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Monekyna remornobumHa

Jmol



OTcTynneHue: Npo aToOMbl

Bce Tena coctoaT 3 aTOMOB

MHorve BellecTsa COCTOAT U3 moneKkyn. MoneKyabl cCocToAT
N3 aTOMOB, CBA3AHHbIX MeXay cO60 KOBaNIeHTHbIMM
CBA3AMMU.

MoneKkynbl NPUTATMBAKOTCA APYT K APYry pa3sHO0bpa3HbIMM
MEXMONEKYAAPHbIMUM B3anmoaenctenamm (bnrarogapsa nm
He BCe BellecTBa — rasbl). Ho 3T B3aMmoaencTBmMs HAMHOTO
cnabee KOBaNIEHTHbIX CBA3EWN, MO3TOMY MOJIEKY/Ibl
COXPaHAT MHANBUAYANbHOCTb.



OTcTynneHue: Npo aToOMbl

3TO «10rM4YecKaa» cxema atoma:

Electron Orbits

HF Sciencafacks

https://www.sciencefacts.net/wp-content/uploads/2020/11/Parts-of-an-Atom-Diagram.jpg

Yncno NpoTOHOB PaBHO YMCAY 3/IEKTPOHOB U onpeaensaeT aTOMHbIN HOMEp,
KOTOPOMY B3aMMHO OZJHO3HAYHO COOTBETCTBYET XMMUYECKUIN INEMEHT.
XMMUYECKNe aneMeHTbl OTINYAIOTCA APYr OT APYra HE TOIbKO pa3mepamm nx
aTOMOB, HO TaK€e KONMYECTBOM N Ka4eCTBOM KOBAJIEHTHbIX CBA3€EMN, KOTOPbIE
MOTryT 06pa3oBbIBaTb MX aTOMbI.



OTcTynneHue: Npo aToOMbl

Ho ¢pum3nueckn atom He Takoit. Hanpumep, monekyna BoAbl COCTOUT U3
aToma Kucsiopoaa U AByX aTOMOB BoZopoaa. banske Bcero K peasbHOCTH
byaeT npeacTaBAATb 3TM aTOMbl Kak NepeKpbiBaOWMECA LWAPUKMW.

https://favpng.com/png_view/lacrosse-ball-red-chemical-element-chemistry-atom-sphere-word-png

Ho Hago nmeTb B BUAY:

*  ATOM He MMeeT YETKMX rpaHuL, (LLapuK — 3TO «pa3masaHHbIe» 3NEKTPOHbI, Ybs
NJOTHOCTb 3KCMOHEHLMAbHO YObIBAET C PaCCTOAHMEM OT LLEHTPA)

* fAapo no pasmepam B TbICAYM Pa3 MeHbLLe aTOMa

* Tem He meHee NOYTM BCA MacCa aTOMa CocpesoTOYEeHa B Aape



Monekyna remornobumHa

PaCKpaCKa daTOMOB NMNo XMMNYEeCKNM a1eMEHTAM

Jmol
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Monekyna remornobumHa

— 3TO, CTPOro rosopAa , KOMMJeKkC N3 HECKOJIbKNX MOJ1IEKY
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Anbda-uenb remornobmnHa

Jmol
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Anbda-uenb remornobmnHa

Jmol
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Anbda-uenb remornobmnHa

Jmol
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Anbda-uenb remornobuHa

TpeTuyHan cTpyKtypa (3D-cTpyKTypa)

MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSEFPTTKTYFPHFDLSHGSAQVKGHG
KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
AVHASLDKFLASVSTVLTSKYR

MepBUYHan CTPYKTypa (NocnenoBaTesIbHOCTD)
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[TlochepgoBaTenbHOCTM anbda-uUeneun

HBA HUMAN
HBA MOUSE
HBA ELEMA

HBA HUMAN
HBA MOUSE
HBA ELEMA

HBA HUMAN
HBA MOUSE
HBA ELEMA

remornobumHa

MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMEFLSEFPTTKTYFPHEDLSHGSAQVKGHG
MVLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYFPHEDVSHGSAQVKGHG
MVLSDKDKTNVKATWSKVGDHASDYVAEALERMEFEFSFPTTKTYFPHEDLSHGSGOVKGHG

KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
KKVADALASAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPADETP
KKVGEALTQAVGHLDDLPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLSSHQPTEFTP

AVHASLDKFLASVSTVLTSKYR
AVHASLDKFLASVSTVLTSKYR
EVHASLDKFLSNVSTVLTSKYR

HasBaHuA nocneposBaTenbHoCcTeM — U3 0bleaocTynHoro 6aHka Uniprot

https://www.uniprot.org/
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[TlochepgoBaTenbHOCTM anbda-uUeneun

HBA HUMAN
HBA MOUSE
HBA ELEMA

HBA HUMAN
HBA MOUSE
HBA ELEMA

HBA HUMAN
HBA MOUSE
HBA ELEMA

remornobumHa

MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSEFPTTKTYFPHFDLSHGSAQVKGHG
MVLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYFPHFDVSHGSAQVKGHG
MVLSDKDKTNVKATWSKVGDHASDYVAEALERMFFSEFPTTKTYFPHFDLSHGSGQVKGHG

KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
KKVADALASAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPADEFTP
KKVGEALTQAVGHLDDLPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLSSHQPTEFTP

AVHASLDKFLASVSTVLTSKYR
AVHASLDKFLASVSTVLTSKYR
EVHASLDKFLSNVSTVLTSKYR

NToro 8 no3mumit B NoNb3y MHEHUA «BINKE CNOH»
12 no3mymii B N0Nb3y MHEHUA «BAMXKE Mbllb»
4 No3MUUM B NOJIb3Y MHEHUA «OANHAKOBO AaNeKo»
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[TlochepgoBaTenbHOCTM anbda-uUeneun

HBA HUMAN
HBA MOUSE
HBA ELEMA

HBA HUMAN
HBA MOUSE
HBA ELEMA

HBA HUMAN
HBA MOUSE
HBA ELEMA

remornobumHa

MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSEFPTTKTYFPHFDLSHGSAQVKGHG
MVLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYFPHFDVSHGSAQVKGHG
MVLSDKDKTNVKATWSKVGDHASDYVAEALERMFFSEFPTTKTYFPHFDLSHGSGQVKGHG

KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
KKVADALASAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPADEFTP
KKVGEALTQAVGHLDDLPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLSSHQPTEFTP

AVHASLDKFLASVSTVLTSKYR
AVHASLDKFLASVSTVLTSKYR
EVHASLDKFLSNVSTVLTSKYR

[1o6aBMM pPoACTBEHHWKOB ANA JOCTOBEPHOCTU
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[TlochepgoBaTenbHOCTM anbda-uUeneun

HBA MACMU
HBA HUMAN
HBA MOUSE
HBA RAT

HBA ELEMA
HBA LOXAF

HBA MACMU
HBA HUMAN
HBA MOUSE
HBA RAT

HBA ELEMA
HBA LOXAF

HBA MACMU
HBA HUMAN
HBA MOUSE
HBA RAT

HBA ELEMA
HBA LOXAF

remornobumHa

MVLSPADKSNVKAAWGKVGGHAGEYGAEALERMEFLSEFPTTKTYFPHEDLSHGSAQVKGHG
MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMEFLSEFPTTKTYFPHEDLSHGSAQVKGHG
MVLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYEFPHEDVSHGSAQVKGHG
MVLSADDKTNIKNCWGKIGGHGGEYGEEALORMFAAFPTTKTYEFSHIDVSPGSAQVKAHG
MVLSDKDKTNVKATWSKVGDHASDYNAEALERMEFFSEFPTTKTYFPHEDLSHGSGOVKGHG
MVLSDNDKTNVKATWSKVGDHASDYNAEALERMEFFSEFPTTKTYFPHEDLGHGSGOVKAHG

KKVADALTLAVGHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
KKVADALASAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPADETP
KKVADALAKAADHVEDLPGALSTLSDLHAHKLRVDPVNEFKFLSHCLLVTLACHHPGDETP
KKVGEALTQOAVGHLDDLPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLSSHOPTEEFTP
KKVGEALTQOAVGHLDDLPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLESSHOPTEEFTP

AVHASLDKFLASVSTVLTSKYR
AVHASLDKFLASVSTVLTSKYR
AVHASLDKFLASVSTVLTSKYR
AMHASTLDKFLASVSTVLTSKYR
EVHASLDKFLSNVSTVLTSKYR
EVHASLDKFLSNVSTVLTSKYR

MACMU = Macaca mulatta

ELEMA = Elephas maximus (AHOUNCKWUIA CIOH)
LOXAF = Loxodonta africana (adppuKaHCKWNIA CNOH)
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[TlochepgoBaTenbHOCTM anbda-uUeneun

HBA MACMU
HBA HUMAN
HBA MOUSE
HBA RAT

HBA ELEMA
HBA LOXAF

HBA MACMU
HBA HUMAN
HBA MOUSE
HBA RAT

HBA ELEMA
HBA LOXAF

HBA MACMU
HBA HUMAN
HBA MOUSE
HBA RAT

HBA ELEMA
HBA LOXAF

remornobumHa

MVLSPADKSNVKAAWGKVGGHAGEYGAEALERMEFLSEFPTTKTYFPHEDLSHGSAQVKGHG
MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMEFLSEFPTTKTYFPHEDLSHGSAQVKGHG
MVLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYEFPHEDVSHGSAQVKGHG
MVLSADDKTNIKNCWGKIGGHGGEYGEEALORMFAAFPTTKTYEFSHIDVSPGSAQVKAHG
MVLSDKDKTNVKATWSKVGDHASDYNAEALERMEFFSEFPTTKTYFPHEDLSHGSGOVKGHG
MVLSDNDKTNVKATWSKVGDHASDYNAEALERMEFFSEFPTTKTYFPHEDLGHGSGOVKAHG

KKVADALTLAVGHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
KKVADALASAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPADETP
KKVADALAKAADHVEDLPGALSTLSDLHAHKLRVDPVNEFKFLSHCLLVTLACHHPGDETP
KKVGEALTQOAVGHLDDLPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLSSHOPTEEFTP
KKVGEALTQOAVGHLDDLPSALSALSDLHAHKLRVDPVNFKLLSHCLLVTLSSHOPTEEFTP

AVHASLDKFLASVSTVLTSKYR
AVHASLDKFLASVSTVLTSKYR
AVHASLDKFLASVSTVLTSKYR

Utoro 10:7 B nonb3y NpeanonoXKeHua, YTo Mblllb

AMHASTLDKFLASVSTVLTSKYR
EVHASLDKFLSNVSTVLTSKYR
EVHASLDKFLSNVSTVLTSKYR

6aunKe K yenoseky!

3mo He oYeHb MHO20 (M02s10 MoAY4YUMbCA Cy4aliHo)
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HBB HUMAN
HBB MACMU
HBB1 RAT

HBB1 MOUSE
HBB LOXAF
HBB ELEMA

HBB HUMAN
HBB MACMU
HBB1 RAT

HBB1 MOUSE
HBB LOXAF
HBB ELEMA

HBB HUMAN
HBB MACMU
HBB1 RAT

HBB1 MOUSE
HBB LOXAF
HBB ELEMA

Beta-uenn remornobumnHa

MVHLTPEEKSEVTALWGKVNVBDENGGEALERLLVVY PWIQRFFESFGDLSTPDAVMENPK
MVHLTPEEKNAVTTLWGKVNVBDENGGEALERLLLVY PWIQRFFESFGDLSSPDAVMENPK
MVHLTDAEKARVNGLWGKVNPBDMGGEALEBRLLVVY PWIQRYFDSFGDLSSASAIMENPK
MVHLTDAEKARVSCLWGKVNSBPENGGEALEBRLLVVY PWIQRYFDSFGDLSSASAIMENAK
MVNLTAAEKTQVTNLWGKVNVKEEGGEALSRLLVVY PWIRRFFEHFGDLS TAEAVEHENAK
MVNLTAAEKTQVTNLWGKVNVKEEGGEALSRLLVVY PWIRRFFEHFGDLSTADAVEHENAK

VRAHGKKVLGAFSPGLAHLDNLKGTFATLSELHCDKLHVDPENFRLLGNVLVCVLAHHEG
VRAHGKKVLGAFSPGLNHLDNLKGTFAQLSELHCDKLHVDPENFKLLGNVLVCVLAHHEG
VRAHGKKVINAFNDGLKHLDNLKGTFAHLSELHCDKLHVDPENFRLLGNMIVIVLGHHLG
VRAHGKKVITAFNDGLNHLDSLKGTFASLSELHCDKLHVDPENFRLLGNMIVIVLGHHLG
VEAHGEKVLTSFGEGLKHLDNLKGTFADLSELHCDKLHVDPENFRLLGNVLVIVLARHEG
VEAHGEKVLTSFGEGLKHLDNLKGTFADLSELHCDKLHVDPENFRLLGNVLVIVLARHEG

KEFTPPVQAAYIKVVAGVANALAHKYH
KEFTPQVQAAYIKVVAGVANALAHKYH
KEFTPCAQAAFIKVVAGVASALAHKYH
KDFTPAAQAAFIKVVAGVATALAHKYH
KEFTPDVQAAYIKVVAGVANALAHKYH
KEFTPDVQAAYIKVVAGVANALAHKYH

Eweé oann cnaboiit aprymeHT (15:10)

Ho emecme yxe HemHoz20 ybedumernsHee.

22



benkoB — AeCATKU TbicAY

Bcero nocnegoBatesibHOCTEN BENKOB Y Karxkaoro maekonutatowero okono 20 000.
Okono 5 000 npuroaHbl ANA PEKOHCTPYKUUN GUAOTEHUN OTPAAOB MAEKOMMUTAKOLLMX
(oTpAaAbl — 3TO NPUMATbI, FTPbI3YHbI, XMLLHbIE, XODOTHbIE U T.M.)

Ha ocHoBaHuu 6onbLuoro MaTepUnana yCtraHoB/1eHO NOYTU HaBEPHAKaA, YTO OGLLI,VIVI
NpPeaokK CZI0HaA N YenoseKa KU1 CylweCctBeHHO paHbLIE, HEM 06IJ.I,MI71 npegok mbilln U
yesioBEeKa.



HYenosek, WMmnaH3e, ropunna,

OpaHryTaH

HBA HUMAN  MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHG
HBA PANTR  MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHG
HBA PANPA  MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHG
HBA GORGO  MVLSPADKTNVKAAWGKVGAHAGDYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHG
HBA PONPY  MVLSPADKTNVKTAWGKVGAHAGDYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKDHG
HBA HUMAN  KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
HBA PANTR  KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
HBA PANPA  KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
HBA GORGO  KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
HBA PONPY  KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
HBA HUMAN  AVHASLDKFLASVSTVLTSKYR
HBA PANTR  AVHASLDKFLASVSTVLTSKYR
HBA PANPA  AVHASLDKFLASVSTVLTSKYR
HBA GORGO  AVHASLDKFLASVSTVLTSKYR
HBA PONPY  AVHASLDKFLASVSTVLTSKYR

Y opaHryTaHa [Ba OTIM4UA, Y TOPUNAbI —
PANTR = Pan troglodytes OAHO, Y WMMMaH3e HeT. BbiBoga caenathb
PANPA = Pan paniscus HeNb3A!

GORGO = Gorilla gorilla
PONPY = Pongo pygmaeus
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[lepeBO maeKonuTaroLWwmx

MAMMALIA

Scil..lr'idae ‘ Camelidae
Gliridae Solenodontidae Suidae )*

Tavassuidae

Hystricogn.athi Erinaceidae Htoroltmidbe
Hegz:nﬂ:z Talpidae Cetacea —) erpestidae
i y'ld Soricidae Giraffidae 62 etartlodactyla Hyaenidae
a;uo:d:: 7 Antilocapridae 58 Felidae
o 80 ; ivorak Canidae
Dipodidae 2 Moshidae &— Mephitidae

Cervidae
Pinnipedia

Pedetidae .
i i Pholidota
Anomaluridae 75 Eulipotyphla Bovidae
0o_8 M

Rodentia

Red panda
Procyonidae
Mustelidae

h Leporidae |
Ochotonidae ~ Lagomorpha 91 Fiarchoitoatiies L iatheri - 38 Rhinoceratidae
Lemuridae : g s;urasw era |\ |perissodactyla Tapiridae ”
Loridae . o Equidae }

Tarsiidae :

Cebidae Scandentia 2 @ & 105 Microchiroptera %
LR ,4-Boreoeutheria v : . 62 ~Megachiroptera N

Callitrichidae Dermoptera : 97 lacentalia
Cercopithecidae v 7
Hylobatidae { @ 03 1 30
Atlantogenata (OITHERIA

Dasypodidae
Myrmecophagidae 200 * MONOTREMATA "

Bradypodidae

Hominidae

@
eﬂdelphia ‘
cL 704

Afrosoricida < =
0O . :
Macroscelidea 75 . Australidelphia _ﬁ

Tubulidentata
\ Sirenia
' Hyracoidea~762
Proboscidea

Yucna o3HavaroT BpeMA pacXxoxK4eHNA (B MUINTNOHAaX neT Ha3a,c|,)
By Graphodatsky et al., 2011 https://commons.wikimedia.org/w/index.php?curid=19303917
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[Touyemy 6enkn pasHbie, HO NOXOXKne?



[eHOM

3-10° 6yke y yenoseka,
~ 10° 6yke y BGakTepui

COOePHNT

[eHeTn4YecKknm Koa

T(U)

TTT
TTC
TTA
TTiz

CTT
T
CTA
CT

ATT
ATC
ATA
ATG

GTT
GTC
GTA
T

Fhe
FPhe
Leu
Leu

Leu
Leu
Leu
Leu

Ile
Ile
Ile
Met

Val
Val
Val
Val

TCT
TCC
TCA
TCE

CCT
Lo
CCA
E

ACT
ACT
ACA
ACG

GCT
GCC
GCA
G

ser
Ser
ser
Ser

Pro
Pro
Pro
Pro

Thr
Thr
Thr
Thr

Ala
Ala
Ala
Ala

[eHbl U Delkn

KOOUPYIOT

[eHbl

<2% reHoma y Jenoeeka,

~ 90% y GakTepun

TAT
TAC
TAR
TAl

CAT
CAC
CAR
CAG

AAT
ARCT

FLVAE)

AT
GAC
AL
AL

Ty
Ty
Stop
Stop

His
His
=1ln
=1ln

Asn
Asn
Lys
Lys

EsSp
ik=3e]
Glu
=1lu

TGT
TG
TGEA
TG

CET
E
CEA
Chi

AT
AT
AGA
AlG

GGT
GGC
GGA
5505

Cys
Cys
Stop
Trp

Arg
Arg
Arg
Arg

Ser
Ser
Arg
Arg

=1ly
=1ly
ly
EARY

Benku

~ 25 000y yenogeka,
600 — 6000 y Gakrepun

AMUHOKUCAoMbI

HEAomOY S RBPHID RE O QD =M

v

Ala
Arg
Asn
Asp
Cy s
=ln
=lu
=1y
His
ITle
Leu
Lys=
Met
Fhe
FPrao
Jer
Thr
Trp
Tyr
Yal

Alanine ANaHMH

Arginine AprHMHMH

Azparagine AcraparMy

Azpartic Acid AcHaparMHOBAS KMOIOTA
Cysteine lMoTeMH

Glutamine I'MHOTaMHE

slutamic Acid I'myTaMMHOBAaA EHMOIOTA
Glycine DamigMH

Histidine THoTHIMH

Izoleucine Mzsomednuu

Leucine JedIHH

Lysine JNusuH

Methionine MeTHoHNH

Phenylalanine $eHMIalaHMH

Proline IIponmMu

Serine CepMH

Threonine TpeoHMH

Thryptophan Tpunorodan

Tyrosine THpoSHH

Valine Bammu

"Ftop"™ B Tabamxne mRoma osSHauzaeT

CTOMN-KROOOH — CHI'HAN OKOHYWAHMA TPRPAHCIAILMIM.



MyTaunm

gatcaacactacttgacttcaagacttaccataaagaaaac
' TOoOYeqyHad 3aMeHa

gatcaacactacttgacttcaaaacttaccataaagaaaac

gatcaacactacttgacttcaagacttaccataaagaaaac

' aerneuni

gatcaacactacttgacttcaacttaccataaagaaaac

gatcaacactacttgacttcaagacttaccataaagaaaac

' VHCE pU S

(BCTaBKa)
gatcaacactacttgacttcaagatacttaccataaagaaaac

28



ToyeyHble 3aMeHbl B reHe

. AATCCGTCAAGTCTA..

Asn Pro Ser Ser Leu .

1) “monyawan” {CMHOHUMKUHECKA A )My TaLLM A

. AATCCGTCGAGTCTA...

Asn Pro Ser Ser Leu .

2) 3ameHa octaTtka Ha BAM3KKUIKA No CBOUCTBaM

. AATCCGACAAGTCTA..

Asn Pro Thr Ser Leu ..

3} 3aMEeHa OCTaTKa Ha OCTaTOK C MHbIMK CBOWCTBAMM

- BATCCGTCAAGACTA.

Asn Pro Ser Arg Leu ..




Cyabba myTtaumnu

BakTepua pasgennnacb, Uy 04HOMo U3 NOTOMKOB NPOU30LLIa MyTaLus.
(owmnbKa pennunkaumm, unu nospexaeHmne HK n owmnbKa penapaumn).

Y10 ByAeT c NOTOMCTBOM MyTaHTa? YBUMAMM /I Mbl 3TY MyTaLUIO, EC/IM OTCEKBEHUPYEM
1 000 000 6aKTepmit aToro wtamma yepes 10 net?



[ToToMmcTBO BaKkTepum

B 61aronpuUaTHbLIX YCNOBUAX BaKTEPUA MOXKET AeNUTbCA KaXKabli Yyac.

CkonbKo byaet baktepui yepes 24 yaca? A yepes roa????



[ToToMmcTBO BaKkTepum

B 6naronpusaTHbIX YCI0BUAX BaKTepUsa MOXKET AENNTbCA KarkabIN Yac.
CkonbKo byaet baktepui yepes 24 yaca? A yepes roa????

OTBeT: NnPMMepPHO CTONIbKO e, CKOJIbKO cenyac.



[ToTomcTBO BaKTEPUU

B 6naronpusaTHbIX YCI0BUAX BaKTepUsa MOXKET AENNTbCA KarkabIN Yac.
CkonbKo byaet baktepui yepes 24 yaca? A yepes roa????

OTBeT: NnPMMepPHO CTONIbKO e, CKOJIbKO cenyac.

YncneHHoCTb Nogasasatowero 60abWMHCTBA NONYAALMA NOCTOAHHA (MO KpaliHel
Mepe Ha OTpe3Kax BpeMeHM nopsaaKa neT) — normnbaeT NpMMepHO CTONIbKO Ke,
CKOJIbKO porKaaeTcs.

CospeMeHHasA nonyaayus Yyesnosexka — UckaoyeHue!

Ecnuv yneHol nonynaunn reHetTnvyeCkn NaeHTn4YHbl, TO BEPOATHOCTb OCTaBUTb
MOTOMCTBO AN1A BCEX OANHAKOBa (Tquee, 3aBUCUT OT TOZIbKO OT BHELWHUX (I)aKTOpOB).

Cnedcmeue: mamemamu4yecKoe OXcudaHue Yucsaa NomomMKos OOHOU
6akmepuu yepe3 docmamoy4yHo 60abwWol NPoMeXdcymoK epemeHuU pasHo 1.



Cyabba HenTpasibHOU MyTaLMIK

MpeanonoXunm, YTo MyTaLmMs HEUTPAZbHA = HUKAK He BAMSET Ha MaTOXMUAaHMe YMCna
NOTOMKOB (TaKMX MyTaLW A0OBOJIbHO MHOTO).

MyTaLI,MFl nponsowna " nepe,u,aéTCH NOTOMKaM MYTaHTaA. 3HauuT, B nonynaunn noAsniCA
HOBbIM HOHMMOpd)MBM. Y paHHOro BApUaHTa KOAa €CTb YaCTOTA (CHaqana O4yeHb MaI'IEHbKaFl).



Cyabba HenTpasibHOU MyTaLMIK

MpeanonoXunm, YTo MyTaLmMs HEUTPAZbHA = HUKAK He BAMSET Ha MaTOXMUAaHMe YMCna
NOTOMKOB (TaKMX MyTaLW A0OBOJIbHO MHOTO).

MyTauua npounsoLusia 1 nepeaaértca NOTOMKam MyTaHTa. 3HA4YMT, B MONYAALUM NOSBUACS
HOBbIM noanmopdusm. Y JaHHOro BapraHTa reHomMa ecTb YacToTa (CHayana o4YeHb
ManeHbKan).

YTO NPOU3OMNAET C HAaCTOTOM Yepes napy CyTOK?



Cyabba HenTpasibHOU MyTaLMIK

MpeanonoXunm, YTo MyTaLmMs HEUTPAZbHA = HUKAK He BAMSET Ha MaTOXMUAaHMe YMCna
NOTOMKOB (TaKMX MyTaLW A0OBOJIbHO MHOTO).

MyTauua npounsoLusia 1 nepeaaértca NOTOMKam MyTaHTa. 3HA4YMT, B MONYAALUM NOSBUACS
HOBbIM noanmopdusm. Y JaHHOro BapraHTa reHomMa ecTb YacToTa (CHayana o4YeHb
ManeHbKan).

YTO NPOU3OMNAET C HAaCTOTOM Yepes napy CyTOK?

OTBeT: YactoTa IM60 HEMHOrO BO3PACTET, IM6O HEMHOTO ynaaéT. To u apyroe
NPUMEpPHO PaBHOBEPOSTHO.



CnyyanHoe bnyaoaHue

YactoTta n1t060ro HeMTPaNbHOro NoAMMopdrU3amMa NOCTOAHHO KonebneTtca cnyv4amHbim
ob6pa3om. ITO Ha3bIBAETCA «reHeTUYeCKUmn apend».
MaTtemaTnyeckass MoAenb TaKoro NpoLecca Ha3blBaeTCa «CayvyamHoe bayaaHme.

Ha mpomyape cmoum neaHsil u Kaxobie 10 ceK. 0enaem wae nubo Hanpaso, nubo
Hasneeo, cny4aliHo 8blbupas HanpasneHue. Kak 0aseko oH ylioém 3a epems T?

Omeem: 8 cpedHeM Ha pPaccmosHue, NPornopyuoHasbHoe K8AOPAMHOMY KOPHIO u3 T.



CnyyanHoe bnyxcaaHue C
NOrNOLWEeHNEM

1o Os1uHHOU 0ambe UOém nbAHbLIU U C KAXObIM Wa20M OMKsaoHAemcAa nubo Ha
nosamempa enpaso, Aubo Ha noamempa esa1e60. Kak ckopo oH ceanumcs ¢ 0ambebi?
Omeem: cKopo...

Koraa 4yacTtoTta reHeTu4yeckoro sapuaHTta gocturaet 100% nam 0%, npouecc eé
M3MEHEHNA NPEeKpaLLAeTCA.

3a UCTOPUUYECKN KOPOTKOE Bpemsa 10601 HeMTPaNbHbIUM BapuaHT 1nbo
ucuesaert U3 nonynauum, Ainbo 3akpennaerca 8 Hei!

B pe3ynbraTe reHeTU4YeckKoro gpenda NpomncxoamT 3aKpeneHne HOBbIX
HEeNTPaNbHbIX (UM NOYTM HENTPANbHbLIX) BapUaHTOB.



HakonneHne HenTpanbHbIX MyTaLUM

BepoAaTHOCTb 3aKpPenUTbLCA A8 HOBOM HEMTPAJIbHOW MyTaLMKM o4eHb mana, Ho He 0.

OpraHnU3moB B NONY/ALUN MHOTO, MyTaLMN B HUX NPOUCXOANT TOXKE MHOTO
(npmepHo 1078 Ha N.H. Ha NOKOJIEHUE — KaXKAasa CoTaa HOBOPOXKAEHHAn baKTepua
HECET HOBYIO MyTauUMIO). 3HaUMTENIbHAA A0NA MyTaLUUI HENTPabHa.

NTOor: reHombl HE3aBUCUMbIX I'IOI'IW'IFILI,VII:I HAa4YNHAOT Pa3/1My4aTbCA, HEM Ad/iblLE, TEM
6onblle — B HUX HE3aBUCUMO HaKan/IMBaAtOTCS Helszaﬂbele MYTalUunu.



A ecnn myTauma He HEUTPaAIbHA?

Karkgomy BapuaHTy reHOMa MOXHO COMOCTaBUTb ero «npucnocobieHHocTb» f =
MATOXKMAaHUE YNC/Ia MOTOMKOB OpPraHM3mMa C TaKUM reHOMOM (4epes KaKon-To
OUKCUPOBAHHbIN NPOMEKYTOK BPEMEHMN).

B nogasnsatoliem 60NbLNHCTBE CY4aeB HOBaA MyTaLMa NOPOXKAAET MO0 HENTPA/IbHbIN
BapwuaHT (f = 1) cmbo BpeaHbIn (f < 1).

BpeAHblli BApUaHT TOXKe HauMHaeT «by»Ka4aTb», HO BEPOATHOCTb «llara BBEpX»
OKa3blBaeTCA MeHblle BEPOATHOCTU «LUara BHU3». ITO OYEHb CU/IbHO YMEHbLUaeT
BEPOATHOCTb 3aKPENIEHUA — TEM CU/IbHEE, YEM MEHbLLE f, U TEM CUNIbHEE, Yem Bonblue
nonynauus.

ABneHne HeBO3MOXKHOCTM 3aKpPeneHna BpeaAHON MyTauun Ha3blBaeTCs
cTabunusupyrowmia otbop 1au xKe oTpuuaTesibHblii OT60P.



[TonoXutenbHbin OTHOP

Echv Bapyr f> 1, TO BEpPOATHOCTb 3aKpen/IeHUA MyTaL MKW BbipacTaeT BO MHOIO pas.
Mpouecc 3aKpenaeHna NoaesHbIX MyTaLnii Ha3blBaeTCs NONOXKUTE/IbHbIM OT6OpOM.

Cob6CTBEHHO, NOJIe3HbIX MyTaLUIi TaK Maso MUMEHHO NOTOMY, YTO 6ONbLUMHCTBO
BO3MOXHbIX NONE3HbIX MyTaLUIA Y}Ke 3aKpPenuImnch.

O6bI4HO NoNe3Hble MyTaunUn HAYNHAIOT MOABAATLCA B 3aMETHOM KOTNUYHECTBE TOJ/IbKO
npn NasMeHeEHUN ycn0|3w7| KN3HU OPraHN3MOB — Harnpumep npm noABAeEHNN HOBOIO

UCTOYHUKa NUn nanun HOBOW ONACHOCTU UK nonagaHnn 4acCctum nonynaunn B ,u,pyrof/'l
KANMAT.



JBoNtOUMNA Denkos

MyTauumn BO3HMKAOT CAy4anHoO.

KoHKpeTHas myTaums MmoXeT bbiTb:
NeTanbHOWM;
BpeaHOW;
cnaboBpeaHoOw;
HENTPaNbHON;
NONe3HOWN.

MyTauma nopoxgaet nonmmopdusm gaHHoro 6enka B nonynsauyum.

[lonAa KaXaoro BapnaHTa NoABep*KeHa caydYanmHbIM U3MeHeHunem (moaenb:
«CNy4amHoe b6yKaAaHMe C NOrNOLEHNEMD),

3a UCTOPUYECKM KOPOTKOE BPEMA OAMNH U3 BAPMAHTOB (CTapblil UM HOBbIN) NcYe3aeT.
Bo BTOpOM cnyyae roBopAT, YTO MyTaumMs 3aKpenuaach.



3a4aHMA Ha AOM

1. MNocTpoeHune puaoreHeTUYECKoro AepeBa «pyKammn», CM. Ha canTe Kypca
2. 3ainguTte Ha cauT 6aHKa Uniprot https://www.uniprot.org/
MonpobyiTe, N0Nb3ysACb MOUCKOM, OTBETUTb Ha BOMPOCHI:

a) CKonbKo anbda-uenen n ckonbko beta-uenem remornobmHoB
MJIEKONUTaoOLWMX onncaHo B base?

b) ecTb an cpeaun HUX uenm remornobMHOB NpeacTaBUTENEN OTPAAA
6poHeHocueB (Cingulata)? Echn aa, NnoApaBHANTE UX K COOTBETCTBYHOLWMM
Lenam M3 AaHHOW Npe3eHTauuu.

C) CKONbKO OMMUCAHO LUenen remornobnHoB YenoBeka (ectb an ewwé
cybbeamHuubl remornobuHa, nommmo anbda n 6eTa, U Kak oHU
Ha3biBatoTCcA?) MonpobyiiTe BbIACHUTL YTO-HUOYAb O POAN KaKOro-HMbYyAb K13
HUX B OpraHu3me.

[MoOcka3Ku cm. 8 3aMemKax K caalody uau Ha catime Kypca.
OTBeTbl NpuUcbiNanTe Ha agpec sas@belozersky.msu.ru
Ba)KHO: B OTBETAX CKPUHLLOTbI CTPAHUL, U COpy-paste aHIIMIACKOro TeKCTa

HE MPUHMMAIOTCA, HAaNUWmnTe CBOUMMU CA0OBaMMU TO, YTO YyAa/10Cb NMOHATb.

CKPUHLLOTbI MOYKHO BK/1H0YaTb B OTBET, HO OHM HE 3aMEHAIOT CBA3HOMO TEKCTA, @ MOTYT /INLLb
WMANOCTPUPOBATb €ro



https://kodomo.fbb.msu.ru/wiki/Main/mf_2022s/tasks3
https://www.uniprot.org/
mailto:sas@belozersky.msu.ru

