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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

JNaHHas yyebHas oncumnnnHa BkodeHa B pasnen " 52.1B.2 O6wenpodeccrmoHanbHblin" OCHOBHOM
obpasosatenbHoi nporpammbl 020400.62 Bronorns n 0THOCMTCS K auCUMnAMHaM No Bbibopy.
OcBauBaetcs Ha 3 kypce, 6 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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Mporpamma omcumnamHel "MyTaumoHHbIn npouecc”; 020400.62 Buonorus; OOUEHT, K.H. (aoueHT) BabbiHuH 3.B.

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;

4. nONXeH OEeMOHCTPNPOBaTb CMNOCOOHOCTb M FTOTOBHOCTb:
HaBbIKW 0N ONpeneneHns CKOpOCTM MyTaLMOHHOr0 npoLecca B NONynAUnNsX XNBbIX OPraHn3mMoB.

4. CTpyKkTypa 1 cogepXxaHvue OUCLUNIUHBI MOAYNS
Obwas Tpya0eMKOCTb ANCLMMIIMHBI cocTaBnseT 3 3a4eTHbix(ble) eanHuL(bl) 108 yaca(os).
dopMma NPOMEXYTOYHOro KOHTPONS AMCUUNANHBI 9K3aMeH B 6 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

N3yy4yeHus
1'MyTaLI,VIOHH0FO 6 2 2 0 paboTta

npoecca

Tema 2.
> Knaccugomkaums 6 3 5 0 TecTupoBaHue

MyTaLMOHHbIX

N3MEHEHUN

Tema 3. OCcHOBHble
3 [3axoHOMEpHOCTH 6 3 4 0 Kgg;gganaﬂ

‘IMyTaumoHHOro P

npowecca

Tema 4. CnNOHTaHHbIN

mMyTareHes un YCTHbI ONpocC
4. HecTabunbHOCTb 6 4 4 0

reHoma

Tema 5. o
5.|MIHOyunpoBaHHbI 6 4 4 0 ycTHBIV Onpoc

MyTareHes
6. Lem? 6. Penapauus 6 4 4 0 TecTupoBaHue

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaumnoHHbii Homep 849425814 5AE
il YHH

Crtpanuvua 4 us 12. — o

o



Mporpamma omcumnamHel "MyTaumoHHbIn npouecc”; 020400.62 Buonorus; OOUEHT, K.H. (aoueHT) BabbiHuH 3.B.

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 6 4 4 0 YCTHbIVN ONpoC

MyTauMOHHOIo

npowecca

Tema . Ntorosas aK3ameH
. 6 0 0 0

doopma KOHTpons

Ntoro 24 24 0

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.

npakTnyeckoe 3aHsitne (2 4aca(os)):

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
NeKuMnoHHoe 3aHsiTne (3 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.

npakTudeckoe 3aHsitne (2 yaca(os)):

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
JNIeKLMOHHOoe 3aHsiTne (3 4aca(os)):

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.

npaktnyeckoe 3aHsitne (4 4aca(os)):

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 (4 4yaca(os)):

PernctpaumoHHbin Homep 849425814
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Mporpamma omcumnamHel "MyTaumoHHbIn npouecc”; 020400.62 Buonorus; OOUEHT, K.H. (aoueHT) BabbiHuH 3.B.

[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.

npaktnyeckoe 3aHsitne (4 4aca(os)):

Knaccudgomkaums MobUnbHbIX FEHETUYECKMX 3NIEMEHTOB MO MexaHn3Mmy nepemelleHmnst. OcobeHHoCTH
peTtposupycononobHbix (LTR-coaoepxalmx) petpotpaHcrno3oHoB MexaHnam obpaTHoi
TpaHckpunumm petposupycos 1 LTR ? cogepxalwmx peTpoTpaHcno30H0B. PETpono30oHbl, He
conepxauwme LTR (LINE u SINE anemeHTbl). OcobeHHocTu opraHusaumm JHK-TpaHcno30HoB.
[Mpumepsbl Npo- n sykapuoTtuyeckux JHK-TpaHcno3oHoB. MexaHn3m nHterpaumm
OHK-TpaHcno30HOB B reHoM. OdpdoekTbl BCTPOKM MOBWIbHBIX 31EMEHTOB. 3HAYeHNe MOBUIbHbIX
9/IEMEHTOB B 3BOMOLNN.

Tema 5. UHayumnpoBaHHbIN MyTareHes
neKkumnoHHoe 3aHsitTne (4 yaca(os)):

MeTonbl y4eta AOMUHAHTHbIX NeTanbHbIX MyTauuim y pacTeHUA, MAEKONUTAKOWMX U OPO30GOUNbI.
MeTonbl 06HapPYyXeHNst MHAYLMPOBAHHbLIX MyTaLWii pasHOro TMna u Ux YacToTbl Y PaCTEHWUIA.
VMicnonb3oBaHue cneumanbHbIX MHUA Y XMBOTHBIX U METO4A CEeNEKTUBHbIX Cpef Y MUKPOOPraHn3moB
NS aHanM3a MyTaunoHHoro npouecca. CneunanbHble MeTOAbl 0OHAPYXEHUS N KONMYECTBEHHOMO
yyeta MyTauumin y oposodpunsl n ponb . Mennepa B nx cosgaHnn. Y4eT 4actoTbl BOSHUKHOBEHUS
peuecCuBHbIX eTanbHbix MyTauunin (Metoabl "Mennep-5" n "Cy L/Pm"). llokannsaums cuenneHHbIX ¢
MONOM PEeLECCUBHbBIX NETaNbHbIX MyTaUWUn Ha reHeTn4eckon kapTe. Metoabl y4eta BUOAUMBIX
MyTaumMi: C UICNONb30BaHUEM CLEMNEHHBIX X-XPOMOCOM U MapKMPOBAHHbIX PeLeCCUBHbBIMA reHaMu
aytocoM. Cnocobbl 0bHapy>XeHUst KPyMnHbIX HEXBATOK, Aeneunii No N3MEHEHUIO XxapakTepa
LOMVHNPOBAHMS N NeTanbHOCTN YacTy notomcTea. ObHapyXeHne NHBEPCUIA N0 N3MEHEHUIO
xapaktepa pacuennenuns. BnmaHme nHeBepcuii Ha 4acToTy KpoccuHrosepa. OnpeneneHne pasmepos
WHBEPTUPOBAHHOIO y4acTka XPOMOCOMbI. YCTaHOBNEHNE TPaHCIoKauuiA No netanbHOCTM YacTu
NOTOMCTBA N N3MEHEHMIO PyNMbl CcUenneHns. Xapaktep Menosa B Knetkax, reTepo3uroTHbIX No
TpaHcnokaumu. Lintonornyeckuin aHanna XpoMOCOMHbIX NEPECTPOEK (MccnenoBaHne MetagoasHbiX
XPOMOCOM, rMraHTCKMX XPOMOCOM, AndepeHumnanbHoe oKkpawmBaHne XpOMOCOM B KneTkax
pPacTEHWUI, XMBOTHbIX 1N YEN0BEKA).

npaktnyeckoe 3aHsitne (4 4aca(os)):

1. MoepexaerHns OHK npun genctsmm noHN3npyowen pagnauumn (noBpeXxaeHns OCHOBaHUA, O4HO -
1 OByHUTEBblEe pa3pbiBbl, All canTbl, CLUIMBKK, KNacTepHble noBpexaeHus ) n Y - ceeta.

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

Penapauus kak npouecc yctpaHeHns nospexaeHuin B JJHK. doTopeakTnBaums: npamas, Henpsamas
N HedbepMeHTaTMBHaS. OKCLUM3NOHHAas 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 ogHOHUTEBbIX pa3pbiBOB
OHK. MNoctpennukateHas (pekoMOMHaLMOHHAS) penapaumns n ee reHeTM4ecknini KOHTPOb.
CoBMeCcTHOe OelcTBUE 3KCLUU3NOHHONM M NOCTPENNMKATUBHOW penapauunin npu ycTpaHeHnm
nonepeyHbix cwmeok B JHK. Penapauuns nByHuTeBbIX pa3pbiBoB. OwmnboyHbie n 6e3owmnboyHbie
nyTn penapaumn. Koppekuuns HenpasmuibHO cnapeH?Hbix 0OCHoBaHMi (mismatch-koppekums) n ee
nyTn (3aBMCKMbIA OT METUINPOBAHUS U 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.
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npaktudeckoe 3aHsitne (4 yaca(os)):

1. Tvnbl penapaunoHHbIX npoueccoB. MexaHn3M 1 3HaveHne ooTopeakTueaLmm. 2. AKCUNINOHHAS
penapaumna OHK. BbiwenneHne nMpuMnanHoBbIX auMepos. 3. MexaHn3m nocTpennmkaTuBHoOm
penapauun. MNMyTb pekoMObHaUMOHHOW penapaumnmn. 4. PekoMbrHaums: roMonornyeckuii
KPOCCWHIoBep, canT-cneuucunyeckas pekoMbnHauus, TpaHCno3nmuum.

Tema 7. NpuknagHblie acnekTbl U3y4eHUS MyTaLMOHHOro npouecca

JNIeKLMOHHOe 3aHsiTne (4 4yaca(os)):

lMpobnema MyTareHoB okpyxatouleri cpenbl. MeToabl BbISIBNEHNS U TECTUPOBAHMS MyTareHoB
(CKpVIHMHT MyTareHoB). ['eHeTNn4ecknin MOHUTOPUHr. MyTaunoHHbBIR NPOLECcC Y MUKPOOPraHN3MoB:
0COOEHHOCTM BbISIBNIEHUS Pa3HbIX TUMOB MyTaLMiA, onNpeaennTe TemMna MyTaunoHHOro npouecca.
MyTaunoHHbI npouecc y 4p0o30dunbl, yHeT pasHbix TUMOB MyTauunin. MyTaumoHHbIA npoLecc y
BbICLWIMX pacTeHnin. MyTaumnoHHbI npouecc y maekonutatowmx. MytaunoHHbI Npo?uecc y Yenoseka
N TPYOHOCTW B €ro KONMYECTBEHHOM n3dydeHun. Metoabl onp?eneneHns MonekynsapHon npupoabl
MyTaunin. Popmynbl 4515 onpeneneHns 4actoTbl LOMUHAHTHBIX N PELLECCUBHBIX CMOHTaHHbBIX MyTauuii
y Yyenoseka. slBneHne aHTMMyTareHesa.

npaktnyeckoe 3aHsitne (4 4aca(os)):

1. Tect Oitmca. 2. MukposioepHbIin TeCT.

4.3 CTpyKTypa U copepxaHme caMOCTOATENIbHOMN paboTbl AUCLUNNIUHBI (MOAYNS)

Buabi
N Paspen Cemect Hepens | camoctosiTenbHon [TpyA0eMKOCTb| ;&%ﬂ:;;::;g:ga
AducumnnnHbl pcemecha paboTbl (B yacax) 260TbI
CTYyAEHTOB P
Tema 1. Nictopus
1 |n3yyeHns 6 Egﬂc’;ﬁ:ﬁ% I;I( 4 KOHTpPONbHas
‘IMyTaunoHHoro 26 02 o paboTta
npovecca P
Tema 2.
Knaccugomkaums noaroToBka K
2.
MYTaLMOHHbIX 6 TECTUPOBAHUIO 3 TecTiposanie
N3MEeHeHWn’
Tema 3. OcHOBHblE
3 |3@KOHOMEpHOCTH 6 Egﬂo{)ﬁ:ﬁ%; 3 KOHTpONbHas
‘IMyTaunoHHoro 26 02 o paboTta
npovecca P
Tema 4. CnoHTaHHbIN
MyTareHes u NnoAroToBka K o
4.
HecTabnnbHOCTb 6 YCTHOMY Onpocy 3 YCTHBIN OMpOC
reHoma
Tema S. NnoaroToBka K
5.|HOyumMpoBaHHbIN 6 TECTUDORAHMIO 4 TecTupoBaHue
MyTareHes P
Tema 6. Penapaums NnoAroToBKa K
6. NIHK 6 TECTIPOBAHMIO 4 TectTmposaHve
Tema 7. lNpuknagHble
acnekTbl N3y4yeHuns noaroToBka K o
7. THbI On
MyTaLMOHHOro 6 YCTHOMY Onpocy 3 ye onpoc
npoLecca
Ntoro 24

5. O6bpa3oBarenbHble TEXHONOMMU, BK/IOYAs MHTEPaKTUBHblEe hopMbl 06yUYeHUs
Ha nekumsx npv nanoxeHun matepuana cnegyet nofb30BaTbCs UINOCTPATVBHBIM MaTe-
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pvanoM, OPMEHTUPOBAHHBIM HA MCMONb30BaHME MYNbTUMELNNHOIO NPe3eHTaUNoOHHOro 06opyno-
BaHWS.

Obpa3zoBatenbHble TEXHONOTNK:

— CamocTosATenbHoe YTeHne cTyaeHTamm y4ebHoi, y4ebHO-MeToAMYECKO U CNPaBOYHON nuTe-
paTtypbl 1 nocneayowmne ceoboaHble ONCKYCCMM NO OCBOEHHOMY UMK Matepuany, Ucrnonb3oBa-
HVe UNNICTPaTUBHbBIX BUAeoMarepuanos (BMAeOUIbMbI, poTorpagoum, ayamosanmncu, Komrb-
lOTEPHbIE MPEe3eHTaunn), LEMOHCTPMPYEMbIX HA COBPEMEHHOM 060PYA0BAHMU, ONPOCHI B MHTE-
PaKTMBHOM pexuMme.

— MeTogabl 06y4eHusi n npenogasaHus: yteHune nekumin, CPC.

— PYOEXHbI KOHTPOSb: YCTHbIA ONPOC MO OCHOBHbLIM BOMPOCAaM TEMbI, BbIMNONIHEHNE TECTOBBIX
3a0aHU.

6. OueHOUYHble cpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS OUCLIMMNIIMHBI U y4e6HO-MmeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. UcTopua nsyyeHus MyTaLMoOHHOro npouecca
KOHTponbHas paboTta , NpUMepHbIE BONPOCHI:

1. MyTaumoHHasa nameH4nBocCTb. [oHATME 0 MyTaumsx (no . e dpwusy). [[oMmonornyeckne psopl B
HacnencTeeHHom nameHumsoctn (no H.W. Basunosy). 2. ['eHHble (TO4kOBble) MyTauum (no .
Mennepy). 3. MyTaunoHHbIE MOHATUSA: NNENOTPOMHbINA 3PAEKT, SKCMPECCUBHOCTb U
NEeHeTPaHTHOCTb, MHOXECTBEHHbIN anyennam.

Tema 2. Knaccudpumkaumsa mytaLMoHHbIX USMEHEHUN
TECTUPOBAHWE , NPUMEPHbBIE BONPOChI:

1390. NIaMeHeHne nocnenoBaTenbHOCTU Hykneotnaos B Monekyne NHK - ato mytaums A) reHHas b)
reHoMHas B) xpomocomHas ') aytocomHasa 1391. BoinaneHue yetbipex Hykneotnaos B AHK - 310 A)
MoLMMKaALMOHHOE n3MeHeHve b) reHHaa mytaums B) xpomocomHas mytauus ') reHoMHas MyTtaums
1392. MNonunnonans - ogHa N3 Popm n3meH4nBocTn A) MogudpukaunoHHon b) mytaumnoHHon B)
KoMBuHaTmBHo ) cooTHocuTenbHOM 1395. Kakas 6one3Hb Yenoseka - pe3ynbTar reHHOn MyTauum
A) cnHaopom nprnobpeteHHoro nMmyHogedguunta b) rpunn B) cepnosrnaHoknetoyHas aHemms M)
renatut 1396. bonesHb [layHa cBa3aHa C NosiBNEeHNeEM nuwHen 21-i napbl XpOMOCOM B reHoTune
yenoseka, N03ToMy NoaobHoe N3MEHEHME Ha3blBaloT A) coMaTnyeckoin Mytaumein B) reHomHo
myTauuein B) nonmnnonamvei IN) retepo3ncom 1589. MyTtauum, cBs3aHHble C 0OMEHOM yyacTKamm
HEroMONOrMYHbIX XPOMOCOM, OTHOCAT K A) XPOMOCOMHbIM B) reHOMHbIM B) TOYKOBbIM [7) reHHbIM

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

MeToabl y4eTa MyTaumin y 6aktepuii (NpsiMoii 1 HenpsiMoli oTOop My-TaHTOB). BblaoeneHne
ayKCOTPOGOHbIX MyTAHTOB M MyTaHTOB, YCTONYMBBIX K param. TecT Hbtokomba 1 gonyKTyaumnoHHbIN
TecT Jlypusi n Oenbbptoka. YueT MyTauuin y npoxxer Ha npumepe Ade-MytaHToB Saccharomyces
cerevisiae. MeTonbl y4eTa peLecCuBHbIX CLEMNEHHbIX C MONOM MyTauuin y apo3o-cunsl (Mennep-5,
Double yellow, CIB). MeTon cbanaHcrpoBaHHbIx netanei Cyrly onst yueta peueccuBHbIX NeTanbHbIX
MyTauuii y Apo3ocouibl. Bo3-MOXHOCTU METOAOB M 061aCcTV MX MPaKTMYECKOrO NPUMEHEHMUSI.

Tema 4. CnoHTaHHbIN MyTareHe3 U HeCTabuNbHOCTb reHoOMa
YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:
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Murpupytowme reHeTu4ecKue aneMeHTbl: TPaHCNO30Hb! U I1S-nocnefoBaTenbHOCTU, UX PONb B
reHetTuyeckom obmeHe. [JHK-TpaHCno30HbI B reHOMax NpoKapuoT 1 aykapuor.
IS-nocnepoBatenbHocTU BakTepuid, Ux CTPyKTypa. IS-nocnenoBaTenbHOCTY Kak KOMMOHEHT
F-cpakTopa HakTepuii, onpenensiowero CnocobHOCTb Nepeaayn reHeTMYeckoro Matepmana npu
KOHBbtorauun. TpaHCNo30Hbl 6akTepuil 1 ayKapnoTUYeckmx OpraHnamoB. MpsMoii HepennnkaTuBHbINA
N peniMkaTyBHbIA MexaHN3Mbl TpaHcno3nuuin. MNpencraeneHe o ropu3oHTanbHOM nepeHoce
TPaHCMO30HOB M UX PONK B CTPYKTYPHbIX NEPEePCTPOoKax (aKTonmyeckas pekombuHaums) n B
3BOMIOLMM reHoMa.

Tema 5. UHayumupoBaHHbIN MyTareHes
TECTUPOBAHWE , NPUMEPHbBIE BONPOCHI:

NepBble NONbITKW NONy4EeHUS MyTaLmMi C NOMOLWLbIO XuMuyeckmx sewecTs (T. Mo?praH, B. B.
Caxapos, M. B. NNobawes). OTkpbiTNE XxMmnyeckoro mytareHesa: L. Ayspbax (unput), Onbkapc
(ypetaHn), L. A. Panonopt (aTuneHnMuH). OCHOBHbIE XM ?MUYECKNE MyTareHbl: aHanorn OCHOBaHWUM,
ankKnnupytowme areHTbl, a3otTuctas Knucnota, akpuanHosblie kpacutenu u 1.4. MexaHmambl nx
nectena Ha OHK v Tvnbl, Bbi3biBaeMbIX MyTaumin. Metabonmtnyekas aktmBaums npoMyTareHoB.
CneundnyHOCTb MyTareHHOro 4eNCTBUa XuMmnyecknx sewects. MytareHHoe genctene JHK
(C.M.l"epeH30H). CanT-HanpaBneHHbIA MyTareHes.

Tema 6. Penapauua AHK
TECTMPOBAHNE , MPMMEPHbIE BOMPOCHI:

3anonHuTe NPONyckKn B cnenyowmx yteepxaeHmax. 1. bonbwas 4yacTb CNOHTaHHbIX n3MeHeHnn JHK
ObICTPO NMKBUAMPYETCS 3a CHET npouecca --------- ; MWb N3peaKa MexaHu3M nognepxaHus
noctosiHcTBa CTPyKTYpbl [IHK He cpabaTbiBaeT, n NosBUBLIEECS B MOCNENOBATENBHOCTH
HYKNeOoTULO0B U3MEHEHNE COXPAHSETCS; OHO Ha3blBaeTCH---------- . 2. 9kcumanoHHasg penapaumsa JHK
BK/IOHAET: y3HaBaHme nameHeHHon yactu uenn OHK dpepmeHTamn, Ha3blBaeMbIMA--------------- ;
nocnenywLwnin pecnHTes yaaneHHoro y4yactka goepMeHToOM------------ n clumBaHme paspbiBa,
ocTtaswerocs B uenn OHK, jpepMeHTOM------------- . 3. HexBaTtka ocHoBaHus, 06bIMHO COEANHEHHOO C
nesokcupuboson B monekyne OHK, 6bicTpo pacno3HaeTcst PepMEHTOM------------- , KoTopas
paspesaeT goocchoanadompHbiii octos Lenu [JHK B nameHeHHoM yyactke. 4. Y E. coli niobas
OCTaHOBKa pennukaunn, BbldsaHHas nospexaeHnem OHK, cnyxuTt curHanom

ONns---------- MO3BONSIOWEro NpeoaoneTb 610K pennukaunm 1 TEM CaMbiM OAOWEro KNeTke WaHe Ha
BbIXMBaHme. 5. CoctaBbTe CXEMbl 9KCUU3MOHHOW penapauunn Yd-nospexaeHnii goparmeHtos JHK B
cny4asix BO3HUKHOBEHWS OBYX NN OONbLIEro TUMUHOBBLIX AUMEPOB. YKaXnTe ponb OepMeHTOB Ha
OTAENbHbIX 3Tanax aTtoro npouecca. 8. KopoTKoBOMHOBbLIE YNbTPAgOMONETOBbLIE NyYN N HEKOTOPbIE
XvMuyeckue BelwecTtsa aenaoTca: 1). [NonesHbiMm ong xuebix knetok 3). daktopamun MytareHesa 2).
BuoTtnyecknmm doaktopamm 4). HeobxoamMMbiMK YCNOBMAMK 0N XU3HU 9. Y yenoseka npu
N306bITOYHOM BO3OENCTBUN KOPOTKOBOTHOBOW YNbTpadoroneToBon pagnaumm Moxer: 1). IaMmeHnTbCS
AnuHa sonoc 2). Bo3HWKHYTb MuraTenbHbii pedonekc 3). [posButbcs comatmnyeckas mytaums 4).
Mpown30iiTN TOPMOXEHME YCNOBHbIX pedonekcoB 10. HacToTy CNOHTaHHbIX MyTaumii B 6onbLieit
CTeneHn MOXHO yBenn4nTb NyTémM BO3OENCTBUS HA opraHnambl nydamu: 1). Buonumon yactu cnektpa
3). TennosbiMu 2). KpacHoro criekTtpa 4). PeHTreHoBCKUMM

Tema 7. NpuknagHbie acrnekTbl N3y4eHUs1 MyTaLMOHHOrO npoLecca
YCTHbIA ONPOC , NPUMEPHbIE BOMPOCHI:

Mpobnema MyTareHOB okpyxatowei cpenbl. MeToabl BbISIBNEHNS 1 TECTUPOBAHNS MyTareHoB
(CKPUHWHT MyTareHoB). [[eHeTU4YeCKNin MOHUTOPVHT. SIBNeHne aHTuMyTareHesa.

Tema . UTorosas doopma KOHTpons

MprMepHbIe BONPOCHI K 9K3aMEHY:
Bonpochbl ansi camocTosiTenbHon paboTbl

1. MobunbHbIE 3NIEMEHTHI.

2. MytaumoHHas n3aMeH4nBoCTb. [oHsATUE 0 MyTaumsx (no . e ®dpusy). [omonornyeckume psgpl B
HacneacTBeHHOM nameH4nsocTu (no H.N. Basunosy).

3. 'eHHble (To4koBble) MyTauum (no . Mennepy).

4. MyTaumoHHbIE NOHATUS: NNEAOTPOMHbINA 3PIPEKT, SKCNPECCUBHOCTb 1 NEHETPAHTHOCTb,
MHOXECTBEHHbIV aniennam.
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5. reHepaTI/IBHbIe n coMmatmnyeckume, npsimbie n 06paTHbIe, CNOHTAHHbIE N HOYLUMNPOBAHHbIE MyTaLIUN.

6. XpOMOCOMHbIE MyTaLMK.

7. CMCTEMHbIE MyTaLW.

8. (eHOMHble MyTauun: aBToONOAMNAOMANS, annonoANNNONINS.

9. NeHOMHble MyTauun: retepononamsa (aHeynnonams),

10. NeHOMHble MyTauun: rannonguns.

11. HeHacnencTBeHHas N3MEHYMBOCTb, HOPMa peakumm reHoTuna.

7.1. OcHOBHas nuTteparypa:

1. KnnHnyeckas reHetuka. [(nhasa 2,4,5 / H.IN. Boukos, B.I1. MNy3bipes, C.A. CMMpHUXMHA; No4 pea.
H.lMN. Boykosa. - M.: TOOTAP-Menna, 2013. - 592 c.

Pexwum poctyna: http://www.studmedlib.ru/ru/book/ISBN9785970426760.html SB5C "KoHcynbTaHT
cTyneHTta"

2. TynuHos, B. ®. KoHuenumn coBpeMeHHOro eCTecTBO3HaHMs [ONeKTPOHHBbIN pecypc] : Y4ebHuk /
B. ®. TynuHos, K. B. TynuHos. - 3-e u3g., nepepab. n non. - M.: lapatenbcko-Toprosas
kopropauus "Hawkos n K-", 2013. - 484 c. - http://znanium.com/catalog.php?bookinfo=414982 96C
"3HaHuym"

7.2. JlononHuTenbHasa nuteparypa:

1. MyTauunoHHbIi aHanma: Yueb. nocobue no kypcy "MyTtaumoHHbi npouecc” / b.1.bapabaHwukos,
9.B.BabbiHuH, P.I.XamnaoynnuHa; ®enep. uenesas nporpamma "MiHterpauns”, KasaH. roc. yH-T.
LleHTp cpn3.-xmm. Bronorun. - KasaHb: KasaH. roc. yH-T um. B.1.YnbsiHoBa-JleHnHa, 2003. - 57¢. 38
3K3.

7.3. UHTepHeT-pecypcChbl:
Buabl MyTaumin, npudmHbl, 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 aganTtMeHbie
MyTtauuun. Tunbl MyTaumin. Buabl reHHbIx MyTaumi - http://dommedika.com/56.html

8. MarepuanbHo-TexHU4eckoe obecrneyeHne QUCLUMUNINHbI(MOAYNS)

OcBoeHve gncunnnuHbl "MyTaunoHHbIA npouecc” npeanonaraeT UCnob3oBaHUe cnemywero
MaTepuanbHO-TEXHNYECKOro 0becneyeHus:
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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
HanpasneHnto 020400.62 "buonorua" n npodouno NOAroTOBKN He NPeayCMOTPEHO .

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaumnoHHbii Homep 849425814 5AE
CrtpaHnua 11 n3 12. 111 yHlf[

S OEMALR G



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 849425814 5AE
Crtpannua 12 n3 12. il VHITI

A 5 (1,

KETPOHHBH
B_EPCHTET

SHHO AHATVTAHES AR CHCTEMA Kby



