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1. OBIIASA XAPAKTEPUCTUKA ITPOI'PAMMBI

1.1.  Heuan peanu3anuu nporpaMmmsl

OCHOBHOM 11eJIbl0 U3yueHus nporpammbl «COBpeMEHHbIE MOJIEKYJISIPHO-TeHEeTHYECKHE Me-
TOJbI» SIBJIETCS MOJYUEHHE CIlylIaTesieM MpeJICTaBIEHUN O COBPEMEHHBIX J1ab0paTOPHBIX MoJie-
KyJSIPHO-T€HETUYECKMX METOJIaX, a Takke (GopMUpOBaHUE MPOGECCHOHATIBHBIX 3HAHUH, YMEHHH U
HaBBIKOB C YYE€TOM COBPEMEHHBIX JOCTH)KEHUI HAyKH M TEXHUKH.

1.2. IlanaHupyembie pe3yJbTaThbl 00yYCHUS

IIporpamma cocraBiena Ha ocHoBe DeepaabHOro rocy/1IapcTBEHHOT0 00pa30BaTeIbHOTO CTaHAap-
Ta BbICIIEr0 0Opa3oBaHus 10 HampasjieHHto 11ojarotoBku 06.03.01 buosorus (6bakayiaBpuart) (npu-
ka3 Muno6puayku Poccun ot 07 aBrycra 2020 r., Ne 920) u ®@enepanbHOro rocy1apcTBEHHOI0 00-
pa3oBaTeJILHOIO CTaHAapTa BBICIIEro 0Opa3oBaHus Mo HarpasieHuto nojaroroku 06.04.01 buoino-
rust (Maructparypa) (npukas Munobpuayku Poccun ot 23-09-2015 r. Ne1052).

HaumeHoBanue nporpamMmsl HaumeHnoBanue BbIOpaHHOro mnpodeccHoHalb-
HOI'O cTaHjapTa

CoBpeMeHHbIE MOJIEKYJISIPHO-TeHeTHYecKHe Me- | « CrlenHalIMCT 10 HayYyHO-HCCIIe10BaTeIbCKUM 1
TO/JIbI OIBITHO-KOHCTPYKTOPCKUM pa3paboTKam»

Cs3b o0pa3oBaTebHOH nporpamMmmbl «COBpeMEHHBbIE MOJIEKYJISIPHO-T€HETHYECKHUE METO-
JbD» ¢ KBATHGUKANHOHHBIMH TPeOOBAHUSIIMH

Tabnuua 1
HaumeHnoBanue nporpaMmmsl IIpodeccnonaiibubIii YpoBeHb KBa/IMpHKALIUH
CTaHJAapT
CoBpemennbie  MojekyssipHo- | [Ipukaz Muntpyna Poccun 6 ypOBEHb
I€HETUUECKUE METO/1bl ot 04.03.2014 N 1211 «O6

YTBEPXKACHUH  Mpodeccuo-
HajibHOro cranaapra «Cre-
UATHCT no Hay4HO-
UCCJIEIOBATEILCKUM u
OTIBITHO-KOHCTPYKTOPCKHM
pazpaboTkam»

Conocrapienue onucaHusi KBaJdudpukauuu B npogeccHoHaIbHOM CTaHAApTe ¢ TpeboBaHUS-
MU K pe3yJjbTaTtam noarororku no ®I'ocC BO

Tabnuna 2
Kpanndukauuonupie
TpeboBaHusA (Tpyno- BobiBoabl (kBantupuKauHOHHbIE TPedO-
Bast QyHKUHUS H @rocC BO BaHUsl
dOJI)KHOCTHbIE 00%1-
3aHHOCTH)
[Iposeoenue nayuio- 3HaTh: LEIH U 3a1a41 MPOBOJUMBIX HC-
UCCTCOOBAMENbCKUX U cne0BaHuil u pa3paboToOK; METO/Ibl aHa-
CrnocoOeH MPUMEHATb COBPEMEHHbIE
ONBIMHO- Jn3a 1 0000LIEHHSsT OTEUECTBEHHOIO U
JKCMEPUMEHTalIbHblE METObl PA0OTHI C
KOHCMPYKINOPCKUX MEK 1Y HAPOJHOr0 OMbITa B pa3IMYHbIX
R OuosiornueckumMu odbekTamu B abopa- .
pazpadomox npu iuc- 0051aCTAXMONEKYISPHOH M€ HETUKH; METO-
TOPHBIX YCJOBUSAX, HaBbIKK paboThI ¢
credosanu camo- . . Ibl U CPEACTBA MJIaHUPOBAHUS U OpPraHu-
coBpeMeHHo#t annapaTypoit (OITK-6) .
CMOAMENbHBIX MeM 3aLMU UCCJIeOBaHUI U pa3paboTokK; Me-




TO/bl NPOBEAEHHS IKCTIEPUMEHTOB U Ha-
OntoneHuii, 00001eHUst U 00pabOTKU UH-
dbopmaumu;

¥YMeTb: NPUMEHSATh METO/Ibl aHAJIN3a Ha-
YUHO-TeXHHUYECKOH nHpopMauuu B obnac-
TH COBPEMEHHON MOJIEKYJIAPHOMN M€HETH-
KH;

Baaners: HaBbikamu cOopa, 00paboTKH,
aHaim3a U 00001IeHHs NepPeI0BOro oTeye-
CTBEHHOTO M MEyHAapOJHOr0 OIbITa U
pe3ysbTaTOB IKCMNEPUMEHTOB U UCCIIENO-
BaHUI B pa3IMYHbIX 001aCTAX MOJIEKY-
JIIPHO# reHEeTUKH

Buaebi IMpodeccuonanbHble IMpakTuyeckuii onpIT 3HaHusA YmeHus
AesiTeb- KOMMeTeHUHH

HOCTH

HayuHo- CMOCOOHOCTBIO MPUMEHSTH nposeneHue nabopa- - TpeOOBAHUA TEX- | - BLIAE/ATD
NPOU3BOJICT- COBPEMEHHbBIE YIKCMIEPUMEH- | TOPHBIX UCCIIENOBAHUI HHKHM 0€30MacHOCTH | JIHK u PHK;
BEHHas TalbHble METOMbI PabOThI C 1 JKCnepTU3 OHOJ0ru- npu paboTe ¢ MHUK- | _ poBOAMTS
MPOEKTHast O61oNorHyeckUMu 0obekTa- 4ecKkoro mMartepuasa poopranusmamu I | yecnenopanus

MU B J1a00OpaTOPHBIX YCJ0-
BUSIX, HABbIKH pabOThI C CO-
BPEMEHHOI anmnaparypom
(OIIK-6)

[V rpynn narores-
HOCTH,

- NMPUHUMIIOB oOpra-
HU3aUMKM paboThl B
[TL|P-nabopaTopuu
Ha  COBPEMEHHOM

HYKJIEMHOBBIX
KHCJIOT METO-
nowm TTLP;

- MPUMEHSTh
METO/bl aHa-
Jiu3a Hay4yHo-

1ab0paTopHOM TeXHUYECKOi
0bopynoBaHuu HHpopMaLUK
(HanpasjieHus B 00J1acTH
JIBUOKEHUS Mare- | coppemeHHOM
pHaoB, NpaBuia | monexysnsip-
paboThl COTPYAHHU- | {oii reHeTH-
KOB, Oopbba ¢ KOH- | gy

TaMUHalMen, 9IKc-
ryatauus  odopy-
JIOBaHUsl);

- METO/10JI0THIO
BHYTpH1aboparop-
HOTO M BHELIHEro
KOHTPOJISl KayecTBa
MOJIEKYJIIPHO-
reHeTUUECKUX  HC-
CJIeJIOBAHUM.

Jluua, xenaroime OCBOUTH JIOMOJHUTEILHYIO MPO(HECCHOHATBHYIO MPOrpaMMy MOBBILLIE-
HUSI KBAIM(PHUKALKHU, TOKHBI OBITh CTYJICHTAMU BBIMTYCKHBIX KYPCOB BBICHIMX YY€OHBIX 3aBEJICHHM
WM UMETh BbIcIiee 00pa3oBaHue B 00J1aCTH €CTECTBEHHO-HAYUHBIX WJIM MEJIMLIUHCKUX HayK, HaJlU-

Kareropus caxymareei

YHUE KOTOPOI'o NOATBEPKAACTCA JOKYMECHTOM I'OCYZIAapCTBEHHOI'O HJIM YCTAHOBJIECHHOI'O 06pa3ua.

®opma o0yuyeHust

OuHO-3a04Has.

TpynoeMkocTh NPOrpaMmbl

OO61mast TpyJI0eMKOCTh MPOTrPaMMBbl COCTABJISIET 72 aKaJleMHUYECKUX YacOB.




2. COIEPXAHMUE ITPOI'PAMMBDbI
2.1 Y4eOHbIii nuian
L .
e g Buabl yueOHbIX 3aHATHI,
E g BKJIIOYasi CAMOCTOS-
Ne HaumeHoBaHue pa3ieson = = TEILHYTO E:S;)Ty (B ta- ®opmbl TEKYHIIET 0
n/n JHCHUILIHHbI g é KOHTPOJISA
© 2 A, Jeb- Camocr.
Hble 3aHs-
BCEro . pabora
1. Opranuzanus padbot B j1abopa- TECT
TOPUHU TPHU MPOBEJICHUU MOJIe-
KYJISIpPHO-T'€HETHUCCKHUX HC- 20 6 14
cnenopaHuid. Texnuka 06e3o0-
[IaCHOCTH, KOHTPOJIb Ka4ecTBa.
2. Metoan! Beinenenus JIHK u TecT
PHK. ITonumepasnas uennas 30 12 18
peakuusi. CeKBeHUpPOBaHUE
JIHK u PHK.
3. OcHOBBI aHATU3a MOJICKYJISIP- TECT
HO-F€HEeTUYECKHUX JaHHbIX. | e-
HOMHBIE Opay3epbl U 0a3bl 20 6 14
JaHHbIX. BBeieHue B OMOUH-
dbopmaTuky.
4. Wrorosas arrecranus (3a4er) 2 2 TeCT
Hroro: 72 26 46 3auer
2.2 Kanenaapubliii yueOHblii rpaguk
g
9] = o
2 = =
No Y4eOHble npeaMeThl g? E E
2| = |=
=)
1. | Opranuzauusi paboT B 1a0OpaTOPUH MpPH MPOBEACHHH MO- VIl
JNIEKYJIIPHO-IeHETHYECKUX HcciieoBaHuil. Texnuka 6e30- | 5
MIACHOCTH KOHTPOJIb Ka4eCcTBa
2. | Metoas Boaenenust JIHK u PHK. [Tonmumepasnas nennas VI
20
peakuus. CekBenupoBanue JIHK u PHK.
3. | OCHOBbI aHAIM3a MOJICKYJISIPHO-T€HETHYECKUX JaHHBIX. VI VI
['eHoMHBIe Opay3epbl U 06a3bl jaHHbIX. BBenenue B Ououn- | 30
dopmaTHKy.
4. | Utorosas arrecranus (3a4er) 2 NA
Uroro: 72 36 36

YueOHblii nporece > A

YcioBHBIE 0003HAYCHUA

HNtorosas arrecraius




2.3 PaGo4uue nporpaMmmpl

/1

Haunmenosanue
JIUCLMIUIMH

I[HIIEIKTHH@CKOG COACPIKAHUE JUCHHUITIIMHBI

‘DopmuUpyeMBblg
KOMIIETEHIIUU

Opranuzanus padbor
B 71a00OpaTOpUu MpH
IIPOBEJICHUH MOJIe-
KYJISIPHO-
IeHEeTUYECKUX HC-
ciaenoBaHui. Tex-
HHKa 0€30MacHOCTH,
KOHTPOJIb KayecTBa

[IpuHuune! opranuszanuu padbotsl B III[P-mabopatopuun
Ha COBPEMEHHOM JIabopaTOpHOM O0OpyJOBaHHHM (Ha-
MPABJICHUs! JIBUJKEHUS] MaTepHaJIOB, MpaBuia paboThl CO-
TPYJIHUKOB, Ooppba ¢ KOHTaMHUHAIMEH, IKCIUTyaTallusl
obopynoBanusi. OCHOBBI TEXHUKH 0€30MacHOCTH MpU pa-
06ote ¢ mukpoopranusmamu [-IV rpynm nmaroreHHOCTH.
Metononorus BHyTpuiaboOpaTOPHOTO M BHEIIHEro KOH-
TPOJIsl KAYECTBA MOJIEKYJIIPHO-TEHETUUECKHX HCCIIe0Ba-
HUH.

[1K-1

Meroab! BbleIeHUS
JAHK u PHK. Ilo-
JIUMepa3Hasi ernHas
peakiusi. CekBeHHU-
posanue JIHK u
PHK.

XapakTepucTuka CYLIECTBYIOUIMX TEXHOJIOTUH
BBIJICJIEHUS! HYKJIEMHOBBIX  KHCJIOT M3  Pa3IMYHBIX
ouosornueckux MarepuasioB. OOopypoBaHUE, peareHThI,
TEXHOJIOTHYECKHE OCOOEHHOCTH B 3aBUCHMMOCTH OT 3ajay
UCCJIEJ0BAHUSI.

Beinenenne JIHK  meronom  denon-xnopodopmMuoi
HKCTPAKLMHU U3 KJIETOK repueprueckoil KpoBH.
IIpunumnel, Metonbl U ocobeHHocTH BbiaeneHuss PHK
(opranm3anusi paboyero Mecra, IpoBepKa peareHTOB,
ycinoBust  xpaHeHust). CrocoObl OIIEHKHM KadecTBa H
koqnuectea PHK B npobe. Cnocobbl  ouncTKH
HYKJICMHOBBIX ~ KHCJIOT B  3aBHCHMOCTH 3aja4
UCCJIEJ0BAHUSI.

O6mue cenenus o IIIP: npuHIMI, pa3HOBUIHOCTH.
Opranuzanus  [11[P-nabopatopun, obopymoBaHue u
marepuainbl. Busyanuzanus Hakoruienus JIHK npu
nposesienuu real-time I1L[P. Mcnonw3oBanue ITLIP s
ONpeiesIeHUsl  OJHOHYKJICOTHJIHOTO  MOJUMOpQHU3Ma.
Oco0eHHOCTH KOJIMYECTBEHHOIO OMpeJIeIeHUsT BUPYCHOM
Harpy3ku. McnonbzoBanue konudectBeHHou I[ILIP s
aHaJjiM3a sKcrnpeccuu retoB. [IpuHIMn Merona, peareHThI,
0COOEHHOCTH TEXHOJIOTHH.

CexBeHUpOBaHHE: CpaBHEHHUE NPUHITUIIOB H
BO3MOXHOCTEH CEKBEHUpoBaHusi 1-ro, 2-ro U 3-ro
nokoJieHus. [IpeumyuiecrBa U npoOiIeMbl HAHOTIOPOBOTO
CEKBEHUPOBaHHUSI. OcHoBHbIE IPOTOKOJIBI
CEKBEHHUPOBaHUSI, OapkoMpoBaHUe OuOIMOTEK.
CekBenupoBanue kJ/IHK wu mnpsimoe cekBeHupoBaHue
PHK. MerarenomHbIe HcCiIeI0BaHUSI.

oT

OI1K-6

OcHOBBI aHaIM3a
MOJICKYJISIPHO-
reHeTUYECKUX JaH-
HBIX. [ 'eHOMHEBIE
Opay3epbl 1 0a3bl
JJaHHBIX. BBeenne
B OMOUH(POPMATHUKY.

Ananu3s pesynbraroB [11[P: meTons! u cpencrsa aHanuza
rpaduKoB HaKOILJICHUSI JIHK; onpejeieHue
s¢pextuBHoctu [11[P. I'pynmnoBbie oleHKH pe3yIbTaToB:
aHajiu3 COOTBETCTBMSI HAOMIOJAeMbIX pacnpej e ieHHH
IFE€HOTHIIOB  OXHJAeMbIM [IpU  paBHOBECHH  Xap/u-
BaiinOepra. ['eHoMHbIe Opay3epbl U 6a3bl TaHHBIX.

Ananu3 pesynbtaToB aHanuza PHK: abcomorHoe wu
OTHOCHTEJIbHOE ornpejiesieHnue NPEeJICTABIEHHOCTH

[1K-1




TpaHCKpunToB. HOpMUpOBKa TaHHBIX.

Beenenue B Ouonndopmatuky. OCHOBHBIC allTOPHUTMBbI
(IMHAMUYecKoe MpOrpaMMHUPOBAHHUE, JIOKAIbHOE 1
rinobanpHoe BbipaBHMBaHHe (BLAST); cObopka reHoMoB
M3 KOPOTKHUX IPOUYTEHHII; NICeBJIOBbIPaBHUBAHUE
(kalissto).  COopka reHOMOB M TpaHCKpUIITOMOB (de
novo genome assembly / de novo transcriptome
assembly).

3 OPTAHHU3ALHHUOHHO-NNEJATOI'MYECKUE YCJIOBUSI
PEAJIM3ALIUHU ITPOI'PAMMBI

3.1 MarepuajibHO-TeXHHYECKHE YCIOBUS PeaTH3aANUH MPOrPAMMbI

3aHSTHS] NPOBOASTCS B yUEOHBIX ayJIMTOPHUSIX, B ayJIUTOPHUSIX, COOTBETCTBYIOIIUX JEHCTBYIO-
MM CAaHUTAPHO-TEXHUYECKUM HOPMaM MarepualibHO-TEXHUYECKOM 0a3oii, obecnieynBaromiel mpo-
BEJICHHE BCEX BHUAOB J1aDOpaTOPHOM, MPAKTHYECKOH, NUCHMIUIMHAPHON M MEXIUCIHUIIHHAPHOM
NOJArOTOBKH IPEAYCMOTPEHHBIX Y4YEOHBIM IJIaHOM. Crenuanu3upoBaHHBIC JIGKIIMOHHBIE ayJUTO-
puH 000pYyJIOBaHbl MYJIBTUMEIUHHBIM 000pY/IOBaHHEM W 00ECIEYHBAIOT COBPEMEHHBIH YPOBEHD
npeAcTaBIeHUs] HHPOPMAIMK BO BpEMsl IIPOBEJICHHS BCEX BUJIOB YUEOHBIX 3aHATHIA. Y4eOHBIN Mpo-
necc obecrieyeH 1a0OPATOPHBIM 00OpPYIOBAaHHEM, BBIYHCIUTEIHHOW TEXHHKOH, MPOrpaMMHBIMH
CpeACTBAMHU B COOTBETCTBUU C COJIEPI)KAHUEM JUCUHUILIIMH.

Haumenoeanue cneyua- | Buo 3anamui Haumenoeanue obopyoosarus, npozpammuozo

JAUUPOBAHHBIX  AYOUMO- obecneueru

pui, Kabunemoes, 1a00-

pamopuiu

Mynetumenuitnas  ayau- | Jlekuuu, npaxtu- | Komneiotep ¢ BbixojioM B MHTepHET, MyJbTHME-

TOpUsl 4YecKHe 3aHsTUs JUIHBIA IPOEKTOP, IKPaH, JOCKA, HHTePAKTUBHASI
JIOCKaA.

JlaGoparopust reHomHoi#i | JlJabopaTopHbie [II[P-60kc ¢ Y®-peuupkynstopom UVC/T-AR

MeauuuHbl Kem[Y paboThI (BioSan, JlarBus);

Tepmoumknep ans aMIudUKaui HyKI€HHOBBIX
kucnot ucnosiHeHuss C1000 Touch B komrmiekTe ¢

MOJyJIEM peakIIMOHHBIM onTuyeckum CFX96
(BioRad, CIIIA)

Tepmouukiep st aMITUUKaIUK HYKIEHHOBBIX
kucsot T100 (T100 Thermal Cycler) (BioRad,
CIIA)

Munuceksenatop  MinlON ¢ komIuieKTOM

NPUHAIE)KHOCTEH (Oxford Nanopore
Technologies, UK)

2 BepTukajibHbIX HU3KOTEMIIEPATYPHBIX
moposuibHuka CryoCube F570, obwem 570 1., -
86 C(Eppendorf, I'epmanus)

Cucrema BbICOKOM OYMCTKH BOJIbI Simplicity
(Bona tun 1, 18,2 MOwm/cm, 0,5 n/mMuH) B
KOMIUIEKTe ¢ KapTpukeM Simplipak, pUHHIITHBIM

¢unbTpom 1 BeHt. @unbtpom (Millipore,
Ddraarivia)




Hlkad BwiTsxHoOl JIAB-PRO I1IB 180.80.225 TR
(Hosounab, Poccus)

pH-metp ST10 B komiuiekTe ¢ 37€KTpoAOM H
KOMOWHUpoBaHHBIM 1npubop Starter 3100M ¢
OTZACJIBHBIM  JIepKaTesieM  3JieKkTpojaa,  4-X
aneKkTpoAHbM AaTyukoM STCON3, pH-anexkTpon
«2 B I» ST230, TeMII. JTaTYHKOM

STTEMP30(Ohaus, CIIIA)

Tepmocrar tuna "Jlpaii-6;10k" TDB-120, Bapuant

ucnosiHenust: Tepmocrar TDB-120 ¢ kpebrkoi u

tepmobsokom A-53(BioSan, JlaTBus).

JlamuHapHbIi 1mKad ropu30HTATLHBINA OTOK,

mupuHa pad. 3oub1 90 cM, YO jtamna, nojcraBka,

2 pozetku (Faster, Utanus)

WNukybatop BD ¢ npunamiexnoctsamu, BD23

(Binder, I'epmanus)

[1K-5 wit; M®Y Canon i-Senses MF 4430 -1 it
eHTpudyru:

e Illentpudyra 5425 c poropom FA-24x2, 15060
00/muH, 21300 (Eppendorf, I'epmanus)

e [lentpudyra—Boprekc JUTSL [TLP
rtanieT (BioSan, Jlateus)

e [llenTpudyra nabopaTtopHast
MHOrO(YHKIIMOHAJIbHAsl cepuu 58, BapuaHT
ucnosinenust 5804 R (Eppendorf, ['epmanus)

e Mynbsru-sopreke V-32 ¢ mnardopmoii Ha 32
mecta (BioSan, JlatBusi)

e [lentpudyra "dyra/Boprekc Komoucnuu FVL-
2400N", 2800 06/muH, poropsl R-1.5, R-0.5/0.2
(BioSan, JlarBus)

['enb-nokymenTupytomas cucrema GelDoc Go

(BioRad, CIIIA)

Mpunu-romorenusatop Minilys (Bertin Technolo-

gies, OpaHuus)

Konnenrpatop Concentrator plus complete sys-

tem ¢ poropoM Ha npoOupku 48x1,5-2 M #u

HacocoM (Eppendorf, I'epmanus)

Memanka MarHutHas ¢ nojorpeBom. CKOPOCTb

BpawieHuss  150-1250  o6/mun.  (MSH-300)

(BioSan, JlaTBus)

Becnl HOpTaTHUBHBIC cepuu Navigator

NV2201 (Ohaus, CI11A)

Pabouee mecTo mosnb3oBa-
e

CamMocTrosTenpHas
pabora

Komnerorep ¢ BbixogoM B MHTEpHET




3.2 IlepedyeHb MeTO10B, CpeICTB 00y4eHUsI H 00PA30BATEIbLHBIX TEXHOJIOIHIA

ITpu peanuzanun JIIIIT pekomenaytoTcs ciieayronimre OCHOBHbBIE 00pa3oBaTeibHbIe TEXHOJIO-
I'MM: JIEKIIMK, CEMUHApPCKHUE 3aHSTHUsI, CAMOCTOsITeNIbHAsE paboTa CTYIEHTOB.

Hcnone3yrores akTHBHbIE (POPMBI JIEKIIMM — JIEKIMHU-BU3YATU3allUU U JIEKIIMH-OeCe Ibl.

Jlekyua-eusyanusayua siBISieTCs pe3yIbTaTOM HOBOTO MCIIOJIb30BAHUS MPUHIIAIIA HATJISIHO-
CTH, COJIEpP)KAHHUE KOTOPOr0 MEHSETCS IMOJ BJIUSHUEM JIaHHBIX [ICUXO0JIOrO-Nearornyeckoi HaykH,
dbopM 1 MeTOZI0B aKTUBHOrO 00ydeHus. [10roToBKa JaHHOM JIEKIMH MPeroaaBaTesieM COCTOUT B
NEPEKOHCTPYUPOBAHUH yueOHONH MH(OpMAIUK MO TeMe JIEKIIMOHHOTO 3aHATHs B BU3yalbHYIO (op-
My JUIS TPEJACTABJICHUs] CTYJEHTaM 4Yepe3 TeXHUUYECKHE CpeicTBa oOyueHHs (MYJIbTUMEJIHHHbBbIC
npeseHTauuu). UteHue JieKIMi CBOJUTCS K CBS3HOMY, Pa3BEPHYTOMY KOMMEHTHPOBAHHUIO MpENo-
JlaBatesieM IMOJArOTOBJIEHHBIX HAIJIAHBIX MAaTEpPHAJIOB, MMOJHOCTHIO PACKPBIBAIOIIEMY TEMY JaHHOH
nexuuu. Ilpencrasnennas takum oOpasoMm HHGopMaius obecrneynBaeT CUCTEMATH3AIUI0 HMEIO-
HIMXCSA y 0Oy4daloluXcsl 3HaHUH, co3/laHue MpOoOJIEMHBIX CUTyallMid U BO3MOXXHOCTH HX pasperie-
HUSL.

Jlekyua-beceda («auajnor ¢ ayJMTOpUei») MpearnoaaraeT HermoCcpeJACTBEHHbIH KOHTAKT Mmpe-
noJjiaBaresisi ¢ ay IMTOpHei U MO3BOJISIET NPUBJIEKATh BHUMaHHUE 00yJYarouuxcsi K Hanbosiee BaXKHbIM
BOIIPOCAM TEMBI, ONPEIEIATh COJIePKAHUE U TEMIT U3JI0KEHHUs yueOHOro Marepuasia ¢ y4eTOM BO3-
PACTHBIX M ICHUXOJIOTHYECKHX OcoOeHHocTel oOydaromuxcsi. B ocHoBe jekiuu-Oeceqbl JIEKUT
JIMajioruyeckasl JIeaTelIbHOCTh, 4TO obecneyuBaeT 0ojiee BBICOKYKO aKTHUBHOCTH ayJMTOPHH, IO-
CKOJIBKY JUajior TpeOyeT NOCTOSSHHOTO YMCTBEHHOT'O HANPSKEHHSI, MBICTUTENIbHON aKTHBHOCTH.

Ha nabopaTopHbIX ¥ MPAaKTUYECKUX 3aHSATHSX:

Keuc-memoo - o0yueHue B KOHTEKCTE MOJEIUPYEMON CHUTYAIlMH, BOCIIPOU3BOJISIIECH peatb-
HBbIE YCJIOBUS HAY4YHOH, IPOU3BOIACTBEHHOM, O0IIECTBEHHON JiedaTenbHOCTH. OOyyatomuecs J10K-
Hbl IPOAHATIM3UPOBATh CUTYALMIO, pa3o0paThCsl B CYTH Mpo0JieM, NPeyIOKUTH BO3MOXKHBIE pellie-
HUS ¥ BbIOpaTh Jiyuniee U3 HUX. Keicbl 0a3upyroTest Ha peatbHOM (PaKTUYECKOM MaTepHalie HiTH JKe
NPUOJIMIKEHBI K peallbHOM CUTYallUH.

IIpoekmnoe obyuenue — co3zjanie yclIOBHH, MPH KOTOPBIX 00YYaIOIMHUECs CaMOCTOSTEIIBHO
NPUOOPETAIOT HEJOCTAIOIIME 3HAHUSI U3 Pa3HbIX UCTOYHHMKOB; y4yaTcsl MOJb30BaThCs NMPUOOPETEH-
HBIMHU 3HAHMSIMU JUIsl PELICHUS [TO3HABATENIbHBIX M MPAKTUYECKUX 3aja4; NPHOOpPETat0T KOMMYHH-
KaTUBHbIE YMEHHUsI, paboTas B pa3JIMUHbIX I'PYIIAX; pa3BUBAIOT UCCIIEI0OBATEILCKHE YMEHHUS (yme-
HMS BbIABJIICHHS 11po0JieM, cOopa nHpopMaliuu, HabJIOIeHUs], TPOBEJACHUS IKCIIEPUMEHTA, aHAJTN3a,
[IOCTPOEHHUSI THIIOTE3, OOIIEHHUS); pa3BUBAIOT CHCTEMHOE MBIIIIJICHHE.

3.3 Kpasiuukanusi neiaroru4ecKux Kajapon

3.3. TpeOoBaHus K NeJaroru4ecKuM Kajapam

Peannsanus Hacrosiieil nporpammbsl obecrieyeHa Hay4yHO-TI€IarornyeckuMu Kajapamu, Kpanudu-
Kalus PyKOBOISIIMX U HAYYHO-IEAArorn4yeckKux pabOTHHKOB OpraHHM3allMH COOTBETCTBYET TPeho-
BaHusM DenepasbHOro rocy1apcTBEHHOro 00pa3oBaTeIbHOrO CTaHAapTa BBICHIETO 0Opa3zoBaHUs
no Hanpasnaenuro noarorosku 06.03.01 buosiorust (OakanaBpuar) (npuka3 MunoOpHayku Poccuu
ot 07 aBrycra 2020 r., Ne 920) u denepanbHOro rocy1apcTBEHHOro 00pa3oBaTeLHOr0 cTaHaapTa
BBICIIETO 00Opa3oBaHMsl O HanpasiieHuto noarotosku 06.04.01 buonorus (maructparypa) (npukas
Muno6pHayku Poccun ot 23-09-2015 r. Ne1052).

J1oJis INTaTHBIX HAY4YHO-IIE€arornyeckux padOTHUKOB (B MPUBEJACHHBIX K IEJIOYHCIICHHBIM
3HAQYEHHUSIM CTaBOK) cocTtapiyisgeT 70 MpOLEHTOB OT OOIIEro KOJHWYeCTBAa HAy4YHO-INEJAarorHyecKuX
pabOTHUKOB OpraHU3aIIH.

Peanuzauus nporpammbl o0ecneynMBaeTcsi pyKOBOJSIIUMH W Hay4dHO-TIEAarori4ecKuMu
pabOTHMKAMHU OpraHM3allMM, a TaKXkKe JHIaMH, PUBJICKAeMbIMU K peaju3allii NMporpamMmbl Ha yc-
JIOBUSIX I'PaXKJIaHCKO-IIPABOBOIO JJOTOBOPA.

Jlonst Hay4yHO-nIeJarorn4ecKux paboTHUKOB (B IPUBEACHHBIX K IEJIOYUCIICHHBIM 3HAUCHHU-
M CTaBOK), MMEIOLUX 00pa3oBaHUE, COOTBETCTBYIOIIEE MPOGUITIO MPernogaBaeMON JIUCIUILIHHbBI
(MoayJst), B oOLIeM 4YMCIIe HAayYHO-IIEJarOrM4ecKuX pabOTHHUKOB, pEaU3YIONIUX MPOTrpamMMmy, CO-
crasisieT 100 mporeHToB.



JloJist HayyHO-TIeJarornuyeckux paboTHUKOB (B MPUBEICHHBIX K IEJOYHCIICHHBIM 3HAYECHH-
SIM CTABOK), UMEIOLIMX YYEHYIO CTENEHb (B TOM YHUCJIE YUYEHYIO CTENEeHb, IPUCBOCHHYIO 3a pyOeKoM
1 npusHaBaeMyto B Poccuiickoit ®enepannu) U (MiM) ydeHoe 3BaHHe (B TOM YHCIIEe YYEHOE 3BaHUE,
MOJIydYEHHOE 3a pyOexxoMm U mpu3HaBaemoe B Poccuiickoit @enepanuu), B o0LIEM YHCIC HAYYHO-
[e1arorn4ecKnuX paboOTHUKOB, PEAIM3YIOLIUX IPOrpamMMy, cocTaBiiseT He MeHee 70 MpOLIEHTOB.

3.4 Y4eOHOo-MeTOAHYECKOE 0DecredeHne NPOrpaMmabl

3.4.1.HopMaTHBHO-NIPABOBYI0 OCHOBY Pa3padoTKH NPOrpaMMbl COCTABJIAIOT:
1. ®enepanphelii 3akoH oT 29.12.2012 Ne 273-03 «O6 obpazoBanuu B Poccuiickoit dene-
panumny;
2. Ilpuxka3z MunoOpuayku Poccun ot 01.07.2013 N 499 "O6 yrBepxkaenun Ilopsiika opra-
HU3aLMKM W OCYUIECTBJIEHMs 00pa3oBaTEJIbHON JIESTENBHOCTH MO JONOJHUTENbHBIM Mpodeccro-
HaJIbHBIM nporpammam” (3apeructpupoBano B Muntocte Poccun 20.08.2013 N 29444);

. 3. Ilocranosnenue IIpaBurenscrBa Poccuiickoii @enepanuu ot 22 sHBaps 2013 r. Ne 23 «O
[IpaBunax pa3paboTKu U yTBepxkIeHHUs MPO(ecCHOHATBHBIX CTaHIapTOBY,
. 4. Ilpukaz Muntpyna Poceun ot 12 anpens 2013 r. Ne 148u «O6 yTBep jeHHH ypOBHEH

KBaJIM(UKALUU B LEJSIX Pa3pabOTKH MPOEKTOB MPOPECCHOHATBHBIX CTAHAPTOBY;

5. Mertoanyeckne peKOMEHIalMU-Pa3bsICHEHUS 0 pa3paboTKe JOTOIHUTEIbHBIX Mpodec-
CHOHAJILHBIX IIPOIPaMM Ha OCHOBE MPO(ECCHOHANBHBIX cTaHIapToB (mucbMo MuHoOpHayku BK-
1032/06 ot 22.04.2015).

6. Ilocranonenne Munrpyna Poccun ot 20.12.2002 N 82 "O6 yrBepaenun Eaunoro
KBaJIM(UKALUOHHOIO CIIPABOYHUKA JIOJDKHOCTEH PYKOBOJMTENICH M CIEHHATMCTOB OpraHu3allfii
re0JIOTUH U pa3BeIKH Heap .

7. ®enepanbHOro rocy1IapcTBEHHOI0 00pa30BaTeILHOTO CTaHAapTa BBICIIEr0 00pa30BaHUs
1o HarnpasjieHuto noarotosku 06.03.01 buonorus (6akanaspuar) (mpukaz MuHoOpHayku Poccun
ot 07 aBrycra 2020 r., No 920).

8. denepanbHOro rocy1apcTBEHHOr0 0Opa30BATENBLHOIO CTaHIApTa BBICIIEr0 0Opa30BaHUS
1o HanpasJyieHuto noaroropku 06.04.01 buosnorus (Marucrparypa) (npukaz MunoO6puayku Poccun
otT 23-09-2015 r. Ne1052).

3.4.2. Jlurepartypa
1. TILIP «B peanbHoM Bpemenu» / Pebpukor JI.B, Camaros I'.A., Tpodpumos J1.1O. u ap.;
nox pex. J1.B. Pedbpukosa — 2-e uzn.- M.: BUHOM. Jlaboparopus 3uanuii, 2009.-223 c.
2. Ienxynos C.H. I'enetnueckast unxenepust / HoBocubupck: u3a-so HoBocubupckoro
yHUBepcuTera, 1994.

4 OHLHEHKA KAYECTBA OCBOEHMUS ITPOTI'PAMMDbI

4.1 Urorosas arrecranus

Ilenpro HTOrOBOM aTTecTaliy sIBJISETCsl OlleHKa CPOPMUPOBAHHOCTU KOMIETEeHIIHMH KIToro-
Bas arrectauus (nanee — MA) HampaBiieHa Ha ycTaHOBJIEHME COOTBETCTBHUSI YPOBHS MpPodeccHo-
HaAJILHOW IOArOTOBKM TpeOoBaHMsIM. MToropas arrecranus ciayuiaresneid npoBoauTest B popme tec-
Ta, BKJIIOYAIOLIErO BOMPOCHI 10 BCEM JIMJIAKTHYECKUM €JIMHHUIIAM IIPOrpaMMbl. 3a4T€HO CTABHTCS B
ciydae BepHoro orsera Ha 80% 3anaHui.

[ IpumMephb! TeCTOBBIX 3aaHU
Paznmen 1.

1. C uenpto nmpopuIakTUKM KOHTAMHUHALIMM aMJIMKOHaMH pabouux 30H [II[P-naboparopun
MPOBOJIAT:



A) YD-0061y4eHHe H 23P030JIbHYI0 00padoTKy pacTBOpaMu ¢ MOBEPXHOCTHO-
AKTHBHBIMH BelleCTBAMH

b) kunsyenne padounux pacTBOPOB, MPOBETPHUBAHUE TOMEIIECHUH, FeHepaIbHble YOOPKH MO-
MEIIEHHH C UCIOJIb30BAHUEM KaJIMEBOM COJIM MapraHiloBOM KMCJIOTHI;

B) 1ByKkpaTHY10 €KeHEBHYIO BIXHYIO YOOPKY MOMELICHHH ¢ IPOBETPUBAHUEM U 0Opa-
OOTKy BCEX MOBEPXHOCTEH CITUPTOM, XJIOPCOACPKAIMMHU CPEJICTBAMH, MBIJIBHBIMH PacTBO-
pamu.

2. Ilnactuk, ucnosb3yemslit npu nposeaeHuu [P (HakoHeUHUKH, TPOOUPKH), B TPOM3BOICT-
BEHHBIX YCJIOBUAX MMOABEPralOT CTEPUIIM3ALUU C UCIIOJIb30BAHUEM ramma-u3iaydeHus. [Ipu
3TOM MOTru0aIoT:

A) IpeNMYI111eCTBEHHO NaTOM€HHbIE MUKPOOPTraHU3MBI;

b) ycinoBHO-naTOreHHbIe MUKPOOPTaHU3MBI;

B) Bce BuabI 1 popMBI MHKPOOPTraHU3MOB.
3. Boibepere HanpaBieHue, ISl KOTOPOro ucnoib3yercs [TL[P

A) KOHTPOJIb 32 XUMHUYECKHUM 3arpsi3HEHUEM OKPYKAIOIIeH Cpe/Ibl H MPOJTYKTOB ITUTAHUS;

b) nmoJryyenue s Hecsie0BaHUi 00J1bIIOr0 KOIHYecTBA YnCcThIX yuacTkoB JIHK;

B) kJloHHpOBaHHE OpraHU3MOB.
4. I11IP MOxHO HMCMOIB30BaATH JJIsI ONIPEJIC/ICHHUS :

A) cTajiuy paka MOJIOYHOH XKeJe3bl;

b) monuTopunra nporpeccupoBaHust n/uiH 3pPeKTHBHOCTH JIEKAPCTBEHHOM Tepanuu
BUY-undexuumn;

B) myTanuii de novo.
S. Konramunanus paznununbiMu tunamu JIHK u PHK pabouux 30H, 060pynoBaHHs ¥ OJEXKIbI
COTPYJIHUKOB IIPUBOJIUT K JIOKHOTIOJIOXKUTEIbHBIM pesyibratam [ILIP. JIns cBoeBpeMEeHHOro Bbi-
SIBICHUS] KOHTAaMUHAIIUUA HEOOXOUMO:

A) NOCTAHOBKA OTPHUATEIBHBIX KOHTPOJICH B KAXK/I0H MOCTAHOBKE ONbITA HJIH JKCIIe-
pHMeEHTA.

b) nocranoBka MOJOXKHUTEIBHBIX KOHTPOJICH JIJISl KOK/I0H MapTHU WK CEPHH PEAKTHBOB;

B) uccnenoBanue Beex ONBITHBIX 00pa3iloB B IyOJsiX.
Paznen 2
1. IIpouenypa Bouienenus JIHK u3 kieTok v TkaHei B MEIMIIMHCKUX J1aOOPaTOPHBIX MCCIIEN0-
BaHUSX COCTOUT U3 CJIEIYIOUIUX ITAIOB:

A) pa3pylleHHe KJIETOYHbIX CTEHOK, PECTPUKIIHUS, aMILTH(DUKALIHSI

b) pactupanue B )xuJKoM a3zoTe, HarpeBaHue J10 95°C, ocaxk/ieHre Ha MArHUTHBIX YacTHIIAX

B) im3uc kierok, AeHaTypanus 0eJ1K0B, 0cak1eHue HYKJIEHHOBBIX KHCJIOT
2. I1pu nposenenun TP B Monudpukanuun «Hot-start PCR» npobupku ¢ aMiimukauoHHoN
CMECBIO NPEABAPUTENILHO NIPOrPeBAIOT NpH Temneparype 95°C B TeyeHue 3—5 MUHYT, JJIsl TOTO
YTOOBI:

A) nporpetb aMIIMpUKaTop;

b) usbexars kionuposanus Hecnienuduueckux JIHK-dpparmenTos;

B) akTuBupoBaTh pepmMeHT ¢ 0JIOKHPOBAHHOI MOJITUMEPA3HOH AKTHBHOCTBIO.
3. Kaxxzp1il MK MOJIMMEpa3HO-1EMHONW peaKllui COCTOMT M3 TPEX OCHOBHBIX 3TaIlOB:

A) neHarypanusi, peCTpUKIHUS, 3JIOHTaIlHs;

b) nuccoumanus, rubpuI3anus/oTKUT, pernapamus;

B) nenarypanusi, ruépuausanus, 3JIOHrauus.
4. JIo)KHOTIOJIOXKUTENbHBIE PE3yJbTaThl MK JeTeKlus Hecrneunpudeckux npoaykros TP ces-
3aHbI C:

A) ommbkamu 1pu nojdope npaiMepoB, TeMIieparypHoro pexuma nposegeuus I[P

b) koHTaMuHanHuU cpeabl J1a60paATOPHH AMILIMKOHAMH;

B) HapymieHnuem coOTHOLIEHHsI KOMIIOHEHTOB PEAKIIMOHHOM cMecH ¢ npeobanannem dNTP.
5. Metopn I11IP ¢ oOpaTtHO#i TpaHCKPUITIIMEH UCIIOIb3YETCS JIJIs:

A) 11 JMATHOCTHKH INeHeTHYeCKHX 3200/1eBAHUI M MOJIYKOJIHYECTBEHHOI0 onpe/esie-
Hu# cneurpuyeckux mosiexkya PHK.

b) obHapyxeHHsi MyTaluil B IPOMOTOPHOM pErHOHE I'eHa;



B) onpenenenue abconotHoit koHueHTpanu PHK B ¢puznonornyeckux »xuaKocTsix opra-
HU3Ma.
Paznea 3.
1. MerareHomuKa U3ydaer:
A) Yacroty ansenei B mOMyJIsiiiuK
b) MexaHu3Mbl 9KCIIPECCHU T'eHOB

B) Cneundguxy cocraBa coodmecTB MUKPOOPraHH3MOB
') Ctpoenue u pyHkIIMHU XpoMOCOM

. B xauecTBe reHOMHOTO Opay3epa MOXKET UCIOIb30BATHCS
A) ENSEMBL

B) FASTQC
B) STAR
I') QIIME

3. K npeumymecTBeHHO NPOTEOMHOM 0a3e JAHHLIX OTHOCHTCH:
A) EnsemblPlants

b) GreenGenes
B) UniProt
[) SILVA

4. Jlna Busyanuzanuu pesyipratoB GWAS ucnonb3yercs:
A) Curnaisl GroopecieHIIN
b) ManxsTTreHckuii rpadguk
B) Jlanusie renb-asektpodopesa
") Kanumisipuslit asektpodopes

5. FASTQ ¢aiiabl cocTosaT u3:
A) OnHoii cTpoku
b) Tpéx crpoxk
B) Uerbipéx cTpok
[') JIByx cTpok.

CocraBuTe/ib NPOrpamMmbl

Mununa B.M., n1.6.H., noueHt, 3aB. kadeapoil reHeTUKH U (yHIAMEHTAIBHON MeIUIHHBI
KemI'V



