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MporpamMmy ovcumnnuHbl paspabotan(a)(1) AOUEHT, K.H. (aoueHT) babbiHnH 3.B. kadenpa reHeTuku
NPMub otoeneHue pyHoameHTanbHon MeamumHbl , Edward.Babynin@kpfu.ru

1. LUenn ocBOEHNS AUCLUMINHBI

OCHOBHOW LieNnbto SiBNsSieTCsl 00OpMMPOBaHME Yy CTYAEHTOB KOMMNEKCHOro NpeAcTaBneHuns o
3aKOHOMEPHOCTSIX U MONEKYNSIPHBIX MEXaHN3Max N3MEHYMBOCTM FrEHETUYECKOW MHChopMaLmn y Npo- r
3YKapUTUYECKNX OPraHn3MOoB AN1sl yCBOEHMs B By oyleM yHOoaMeHTanbHbIX U NpUKNanHbIX
HanpaeneHui B 6uonoruu.

2. MecTO AMCUMNNUHBI B CTPYKTYype OCHOBHOM 06pa3oBaTtefibHOM NPOrpammbl BbICLLETO
npocpeccuoHanbLHOro o6pasoBaHus

JaHHas yyebHas oncumnnnHa BkodeHa B pasgen " 53.10B.1 MNpodeccrnoHanbHblin" 0CHOBHOW
obpasosatenbHoi nporpammbl 020400.62 Bronorns n 0THOCMTCS K auCUMnAMHaM No Bbibopy.
OcBauBaetcs Ha 4 kypce, 7 CEMeCTp.

MyTauroHHbIA Nnpouecc” ABNSeTcs 0OHON N3 6a30BbIX yHEOHbIX ANCLMMNINH €CTECTBEHHOHAYYHOrO
umkna [B.2 gpenepanbHOro rocy1apcTBeHHOro 06pasoBaTenbHOro CTaHaapTa BbiCLWero
NpPogoeccnoHanbHoro 0bpasoBaHusl.

Lnsa yceoeHus matepuana kypc "MyTaumnmoHHbIA Npouecc” Kak pa3nen reHeTukn onmpaeTcs Ha
MEeTOLONOrnI0 reHeTN4eCckoro aHanmaa n UCronb3yeT BECb METOANYECKUI apceHan MonekynsapHom
reHeTnkn. OH CBSI3aH TakXe C LUMTONOrMen, 3KoONorm4eckom reHeTKon n meanUmHoN.

3. KomneteHuuu obyyarowierocs, hopMmpyemblie B pe3ynbTate 0CBOEHUS OUCLUM/INHDI
/mopyns

B pesynbTate 0CBOEHUS AMCLMNANHBI (DOPMUPYIOTCS CNeayoWwmne KOMNEeTEHUNN:

PacwmcbpoBka
Lncpp komnereHuyu npuobpeTaeMor KOMNeTeHLUN
OK-3 nprobpeTaeT HOBblE 3HAHMS U OOPMUPYET CYXOEHUS MO
(OBLLEKyNbTYPHBIE Hay4HbIM, COLMANIbHLIM 1 OPYrM NpobnemMam, NCrosnb3ys
KOMI'IGTéHLI,VYI/?) COBpPEMEHHble 0bpa3oBaTeNbHbIe Y MHPOPMALNOHHbIE
TEXHONOrnn
AK-1 MOHUMAaET COBPEeMEHHbIe NpobnemMbl 6MONOrMn 1 NCMoNb3yeT
HOAMeHTanbHble Guonormyeckme n TaBneHns B
(NPOCPECCOHANBHBIE oyHOaMeHTan ev6 Onornyeckue npencrasne cthepe
npodpeccrnoHanbHOM AESTENBHOCTA AN NOCTAHOBKM U
KOMreTeHuun)
PELEeHNs HOBbIX 3a4au.
AK-5 NPVIMEHSIET COBPEMEHHbIE 3KCNEPMMEHTalbHble METOAbI
Tbl C BIONOrNYECKNMUN 06 BEKTAMM B NMONEBbIX U
(npodpeccunoHanbHble pago ¢ Guonoruiec obnexTa 6 one -
KOMNETEHLIAN) nabopaTopHbIX YCNOBMSX, HABLIKI PabOThl C COBPEMEHHON
annapaTtypoi
MK-6 LEeMOHCTpupyeT 6a30Bble NpeacTaBneHnst 06 OCHOBHbIX
(NpogpeccuoHanbHble 3aKOHOMEPHOCTSIX U COBPEMEHHbIX JOCTUXEHUSIX TEHETUKM, O
KOMMeTEeHLMN) reHoMuke, NpoTeoMumkKe
CK-1 BNafeeT OCHOBHbIMU BMONOrMYECKMMI MOHATUSIMIA, 3HAHUSMIA
61ONOrNYecKNX 3aKOHOB 1 SBNEHNIA

B pesynbtate 0CBOEHUS ANCUMMNUHBI CTYAEHT:
1. DONXEH 3HaTb:

obnagatb TEOPETUYECKUMUN 3HAHUSIMM 06 OCHOBHbBIX 32aKOHOMEPHOCTSIX NOSIBNEHUS MyTaLWiA,
MOMEKYNSIPHbIX MpoLeccax Beaylumx K OOPMUPOBaHNIO MyTaLIMOHHbIX COObITUIA, MEXaHU3Max BAUSHNSA
3K30reHHbIX 1 3HAO0reHHbIX DAKTOPOB HA BO3HWKHOBEHME MyTauuiA, COBPEMEHHbIX MPEACTaBNEHUSX O
reHeTUYECKNX cucTemMax KOHTPONUpYoWMX penapaumio nospexaeHnin JHK
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2. DONTXEH yMeTb:
NPOU3BECTU onpeaeneHns CKOpPoCTN MyTaUMOHHOrO Npouecca B Nonynaumsax XnBbiX OpraHn3MoB.
3. 0ONXeH BnaneTb:

obnagatb TEOPETUYECKUMUN 3HAHUSIMM 06 OCHOBHbBIX 3aKOHOMEPHOCTSX NMOSIBNEHUS MyTaLWiA,
MOMEKYNSIPHbIX MpoLeccax Beaylumx K OPMUPOBaHNIO MyTaLIMOHHbIX COObITUIA, MEXaHU3Max BAUSHNSA
3K30reHHbIX 1 3HAO0reHHbIX DAKTOPOB HA BO3HVKHOBEHME MyTauMiA, COBPEMEHHbIX MPEACTaBNEHUSX O
reHeTUYECKNX cucTemMax KOHTPONUpytowWwmx penapaumio nospexaexHmin AHK;

HaBblK/ ON14 onpeneneHnsa CKOpoCcTn MyTauMOHHOIo npouecca B nonynaunax XmnBbix opraH1M3MoB.

4. CTpyKkTypa 1 cogepXxaHvue OUCLUNIUHBI MOAYNS
Obwas Tpya0eMKOCTb ANCLMMIIMHBI cocTaBnseT 3 3a4eTHbix(ble) eanHuL(bl) 108 yaca(os).
dopMma NPOMEXYTOYHOr0 KOHTPONS AMCUUNANHDBI 9K3aMeH B 7 CEMECTPE.

CyMMapHo No amcumnanHe MoxHo nony4ntb 100 6annos, U3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6annoe, nTorosas popma KoHTpons - B 50 6annos. MuHMManbHoe KONMYeCcTBO ANst AOMNycKa K 3a4eTy
28 6annos.

86 6annos 1 6onee - "oTANYHO" (OTN.);

71-85 6annos - "xopowo" (xop.);

55-70 6annos - "ynoBneTBopuUTENbHO" (YA0B.);

54 6anna n MeHee - "HeyLOBNETBOPUTENLHO" (Hey..).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTtbl No gucumnnmHe/ MOaynto
TeMmaTnyeckum nnaH AUCUUMNAUHBI/MOAYNA

Buabl n yachbl
Pasgmen ay,oMTOpHOM paboThbl,
Hepens MX TPy R0EMKOCTb Tekywue coopmbl
N 'D'"Kn"g"lr;;m"b'/ CemMecTPemectpa (B yacax) KOHTpOnsi
Nek ImI1pa|(T|/|--|eC|(|/|eJ1a60paTop|-|b|e
u 3aHATUA pa601b|

Tema 1. Nctopus KOHTPONbHAS

1 [Msytienn 7 2 0 4 pabota
‘IMyTaumoHHOro

npoecca

Tema 2.
> Knaccugomkaums v 5 0 4 TecTupoBaHue

MyTaLMOHHbIX

N3MEHEHUN

Tema 3. OCHOBHbIE
3 [3axoHOMEpHOCTH v 5 0 4 Kgg;gganaﬂ

‘IMyTaumoHHOro P

npowecca

Tema 4. CnNOHTaHHbIN

mMyTareHes un YCTHbI ONpocC
4. HecTabunbHOCTb / 2 0 4

reHoma

Tema 5. o
5.|MIHOyunpoBaHHbI 7 2 0 4 ycTHBIV Onpoc

MyTareHes
6. Lem? 6. Penapauus v 5 0 4 TecTupoBaHue
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Buabl 1 yacbl
Pasgmen ayauTopHOM paborThbl,
Hepens MX TPy AO0EMKOCTb Tekywume copmbl
N ,D,VIKIILI.VIHHMHI::I/ CemecTp cemecTpa (B yacax) ‘I'( ompfﬁn ﬂp
oAyna Nek M"I'IpaK'rw-lecmeHaﬁoparoprle
L 3aHATUA paboTbi

Tema 7. [NpuknagHole
7. aCneKTbl N3y4eHns4 7 P 0 4 YCTHbIVN ONpoC

MyTauMOHHOIo

npowecca

Tema . Ntorosas aK3ameH
. 7 0 0 0

doopma KOHTpons

Ntoro 14 0 28

4.2 CopepxaHue OUCLUMNIMNHbI
Tema 1. UcTopua nsyyeHus MyTaLMoOHHOro npouecca
JNleKLMoHHOoe 3aHsiTne (2 4yaca(oB)):

dopMupoBaHve npencTasneHnin 0 HacneacTeeHHoOM nameHunsocTn. Barnaabl Y. NapsuHa Ha
N3MeH4MBOCTb. MyTaunoHHas Teopus I". e ®pusa. Pabota C. N. KopxuHckoro "lreTeporeHesnc u
asonoums”. MNepsble 9KCNePUMEHTaNbHbIE MCCNEN0BaHNS MyTaLIMOHHOIO npouecca. PaspaboTka
METOAO0B yyeTa YacToTbl MyTaumin y opo3odounbl. Pabotel I'. Mennepa. OTkpbiTe MyTareHHoro
nencTensa panmaummn. Paspabotka METOAOB M3Y4EHMS COHTAHHOMO MyTaLMOHHOrO npolecca y
MUKpOOpraHnamMoB. PnykTyaumnoHHblii Tect C. Nlypus n M. Lenbbptoka. PopmunposaHme
NpeacTaBneHnin 0 PU3NONOrnNYeckmx N BUOXUMUYECKNX OCHOBaX MyTaLMO?HHOrO npoLecca.

naboparopHas pabora (4 4aca(oB)):

1. dopmmpoBaHmne noHATUS "Mytaumsa”. 2. dopMnpoBaHue NpeacTasneHnin 0 NpuYnHax Mytaumi. 3.
PasBuTre npeacTaBneHunii o paamaunoHHoM MyTareHese. 4. ioest o0 MOBUNbHbIX aneMeHTax reHoma.

Tema 2. Knaccudpmkaumsa mytaLMoHHbIX USBMEHEeHUN
NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

Knaccundpmkauns MyTaLmMoHHbIX N3MEHEHWNIA. [ eHOMHbIE, XPOMOCOMHbIE U FreHHble MyTaLuw.
Knaccundpmkauns reHHbix MyTaumim no oeHoTUNnYeckomy adodoekTy: runepmopdbl, rmnomMopdbl,
amopdbl, HeoMopdbl, aHTUMOpPdbI (Mennep), No0 MONEKYNAPHbLIM U3MEHE ?HUSAM, MO U3MEHEHUIO
CMbICNia KOLOHOB (samesense, missense, nonsense), MNo?napHble MyTaunn. 3PAEKT NONOXEHUS.
ObpartHble MyTaumun. Cynpeccopsbl. Cynep?cynpeccus. deHoTMnuyeckas cynpeccus.
Wcnonb3oBaHne MyTaumii B 3KCnepruMeHTanbHon buonormn. Meton MyTaumoHHOro 6noKMpoBaHns u
€ro MCnonb3oBaHWe B pacwmgposke nyTein metabonmama, MopgoreHesa n np. Obwue TpedoBaHms,
npenbsaBnsgeMble K MyTauMOHHbIM Moae?nsam (Bectepraapn). MatpuyHble npouecchl n cuctema
reHotuna.

naboparopHas pabora (4 yaca(oB)):

1. Xapaktepuctuky Mytaumin. 2. Mytauum, CBS3aHHbIE C HapyLWEHNEM reHeTNYeckoro koaa. 3.
MyTauun, nHoyUMpyeMble MHCEPLMSMIU MOBUNBbHBIX aNEMEHTOB. 4. MyTaunun, 06yCnoBneHHbIe
3KCMaHCUen TPUHYKNEOTMAHbIX MOBTOPOB. 5. OBpaTHble 1 CynpecCopHble MyTaLuN.

Tema 3. OCHOBHble 3aKOHOMEPHOCTU MyTaLMOHHOIO npouecca
JNIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

MoHsATUE O CKOPOCTM MyTaUMiA, YacTOTe MyTaunii U MyTabunbHocTh. MeToabl o6HapyXeHus
myTaumin. Mytaums kak cobbiTne penkoe n cnydainHoe. Cny4anHOCTb BO3HMKHOBEHMS MyTauuWii BO
BPEMEHM 1 NPOCTPaHCTBe. PacnpeneneHne penkmx n cnyyarHbix cobbiTuin - pacnpeneneHme
lMyaccoHa. PnykTyaumnoHHbIA TeCT 1 pacnpenenenune Jlypus-Lensbptoka.

naboparopHas pabora (4 4aca(oB)):

1. ®dnykTyaumnoHHbIi TecT (onbiT Jlypmsa n Oenvbpioka). 2. Henpsmoit oT6op yCTOMYMBBIX MyTaHTOB
meTtonom pennuk . n 3. Jlenepbepros.

Tema 4. CnoHTaHHbIN MyTareHe3 U HeCcTabuNbHOCTb reHoMa
JNeKLMoHHoe 3aHsiTne (2 4yaca(oB)):
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[Mpupona v NPoMCXoXAeHMEe CMOHTaHHbIX MyTauui. Ponb eCTeCTBEHHOro ooHa OU3NYECKNX 1
XMMm4ecknx MytareHoB. CoHTaHHbI MyTareHes Kak ownbku "Tpex P": pennvkauum, penapaumm n
pekoMbuHaumm. ['eHbl-MyTaTopbl U reHbl-aHTUMyTaTopbl. MOBUNbHbIE rEHETUYECKME SNEMEHTbI
MUKPOOPraHN3MoB. |S-aneMeHTbl 1 TpaHCNo30Hbl 6akTepuii. MonekynsipHble MeXxaHU3Mbl
TpaHcno3uuuun. PennukatneBHas n HepennukatueHas TpaHcnosuumsa. ®ar Mu. Perynauusa npouecca
TpaHcno3nuuun. MIaMeHeHns reHoMa MMKPOOPraHM3MOB, Bbi3biBAEMbIE TPAHCMO3UPYEMbIMA
anemMeHTamu. [[opn30oHTaNbHbIN NEPEHOC reHOB 1 ero posb B 9BOMOUUKN NpokapuoT. Ponb
KOHTPONMMPYIOWMX 3NIEMEHTOB B MyTareHese y Kykypysbl. [lepemelatowmecs renol (M) gposodonnsl.
MmbpuaHblii aucreHes. Ponb peTpoBupycoB B MyTareHe3e No3BOHOYHbIX. MyTa?reHHoe nencTene
BUpYcOoB. M'MnepmMyTareHe3 npu obpas3oBaHnv reHOB aHTUTEN MO3BOHOYHbBIX. SBNEHNE
"HanpasneHHoro" MytareHesa.

naboparopHas pabora (4 4aca(oB)):

1. NospexaeHns OHK npu nencTsum noHmsnpyoowen paguaumm (noBpexaeHns 0CHOBaHWM, 04HO
- OBYHUTEBblE paspbiBbl, All caiTbl, CLUIMBKK, KNacTepHble noBpexaeHns ) n YO - ceeta.

Tema 5. UHayumnpoBaHHbIN MyTareHes
JNleKuMoHHoe 3aHsiTne (2 4yaca(os)):

MeToabl y4eta AOMUHAHTHbIX NeTabHbIX MyTauuin y pacTEeHUA, MAEKONUTAKOWMX U OPO30GOUNbI.
MeTonbl 06HapPYyXeHNst MHAYLMPOBAHHbLIX MyTaLWii pasHOro TMna u Ux YacToTbl Y PaCTEHWUIA.
Vicnonb3oBaHue cneumanbHbIX MHUA Y XMBOTHBIX U METO4a CEeNEKTUBHbLIX Cpel Y MUKPOOPraHn3moB
NS aHanM3a MyTaunoHHoro npouecca. CneunanbHble MeTOAbl 0OHAPYXEHUS U KONMYECTBEHHOMO
yyeta MyTauumin y aposodpunsl n ponb . Mennepa B nx co3gaHun. Y4eT 4actoTbl BOSHUKHOBEHUS
peuecCuBHbIX eTanbHbix MyTauunin (Metoabl "Mennep-5" n "Cy L/Pm"). Jllokannsaums cuenneHHbIX ¢
MONOM PELECCUBHbIX NETaNbHbIX MyTaUWUn HA reHeTn4eckon kapTe. Metoabl y4eTa BUOAUMBIX
MyTaumMi: C UICNONb30BaHUEM CLEMNEHHBIX X-XPOMOCOM 1 MapKMPOBAHHbIX PeLeCCUBHbBIMA reHaMu
aytocoM. Cnocobbl 0bHapy>XeHUst KPyMnHbIX HEXBATOK, Aeneunii No N3MEHEHWUIO XxapakTepa
LOMVHNPOBAHMS N NeTanbHOCTN YacTy notomcTea. ObHapyXeHne NHBEPCUIA N0 N3MEHEHWIO
xapaktepa pacuennenuns. BnmaHme nHeBepcuii Ha 4acToTy KpoccuHrosepa. OnpeneneHne pasmepos
WHBEPTUPOBAHHOIO y4acTka XPOMOCOMbI. YCTaHOBNEHWE TPaHCIOKauuiA No netanbHOCTM YacTu
NOTOMCTBA N N3MEHEHMIO IPYNMbl CcUenneHns. Xapaktep Meno3sa B Knetkax, reTepo3uroTHbIX No
TpaHcnokaumu. Lintonornyeckuin aHanna XpoMOCOMHbIX NEPECTPOEK (MccnenoBaHne MetagoasHbiX
XPOMOCOM, MMraHTCKMX XPOMOCOM, AndepeHumnanbHoe okpawmBaHne XpoOMOCOM B KneTkax
pPacCTEHWUI, XMBOTHbIX 1 YEN0OBeEKa).

naboparopHas pabora (4 4aca(oB)):

npakTndeckoe 3aHaTme (4 yaca(os)): 1. Tunbl penapaunoHHbIX npoueccos. MexaHnam 1 3HaYeHue
gooTopeakTuBaumu. 2. IkcumnanoHHas penapaunsa OJHK. BoiwenneHve nupnMmanHOBbIX GUMEPOB.

Tema 6. Penapauusa AHK
JIeKLMOHHOe 3aHsiTne (2 4aca(oB)):

Penapauwns kak npouecc yctpaHeHns nospexaeHuin B JHK. doTopeakTnBaums: npamas, Henpsamas
N HedbepMeHTaTMBHAS. OKCLUM3NOHHas penapauus n ee ata?nbl. UvrABC-Hykneasa n MmexaHuam ee
nencteusg. OHK-rnnkosnnasbl. All-sHooHykneasbl. "KopoTkuin® n " oanNHHBIA" NyTb SKCLNU3NOHHON
penapauuun: ponb OHK-nonumepasb! | n JHK-nonumepasbl |ll. Penapaums ogHOHMUTEBbIX pa3pbiBOB
OHK. MNoctpennukateHas (pekoMOMHaLMOHHAS) penapaumns n ee reHeTM4ecknini KOHTPOb.
CoBMeCcTHOe OefCcTBUE 3KCLUU3NOHHONM M NOCTPENNMKATUBHOW penapauunii npu ycTpaHeHnm
nonepeyHbix cwmeok B JHK. Penapauuns nByHuTeBbIX pa3pbiBoB. OwmnboyHbie n 6e3owmnboyHbie
nyTn penapaunn. Koppekuus HenpasmuibHO cnapeH?Hbix 0OCHoBaHMIi (mismatch-koppekums) n ee
NyTn (3aBMCKMbIA OT METUINPOBAHUS N HE3ABUCUMbIE OT METUNNPOBaHUS). IHoyumbenbHble
cuctembl penapaumn. Cuctema SOS-oteeTa: curHan, ponb RecA- n LexA-6enkos, din-reHsl, UmuDC
(MucAB)-6enku n nx ponb B SOS-my?TareHe3e. ObHapyxeHune HoBbix JHK-nonumepas,
yyacTBylowWwmx B penapaunoHHoM npouecce (OHK-nonumepasbl IV 1 V). "AgantuBHbIi oTBET" N €ro
reHeTUYeCKnin KOHTPOrb.

naboparopHasi pabora (4 4aca(oB)):

1. MexaHun3M nocTpennmkatueHoi penapaunn. MyTe pekoMbnHaUMOHHOK penapaumn. 2.
PekoMbrHaLms: roMONOrMYeCKniAi KPOCCUHIOBEP, CanT-cneumguyeckasl peKoMbmHaums,
TPaHCNo3nuuN.

Tema 7. an/IKﬂa.IJ,HbIe acnekTbl N3y4yeHnss MyTaulMOHHOIO npolecca
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NeKUuMoHHoe 3aHsiThe (2 yaca(os)):

Mpobnema MyTareHOB okpyxatolein cpeabl. MeTonbl BbISIBNEHNS 1 TECTUPOBAHNS MyTareHoB
(CKPUHUHT MyTareHoB). eHeTNYecKnii MOHUTOPUHI. MyTaLMOHHBIA NPOLIECC Y MUKPOOPraHN3MOB:
0COBEHHOCTY BbISIBNEHWS Pa3HbIX TUMOB MyTaLWii, onpenennTe TeMna MyTalMoHHOMo npouecca.
MyTauMOHHBbI Npouecc Yy Apo30counbl, y4eT pasHblx TUMNOB MyTauuii. MyTauMoHHbIA npouecc y
BbICWINX pacTeHuid. MyTaunoHHbI npouecc y mnekonutarowmx. MyTaumnoHHbI npo?uecc y Yenoseka
W TPYOHOCTW B €r0 KONMYECTBEHHOM M3ydeHnn. MeToabl onp?eneneHns MonekynsipHon npupoapl
MyTaLmMin. DopMynbl AN ONpeneneHnst 4YacToTbl AOMUHAHTHBIX U PELLECCUBHbBIX CMOHTAHHbIX MyTaLnii
y Yenoseka. $IBfieHve aHTUMyTareHesa.

naboparopHasi pabora (4 4aca(oB)):
1. Tect Oinmca. 2. MukposoepHbIin TecT.

4.3 CTpyKTypa 1 copepXxaHume caMOCTOSATe/IbHOM paboTbl AUCLMMINHBI (MOLYNSA)

Buabl
N Paspen Cemect Hepens | camocTositensHon [TpyA0eMKOCTb ;%%%:L:‘T):;Eﬁg;
AducumnnuHel pcemecha paborthbl (B yacax) 260TbI
CTyAOEeHTOB P
Tema 1. Nctopus
1 [3y4eHms v Egﬂ;ogﬁiﬁ%; 4 KOHTpONbHas
‘IMyTaumoHHoro a6 og o paboTta
npouecca P
Tema 2.
Knaccugomkaums NoAroToBka K

2. MYTaLMOHHbIX / TECTUPOBAHUIO 6 TecThposaHne
N3MEHEeHU
Tema 3. OCHOBHblE

noaroToska K
3 |3@KOHOMEpHOCTH v KgﬂTOO;)bH%M 4 KOHTpONbHas
‘IMyTaumoHHoro a6 02 o paboTta
npouecca P
Tema 4. CNOHTaHHbIN
MyTareHes u NnoAroToBka K o

4. 7 THbI On
HecTabunbHOCTb YCTHOMY Onpocy 6 ye onpoc
reHoma
Tema 5.

5.MHoyunpoBaHHbIii 7 ?ggTrV? nggﬁﬁro 4 TecTnposaHune
MyTareHes P
Tema 6. Penapauus NoOAroToBka K

6. TIHK 7 TECTMPOBAHIIO 4 TecTupoBaHune
Tema 7. [NpuknagHble
acnekTbl N3y4eHuns NnoAroToBKa K -

7. 7 2 THbIA On
MyTaLUNOHHOro YCTHOMY Onpocy ye onpoc
npouecca
WNtoro 30

5. O6pa3oBatenbHbie TEXHONOrMN, BK/IIOYasi MHTEpPaKTUBHble (hopMbl 06yueHust

Ha nekumsx npv n3noxeHunn matepuana cnegyet nonb30BaTbCs UIMOCTPATVBHBIM MaTe-
pvanoM, OPMEHTUPOBAHHBIM HA MCMONb30BaHME MYNbTUMEANNHOIO NPe3eHTaUnoHHOro o6opyno-
BaHMSI.

Obpa3zoBatenbHble TEXHONOTUK:

— CaMocToATENbHOE YTEHNE CTyAeHTaMm y4ebHo, y4ebHO-MeTOAMYECKO U CNPaBOYHON NnTe-
paTypbl 1 nocneayowme cBoboaHbIe ANCKYCCUM MO OCBOEHHOMY UMW Matepuany, cnonb3oBa-
HVe NNNOCTPATMBHbBIX BUIeoMaTeprasnos (BMAeogUIbMbl, GooTorpadomm, ayanosanmcu, KoMb-
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tOTEPHbIE NPE3eHTaunn), LEMOHCTPMPYEMbIX HA COBPEMEHHOM 060PYA0BAHMM, ONPOCHI B MHTE-
PakTUBHOM pPEXUME.
— MeTonbl 0byyeHuns 1 npenonasaHus: YyteHme nekumia, CPC.

— PyOEXHBbI KOHTPOMb: YCTHBIA ONPOC MO OCHOBHLIM BOMPOCAM TEMbI, BbINONHEHNE TECTOBbIX
3a4aHun.

6. OueHOUYHble CpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCrneBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMIMIIMHBI U y4e6HO-MmeToanyeckoe obecneyeHme
CaMOCTOSITeNIbHOWN paboTbl CTYAEHTOB

Tema 1. UcTopus n3yyeHnst MyTaLMoOHHOro npouecca
KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:

1. MyTaumoHHas naMeH4nBoCTb. [NoHsATME 0 MyTaumsx (no . e ®pusy). Flomonornyeckume psgpl B
HacneacTBeHHOM n3aMeH4nsocTu (no H.. Basunosy). 2. 'eHHble (TOYKOBbIE) MyTaumm (no [
Mennepy). 3. MyTaumMOHHbIE NOHATUSA: NNEAOTPOMHBIA 3GAEKT, IKCNPECCUBHOCTb 1
NeHeTPaHTHOCTb, MHOXECTBEHHbIN annennam.

Tema 2. Knaccudpumkaumsa mytaLMoHHbIX USBMEHEeHUN
TECTUPOBAHWE , NPUMEPHbIE BONPOCHI:

1390. NIamMeHeHne nocnenosaTenbHOCTU HykneotTnaos B Mmonekyne NHK - ato mytaums A) reHHas b)
reHomHas B) xpomocomHas M) aytocomHas 1391. BoinageHue vetbipex Hykneotngos B JHK - 310 A)
MoandpoukaumoHHoe nameHeHne b) reHHas mytaums B) xpomocoMHasa mytaums ) reHoMHas Mytaums
1392. MNonunnonans - ogHa N3 Popm nameH4nsocTn A) MogudpukaumnoHHon b) mytaumnoHHon B)
KoMbuHaTmeHo M) cooTHocuTenbHom 1395. Kakas 6onesHb YenoBeka - pe3ynbTtat reHHON MyTaumm
A) cnHopoM nprnobpeTeHHoro nMmyHonedgouumuta b) rpynn B) cepnosnoHoknetodHas aHemus M)
renatut 1396. bonesHb [layHa cBa3aHa C NosiBNeHneM nuiHern 21-i napbl XpOMOCOM B reHoTumne
yenoseka, N03TOMy NoAobHOE N3MEHEHME Ha3blBalOT A) coMaTMyeckoin Mytaumein B) reHomHo
myTaumein B) nonunnonamei IN) retepoancom 1589. Mytaumm, cBsisaHHble C 0OMEHOM y4acTkamu
HEroMOnornYyHbIX XPOMOCOM, OTHOCHT K A) XPOMOCOMHbIM B) reHOMHbIM B) TOYKOBbIM [7) reHHbIM

Tema 3. OCHOBHble 3aKOHOMEPHOCTU MYTaLMOHHOIO NpoLecca
KOHTpOnbHasi paboTa , NpUMepHbIE BOMPOCHI:

MeToabl y4eta MyTaumin y 6aktepuii (NpsiMoi 1 HenpsiMoli 0TOop My-TaHTOB). BbloeneHne
ayKCOTPOGOHbIX MyTAHTOB M MyTaHTOB, YCTONYMBBIX K param. TecT Hbtokomba 1 gonyKTyaumnoHHbI
TecT Jlypusi n Oenbbptoka. Y4eT MyTauunin y npoxxer Ha npumepe Ade-MytaHToB Saccharomyces
cerevisiae. MeTtonbl yyeTa peLecCuBHbIX CLEMNEHHbIX C MONOM MyTauuin y apo3o-cunsl (Mennep-5,
Double yellow, CIB). MeTon cbanaHcupoBaHHbIx netanei Cyrly onst yueta peuecCcuBHbIX NeTanbHbIX
MyTauuii y apo3ocuibl. Bo3-MOXHOCTU METOAOB M 061acTV MX MPAKTUYECKOrO NPUMEHEHMSI.

Tema 4. CnoHTaHHbIN MyTareHe3 U HeCcTabuNbHOCTb reHoMa
YCTHbIV ONpPOC , NPUMEpPHbIE BOMPOCHI:

Murpupytollme reHeTU4eCKme 3N1eMEeHTbI: TPAHCMO30HbI 1 1S-nocnenoBaTenbHOCTU, UX PONb B
reHeTn4yeckom obmeHe. IHK-TpaHCNO30HbI B reHOMax NpokapuoT U 3yKapuoT.
IS-nocnenoBatenbHOCTM BakTepwit, nx cTpykTypa. |S-nocnenoBaTenbHOCTM Kak KOMMOHEHT
F-cpakTopa HakTepuii, onpenensiowero cnocobHOCTb Nepeaayn reHeTnYeckoro Matepmana npu
KOHbtoraumun. TpaHCno30Hbl HakTepuii U 3yKapnuoTUHECKUX opraHnM3MoB. MpsMoin HepennmnkaTUBHbIii
M PENVKaTUBHbIA MEXaHU3MbI TpaHCNo3uumii. MNpeacTaBneHne o ropn3oHTanbHOM NepeHoce
TPaHCMO30HOB U X PONM B CTPYKTYPHbIX NEpPepCTporikax (aKTonnyeckas pekoMbuHaums) u B
3BOMIOLMUN FeHoMa.

Tema 5. UHayuupoBaHHbIN MyTareHes
TecTMpoBaHve , NpMMepHbIE BOMPOCHI:
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MepBble NONbITKW NONYYEHUS MyTaLuMiA C MOMOLWbIO XMMuyeckux sewecTs (T. Mo?praH, B. B.
Caxapos, M. B. Nobawes). OTkpbiTEe xummnyeckoro mytareHesa: L. Ayapbax (unput), Onbkapc
(ypetaHn), L. A. Panonopt (3TuneHnMmnH). OCHOBHbIE XM ?MUYECKNE MyTareHbl: aHanorn OCHOBaHWA,
ankunupyouwme areHTbl, a3oTucTas Kucnora, akpuamHoBeble kpacutenu u 1.4. MexaHu3mbl nx
nectena Ha OHK v Tvnbl, Bbi3biBaeMbIX MyTaumin. MetabonmTnyekas akTmBaums NpoMyTareHoB.
CneundgunyHOCTb MyTareHHOro AenCcTBua XuMmyecknx sewecTs. MytareHHoe gencteue JHK
(C.M.I"eplweH30H). CainT-HanpaBneHHbIA MyTareHes.

Tema 6. Penapauusa AHK
TecTnposaHune , npuMMepHbie BOMpPOCHI:

3anonHnUTe NPONYyCKU B cneyowmx yreepxaeHmsx. 1. bonblwas 4actb CNOHTaHHbIX n3MeHeHnin JHK
ObICTPO NMKBUAMPYETCS 3a CHET Npouecca --------- ; NMWWb M3penKka MexaHusM nogaepXxaHus
noctosiHcTBa CcTPYKTypbl [AHK He cpabaTbiBaeT, 1 NosiBUBLIEECS B MOCNEA0BATENBHOCTY
HYKNe0TUO0B N3MEHEHNE COXPaHAETCS; OHO Ha3blBaeTCH---------- . 2. 9KcumsnoHHasa penapauma JHK
BK/OYAET: y3HaBaHNe namMeHeHHon yactu uenn JHK goepMeHTaMu, Ha3biBaeMbIMU--------------- ;
nocnenyownin pecuHTe3 yaaneHHoro y4actka qoepMeHTOM------------ N CluMBaHWe paspbiBa,
octasuwerocs B uenu OHK, doepMeHTOM------------- . 3. HexBaTtka ocHoBaHus, 0O6bIYHO COEOVHEHHOrO C
nesokcmpunbosoii B Mmonekyne HK, 6bicTpo pacno3HaeTcst PepMEHTOM------------- , KoTOpas
paspesaeT goocdoanadmpHblin octoB Lenu JHK B nameHeHHoM yyactke. 4. Y E. coli niobas
OCTaHOBKa pennukaunn, BbiasaHHasa nospexgeHnem OHK, cnyxunt curHanom

ang---------- NO3BONSAOLEro NPeofoNneTb 610K pennukaumm n TeM cCambiM AAOLWEro KNeTKe WaHC Ha
BblXMBaHue. 5. CoctaBbTe CXeMbl 9KCUN3NOHHOW penapauunn Yd-nospexaeHnii goparmeHtos JHK B
cnyyasix BO3HUKHOBEHWUS ABYX MNv BONbLIEro TUMUHOBbIX OAMMEPOB. YKaXnTe poib (OePMEHTOB Ha
oTAenbHbIX 3Tanax aToro npouecca. 8. KopoTkoBOMHOBbIE YNbTPaPUONETOBbIE Ny4N U HEKOTOPbIE
XvMmuyeckme selwectea asnatoTtca: 1). lNoneaHbiMm ang XxXusbix knetok 3). daktopamun MytareHesa 2).
Brotnueckumu cpaktopamu 4). HeobxoaonMbiMu yCnoBusaMm ons xm3Hun 9. Y yenoseka npu
N306bITOYHOM BO3OENCTBUM KOPOTKOBOMHOBOM YNbTPagdMONeToOBON paamaumm MoxeT: 1). UamMeHnTbes
AnuHa sonoc 2). Bo3HWKHYTb MuraTenbHbii pedonekc 3). [posiButbcs comatmyeckas mytaums 4).
Mpon30iT TOPMOXEHME YCNOBHBIX pedonekcoB 10. HacToTy CNOHTaHHbIX MyTauuii B 60nbLel
CTEMEHN MOXHO YBENNYUTb MNYTEM BO3OENCTBUS HA OpraHn3mbl fydamu: 1). Buamnmon yacTtu cnektpa
3). TennosbiMK 2). KpacHoro crnektpa 4). PeEHTreHoBCKnMu

Tema 7. NpuknagHbie acnekTbl U3y4eHUSA MyTaLMOHHOro npouecca
YCTHbIA ONPOC , NPUMEpPHbIE BOMPOCHI:

lMpobnema MyTareHoB okpyxatouleri cpenbl. MeToabl BbISIBNEHNS U TECTUPOBAHMS MyTareHoB
(CKPUHUHT MyTareHoB). [ eHEeTMYECKUI MOHUTOPVHT. SIBfIEHNEe aHTUMyTareHesa.

Tema . UToroesasi popma KOHTpons

MpuMepHbIe BONPOCHI K 9K3aMEHY:
Bonpocbl ons camocTtostensHow paboTbl

1. MobunbHbIE 3NEMEHTI.

2. MytaunoHHas nameH4nBocCTb. [oHATMe 0 MyTaumsx (no . e dpusy). [[omonornyeckne psopl B
HacnencTeeHHom nameH4ymsoctn (no H./. Basunosy).

3. leHHble (To4koBbIE) MyTaumm (no . Mennepy).

4. MyTaLMOHHblEe NOHATUS: NIENOTPOMHbIA 3dAEKT, IKCMPECCMBHOCTb N MEHETPAHTHOCTb,
MHO>XXECTBEHHbIN annennsm.

5. reHepaTVIBHble n coMmatn4deckume, npsambie n 06paTHbIe, CNOHTAHHbIE N HOYUMPOBaAHHbIE MyTaLUN.

6. XpOMOCOMHblE MyTaLMW.

7. CucTeMHblEe MyTaLUW.

8. (eHOMHble MyTauun: asTonoNMNAOUMANS, annononnnNIoNnauns.

9. NeHOMHble MyTauun: reteponnonams (aHeynnonaus),

10. ['eHOMHble MyTauun: rannoungus.

11. HenacnencteseHHas UIBMEHYMBOCTb, HOPMA peakLmm reHoTmna.
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7.1. OcHOBHas nuTteparypa:

Aron B.W., BorgaHos A.A., M'Bo3aes B.A. u ap.; noa pea. A.C.CnupuHa. MonekynsipHas 6uonorus:
CTpykTypa n 6MocmHTE3 HyKNnenHoBbIx kucnot. M., Beicwas wkona, 1990, 352 c.

Anana @., Kainrep Ox. CospemeHHas reHetuka. M., Mup, 1987.

Anbeptc B., Bpenn ., lbtonc Ox., Pacpcp M., Pobeptc K., YoTtcoH Ox. MonekynsapHas 6uonorus
knetku. M., Mup, 1994.

Ayapbax L. Mpobnembl MytareHesa: MNep. ¢ aHrn. M.: Mup, 1978. 463 c.

BapabaHwwkos B./. MexaHuambl penapauun, pekombuHauum n mytareHe?3a, Kasanb. KI'Y. 1984.
BapabaHwumkos b.M. MonekynsipHas reHeTuka. 1986.

Xumynes N.®. Obwasa n monekynspHas reHetuka. Hosocubupck, 2006.

NHre-Beutomos C.I. BBegeHne B MONEKynsapHyto reHeTuky. - M.: Boicwas wkona, 1989. C.11-62.
NHre-Beutomos C.I". ['eHeTnka ¢ ocHoBamu cenekuun. M., Beicwas wkona, 1989, 591 c.

JlbtovH B. I'eHbl. M., Mup, 1987. 465 c.

CuHrep M., bepr I1. 'eHbl 1 reHombl. M., Mup, 1998, Tom1, TOM2.

Condpep B.H. MonekynsipHble mexaHnambl mytareHesa. M. Hayka. 1969.

Crent I., Kanungap P. MonekynapHas reHetuka. M., Mup, 1981. 628 c.

Tapacoe B.A. MonekynspHble MexaHn3Mbl penapauum n mytareHesa. - M.: Hayka, 1982. 227 c.
dununyeHko 0. A. OBontoumoHHas noes B bronoruu.

Xelic Y. leHeTvka bakTepwuii n bakTepmnogoaros.

XpectomaTus rno reHetuke. KasaHb. V3. KI'Y. 1988

7.2. lononHutenbHasa nuteparypa:

Tumodpees-Pecosckuin H. B., MisaHos B.W., KoporoanH B. U. NpumMeHeHne npuHuuna nonagaHns B
pannobuonorun. 1969.

duanonormndeckas reHetuka. J1. MegmumnHa. 1976

Cepebposckuii A.C., LlybuHunH H.M. VickycctBeHHOe nony4YeHne mytauuii n npobnema rewa. //
Knaccukn cosetckon reHeTuku. - M.: Hayka, 1968. C. 294-302.

Anexnepos Y.K. AHTumyTareHes. M. Hayka. 1984.

AnuxaHsaH C.W., Akudpbes A.T., YepHuH J1.C. Obwas reHeTnka. M., Boicwas wkona, 1985, 448 c.
Ly6bunnH H.M., MawwH KO.B. MyTareHes n okpyxatowas cpeaa, M. Hayka. 1978.

XecwuH P.B. HenoctosiHcTBO reHoma. M., Hayka, 1984. 472 c.

7.3. UHTepHeT-pecypcChbl:
Buabl MyTaumin, npuydmHbl, npumeps - http://bio-faq.ru/zubr/zubr014.html
"eHHble MyTauum - http://www.berl.ru/article/kletka/gene/gennye_mutacii.htm

MyTareHe3 n MeToabl BblAENEHNS MyTAHTOB -
http://www.libertydoc.net/books/-sovremennye_metody_sozdaniya_promyshlennyh_shtammov_mikroorgat

MyTtaunn apantusHble - Mytauun aganteHbie
MyTtauuun. Tunbl MyTaumin. Buabl reHHbix MyTaumi - http://dommedika.com/56.html

8. MarepuanbHo-TexHU4Yeckoe obecrneyeHue QUCLMUNINHbI(MOAYS)

OcBoeHve gncunnnuHbl "MyTaumnoHHbIA npouecc” npeanonaraeT UCnob3oBaHne cnemywero
MaTepuanbHO-TEXHNYECKOro 0becneyeHus:

3AEKTPOHHELBH
YHHBEPCHTET

PHEOFMALMOHHD AHATKTAHECOAR CHCTEMA Kby

PernctpaumoHHbin Homep 8494
CtpaHnua 10 na 12. J i1y
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MynbTumMeauiiHas ayautopusi, BMECTUMOCTbO 6onee 60 Yenosek. MynbTumMeaniiHas ayautopus
COCTOUT N3 UHTErPUPOBAHHBIX UHXEHEPHbIX CUCTEM C €AUHOWN CUCTEMON yNpaBneHns, OCHalWeHHas
COBPEMEHHbBIMU CPELCTBaMM BOCNPOU3BEAEHUS U BU3yanu3auum noboit Buaeo n ayamno
NHdpopMauuu, NOyYeHNs 1 nepenadn SNeKTPOHHbIX JOKYMEHTOB. TUNoBasi KOMMIeKTaLms
MyNbTUMEOMNAHOM ay AUTOPUN COCTOUT U3: MyNbTUMELMIHOrO NPoeKTopa, aBTOMaTN3NPOBAHHOIO
MPOEKLIMOHHOrO 3KpaHa, akyCTUYECKO CUCTEMDI, a TaKXe MHTepPaKTMBHONM TpMbyHbI NpenoaaBsaTens,
BK/IlOYaloLWen Ta4y-CKpMH MOHUTOP C AMaroHasnblo He MeHee 22 Ol0IMOB, NepCcoHalbHbI KOMMbIOTEP
(C TexHnyecknmm xapaktepucTukamm He Huxe Intel Core i3-2100, DDR3 4096Mb, 500Gb),
KOHJOepeHL-MUKPOOH, 6ecnpoBoaHOM MUKPOGIOH, 610K ynpaeneHns obopynoBaHUeM, MHTEPAENChHI
noakntoyermns: USB,audio, HDMI. MiHTepakTBHas TpmbyHa npenoaaBaTtens sBnsieTCcs KMo4eBbIM
3N1EMEHTOM yrpaBneHns, 06 beANHSIOWMNM BCE YCTPONCTBA B EANHYIO CUCTEMY, U CIYXUT
NONHOLIEHHbIM paboymm MecToM npenoaasatens. MNpenoaaeatens MMeEET BO3MOXHOCTb JIErKO
ynpaBnsiTb BCE CUCTEMOW, HE OTXOAS OT TPMOYHbI, 4TO MO3BONSIET MPOBOANTL NEKLMMW, MPaKTUYEeCKNe
3aHATWA, Npe3eHTauun, BebrHapbl, KOHEPEHUNM U Opyrie BUObl ayAUTOPHON Harpy3Ku
obyyatowmxcs B yA06HON 1 DOCTYMHOW ANSt HAX CPOPME C MPUMEHEHNEM COBPEMEHHbIX
NHTEPaKTMBHbIX CPeaCcTB 0Oy4eHMs, B TOM YMC/e C MCNONb30BaHMEM B NpoLiecce 0by4yeHuns Bcex
KopnopaTuBHbIX pecypcoB. MynbTumMeouinHas ayautopus Takxke oCHalleHa WupPOoKOrnonOCHbIM
LOCTYNOM B CETb MHTEpHET. KomnbloTepHoe 060pynoBaHMEM NMEET COOTBETCTBYIOWEE
NVLEH3NOHHOE NporpaMmMHoe obecneyeHue.

YyebHo-MeToaMYecKas nutepatypa Ans 4aHHON AUCLMMAVHBI UMEETCS B HANMYun B
3NeKTPOHHO-6ubnnoTteyHol cucteme "KHuradoHa", 4OCTyn K KOTOPOI NpefoCcTaB/eH CTyAeHTaM.
OnekTpoHHO-6nbnnoTeyHas cuctema "KHuradoHn" peannsyet neranbHoe xpaHeHue,
pacnpocTpaHeHve 1 3alnTy LMPOBOro KOHTEHTa y4ebHO-MeTOAMYECKON NTepaTypbl AN151 BY30B C
ycnosuem o06s13aTeNbHOro cobniofeHNs aBTOPCKUX U CMeXHBbIX npaB. KHuradoHp obecneynsaet
LWWMPOKWIA 3aKOHHBIV [OCTYN K HeobxoauMbIM Ansi o6pasoBaTtelbHOro NpoLecca U3naHnsM C
MCMONb30BaHNEM NHHOBALMOHHbIX TEXHONOIMIA 1 COOTBETCTBYET BCEM TpeboBaHMsIM HoBbIx P OC
BI1O.

MynbTMe ONAHbBIA NPOEKTOP

MeTtoaunyeckne ykasaHus n opyrue yuebHo-metoanyeckmne nocobums, paspabarbiBaemble
BY3om.

MNporpamma coctaBneHa B cooTBeTCTBUM € TpebosaHnamm @I OC BINO n yyebHbIM nnaHom no

HanpasneHno 020400.62 "buonorua” n npoduno NoarotToskn Au3nonornsa 4enoseka n X1UBOTHbIX,
b6roxmmmns, reHeTrka, MuKpobmnonorms .
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Mporpamma omcumnamHel "MyTaumoHHbIn npouecc”; 020400.62 Buonorus; OOUEHT, K.H. (aoueHT) BabbiHuH 3.B.

ABTOpP(bI):

BabbiHnH 3.B.

"o 201 r.
PeueH3eHT(bl):

PuseaHos A.A.

"o 201 r.

PeructpaumnoHHbii Homep 8494 5AE
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SHHO AHATVTAHES AR CHCTEMA Kby



