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Mporpammy aucumnnnHbl paspaboTan(a)(n) accucterT, K.H. N'yces O.A. kadoeapa 300510rmm
6eCcno3BOHOYHbIX U PYHKLMOHANBbHOW M’MCTONOrMK oTAeNneHne 6ronorum n GUOTEXHONOTUN ;
3aBeqyowWwmnin kadpenpoi, K.H. (aoueHT) Cabupos P.M. kadbeapa 300n0rnm 6€Crno3BOHOYHbIX U
PYHKLIMOHANBbHOW TMCTONOrMM oTaeneHne buonormum n éuotexHonorum , Rushan.Sabirov@kpfu.ru

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

HaHHas yuebHas aucumunnnHa BkntodeHa B pasaen " b3.0B.2 MNpodeccrnoHanbHbIA" OCHOBHOM
obpasoBaTtenbHol nporpammbl 020400.62 Buonorns n 0THOCUTCS K AMCUMMANHAM Mo Bblibopy.
OcBauBaetcs Ha 4 kypce, 7 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:

PacwucpoBka
npuobpetaeMon KOMNeTeHL N

LNEMOHCTPUPYET 3HAHWNE NPUHLMMOB CTPYKTYPHOW 1

Lncpp komneteHLUN

MNK-3 PYHKLMOHANbHOM opraHm3aumnm 61onornyecknx o6 -eKToB u
(NpodpeccroHanbHble MexaHU3MOB rOMEOCTaTUYECKON pPerynsiuum; npuMeHsieT
KOMNeTeHLMW) OCHOBHbIE (OM3NONOrNYeckne METOAbl aHaANN3a N OLLEHKM

COCTOSIHMS XMBbIX CUCTEM
LEMOHCTPUPYET 3HAHME MPUHLIMMOB KNIETOYHO OpraHn3aumm

NnK-4
(NPOCPECCHOHANBHBIE 6ronornyecknx 06 bEKTOB, BUOGPUINYECKMX 1 BUOXUMUNYECKNX
OCHOB, MEMOPaHHbIX NMPOLLECCOB N MONEKYNSAPHbIX MEXAHN3MOB
KOMreTeHuunn)
XU3HEenesATENbHOCTH
AK-5 MPUMEHSET COBPEMEHHbIE AKCMEPUMEHTaNbHbLIE METOAbI
(oopecouosansie R . Nasuh paGoTH:  CoBpeMaHHOT
KoMMeTeHuunn) parop y ’ P P

annapartypou

B peaynbtate 0CBOEHWS ONCUMMNINHBI CTYAEHT:
1. DONXeH 3HaTb:

- OCHOBHblE METOAblI MONEKYNSAPHO-FEHETUYECKOrO aHann3a: refib-anekTpogopesa, rmbpunansaumnm
apnepHoin JHK, peakumsax nonmepasHoi uenu (MmtoxoHapuansHaa OHK, pubocomanbHas PHK);

- METOObl PEKOHCTPYKLNM OUNOreHEeTNYECKUX OepeBbEB HA OCHOBE MONEKYNAPHbIX OAaHHbIX,
-pas3nuyHble BUAbl oUNoreHeTn4eckoro aHannsa

2. IONXEH yMeTb:
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- afeKBaTHO UCMNOMb30BaTb Pa3/IMyHbIE METOLbI MONIEKYNISPHOIO aHann3a
-CaMOCTOATENbHO NNaHNpoBaThb xo4 nabopaTopHo paboTol,

- aHanM3upoBaTb NOMYyYEeHHbIE AaHHble

3. OONMXeH BnaneTb:

-TPAAMLNOHHBIMU N MONEKYNSAPHBIMUA METO4AMWN aHaNN3a CUMCTeMaTM4eckoro craTtyca smaa, rpynnbl

4. CTpyKTypa u cogepxaHve AUCLUMNINHLI/ Moayns
Obwas TpyooeMKOCTb AMCLUMNANHBI COCTABNSET 4 3a4eTHbIX(ble) eanHuu(bl) 144 yaca(os).
dopmMa NPOMEXYTOHHOIr0 KOHTPONS ANCUMNMNNHBI 9K3aMEH B 7 CEMECTPE.

CyMMapHo no amcumnanHe MoxHo nony4ntb 100 6annos, N3 HMX Tekylwas paboTta oueHmBaeTcs B 50
6anno., ntorosas popma KoHTpons - B 50 6annos. MnHMManbHoe KONMYeCcTBO ANs OoMnycka K 3a4eTy
28 6annos.

86 bannos 1 6onee - "OoTANYHO" (OTN.);

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

55-70 6annos - "ynoBnetBoputenbHO" (YO0B.);

54 6anna n MeHee - "HeynoBNEeTBOPUTENLHO" (Heya.).

4.1 CTpyKTypa 1 comepXxaHue ayguTopHon paboTtbl No gucuunamHe/ MOAynto
TemaTtnyeckuu nnaH gucUUNAUHbI/MOAYNS

Buabl n yacobl
ayauTOpHOM paborThbl,

Paspen
Hepens WX TPy A0EMKOCTb Tekywue copmbl
N 'D'"Knlgg;,'}::'"b'/ CemMecTPemectpa (B yacax) KOHTpOnsi
Nex ““I'IpaKmqecmeHa6opaToprle
L 3aHATUSA pabortbl

Tema 1. OcHOBHble

nporpammbl YCTHbI ONpocC
1. o 7 1 2 2

COBPEMEHHO 0

cucTemMaTukum

Tema 2.
5 TakcoHomumyeckoe - 5 > 0 > YCTHbI onpoc

nccnengosaHme

KMBOTHOIo Uapctsa.
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CtpaHnua 4 n3 24.
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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 7 3-4 4 0 4
renb-anekTpodgopesa.
HyknenHoBble KUCNOTHI:
rmépnansaums snepHoi
JOHK. Peakuus
NoONMMEpPasHoN Lenu:
MUTOXOHAPMWANbHAS
OHK, pnbocomanbHas
PHK. Noruka
NPUMEHEHNS
TPagULNOHHBIX U
MONEKYNSPHbIX
MEeTO[OB.

KETPOHHBH
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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. 7 5-6 4 0
CooTHOLWeEHME nX Mexay
coboii. Knaguctmka kak
OCHOBa COBPEMEHHOW
donnoreHeTukKu.
OcHoBHas naes
KNnaancTn4eckoro
aHanuaa. Tpu
noctynara KnagucTtuku.
Anroputm
KNnaancTn4eckoro
nccnenoBaHus.

THeT
4 oT4e

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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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 24.
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OepeBbeB HA OCHOBE MOJIEKYNAPHDbIX OAaHHbIX.

7-8

PervnctpaunoHHbili Homep

Crpanunua 8 us 24.
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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
COOTHOLWEHWE C TUMOM
NCNoNb3yeMbIxX
MONEKYNSAPHbIX OAHHbIX.
Meton nonapHoro
HEB3BELWEHHOro
KNnacTMpoBaHWS C
apumeTnyecknm
yCpeLHEHNEM
(UPGMA). aBHble
ONCTaHUNOHHbIE
MeTOoLbl NOCTPOEHNS
nepesbes. [NoHsTHe
b6nuxanwmx cocenen n
npaBunIo YeTblpex
6.|Touek. Obwunii NprHUMN 7 9-10 4 0 4
NoCTPOEHUs nepesa
METOLOM OTHOLEHNS
6nuxanwmx cocenei.
ConocrasneHne
JoMNoreHeTNYeCckmx
[epeBbeB,
NOCTPOEHHbIX MeTO4aMU
OTHOLWEHNS Bnnxanwmx
cocenenn n UPGMA.
Obuwiee npencrasneHne
0 MeToe CBSA3blBAHUS
bnuxanwmnx cocenen
(Neighbor-joining, NJ).
MNpencraeneHne o
METO4E MUHUMANbHOW
3BOMOLUNN.
OnpegneneHve onnHbl
BETBEN Ha
JonoreHeTN4eCcKoMm
hepese.

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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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 / 1-12 4 0 4
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 KOHTPONbHas
8.Mesomycetozoa. 7 13-15 6 0 6 paboTta
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 v
‘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

WNtoro 36 0 36

16-18 | 6 0 6 oTHer

4.2 CopepxaHvue oUCLUMNUHbI
Tema 1. OCHOBHbIe NporpamMmbl COBPeMEeHHOW CUCTEMATUKN
NeKuMnoHHoe 3aHsiThe (2 yaca(os)):

KETPOHHBH
B_EPCHTET

AHATTAMECKAR CrCTEMA KPY
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OCHOBHbIe NporpaMMbl COBPEMEHHOI cuctemaTnku. MonynsaumnmoHHas reHeTuka n oopMmpoBaHmne
6uonornyeckoi koHuenuumn snaa. CxoacTea U pasnnyms anbga-cucTtemMaTkm U CUCTEMATMKK
TakCoOHOB 6onee BbICOKOro nopsiaka. 9BoNoUMOHHAsA cuctemMaTmka. deHeTmyeckas cmctemaTtuka.
dunoreHeTnyeckas cuctematmka B. XeHHura. OTHOWEHNS MeX Oy CUCTEMATUKOM U GOMNOrEHETMKON.
CoBpeMeHHas knaguctmka. TakCOHOMMYECKOEe NCCNeL0BaHNE XMBOTHOMO LLApCTBa

naboparopHas pabora (2 4aca(oB)):

Tema 2. TakcoOHOMMYECKOE UCcnenoBaHMe XUBOTHOrO LLapcTBa.
JNleKuMoHHoe 3aHsiTne (2 4yaca(os)):

TakcoHOMUYecKoe uccnenoBaHme XnUBoTHOro uapcrea. CxeMbl onucaHnsa BUAOB (Ha NpuMepe
doopamuHndoep 1 kHuoapuii). Polychaeta: npobnemel, BO3HMKaoWmMe B CBSA3M C BbiNaAeHNEM N3
PacCMOTPEHMS 9K3EMMNSAPOB, HA KOTOPbIX ObIN0 OCHOBAHO ONUCAHWE BUAOB (TUMOBbIX
ak3emnnapoBs). Manblie Branchiopoda: npobnema cucteMaTnyeckoro nay4yeHus rpynnbl. Pabotbl
JlapBuHa no ycoHormm pakam: cosgaHme Mopdoonornieckon TEPMUHONOMUN U NPUMEHeHe MeToaa
TUMNOBbIX 9K3eMMNNIAPOB. Kareropum TMnoBbIX 3K3eMMNISPoB.

naboparopHas pabora (2 4aca(oB)):

Tema 3. Buposasi runotesa v ee nposepka: yTodHeHUe xapakrepa U3MeH4YMBOCTU, MONCK
HOBbIX Npu3HakoB. MopdhomeTpus U cTaTUCTUYECKOE pacno3HaBaHue. MMbpuansauus.
NMoBeneHne. XemotakcoHomusi. Monumopdusm 6enkos. Meton renb-anekTpodoopesa.
HyknenHoBble Kucnotbl: rubpuausaums snepHon OHK. Peakuus nonmMepasHomn Lenu:
mutoxoHapuanbHasa OHK, pub6ocomanbHas PHK. Jloruka npuMeHeHUst TpaaULMOHHbIX U
MONEKYNSIPHbIX METOA0B.

JIeKLMOHHOe 3aHsiTne (4 4aca(oB)):

Buposas runotesa n ee nposepka: yTO4YHEHNE XapakTepa U3MeH4YMBOCTU, MOUCK HOBbIX MPU3HAKOB.
MopdboMeTpus u ctaTucTdeckoe pacno3Haeanune. mMbpuansaums. NoeseneHne. XeMoTakCOHOMUSI.
Monumopgounam 6enkoB. MeTon renb-anekTpogopesa. HyknenHoBbie KMCNOTbI: rmbpuansaumns
apnepHon OHK. Peakumnsa nonmmepasHoi uenu: mutoxoHapuanbHas OHK, pubocomanbHas PHK.
Jlornka npumMeHeHns TPpaanLUMOHHBIX U MONEKYNSPHbBIX METOO0B. [1pakTuka cuctematnyeckmx
pesu3nin. bankanbckue nnaHapun poga Baikalobia - onncaHme HoBbix BUOoB. [lpyrue npumepsl
Tekylwer pesuaun. CoanaHCMpPOBaHHbIA Noaxon B paboTe cnctemMaTnkoB. Bbixon Ha ypoBeEHb
TakCOHOB Bonee BbICOKOro paHra. Vicnonb3oBaHue gounoreHeTudeckux runotes. lNpencraenexHve
pe3ynbTaToB pesuamn. OnmcaHma u gmarHoabl. Knoym, Bngpl Kinoyei.

naboparopHasi pabora (4 4aca(oB)):

Tema 4. UHdppacTpykTypa uccnenoBaHuin o CUCTEMaTUKE XMBOTHBIX: 300/10rMYyeckue
KONneKuumn n soonornyeckue Myseu. lNpaktuka mysenHown pabotbl. Bubnuorekm, 6asbi
OaHHbIX U paboume cetu. Mpeamet cpunoreHeTMKN u cuctematukn. CoOoTHOLLIEHUE UX MEeXAY
cobon. Knagucrtuka Kkak ocHoBa coBpeMeHHou cpunoreHeTMku. OCHOBHasi naes
KNlagMucTUYecKoro aHanusa. Tpu nocrynara KnagucTuku. ANroputMm Knagmctmyeckoro
nccnenoBaHuUS.

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

NHdppacTpykTypa nccnenoBaHuii No CUCTeMaTMKE XMBOTHbIX: 300/10MMYECKME KONNEKLNN 1
3oonoruyeckue Mysen. MNMpaktuka MyseliHoi paboTbl. Bubnunotekn, 6asbl gaHHbIX U paboyne ceTu.
MpeameT domnoreHeTrkn n cuctematk. CooTHolweHme nx mexay coboii. Knagncrmka kak ocHoea
coBpeMeHHol gounoreHeTnkn. OCHOBHasA naes KnagmctTuyeckoro aHanmaa. Tpu noctynata
KNagucTukn. ANroput™ KnaamcTn4eckoro uccnenoBaHms.

naboparopHas pabora (4 4aca(oB)):
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Tema 5. MpeameTt MonekynsipHon cpunoreHeTuku. Kparkast UCTOpUsi BO3HMKHOBEHUS U
pa3BuUTUS MONeKynsipHoOu dounoreHeTUKU. OCHOBHbIE TUMbI AaHHbIX, KOTOPbIMU onepupyeT
MoneKkynsipHas dounoreHeTuka. JluanasoH 3BOJIOLMOHHOM LUKarbl, B KOTOPOM paboTatoT
pa3Hble TUMNbl faHHbIX. [TOHATUE CX0ACTBa U TOMOMIOTUU B MONIEKYNISIPHOWN chunoreHeTuke. Tpu
BO3MOXHbIX TUMNa rOMOJIOrMU FreHOB. dNieMeHTbl OUNOreHeTUYEeCKOoro aepesa. Y 3/bl BHELLHUE
M BHYTPEeHHUe, MacluTabupoBaHHble M HeMacluTabupoBaHHble aepeBbsi. KopHeBbie U
6eckopHeBble AepeBbs. UNCNO BO3MOXHbIX BAPMAHTOB AepeBbEB B 3aBUCUMOCTM OT Yncna
aHanM3upyeMmbiX TaKCOHOB (OnepaLnoHanbHbIX TaKCOHOMUYeckux eaunuu, OTE). OepeBo
MCTUHHOE M CKOHCTpyupoBaHHoe. MoHATMS MOHO- NoNu- U Napacdounum Ha npumepe
comnoreHeTUYECKMX CBA3el penTunui u ntul. JlepeBo reHOB U AepeBo BUAOB, C/lyyan UX
HecoBnageHus. ObLLee NpeacTaBneHne O MeToaax PeKOHCTPYKLMN counoreHeTMYeCcKmx
OepeBbeB Ha OCHOBE MOJNEKYNSIPHbIX OaHHbIX.

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

[Mpenmet MonekynsapHon dounoreHeTukn. Kpatkas nctopmst BOSHMKHOBEHUS N Pa3BUTUS
MonekynspHomn gomnoreHeTnkn. OCHOBHbIE TUMbI AaHHbIX, KOTOPbIMK ONEPUPYET MONEKYNSpHas
ounoreHetuka. [JmanasoH 3BONOLNOHHOM WKabl, B KOTOPOM paboTatoT pasHble TWMbl AaHHbIX.
[MoHsTMe cxoncTBa Y FOMONIOrUKU B MONEKYNSAPHON dounoreHeTnke. Tpy BO3MOXHbIX TUNa roMonorum
reHOB. ONeMeHTbl OMIOrEHETMYECKOro AepeBa. Y3/bl BHEWHNE U BHYTPEHHME, MaclwTabrnpoBaHHble
1 HemacwTabrpoBaHHble fepeBbsi. KOpHeBble 1 6ECKOPHEBbIE AEPEBbs. HNCNO BO3MOXHbIX
BApVaHTOB OEepeEBbEB B 3aBUCUMOCTHY OT YnCna aHann3npyeMbix TaKCOHOB (onepaumoHanbHbIX
TakcoHoMmyeckux eanHnl, OTE). [lepeBo NCTUHHOE U CKOHCTPYMPOBAHHOE. [TOHATUS MOHO- NONK- K
napadpounun Ha npumepe PunoreHeTNYeCcKnxX Cea3en pentTunnin n Ntid. Ilepeso reHoB 1 OepeBo
BUAOB, Clyyaun nx HecosnageHusi. Oblee npeacTaBneHne 0 METOAAX PEKOHCTPYKLNM
donnoreHeTN4eCcKnx AepeBbeB Ha OCHOBE MONEKYNSPHbBIX AaHHbIX.

naboparopHas pabora (4 4aca(oB)):

Tema 6. BbipaBHMBaHUe HYKeOTUOHbIX (aMUHOKUCNOTHbIX) NocnenoBaTtenbHocTen. OCHOBHbIe
MeToAbl PEKOHCTPYKLMU PUNOreHun, UX COOTHOLLIEHME C TUMOM UCMNOJIb3yeMblX
MOJEeKYNsipHbIX AaHHbIX. MeTon nonapHOro HeB3BeLLUEeHHOro KiacTUpoBaHus ¢
apucdpmeTnyeckmm ycpegHeHnem (UPGMA). MnaBHble AUCTaHLMOHHbIE METOObl MOCTPOEHUSA
nepesbes. MoHsATME 6nnXxanmnx cocepen u NpaBuno YeTbipex Touek. O6Wmn NnpuHLMN
NOCTPOEHUS AepeBa METOLOM OTHOLUEHUs 6nnxanwimx cocenenn. ConocrasneHune
c¢ounoreHeTUUeCcKkUX nepeBbeB, NOCTPOEHHbIX METOAAMU OTHOLLEHUS GnvXXanwmx cocenen u
UPGMA. O6uiee npencraesneHne 0 MeToae CBA3biBaHNA 6IMXanwwmx cocenen
(Neighbor-joining, NJ). lNpencraBneHne o MeToae MMHUManbHOM 3Bonouuu. OnpeneneHuve
ONVHbI BeTBe! Ha punoreHeTUYeCKoM aepese.

JNIeKLMoOHHoe 3aHsitue (4 4yaca(os)):

BblpaBHMBaHWe HYKNEOTUOHbIX (AMUHOKMCNOTHBIX) nocnenosarenbHocTen. [lBa OCHOBHbIX noaxona
K NPOBEOEHNIO U OLleHKe BblpaBHMBAHWS U OCHOBAHHbIE Ha MCMONb30BaHWUM 3TUX NOAXOA0B METOLbI
BblpaBHMBaHWs. OCHOBHblE METObl PEKOHCTPYKLUUN PUNOreHNN, NX COOTHOLWEHWNE C TUMOM
MNCNOMb3yEMbIX MONEKYNAPHbIX AaHHbIX. MeTon nonapHOro HEB3BELWEHHOrO KNacTUPOBaHNS C
apugpmetuyecknm ycpegHeHnem (UPGMA), ero rnasHbI NPUHLMN U CBA3@HHASA C 3TUM YS3BUMOCTb.
[MpuMep nocTpoeHus punoreHetnyeckoro gepesa metogom UPGMA no 3apaHHowm matpuue
SBOJIIOLMOHHbBIX PACCTOAHWUIA A5 YeTblpeX TakCOHOB. [ NaBHble AMCTaHLMOHHbIE METOObl NOCTPOEHMUS
nepesbeB. [MoHATNE Bnmnxaniumx cocener 1 npasnno Yetbipex Todek. OBbWwnii NPUHUMN NOCTPOEHNUS
LepeBa METOAOM OTHOWEHMS Bnmxanwmx cocenein. PEKOHCTPYKLUMS OUNOreHETUYECKNX OTHOLIEHNIA
NPMMaToB METOAOM OTHOWEHMS Bnnxanwmx cocenein Ha OCHOBE JaHHbIX O HYKNEOTUAHbIX
nocnenoBaTenbHOCTAX rMOBUHOBLIX FeHoB. ConocTaBneHne punoreHeTNYeckmx ePEBLEB,
MOCTPOEHHbIX METOAAMU OTHOWEHUS bnnxanwnx cocenert 1 UPGMA. Obiee npencrasneHne o
MeTone cBs3biBaHNS bnmnxanwmx cocenert (Neighbor-joining, NJ). MNpeactaesneHve o metone
MUHUManbHon asonounn. OnpeneneHne OnviHbl BETBEN Ha (PUNOreHeTUMYECKOM AepeBe.

naboparopHasi pabota (4 4aca(oB)):
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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.

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

MeTonbl, OCHOBaHHblE Ha aHanM3e PSOoB OUCKPETHbLIX COCTOSHUI MPU3HAKOB (HYKNeOTUOHbIX U
aMWHOKUCNOTHbIX NocnefoearenbHocTen). MeTon MmakCcManbHON SKOHOMUW, OCHOBHbIE
npennocbinkn metona. [NpuHUMibI NOCTPOEHUS OUNOreHeTUYEeCKOro gepesa Ha npuMepe 4eTBepku
HYKNeoTUaHbIX nocnegosarenibHocTen. PunoreHeTn4eckn NHgopMaTmneHble nosnunn. Kputepun
ONTUMaNbHOCTN PEKOHCTPYMPOBAHHOMO fepesa. [NpnynHbl HEOOHO3HAYHOCTM PEKOHCTPYKLNIA
METOA0M MakcuManbHOn aKoHOMUK. MprHUMNBLI NOCTPOEHNS aepeBbeB ans bonblworo Yncna OTE.
Obwee npeacTaBneHne o MeEToAe MakcmMasnbHoro npaspononbus (Maximum Likelihood, ML).
Kputepuin ontumansHoctn ML gepesbeB. CpaBHEHNE 3(PIEKTUBHOCTU PasHbIX METOLOB U
cTatmucTnyeckas oueHka OCTOBEPHOCTU PUOreHEeTUYECKUX PEKOHCTPYKUMA. [TprHUMNbI 1
KpUTEPUM OLLEHKM 3PXEKTUBHOCTM Pa3HbIX METOLOB PEKOHCTPYKUUKN. AHannTnyeckmne n
CcTatuCcTNYecKne MeTodbl OLLEHKN OOCTOBEPHOCTU OUNOreHEeTUYECKNX PEKOHCTPYKUunin. MeToq
byTcTpan-aHanmaa.

naboparopHas pabora (4 4aca(oB)):

Tema 8. CoBpeMeHHble nNpeacTaBneHns 0 oMnoreHun ayKapmor. YNbTpacTpyKTypHble U
MONEKYNsipHble NMPU3HaKU MOHOMUNETUYECKUX KPYMHbIX TaKCOHOB. NMpobnema cecTpMHCKON
rpynnbl Metazoa. DRIPS n Mesomycetozoa. MoHocounusa Metazoa. Huswme Metazoa m
3apava onpeneneHnsa cectpuHckowm rpynnbl Bilateria. PoocTteBeHHble CBA3U YyNPOCTUBLLMXCS
MHorokneTo4Hbix (Trichoplax, Rhombozoa, Orthonectida, Myxozoa).

JNIeKLMOHHoe 3aHsitue (6 4aca(oB)):

CoBpeMeHHble NpeacTaBneHns 0 OUNOreHnmn 3BKapuoT. YNbTpacTPyKTypPHbIE U MONEKYNSIPHbIE
NPU3HAKN MOHOMPUNETNHECKUX KPYMHbIX TaKCOHOB. [Npn3Hak qoopMbl KPUCT MUHTOXOHOPWIA; KNaabl C
BapwabenbHo oopMoli KpUCT. VicTopus co3paHmns u paspyeHns koHuenuun Achezoa. Coctas
TakcoHoB Opistokonta, Alveolata, Stramenopiles, Cercozoa, Lobosea, Discicristata, Chlorophyta n
POLCTBEHHbIE FpynMbl. DBONOLMSA TUMOB NUTaHUS Ha npumMepe Alveolata; cBo60AHOXMBYLWME
Apicomplexa, anmkonnacTt, TpeTU4Hble cumMbrnosbl Dinozoa. Mpobnema cecTprMHCKOR rpynmbl
Metazoa. DRIPS n Mesomycetozoa. MoHodunma Metazoa. Huswne Metazoa n 3agava
onpeneneHns cectpuHckon rpynnol Bilateria. PoocTBeHHbIe CBA3M YNPOCTUBLINXCA MHOMOKIETOYHbIX
(Trichoplax, Rhombozoa, Orthonectida, Myxozoa).

naboparopHas pabora (6 yaca(oB)):

Tema 9. dunoreHuns Bilateria. MoHocpunua Bilateria. puMeHeHUe MonekynsipHbIX AaHHbIX
ans npomopdcponorun. N'mnortesasl Articulata n Ecdysozoa. KoHuenuusa Lophotrochozoa.
AnbTepHaTUBHbIE TOUKM 3pEeHUSA Ha NONOXeHUe NNocknx Yyepsen B cucteme Bilateria. Acoela n
npobnema npeononeHne aprepakToB NPUTSXKEHUS OJIMHHbIX BeTBen. dunoreHusi TMNoB
Deuterostomia 1 BbiBOAbI 06 3BONIOLMMN UX N1aHA CTPOEHUS.

JNeKLMoOHHoe 3aHsitue (6 4yaca(oB)):

®dunoreHuns Bilateria. MoHodomnusa Bilateria. lNpyMeHeHne MOnekynspHbIX AaHHbIX A5
npomopdoonorun. 'mnotessbl Articulata n Ecdysozoa. KoHuenums Lophotrochozoa. AnbTepHaTtmBHbIE
TOYKM 3PEHUS HA MONOXEHME NNOCKUX Yepsel B cucteme Bilateria. Acoela n npobnema
npeogoneHve apTedakToB NPUTSXEHUS ONUHHbIX BeTBen. dunoreHns tunos Deuterostomia
BbIBOAbI 00 3BOMIOLMN X NNaHa cTpoeHns. KanbumnxopaaTHas rmnotesa u 3KOHOMHbIV CLeHapuii
3BonoUnN.

naboparopHasi pabora (6 4aca(oB)):
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4.3 CTpyKTypa 1 copgepxaHume caMOCTOSITENIbHOM paboTbl AUCLUMINHBI (MOLYNISA)

Buabi
Hepnens | camoctositenoHon [TpyA0eMKOCTb
ceMecTpa paboTbl (B yacax)
CTyOEeHTOB

DopMbl KOHTPONS
CaMOCTOATE/IbHOWN
paboTbl

N Paspen

LuvcumnnuHbl CemecTp

Tema 1. OCHOBHbIE

1 [MPOrpamMmbi NoAroToBKa K
‘lcoBpemeHHon YCTHOMY ONpocCy

cuctemaTukm

Tema 2.

5 TakcoHoMuyeckoe v 5 noaroToBka K
nccnenosaHme YCTHOMY Onpocy

XMBOTHOrO LLapCcTBa.

Tema 3. Buposas
rmnoTtesa un ee
npoBepka: yTo4HeHME
xapakTtepa
N3MEHYMBOCTMN, MOUNCK
HOBbIX MPU3HAKOB.
MopdpomeTpus 1
cTatucTnyeckoe
pacno3HaBaHue.
mbpuaonsauus.
[MoBeneHwne.
XeMoTakCcoHOMUS.
Monnumopdonam 6enkos.
3.|MeTon 7 3-4
renb-anekTpodopesa.
HyknenHoBble KMCNOTbI:
rmbpuansaums aaepHoi
JOHK. Peakumns
nonnumMepasHom uenu:
MUTOXOHOpPUanbHas
OHK, pnbocomanbHas
PHK. Jlornka
NPUMEHEHMNS
TPaANLMOHHBIX U
MONEKYNSAPHBbIX
METOLOB.

4 YCTHbI ONpocC

4 YCTHbI ONpocC
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Buabi
Hepnens | camoctositenbHon [TpynoeMKOCTb
ceMecTpa paboTbl (B wacax)
CTYAEHTOB

DopMbl KOHTPONS
CaMOCTOATENIbHON
pabortbl

N Paspen

OucumnnuHbl CemecTp

Tema 4.
WNHdopacTpykTtypa
nccneposaHuin Nno
cuctematumke
XNBOTHbIX:
300n0rnyeckue
Konnekumu n
30010rn4yeckme myseu.
[MpakTuka MysemnHoin
paboTbl. bubnmoTteku,
6a3bl AaHHbIX U
pabouve cetn. Mpeaomet
dounoreHeTukn n
4.|cuctemMatuku. 7
CooTHOLWeHWEe ux Mexay
coboi. KnagucTtuka kak
OCHOBa COBPEMEHHOW
dounoreHeTuku.
OcHoBHas noes
Knaguctmyeckoro
aHanusa. Tpu
nocTynara KnagmcTuku.
Anroputm
Knaguctmyeckoro
nccnenoBaHus.

MoAroToBka K
5.5 |nOAroToBka

oTuety 4 oT4er
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Buabi
Hepnens | camoctositenbHon [TpynoeMKOCTb
ceMecTpa paboTbl (B wacax)

CTYAEHTOB

DopMbl KOHTPONS
CaMOCTOATENIbHON
pabortbl

N Paspen

JucumnnvHbl Cemectp

Tema 5. MNpeamet
MONEeKynapHou
dounoreHeTuku.
Kpatkas ncropus
BO3HWKHOBEHNSA U
pasBUTUSA
MONEeKynapHou
dounoreHeTuku.
OCHOBHbIE TUMbI
NaHHbIX, KOTOPbIMU
onepupyet
MonekynsapHas
dounoreHeTuka.
HNnanasoH
SBOJIIOLIMOHHON LWKanbl,
B KOTOPOM paboTatoT
pasHble TUMbl OaHHbIX.
lMoHaTMe cxoncTea u
roMonoruu B
MONEeKynapHou
domnnoreHeTuke. Tpu
BO3MOXHbIX TMMNa
rOMONOrMM reHos.
ONeMeHTbI
donnoreHeTn4eckoro
nepesa. Y3nbl BHEWHWE
N BHYTPEHHWME,
5.|MmacwTtabrpoBaHHbIe 1 7 7-8
HemMacwTabupoBaHHbIE
nepesbs. KopHeBble U
6eCKOpHEBbIE AEPEBDLS.
Hncno BO3MOXHbIX
BapVaHTOB JEPEBbLEB B
3aBNCMMOCTM OT Yncna
aHanuM3npyembix
TakCOHOB
(onepaumoHanbHbIX
TakCOHOMUNYECKUNX
eanHny, OTE). depeso
NCTUHHOE U
CKOHCTPYMpPOBaHHOE.
[MoHATUSA MOHO- NonKu- 1
napadpunmn Ha
npumepe
donoreHeTN4eckKnx
CBA3eW pentTunum n
ntvu. [lepeso reHos u
JlepeBo BMOOB, Cnyyau
NX HecoBMnageHus.
Obuwee npencTtaBneHne
0 MeTopax
PEKOHCTPYKLNN
donoreHeTN4eckKunx
JepeBbeB HA OCHOBE
MONEKYNAPHbIX AaHHbIX.
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Buabi
Hepnens | camoctositenbHon [TpynoeMKOCTb
ceMecTpa paboTbl (B wacax)

CTYAEHTOB

DopMbl KOHTPONS
CaMOCTOATENIbHON
pabortbl

Paspen

JucumnnvHbl Cemectp

Tema 6. BoipaBHuBaHue
HYKNeOoTULHbIX
(aMUHOKUCNOTHBIX)
nocnenoBaTenbHOCTEN.
OcHoBHble METOAbI
PEKOHCTPYKLNN
dounoreHnun, nx
COOTHOLWEHWE C TUMOM
NCMONb3yeMbIX
MONEKYNSAPHbIX OAHHbIX.
MeTon nonapHoro
HEB3BELWEHHOro
KnacTupoBaHus ¢
apugmeTn4yeckmm
yCpeaHEHVEM
(UPGMA). INaBHble
ONCTaHUNOHHbIE
METObl MOCTPOEHNS
nepesbes. [NoHATME
bnuxanwmnx cocenen n
npasuno YyeTblpex
6.|Touek. Obwwnii npuHUMN 7 9-10
NOCTPOEHNs nepesa
METOLOM OTHOLWEHUS
bnuxanwmnx cocenen.
ConocTtasneHve
donnoreHeTN4ecKnx
epeBbEB,
NMOCTPOEHHbIX METOAAMM
OTHOLWEHMS banxanwmx
cocenen n UPGMA.
Obuwee npencTaBneHne
0 MeTo€e CBSA3blBAHMS
bnuxanwmnx cocenen
(Neighbor-joining, NJ).
lMpencrtaBneHue o
MEeTo4E MUHUMANbHOM
3BoNOUUNN.
OnpepeneHne anuHbl
BETBEN Ha
donnoreHeTn4ecKoMm
nepese.
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Buabi
Hepnens | camoctositenbHon [TpynoeMKOCTb
ceMecTpa paboTbl (B wacax)
CTYAEHTOB

DopMbl KOHTPONS
CaMOCTOATENIbHON
pabortbl

N Paspen

JucumnnvHbl CemecTp

Tema 7. MeTonbl,
OCHOBaHHbIe Ha
aHanuse panos
INCKPETHbIX COCTOAHUI
npu3Hakos
(HYKNeoTUOHbIX U
aMUHOKNCNOTHbIX
nocnenoBaTenbHOCTEN).
MeTon makcumanbHown
9KOHOMMU. [prHUMMBbI
NOCTPOEHNSA
donnoreHeTn4eckoro
Jlepesa Ha npumepe
4yeTBepku
HYKNeoTULHbIX
nocnenoBaTenbHOCTEN.
dunoreHeTNHECKN
NHJOOPMATUBHbIE
nosnummn. Kputepum
ONTUMasbHOCTU
PEKOHCTPYMPOBAHHOIO
nepesa. [MprnynHbl
HeoOHO3Ha4YHOCTU
7 PEKOHCTPYKLNIA 1 7
METOL0M MakCcumasbHOW
9KOHOMMW. [MprHUMMBbI
NMOCTPOEHNSA nepeBbeB
nns 6onbloro Yicna
OTE. Obuee
npencrasneHve o
MeTo[e MakcuMarbHOro
npasnonoabus
(Maximum Likelihood,
ML). Kputepuia
onTumansHocTn ML
nepesbeB. CpaBHeHWe
3PPEKTUBHOCTU
pasHbIX METOO0B U
crTatucTnyeckas oueHka
[OCTOBEPHOCTU
donnoreHeTN4ecKmx
PEKOHCTPYKLUWNA.
MpuHUKMNBI 1 KpUTEPUN
OLIeHKM
3PPEKTUBHOCTU
pasHbIX METOO0B
PEKOHCTPYKLUUMW.

11-12
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Buabi
Hepnens | camoctositenbHon [TpynoeMKOCTb
ceMecTpa paboTbl (B wacax)

CTYAEHTOB

DopMbl KOHTPONS
CaMOCTOATENIbHON
pabortbl

N Paspen

JucumnnvHbl Cemectp

Tema 8. CoBpeMeHHble
npeLacTasneHus o
domnoreHnmn aykapmor.
YnbTpacTpyKTypHbIE U
MONEKyNspHble
Npu3HaKn
MOHOOUNETUYECKNX
KPYMHbIX TaKCOHOB.
Mpobnema cecTpUHCKOM
rpynnbl Metazoa.
DRIPS u NnoAroToBka K
8.[Mesomycetozoa. 7 13-15 [KOHTpONbHOWN 4
MoHopunus Metazoa. pabote
Huswwne Metazoa n
3ajayva onpegneneHuns
CECTPUHCKOW rpynnbl
Bilateria. PoaocteeHHble
CBSA3U YNPOCTUBLINXCS
MHOMOKNETOYHbIX
(Trichoplax,
Rhombozoa,
Orthonectida,
Myxozoa).

Tema 9. dunoreHuns
Bilateria. MoHodomnus
Bilateria. NpnmeHeHne
MONEKYNSPHbIX AAHHbIX
Ang npomMopdonornu.
MmnoTtesb! Articulata n
Ecdysozoa. KoHuenuums
Lophotrochozoa.
AnbTepHaTUBHbIE TOYKM
|3peHus Ha nonoxeHue v 16-18 |moaroToeka K
MNOCKUX YepBeW B oT4yeTy
cucteme Bilateria.
Acoela n npobnema
npeogoneHne
apregakToB
NPUTAXEHNS ONIMHHbIX
BeTBeln. PunoreHus
Tunos Deuterostomia n
BblBOObI 00 9BOMIOLNN
NX NnaHa CTPOEHMS.

NTtoro 20

KOHTPO/bHas
paboTta

4 ortyer

5. O6bpa3oBarenbHble TEXHONOMMU, BK/IHOYAA MHTEPaKTUBHbIE hOpMbl 06yUYeHUs

B XOLle OCBOEHMS OAHHOro Kypca UCMonb3yTCs MHHOBAUUOHHbIE MyNbTUMENAHBIE TEXHONOTN C
BU3yanm3aunein neKLMoHHOro Matepuana, a Takxxe MHTepakT1BHbIE METOAbI PabOThl - BbINOMHEHNE
npakTmnyeckux paboT, nabopaTtopHbIX UCCNEeN0BAHNA ONS PEWEHUS KOHKPETHOW CUTYaLNOHHOM
3a4a4u, a Takxe C Lefblo YBEPEHHOr0 OCBOEHMSI METOA0B MOJIEKYNAPHOrO aHanvaa, npuobpeTteHmns
HaBbIKOB HAYy4YHOI W NIOrMYHON UHTEPNPETALMMN PE3YNbTATOB
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6. OLeHOYHble cpeacTBa ANs TEKYLLLEro KOHTPONS ycneBaeMoCTh, MPOMeXYTOYHOWM
aTTecrauum rno MToramMm OCBOeHUsi AUCLUMINHDBI U y4eOHO-MeToauyeckoe obecneyeHune
camocTosiTeNIbHOM paboThbl CTYAEHTOB

Tema 1. OcHOBHbIe NporpaMMbl COBPEMEHHOWN CUCTEMATUKM
YCTHbI/i ONPOC , NPUMEPHbIE BOMPOCHI:

Tema 2. TakcOHOMUYECKOE UCCneaoBaHUe XUBOTHOIO uapcrea.
YCTHbIVI ornpoc , npnMepHblie BOMNPOCHI:

Tema 3. Buposasi runortesa v ee nposepka: yTo4HeHUe xapakrepa U3MeH4YMBOCTU, MONCK
HOBbIX Npu3HakoB. MopdooMeTpus 1 cTaTucTUYecKoe pacno3HasaHue. MMbpuamnsaums.
MoeeneHne. XemotakcoHomusi. Monumopcpuam 6enkoB. Meton renb-anekTpocpopesa.
HykneuHoBble KMCnoTbl: rubpuamnsaumus saepHon OHK. Peakuus nonuMepasHom Lenu:
mutoxoHppuanbHas OHK, pubocomanbHas PHK. Jlornka npMMmeHeHus TpaguLMOHHbIX U
MONEeKYNsipHbIX METOA0B.

Tema 4. UHdppacTpykTypa uccnenosaHum No cUCTeMaTuKe XUBOTHbIX: 300/10ruyecKkume
KOnnekuumn u soonormyeckme myseu. NMpaktnka mysenHom pabotbl. Bubnuoreku, 6asbl JaHHbIX
u paboume cetu. Mpenmet counoreHeTMKN U cucteMaTmkn. CooTHoLeHne UX Mexay cobomn.
Knapuctuka Kkak ocHoBa coBpemMeHHoun counoreHeTMKn. OCHOBHasi uaesi KnagamcTm4eckoro
aHanusa. Tpu noctynata Knaguctuku. ANropuTtm KiagucTtmyeckoro uccnenoBaHus.

OTHEeT , NPpUMEPHbIE BOMPOCHI:

Tewma 5. Npenmet MmonekynapHon counoreHetTukn. Kparkas nctopusi BO3HUKHOBEHUSA U
pa3suTUa MonekynsapHoun counoreHeTUKn. OCHOBHbIe TUMbI AaHHbIX, KOTOPbIMU orepupyeT
MonekynsipHasi counoreHeTuka. [inanasoH 3BOMIIOLMOHHOMN LIKanbl, B KOTOPOM paboTatoT
pa3Hble TUNbl faHHbIX. [loHsATMe cXoAcTBa U rOMONIOrMN B MoNeKynspHon counoreHetuke. Tpu
BO3MOXHbIX TUMa roMosiIorMn reHoB. AneMeHTbl ounoreHeTM4eCcKoro aepesa. Y3nbl BHELLHUE U
BHYTPeHHMe, MacluTabupoBaHHble U HeMacluTabupoBaHHble pepeBbsi. KopHeBble u
6eckopHeBble pepeBbsi. YNCNO BO3MOXHbIX BapUaHTOB AepeBbeB B 3aBUCUMOCTU OT Yncna
aHanu3npyeMbiX TaKCOHOB (onepauuoHanbHbIX TaKCOHOMUYecKux eanHuu, OTE). lepeBo
MCTUHHOE N CKOHCTpyupoBaHHoe. NMoHATUA MOHO- Nonu- 1 Nnapacounum Ha npuMmepe
cbunoreHeTuyeckux ceasen pentunuin v ntuu. flepeso reHoB U AepeBoO BUAOOB, Cly4yaun Ux
HecoBnageHusi. O6wwee npencrasneHne 0 MeToaax PEKOHCTPYKLUUM chunoreHeTU4eCKuxX
hepeBbeB Ha OCHOBE MONEKYNSAPHbIX AaHHbIX.

Tema 6. BbipaBHMBaHUe HYKNeOTUAHbIX (QMUHOKUCNOTHbIX) nocnepoBatenbHocTe. OCHOBHblE
MeToAbl PEKOHCTPYKLUU OUNOreHnmn, NX COOTHOLLEHUE C TUMOM UCMNONb3yeMbIX
MONEKYNSApHbIX AaHHbIX. MeToa NnonapHOro HeB3BeLLEHHOro KnacTupoBaHus ¢
apucdpmeTnyeckmm ycpenHeHnem (UPGMA). MnaBHble AUCTAHLMOHHbIE METOAbl MOCTPOEHUSA
nepeBbeB. MoHATME 6AnXanLMX coceaen U NpaBuo YeTbipex Todek. OO uin NpuHLMN
NoCTPOEeHUs AepeBa MeTOA0M OTHOLLUEHUsi 6nmxanwumx cocenenn. ConocraBneHue
cbunoreHeTnueckunx aepeBbEB, MOCTPOEHHbIX METO4aMM OTHOLLUEHUs1 6NMXanLLInX cocenen u
UPGMA. O6uiee npencraBneHne 0 MeToae CBA3biBaHNUA 6nnXxanwmx cocenen
(Neighbor-joining, NJ). lNpencraBneHne o Metoge MUHUManbHOM asonouun. OnpeneneHve
ONVHbI BeTBeN Ha omnoreHeTMYECKOM aepese.

Tema 7. MeToabl, OCHOBaHHbIe Ha aHanu3e psiooB AUCKPETHbIX COCTOSAHMI NPU3HaKoB
(HykneoTUAHLIX U aMUHOKMUCIIOTHBIX NocnenoBaTtenbHocTen). Meton MakcuManbHomn
3KoHOMUW. MpUHLMNbI NOCTPOEeHUs counoreHeTUYECKOro aepesa Ha NpuMepe YeTBepKu
HYKNeOoTUAHbIX nocneposaresibHOCTENn. dunoreHeTUYECKU NHCPOpPMaTUBHBIE MO3ULLUM.
Kputepuu ontTumanbHOCTU peKOHCTPYUpoBaHHOro aepesa. NpuUyYmMHbI HEOAHO3HAYHOCTH
PEKOHCTPYKLUA METO40M MaKCUManbHOW 3KOHOMUN. MNpUHLUUMNBI NOCTPOEHUSA AepeBbes As
6onbLuoro uucna OTE. O6uiee npeacTaBneHne 0 MeToae MakCUManbHOro npasaonono6vs
(Maximum Likelihood, ML). Kputepun ontumanbHoctn ML nepeBbeB. CpaBHEHUE
3a¢pheKTMBHOCTU pa3HbIX METOA0B U CTaTUCTUYECKas OLLeHKa A0CTOBEPHOCTH
cbunoreHeTUYECKUX PEKOHCTPYKLUUNA. NMPUHLMNBLI 1 KpUTEPUM OLLEHKU 3P heKTUBHOCTHU
pa3HbiX METO00B PEKOHCTPYKLUM.
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Tema 8. CoBpeMeHHble npeacrasneHns o ounoreHnn ayKapuort. YNbTpacTPyKTYpPHbIe U
MONeKynsipHble NPU3HaKU MOHOPUNETUYECKNX KPYNHbIX TaKCOHOB. Mpobnema cecTpMHCKOMN
rpynnbl Metazoa. DRIPS n Mesomycetozoa. MoHochunusa Metazoa. Huswme Metazoa n 3apaua
onpepneneHns cectpuHckom rpynnbl Bilateria. PoacTtBeHHble CBA3M yNPOCTUBLLUUXCA
MHorokneTouHbIX (Trichoplax, Rhombozoa, Orthonectida, Myxozoa).

KOHTponbHas paboTta , NpUMeEpPHbIE BONPOCHI:

Tema 9. dunoreHus Bilateria. MoHocdounus Bilateria. lpuMeHeHMe MONeKyNnApHbIX AaHHbIX oS
npomopdcponorum. N'mnortesbl Articulata u Ecdysozoa. KoHuenuus Lophotrochozoa.
AnbTepHaTUBHbIE TOYKM 3PEHMA Ha NONOXeHUe NNocKux Yyepeen B cucteMe Bilateria. Acoela n

npobnema npeoponeHue aptedpakToB NPUTAXEHUS O/IMHHbIX BeTBEeW. dUnoreHnsi TMNoB
Deuterostomia v BbiBOAbI 06 3BONOLMUN UX NNAHa CTPOEHMUSI.

OTYeT , NPUMepPHbIe BOMPOCHI:
Tema . UToroBasi oopma KOHTpOns

[MpvMepHble BOMPOCHI K 9K3aMeHy:

OTYeTbl MO NPaKTMYEeCKUM paboTam, KONNOKBMYMbI- CEMUHAPbI, MOAr0TOBKa pedhepaTuBHbIX 0630poB
no npennaraemMon tematmke

BOINPOCHI K 9K3AMEHY

. KpaTkas ncropums cuctematkm n gomnoreHeTmkn 6ecno3BoHOYHbIX

. VicTopusi npMeHeHnsi MONeKynsipHO-reHEeTUYECKNX METOLOB B cucTeMaTike 6eCno3BOHOYHbIX

. OCHOBHbIE NPUHLMMbBI KNaANCTUKN

. MeTtopg renb-anektpocopesa

. [loHsAATME cX0ACcTBa M FOMONOrUU B MONEKYNSAPHOW (PUNoreHeTuke.

. [loHsATNSA MOHO- NoNK- 1 NapaguInn Ha NpuMepe PUNoreHeTUYecKnX CBA3en PenTUInMn n NTUL
. ObwmniA NPUHLMN NOCTPOEHMS AepeBa METOOOM OTHOLWEHUS bnvxanwmnx cocenen.

. MpunHUMNBI NOCTPOEHNS OUNOreHeTUYECKOro AepeBa Ha NpUMepe YeTBEPKN HYKNEOTULHbIX
rnocnenoBatenbHOCTEN.

9. CoBpeMeHHble NpeacTaBneHns 0 OUIOTEHNN 3yKapUOT Ha OCHOBE YNbTPACTPYKTYPHbIX U
MONEKYNSAPHbIX OAHHbIX

10. Mpobnema pnnoreHeTNYeCKnX OTHOWEHNIA HU3WKNX Brnatepuii
11. dunoreHeTn4ecKne OTHOWEHNS MexXay TakcoHamm Ecdysozoa, Lophotrochozoa, Deuterostomia.
12. AnbTepHaTUBHbIE TOYKWN 3PEHMS HA NOSIOXEHME NNIOCKUX YepBen B cucteme Bilateria

0O NO O~ WN =

7.1. OcHOoBHas nuTeparypa:
dannep O.M. MonekynspHas 6uonorus knetkn.-Mocksa: BuHom-IMpecc, 2006.-256 c. (10 ak3. B HB)
MONEKYNAPHAA BNOJOINA.T.42,91.-2008. (1ak3. B HB)

BbluncnutenbHas donnoreHeTtuka n reHocuctematmka "BPIC' 2007" = Computational phylogenetics
and molecular systematics "CPMS' 2007": k 50-neTunio CTaHOBNEHUS OTEYECTBEHHOW (PUNOreHEeTUKM
N FTeHOCUCTEMATUKN: MaTepuanbl MeXAyHAPOAHON KOHApepeHumm, 16-19 Hosibpst 2007 r., r.-Mocksa:
T-Bo Hayy. naa. KMK, 2007.-381 c. .(1 ak3. B Hb)

7.2. lononHutenbHasa nuteparypa:

WarankuH A. . Buonornyeckas cuctematumka / A. V. WatanknH.-Mocksa: 13n-so MI'Y, 1988.-182.
(6 k3. B HB)

WarankuH, A. WN. "®dunocodusa 3oonorun” XaHa batucrta Jlamapka: sarnag ns XXI-Mockea:
TosapwuwecTtso 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)
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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.

MpuHUKMNbl 1 MeToabl 300n0rmyeckon cuctematmkm (Tp. 3oon. nH-ta AH CCCP, T. 206). - J1., 1989.
- 224 c.

7.3. UHTepHeT-pecypcChbl:

Annual Reviews (an.pecypcbl HB K®Y). - http://arjournals.annualreviews.org/action/showdJournals
Invertebrate Molecular Systematics - Invertebrate Molecular Systematics (onyx.si.edu)(2009)
XypHanbl napatenscrea "Cell Press" Ha nnatgoopme ScienceDirect. - http://www.sciencedirect.com
Hay4YHas anekTpoHHas 6ubnuoteka ELIBRARY - http://www.elibrary.ru

Watankunu A.N. "®unocodomsa 3oonormn” - URL:http://z3950.ksu.ru/bcover/0-781943 con.pdf

8. MarepuanbHo-TexHMYeckoe obecrneyeHne AUCLMUMIIMHBLI/MOAYNSA COrNacHO YTBEPXAEHHOMY
yuye6HOMY nnaHy

OcBoeHune ancumnnunHbl "MeToabl MONEKYNApPHO-reHeTn4eCckKoro aHannsa B 3oo0normn” npeanonaraet
ncnonb3oBaHme cnegywowero MmarepmnanbHO-TEXHNYECKOro obecneyeHuns:

MNporpamma coctaBneHa B cooTBeTCTBUM C TpeboBaHnsamMm @IOC BINO u yyebHbIM NnaHom no
HanpasneHnio 020400.62 "Bbuonorna" n npodouno noarotosky buotexHonorns, gomsnonorns
pacTeHuin, 300n10rusl, buoakonorusi, 6otTaHuka .
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