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JIeKLus 2

Bumoobpa3soBaHue U «I'eHbl BUA000PA30BaHUN.
[eHeTHYeCKHe MeXaHU3Mbl, y4aCTBYOIMEe B OPMHUPOBAHUU
HOBBIX BUZIOB (4acTh 1).
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[eHeasiorusi reHOB U BUJ000pa30BaHUE
Buz A Bua b

\l&\ // %// Cerperauus anneneii
Obnactb 06WMX annenei
(rannotmMnoBs) y monoabix BUAOB

BMAo0obpasoBaHue

Bonpoc 1: Mo»HO nn pacno3HaTb
reHeTM4YeCKn monoable BUAbl?

Bonpoc 2: Kak BuAbl 3HalOT, YTO OHU

?
Bpems BUAbI

(nokoneHwua)

npenok



dpHcT Maump (Ernst
Mayr) 1904-2005

» B21rop (1926) 6pocaetr meauuMHY M NOCTyNaeT Ha paboTy B
BepnnHcknim mysemn

» B 22 roga skcneanuunun B Hosyto [BMHeto 1 Ha COIOMOHOBbI OCTPOBA
(Ha aeHbrn PoTwunnbaa)

» CospgaTtenb buonormyeckom KoHUENUUM BUAA U NapanaTpuyeckoro
BMaoobpas3oBaHUA

» ApbI NpoTMBHUK «gene-centered view of evolution» [1I0KMHCa,
CYMUTAN UYTO 3BOIFOLMOHMPYIOT HE FEHbI @ FEHOMBbI



KitoyeBble MOHOTpadHru 110
BHU1000pa30BaHUIO

» Mayr 1963 Animal species and evolution
» White 1978 Modes of speciation Click to LOOK INSIDE!

» Grant 1981 Plant speciation | _
SPECIATION

IERRY A COVNE - HLALLEN ORR

» Jerry A. Coyne and H.Allen Orr, 2004 Speciation


http://www.amazon.com/gp/reader/0878930892/ref=sib_dp_pt#reader-link

OnpepesieHve (KOHLEILUs) BUAA 4OJ/DKHO
pelaTh CaeAyIIMe 3aJa4u

» |.Momoub B Knaccnpumkaumm

» 2. ONUCbIBATb ANCKPETHbIE NPUPOAHbIE ABAEHUA (rpynnbl
OpPraHM3moB)

» 3. MoMOYb NOHATb KaK 3T « ANCKPETHbIE ABNEHUAY
BO3HUK/IN B NpMpoae

» 4. OTpaxKaTb 3BONOLMNOHHYIO UCTOPUIO

» 5. BbbITb NPUMEHUMO K MaKCUMaIbHOMY YnCay
OpraHM3moB

» Hn oaHa KoHuenuna suga He pewaeT BCE nocTtaBneHHble
3a4a4u



HekoToprie KOHIIENIIUU BHU/a
(mo Coyne and Orr, 2004)

4

Buonornyeckasa (BSC) suapl — rpynnbl CKpeLwmMBatoLWmxca
NPUPOAHbIX NONYAALUN, PENPOAYKTUBHO M30/MPOBAHHbIE OT
apyrux rpynn (Mayr, 1995)

Genotypic cluster sp. c. (GCSC) snabl — 310 (MOpdoONornyecku
NN TeHETUYECKN) pasnmyatolmecs rpynnbl ocoben y KoTopbix
eCcTb XMaTtyc ¢ gpyrumm knactepamu.(Mallet 1995)

Recognition Sp.C. (RSC) Bmabl — rpynnsl ocoben, umetowmx
obuyto cuctemy pasmHoxkeHus (Paterson, 1985)

Cohesion Species Concept (CSC) -BHyTpuBnaoBas
COrNacoBaHHOCTb paboTbl reHoB B opraHm3me. (Templeton
1989)

(cohesion: 06w. cBA3b; cornacme; CNAOYEHHOCTb; CLENAEHNE; CUa CuenaeHns)



HekoTophble KOHLIeNMH BUAA (IpoLoIKeHHE)

» DKonornyeckasa koHuenuma smaa (EcSC) —HacenatoT csoto
afanTUBHYIO 30HY B Npeaenax apeana. (Van Valen, 1976)

» DBONOUMOHHAA KoHuenuua snaa (EvSC) — otaenbHaa anHuA
(NpeasoK-NOTOMOK) NonNyaAsaUMin , UMEKLLMX CBOIO
3BOJIOLUMOHHYIO TeHAeHUMIo 1 obuyto cyabby (Simpson, 1961)

» ®unoreHetnyekas KoHuenuma | (PSCI) MoHobmnneTnyHbIN
Knactep OpraHnM3moB AMarHOCTUYECKM OTINYAIOLLNIACA OT
apyrmnx knactepos (Cracraft, 1989)

» PSC2 HanmeHblwana rpynna nmetowtaa obuiero npeaKa

» TeHeanormnyeckasa koHuenuma (PSC3, GSC) 6azanbHana rpynna
OPraHM3MOB, YbW reHbl KoanecuMpyoT Apyr C APYrom paHbLue,
4em C reHaMun OPraHM3MOB U3 APYTUX Fpynn



Brio06pa3oBaHMe 10 HAJIMYUIO UJIU
OTCYTCTBHUIO BETBJIEHUS JEJINTCS Ha
dUJIeTUYECKOE U JUBEPTreHTHOE.

» dunetmyeckoe BMa0o0bpa3oBaHUE NO HANUUYUIO UK
OTCYTCTBMIO NPOrPECcCUBHbIX USMEHEHUWN AENUTCA HA
CTaCUreHes 1 aHareHes.

» [lnBepreHTHOE BMA00H6pPa30BaHME NO HAIMHUIO UN
OTCYTCTBMIO NPOCTPAaHCTBEHHOro obocobneHmsa
(n3onaummn) nennTca Ha CUMNaTPUYECKoe U
annonaTpuyeckoe.



dusieTuYecKkoe BUA000pa30BaAHUE

» 3TO Npouecc npeBpaLLeHnUsa 0aHOro B Apyron,
TpaHcPopMaLumnAa BUaa-npeaKa B BUA-NOTOMOK B TEYEHUE
6onbLINX OTPE3KOB BPpeMEHU be3 popmMmnpoBaHUusa

N0YEepPHUX BUOOB.

CracureHes (rpey. cmasuc — 3acmol) — ANNTENbHOE
cywectsoBaHue Bnaa 6e3 nsmeHeHnn. Takom tmn
BMA006pa30BaHMA XapaKTePEH ANA NEPCUCTEHTHbIX POpM -
"}KMBbIX NCKONAEeMbIX".

AHareHes - 3To npoLecc bbICTPOro NPOrpPeccnMBHONo
npeobpasoBaHUA BUAA, HE CONPOBOXKAAMOLLMINCA
pacnageHnem ero Ha JovyepHue BUabl.

Kponnkun Ha ocTpose [MopTo-CaHTO U3MEHUTUCH PEHOTUMUYECKU U
npnobpenn penpoayKTnBHyto nsonauuto 3a 400 net. B cpegHem
niencToueHe, Ha4YaBLeEMCA 2 MJIH. IeT Ha3a, Ha KaBKkase B TeyeHue 50-60
TbICAY MOKONIEHMM CyLLEeCTBOBaA OAMH BMA 3ybpa. [o3Ke OH
TpaHCPOPMMPOBAJICA B HOBbIM BUA, MPUYEM Nepexos K HOBOMY BUAY 3aHAN
2—4 Tbic. NoKoneHun (10—16 Tbic. ner).


http://www.avifarm.ru/page.php?al=biolkoncvida

JIuBepreHTHOE BUA000pa30oBaHUe

4

BMA00OpPa3oBaHUe, NPU KOTOPOM UCXOAHbIN BUA AaeT
1Ba UJIN HECKONIbKO A0YEPHUX BUAOB

CumnaTtpuueckoe sngoobpasosaHue. TepmuH ob6pa3oBaH u3
rpevyeckmx cnos "cum" — BmecTe u 'nmatpuc”’ — poanHa.
Bo3HMKHOBEHWE HOBOro BMAa B apeane pogutenbckoro. 1o
MexaHu3My ob6pa3oBaHUA AOYEPHUX BUAOB CUMMNATPUYECKoe
BMA00Opa3oBaHMe AeNNTCA HA IKO/IOTMYECKOE, aN/IOXPOHHOE,
noannNaAonaHoe, rMbpmnaHoe n XpOMOCOMHOE.

Annonartpuueckoe BugoobpasoBaHue - 370 reorpadpuyecKkoe
BMA00bpa3oBaHMe, 06pa3oBaHMe HOBbIX BUAOB U3
reorpadunyecknx nonynaumnin. Npeyeckoe cnoso "annoc”
o3HayvaeTt "uyxon", a "matpuc" - "pogmnHa". BupoobpasosaHume
KaK pe3ynbTaT NPOCTPAHCTBEHHOM U301ALUMUMN.



Speciation
Speciation, the origin of species, is, in a sense, origin of incompatibility

between organisms. There are several modes of speciation:

1) Phyletic - in the course of evolution of one lineage it changes so
profoundly that current organisms and their remote ancestors must
be attributed to different species (here Zeno's paradox is obvious).

Naturally, phyletic speciation is hard to study. "

2) Allopatric - two lineages evolve independently, because their ranges
do not overlap, and eventually become different species.

Allopatric speciation is not a specific process, but just a by-product
of independent divergence.
3) Sympatric - a (sexual) population splits into two species without

geographic isolation.

Sympatric speciation is a complex and fascinating process.

A.S.Kondrashov,
nekuun Ha bBC



Knaccuyeckoe BUI006pa3oBaHue 1o Manpy




Jloka3zaTb CUMIIaTPUYECKOE
BHU/1000pa30BaHUE KPAUHE CJI0XKHO
pbIOBbI B 03epe Antoro, Hukaparya)

Vol 439(9 February 2006|doi:10.1038 /nature04325 nature

LETTERS

Sympatric speciation in Nicaraguan crater lake
cichlid fish

Marta Barluenga'®, Kai N. Stélting*, Walter Salzburger'**, Moritz Muschick' & Axel Meyer'

Sympatric speciation, the formation of species in the absence  north of Costa Rica. In A. citrinellus of other lakes and in A. labiarus,
of geographical barriers, remains one of the most contentious  two colour morphs are recognized, but such polymorphism has not
concepls in evolutionary biology. Although speciation under  been described in Lake Apoyo. To examine whether the endemic
sympatric conditions seems theoretically possible'*, empirical ~ Arrow cichlid emerged in Lake Apoyo from an ancestral stock of
studies are scarce and only a few credible examples of sympatric  Midas cichlids under fully sympatric circumstances, we adopted a
speciation exist®. Here we present a convincing case of sympatric  comprehensive approach including phylogeographic, population-
speciation in the Midas cichlid species complex (Amphilophus sp.)  genetic, morphometric and ecological analyses. We included about

fna vesia and sasall walasnic cestas lalra fn RNisssames Do stade 1M covamimans fnm Tala Asmaimn and aras G fadiidoale faes

O Amphilophus citrinellus E Amphilophus zaliosus
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«['eHbl BUI00OpPA30BaHUA»

» CKONbKO reHoB y4acTByeT B BUA006pa3oBaHMK?

» Kakon y Hux “effect size” (Kakoi BKNag BHOCUT KaxAbly
N3 reHoB B 06OLLYI0 PENPOAYKTUBHYIO M30NALMIO)

» Bo3HMKaOT M myTtauum “‘de novo” nnm otbumupatrorca m3
MMEIOLLLEroca NPUPOAHOro noanmmopdmnama?

» HacKo/MIbKO BaXHa «HECOBMeECTUMOCTb [106KaHCKOro-
Mionnepa» no CpaBHEHUIO C CYMMAPHbLIM 3PPEKTUBHbBIM
3HAaYeHUem reHoB?

» Kakne nameHeHmsa 4Yalle nrpatot ponbs
BMA00OpPa3oBaHNN — U3SMEHEHUSA B PErYAATOPHbIX CamTax

UNN B KOOUPYIOLLLEN NOCNeA0BaTE/IbHOCTN?

The genes underlying the process of
speciation

Patrik Nosil"? and Dolph Schiuter®



Kputepuu «reHoB BUJ000pPaA30BaAHHUS»
(mo Nosil and Schluter, 2011)

» |.Heobxoanmmo nokasaTtb, YTO Ha HacTosALWee BPeEMA reH
y4yacTByeT B PpenpoayKTUMBHOMN U30AALUN

» 2. AnBepreHuUmMs B 3TOM reHe nNpomsoLl/ia A0 3aBeplleHus
npouecca BMaoobpa3oBaHuUs

» 3. Heobxoammo oueHUTb BKAaA reHa B penpoayKTUBHYIO
N301ALMI0 BO BPEMSA KOraa 3TOT reH aAnseprnposan (T.e.
Ha paHHMX 3Tanax BnaoobpasoBaHmA)



OaHOro reHa 10CTaTOYHO AJ14
BHU/1000pa3oBaHUA?

I,Zlyl'IJII/IKaI_[I/IH BA’>XHOI'O I'eHa U 6bICTpaH Aerpaaannud aJlbTEPHATHUBHDBIX
I[IapaJioroB BEAYT K YaCTUYHOM l"PI6pPI,Z[HOI>i CTEPUJIbBHOCTH

Mpu ckpelyBaHum OBYX NabopaTopHbIX o Bl hom 1 cv
nHUK apabugoncuca, NPoMCXoasLmnX OT W e i
pasHbIX NPUPOAHBLIX MNONYMALMIA B NEPBOM Het
MOKONEeHUN rMbpnaoB HUKAKNX OTKITOHEHWU OT iy % ®
HOpMbI HEe HabniogaeTcs, P ;
HO MpuW JanbHEenWeM cKpeLLumBaHnm rmépmaos ‘-
Mexay cobon YacTb 00pasytoLMXCs CeMsH \ - + ~
OKa3blBaeTCH HEXN3HECNOCOOHON. Lo1s

Chrom. 5 Het

[Moenb ceMsaH oObACHAETCS 32453260 kb /

——

Col

CyLLeCTBOBaHMEM HECOBMECTUMBbIX
KOMOMHaumMin ansienen AByX NTOKYCOB Cvi
napanoros. OgvH U3 NOKYCOB pacrnonaraetca ——— —*
Ha 1-i xpomocome LD1.1), opyroin — Ha peletion

naton (LD1.5).

Divergent Evolution of Duplicate Genes Leads to
Genetic Incompatibilities Within A. thaliana
David Bikard, et al.
Science 323, 623 (2009);

AYAAAS DOI: 10.1126/science. 1165917




Mogesib HECOBMECTUMOCTH
Jlo6>kaHckoro (1937) - MrwuJiepa (1942)

aabb AABB
4

Aabb aaBb AaBB AABDb
AAbb X aaBB aaBB X AAbb

! |

AaBb AaBb — F1 -xn3sHecnocobHble
!
F1

F2 — BblllenneHne netaneu
aabb

fieTarnb



HecoBmecTtumocTtb [loGxxaHckoro-Mionnepa

So, far, just one pair of such genes ("A and B") has been identified, that causes lethality of
in F; hybrid males in matings between Drosophila melanogaster and D. simulans (Science
314, 1292 - 1295, 2006; Current Biology 17, R125-R127, 2007). These genes are Hybrid male
rescue (Hmr), functionally diverged in D. melanogaster, and Lethal hybrid rescue (Lhr),
functionally diverged in D. simulans.

D. melanogaster D. simulans
= T T = I

Hm,-rrel L,?rme: H,‘nrmel L,?rmei
EENEEE)) (=) T e T
) =S R ]

,

H(}lf sEn Lhrsirn \ Lhrs""

Lethal incompatibility
Current Biology

When D. melanogaster females (red) are crossed to D. simulans males (blue), only sterile
hybrid daughters are produced because hybrid sons die. Left bars, sex chromosomes; right
bars, second chromosome; small hooked bar, Y chromosome. Hmr™¢lis incompatible with
Lhrsim, causing lethality of hybrid males. Hybrid daughters are viable because they are

heterozygous Hmr™el/Hmrsim, A.S.Kondrashov,
nekuymn Ha BBC



[eHeasiorvsi «reHOB BUJ000pa30BaHUSA» U
HEeUTpaJIbHbIX JIOKYCOB

a Bindinis reciprocally b tRNA-deacyclase is
monophyletic between highly polyphyletic
species
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Crater Lake Apoyo Revisited - Population Genetics of an
Emerging Species Flock

Matthias F. Geiger™, Jeffrey K. McCrary?, Ulrich K. Schliewen’

1 Bavarian State Collection of Zoology (Z5M, Zoologische Staatssammlung Minchen), Depariment of lchthyology, Municl
Micaragbense Fro-desamrgllo Comunitario Integral (FUNDECLGAIL), Estacion Bioldgica, Laguna de Apoyos Mature Ressrve, Masaya,

A"
) . A. astarquii
e L O A chancho  ©
o O A. flaveolus
. A, globosus
O A. supercilius
O Asp.x
. A. zaliosus
@ median vector
|

Figure 3. Median-joining parsimony-network based on the mitochondrial control-region, containing nine equal
pargimonious trees. Circle size corresponds to sample size, branch length correlates with number of mutational steps.
dai: 10.1371fjournal. pane 0074501, gDI3




MOLECULAR ECOLOGY

Molecular Ecology (2013) dod: 101111/ mec, 12590

Genomic architecture of ecologically divergent body
shape in a pair of sympatric crater lake cichlid fishes

PAOLO FRANCHINIL*S§ CARMELO FRUCIANO,*§ MARIA L. SPREITZER,® JULIA C. JONES,*{
KATHRYN R. ELMER,* FREDERICO HENNING®* and AXEL MEYER*
*Lelrstuld fitr Zoologie und Evolutionsbiologie, Department of Biology, University of Konstanz, Universildtstrafe 10, 78457

Konslanz, Germany, TZukunfiskolleg, Universily of Konslanz, 78457 Konslanz, Gernmany
A. zaliosus

A. astorquii

Fig. 1 (@ Map of the Nicaraguan main lakes and Lake
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bospeimHukoBas Mosib Rhagoletis pomonella

» Knaccuyecknm
npumep
BNA00bOpa3oBaHUS,
NPUYPOYEHHOTO K
crneuunanmsaumm Ha
obbeKTe NUTaHuA
(n3Ha4anbHO
60ApPbIWHUK, 3aTEM
A6N0HA, B nocneaHee
BPEMSA -LUMMNOBHUK) U
accopTaTMBHOMY
CKPEeLLUUBAHMUIO.

Rhagoletis pomonella
(Photo Guy Bush)

Flowering dogwood fruit

Hawthorn fruit




JKonornyeckas nsongauua, BO3HMKLLAA Kak nuuiesas u no MecTy
obutaHusa, NOCTENEHHO CTana u BpeMeHHON — B CBA3U C pPasHbIMU
CpoKaMu NNOAOHOLLEHNSA Y pacTEHUN-X0O3AEB.
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Bush, G L 1969 Sympatnc host race formation and Speciation in frugivorous
flies of the genus Rhagolelis (Diptera Tephntidae) Evolution23: 237-251
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Hae3qHUK Diachasma alloeum napazumupyrouas
Ha Rhagoletis pomonella makace 8 npoyecce
sudoobpazosaHust!

This is male Diachasma alloeum on an apple. The
wasp is undergoing evolutionary change.

This is a female apple maggot fly (Rhagoletis
pomonella) on the surface of an apple.



Cieayroias JeKLnusad — acCCOpTaTUBHOE
CKpelllMBaHHE U I'eHbl PENPOAYKTUBHOM




