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Bua u BnapoobpasoBaHue



Bun

* Bua c Tpyaom noaaaérca Normyeckomy
onpeaeneHunto.

 OuyeHb TPYAHO AaTb onpeaesieHne Bnaa,
KOTopoe noaxoamnno
— N K pa3MHOXKaoLWMMCA NONOBbIM NYTEM,

— N K 6becnonbim.

* B ogHOM c/ly4yae BUA - cUCTEeMa NONyNALNM,

— B APYrom - cMcTema K10HOB.



KoHuenuun Bnaa

Tnnonornyeckas
HOMWUHANUCTUYECKaA,
buonornyeckas,
KM1aaucTnyeckas
3BOJIIOUMNOHHAA,

duaoreHeTUYeCKmMe KoHuenumnm



KoHuenuun BnAaa

* Tunonornyeckas

— rpynna ocobemn, UaeHTUYHbIX 0COBU-3TANOHY NO
ANATHOCTMYECKMM NPU3HaKaM,



KoHuenuun BnAaa

* HoOMMHaANUCTN4YeCcKas

— npmn3HaBaemasa GopmanbHOU KnaccuPukaumen
rpynna ocobeu, cCoCTaBNAOLLIMX OonpeaesieHHbIN
3Tan Pa3BUTMA JaHHOW 3BONOLMOHHOMN BETBMW.



KoHuenuun BnAaa

* buonornyeckas

— rpynna ocoben,

* CXOAHbIX NO
— MOp(I)OﬂOI'O-aHaTOMW-IECKI/IM,
— ¢M3MOI'IOI'O-3KOIIOI'W—I€CKI/IN\,
— BUOXUMUYECKUM U
— NeHETUYECKNM NPU3HAKaM,

* 3aHMMaloWwnx eCTeCTBEHHbIN dpean,

* CNOCcobHbIX CBOOOAHO CKpeLLMBaTLCA MexKay cobon U
flaBaTb N1040BUTOE MOTOMCTBO.



KoHuenuun BnAaa

* Knagmucrnyeckas

— pPenpoayKTUBHO N30/IMPOBAHHbIE ECTECTBEHHbIE
nonynaumMm UAn rpynnbl NONyaaumnn.

* BO3HWKAIOT B pe3ynbTaTe pacnaja CTBO/JIOBOro
(npegkoBoro) Bnaa B xoae BMa006pa3oBaHMNA U

* NpeKpaLlatoT CyLLecTBOBaTb B pe3y/ibTaTe BbIMUPAHUS
MM HOBOIO aKTa BMA00bOpa3oBaHUA.



KoHuenuun BnAaa

* JBOJIIOLUMOHHAA

* Buonornyecknm obbekxT,
— COCTOALLMMN N3 OPraHU3MOB,

— COXPaHALWMN CBOO MHANUBUAYA/IbHOCTb BO
BpeMeHU 1 NPOCTPaHCTBE,

— MMEIOLLNI CBOKO CODCTBEHHYIO 3BO/TIOLMOHHYIO
cyabby U ncTopuyeckme TeHaeHUUM.



KoHuenuun BnAaa

* dunoreHeTMYeCcKne KoHUenumnuu
— HaMMeHbLLAaA COBOKYMNHOCTb NONyAALUUN,
— rae NPoucxXoamnT NOJIOBOE Pa3MHOMKEHME,
— nnn becnosibiX TMHUN,

— KOTOpPbIe XapaKTepU3yTCA YHUKA/IbHOM
KOMBUHaUMeN COCTOAHUN NPU3HAKOB.



Bun

* — COBOKYMHOCTb NONYAALUMN,

— NpeacTaBUTENIN KOTOPbIX CMOCODOHDI
CKpeLlmBaTbCA APYr ¢ APYyrom (cBs3aHbl

POACTBOM) U

— PenpoayKTUBHO M30ANPOBAHbl OT ocoben aApyrmnx

BUAOB.



BnapoobpasoBaHue

* BunpoobpasoBaHue — obpasoBaHuMe ABYX Uaun bonee AoYEPHUX BUOOB U3

npearosoro snia.

— npe,ﬂlﬂOCblﬂKOﬁ BM,EI,OO6pa3OBaHMFI ABNAETCA nNpeKpaleHne NoTokKa

reHOB MeXKay NonynaUMAMN COCTaBAAOLWMMU NPEAKOBbIN BUA.
— BunpoobpasoBaHue He Bceraa conpoBoxkaaeTtca popmoobpasoBaHmuem.

— ObvsacHeHMe BUA00bOpa3oBaHMNA He TpebyeT MyTauKUM C KPYNHbIMU
deHoTUNMYecknmm apdpektTamm («nepcnekTUBHbLIX MOHCTPOBY) U
MOKeT NPOUCXOAMNTb 3a CYET HAKOMAEeHUA HENTPAbHbIX U JIOKA/IbHO

daNTNBHbLIX N3MEHEHUMN.



BuaoobpasoBaHue
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Darwin, Ch. (1837). Notebook on Transmutation Dobzhansky, T. (1937) Genetics and the Origin of Species



[lnBepreHTHOE N PpuUneTnyeckoe BuaoobpasoBaHKue




MexaHn3mbl penpoayKTUBHOM
M30/1LUN

* [pocTpaHCTBEHHbIe MeXaHU3Mbl *  PenpoAyKTUBHbIE MeXaHU3MbI
— TleorpaduyecKkana nsonayms — [okonynAauMoHHble nperpaapl:
* MexaHun3mbl, co3gaBaemble cpeaom * BpemenHas usonauma

a) ce3oHHas
— JKoN0ormyeckas usonauma 6) cyTounas
* JTONOrM4eckasa nlonaumusa
* MexaHu4yeckaa n3onauma
* WN3onaumna ramert
— [locnekonynAuMoOHHbIE Nperpaabl

* HecoBmecTMMOCTb
a) 40 oNNoAO0TBOPEHMSA
6) nocne onno40TBOPEHUSA

* HexmnsHecnocobHoCTb rMbpnaoB

* CrepunbHOCTb rMbpnaos
a) reHHan
6) XpoMmocomHas
C) unMTONNa3MaTMUECKasn

* PaspyweHune rmbpmnaos



Tunbl BWA006Pa30BaHMUS

Tun HoBblii1 BUA,
BUA006pa3soBaHMA BO3HMUKAaET U3...

MepunaTpuyeckoe | HEOONbLLOM
nepudepmnyeckomn
nonynaLmnm

@
»

CMumnaTpuyeckoe BHYTPW UCXOAHOM
nonynaumm




AnnonaTtpuyeckoe BuaoobpasoBaHme




Mopaenb obkaHcKoro — Ménnepa
reHeTMYeCKMMN MexaHn3mM rmbpmnaHoOn CTEPUIbHOCTH

AA
BB

Feorpaduueckan
nmsonauusa

CoBmeCcTUMbI

CoBmeCcTUMbI
bepTUNbHbI

dbepTUNbHbI

CoBmeCcTUMbI

/ CoBmecTMbl
bepTUNbHbI

bepTUNbHbI

HecoBmectmbl:
Mbpunabl He obpasytoTca
WU CTEPUNBHBI

NN HEXKU3HECMNOCOOHbI



[MpaBunao XonaemHa

J.B.S. Haldane (1922)

Sex-ratio and unisexual sterility
in hybrid animals.

J. Genetics 12, 101-1069.

Ecnun cpean rubpuaHbix
NOTOMKOB ABYX BUAOB OAMH
MO OTCYTCTBYET, PeAO0K UK
CTEPUNIEH, TO 3TO —
reteporameTHbIn non!



MpaBuno XongenHa B mogenn [HobxxaHckoro — Ménnepa

CoBmeCcTUMbI

CoBmeCcTUMbI
bepTUNbHbI

bepTUNbHbI

Feorpaduueckasn
nmsonaumsa

CoBmeCcTUMbI

/ CoBmecTMbl
bepTUNbHbI

bepTUNbHbI

YacTUYHO COBMECTUMDI:
b HecoBmecTum ¢ X?
Ho coemectm ¢ XA

HecosmecTtumbil:
b HecoBmecTum c X?




Suncus murinus
MeXaHU3Mbl U30NALUN

)
~ Anonpa

=Ty

Henan N

b [locm-3ucomu4yecKasa u3onayus:
T /A Myxcckaa 2ubpudHas cmepusbHOCMb

} :{

LWpun<flaHka §

LLpun-/laHKa Henan

ANOHUS baHrnagew

[lpe-3ucomuyeckana u3onayua
lMonosoli ombop



Thrichomys
Reproductive isolation due to the genetic NeHne n ansepreHuma
incompatibilities between Thrichomys pachyurus
and two subspecies of Thrichomys apereoides
(Rodentia, Echimyidae)

P.M. Borodin, S.C. Barreiros-Gomez, A.l. Zhelezova, C.R. Bonvicino, and
P.S. D’Andrea













Thrichomys
MYKCKaa rmbpunaHan cTepuabHOCTb

28X 34

=
E




Thrichomys
rmbpmaHas cTepuibHOCTb

PacluensieHne no CTepuabHOCTU Yy BIKKPOCCOB

HOCTb + + -

{(28x30A)x30A}
Bce -- 2N=30
P F1 | AB Ab aB ab
Ab AABb AAbb AaBb Aabb
menos KOHLA KOHUA | MaxuTeHbl 3UTOTEHbI
naeT oo
dbeptnnb-

Borodin PM, Barreiros-Gomez SC, Zhelezova Al, Bonvicino CR, D'Andrea PS. Reproductive isolation due to the genetic incompatibilities

between Thrichomys pachyurus and two subspecies of Thrichomys apereoides (Rodentia, Echimyidae). Genome. 2006. 49:159-167.




Moaenb lob:kaHcKkoro — Ménnepa

N XPOMOCOMHaA rmbpuaHan cCTePUIbHOCTb
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Sorex araneus
pacceneHne n guesepreHumsa

CIX +cll
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Sorex araneus

pacnpeaeneHne KapuoTmunos B rMOPUAHON 30He

Bl Tomckasa paca
Bl HoBocmbupckas paca

B rmbpuap




| Sorex araneus
i XPOMOCOMHbIE PA3NNYUA MexXay reorpadnyecknmm pacamm

R MpeaKoBbI KapnoTun \Rb

l 1 8 II

HOBOCM6MpCK Mbpwug, Tomck

ll Yl




Sorex araneus
crnapuBaHMeE XPOMOCOM y rmbpuaos
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Mopaenb Penzenbepra
(peKoMmbUHaLUMOHHbIN BN0K)



Cerperauma Xxpomocom y rmbpuaos

HoBocnbupckumn nontoc

+

+

TOMCKUIM NOJIOC



[lonraa gusepreHuma C WMMnaHse

Ponb nMHBepcun

Colinear chromosomes

Rearranged chromosomes
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Navarro A, Barton NH.

Chromosomal speciation and molecular divergence--
accelerated evolution in rearranged chromosomes.

Science 2003 300(5617):321-4
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s=rofemmeee - 4— |nitial speciation

>6.3 Myr ago

Toumai ?
<+— Hybridization
<6.3 Myr ago
Extinction

Humans Chimpanzees

ou had gex
with a WHAT

Genetic evidence for complex speciation of humans and chimpanzees
Nick Patterson, Daniel J. Richter, Sante Gnerre, Eric S. Lander and David Reich

Nature 441, 1103-1108(29 June 2006)




MLH1 distribution in metacentrics

Acrocentrics

q Metacentrics
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Proportion of betwean-line matings
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dCCOPTAaTUBHOCTb CMapnBaHUMA

maltose food starch food

¢ Many generations pass ¢




OT60p Ha ycnNeHne n3onALUUN U CMELLLEHME NPU3HAKOB
(reinforcement and character displacement)

Allopatry
E sttt bt itie
A R AR 2 22 2 R L

Sympatry west

E A EEERE R 4
v .—M
Sympatry east
- T— E A
Litoria ewingi v Y
L. verreauxi
100ms
o 3
= N
I R New South Wales g
South -
Australia . o © A1 36°
Victoria N\, ) ”
NS N S g
{ >

* West ! East

Littlejohn MJ and Watson GF (1985) Hybrid zones and homogamy in Australian frogs. Annual Review of Ecology and
Systematics 16: 85—-112



OT60p Ha ycnNeHne n3onALUUN U CMELLLEHME NPU3HAKOB
(reinforcement and character displacement)

Kputepuii
BblbOpa
napTHepa

|\J_

¥
4
<

cmmnaTpuAa
annonatpua P asnnonatpua

Servedio MR. The What and Why of Research on Reinforcement . PLoS Biology Vol. 2, No. 12, e42d0i:10.1371/journal.pbio.0020420



[lepunaTpuyeckoe n napanartpuyeckoe
BMOO0OOpa3oBaHune

®




[MepunaTpunyeckoe sBnaoobpasoBaHme




Metapopulation structure

Highly
connecte
Patch
isolation
O Occupied habitat patches
O Vacant habitat patches
¢> Boundaries of populations
B — Dispersal
Highly — :
aolatad Boundary of metapopulation

All small «————— Small and large » All large

Patch Size  (Based on Harmison and Taylor 1997: Stith et al. 1996)



[MapanaTpunyeckoe BMA00Opa30BaHUE
OCBOeHune HOBOU HULLIU

Anthoxanthum odoratum



CumnaTtpuyeckoe BnagoobpasoBaHme




CumnaTtpuyeckoe BngoobpasoBaHume

Single speoues
& (white mice);
* Ao homogeneous habitat
Ilé 4’ Climate change;
- two habitats;
k ' E @A " isolated because don't mix

(a)

Environmental pressure to adapt;
genetic divergence;
tan vs. white mice

Sufficient divergence;

now different species



WMcxogHasa nonynayua

[eorpacuqeckan uaonauma Oronorudeckan cneyvanusagms
Annonatpu4eckoe sugoobpasosaHmue Cumnarpuyeckoe BugoobpasosaHue



Labn Tasgaryhs
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CnmnaTtpuyeckoe BnaoobpasoBaHme
Yy abPUKAHCKUX UNXInA

Fish eater
) ,///////f/»,_ -

Zooplankton
eater

Alga scraper Insect eater






;
/

0

400 4?0 500 1\356 600 650 700 750
Wavelength (nm)

e Makobe (5) d 44

. Allele H, A1
§a o Kissenda (3) | g
- ® Python (4) e B “\s59+ 1 nm
1.0 oo ® Luanso (2) S 21 \
2 - °® o ® Marumbi (1) - 1. \
o ‘P o%,'_- -~ Mwanza Gulf (6) = N
()] .Q /% v S 8 0 1 T Y T
o o %, € 500 600 700 800
S o071 8 Alcle P, A1
o L./, ° o 21.54 544 + 3 nm
! © (5) .01 04
: <
‘ (6) 0’5"%
0.4 : : 0+ ==
0 10 20 500 600 700 800

Distance from shore (m) Wavelength (nm)



Llnxnnabl o3epa BUKTOpUA

* (O3epo Bo3HUKNO 12400 net
Ha3ag

* B o3epa 500 Bngos umxnmng,

* Annonartpudeckoe
BMAoobpasoBaHMe B Ccyb-03epax

* CumnaTpuyeckoe
BnaoobpasoBaHme 3a cyeT
0CBOEHUA rybuH 1 N0NI0BOrO
oTbopa

Buao-canaHue npu noMmyTHEHUU




CueHapumn BMgoobpa3oBaHUA

NexonHas nonynayua

leorpadguqeckas uaonauma Oronorudeckas cneynanusalus
AnnonaTtpu4eckoe BugoobpasoBaHme CwumnaTtpuyeckoe BugoobpasosaHue



[eHeTu4YeCcKUM aHanuns rmnoTtes

a Allopatric speciation b Sympatric speciation

Lake 2 Lake 2




CnmnaTpuyeckoe BuaoobpasoBaHmne n Noa10BOK oTHOP

O O H. erectus
A H. zosterae

8 At an 4%

maie haad length

O H. abdominalis - (yo

A H. breviceps o 0

A. G. Jones, G. I. Moore, C. Kvarnemo, D. Walker, and J. C. Avise (2003) Sympatric speciation as a consequence of male pregnancy
in seahorses. PNAS 100, 6598-6603



MapannenbHoe BMAo0obpasoBaHue

Relative Branch Length Comparison

— |0 COages - | charge

R

169 meDNA & wingiean

MANT, J. (2005) Phylogeography of pollinator-specific sexually deceptive Chiloglottis taxa (Orchidaceae): evidence for sympatric
divergence?. Molecular Ecology 14(10)



BM,D,006p33OBaHVIe U BbICLUNE TAKCOHDI

Darwin, C. On the Origin of Species by Means of Natural Selection (1st edn), (Murray, London, 1859).




MaKposzontouuns



MaKpossoatoumnAa

MMKPO3BONOLUA
+

BbIMUPAHUA
+

OYeHb AO0NTO



PoAcTBO BCEX CyLLecTB OAHOMO Kaacca UHoraa

n3obparkatot B popme 60/1bLLIOTO AepeBsa.
Al Aymato, 4TO 3TO CpaBHEHME OYEHb B/IM3KO K UCTUHE.

3enieHble BETBM C PACMyCKAOLWMMMUCA NOYKAMMU
NPeACTaBAAOT CYLLECTBYHOLLME BUAbI, @ BETBU
npeALwecTBYOLWNX NET COOTBETCTBYIOT AJIMHHOMY pAay

BbIMEpPLIMX BUAOB.

B Kaxkablii nepuoa pocTa Bce pacTyline BeTsM obpasytoT
nobern no Bcem HanpaBaeHMAM, NbITasicb 060rHaTb U
3arnywnTb cocegHue noberu 1 BETBM TOYHO TaK e, KakK
BMAbl U TPYNMbl BUAOB BO BCE BPEMEHA O10/1€BaNM
Apyrve BuAbl B MPOAO/TIKUTENIbHOM }KU3HEHHOM

CTONKHOBEHUWN.

Pa3seTBneHMA CcTBONA, AeNALLMECA HAa CBOMX KOHLLAX
CHayasna Ha bonbluMe BeTBU, a 3aTem Ha bonee n bonee
Me/NIKne BETOYKM, BblI CaMu Koraa-To, Koraa AepeBo

elle 66110 MON0A0, Noberamm, yceAHHbIMU NOYKaMU;

BuaoobpasoBaHue 1 BbICLLIME TAKCOHbI

3Ta CBA3b NPEXHUX U COBPEMEHHDBIX NOYEK,
npeacTaBnaeT Ham KnaccudUKaLmMio BCEX COBPEMEHHbIX
N BbIMEPLLMX BUA0B, COEANHAIOLLYIO UX B

COMOAYMHEHHbBIE APYr APYrYy rpynnbl.

N3 mHorux noberos, KOTOpble pacLUBenn, Koraa Aepeso
elle He NoLwo B CTBOJI, COXPaHWAOCh BCEro ABa AU
TPW, KOTOPbIe Pa3poCAUCh Tenepb B 6o/blLME BETBY,
HecyLine oCTasibHble BETOYKM; TaK BblIo U C BUAAMM,
KMBYLMMU B AABHO NpoLlleLlne reonormyeckune
nepuoabl, — TO/IbKO HEMHOTME U3 HUX OCTaBMAM MO
cebe ele HbIHe XUBYLIMX MOAMPULMPOBAHHBIX

NOTOMKOB.

Kak noyku B npouecce pocTa AatoT Hayao HOBbIM
NMoYKam, a 3T, eC/IN TOJIbKO CU/IbHbI, Pa3BETBAOTCA U
3ar/ylwarT mHorue cnabble BETBU, TaK, nonarato, 6bi110
npu BOCNPOM3BEAEHUM U C BENNKUM [JpeBom HKN3HH,
HaMO/IHUBLUMM CBOMMW MEPTBbLIMM ONaBLLUMMU CyYbAMU
KOPY 3€M/1M M NOKPbIBLLIMM €€ NOBEPXHOCTb CBOUMM

BEeYHO pacxogAawnmmmnca U npeKkpacHbiMn BETBAMM.



BuaoobpasoBaHue 1 BbICLLIME TAKCOHbI

® DTU Pa3NINYNA BblparKatoTcA ,

*  BO-NEPBbIX, B PA3/IMYHON M3MEHYNBOCTHU
POAO0BbIX 0CODEHHOCTEN, C OAHOWN
CTOPOHbI, U BUAOBbIX, C APYrOW;

*  Bo-BTOpbIX, POAOBbIE NPU3HAKM
OT/INYALOTCA OT BUAOBbLIX M BPEMEHEM
CBOEro NPosABAEHUA NPU Pa3BUTUN
OpPraHnU3MoB,

*  WN3BecTHble B HacToslee Bpems GpaKTopbl
3BOIIOLUMU, T.€. MyTaL MU, KOMOMHALUMU U
noabop, BNoAHe ya0BAETBOPUTENbHO
06BACHAIOT NO HaLLEeMYy MHEHUIO,
3BO/IIOLIMOHHOE MPOUCXOXKAEHNE BCEX
HU3LWWNX CUCTEMATUYECKUX eANHULL, —
31eMEHTapPHbIX BUAO0B, NAEMEH U
noABUIOB. ..

*  B-TpeTbux, HaKoHeL, NpuxoanTcA
NPU3HATb, YTO U HOCUTENIAMM POAOBbIX
0ocobeHHOCTEN ABNAKTCA COBCEM 0CObbIE
3a4aTKMW, YEM Te reHbl, KoTopble
COCPEeAOTO4EHbI B XpOMaTHUHE NO0BbIX
K/JIeTOK, U 3aKNt04atoT B cebe ocobeHHOCTH
BMAO0B, NOABUAOB U APYTUX HUSLLINX
eANHUL, CUCTEMATUKM.

*  OpHaKo AN 06bACHEHUS TEMU Ke
CaMbIMUM NPUYNHAMM OCODEHHOCTEMN
BbICLLEro, Tak CKasaTb pOA0BOIo
XapakKTtepa (NoHMMasA noa poaom He
TO/IbKO COBCTBEHHO BUAbI, HO U
ceMencTBa, oTpAAbl, KNaccbl U T.4,.) Yy Hac
HEeT pewmnTeIbHO HUKAKMX OCHOBAHMUN.

* Bce 310 3acTaBsaeT meHA NPU3HATb, YTO
«poAbl» NPOM3OLLIN UHBIM NYTEM, YEM
«BUADbIM.

HO.A.®dunmnuyeHko. IBonOLMOHHAA naea B buonormn. M. Hayka, 1977, ctp. 191-192
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ARCHAEA

Archaea i

Versus

human

Homo sapiens &

3556.3 Million Years Ago

Mean: 3556.3 Mya
Median: 3970.0 Mya
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Meso-Proterozoic

Calymmian Ectasian Stenian

plasmodium
Plasmodium @

Versus

1381.2 Million Years Ago

Mean: 1381.2 Mya
Median: 1126.4 Mya
Expert Result: 1628.0 Mya

(TimeTxee Book ¥)
N
\ E\\—
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Meso-Proterozoic

an Calymmian  Ectasian

Stenian

banana

Musa acuminata &

Versus

1369.0 Million Years Ago

Mean: 1369.0 Mya
Median: 1375.0 Mya
Expert Result: 1628.0 Mya
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[TpnobpeteHmna sykapmoT

* Anpo — unutonanasma — KOMNapTMEHTaNN3aLUUA
- CNOXHble GopMbl

* CeKc — nsiaHoBasA peKkoMbuHauma - Menos
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XpomaTtua,

* BoccTtaHOBNEeHMe rannonaHOCTU

* lnnno-ranno umnKn
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crossingover:
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Rad51 and
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from ancient
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Ends
alignment:
from ancient
segregation

Chiasmata:
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cohesion
mechanism

Segregation:
from somatic cell
segregation
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Hapanneanoe BO3SHUKHOBEHNE MHOTIOK/1IETOYHbIX

land plants rhizaria

charophycean algae

chlorophycean algae

(Chiamydomonas, Voivox)

ciliates

® diatoms
o

L e

brown algae

dictyostelid slime molds

plasmodial slime molds

choanoflagellates acrasid slime molds

excavates

animals fungi

all members multicellular

some members multicellular, some unicellular

most members unicellular, rare multicellular species
all members unicellular or colonial

most members unicellular, rare colonial species

all members unicellular
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1215.8 Million Years Ago

Mean: 1215.8 Mya
Median: 1211.0 Mya
Expert Result: 1368.0 Mya
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Protostomes
(e.g. arthropods,
annelids or molluscs)

Xenoturbellids

Echinoderms
(sea urchins)

Ambulacria

Hemichordates
(acorn worms) |

Cephalochordates (lancelet)
(or acraniates)

Tunicates (sea squirts) 1

Cyclostomes @
(lamprey and ~ | &
hagfish) 88 |9

£€ |5

© O
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Chordates
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From Facts and fancies about early fossil chordates and

vertebrates

~ Nature
520,

Figure 2: Soft-bodied pre , 483—48.9
chordates and vertebrates, from the Cambrian (2:_3 April 2015)
(green), Silurian (pink), Devonian (yellow) and doi:10.1038/nature14437

Carboniferous (purple) periods.


http://www.nature.com/nature/journal/v520/n7548/full/nature14437.html
http://www.nature.com/nature/journal/v520/n7548/fig_tab/nature14437_F2.html#auth-1

Late Cambrian 514 Ma
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Modem Landmans (2
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490.2 Million Years Ago 400.1 Million Years Ago

Mean: 490.2 Mya
Median: 499.0 Mya

Mean: 400.1 Mya
Median: 436.8 Mya




- ———®

400 000 000




Evidence of Macroevolution—The Origin of Tetrapods

Skeletal
elements:

Fossil
Evidence:

v AP <<EE T ==

Ray-finned Lungfish  Eusthenopteront Panderichthyst  Tiktaatxt
fish

I Between 385 and 360 million years ago, a
| lineage of fleshy-finned vertebrates evolved four legs and,
] eventually, the ability to walk on land. The steps of this
transition are recorded in the fossils, some of which are
, r shown here. Many other lines of evidence, including stratig-
l raphy, comparative anatomy, and genetic comparisons
among modern organisms, support this hypothesis.
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TURNING TETRAPOD

The evolution of terrestrial tetrapods from aquatic lobe-finned
‘ fish invalved a radical transformation of the skeleton. Among

other changes, the pectoral and pelvic fins became limbs

with feet and toes, the vertebrae became interiocking, and

the tail fin disappeared, as did a series of bones that joined
the head ta the shoulder girdle [skeletons). Meanwhile

the snout elongated and the bones that covered the gills and
throat were lost {skulls)

EUSTHENOPTERON
| Alobe fimned tish (385 MYA)

Shart snout with many bones

Opercular benes
covering gills
and thraat

Noninteriocking
vertebrae

Very shortrige—s Ihree

midline
fins

Pelvictin
with bony rays

Skulljotned to “==Pectoral fin with

fewerbones

Absence of
opercular banes | 'p

vi
A
|
\
‘

’ shoulder bonyrays Small pelvis unattached ta spine
ACANTHOSTEGA ; -r N, Interlacking
An early tetrapod (365 MYA) ’ { R Longer tibs vertebrae One midhine fin
Longersnaut with

Hind limb with
eight.gigit fpot

Frontlimb with
eight-digit foot

Separation of
skull frem shoulder

Larger pelvis
attached to spine

IGUANITA

| Amoderngusna I VW \
| |

Long snout withe—— \
| fewbones m
N ! Apsenceof o)
opercular bones

LN

Skulldecoupled fram
shoulder to form neck

No midline fins
Interiocking

vertebrao

Large pelvis
attached to spine
Weight-bearing frant
limb with five-digit foot

Weight-bearing hind
limb with five-digit foot
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371.2 Million Years Ago

Mean: 371.2 Mya
Median: 359.1 Mya







‘caiman
Caiman &

Versus

'ﬂého sapicns @
296.0 Million Years Ago
Maan: 255,0 My3a

Median: 322.4 Mya
Expert Result: 3245 Mya

(Timﬂi‘ﬂmk 2)
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Apomopdo3bl U nANMoaAaNTaALNM

MaATex He moXeT bbITb yaaueH, Toraa bbl 3BasicA OH MHave...
[MponaeT MHOro NeT, U NOIKOBHUK AypennaHo byaHauna, cToA y CTEHbI B OXKUAAHUN
paccTpena, BCNMOMHUT TOT Aa/IEKUIN BeYep, Koraa oTel, B35 ero ¢ cobom NoCMOTpEeTb
Ha nea.
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lNepbAa CHavyana cayXuam ana KpacoTbl, a ANA NoseTa
npuroaonancb nNo3ixe

Recomsirocted by Qw Ji & Xing Lids

B Kutae HanaeHbl ocTaTKuM ewe
O4HOro ONepeHHOro AnHO3aBpa.
HKnBoTHoe pasmepom c ronybs,
Nno/slyunBLLEee Ha3BaHMe
Epidexipteryx, }Xnno paHblue
3HAaMEHUTOrO apXxeonTepuKca u He
YMeno neTaTb, XOTA U 6bIS1IO C HOT
[0 r0N0Bbl MOKPbLITO NEPbAMMU.

Ha KopoTKOm XBoCTe
annaekcunTepmkca boino vetbipe
Heobbl4aMHO OJIMHHbIX Nepa,
MOXOXMX Ha NepbA COBPEMEHHbIX
panckmx ntmuy,. CKopee Bcero, 3tTu
nepbsa Urpasn posb yKpaLeHUH,
NPMB/IEKAIOLLLUX CAMOK, U
Pa3BUAUCH NOA, AENCTBUEM
nonoBoro otbopa
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N3 yentoCT B KNHOB

Mammalia Lepidosauria Testudines Crocodylia Paleognathae Neognathae 8%
- iR Evperkorie S
> B 4 s
reeeds
Theropoda

Archosauria Megalosauroidea

Amniota Reptilia Compsognathidae

Coelurosauna

M BC1 ., Yixjantrrss

Eumaniraptora
Avialae Confuciusomis g~

Stem and crown birds with

avian rostrum
Archosaurs with ancestral

rostrum

Bhullar et al(2015) Evolution: n/a-n/a.
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Bhullar et al(2015) Evolution: n/a-n/a.
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Control Experimental Alligator

s »

Strgng Alligator

Bhullar et al(2015) Evolution: n/a-n/a.
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| MASS EXTINCTIONS |

The main extinction at the end of the Triassic had almost as great an impact on life on Earth as the event that wiped out the
dinosaurs at the end of the Cretaceous
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http://animaldiversity.ummz.umich.edu/site/resources/james_dowlinghealey/grmalaymousedeer1.jpg/view.html
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Ocnithochynchus anatings &

Versus

human
HOMo sapiens &

167.4 Million Years Ago

Mean: 167.4 Mya
Median: 161.8 Mya
Expert Result: 220.2 Mya

{limalege Hook¥)
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http://animaldiversity.ummz.umich.edu/site/resources/james_dowlinghealey/grmalaymousedeer1.jpg/view.html




opossum
Ridelphis virginiana &

Versus

human
Homo sapians

162.6 Million Years Ago
Median: 166

Expert Result:
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HUMAN
AND
ANCESTOR
TO SCALE

Scientists have used a new ~ =%
computer-analysis method

to figure out what the hypo-
thetical ancestor of most
mammals would have looked

like i unprecedented detail.
About the size of a modem™ 8

" squirrel, the 65-million-year-

old ancestor later evolved

into most mammals (éxcept

those that lay eggs or carry

their young in pouches). - o

Ateam of scientists analyzed thousands of physical features found in fossils and living mammal species, This infor-
mation yielded a “family tree” showing that mammals arose following the extinction of the dinosaurs, about 65
million years ago. The analysis identified many features that the hypothetical ancestor would have had, as shownin
the skeletal illustrations {above) accompanying the scientific paper published in the journal Science.

SOURCES: STONY BROOK UNIVERSITY, NEW YORK; CARL BUELL; AMERICAN MUSEUM OF NATURAL HISTORY, THE JOURNAL SCIENCE
KARL TATE / © LiveScience.com
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MonekynapHaa KoOHBepreHUuA
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Yenosey Henoe ek

dunoreHeTnyeckme aepesba reHa Otof mnekonuTaroLWKMX, NOCTPOEHHbIE HA OCHOBE
CpaBHEHMA HYKNEOTUAHbIX NocneaoBaTenbHoOCTEN (C1ieBa) U Ha OCHOBE CPaBHEHUA
HECMHOHMMMUYECKUX 3aMeH M NOC/Iea0BaTeNbHOCTEN aMUHOKUCAOT (cnpasa). KpacHbim
0603HauyeHbl BUAbI CNOCOOHbBIE K 3X0/I0KaLMMK, YePHbIM — He crnocobHble. Mo (Shen et al.,
2012). moandpumumpoBaHo.
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104.2 Millicn Years Ago

Mean: 104.2 Myz
Median: 101.6 My3
Expert Result: 104.7 Mya
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The Hominidae (great apes)

Rhesus
macaque Gibbon Sumatran
Macaca Nomascus orang-utan

mulatta  leucogenys Pongo abelii

Hylobatidae
Small apes

Cercopithecidae
. Old World monkeys

\\

—

Bornean
orang-utan Gorilla Human Bonobo Chimpanzee
Pongo pygmaeus Gorilla gorilla Homo sapiens Pan paniscus  Pan troglodytes
0.997 0.996 (ref. 29)
~1 Myr ago ~1 Myr ago
0.990
4.5-6 Myr ago

0.984 (ref. 30)
6~-8 Myr ago

0.974
12-16 Myr ago

0.971 , , _
18-20 Myr ago Comparative and demographic analysis of orang-utan

genomes

Nature
Volume:

0.949 469,
25-33 Myr ago Pages:
529-533

Date published:

(27 January 2011)
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THE PRIMATE FAMILY TREE

014 World momkeys =
Rhetus macaque -

Ot wevurror cus y

Sogumciyg of parts of
gerome plarmad

Qur primate relatives spit from cer 0 millions of years
ago (MYA). But their genomes coulid help solve mysteries 3hout otir own

S S iuton and medical probl They couid also give us insights into how
evolution works and how new genes and species form,

A A Al

ANCESTRAL PRIMATE

‘{:f
o
Chimp genome: Branching out
Carina Dennis

Nature 437, 17-19(1 September 2005)
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