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1. Uenn ocBOEHNS AUCLUMINHBI

Kypc "MonekynsipHO-reHeTU4eckmnini aHanma B cuctematuke 1 gounoreHnn 6ecno3BoHoYHbIX"
npencrtasnsieT coboit pasnen Cneurnae U3NYECKNX N XMMUYECKMX HayK, B KOTOPOM
paccMaTpuBatoTCs OCHOBHbIE TEHOEHUUN B cucTeMaTke 6ecrno3BOHOYHbIX B CBSI3U C BHEOPEHUEM
MONEKYNAPHO-TEHETUYECKUX METOLOB UccnenosaHnin. Kypc HanpasneH Ha pacwmpeHne u
yrnybneHue 6buonornyeckoro obpasoBaHusi MarmcTpoB-300/10rOB, MOHUMaHKE NPobnem 1
COBPEMEHHOI0 COCTOSAHMS 300/10rM4ECKON TaKCOHOMUN 1N MONEKYNSAPHON GOUNOrEeHETUNKN

2. MecTo OUCLMMN/MNHDbI B CTPYKTYpe OCHOBHOM o6pa3oBaTtesibHOM NPorpaMmbl BbiCLLIEro
npodpeccrmoHanbHoro o6pa3oBaHus

[DaHHas yuebHas aucuunnmnHa BkntodeHa B pasgen " M1.B.1 ObweHay4HbIiA" OCHOBHOM
obpasoBaTtesbHol nporpammbl 020400.68 Bronorns u OTHOCUTCS K BapUaTUBHOM YacTu.
OcBavBaetcs Ha 1 kypce, 1 cemecTp.

ObuweHay4yHbIi unkn gucumnnvH M.1 B.1 - pasgen - Cneurnaebl OU3NYECKUX Y XUMUYECKMX HayK
1 Kypc, 1 cemecTp, aKk3ameH

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

B pesynbTate 0CBOEHUS AMCLMNANHBI (DOPMUPYIOTCS CNeayoWwmne KOMNEeTEHUNN:

P
Lncpp komnereHuyu npuoﬁpef:::agglaﬁgmaemnuuu
MK-10 rny6oKO NOHMMAET N TBOPYECKM Ccronb3yeT B Hay4HOI 1
NPON3BOACTBEHHO-TEXHONOMMYECKOM OEeATENbHOCTU 3HAHNS
(npodpeccunoHanbHble
KOMMETEHLN) (byHAaMeHTaNbHbIX 1 NPUKNaaHbIX Pa3nenos cneunanbHblX
OVCUMUMNIIMH MarncTepcKon Nporpammbl.
MNK-2 3HaeT N NCnonb3yeT OCHOBHbIE TEOPUN, KOHLIeNUUK U
(npodpbeccrmoHanbHble NPUHUMNbI B n36paHHoi 0bnactn AesTenbHOCTH, CNocobeH K
KOMNeTeHLmm) CUCTEMHOMY MbILUNEHWNIO
CaMOCTOATENIbHO aHanM3npyeT NMeoLLYoCSa nHpopMaLmio,
BbISBNSET (PyHOAMEHTaNbHble NPOONeMbl, CTaBUT 3amady u
MK-3 BbINONHSAET nonesble, nabopatopHbie buonornyeckme
(npodpeccunoHanbHble nccnenoBaHns nNpuv peleHnn KOHKpeTHbIX 3a4ady no
KOMNeTeHLmm) crneumanmsaummn ¢ NCNob30BaHNEM COBPEMEHHON annaparypbl
N BbIYUCIIUTENbHBIX CPEACTB, OEMOHCTPUPYET OTBETCTBEHHOCTb
3a KayecTBO paboT 1 Hay4HY0 4OCTOBEPHOCTb PE3YNbTATOB

B pe3ynbTarte OCBOEHNA ONCUNMIINHDBI CTYOEHT:

- aeKBaTHO 1CMONb30BaTb Pa3nNYHbIE METObI MOMEKYNIAPHOMO aHanMaa
-CaMOCTOATENIbHO NNaHnpoBaThb xo4 nabopaTopHoi paboTol,
- aHanM3npoBaTb NONy4YeHHbIE OaHHbIe

-TpaadnUNOHHbIMAN N MONEKYNAPHBIMKA METOOAMN aHannm3a cucteMaTtn4eckoro crtatyca emaoa, rpynnol
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- OCHOBHbIE METOLbl MONEKYNSPHO-TEHETNYECKOro aHanmaa: renb-anekTpodopesa, rmbpuansaumnm
anepHor OHK, peakunsx nonumepasHoi uenu (MutoxoHapuanbHas OHK, pubocomanbHas PHK);

- METOAbl PEKOHCTPYKLNM OUNOreHEeTUYECKUX OepeBbeEB HA OCHOBE MONEKYNAPHbIX OaHHbIX,
-pa3nnyHble BUObl ounoreHeTn4eckoro aHanmaa

4. CTpyKkTypa 1 cogepxaHve AUCLUNMUHBI MOayns
Obwas Tpyoo0eEMKOCTb AUCLIMMNIIMHBI COCTaBNSET 3a4eTHbIX(ble) eanHuu(bl) 108 yaca(os).
dopma NPOMEXYTOYHOrO KOHTPONSA AUCLMMNANHBI 9K3aMeH B 1 cemecTpe.

CyMmMapHo no aucumnanHe MoXHoO nony4ntb 100 6annos, n3 HMX Tekywas paboTa oueHnaeTcs B 50
6annos, utoroeas goopma KoHTpons - B 50 6annos. MMH1MManbHoe KONMYeCTBO ANS AOMNycKa K 3a4eTy
28 bannos.

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

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

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

54 6anna n MeHee - "Hey1OBNETBOPUTENbHO" (Heyn.).

4.1 CTpyKTypa 1 comepXxaHue ayauTopHon paboTbl N0 AUCLMNINHE/ MOAYIO
TemaTnyeckum nnaH oUCUUNAUHbI/MOAYNA

Buabl n yachbl
Pasgen ay,oMTOpHOM paboThbl,
Henens MX TpyA0eMKOCTb Tekyime coopMbl
N .D.VIKIIL(I.)V‘IJ‘I'IVJ"I.II;HbI/ Cemecrpcemechoa (B yacax) KOHTpONSi
n e|(I_MMI1pal(wmecl(meJ1a60paTopH|:|e
3aHATUA paboTbi

Tema 1. OCHOBHble

nporpammbl
1. o 1

COBPEMEHHOM 9 0 0 0

CcuncTemMaTumku

Tema 2.

TakcoHomu4yeckoe
2. 2

nccnegosaHme ° 0 0 0

>KMBOTHOIo UapcTtea.

PernctpaunoHHbIn HoMep < ;;?{I;TEPPCSH’{T%%
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Buabl 1 yacbl
ayauTopHOM paborThbl,
Hepens MX TPy AO0EMKOCTb Tekywume copmbl
cemecTpa (B yacax) KOHTpOns
MpakTnyeckmelllaboparopHbie

3aHATUA paboTbi

Pasnen
N AducunnnuHbl/ CemecTp
Monyns

Nekuunn

Tema 3. Buposas
rmnoTesa u ee
npoBepKa: yTo4HeHme
xapakTtepa
N3MEHYMBOCTU, MOUCK
HOBbIX MPM3HAKOB.
MopdoomeTpus n
cTaTucTunyeckoe
pacno3HaBaHue.
mbpnaonsauns.
[NoBeneHme.
XeMoTakCoHOMUS.
Monumopdonam 6enkos.
3.MeTton 9 3-4 0 0 0
renb-anekTpodgopesa.
HyknenHoBble KUCNOTHI:
rmépnansaums snepHoi
JOHK. Peakuus
NoONMMEpPasHoN Lenu:
MUTOXOHAPMWANbHAS
OHK, pnbocomanbHas
PHK. Noruka
NPUMEHEHNS
TPagULNOHHBIX U
MONEKYNSPHbIX
MEeTO[OB.
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Buabl n yachbl

ayouMTopHoOM paborTbl,
Pasnen y P p

Hepens MX TPy AO0EMKOCTb Tekywime coopmbl
Nl Bwcuwunnaue/ - (CeMecTPoeyectpa (8 acax) Yovmpans
Nekumm MpakTnyeckmelllaboparopHbie
3aHATUA paboTbi
Tema 4.
NHdppacTtpykTypa
nccnenoBaHui No
cncrematuke
XNBOTHbIX:
300/10ornyeckume

Konnekumnn n
300/10rM4YecKne Myseu.
MpakTrka My3enHom
paboTbl. Bubnuotekn,
6a3bl AaHHbIX U
pabouyve cetu. Npeomer
donnoreHeTnkKn n
4.|cuctematuku. 9 4 0 0 0
CooTHOLWeEHME nX Mexay
coboii. Knaguctmka kak
OCHOBa COBPEMEHHOW
donnoreHeTukKu.
OcHoBHas naes
KNnaancTn4eckoro
aHanuaa. Tpu
noctynara KnagucTtuku.
Anroputm
KNnaancTn4eckoro
nccnenoBaHus.
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Pasnen
AducunnnuHbl/
Monyns

CemecTp

Henens
cemecTtpa

Bugbl n yachbl
ayauTopHOM paborThbl,
MX TPYAO0EMKOCTb
(B wacax)

Nekuunn

MpakTnyeckue
3aHATUA

NabopaTopHbie
paborbl

Tekywiue coopmbl
KOHTpOns

Tema 5. lNpenmer
MOneKynspHomn
donnoreHeTuku.
Kpatkas ncropus
BO3HWKHOBEHUSA 1
pasBuTUS
MOneKynspHomn
donnoreHeTuku.
OCHOBHble TUMbI
OaHHbIX, KOTOPbIMUK
onepupyet
MonekynspHas
donnoreHeTuka.
HNnanasoH
9BOJIIOLIMOHHON LLKanbl,
B KOTOPOM paboTatoT
pasHble TUMbl OaHHbIX.
MNMoHsATMe cxoncTea u
romonoruu B
MOneKynspHomn
gounoreHeTuke. Tpu
BO3MOXHbIX TUNA
roMONornum reHos.
OneMeHThl
donnoreHeTn4eckoro
nepesa. Y3nbl BHeWHWe
N BHYTPEHHWE,

. MaCU.ITaGI/IpOBaHHbIe 7

HemacwTabupoBaHHbIE
nepesbs. KopHesble 1
6eCKOpHeBbIE AEPEBbS.
4Mcno BO3MOXHbIX
BApWMaHTOB OepEeBbLEB B
3aBUCMMOCTM OT Ymcna
aHannsnpyembix
TakCOHOB
(onepaumoHanbHbIX
TakKCOHOMUYECKINX
eanHnu, OTE). depeso
NCTUHHOE U
CKOHCTPYMPOBaHHOE.
MoHATUS MOHO- Nonu- 1
napadovnmn Ha
npvmepe
PUNOreHeTNYeCcKnx
CBSA3eN penTunum n
ntuy. Jepeso reHos n
[epeBo BNOOB, cryyau
NX HecoBnageHus.
Obuwiee npencrasneHne
0 MeTodax
PEKOHCTPYKLMN
PUNOreHeTNYeCcKnx

Peruct
CtpaHn

pay

WOHHbI HOMEP

Ha

Y n3 16.
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OepeBbeB HA OCHOBE MOJIEKYNAPHDbIX OAaHHbIX.
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Buabl n yachbl

ayouMTopHoOM paborTbl,
Pasnen y P p

Hepens MX TPy AO0EMKOCTb Tekywume copmbl
N ‘D'"Kn"(")':lr;;}r;”b'/ C("w'echcemecrpa (B yacax) KOHTpOnsi
Nekumm MpakTnyeckmelllaboparopHbie
3aHATUA paboTbi

Tema 6. BoipaBHuBaHve
HYKNEeoTUOHbIX
(AaMMHOKMCNOTHbIX)
nocnenoBaTtenbHOCTEN.
OcCHOBHble MeTOabI
PEKOHCTPYKLUUN
donnoreHnn, nx
COOTHOLLEHWE C TUMOM
NCNoNb3yeMbIxX
MONEKYNSAPHbIX OAHHbIX.
Meton nonapHoro
HEB3BELIEHHOO
KnacTMpoBaHus ¢
apumeTnyecknm
yCpeLHEHNEM
(UPGMA). aBHble
ONCTaHUNOHHbIE
METOObl NOCTPOEHNS
nepesbes. [NoHsTHe
b6nuxanwmx cocenen n
npaBunIo YeTblpex
6.|Touek. Obwunii NprHUMN 9 6-7 0 0 0
NoCTPOEHUs nepesa
METOO0M OTHOLEHMSA
6nuxanwmx cocenei.
ConocrasneHne
JoMNoreHeTNYeCckmx
[epeBbeB,
NMOCTPOEHHbIX METOAAMU
OTHOLWEHNS Bnnxanwmx
cocenenn n UPGMA.
Obuwiee npencrasneHne
0 MeTohe CBA3bIBAHUS
bnuxanwmnx cocenen
(Neighbor-joining, NJ).
MNpencraeneHne o
METO4E MUHUMANbHOW
aBonoOLMN.
OnpegneneHve onnHbl
BETBEN Ha
JoMnoreHeTn4eCckom
hepese.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep 5AE
Crpanuua 9 us 16. il YHITI

S OEALIK G
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Buabl 1 yacbl
ayauTopHOM paborThbl,
Hepens MX TPy AO0EMKOCTb Tekywume copmbl
cemecTpa (B yacax) KOHTpOns
MpakTnyeckmelllaboparopHbie

3aHATUA paboTbi

Pasnen
N AducunnnuHbl/ CemecTp
Monyns

Nekuunn

Tema 7. MeTonpbl,
OCHOBaHHble Ha
aHanuse psnos
ONCKPETHbIX COCTOSIHUM
NPU3HaKoB
(HyKNeoTUAHbIX 1
aMVHOKUCNOTHbIX
nocnenoBaTtenbHOCTENR).
MeTon MakcumanbHon
SKoHOMUW. [1prHUMNbI
NOCTPOEHMUA
donnoreHeTn4eckoro
Jepesa Ha npumepe
4yeTBepKu
HYKTEOTUOHbIX
nocnenoBaTenbHOCTEN.
dunoreHeTnyeckm
NHJpOpPMaTUBHbIE
nosvunn. Kputepun
ONTUManbHOCTU
PEKOHCTPYNPOBAHHOIO
nepesa. [pnynHbI
HEeoQHO3HaYHOCTH
PEKOHCTPYKLUMIA
£ METOA0M MakCuManbHOWn 9 -8 0 0 0
SKoHOMUW. [1prHUMNbI
NOCTPOEHNS NepeBbEB
ans 6onblworo yncna
OTE. Obuwee
npeacrasfneHne o
MeTo4e MakC/MasibHOro
npasLononous
(Maximum Likelihood,
ML). Kputepui
ontumanbHoctTn ML
nepesbeB. CpaBHeHVe
9O PEKTUBHOCTH
pas3HblX METOO0B U
cTaTucTnyeckas oueHka
JOCTOBEPHOCTU
domnoreHeTN4eckKmx
PEKOHCTPYKLWNA.
MpuHUMNbI M KpUTEPUN
OLIeHKM
9O PEKTUBHOCTH
pa3HblX METO0B
PEKOHCTPYKLNN.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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Buabl n yachbl
ayauTopHOM paborThbl,

Paspen
Hepens MX TPy AO0EMKOCTb Tekywume copmbl
N ‘D'"Kn"(")':lr;;}r;”b'/ C("w'echcemecrpa (B yacax) KOHTpOnsi
Nekumm MpakTnyeckmelllaboparopHbie
3aHATUA paboTbi

Tema 8. CoBpeMeHHble
npencrasneHms o
domnoreHmm aykapmor.
YnbTpacTpykTypHbIE U
MONEKyNsipHble
npu3Hakn
MOHOMPUNETUYECKMX
KPYMHbIX TAKCOHOB.
MNpobnema ceCTPUHCKOM
rpynnbl Metazoa.
DRIPS n
8.|Mesomycetozoa. 9 8-9 0 0 0
MoHopunus Metazoa.
Huswwne Metazoa n
3afaya onpepneneHns
CEeCTPUHCKOW rpynnbl
Bilateria. PoocteeHHble
CBS31 YNPOCTUBLINXCS
MHOMOKETOYHbIX
(Trichoplax,
Rhombozoa,
Orthonectida,
Myxozoa).

Tema 9. dunoreHns
Bilateria. MoHogonnus
Bilateria. [pumeHeHne
MONEKYNSAPHbIX JaHHbIX
Ans npoMopgoonoruu.
'vnoTesbl Articulata n
Ecdysozoa. KoHuenuus
Lophotrochozoa.
AnbTepHaTUBHbIE TOYKU
3pEHUS Ha NMONOXeHne 9
‘Innockunx 4yepsewn B
cucteme Bilateria.
Acoela n npobnema
npeononeHve
apTedakToB
NPUTAXEHNS ONHHBIX
BeTBeil. dunoreHuns
Tunos Deuterostomia n
BbIBOLbI 06 3BONIIOLMN
nX nnaHa CTpoeHus.

Tema . Toroesas 1 0 0 0 3K3aMeH
" |doopma KOHTpoONS

UTtoro 0 0 0

9-10 0 0 0

4.2 CopepxaHvue oUCLUMNUHbI
Tema 1. OCHOBHbIe NporpamMmbl COBPeMEeHHOW CUCTEMATUKN
Tema 2. TakcOHOMUYECKOE UCCNeaoBaHUe XUBOTHOIO LLapCTBa.
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Tema 3. BugoBas runotesa u ee npoBepka: yTouHeHUe xapaktepa U3MeH4YMBOCTU, MOUCK
HOBbIX Npu3HakoB. MopdoomeTpus U cTaTUCcTUYECKOe pacno3HaBaHue. MMbpuansauus.
MoBeneHne. XemotakcoHomusi. Monumopdcpuam 6enkoB. Meton, renb-anekTpocpopesa.
HykneunHoBble Kucnotbl: rubpuamnsaumus saepHon OHK. Peakuus nonuMmepasHom Lenu:
mutoxoHapuanbHasa OHK, pubocomanbHas PHK. Jloruka npuMeHeHUst TPaAULMOHHDbIX U
MONEKYNSAPHbIX METOA0B.

Tema 4. UHdppacTpykTypa nccnenosaHuin No cUCTeMaTuKe XUBOTHbIX: 300/10ruyeckue
KOnnekuumn u soonormyeckue myseu. NMpakrnka mysenHomn pabotbl. Bubnuoreku, 6asbl
DaHHbIX U paboume ceTtu. Mpenmert chunoreHeTUKN U cuctematuku. COOTHOLLIEHUE UX MeXay
coboun. Knagucrmka kak ocHoBa coBpeMeHHoun chunoreHeTuku. OcHoBHas uaes
KnagucTuyeckoro aHanu3aa. Tpu nocrynara Knaguctuku. Anroputm Knaguctuyeckoro
nuccnenoBaHuUs.

Tema 5. Mpeamet MonekynsipHon cpunoreHeTuku. Kparkast UCTOpUsi BO3HMKHOBEHUS U
pa3BuUTUS MONeKynsipHoOu dounoreHeTUKU. OCHOBHbIE TUMbI AaHHbIX, KOTOPbIMU onepupyeT
MoneKkynsipHasi dounoreHeTuka. JluanasoH 3BOJIOLMOHHOM LUKarbl, B KOTOPOM paboTatoT
pa3Hble TUMNbl faHHbIX. [TOHATUE CXOACTBa U TOMOMIOTUKU B MONIEKYNSIPHOWN chunoreHeTuke. Tpu
BO3MOXHbIX TUMNa rOMOJIOrMU reHOB. dNieMeHTbl OUNOreHeTUYEeCKoro gepesa. Y3/bl BHELLHUE
M BHYTPEeHHUe, MacluTabupoBaHHble M HeMacluTabupoBaHHble aepeBbsi. KopHeBbie U
6eckopHeBble AepeBbs. UNCNO BO3MOXHbIX BAPMAHTOB AepeBbEB B 3aBUCUMOCTM OT Yncna
aHanU3upyeMmbiX TaKCOHOB (OnepaLnoHanbHbIX TaKCOHOMUYeckux eaunuu, OTE). OepeBo
MCTUHHOE M CKOHCTpyupoBaHHoe. MoHATMS MOHO- NoNu- U Napadounum Ha npumepe
cdomnoreHeTUYECKMX CBA3el penTunui u ntul. JlepeBo reHOB U AepeBo BUAOB, C/lyyan UX
HecoBnageHus. O6Lee NpeacTaBneHne 0 MeToaax PeKOHCTPYKLMN counoreHeTMYecKmx
OepeBbeB Ha OCHOBE MOJNEKYNSIPHbIX AaHHbIX.

Tema 6. BbipaBHMBaHUe HYKeOTUOHbIX (aMUHOKUCNOTHbLIX) NocnenoBaTtenbHocTed. OCHOBHbIe
MeToAbl PEKOHCTPYKLMU PMNoreHumn, MX COOTHOLLIEHMe C TUMOM MUCMNOJIb3yeMblX
MONEeKYyNsipHbIX AaHHbIX. MeTon nonapHOro HeB3BeLLUEeHHOro KacTupoBaHus C
apucdpmeTnyeckmnm ycpeagHeHnem (UPGMA). MnaBHble AUCTaHLMOHHbIE METOAbl MOCTPOEHUA
nepesbes. MNoHsATMe 6nnXanmnx cocepen U NpaBuno YeTbipex Toyek. O6WUn NnpuHLMN
NOCTPOEHUS AepeBa METOLOM OTHOLUEHUS 6nuxanwimnx cocenenn. ConocrasneHue
c¢ounoreHeTUUECKUX DepeBbeB, NOCTPOEHHbIX METOAAMU OTHOLLEHUS GnnXanwmx cocenen u
UPGMA. O6uiee npencraesneHne o MeToae CBA3biBaHNUA 6MXanmx cocenen
(Neighbor-joining, NJ). lNpencraBneHne o MeToae MMHUManbHoOM 3aBonouuu. OnpeneneHuve
ANVHbI BeTBe! Ha punoreHeTUYeCKoM aepese.

Tema 7. MeToAbl, OCHOBaHHblEe Ha aHanu3e psiaoB AUCKPETHbIX COCTOAHUA NPU3HaKOB
(HyKneoTUaHbIX U aMUHOKUCIIOTHBbIX NocnenoBartenbHocTen). Meton makcumanbHOWU
3KOHOMUW. MpuHLUUNBI NOCTPOEHNS chunoreHeTUYECKOro aepesa Ha NnpuMmepe YeTBepku
HYKNeoTUOHbIX nocnepnosartenbHocTen. dunoreHeTuyeckn HopmaTUBHbIE NO3NLUN.
Kputepuu ontMManbHOCTU peKOHCTpyupoBaHHOro aepesa. NpnynHbl HEOQHO3HAYHOCTU
PEKOHCTPYKLMA METO40M MakKCUMasibHOW 3KOHOMUU. NMPUHLUNBI NOCTPOEHUS AepeBbEB ONA
6onbworo uucna OTE. O6Lwiee npeacraBieHne 0 MeToae MakCuMasZibHOro npaespononous
(Maximum Likelihood, ML). Kputepui ontumanbHoct ML nepeBbeB. CpaBHEHUE

3 dpeKTUBHOCTU pa3HbIX METOA0B U CTaTUCTUYECKasA OLeHKa A0CTOBEPHOCTHU
counoreHeTUYECKNX PEKOHCTPYKLUMNA. MPUHUMNBLI U KpUTepun oueHKU 3acpdpeKTUMBHOCTHU
pa3HbIX METOA0B PEKOHCTPYKLIMM.

Tema 8. CoBpeMeHHble nNpeacTaBneHns 0 onMnoreHun ayKapmor. YNbTpacTpyKTypHble U
MONEKYNsipHble NMPU3HaKU MOHOMUNETUYECKUX KPYMHbIX TaKCOHOB. NMpobnema cecTpMHCKON
rpynnbl Metazoa. DRIPS n Mesomycetozoa. MoHocounusa Metazoa. Huswue Metazoa m
3apava onpeneneHnsa cectpuHckowm rpynnbl Bilateria. PoocTtBeHHble CBA3U yNPOCTUBLLMXCS
MHorokneTo4HbiX (Trichoplax, Rhombozoa, Orthonectida, Myxozoa).

Tema 9. dunoreHuns Bilateria. MoHocpunua Bilateria. puMeHeHUe MonekynsipHbIX AaHHbIX
ansa npoMmopdoonorun. N'mnoresasl Articulata n Ecdysozoa. KoHuenuusa Lophotrochozoa.
AnbTepHaTUBHbIE TOUKM 3peHUS Ha NONOXeHUe NNocknx Yyepsen B cucteme Bilateria. Acoela n
npobnema npeoponeHne aptedpakToB NPUTAXEHUS LJIMHHbIX BeTBeW. DunoreHns TMNoB
Deuterostomia u BbiBOAbI 06 3BONIOLMMN UX N/1aHA CTPOEHUS.
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5. 06paaoBaTeanb|e TeXHONOrmu, BKNoyasi UHTepakTuBHbie oOpMblI 06yqe|-|v|9|

B XOZle OCBOEHNS OaHHOro Kypca UCMonb3yTCA MHHOBAUWOHHbIE MYNIbTUMEUNHbIE TEXHONOrnmn C
BU3yanuaaumei NekKUMoHHOro Matepuana, a TakxXe MHTepakTUBHble MeTobl PpaboTbl - BbINONHEHNE
npakTudeckux pabot, nabopaTopHbIX UCCNEOOBaAHUA ANS PELEHNS KOHKPETHOW CUTYaLMOHHON
3a4a4u, a Takxe C Lefbto YBEPEHHOr0 OCBOEHMSI METOA0B MOJIEKYNISIPHOMO aHanvaa, npuobpeTteHust
HaBbIKOB HAy4YHOWM M IOTMYHOM MHTEepnpeTaunmn pesynbTaTtos

6. OueHOUYHble CpeacTBa OJ1sl TEKYLLLEro KOHTPOS yCreBaeMoCT!, NPOMEXYTOYHOMN
aTTecTauum no UToram OCBOEHUS JUCLIMIMIIMHBI U y4e6HO-MeToanyeckoe obecneyeHme
CaMOCTOSITe/IbHOW paboTbl CTYAEHTOB

Tema 1. OCHOBHbIe NMporpamMmbl COBPEMEHHOW CUCTEMATUKN
Tema 2. TakcOHOMMYECKOE UCCNeaoBaHUe XUBOTHOrO LLlapcTBa.

Tema 3. BupoBas runotesa u ee nposepKa: yTo4HeHUe Xxapakrepa M3MeH4YUBOCTU, MOUCK
HOBbIX Npu3HakoB. MopdoomeTpus n cTtaTucTUYeckoe pacnosHasaHue. M’Mbpuamnsaums.
MoBepneHune. XemotakcoHomusi. Monumopcpu3am 6enkoB. Meton, renb-anekTpocpopesa.
HykneuHoBble Kucnotbl: ruébpuamnsaumus saepHon OHK. Peakuus nonuMepasHom uenu:
mutoxoHppuanbHaa OHK, pubocomanbHas PHK. Jlornka npMmeHeHus TpaguLMOHHbIX U
MOJEKYNSIPHbIX METO0B.

Tema 4. UHdppacTpyKTypa uccnenoBaHuin o cUcTeMaTuke XMUBOTHBIX: 300/10rMyeckue
KONNeKLuumn u 3oonornyeckme myseu. Mpaktuka myseinHown pabotbl. Bubnmoreku, 6a3bl AaHHbIX
n paboume cetn. NMpenmer dounoreHeTUKN N cuctemaTuku. CoOoTHoOLLEHMe UX Mexay cobom.
Knapucrtuka Kkak ocHoBa coBpeMeHHoW dounoreHeTuku. OCHOBHas naes Knaauctmyeckoro
aHanusa. Tpu nocTynara Knaguctuku. Anroputm KnagucTmyeckoro uccnenoBaHus.

Tewma 5. NMpenmeTt monekynsipHou counoreHeTukn. Kpatkasi nCtopusi BOSHUKHOBEHUS U
pa3BuTUA MoneKynsapHon counoreHeTMKU. OCHOBHbIE TUMbI AaHHbIX, KOTOPbIMU Oonepupyet
mMonekynsipHas counoreHeTuka. [manasoH 3BONIIOLMOHHOW LUKasbl, B KOTOPOM paborator
pa3Hble TUMbl gaHHbIX. [lOHATUE cxoacTBa U rOMONIOrUN B MONEKYNsapHon counoreHeTuke. Tpu
BO3MOXHbIX TUMa rOMOJIOrMN reHoB. dNeMeHTbl ounoreHeTUYEeCcKoro gepesa. Y3nbl BHELLHUE U
BHYTPEHHMe, MacLuTabupoBaHHble U HemacLuTabupoBaHHble pepeBbs. KopHeBble n
6eckopHeBble aepeBbs. YNCNo BO3MOXHbLIX BAPUAHTOB OepeBbeB B 3aBUCUMOCTM OT YMcna
aHanu3npyeMbiX TaKCOHOB (onepauuoHa/nbHbIX TaKCOHOMUYecKux eanHul, OTE). epeBo
MCTUHHOE U CKOHCTPpYyuUpoBaHHOE. NTOHATUSA MOHO- Nonn- N napacounum Ha npumepe
counoreHeTUYECKMX CBA3EN penTuann n ntuu. [lepeBo reHOB U AepeBo BUAOB, Cllydan ux
HecoBnageHus. O6uiee npencraBneHne 0 MeTogax PeKOHCTPYKLUMn dounoreHeTu4eckux
hepeBbeB Ha OCHOBE MONEKYNSIPHbIX OaHHbIX.

Tema 6. BbipaBHMBaHUe HYKNeOTUAHbIX (AQMUHOKUCNOTHbIX) nocnepoBartenibHocTen. OCHOBHbIE
MeToAbl PEKOHCTPYKLUU OUNOreHUun, NX COOTHOLLIEHUEe C TUMOM UCMNONb3yeMbIX
MONEKYNAPHbIX AaHHbIX. MeToa NonapHOro HeB3BeLLEHHOro KacTUpoBaHUs C
apudpmetTnyeckmm ycpeanHeHnem (UPGMA). MaBHble AUCTAHLLMOHHbIE METOA bl MOCTPOEHUSA
nepeBbeB. NMoHATME 6nMXanLLIKMX cocenen U NpaBuo YeTbipex Toyek. OoLwL M npuHUMN
NOCTPOEHUS aepeBa METO40M OTHOLLEeHUs 6nmxanwmx cocepen. ConocraesneHme
chunoreHeTuyeckux aepeBbeB, MOCTPOEHHbIX METO4AMU OTHOLLEHUSI 6nMXanwmx cocenen un
UPGMA. O6uiee npencTaBneHne 0 MeToae CBA3biBaHUSA 6nnxanwumx cocenen
(Neighbor-joining, NJ). NMpencrasneHne o MeToae MMHUManNbHOM 3Bonounu. OnpeneneHue
ON1HbI BeTBen Ha omnoreHeTMYEeCKOM aepese.

KTPOHHEBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY

PernctpaunoHHbIn HoMep 5AE
Ctpanunua 13 n3 16. il YHI:I

S OEALIK G



Mporpamma gucumnnunHbl "MonekynspHo-reHeTn4eckuin aHanns B cuctematuke n counoreHnm xusoTHbixX"; 020400.68 Bronorns;
accucTeHT, K.H. N'yces O.A. , 3aBefytowwmin kadenpoin, K.H. (aoueHT) Cabupos P.M.

Tema 7. MeToabl, OCHOBaHHble Ha aHanu3e psiaoB AUCKPETHbIX COCTOAHUA NPU3HaKOB
(HyKNneoTUAHbLIX 1 aMUHOKUCNOTHBLIX NocnenoBartenbHocTen). Meton MakcumanbHom
3KOHOMUW. MpuHUUNBI NOCTPOEHNS hunoreHeTUYECKOro aepesa Ha NnpuMepe YeTBepku
HYKNeoTUOHbIX nocneposartenbHocTen. dunoreHeTuyeckn HopmaTUBHbIE NO3NLUN.
Kputepuu onTMManbHOCTU peKOHCTpyupoBaHHoOro aepesa. NpMynHbl HEOQHO3HAYHOCTU
PEKOHCTPYKLUA METO40M MaKCUMalbHOM 3KOHOMUM. [TPUHLMNbI NOCTPOEHUsA AepeBbeB ONs
6onbLuoro uncna OTE. O6uiee npeacTaBneHne o MeToae MakCuManbHOro npasaonon6vs
(Maximum Likelihood, ML). Kputepu# ontumanbHoctn ML nepeBbeB. CpaBHEHUEe

3 dpeKTUBHOCTU pa3HbIX METOA0B U CTaTUCTUYECKasA OLL,eHKa A,0CTOBEPHOCTHU
counoreHeTUYECKNX PEKOHCTPYKLUUNA. MPpUHUMNBLI U KpuTepun oueHKU acpdpeKTMBHOCTHU
pa3HbIX MEeTOA0B PEKOHCTPYKLIMM.

Tema 8. CoBpeMeHHble nNpeacTaBneHns o onMnoreHun ayKapmor. YNbTpacTpyKTypHble 1
MONEKYNsipHble NMPU3HaKU MOHOMUNETUYECKUX KPYMHbIX TaKCOHOB. NMpobnema cecTpMHCKON
rpynnbl Metazoa. DRIPS n Mesomycetozoa. MoHocounus Metazoa. Huswme Metazoa n 3apaya
onpeneneHnsa cectpmHckow rpynnbl Bilateria. PoocTBeHHble CBA3M yNPOCTUBLLUMXCS
MHorokneTo4Hbix (Trichoplax, Rhombozoa, Orthonectida, Myxozoa).

Tema 9. dunoreHuns Bilateria. MoHocpunua Bilateria. MpuMeHeHUe MonekynsipHbIX AaHHbIX A5
npomopdoonormuu. F'mnotesnbl Articulata n Ecdysozoa. KoHuenuusa Lophotrochozoa.
AnbTepHaTUBHbIEe TOUKM 3peHUs Ha NONOXeHUe NNocknx Yyepsen B cucteme Bilateria. Acoela un
npobnema npeoponeHne aptedpakToB NPUTAXEHUS O/IMHHbIX BeTBEeW. DunoreHnUs TUNoB
Deuterostomia u BbiBOAbI 06 3BONOLMWN UX NMIAHA CTPOEHMUSI.

Tema . UToroeasi popma KOHTpons

MpuMepHbIE BONPOCHI K 9K3aMEHY:

OTHEeTbI MO NPaKTN4EeCKNM pa60TaM, KONNOKBWYMbI- CEMUHApPbI, NOAroTOBKa pedpepaTnBHbIX O630pOB
no npe,unaraeMon TeMatuke

BOINMPOCHI K 9K3AMEHY

. KpaTkas ncropus cuctematvkm n gomnoreHeTmkn 6ecrno3BoHOYHbIX

. VlcTopuns nprMeHeHns MonekynsipHo-reHeTnYecKnx MeToaoB B cuctematmke 6ecrno3BOHOYHbIX

. OCHOBHbIE NPUHUWMNbI KNagnCTUKn

. MeTon renb-anekTpocdopesa

. [MoHsATME cxoacTBa U rOMONOrMN B MONIEKYNSIPHON COUNOreHeTuke.

. [ToHsATUSA MOHO- NoNK- 1 NapagunK Ha NpuMepe PUNoreHeTNYeCcKnX CBA3en PENTUINR U NTULL
. ObwmiA NPUHLUMN NOCTPOEHNS AepeBa METOLOM OTHOWEHUS bnvXxanwmnx cocenen.

. MprHUMNbl NOCTPOEHUSA PMNOrEHETUYECKOrO AepeBa Ha NpuMepe YeTBEPKN HYKNEOTULHbIX
nocnenoBaTeNbHOCTEMN.

9. CoBpeMeHHble NPeCcTaBNeHnsi 0 PUNOreHN 3yKapuoT Ha OCHOBE YNbTPACTPYKTYPHbIX 1
MONEKYNAPHbIX AaHHbIX

10. Mpobnema UNoreHeTUHECKNX OTHOLIEHNIA HN3WNX Brnatepuit
11. dunoreHeTnyeckne oTHoWEHNS Mexay TakcoHamn Ecdysozoa, Lophotrochozoa, Deuterostomia.
12. AnbTepHaTMBHbIE TOYKW 3PEHNS HA MONOXEHMEe NNOCKUX YepBer B cucteme Bilateria

0O NO Ok~ WN =

7.1. OcHOBHas nuTteparypa:

WarankuH, A. W. "®unocodus 3oonornn” XarHa batucra Jlamapka: sarnag na XXI-Mocksa:
ToeapwuwecTtso Hay4Hbix nagaHunin KMK, 2009.-606 c. (2 ak3. B Hb)
<URL:http://z3950.ksu.ru/bcover/0-781943_con.pdf>.

Andrew G. McArthur. Invertebrate Molecular Systematics (onyx.si.edu)(2009)

7.2. JlononHuTenbHasa nuteparypa:
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WarankuH A. . Buonornyeckas cuctematumka / A. V. WatanknH.-Mocksa: N13g-so MI'Y, 1988.-182.
(6 k3. B HB)

Roderic D. M. Page, Edward C. Holmes Molecular evolution: a phylogenetic approach. Oxword:
Blackwell Science, 2003.

Techniques in Molecular Systematics and Evolution/DeSalle, Rob; Giribet, Gonzalo; Wheeler, Ward
(Eds.). - Birkhauser, 2000.

MpuvHUKUNbI 1 MeToObl 300n0rnyeckomn cuctematmkn (Tp. 3oon. nH-ta AH CCCP, T. 206). - J1., 1989.
-224 c.

7.3. UHTepHeT-pecypcChbl:

8. MarepmanbHo-TexHU4yeckoe obecrneyeHne QUCLMUMINHBI/MOAYNS COrNTacHO YTBEPX.OeHHOMY
yuyebHOMyY nnaHy

OcBoeHue ancumnnnHbl "MonekynsipHO-reHeTUYECKUIA aHanM3 B CUCTeEMaTUKe 1 GoUoreHnm
XMBOTHbIX" NMpeanonaraet UCNoNb30BaHNE CneaylowWwero MaTepmnanbHO-TEXHNYECKOro obecnevyeHus:

Mporpamma cocTtasneHa B cootBeTcTBum ¢ TpeboBaHnsmm ®rOC BIMNO 1 y4ebHbIM nnaHoM no
HanpasneHnto 020400.68 "bBuonorua" n Marnctepckom nporpamme 30010rus .
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