle.

V Prophase is short and simple.

V Homologous chromosomes are 

independant.

V Recombinations are anormal.

MEIOSIS

V Produces gametes.

V Daughter cells are genetically differents

V Daughter cells are haploids.

V Happens in gonads.

V Comprise one DNA replication cycle 

and two cell division cycles. 

V Prophase is long and complex.

V Homologous chromosomes are 

paired.

V Recombinations are systematics.

52
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33
1

1

4

4
2

Gametes containing only one copy of each
chromosome.

During meiosis, 
homologous

chromosomes are 
separated.

CELL WITH 5 PAIRS OF 
HOMOLOGOUS

CHROMOSOMES

Nota Bene

Each cell needs at least one

and no more than one 
chromosome for each type 

of chromosomes.

53

INDEPENDANT REPARTITION OF HOMOLOGOUS
CHROMOSOMES INDUCES A LARGE VARIABILITY

üOne individual can produce more than 8 x106 different gametes (223 possibilities).

üWithout considering the recombination events!
54

Maternal origin
Paternal origin

Diploid
Somatic

cell

GAMETE
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GENETIC RECOMBINATION

• During meiosis, an event can occur to increase the
genetic diversity : the crossing-over

– Homologous chromosomes are associated
and exchange some DNA segments before
their segregation.

– Those DNA segments can be genes, regulatory
regions, etc.

• Each gamete formed by one precusor cell possess
different genes from the other gametes.

• This genetic mix is created by meiosis and
fertilization.

• All zygote will possess a unique genetic background
comprised ot maternal and paternal genes.

– This genetic background leads to a unique
phenotype.

rationalwiki.com/wiki/Meiosis

55

GENETIC RECOMBINATION : CHIASMA

http://www.synapses.co.uk/genetics/crosso1.gif

http://www.biotechlearn.org.nz/var/biotechlearn/storage/images/focus_stories/evolved_enzymes/imag

es/chromosomes_crossing_over/117973-2-eng-AU/chromosomes_crossing_over_large.jpg

ONE CHIASMA TWO CHIASMA
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NEW ALLELE COMBINATIONS CAN BE PRODUCED…

1. Through the random distribution of 
chromosomes, from maternally or 
partenall origins.

2. Through genetic material exchange 
between maternal and paternal
chromosomes.

3. Through the formation of new 
arrangements by crossing-over (a.k.a. 
genetic recombination).

4. For a genome of 1000 genes, with each
gene made of 2 alleles, there are 21000

possible gamete’s combinations.

http://www.bio.georgiasouthern.edu/bio-home/harvey/lect/images/comeiosis.gif
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GENETIC LINKAGE

• Each gene has a specific position on a chromosome.

• Two genes on the same chromosome will have a higher probability to not be separated at

meiosis (to be transmitted together to the offspring) if they are close to each other.

• After the rediscovery of the Laws of Mendel, researchers observed that some loci are not

transmitted independantly from each other.

• CROSS BRED WITH TWO LOCI

– Observation 1: a high frequency of individuals showing one of the parentôsphenotype

(P1). Those individuals are non-recombinant or parental.

– Observation 2 : at a lower frequency, some individuals show a combination of the

parentôsphenotype. Those individuals are recombinant.

• The most plausible explanation is the proximity of those two loci on the same

chromosome.

• Co-segregation of two ore more genes is called LINKAGE. 59

INDEPENDANT SEGREGATION
NO LINKAGE
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GENES ON THE SAME CHROMOSOME LINKAGE
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CENTRAL DOGMA
(FORMULATED BY F. CRICK IN 1958)

63

• Replication perpetuates information (genes) represented by double-strand nucleic acids
(DNA for cells, DNA or RNA for viruses).

• Expression (or function) of genes are carried by proteins

– Expression implies two process : transcription fo generate single-stranded RNA and
translation fo generate proteins.

– During transcription, RNA is synthesized from a double-strand DNA. One of the
strand is the matrix, while the other one encodes the gene.

– This RNA, or messenger RNA, migrates toward the cytoplasm of the cell where the
coding protein is synthesized by ribosomes (translation).

• In cells, the flow of genetic information starts at the nucleic acids and ends at the
proteins. This flow cannot go otherwise.

– N.B. Some viruses transfer their genetic informations from RNA to RNA or from RNA
to DNA using a reverse transcriptase.

.

CENTRAL DOGMA : BASIC NOTIONS
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“REVISITED” CENTRAL DOGMA

DNA

MESSENGER RNA

PROTEINS

TRANSCRIPTION

TRANSLATION

DNA REPLICATION

REVERSE TRANSCRIPTION

RNA REPLICATION
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Flow

“REVISITED” CENTRAL DOGMA

www.iusd.org/uhs/cs2/central_dogma_diagram.htm
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DNA

rRNA

(ribosomal)

mRNA
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tRNA

(transfer)

RIBOSOME

PROTEIN

TRANSCRIPTION

TRANSLATION

“REVISITED” CENTRAL DOGMA
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“REVISITED” CENTRAL DOGMA
EUCARYOTES VS PROCARYOTES
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END OF PART 1
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