Entrance examination questions to the “Applied genomics” program

Molecular genetics

1. Central dogma of molecular biology. The history of genes discovery.
Modern concept of the gene. Gene expression.

2. Nucleosides, nucleotides and their examples.
Purines and pyrimidines nitrogenous bases.

3. The secondary structure of DNA (Watson-Crick model).
Antiparallel polynucleotide chains. Chargaff's rules and the principle of complementarity.

4. DNA conformation: A, B and Z forms.

5. The principles of DNA packaging in eukaryotic and prokaryotic cells.
The structure of nucleosomes.

6. The main types of RNA: structure and functions.

7. Genetic code. The essence of genetic coding.
Basic properties and universality of the genetic code.

8. The structure of prokaryotic genes: coding sequence and promoter.
9. The mosaic structure of eukaryotic genes (introns and exons), organization of promoters.

10. Protein as a product of gene expression.
The chemical composition of proteins. Classification of amino acids.

11. Semi-conservative DNA replication.
Replication stages in pro- and eukaryotes: initiation, elongation and termination.

12. Replication enzymes (helicase, DNA gyrase, DNA binding proteins, DNA polymerase,
DNA ligase).
13. Replication in prokaryotic genome (theta-replicating and principle of rolling circle).

14. Transcription as an intermediate stage of gene expression.
Stages of transcription (initiation, elongation and termination).

15. The products of transcription in pro- and eukaryotes.

16. Post-transcriptional RNA processing in eukaryotic cells

and its biological significance: capping, polyadenylation and splicing.
17. The principles of gene expression regulation in prokaryotes.
Biological feasibility of regulating expression.

18. Operon organization of the genes.
Positive and negative regulation. Induction and repression.

19. Recombinant DNA technology: cloning vectors.
Restriction enzymes and ligases. Application of genetic engineering methods.

20. Methods of nucleic acids analyzing: polymerase chain reaction, blotting (Southern,
Northern), DNA chips, DNA sequencing.

21. The practical application of DNA and RNA analysis.

22. Classification of DNA repair mechanisms. Direct repair of thymine
dimers and methylated guanine. Cutting of nitrogenous bases. Glycosylase.

23. Mobile genetic elements in eukaryotes (types of mobile elements, displacement
mechanisms, examples).

24. Transfer of genetic material in bacteria.
25. Methods for gene delivery: transformation, transfection, electroporation.

26. Extrachromosomal genetic systems of prokaryotes.
Chloroplast and mitochondrial gene mutations. Genetic maps.

27. EST-sequencing libraries. Methods for screening DNA and cloning libraries.



28. Structural organization of chromosomes.
Molecular organization of the mitotic chromosome.

29. Karyotype. Cytological characteristics of the karyotype. Organization of the karyotype.

30. Structural and functional transformations of chromatin in different phases of the cell cycle.
Euchromatin and heterochromatin. Constitutive and facultative heterochromatin.
Sex chromatin. Position effect.

31. Cytological mechanisms of replication. DNA synthesis and chromosome duplication.
32. Genetic recombination in mitosis and meiosis.
33. Cytogenetic methods in biomonitoring and medicine.

Human genetics

34. Classification and general phenotypic characteristics of human chromosomal diseases.
The mechanism of disorders development in chromosomal diseases.

35. Classification and frequency of human genetic diseases. Specific features
of the development and appearance of gene mutations in various types of inheritance.

36. Significance and criteria of polygenic inheritance of diseases with hereditary predisposi-
tion. The role of para- and genotypic factors in the development of multifactorial diseases.
Methods of genetic analysis of hereditary predisposition on the example of atherosclerosis,
hypertension, peptic ulcer and schizophrenia.

37. Using the methods of clinical, paraclinical and special genetic examination to identify
hereditary pathology.

Population genetics

38. Quantitative and qualitative variability of organisms. Main parameters of the quantitative
traits distribution in populations (mean, variance, asymmetry, kurtosis).

Heritability, correlation and their importance for breeding.

39. Classification of mutations, frequency of spontaneous and induced mutations, their
influence on fitness. Intragenic recombination. Duplication of genes.

40. The concept of mutational load (G. Meller). Selectively neutral mutations,

their fate in the population (R. Fisher, M. Kimura).

41. Genotype as an integral system of the "adaptive norm" of the population and the "reaction
rate" of the genotype. The concept of genetic homeostasis (M. Lerner).

42. Modern ideas about the evolutionary process. Anagenesis and cladogenesis.

Sewall Wright's "shifting balance" theory.

43. Probability and statistics. Distribution types (binomial, normal, Poisson).

Asymmetry and kurtosis. Mathematical expectation and variance.

Regression analysis. Correlation.

44. Gene frequencies and genotype fitness estimation. Chi-square method.

Genetic distance. Cluster analysis. Multivariate distribution.
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9K3ameHaLMOoHHbIe Bonpochbl K nporpamme “lMpuknagHas reHomuka/Applied genomics”

MonekynspHas reHeTUKa

1. LleHTpanbHas gorMa MosieKynsipHon 6uonoruun. UIctopusi OTKpbITUA XMMUYECKOW NPUPOAbI
reHoB. COBpeMeHHOe NoHATHeE reHa. MoHATUE 3KCNpeccum reHa.

2. HyKJ'IeO3VIp,bI, HyKneoTuabl N X npuMepbl. KOMMNOHEeHTbI MOHOHYKNEeOoTnaoB.
nMpVIMVI}J,VIHOBbIe M NypunHoBble€ a30TUCTblE OCHOBaHUA.

3. BropuyHas cTpykTypa OHK (Mogenb YoTcoHa-Kpuka).

AHTMNapannenbHOCTb NONHYKIeOTUAHbIX Lenei. NMpaeuna Yapradda v npuHumn
KOMMJIEMEHTApPHOCTM a30TUCTbIX OCHOBAHMWIA.

4. Bo3MOXHble KoHpopmaumn OHK: A, B n Z popMbi.

5. MpuHuunnbl ynakosku [ HK B npoKapnoTUYECKMX U 3yKapUOTUYECKUX KrleTKax.
CTpyKTypa HyKJ1€0COM.

6. OcHoBHble TunNbl PHK kneTku. Ux cTpykTypa 1 QyHKLNN.

7. NoHATne reHeTnyeckoro koga. CyTb U NPUHLMN reHEeTUYECKOro KOAUPOBaHUA.
OCHOBHbIe CBOMCTBa reHeTUYeCKOro koga. YHMBepcanbHOCTb KOfa B XXUBOW nNpupojae.

8. CTpyKTypa reHOB NpPOKapuoT, KoAMpyoLlasa nocneqoBaTe/ibHOCTb U YCTPOWNCTBO
NMPOMOTOPOB.

9. Mo3aun4Has CTPYKTYpa 3yKapnoTn4eckmnx reHoB (VIHTpOHbI 7 3K30Hbl), 0CO6EeHHOCTU
opraHun3auunun npomMoTOpPOB.

10. benkun Kak NpoAYKT aKCrnpeccmm reHoB. XMMUYECKUI COCTaB GeNKoB.
MpuHUMnbl Knaccudukalmm aMMHOKUCAOT.

11. NonykoHcepBaTUBHbIN MexaHn3M pennunkauyum JHK.
STanbl penankaumm y npo- n 3yKapuoT: MHUUMaLUUSA, 3NI0Hraumnsa U TepMmuHagms.

12. ®epMeHTaTUBHbIN annapat penaunkaumm (xenvkasbl. JHK-rupa3sbl, JHK-cBssbiBatowme
6enku, npainMasa u eé ponb, HK-nonumepasa, HK-nurasa).

13. Tunbl pennvMKaLmmn y KonbLleBOro reHoMa npokKapuoT (TeTa-penimkauus u pennmkauus
Mo NPUHLMNY KaTALWEerocs KosbLa).

14. TpaHCKPUNLMS KaK MPOMEXYTOUYHbI 3Tan 3KCMPeccum reHoB. dTanbl TPaHCKPUNUun
(MHMUMaLMSA, aNoHraUUs U TEPMUHALNS) U €€ MeXaHU3M.

15. lNpoayKTbl TpaHCKpMALUMK y Npo- n aykapunoT. Ponb PHK-nonnmepassbl.
16. MNoCTTpaHCKPMNUMOHHBIN NpoueccuHr PHK aykapmoT u ero 6MonorMyecknin CMblIch:
KannupoBaHue, NofInageHnInpoBaHme 1 CraamCuHr.

17. MpUHUMMbI PErYyNSALMM SKCNPECCUM FeHOB MPOKapUoT.
Buonornyeckas Lenecoo6pasHoOCTb perynsiumm sKCrnpeccumu.

18. OnepoHHasi opraHM3saumns reHoB. [03nTUBHaNA U HeraTUBHAs Perynsaums.
NHaykuma v penpeccus.

19. TexHONOrMsi peKoM6MHaHTHbIX JHK: NpUHLMNbI KNOHMPOBAHUSA FEHOB B BEKTOP.
Ncnonb3oBaHue pecTpukTas n nuras. [IppuMmeHeHne MeTo0B reHHOM MHXXEHEPUMU.

20. MeToAbl aHann3a HyK/EMHOBbIX KUCIIOT: NoNiMMepasHas LienHasa peakums, 61I0TTUHT
(CaysepH, HozepH), cekBeHupoBanue JHK, TexHonorusa JHK-ymnos.

21. NpakTn4yeckoe npuMmeHeHne metogos aHanusa AHK n PHK.

22. Knaccudukaumsa TunoB penapaumu. MNpamas penapauyus TMUMUHOBbBIX AUMEPOB
N METUNUPOBAHHOIO ryaHuHa. BbipesaHue oCHOBaHUI. [NMMKo3uiassbl.

23. MobusbHble 3/1eMEHTbI B reHOMax 3yKapuot (TVII'IbI MOOUNBbHbIX 31€EMEHTOB, MeXaHN3Mbl
nepemMmeLleHund, npuMepbl MOBUIbHbIX SJ'IeMeHTOB).

24. ®opMbl NepeHoca reHeTMYEeCKOro MaTepurana y 6akTepui.
25. Cnoco6bl BBegeHusa AHK B kneTku: TpaHchopmaums, TpaHChEKLNS, 3N1eKTponopaLus.



26. BHeXpoMOCOMHble reHeTUYecKne CUCTEMbI MPOKapUOT.

MyTauum reHoB X/10ponaacToB U MUTOXOHAPUN. [eHeTUYecKne KapTbl.
27. MNonyyeHne 6nbnmnotek EST-nocnegoBaTtenbHOCTEN.

MeToabl CKpUHUHIa 6ubnnoTek n knoHotek AHK.

LiuToreHeTuka

28. CTpyKTypHasa opraHnsaumnsa XxpoMOCOM.
MonekynsipHasa opraHnsauua MUTOTUYECKOMW XPOMOCOMDI.

29. KapuoTun. LiuTonormyeckume xapaktepuctnku kapmortuna. OpraHmsaunsa kapmoTtumna.

30. CTpyKTYpHO-(YHKLMOHasbHble NPeobpa3oBaHNsi XxpOMaTUHA B pa3Hble (asbl KNeTOYHOro
LMKIa. IyxpoMaTUH U reTepoxpoMaTuH. KOHCTUTYTaTUBHBIN U haKybTaTUBHbBIA XpOMaTUH.
MonoBon xpoMaTuH. ADDEKT NONOXKEHUS.

31. Untonornyeckne mexaHnsmol pennmkauyumn. CuHtes JHK n yasoeHne XxpoMoCoM.
32. leHeTuyeckasn pekoMbrHaLms B MUTO3€e N Meiose.
33. LlutoreHeTuyeckmne Metoabl B GUIOMOHUTOPUHIE U MEAULMHE.

FeHeTUKa yenoBeka

34. Knaccudukaumsa m oban GeHoTunnyeckasn xapakTepucTnka XpOMOCOMHbIX 601e€3HeN
yenoBeka. MexaHn3M pa3BUTUSI HAPYLLEHNI NP XPOMOCOMHbIX 3a60/1eBaHUSAX.

35. Knaccudukaums n 4yactoTa reHHbix 6onesHen yenoseka. Cneymduryeckme ocob6eHHOCTH
pasBUTUA U MNOSBNEHUS FTeHHbIX MyTaL Wi MNPy pasfinyHbIX TUNAx HacnefoBaHUS.

36. 3HauyeHMe 1 KpUTEPUU NOSIUTEHHOMo Hacnef0BaHNs 60/1e3Hel ¢ HaceACTBEHHbIM
npegpacnosioxxeHnem. Ponb napa- 1 reHoTMNuM4eckux hakTopoB B pasBUTUM
MynbTudaKTopranbHbIX 3ab6onieBaHnin. MeTofbl FeHETUYECKOrO aHanM3a HacleLCTBEHHOIO
npeapacnosioXXeHnst Ha NnpuMepe 3abosieBaHMsA aTepPOCKIEPO30M, TMNEPTOHNYECKON
60n€e3Hbto, A3BEHHOW 60/1€3HbBIO U LN30DPEHNEN.

37. Ucnonb3oBaHne MeTo[,0B KIIMHUYECKOTO, napakianHM4eCckoro n cneyunasibHoro
reHeTU4YeCcKoro obcnefoBaHus s BbisiBNeHUs1 HacneACcTBEHHOM NaTONOMMNN.

38. KonnyectBeHHasa 1 kayecTBeHHaa U3MEHYNBOCTb opraHM3mMoB. OCHOBHbIe NapaMeTpbl
pacripefiefieHnsi KoNnMYecTBEHHbIX NPU3HAKOB B Nonynsiuusx (cpeaHee, gucnepcus,
acuMMeTpus, aKcLecc). HacnegyeMocTb, KOPpensaums U X 3HaYeHme st cenekumu.

39. Knaccudumkaums MmyTaumm, 4YactoTa CNOHTAHHbIX U UHAYLMPOBAHHbIX MyTaLui,

NX BAUSIHWE Ha MPUCNOCO6EHHOCTb. BHYTpureHHas pekoM6uHauus. ynnvkaums reHos.
40. MoHATne myTaumoHHoro rpysa (I Mennep). CenekTMBHO-HeNTpanbHble MyTaLuu,

nx cyabba B nonynsuuu (P.duwep, M.Kumypa).

41. NeHOTMN KakK LenocTHasa cuctema KoHuenuum «aganTMBHOM HOPMbI» MNONYsLUn

U «<HOPMbI peakuumn» reHoTuna. KoHuenuusi reHetuyeckoro romeoctasa (M.JlepHep).

42. CoBpeMEeHHble npeacTaBneHns 06 aBOOLMOHHOM NpoLecce.

AHareHes 1 KnagoreHes. Teopusa «CMeLLaroeroca pasHosecusi» Cbtoanna PanTa.

43. BeposiTHOCTb U cTaTUCTUKA. Tunbl pacnpeaeneHnii (6UHOMUHaNbHOE, HOPMaJibHOE,
MNyaccoHa). AccumeTpus 1 aKcLlecc. MaTtemMaTMyeckoe oXxugaHue u Ancrepcus.
PerpeccuoHHbIn aHanus. Koppenauus.

44. OLleHKM YacTOT FreHOB M MPUCMNOCOBNEHHOCTH reHOTUNOoB. MeTog, «Xxu-KBagpaT».
leHeTUyeckme paccToaHua. KnacTtepHbiii aHanus. MHOroMepHble pacnpeaeneHus.

33333332 |”TMO UNIVERSITY @ SCAMT



