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	Week


	TOPIC

	1. week


	Introduction into molecular genetics, types of mutations

	2. week


	Mendelian genetics 

	3. week


	Genes in chromosomes, gene linkage

	4. week


	Sex and heredity

	5. week


	Pedigrees, basic types of disease inheritance

	6. week


	Genetics and molecular biology of cancer

	7. week


	Immunogenetics

	8. week


	Gene interactions, complex inheritance patterns

	9. week


	Population genetics

	10. week


	Genetics and molecular biology of haemoglobin disorders

	11. week


	Pharmacogenetics

	12. week


	Genetics and molecular biology of progressive neurodegenerative diseases

	13. week


	Genetics and molecular biology of polycystic kidney disease
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The student has a good understanding of the following terms and and is able to answer the following questions, within the range of lectures 

Teaching objectives - Introduction into molecular genetics, types of mutations

The student is able to: 

· define and use in correct context the following terms and names: 

Mutation, polymorphism, Hugo Marie de Vries, xeroderma pigmentosum (XP), XPA and XPD genes, nucleotide excision repair, thymidine dimer, spontaneous and induced mutations, somatic and germinal mutations, point mutations, submicroscopic deletions and insertions, chromosomal aberrations, Patau syndrome, Down syndrome, Edwards syndrome, Turner syndrome, Klinefelter syndrome, supermale, superfemale, genome mutations, gene mutations, promoter mutations, coding region mutations, missense mutations, nonsense mutations, silent mutations, loss-of-function mutations, hypomorphic mutations, null mutations, gain-of function mutations, behavour of mutations in genetic crosses – dominant mutations and recessive mutations, oncogenic mutations, retinoblastoma and Rb-gene, oncogenes, fusion oncogenes, dominant negative mutations, splicing mutations, epigenetic modifications, RNA interference, miRNA, DNA methylation, chromatin remodelling. 

· list and explain: classification of mutations, the most frequent mutations, examples of numerical and structural chromosomal aberrations. 

Teaching objectives -  Mendelian genetics

The student is able to: 

· define and use in correct context the following terms and names: 

genotype, phenotype, gene, trait, Johan Gregor Mendel, P generation, F1 generation, F2 generation, homozygote, heterozygote, compound heterozygote, Mendel’s laws, Law of uniformity of  F1 hybrids and identity of reciprocal crosses, Law of segregation, Law of independent assortment, dominance and recessivity, complete and incomplete dominance, codominance, backcross, testcross, B1 generation, Punnett square, genomic imprinting, mendelian human genetic disorders, Victor Almon McKusick, Mendelian Inheritance in Man (MIM, OMIM), in vitro fertilization, Louise Joy Brown 

· list and explain:

principles of mendelian genetics, Mendel’s laws, Mendel’s hybridization experiments, allelic interactions, conditions of validity of Mendel’s laws and their limitations 

· depict and describe: 

a basic Mendel’s hybridization experiment

Teaching objectives - Genes in chromosomes, gene linkage

The student is able to: 

· define and use in correct context the following terms and names: 

William Bateson, Reginald Crundall Punnett, Thomas Hunt Morgan; fruit fly (Drosophila melanogaster), testcross, B1 generation, Punnett square, Morgan’s laws, meiosis, crossing-over, two-point and three-point testcross, multiple crossing-over, genetic variability, linkage strenght, Morgan number (p), Bateson number (c), complete linkage, independent assortment, linkage phase, cis (coupling) and trans (repulsion) configuration, genetic map, centimorgan (cM), LOD score, physical map, base pair (bp), kilobase (Kb), megabase (Mb), direct and indirect DNA-diagnostics, haplotype

· list and explain:

Morgan’s laws of linkage, application of a three-point testcross 

· depict and describe: 

course of crossing-over in a three-point testcross

Teaching objectives - Sex and heredity

The student is able to: 

· define and use in correct context the following terms and names: 

genetics of sexual determination, chromosomal sex in mammals, sex chromosomes, pseudoautosomal regions (PAR 1, PAR 2), SRY gene, testes determining factor (TDF), SF1 gene, SOX9 gene, FGF9 gene, embryonic gonads, testes, ovaries, Sertoli cells, Müllerian inhibiting substance (MIS), gene dosage compensation in mammals, X chromosome inactivation and reactivation, Mary Frances Lyon, Barr body, X inactivation center, XIST gene, testicular feminization – androgen insensitivity syndrome (AIS), Y chromosome microdeletion, Y chromosome genetic regions AZFa, AZFb, AZFc, amelogenin (AMEL)

· list and explain:

processes of sexual determination in man, male and female genital development due to SRY gene action or the absence thereof, basic rules of X chromosome inactivation, why are Turner syndrome females phenotypically different from normal XX women 

· depict and describe: 

sex reversal due to illegitimate recombination between  X and Y chromosomes

Teaching objectives -  Pedigrees, basic types of disease inheritance

The student is able to: 

· define and use in correct context the following terms: 

pedigree, graphic symbols used for pedigree construction, autosomal dominant inheritance, familial hypercholesterolemia, incomplete penetrance and variable expressivity, familial atypical multiple mole melanoma syndrome, phenocopy, autosomal recessive inheritance, cystic fibrosis, hemophilia C, genetic (locus) and allelic heterogeneity, retinitis pigmentosa, gonosomal recessive inheritance, haemophilia A and B, gonosomal dominant inheritance, vitamin D resistant rachitis, sex-controled inheritance, hereditary prostate cancer, hereditary breast and ovarian cancer, Y-linked inheritance = holandric inheritance, Y chromosome microdeletion, mitochondrial inheritance, Leber hereditary optic neuropathy, complex polygenic diseases, schizophrenia

· depict and describe: 

pedigree showing a typical inheritance pattern of autozomal dominant disease with complete and incomplete penetrance, autosomal recessive disease with complete and incomplete penetrance, autosomal recessive disease with locus heterogeneity, gonosomal dominant disease, gonosomal recessive disease, holandric trait, mitochondrial disease, complex polygenic disease

Teaching objectives - Genetics and molecular biology of cancer

The student is able to: 

· define and use in correct context the following terms and names: 

tumour, malignant tumour, primary tumour, metastases, acquired biological characteristics of malignant tumours, self-sufficiency in growth promoting signals, insensitivity to signals inhibiting growth, suppression of apoptosis, unlimited proliferation potential, activation of angiogenesis, metastatic dissemination, genomic instability, individual course of carcinogenesis with respect to number of mutations required, their order and particular mutated genes, gain-of-function mutations, protooncogene, oncogene, loss-of-function mutations, tumour suppressor genes, two-hit theory, loss of heterozygosity, somatic and germinal mutations, Alfred G. Knudson, Peyton Rous, chromosomal aberrations, chronic myeloid leukaemia, Philadelphia chromosome, BCR-ABL, imatinib, folicular lymphoma, Bcl-2/IgH, Bcl2 family of regulators of outer mitochondrial membrane permeability, „Gatekeeper“ and „Caretaker“ tumour suppressor genes, RB, TP53, APC, BRCA1, BRCA2, familiar retinoblastoma, Li-Fraumeni syndrome, p53-MDM2 regulatory circuit, clonal selection, cancer stem cells

· list and explain:

acquired biological characteristics of malignant tumours according to Robert A. Weinberg; cellular processes regulated by genes mutated or otherwise changed during tumourigenesis; different possibilities of protooncogene-oncogene conversion with regard to changes in regulatory or coding gene sequences; types of oncogenes with regard to their respective cellular functions; E2F-RB regulatory circuit; epigenetic changes participating in tumourigenic transformation and their interplay with mutations

· depict and describe: origin of a fusion oncogene

Teaching objectives -  Imunogenetics

The student is able to: 

· define and use in correct context following terms and names: 

B cell receptor (BCR), stem cell, diferentiation, naive lymphocytes, antigene, immunogene, costimulatory signal, clonal expansion of antigen specific lymphocytes, antibody, immunoglobulin, heavy and light immunoglobulin chain, variable domain, constant domain, antigene binding site, epitope, antibody diversity, somatic recombination, V(D)J recombination, antibody class, class switch recombination, natural antibodies, antigens and antibodies in the AB0 blood group system, Carl Landsteiner, agglutination, multiple allelism, IA, IB , i, glycosyltransferases A and B, antigene H, FUT1 gene, Bombay gene, blood group 0H, Sangvitest, BED-SIDE TEST, Rhesus faktor, antigen C, antigen D, antigen E, genotype DD, genotype Dd, genotype dd, foetal Rh+, haemolytic anemia of newborns, foetal erythroblastosis; T cell receptor (TCR), V(D)J recombination of TCR genes, major histocompatibility complex (MHC), genetics of transplantation compatibility, inbred and congenic mouse strains, (names), HLA system, HLA class I, HLA-A, HLA-B, HLA-C,  HLA class II, HLA-DP, HLA-DQ, HLA-DR, HLA gene cluster, antigene presentation, (names), T cell thymic selection, genetics of transplantation immunity, HLA haplotypes, HLA allelic matching in transplant donor selection, graft rejection, graft versus host disease, HLA mediated adverse drug reactions, HLA disease associations

list and explain:

somatic recombination of gene segments to generate antibody and TCR diversity, HLA gene cluster organization, HLA gene and allele nomenclature

· depict and describe: 

structure of AB0 blood group antigens, relationship between blood groups, their underlying genotypes and serum natural antibodies agains blood group antigens, mouse breeding experiments leading to the identification of MHC genes

Teaching objectives -  Gene interactions, complex inheritance patterns

The student is able to: 

· define and use in correct context the following terms: 

monogenic, oligogenic, polygenic, allelic interactions, gene interactions, locus heterogeneity, pleiotropy, reciprocal interaction, dominant epistasis, epistatic gene, hypostatic gene, recessive epistasis, inhibition, complementarity, compensation, duplicity cumulative and noncumulative with dominance and without dominance, quantitative and qualitative traits, additive gene interactions, normal distribution of quantitative traits in population, gene interactions in human, Bombay gene (genotype hh, blood group 0H), incomplete penetrance and variable expressivity, major genes and gene modifyiers, autosomal recessive nonsyndromic deafness (causal locus and DFNB 26), familiar amyotrophic lateral sclerosis (juvenile and adult onset, ciliary neurotrophic factor - CNTF), cystic fibrosis (CFTR, F508del, allelic heterogeneity, compound heterozygote, meconium ileus, severe pulmonary phenotype, gastrointestinal phenotype, modifyier genes, case-control study), genome-wide association study (GWAS), relative risk, twin studies, monozygotic and dizygotic twins, concordance, heritability, sib-pair studies. 

· list and explain:

types of basic gene interactions with corresponding modifications of segregation ratio
· depict and describe: schematically distinguish terms - monogenic and polygenic trait; quantitative and qualitative trait; locus heterogeneity and pleiotropy; dominant and epistatic trait 

Teaching objectives -  Population genetics
The student is able to: 

· define and use in correct context the following terms and names: 

population, gene pool, phenotypic, genotypic and allelic frequences, Reginald Punnett, Godfrey Harold Hardy, Wilhelm Weinberg, Hardy-Weinberg law and conditions of its validity, population at genetic equilibrium, genetic drift, selection, fittness, heterozygotic advantage, inbreeding, linkage disequilibrium 
· list, explain and calculate:

phenotypic, genotypic and allelic frequences for model human genetic diseases; incresed risk of recessive diseases in inbred families; relationship between population size and genetic drift; phenotypic, genotypic and allelic frequences in mixed populations due to migration
Teaching objectives - Genetics and molecular biology of haemoglobin disorders
The student is able to: 

· define and use in correct context the following terms: 

haem,  and globin, globin gene families, developmental regulation of expression, embryonic hemoglobin, Hb Gower 1 (ζ2ε2), Hb Gower 2 (α2ε2), Hb Portland (ζ2γ2), foetal hemoglobin, HbF (α2γ2), adult hemoglobin, HbA (α2β2), HbA2 (α2δ2), globin gene mutations, heterozygotic advantage, globin disorders due to structural changes in globin chains, sickle cell anemia, HbS, hemoglobin E, HbE, hemoglobin C, HbC, globin disorders due to unbalanced  and globin expression, thalassemia, alpha thalassemia, Bart hemoglobin, hemoglobin H, illegitimate recombination, modifyier genes, beta thalassemia, beta-thalassemia intermedia, beta-thalassemia major, nonsense-mediated mRNA decay (NMD)

· list and explain:

hemoglobin structural organization, developmental switch in globin gene expression with examples of particular globin chains expressed in embryonic, foetal and adult stage; geographic distribution of sickle cell anemia and thalassemia, differences in respective mutational mechanisms in alpha and beta thalassemia, relationship betwee type and position of mutations in the globin gene and resulting phenotype
Teaching objectives - Pharmacogenetics
The student is able to: 

· define and use in correct context the following terms: 

pharmacogenetics, pharmacogenomics, factors influencing effective drug concentration, (ADME - absorption, distribution, metabolism, and excretion), drug bioactivation, xenobiotic metabolism, xenobiotik, phase I and phase II enzymes, cytochrom P450 (CYP), CYP2D6, functional variants of CYP enzymes, warfarin, vitamin K – oxydoreductase, coagulation factors (factor II, VII, IX, X), proteins C, S, Z, adverse drug reactions, pharmacogenetics in cancer therapy, targeted treatment (monoclonal antibodies, targeted small molecule therapy, kinase inhibitors, prognostic and predictive facors), EGFR-targeted therapy, EGFR signal transduction pathway as a way to prognostic factors of EGFR-targeted therapy, cancer chemotherapy, 5-fluorouracil, dihydropyrimidin dehydrogenase (DPD), personalized medicine, Food and Drug Administration agency (FDA), European Medicines Agency (EMA), therapeutic drug monitoring (TDM)

· list and explain:

advantages of individualized pharmacotherapy based upon knowledge of relevant genes; relationship between variants of drug metabolising enzymes and correct drug concentration; relationship between variants of CIP2C9 and warfarin effects
Teaching objectives - Genetics and molecular biology of progressive neurodegenerative diseases
The student is able to: 

· define and use in correct context the following terms: 

repeat elements in human DNA, tandem repeats, satellites, minisatellites (VNTR), microsattelites (STR), endogenous retroviruses, retrotransposons, SINEs (short interspersed nuclear elements), Alu-elements, LINEs (long interspersed nuclear elements), unstable trinucleotide repeats, neurodegenerative diseases, Fragile X syndrome, FRAXA, FRAXE, FMR1 gene, myotonic dystrophy, Huntington disease, Huntingtin (HTT), spinocereberal ataxia (SCA), Friedreich‘s ataxia, genetic anticipation, premutation
· explain and list: 

major properties of a disease based on instable repeat expansion, genetic characteristics and major clinical symptoms of Fragile X syndrome, myotonic dystrophy, Huntington disease, spinocereberal ataxia (SCA), Friedreich‘s ataxia 
· depict and describe: 

DNA-diagnostics of Huntington disease based on pedigree information and results of PCR amplification of the pertinent CAG repeat of each family member 

Teaching objectives - Genetics and molecular biology of polycystic kidney disease
The student is able to: 

· define and use in correct context the following terms: 

polycystic kidney disease, kidney, nephron, glomerulus, proximal tubule, distal tubule, autosomal dominant polycystic kidney disease, autosomal recessive polycystic kidney disease, locus heterogeneity, PKD1 and PKD2 genes, polycystin-1, polycystin-2, loss of heterozygozity, PKDH1 gene, fibrocystin, allelic heterogeneity,  TSC2 gene, tuberin, Ca2+ homeostasis, Ca2+ ― cAMP interplay, Ca2+-dependent phosphodiesterases, modifyier genes, CFTR, targeted therapy, PI3K/Akt/mTOR signalling pathway, mTOR inhibitors, vasopressin, somatostatin, acquaporins and renal water reabsorption
· explain and list: clinical symptoms of polycystic kidney disease, mechanistic explanation of polycystic kidney disease in terms of multiple benign carcinogenesis, molecular biology of polycystic kidney disease in terms of second messenger interactions, phenotypic variability of polycystic kidney disease in terms of genetic and allelic heterogeneity, biologic rationale of targeted therapy of polycystic kidney disease
· depict and describe: cyst pathogenesis

