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Bunoobpa3oBaHue U «IreHbl BU000pa30BaHUS».
[eHeTUYeCKHE MeXaHU3MBbI, y4aCTBYOUUE B OPMUPOBAHUH
HOBBIX BU/I0B (4acThb 2).




Br1000pa3oBaHMe 10 HAJIMYHIO UJIU
OTCYTCTBHUIO BETBJIEHUS JEJIUTCS Ha
bUJIeTUYECKOE Y JUBEPTEHTHOE.

» dunetmyeckoe BMaoobpa3oBaHUE NO HANUUYNIO UK
OTCYTCTBUIO NPOTrPEeCcCUBHbIX U3MEHEHUMN AeNnNTCA Ha
cTacureHes u aHareHes.

» [lnBepreHTHOE BMAO00HOPA30BaHME MO HANNYNIO U
OTCYTCTBUIO NPOCTPaHCTBEHHOro ob6ocobnerHunsa
(n3onaumnmn) oennTca Ha CMMNATPUYECKOE U
annonaTpuyeckoe.



duieTn4yecKoe BUA000pa30BaAHUE

» ITO npouecc npeBpaLleHmna oaHOro B ApYyron,
TpaHcPopmauma Bnaa-npeKka B BUA-NOTOMOK B TEYEHUE
HbonbLIMX OTPE3KOB BpeMeEHU 6e3 popmMmnpoBaHus

NOYepHUX BUAOB.

CracureHes (rpey. cmasuc — 3acmoll) — ANNTENbHOE
CyllecTBOBaHMe Bnga 6e3 nameHeHmnm. Takom tmn
BMA00OpPa30BaHUA XapaKTepeH A/ NePCUCTEHTHbLIX GOPM -
"YKMUBbIX UCKOMaembIx".

AHareHes - 3TO npoLecc 6bICTPOro NPOrpPeccMBHOro
npeobpa3oBaHunA BUAA, HE CONPOBOXAAOLLMNCS
pacnajgeHmnem ero Ha govepHue Buabl.

Kponnku Ha ocTtpose MopTo-CaHTO U3MEHUANCH PEHOTUNNYECKN U
npnobpenu penpoaykTMBHYO nsonauuto 3a 400 net. B cpeaHem
niencToueHe, Ha4yaswemca 2 MJH. neT Ha3aa, Ha KaBkase B TeyeHme 50-60
TbICAAY MOKOJIEHUW CyLecTBOBas OAUH BMA 3ybpa. Mo3ke oH
TpaHCPOPMMPOBANCA B HOBbIN BUA, NPUYEM Nepexos K HOBOMY BUAY 3aHAN
2—4 Tbic. noKoneHunmn (10—16 TobiC. neT).


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

JInBepreHTHOE BUA000pa30BaHUE

4

BMA00b6pasoBaHMe, NPU KOTOPOM UCXOAHbIM BUA AaeT
1832 UJIN HECKO/IbKO I0MEPHUX BUAOB

CumnaTtpuyeckoe sngoobpasosaHue. TepmmnH obpasosBaH n3
rpevyeckmnx csoB "cum" — Bmecte n "natpuc’ — poaunHa.
BO3HMKHOBEHME HOBOTO BUAA B apeane poamTenbckoro. o
MeXaHn3my obpa3oBaHUA AOYEPHUX BUAOB CMMNATPUYECKOE
BMAo0o0bpa3oBaHUeE AENNTCA Ha IKOJIOTMYECKoe, alJIOXPOHHOE,
noannaonaHoe, rmbpmnaHoe u XxpoOMOCOMHOE.

AnnonaTtpuyeckoe BugoobpasoBaHue - 3To reorpadpuyecKkoe
BMA000Opa3oBaHue, obpa3oBaHMe HOBbIX BUAOB U3
reorpadunyvecknx nonynaumnn. Npeyeckoe cnoso "annoc”
o3HayvaeTt "uyxon'", a "nmatpuc" - "poanHa". BupoobpasosaHume
KaK pe3ynbTaT NPOCTPAHCTBEHHOM U30ALUMN.



B npeabiaylien nekuumn Mbl ob6cyxaanm:

1. KoHuenuuun Bupa (bnonormnyeckas, IKkoriormyeckas,
¢mnoreHeTu4eckas, aBonOLMOHHAA, Genotypic cluster,
Recognition Sp.C v gpyrue.

2. Tpn T™MNa BMOooOGpa3oBaHUA:

1) dPunetnyeckoe (Philetic) BugaoobpasoBaHue

2) Annonatpudeckoe (Allopatric) BuaoobpasoBaHue

3) Cumnartpuyeckoe (Sympatric). BupoobpasoBaHue — 6e3
reorpacuyeckon nsonsauum




Knaccudeckoe BUI000pa3oBaHue 1o Maupy




Mopaesib HECOBMECTUMOCTH
Jlob6>kaHckoro (1937) - Mrwuiepa (1942)
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JlokazaTb CUMIIATPpHUYECKOE
BHU/I000pa30BaHUe KpaluHe CJI0KHO
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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
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KpuTtepuu «reHoB BUI000pa30BaHUS»
(no Nosil and Schluter, 2011)

» |.HeobxoamMmo nokasaTb, YTO Ha HaCTOsILLLEee BPEMSA FeH
y4yacTBYeT B penpoAyKTUBHOMN U30ALUN

» 2. lnsepreHums B 3TOM reHe NpomsoLlia A0 3aBepLUeHuns
npouecca BMAoobpa3oBaHuUs

» 3. HeobxoaMmMo oLeHUTb BKaA reHa B penpoayKTUBHYIO
N30151UMNI0 BO BpeMsA Korga 3TOT reH AuBepruposan (T.e.
Ha paHHMUX 3Tanax Buaoobpa3oBaHmUA)



bosprimHuKoBas MoJsib Rhagoletis pomonella

Rhagoletis pomonella
(Photo Guy Bush)

Flowering dogwood fruit

Hawthorn fruit




«CeHCOpHOEe BUA000pa3oBaHue» y
HaCeKOMbIX (M He TOJIbKO)
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Figure 1 Modalities of ‘sensory speciation’. This figure represents
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On the scent of speciation: the chemosensory
system and its role in premating isolation

C Smadja and RK Butlin
Department of Animal and Plant Sciences, The University of Sheffield, Sheffield, UK



Kak eudwl pacnosHarom dpye dpyza???



http://flybase.bio.indiana.edu/anatomy/Drosophilidae/Drosophila_virilis_m/Drosophila_virilis.jpg
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In sympatry, two species are frequently
CO-OCCcurs
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But with choice given, fly male mates
with conspecific female




---------- JTankbl yXxaxkuBanua y D. virilis group

vir_licking.n

Tapping and licking

vir_copol.avi

vir_cop_attempt.avi

; """"" copulation Copulation attempts ~~ singing



[locsienoBaTeIbLHOCTH COOBITHUH IPU BCTPede KOHCIELUPUIHOU ITaphl Y
BUA0B rpynnbl D. virilis (Liimatainen and Hoikkala, 1997)
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[locsienoBaTe/ILHOCTB COOBITHH PHU BCTPeUde reTepocrnerquPpuiHom naphbl y
BUuA0B rpynnbl D. virilis (Liimatainen and Hoikkala, 1997)
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Heuron, Vol 39, 1019-1029, September 11, 2003, Copyright ©@2003 by Call Press

A Putative Drosophila Pheromone Receptor
Expressed in Male-Specific Taste Neurons
Is Required for Efficient Courtship

Steven Bray and Hubert Amrein®
Duke University Medical Canter
Department of Malecular Genetics and
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Neurons of the Male Foreleg

Yo | R o * Neurons Expressing Gr68a Are
Required for Normal Courtship




Effect of Gr68a inactivation in
D. melanogaster
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Bray and Amrein 2003 Neuron, 39, 1019-1029,



* Sites under positive selection (PAML)
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Open access, freely available online PLOS BIOLOGY

The Genetics of Speciation by Reinforcement

Daniel Ortiz-Barrientos , Brian A. Counterman, Mohamed A. F. Noor
Department o f Biclogical Sciences, Louisiana State University, Baton Rouge, Louisiana, United States of America




JKCIIEPUMEHT «C BBIOOPOM» U «O6€e3 BbIOOpa»

Fertilization between sea urchins species:
No choice experiments Eggs choosing among sperm

LR Using EspC sperm
0.9 1 l' Using E.oblonga spdrm

0.8 -

0.7 1
0.6 1
0.5 1
0.4 -
0.3 -
0.2 1
0.1 1

Fraction of eggs fertilized

EspCeggs E. oblonga eggs EspCeqggs E. ablonga eggs

Figure 1 When eggs of the sea urchins Echinometra oblonga and E. sp. C. are given sperm from either species in no choice experiments,
interspecific fertilization rate is high. However, when sperm from the two species are mixed in equal proportions, eggs are 2.5-4 times more
likely to be tertilized by conspecific sperm, showing that conspecific sperm precedence is strong in these sympatric species (Geyer and
Palumbi, 2005).

Buaoocneyndu4HOCTb ONnog4oTBOPEHNA B 4 pasa Bbille, Korga
OnS1040TBOPAKT CMECHIO cnepMbl ABYX BUAOB!



bavnHAUH MOPCKHUX exXeHr

benok bindin nokpbIBaeT akpocomy criepmud
MOPCKOro exa 1 CriocobCcTByeT CBA3bIBaAHNIO
C BUTENNIMHOBOW 0D0NOYKON ANLIEKNIETKU
(Metz et al. 1994)

Y pasHbIXx BUOOB O0sbLLIOE KONTMYECTBO
aMUHOKUCIIOTHbIX 3aMeH — Mpu3Hak
OBUXyLlero otbopa

[TonHasa penpoayKTMBHaA nsonaumsa — npu 8-
10 aMMHOKMCNOTHBIX 3amMeHax B bindin (u
npeanonoXxuTenbHo, B bindin-peuentope
anua.

Evolution, 59(11). 2003, pp. 2399-2404

SEA URCHIN BINDIN DIVERGENCE PREDICTS GAMETE COMPATIBILITY

Kk S. ZicLer.!23 MicHAEL A. McCartNeY.*® Don R. LeviTan.57 anp H. A, Lessios!$
L Smithsonian Tropical Research Institute, Box 0843-03092, Balboa, Panama
2Friday Harbor Laboratories, 620 University Road, Friday Harbor, Washington 98250
4Department of Biological Sciences, University of North Carolina at Wilmington, Wilmington, North Carolina 28403
SE-mail: mecartneym(@unew.edu
SDepartment of Biological Science, Florida State University, Tallahassee, Florida 32306-1100
TE-mail: levitan@bio.fsu.edu
8Email: lessiosh(@si.edu

PeuenTtop Ha snue, KOMMAMMeHTapHbIn 6anHOnAHY:

Kamei, N.. and C. G. Glabe. 2003. The species-specific egg receptor
for sea urchin sperm adhesion 1s EBR1, a novel ADAMTS pro-
tein. Genes Dev. 17:2502-2507.
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FiG. 1. Correlation between gametic compatibility and (A) diver-
gence of bindin at nonsynonymous sites and (B) COI divergence
for 14 interspecific (uncorrected for phylogenetic and statistical
interdependence) comparisons. Nonsynonymous bindin divergence
(dy) was calculated in MEGA (ver. 2.1; Kumar et al. 2001) by the
Pamilo and Bianchi (1993) and Li (1993) method. Mitochondrial
cytochrome oxidase I (COI) divergence was calculated by the Ki-
mura (1980) two-parameter (K,) method.
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Extraordinary intraspecific diversity in oyster
sperm bindin

G@.W. Moy®, 5. A. Springert®, 5. L. Adams3, W. ). Swanson®, and V. D. Vacgquier*
raphy, Univarsity of California &t San Diego, La Jolla, CA 32093-0202; *Departmant of Blology, l.hhvﬁ? of Washingtan,
af Washington,

*5cri Irstitution of
kL] WWA 3E195-1800;
Seattla, Wi 58195-7730

on institute, Privata Bag 2, Nelson, Mew Fealand: and

"Department of Genome Soances, Unkarity
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Fig. 1. Suzewvariation In oyster bindin peoteirs and mANA transcipts. (4-D)
ARisoltes from individual males {50 ug protain per lanc, Coomassie-stained).
{C) The remowval of the 24-kDa sparm nudlear basic protein from sampla Swith
0.6 M K. (£} AR 1solates pooled from several males with 35-, 48, 62-, 75-and
£3.kDa bandirs. (F-) Extracts of whole-sparm from indwvadual males (50 ug
protain per lanal. Arrows Indicata cyster bindins datermined by N-tarminal
paptide soquendng. (L-N) Wastern immuncbiots using antl-bindin serum:
Prafmmung serum gave no raaction. (O and F) Northarn blots of 20 ug total
RNA kolated from tha sper ytas of two males O shows 2 makewith only
43-kDa bindin: P shows a male with both &3- and 88-kDa bindins.
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Ag. 3. Southern blots of two diploid males (A and 8} digested with three
anzymes whose recognition sitas ara not in full-langth bindin cONA (aval,
Hind®, and EcoRl). Shown & 10 ug of digested DNA par lane. Probes of the 3
UTR show 3 maximum of two bands par Individual, suggesting that oyster
bindin Is 2 singla gene. Genomic DNA sequences indicate that each Floctin
repaat 1s bisectad by an intron, and probes wsing 3 full-length rapeat yiald
mulitiple bands. Of saven individusls analyzad, no two had dentical patterns
of hybridization with the ropeat probe. Hindildigested Lambda DNA siza
markar {kbp) & on tha laft.



Muaum - BCe TOT e NOJIMMOPQHbIN O€JIOK Ha
CIIEpPMHUHU.

A_Samnlina locations

Geographic Variation and Positive Selection on M7 Lysin, an Acrosomal Sperm
Protein in Mussels (Mytilus spp.)

Cynthia Riginos, Duane Wang, and A. Jeanine Abrams
Department of Biology, Duke University

B. Haplotype frequencies from sequences of the fifth exon
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C. Allele frequencies from restriction digests of the fifth exon
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Fia. 2 —Restriction digests of genomic amplifications from represen- N~ ,-’ﬁf"/_.'/,}o
tative individuals of Myrdus sossulus (WAT74), Mytilus edulis (WH390), o2
and Mytilus galloprovincidis (LI876). The BsfEIl restriction site is only A \
present in group D alleles, and the BcaR V site & presentin all M. edulis and I{..
M. gdleprovincialis alleles (A, B, C, and D). LJ876 isa BD leeraygote; -
M. gdicprovinefalis individuaks lacking a D alleke have restriction profiles o T i . _,,o—.-‘:"
identical 1o M. edlis. AB.C ﬁl { v “

Pa. 1. —Sampling locations and observed M7 lysin frequencies. (A) Sampling locations. E, G, and T (Mysles edulis, Mytdus gallaprovineialis, and
Mytilus trossubus, respectively) indicate the species composition at each location. Hybrid individuals have been found wherever 2 species are sympatric.
Abbreviations for populations used in figure 3 are given i parenthe ses. (B) Haplotype frequencies as determined from DNA sequences of the fifth exon.
(C) Alkele frequencies &5 determined by restriction digests of the fifth exon.



JIBUOKYIIIUM OTOOP B JOMEHAX CBSI3bIBAHUS C
O0eJIKaMH CllepMUd

Abalone receptor
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Urchin receptor

O TSP domain O CUB domain I Hyalin domain



[Iocsie 3aBepuieHUsI BUA000pa30BaHUSA OTOOP
MOXKeT 6J1aronpUATCTBOBATD IOSBJIEHUIO
HOBBIX aJljieJied 6aMHIWHA
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Y MOPCKUX exeun peakue annenu npenaTtcTBYoT NosiMcnepmmm n
NoBbILLAIOT ycnex onnogoTeopeHns (no Levitan and Ferrell 2006)



Individual-based simulation model

Selection: AA>AB>BB Selection: AA<AB<BB
Averaged for 5 loci Averaged for 5 loci

Migration

Migration
Nm=0-300

Mate recognition (1-5 loci) AA, AB = wild type
BB = new type

.nOKbeI MeHOENMNPYIOT, HyKneoTnaHasa nocsiegoBatesibHOCTb

Mutation rate ot 104 go 107 Transition/transversion = 5/1



Individual-based computer simulation

model

» Two sets of loci:

mate recognition system (MRS)
A-ancestral and dominant (AA,Aa-old MRY)
a-derived and recessive (aa — new MRC)
Adaptation to resources
B-generalist (ancestral state)
b-specialist (new niche)
Ancestral niche: Sgg > Sg, > S,
New niche: Sgg < Sgp, < Sy,
» Parameters

Population size (500, 1000, 5000 ...)
Mutation rate
Selection for BB, Bb, bb

Outbreeding coefficient (proportion of crosses between AA
or Aa and aa).



Types: specimen, population
» type
» Tgene =(BB,AB,AA);
»  Tgapl=(ga, gb);
» TGender = (M, F);
» Trace = (N,H,S);
» Tmt=(No,So);

» Tnuc=(C,TA,G);

Specimen = record
race: TRace;
gend: TGender;
mt : Tmt;
locus : array[1..10] of Tgene;
seq : array[1..100] of Tnhuc;
end;

v v VvV VvV VvV VvV VvV Vv V9

Typepopul=array[1..3000] of specimen;
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«['eHbl BUI00OpPA30BaAHUS»

» CKOJIbKO reHOB y4acTByeT B BUA00OPa3oBaHUKU?

» Kakomn y Hux “effect size” (Kakon BKNag BHOCUT KaxKabli
3 reHoB B 0OLLYI0 penpoaAYKTUBHYIO M30NALMUIO)

» Bo3HuKatoT M mytaumm “de novo’” nnm otbumpatotca us
MMeLLLEroca NPMPOoAHOro noanmopdusma’?

» HackoNbKo BaXXHa «HeCcoBMeCcTUMOCTb [106KaHCKoro-
Mionnepa» no cpaBHEHUO C CYMMAPHbIM 3PPEKTUBHbIM
3HaYeHUem reHoB?

» KaKkue nameHeHuA Yalle nrpatoT posib B
BMA000pa30BaHNM — UISMEHEHMUS B PEryIATOPHbIX CalTax

NN B KOAUPYOLWEN NocNen0BaTe/IbHOCTU?

The genes underlying the process of
speciation

Patrik Nosil™2 and Dolph Schluter®



