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Genetic information  
and its realization 
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• Medical genetics – involves any application  
    of genetics to medical practice 

 

 

Includes: 
• Studies of inheritance of diseases in families  

 

• Mapping of disease genes to specific locations on chromosomes 
 

• Analyses of molecular mechanisms through which genes cause disease 
 

• The diagnostics and treatment of genetic diseases 
 

• Genetic counselling, which involves the communication of information 
between clinical geneticist and patient and his/her family regarding to 
the risks, prognosis, treatment and prevention to the patient and 
his/her familie 

Background and history 



Types of diseases 

• Disease based on the error (mutation) of genetic information 
       (single gene diseases - cystic fibrosis, hemofilia, ...) 

 
 

• Diseases with influence of environment in the etiology 
       (infections, medications ...) 

 
 

• Diseases with combination of the effect of mutation 
     and environmental factors 
       (multifactorial diseases – diabetes mellitus, cardiovascular diseases, infertility, 
       coeliac disease ...)  
 



Marks of genetic disease         
        (Niel a Shull, 1954)  

       
• Presentation of disease in the progeny according to the theoretical 

segregation models, when the influence of environmental factors  

      in the etiology was excluded 
 

• Disease is never present in biologically non-related persons of the 
family 
 

• Clinical presentation of disease is demonstrated by the particular age 
and has a typical development, if no enhanced factors exist 
 

• Disease occurs with higher concordance between monozygote twins 
than dizygotic twins 
 

• The sick patient carry  chromosomal abnormality  with typical fenotype 
(clinical presentation), mental disability is often included. The same or 
similar disease can/cannot occur in the family.   



Types of genetic diseases 
• Single gene diseases – mutation is present in one gene on one or both  

   chromosomes 

                    -  rare frequency in the case of particular disease 

                 -  remarkable and very typical occurence of disease  

    at the level of pedigree 
 

• Chromosomal abnormalities – gain or loss of entire chromosome or its part 

   or rearrangement  of chromosomal structure  

               -  Complex error in the genetic code  
 

• Multifactorial diseases – combination of the influence of genetic mutation  

         and environmental factors 

                - Mutations and the interactions of many genes are included 

                 -  Tendency to repeated occurence in the families, but the  
   pedigrees are not typical 

 

• Acquired somatic genetic diseases – mutation present in somatic cell 
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• Johann Gregor Mendel – a Czech monk – who is considered to be the 
“father“ of genetics – formulates a series of fundamental principles of 
heredity (published his results in 1865) 

 

 

 

 

 

 

 
 

• Mendel´s principles where rediscovered  in early 1900 by three different 
scientist 

  - Landsteiner – discovered the ABO groups 
  - Garrod – described alkaptonuria   
  - Johannsen – coined the term gene to denote the basic unit of heredity 

History 
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• DNA – in 1944, Avery  

    showed that genes are composed  

    of deoxyribonucleic acid (DNA) 

 

• DNA structure – in 1953 Watson & Crick,  

    specification of the physical structure of DNA (double helix)  

 

 

 

 

 

• The Human Genome Project – a large collaborative venture begun in 
1990, provided the complete human DNA sequence in the year 2003 

 

History 
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Human cell 

Position  

of Homo sapiens  

in an animal kingdom 

 

• Eucaryota 

• Vertebrae 

• Mammals 

• Primates 

• Homo sapiens 

 



     Structure of DNA 

Nucleotide:   

- pentose sugar: deoxyribose 

- a phosphate group 

-     4 types of nitrogenous base: 

       single carbon-nitrogen rings  

       called pyrimidines -  cytosine C 

                  -  thymine T 

       double carbon-nitrogen rings  

       called purines -  adenine A  

           -  guanine G 

   



     Structure of DNA 

In non-denaturated conditions:  

Double stranded DNA: 

2 antiparallel strands of DNA:  5´→ 3´  

           3´→ 5 

       3´→ 5´ - sense strand 

       5´→ 3´ - antisense strand 
   



                      Structure of DNA 

Complementarity of pairing bases  A = T 

    G ≡ C 
 

Bonds between nucleotides: covalent         

Bonds between bases: hydrogen 

 

Mechanical and thermal stability of DNA: 

Important for:   

- genetic analysis methods (melting temperature)   

- forensic medicine 

- ancient DNA 

 

 



Structure of RNA 

Nucleotide:   

- sugar: ribose 

- phosphate group 

- nitrogenous base – adenine A  

                  -  uracyl U  

           -  guanine G 

           -  cytosine C 

One strand of RNA  5´→ 3´  

    
   Types of RNA: mRNA (messenger RNA) – transcription of genetic information 

            tRNA (translational RNA) – translation of genetic information into  
                    sequence of amino acids in protein 

            rRNA (ribosomal RNA) – participation in protein synthesis on ribosomes 

            microRNA – regulatory function  
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THE CENTRAL DOGMA:  

DNA → RNA → PROTEIN  

DNA RNA PROTEIN 

replication transcription translation 

The central dogma of molecular biology 



Realization of genetic information: from genes to proteins 

• While DNA is formed and replicated  

      in the cell nucleus, protein synthesis  

      takes place in the cytoplasm  

 

• The information contained in DNA  

      must be transported to the cytoplasm 

      and then used to dictate the composition 

      of proteins  

 

• This involves two processes: 

      transcription and translation  

 

• The DNA code is transcribed into mRNA,  

      which then leaves the nucleus to be translated into proteins 

 

 



DNA replication 

• As cells divide to make copies of themselves, identical copies of DNA must 
be made and incorporated into the new cells.  

 

• This is essential if DNA is to serve as the fundamental genetic material.  

 



• DNA replication begins as the 
weak hydrogen bonds between 
bases break, producing single DNA 
strands with unpaired bases  

 

• The consistent pairing of adenine 
with thymine and guanine with 
cytosine, known as complementary 
base pairing, is the key to accurate 
replication 

DNA Replication 
• The single strand is said to be a template upon which the 

complementary strand is built. When replication is complete, a new 
double-stranded molecule identical to the original is formed  
 

• Several different enzymes are involved in DNA replication. One enzyme 
unwinds the double helix, and another holds the strands apart. Key 
enzyme = DNA polymerase 
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• Transcription is the process by which an RNA   
      sequence is formed from a DNA template. 
      The type of RNA produced by the transcription  
      process is messenger RNA (mRNA).  
      This mRNA is a pre-cursor RNA (pre-mRNA) 

 

• To initiate mRNA transcription, one of the RNA 
polymerase enzymes binds to a promoter site 
on the DNA 

Transcription 
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•  RNA molecule is capped by the addition of a chemically modified guanine 
    nucleotide. This 5' cap appears to help prevent the RNA molecule  
    from being degraded. 

 

•  Transcription continues until a group of bases called a termination  
    sequence is reached  

 

•  Near this point, a series of 100 to 200 adenine bases are added  
    to the 3' end of the RNA molecule- known as the poly-A tail, may be  
    involved in stabilizing the mRNA molecule 

 

•  This mRNA molecule is termed the primary transcript 

Transcription - mRNA 
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• Many different proteins participate in the process of transcription. 
These are termed transcription factors. 

•  Transcriptional activity of specific 
    genes can be greatly increased  
    by interaction with sequences 
    called enhancers - activators.  

 

•  Whereas enhancers help to 
    increase the transcriptional  
    activity of genes, other DNA 
    sequences, known as silencers,  
    help to repress the transcription 
    of genes through a similar series 
    of interactions 

Transcription and the regulation of gene activity 
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• Introns are spliced out of the primary mRNA transcript before the 
mature transcript leaves the nucleus. Exons contain the mRNA that 
specifies proteins. 

Gene splicing 



Alternative pre-mRNA splicing 

•  Some genes contain alternative splice sites, which allow the same  
   primary transcript to be spliced in different ways, ultimately producing  
   different protein products from the same gene.  
 

•  Errors in gene splicing, like replication errors, are a form of mutation that can  
    lead to genetic disease 



Processing pre-mRNA into mRNA - overview 

- splicing of introns  

- introduction of cap at the 5´-end of mRNA 

- polyadenylation at 3´-end of mRNA 

 

 

- transport out of the nucleus in cytoplasm 

- mRNA is ready for translation 
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•  Proteins are composed of one or more polypeptides, which are in turn 

    composed of sequences of amino acids.  

    The body contains 20 different types of amino acids, and the amino acid 

    sequences that make up polypeptides must in some way be designated  

    by the DNA after transcription into mRNA. 

 

 

 

•  The correspondence between  

   specific codons and amino acids,  

   known as the genetic code. 

The genetic code 



Features of genetic code 

• Universal (exception - mt genom) 

 

• Degenerated – some amino acids are coded for more than 1 one codon 

 

      We have:    

      64 codons – 61 of them have coding function 

            -    3 STOP codons (UAA, UAG, UGA) signal for the end of a gene 

 20 amino acids 

 

• Non-overlapping – each triplet codon codes for a specific amino acid 
(exception – some phags and bacteria) 
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• Translation is the process in which mRNA provides a template for the 
synthesis of a polypeptide.  

•  transfer RNA (tRNA), which are  

    cloverleaf-shaped RNA strands of about  

    80 nucleotides 
 

•  each tRNA molecule has a site at the 3' end  
    for the attachment of a specific amino acid  
    by a covalent bond.  

 

•  At the opposite end of the cloverleaf 
    is a sequence of three nucleotides called 
    the anticodon, which undergoes  
    complementary base pairing with  
    an appropriate codon in the mRNA.  

 

Translation 



Translation 
 

•  The attached amino acid is then 
    transferred to the polypeptide chain  
    being synthesized.  
 
•  The cytoplasmic site of protein 
    synthesis is the ribosome, which 
    consists of enzymatic proteins  
    and ribosomal RNA (rRNA).  
 
• Posttranslational modification 
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Realization of genetic information – the overview 



20 000 – 25 000 

̴ 3Gbp = 46 chromosomes 



mRNA PROTEINS 

(100 000 ?) 

Pre-mRNA 

25 000 genes 

gDNA= 3,2.109 bp 

3.108 bp 

4.107 

• Of the 3 billion base pairs of DNA in the genome, less than 1.5% actually 
encodes proteins (= 232 000 exones = 10 exones/gene; almost the same 
number are pseudogenes)  

• and only about 5% is thought to contain regulatory elements that 
influence or determine patterns of gene expression during development 
or in different tissues  

• It means just 4.107 nukleotides have encoding function (only 4-times 
more than in Saccharomyces) 

 

 

Human Genome 
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Genomes of different organism 

Organism Number of 
genes           

Amount of  
DNA (bp) 

chromosomes 

Viruses 200 100 000                          1 
Mitochondria 

(human) 
37 16 569 1 

Escherichia coli 4000 4,6.106 1 
Sacharomyces 5700 1,2 .107 32 
Drosophyla 12000 1,4.108 10 
Homo sapiens 25000 3,2.109 46 
Oryza sativa 45000 4,3.108 24 
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Organization of the Human Genome  

• Only about half of the total linear length of the genome consists  

      of so-called single-copy or unique DNA, that is, DNA whose   

      nucleotide sequence is represented only once (or at most a few times)  

 

• The rest of the genome consists of several classes of repetitive DNA and 
includes DNA whose nucleotide sequence is repeated, either perfectly or 
with some variation, hundreds to millions of times in the genome 

 

• Whereas most (but not all) of the estimated 25,000 genes in the genome 
are represented in single-copy DNA, sequences in the repetitive DNA 
fraction contribute to maintaining chromosome structure and are an 
important source of variation between different individuals; some of 
this variation can predispose to pathological events  

 



Nuclear genome 

3 000 Mb  

25 000 genes 
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Human gene organization and structure 

• the majority of genes are interrupted by one or more noncoding 
regions. These intervening sequences, called introns, are initially 
transcribed into RNA in the nucleus but are not present in the mature 
mRNA in the cytoplasm 

 

• Introns alternate with exons, the segments of genes that ultimately 
determine the amino acid sequence of the protein, as well as certain 
flanking sequences that contain the 5' and 3' untranslated regions 

intragenic  

DNA 

intragenic  

DNA 

intragenic  

DNA 

GENE-1 

 

GENE-2 

 

GENE-3 

 

exon intron 
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Structural features of a typical human gene  

• At the 5' end of each gene lies a promoter region that includes 
sequences responsible for the proper initiation of transcription.  
 

• The adjacent nucleotide sequences provide the molecular "start" and 
"stop" signals  (termination codon)  for the synthesis of mRNA 
transcribed from the gene 
 

• The regulatory elements, including enhancers, silencers, and locus 
control regions 



39 

Genetic variation:  its origin and detection 

• All genetic variation originates from the process known as mutation,  

      which is defined as a change in DNA sequence.  
 

• Mutations can affect either germline cells (cells that produce gametes)  

      or somatic cells (all cells other than germline cells). 
 

• Mutations in somatic cells can lead to cancer and are thus of significant 
concern.  
 

• Germline mutations can be transmitted from one generation to the next. 
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• As a result of mutations, a gene can differ among individuals in terms 

      of its DNA sequence. The differing sequences (variants) are referred 

      to as alleles.  
 

• A gene's location on a chromosome is termed a locus  

      (from the Latin word for "place").  
 

• If a person has the same allele on both members of a chromosome pair,  

      he or she is said to be a homozygote. 

• If the alleles differ in DNA sequence, the person is a heterozygote.  
 

• The alleles that are present at a given locus are the person's genotype. 

Genetic variation:  its origin and detection 
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• In human genetics, the term mutation has often been reserved for DNA 
sequence changes that cause genetic diseases and are consequently 
relatively rare  
 

• DNA sequence variants that are more common in populations 

      (i.e., in which two or more alleles at a locus each have frequencies  

      exceeding 1%), are said to be polymorphic 
 

• Such loci are termed polymorphisms, although nowadays alleles 

      that have a frequency less than 1% are often called polymorphisms as well  
 

• Many polymorphisms are now known to influence the risks for complex, 
common diseases such as diabetes and heart disease, so the distinction 
between mutation and polymorphism has become increasingly blurred 

Genetic variation:  its origin and detection 
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• One of Gregor Mendel's important contributions to genetics was to show 
that the effects of one allele at a locus can mask those of another allele  

      at the same locus. 

 Punnett square illustrating a cross between 
HH and hh homozygote parents 

Punnett square illustrating a cross between 
two Hh heterozygotes 

H allele is 
dominant 

h allele is 
recessive 

 

Genetic variation:  its origin and detection 

H 

H 

H 

H 

h 

h 

h h 

Hh 

hh Hh 

HH Hh Hh 

Hh Hh 
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The Human Genome:  
the Chromosomal Basis of Heredity  

• Physically, genes are composed of deoxyribonucleic acid 
(DNA). DNA provides the genetic blueprint for all proteins 
in the body. Thus, genes ultimately influence all aspects 
of body structure and function.  

 

• Humans are estimated to have about 20,000 – 25,000 
genes (sequences of DNA that encode for ribonucleic acid 
[RNA] or proteins).  

 

• An error (or mutation) in one of these genes often leads 
to a recognizable genetic disease.  
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The Human Genome:  
the Chromosomal Basis of Heredity  

• Germinal cells - 3-billion-letter code 

      (3.109 = 3Gbp) consist of (A, T, G, C), in relaxed  

       state the length of DNA is about 2m  

 

 

 

       coiling and folding of DNA – protein (histone)  

       complex into chromosome. 

       The length of the largest chromosome No. 1  

       is less than 0.5 mm 

 

 

 

 



Solenoid structure  
of chromosome 

chromosome 

compaction 
 10 000 fold 

DNA 



Chromatine  
and condensed chromosome 

structure Electron micrograph of a protein-depleted human 
metaphase chromosome, showing the residual 
chromosome scaffold and loops of DNA.  



Nuclear genome and chromosomes 

Nuclear genome consists of 24 chromosomes:  

22 autosomes 

  2 gonosomes X a Y 

Each chromosome contain one molecule of DNA. 
 

Gametes (oocytes and sperm) : haploid genome – 23 chromosomes 

Somatic cells (cells of body): diploid genome – 46 chromosomes 

All chromosomes except of X and Y chromosomes exist as pairs of  homollogical 
chromosomes with identical loci. 
 

Locus – place of residency of the gene on the chromosome 

Alleles – variants of gene, which reside the same locus. Their        
difference is based on the structure and/or their function 



Diploid sperm: 
1 chromosome X 
1 chromosome Y 
2 chromosomes 18 

Normal human female or male karyotype 

Normal sperm cells: 
1 chromosome X and 1 chromosome 18 
Or  
1 chromosome Y and 1 chromosome 18 



Organisation of chromatine during cell cycle  

Interphase – net of chromatine 

   - low condensation of chromatine     

   - transkriptional active 
 

Metaphase of mitosis (meiosis)  

  – typical form of chromosomes 

   - much more condensed and     

      packed chromatine 

   - transcriptional inactive 



Types of chromatine 
Euchromatine – present on many places on chromosomes 

           - diffuse staining 

           - genetic contains:  transcriptional active and inactive regions, too 
 

Heterochromatine – strongly condensed during all cell cycle 

- dark stained regions of chromosomes 

- genetic contain: repetitive sequences,  

  which are transcriptional inactive 

     

 

We recognize 2 types of heterochromatine: 

facultative – active or inactive during development (ontogenesis)  

  (one of X chromosome of woman) 

constitutive – always inactive (centromeric regions of chromosomes)   
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The Human Genome:  
the Chromosomal Basis of Heredity  

• A: 

      Size of each human  

      chromosome, in millions  

      of base pairs 

      (1 million base pairs = 1 Mb).  

      Chromosomes are ordered  

      left to right by size.  

 

• B: 

      Number of genes identified 

      on each human chromosome. 

      Chromosomes are ordered 

      left to right by gene content 

Size and gene content of the 24 human chromosomes 



Human cell 

Position  

of Homo sapiens  

in an animal kingdom 

 

• Eucaryota 

• Vertebrae 

• Mammals 

• Primates 

• Homo sapiens 

 



1. Production of energy for cell metabolism 
 
 
 

2. Mitochondrial diseases – maternal inheritance 
 
 
 

3. (In)fertility  
 
 
 

4. Origin of human based on maternal inheritance 

Impact of mitochondria and mtDNA  
on genetic diseases 



Mitochondrie 

• Energetické centrum bunky 



mtDNA 

Circular dsDNA 
 

Contains just 37 genes: 
- Genes for tRNA 
- Genes for rRNA 
- Genes encoding proteins 

 
- The products of these 

genes function in 
mitochondria, although 
the majority of proteins 
within the mitochondria 
are, in fact, the products of 
nuclear genes  

     (non-maternal inheritance) 



The human nuclear and mitochondrial genomes 

Nuclear Genome Mitochondrial Genome 

Size 3200 Mb 16.6 kb 

No. of different DNA 
molecules  

23 (in XX cells) or 24 (in XY 
cells); all linear 

One circular DNA molecule 

Total no. of DNA molecules 
per cell 

46 in diploid cells, but varies 
according to ploidy 

Often several thousands up a 
few hundert thousands (but 
variable  

Associated protein Present (histones & nonhistone 
proteins) 

Largely free of protein 

No. of genes 

The percentage of coding 
DNA 

~ 25 000 

~ 3 % 

37 

~ 93 % 

 

Introns Present in most of the genes Not present 

Recombination Minimal one per each homolog 
in meiosis 

None 

Inheritance Mendelian (autosomes and X 
chromosome);  

paternal (Y chromosome) 

Maternal 

Mutations demonstrated in several 
maternally inherited as well as 
sporadic diseases 



Nuclear genome 

3 000 Mb  

25 000 genes 



Basic definitions 

• DNA – biological macromolecule containing genetic information 

• Gene – sequence of nucleotides of DNA encoding the sequence of amino  

                    acids in polypeptide (protein) or sequence of nucleotides in RNA 

• Chromosome – structure occuring in nuclues, which contains DNA, proteins 

                                   and other components  

• Karytype – chromosomal make-up of biological species 

• Genome – complete content of DNA 

• Locus – position of the gene in DNA/chromosome 

• Allele – alternative form of the gene residing on the same locus 

• Genotype – genetic constitution of individual (of locus) 

• Fenotype – features (morphological, biochemical, functional), which  

                            are a result of the work of genotype  

Genotype + environment  = fenotype 
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