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Svilabus for the entrance examination in the PhD program “Molecular Genetics” at the Roumen Tsanev
Institute of Molecular Biology, Bulgarian Academy of Sciences”

1. TeHeTUueH maTepuan n opraHusauua Ha reHoma /Genetic Material and Genome Organization

-Ctpyktypa u csoicrBa Ha [AHK u PHK /Structure and properties of DNA and.RNA;

-XpomaTuHOBa OpraHu3alusa Ha eyKkapmotHusa reHom /Chromatin organization of the eukaryotic genome;
- leHOMHU NOCNeAOBaTENHOCTU U HEKOAUPaLLM peruoHu /Genomic sequences and non-coding regions;
MutoxoHgpuaneH u xnoponnacreH reHom /Mitochondrial and chloroplast genomes;

- 3D opraHu3aUMa Ha reHOMa U aapeHaTa apxuTekTypa /3D genome organization and nuclear
architecture.

2. Pennukauua, TpaHcKpunuma u TpaHcnauua /Replication, Transcription, and Translation

- Mexanu3sbm Ha [HK penaukaumua u yqacresawim eHsumu /Mechanism of DNA replication and involved
enzymes;

- [ipouecu Ha TPaHCKPUNLUMA NPU NPOKapUOTH K eyKapuoTtu /Transcription processes in prokaryotes and
eukaryotes;

- Mpouecunr Ha PHK — cnaaicuHr, kKanupaxe, nonuapgeHunupane /RNA processing — splicing, capping,
polyadenylation;

- TpaHcnauua u nocrrpaHcnaumuoHHu mogudukauum Ha 6entoum /Translation and post-translational
protein modifications.

3. NeHHa ekcnpecus u perynauun /Gene Expression and Regulation

- Perynaumsa Ha reHHaTa ekcnpecus npu npoxkapuotu u eykapuoth /Regulation of gene expression in
prokaryotes and eukaryotes/;

- TpaHckpunuuoHHu GakTopu u enureHeTuueH KoHTpon /Transcription factors and epigenetic control;
- Heperynupanu PHK (miRNA, siRNA, IncRNA) u TaxHaTta dyHkuua /Non-coding RNAs (miRNA, siRNA,
IncRNA) and their functions;

- Koutpon Ha crabunnoctra Ha PHK u TpaHchaumorHHa perynaumsa /RNA stability and translational
regulation.




4. Mytaumu u penapauma Ha [lHK /Mutations and DNA Repair

- TurioBe MmyTauumM U TEXHUTE MONeKyAaApHU mexaHmnamu /Types of mutations and their molecular
mechanisms/:

- Mexanusmu Ha penapauusa Ha [HK /DNA repair mechanisms/;

- FfeHomHa HecTabunHOCT U KaHueporeHesa /Genome instability and carcinogenesis/;

5. FTeHomHK TexHONOrMK U MoneKynapHu metogu /Genomic Technologies and Molecular Methods

- PCR, qPCR, RT-PCR u taxHoto npunoxkenue /PCR, gPCR, RT-PCR and their applications/;

- CekBeHupaHe ot HOBO nokoneHue (NGS)/Next-generation sequencing (NGS);

- fTeHomHO pepakTupaHe: CRISPR/Cas cuctemun u HoBu nogxoau /Genome editing: CRISPR/Cas systems
and novel approaches/;

- MetareHomMmuKa U aHanu3 Ha mukpobuoma /Metagenomics and microbiome analysis;

- Single-cell reHomuka u TpaHckpuntommka /Single-cell genomics and transcﬁptomics.

6. EnureHeruka u enureHomHo perynupase /Epigenetics and Epigenomic Regulation

- Moguoukaumm Ha XUcroHu u metunaupaHe Ha JHK /Histone modifications and DNA methylation);

- EnureHeTUYHKM MexaHU3Mu Npu passuTueTo u 3abonasaxunaTa /Epigenetic mechanisms in development
and disease;

- EnMreHOMHO pegaKTUpaHe W NoTeHuManHu TepaneBTUYHK npunoxeHusa /Epigenome editing and

potential therapeutic applications/.

7. CoBpemeHHU npunoKeHusa u Tepanuu /Modern Applications and Therapies

- FeHHa Tepanua: cTpaTterumn U npegussuKartencrsa /Gene therapy: strategies and challenges;
- PHK-6asupaxu rexHonorum u sakcmuum /RNA-based technologies and vaccines;

- CuHTeTHUUYHa Buonorus u npoekTupaHe Ha reHeTU4UHKU mpexku /Synthetic biology and genetic network
design. |

8. buonHdpopmaTuka U aHanus Ha reHomHu gaHHu /Bioinformatics and Genomic Data Analysis

- OcHoBHU BuouHPopMaTUUHK METOAU 3a aHanu3 Ha reHomu /Basic bioinformatics methods for genome
analysis;

- UskycTBeH nHTeneKT u mawmnHHO obyveHune B reHomukara /Artificial intelligence and machine learning in
genomics;

- AHanus Ha ronemu buonoruuHu garHu (omics data integration) /Analysis of large biological datasets
(omics data integration.

9. ETuuHu, npaBHu U coumanum acnektu /Ethical, Legal, and Social Aspects

- ETuuHu npobnemu npu reHomHOTO pegaxkrtupaHe u tepanua /Ethical issues in genome editing and
therapy;

- Perynauumn v 3awmrta Ha reHeTuuHaTta uHpopmauua /Regulations and protection of genetic information;




- FeHeTHYeH CKPUHUHT U IMMHK gaHHK /Genetic screening and personal data.

MpenopwquTenHa nuteparypa /Recommended Literature

1.Alberts B. et al. Molecular Biology of the Cell, 7th ed., Garland Science, 2022.

2. Lodish H. et al. Molecular Cell Biology, 9th ed., W. H. Freeman, 2021.

3. Lewin B. Genes XII, Jones & Bartlett Learning, 2022.

4. Watson J. et al. Recombinant DNA: Genes and Genomes — A Short Course, 4th ed., 2020.

5. NMoaxoaawm o63opHu ctatum ot Nature Reviews Genetics uTrends in Genetics (nocnhegHute 10 roamtu)

KoHcnekmvm no dokmopcka npozpama ,,MonexkynapHa 2eHemuka” e npuem om HayyHusa cbeem Ha UM,
lMpomokon Nol16/17.10.2025 e.




