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Gene abundance
number of different m-RNA’s         molecules/cell
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Over 5 % of human babies born have recognizable malformations, some of 
them mild some of them severe. Some birth defects are produced by mutant 
genes or chromosomal abnormalities, while others are produced by

 
environmental factors.

Genetic defects: malformations – often appear as syndromes
Use of animal models to identify genetic, cellular and molecular basis of 
human syndromes.

Environmental defects: disruptions
Responsible agents: teratogens –

 

chemicals, viruses, radiation



Pleiotropy

In medicine, the term syndrome refers to the association of several clinically 
recognizable features, signs

 

, symptoms, phenomena or characteristics that often occur 
together, so that the presence of one feature alerts the physician

 

to the presence of the 
others

The production of several effects by one gene  is called pleiotropy.



Single gene disorder
Mendelian traits caused by mutant alleles

Exhibit obvious and charactetrisic pedigree pattern

Autosomal versus sex-linked

Dominant versus recessive (versus co dominant (Black and white=grey)

Occurrence of one disease rare ( less than 1/500)

But many different kinds of genetic disorder ( 13000-20000 )



Single nucleotide polymorphisms 
(SNP) are the most common type 
of genetic variation. A SNP is a 
single base pair mutation at a 
specific locus. SNPs are often 
found to be the etiology of many 
human diseases and are 
becoming of particular interest in 
pharmacogenetics.



How to detect the gene responsible 
for a single gene disorder ?



The top diagram shows paternal (blue) and maternal (red) chromosomes aligned in a germ cell, a cell that 
gives rise to eggs or sperm. Three DNA sequences are shown, labelled A, B and C. The capital letters 
represent the paternal alleles and the lower case letters represent the maternal alleles. The middle panel 
shows the physical process of recombination, which involves crossing over of DNA strands between the paired 
chromosomes. The bottom panel shows what happens when the crossover is resolved. The maternal and 
paternal alleles are mixed (recombined) and these mixed chromosomes are passed to the sperms or eggs. If 
A is the disease gene and B and C are genetic markers, recombination is likely to occur much more frequently 
between A and C than it is between A and B. This allows the disease gene to be mapped relative to the 
markers B and C 

Principle of linkage ( pedigree) analysis. Gives a hint about the position 
of a genetic disorder associated with a different phenotype.



Positional Cloning
Aniridia gene, if absent people develop no or 
little iris in their eyes.

Aniridia



An upstream enhancer (B) directs the
LacZ reporter transgene in the surface
ectoderm overlying the optic cup .

Regulatory regions of the mouse Pax6 gene 
( a Transcription Factor by itself )

Map of enhancer sites of the Pax6 gene . The gene has 2 upstream

 

promoters 
( in exon 0 and exon 1 ) either of each can initiate transcription of the same 
RNA . Regions A-D are enhancer regions specific for different tissues . 

Transgenic mouse embryo 





Knock Out Mice

In Knockout Mice it is essential, that the foreign DNA 
is integrated into a specific DNA target within the 
mouse genome = the gene which should be knocked 
out 



The MOUSE Life span: approx. 2.5 years
Gestation : 21 days
Litter size: 8 to 12 
Generation time: three months
Several inbred strains
Genomic database
Most advanced genetic technologies

Over 90% identical to human genome

Large enough for physiological studies



KNOCKOUT MOUSE VECTOR
.

Exon 1 Exon 2 Exon 3 Exon 4

Neo r HSVtkKnockout vector

HSVtk= Herpes Simplex Virus  thymidine kinase : tk, a 
gene that encodes thymidine kinase, an enzyme that 
phosphorylates the nucleoside analog ganciclovir (9- 
(1,3-dihydroxy-2-propoxy)methylguanine) .

DNA polymerase fails to discriminate against the 
resulting nucleotide and inserts this nonfunctional 
nucleotide into freshly-replicating DNA (DNA replication is 
interrupted ) . So ganciclovir kills cells that contain the tk 
gene. 

Neo r, a gene that encodes an 
enzyme that inactivates the 
antibiotic neomycin and its 
relatives, like the drug G418, 
which is lethal to mammalian cells;
(Protein synthesis, translation) 

Final result ( cells are resistant to Neomycin and Gancyclovir insensitive )

Exon 1 Exon 3 Exon 4

Neo r

1000 BP                5000BP ( the green areas are homologous )

Gene of interest



Homologous Recombination

Homologous recombination

Random Integration 

Cut and ligated Cut and ligated

Cut and inserted 

Exon 2 ( Upper half)

Neo r ( lower half ) HSVtk complete double strand DNA

Neo r HSVtk

green= homologous DNA

HSVtk



Culture on feeder cells with 
selective medium

Ganciclovir and Neomycin

Trypsinise and culture 
on feeder cells

Uptake of knockout vector DNA via a 
short electric pulse. Efficiency: about 
10%-30% of the cells are transfected 

ES = embryonic stem cells are totipotent , they 
can develop into any tissue 



NormalNormal
BlastocystBlastocyst

(white)(white)

ES cellsES cells
129/SvJ129/SvJ
(agouti)(agouti)

Agouti mouse

The desired mutation must be
in the germ =reproductive cells

Blastocyst

Mosaicism



The reason for piebaldism is a mutation in the KIT gene located on the long arm of 
chromosome 4. The KIT gene product is expressed in the neural crest cells and in 
the precursors of the blood and germ cells and enables the cells

 

to proliferate. 

pigment cells        no pigment in skin and hair                     
Neural crest cells               certain ear cells              deafness

gut neurons         peristalsis in the gut

precursors of blood cells

 

anemia

precursors of germ cells sterility

Piebaldism



The pluripotent neural crest cells pinches off at the 
top of the neural tube and migrate from the neural 
crest to become neurons of the peripheral nervous 
system or pigment producing melanocytes in the 
skin , eye and hair (  red )  .

somite

Mongolian spots result from the entrapment of 
melanocytes in the dermis

 

during their 
migration from the neural crest

 

to the epidermis
during embryonic

 

development .

Albinism



Candidate Gene Mapping
Deafness, heterochromatic irises  
(multicolored ), a white forelock and less 
mast cells ( blood )

Correlation between genetic mapping of 
a particular syndrome and a gene 
associated with a similar phenotype in 
other species. 

Waardenburg 2 syndrome and 
microphtalmia mutation 



Depending on the location of a defect 
more or less phenotypical effects in the 
same tissues are occuring. 

Kit is necessary for migrating germ cells, 
blood precursor cells and neural crest 
cells 

Mitf (Microphthalmia-associated transcription 
factor )is expressed in mast cells, pigment 
forming cells and ear cells .( needs to be 
phosphorylated by ERK and binds with co-factor 
p300).It transcribes beside other genes 
thyrosinase

Albinism is caused by a mutation in the thyrosinase 
gene



The Li-Fraumeni Syndrome is caused by a mutation in the p53 gene ( 
autosomal dominant )

p53 is a tumor supressor gene

Persons with LFS are at risk for a wide range of malignancies, with particularly high 
occurrences of breast cancer, brain tumors, acute leukemia, soft

 

tissue sarcomas, 
bone sarcomas, and adrenal cortical carcinoma 

What makes Li-Fraumeni Syndrome unusual is that several kinds of cancer are involved, 
cancer often appears at a young age, and cancer often appears several times throughout 
the life of an affected person.



p53 ( protein 53 or tumor protein 53), 
is a transcription factor. p53 is important
in multicellular organisms, where it 
regulates the cell cycle

 

and thus 
functions as a tumor suppressor

 

that is 
involved in preventing cancer. 

As such, p53 has been described as
"the guardian of the genome,“
"the guardian angel gene,“
and the "master watchman," referring 
to its role in conserving stability by 
preventing genome mutation.





Pakicetus Whale

Genetic variation comes from random

 

mutations that occur in the genomes of 
organisms. Mutations are changes in the DNA sequence of a cell's

 

genome.

In this scheme the black 
phenotype has an advantage 
against the white phenotype 



Why can single gene disorders survive in a population instead of 
being eliminated during evolution ?

Sickle cell anemia 

Thalasaemia

Glucose-6-phosphate dehydrogenase deficiency

Cystic Fibrosis



Hemoglobin 
Hemoglobin consists out of 4 globin chains 

There are mainly 3 types of globins α β δ

Hemoglobin A    (α2β2)       95 %

Hemoglobin A2  (α2δ2)       1.5-3.5 %

Hemoglobin F    (α2γ2) In adults Hemoglobin F is restricted to a

 
limited population of red cells called F-cells. It is the major form in 
fetals. After birth, the Hemoglobin F is replaced by Hemoglobin A , 
causing a jaundice in about 60% of newborns . 

( δ = delta )

Sickelcell anemia is caused by a mutation in the β-globin chain

Thalasemias are caused by mutations in the β-chain or in the α-chain



Alpha (α) thalassemias

The α thalassemias involve the genes HBA1[2] and HBA2,[3] inherited in a Mendelian 
recessive fashion. α thalassaemias result in decreased alpha-globin production, 
therefore fewer alpha-globin chains are produced, resulting in an excess of β chains in 
adults and excess γ chains in newborns. The excess β chains form

 

unstable tetramers 
(called Hemoglobin H or HbH of 4 beta chains) which have abnormal oxygen 
dissociation curves.

Beta (β) thalassemias

Beta thalassemias are due to mutations in the HBB gene on chromosome 11, also 
inherited in an autosomal-recessive fashion. Mutations are characterized as (βo or β 
thalassemia major) if they prevent any formation of β chains (which is the most severe 
form of β thalassemia); they are characterized as (β+ or β thalassemia intermedia) if 
they allow some β chain formation to occur. In either case there

 

is a relative excess of α 
chains, but these do not form tetramers: rather, they bind to the red blood cell 
membranes, producing membrane damage, and at high concentrations

 

they form toxic 
aggregates.



Sickle Cell Anemia
Sickle cell anemia is a serious condition in which the red blood

 

cells can become sickle-shaped (that 
is, shaped like a “C”). Normal red blood cells are smooth and round like a doughnut without a hole. 
They move easily through blood vessels to carry oxygen to all parts of the body. Sickle-shaped cells 
don’t move easily through blood. They’re stiff and sticky and tend to form clumps and get stuck in 
blood vessels. The clumps of sickle cells block blood flow in the blood vessels that lead to the limbs 
and organs. Blocked blood vessels can cause pain, serious infections, and organ damage. 

>HBB Hemoglobin subunit beta -

 

Length: 147 AS 
MVHLTPE=VEKSAVTALWGKVNVDEVGGEALGRLLVVYPWTQRFFESFGDLSTPDA

 
VMGNPKVKAHGKKVLGAFSDGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVL

 
VCVLAHHFGKEFTPPVQAAYQKVVAGVANALAHKYH

When exposed to hypoxia the red blood cells are changing their shape as a homozygous mutation



Percentage of heterozygeous HBS 
occurrence Map of plasmodium falciparum occurrence

Without hypoxia (for example heights>

 

2500

 

m) the heterozygous mutation causes no 
symptoms

Distribution of the sickle cell forming haemoglobin mutation 

In the heterozygous form the mutation is an advantage against malaria infection 



Glucose-6-phosphate dehydrogenase deficiency

G6PD deficiency is the most common human enzyme defect, being present in more 
than 400 million people worldwide . Because the gene is coded on

 

the X-Chromosome it 
mainly occurs in  males.  Incidence in south china is about 4%.It is assumed, that G6PD 

deficiency is also a protection against malaria ( distribution mainly in former malaria 
areas)

Severe deficiency (<10% activity) with chronic  hemolytic anemia

Severe deficiency (<10% activity), with intermittent hemolysis 

Mild deficiency (10-60% activity), hemolysis with stressors only 

Because in normal blood cells the activity of G6PD is only 2% of

 

the maximum , 
deficiencies show symptoms mainly under oxidative stress



Fava beans

Hemolytic anemia, caused by G6PD deficiency

Favism: After uptake of Fava 
beans follows a hemolytic 
response 

The G6PD / NADPH pathway is the only source of reduced glutathione in erythrocytes, 
therefore symptoms are only visible in blood.



Chemicals which can induce hemolytic anemia in G6PD deficient individuals



Cystic fibrosis (CF) -
 

an autosomal 
recessive disease

•
 

Diseased homozygotes:  1/2000
•

 
Carriers (heterozygotes):  1/22

•
 

Caused by mutations in the cystic fibrosis 
transmembrane conductance regulator gene 
(CFTR) on chromosome 7q31



Cystic Fibrosis
About 70% of mutations observed in Cystic Fibrosis patients result from deletion of three base pairs in 

CFTR's nucleotide sequence. This deletion causes loss of the amino acid phenylalanine located 
at position 508 in the protein; therefore, this mutation is referred to as delta F508 or F508. 3-4% of 
the white population

 

have this heterozygous mutation whithout symptoms.
MQRSPLEKASVVSKLFFSWTRPILRKGYRQRLELSDIYQIPSVDSADNLSEKLEREWDRELASKKNPKLINALRRCFFWRFMFYGIFLYLGEVTKA

 

VQPLLLGRIIASYDPDNKEERSIAIYLGIGLCLLFIVRTLLLHPAIFGLHHIGMQMRIAMFSLIYKKTLKLSSRVLDKISIGQLVSLLSNNLNKFDEG

 

LALAHFVWIAPLQVALLMGLIWELLQASAFCGLGFLIVLALFQAGLGRMMMKYRDQRAGKISERLVITSEMIENIQSVKAYCWEEAMEKMIEN

 

LRQTELKLTRKAAYVRYFNSSAFFFSGFFVVFLSVLPYALIKGIILRKIFTTISFCIVLRMAVTRQFPWAVQTWYDSLGAINKIQDFLQKQEYKT

 

LEYNLTTTEVVMENVTAFWEEGFGELFEKAKQNNNNRKTSNGDDSLFFSNFSLLGTPVLKDINFKIERGQLLAVAGSTGAGKTSLLMVIMG

 

ELEPSEGKIKHSGRISFCSQFSWIMPGTIKENIIFGVSYDEYRYRSVIKACQLEEDISKFAEKDNIVLGEGGITLSGGQRARISLARAVYKDADL

 

YLLDSPFGYLDVLTEKEIFESCVCKLMANKTRILVTSKMEHLKKADKILILHEGSSYFYGTFSELQNLQPDFSSKLMGCDSFDQFSAERRNSI

 

LTETLHRFSLEGDAPVSWTETKKQSFKQTGEFGEKRKNSILNPINSIRKFSIVQKTPLQMNGIEEDSDEPLERRLSLVPDSEQGEAILPRISVI

 

STGPTLQARRRQSVLNLMTHSVNQGQNIHRKTTASTRKVSLAPQANLTELDIYSRRLSQETGLEISEEINEEDLKECFFDDMESIPAVTTWN

 

TYLRYITVHKSLIFVLIWCLVIFLAEVAASLVVLWLLGNTPLQDKGNSTHSRNNSYAVIITSTSSYYVFYIYVGVADTLLAMGFFRGLPLVHTLIT

 

VSKILHHKMLHSVLQAPMSTLNTLKAGGILNRFSKDIAILDDLLPLTIFDFIQLLLIVIGAIAVVAVLQPYIFVATVPVIVAFIMLRAYFLQTSQQLK

 

QLESEGRSPIFTHLVTSLKGLWTLRAFGRQPYFETLFHKALNLHTANWFLYLSTLRWFQMRIEMIFVIFFIAVTFISILTTGEGEGRVGIILTLA

 

MNIMSTLQWAVNSSIDVDSLMRSVSRVFKFIDMPTEGKPTKSTKPYKNGQLSKVMIIENSHVKKDDIWPSGGQMTVKDLTAKYTEGGNAIL

 

ENISFSISPGQRVGLLGRTGSGKSTLLSAFLRLLNTEGEIQIDGVSWDSITLQQWRKAFGVIPQKVFIFSGTFRKNLDPYEQWSDQEIWKVA

 

DEVGLRSVIEQFPGKLDFVLVDGGCVLSHGHKQLMCLARSVLSKAKILLLDEPSAHLDPVTYQIIRRTLKQAFADCTVILCEHRIEAMLECQQ

 

FLVIEENKVRQYDSIQKLLNERSLFRQAISPSDRVKLFPHRNSSKCKSKPQIAALKEETEEEVQ



A quality control system that rapidly degrades abnormal membrane

 

and secretory protein is 
stringently applied to the CFTR protein; approximately 75% of the wild type precursor and 100% 
of the delF508 variant are rapidly degraded before exiting from the endoplasmic reticulum (ER). 

As a result, delta F508 never reaches the cell membrane. People who are homozygous for delta 
F508 mutation tend to have the most severe symptoms of cystic fibrosis due to critical loss of 
chloride ion transport. This upsets the sodium and chloride ion balance needed to maintain the 
normal, thin mucus layer that is easily removed by cilia lining the lungs and other organs. The 
sodium and chloride ion imbalance creates a thick, sticky mucus layer that cannot be removed by 
cilia and traps bacteria, resulting in chronic infections. While

 

the mechanism that leads to lung 
damage is not fully understood, lung disease is the leading cause of morbidity and mortality 
among CF patients

Many people with CF require frequent hospitalizations and continuous usage of antibiotics, enzyme 
supplements, and other medications. In the past, the life expectancy of people with CF used to only be 8 
years. However, with today's many medical advances, the average life expectancy is just under 30 years and 
is continuing to increase. 

The heterozygous mutation it is thought to be an advantage against asthma.



In vitro fertilization

In 8 cell stage 1 cell is extracted and used for DNA examination
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Hemangiomas

 

-

 

tumors from blood vessel overgrowth: 
Eye hemangiomas 

Cerebellum hemangiomas
Renal hemangiomas

Von Hippel Lindau syndrome

The von Hippel Lindau syndrome is caused by mutations in the VHL protein

Von Hippel Lindau syndrome is an autosomal dominant hereditary disease



DNA damage by toxic substances

•

 

Benzo(a)pyrene 
•

 

It can be found in coal tar

 

and in cigarette

 

smoke. 
The most common reaction catalysed by 
cytochrome P450 ( e.g CYP1A1)  is a 
monooxygenase

 

reaction, e.g. insertion of one 
atom of oxygen into an organic substrate (RH) 
( like BaP, a PAH) while the other oxygen atom 
is reduced to water:
RH + O2 + 2H+ + 2e–

 

→ ROH + H2O

Guanosin adducts



Arylhydrocarbon Receptor( AhR ) Knock out mice
The skin was treated with Benzo(a)pyrene

Several polymorphisms

 

have been identified 
in CYP1A1. Depending on the mutation,
CYP1A1 activity can be enhanced or reduced. 
The effects of this mutations on lung cancer 
development in tobacco smokers are discussed



Factor V Leiden (sometimes factor VLeiden) is  a mutant of the human factor V

 

that 
causes a hypercoagulability

 

disorder. 
Factor V Leiden is the most common hereditary

 

hypercoagulability disorder

 

amongst Eurasians.
It is named after the city Leiden

 

(The Netherlands), where it was first identified in 1994

G1601A  =  Arg 534 Gln  

In the normal person, factor V functions as a cofactor

 

to allow factor X

 

to activate thrombin. Thrombin in 
turn cleaves fibrinogen

 

to fibrin, which polymerizes to form the dense meshwork that makes up the

 
majority of a clot. Activated protein C

 

(aPC) is a natural anticoagulant

 

that acts to limit the extent of 
clotting by cleaving and degrading factor V. 

In the factor 5 leiden mutant one 
amino acid ( 534 ) is changed and 
the cleavage by protein C is 
compromised 



Familial Hypercholesterolemia 

Xanthelasma palpebrarum, 
yellowish patches above the 
eyelids.

Arcus senilis Cholesterol deposits in tissues

Xanthoma 

( in tendons)

Inflammatory cholesterol-rich 
atherosclerotic plaques in 
coronary arteries of the heart muscle.



Familial hypercholestrolemia is a genetic disorder characterized

 

by high 
cholesterol levels, specifically very high low-density lipoprotein (LDL, "bad 
cholesterol") levels, in the blood.
Many patients have mutations in the LDLR gene that encodes the LDL 
receptor protein, which normally removes LDL from the circulation, or 
apolipoprotein B (ApoB), which is the part of LDL that binds with the 
receptor



Huntington's disease

1 matleklmka feslksfqqq qqqqqqqqqq qqqqqqqqqq

 

pppppppppp pqlpqpppqa 
61 qpllpqpqpp ppppppppgp avaeeplhrp kkelsatkkd rvnhcltice nivaqsvrns 

Classification of the trinucleotide repeat, and resulting disease status, 
depends on the number of CAG repeats (coding gluthamine) 

Repeat count Classification Disease status
<28 Normal Unaffected
28–35 Intermediate Unaffected
36–40 Reduced Penetrance +/-

 

Affected
>40 Full Penetrance Affected

Huntingtin

A microscope image of Medium spiny neurons 
(yellow) with nuclear inclusions (orange), which 
occur as part of the disease process.

Huntington disease is an autosomal dominant gene disorder and a neurodegenerative 
disease. Onset is around 35 Years of age. Symptoms are  increasing lost of mobility and 
brain functions.

The reason why the additional CAG repeats lead to 
Huntington disease is unclear
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