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Teopnd - MEXaHN3MEb!
ApanTtauusa,
B/006Pa30BaHNA A

obpa3HoOCTb

HacnenoBaHve 65aronprobpereHHbIX NPYBHAKOB: (JiaMapKiaM,
HOMOREHES, HERIaMapK3M)

= adBTONEHES (HampaBieHHOE AEVCTBIE BHYTPEHHVX hDAKTOPOB?. v
CTPEMJIEHVIE K COBEPLIEHCTBOBAHNIO)

= SKTOreHes (HanpaB/ieHHOE AenCiB/E MaKTOPOB CPEABL!)

JaPBVHVEM
= VIBMEHUMBOCTH (HEHaNPaBIEHHas, CiayYanHas)
= VB0ASLUNS NORyJISUmmn
= OTO0p Havbosee NPUCHOCOBIEHHBIX - aganTalms +

CabTallyiOHNEM
= [10SBJIEHVE PESKNX MBMEHEHMM (MakpoMyTaLinm)

= BUbl NOSBASOTCA MFHOBEHHO, V13 0TAEAbHbIX 0CObEN (<hopeful
monsters»)



OcHeBHOV MexaHsM BOAIOMIL IO Y. AapBIHy.

VsvermammBocTh

Visoagrivis

Oroe0op

EicTecTBeHHBINT OTOOP PasSHOBIAHOCTEN B PASATIIHBIX
YCAOBVIX CyIIECIBOBAMYIA MOCTENEHHO (HPVIHIVLL 2PA0YAAYUSMIA) BEACT
K Jusepeeiiyy (PACXOXKACHIIIO) MPMBHAKOB STIIX PASHOBIAHOCICN 1, B
KOHEUHOM cUeTe, K BIA000pasoBaHio. B HacTosee BpeMsi Takoe
BI1A000Pa30BaHIIe HAShIBAIOT a410laTpraeckiM (rped. allos —
PASHBIA VI patris - poAia).

MexaHmsy 8B0AIOMII (O0BACHAIOIINIL IeACCOOOPABHOCTE (POPMBL I
CIPOEHIs SKVBBIX CYIIECTB) —eCTeCIBeHHDI OTOOP OPraHII3MOB,
JIMEIOIIIX CAydaiHble HacAeACTBeHHbIe ISMEHEeHIS.

Cuminarpnyeckoe Br14000pasosanie (0es HpoCTpaHCTBeHHON
VIBOAAIINL, Tped. syn - BMecTe 11 patris - poAriHa)



Dra0oreHeTYEeCKOe APEBO — MOAeAb DBOAIOLIVIOHHO MICTOPUN
TPYIIIIBI TAKCOHOB OT OAVIKaMIIIero npeaxa

IIpeannoaosxenus:
® cTporasi AVBepreHLs

® BepTUKaAbHOE HacAea0BaHUe
IIPU3HAKOB

IIpoTnBOpeuYnBbIE
(praoreHeTIIYECKIIE CXEMBI
=>
OaHy npu3HaKM Aydllle,
4eM Apyrue AAs peKOHCTPYKLIIN
¢pumaorenmm?

AU
YTto-1O enie?




OcHOBHOM MeXaHII3M
DBOAIOIVIY MO . AapBIiHy

Viseastianis

James MAIITET:
(2001) The speciation revolution. — J. Evol. Biol.
comment on Coyne (1994) Ernst Mayr and
the origin of species. Evolution 48: 19-50.

Reality of species is now: doubted by many.

Reproductive isolation is no longer generally recognized as the best
definition of species.

Speciation does not require allopatry.

Natural'selection is becoming viewed as the primary catise of
speciation & divergent natural selection might outweigh gene tlow
even at very small spatial scales (Bush 1975; Endler 1977; Barton &
Charlesworth 1984; Schilthuizen 2000).



«[Fagkmn YTeHOK» 1 «JIeEpHENCKas rapa»
SBOJIIOLIMOHHON TEOPUM

Sara Via: «The o

E. Mayr (1942) Systematics & the origin off species. Columbia Univ.
Press




CyMnaTpus

VIAES CMKaT PV

«CocyLyecrBoBaHHe ABYX HJIN bosiee reHeTHYEeCKuX
rnonyasayny Ha OgHOM M TOH JKe TEPPHUTOPHN>

Nomyaauns

CYMNaTPNYECKNE W CYHTONNUECKME (0buTatouye
Ha OAHOV TEPPUTOPUN U Bl OAHNX 1 TEX e
BroTonax)

[lapanarpnueckme (obutarolie Ha oaHON
TEPPUTOPUN, HO B PasHbIX 610TOMax)



CyMiampysa - Hadano

HacekoMble-duTodany, ObuTaolVe Ha PasHBIX B1AaX
[IEPEBLEB

Brues, C. 1. (1924) The specificity: of food-plants in the evolution of
phytophagoeus insects. American Naturalist, 58, 127144

Thorpe, W. H." (1929). Biclogical races in Hyponomeuta padella L. J.
Linn. Soc. Zool. 36 : 621-634.

Thorpe, W. H. (1930). Biclogical races in: insects and allied groups. Biol.
Rev. 5 & 177--212.

Thorpe, W. H. (1945). The evolutionary: significance of habitat selection. J.
Anita. Ecoel. 14 : 67--70

Smith, H. S. (1941). Racial segregation in Insect populations: and its
significance In applied entomology. J. Entomol. 34 : 1--12.

[oaaepxvBanv MAED, YT0! Y HACEKOMBIX-MUTOMAIOB adanmalys K HOBOMY.
PACTEHVIO-X039VHY: MOXXET NPOVNCX0ANTHL B NPEeAeiax eAVHOr0 apeasia,

HOBBLIEPACHI, B NPOLECCE a/iaNTalinm K HOBOMYPaCTEHNIO=XO3ANHY
CTaHOBSTCS B1aamMy 6e3 NPOCTPAHCTBEHHOW USOJIALIN

[.0. BuabI-6nmsHelbl (White, 1978)



CMaTpyYECcKoe BMA006pa3oBaHE - MOAESb

Maynard Smith, J. (1966) Sympatric speciation. Am. Nat; 100, 6357—650

disruptive selection leads to a stable polymoerphism, and indirect selection
against hybrid progeny: favors ASSORTATIVE MATING WHIChI canllead to
SPECIation (AVEPYIIVBHEIIGTO0R BEAET K CTa6manomy HONVIMOPEVIZMY, @
HENPSAMOV OTOOP NPOTVB IMOP/ACB CIOCOOETBYET aCCOPTAIVBHOMY,
CRPELIVIBaHNIO) KOTOPOE MOXKETHIPYIBECTVIK BII00OPa80BaHNI0);

when the substitution of just one allele causes fidelity to the
natal habitat (ONE-ALLELE MATE CHOICE), the likelihood

oft sympatric speciation is greater than I a separate allele causes choice of:
each parental habitat (TWO-ALLELE MATE CHOICE) (koria saMeHa Jivillib
OIHOENG aNiENs BEIBBIBAET IPVBA3aHHOCTE K POAHOMY: MECTOOTAHMIG
(BEIGOP MapPIHEPZI 10 OAHOMY aNiMIEN0), BEPOSTHOCTE CYMIaTPIYECKOSO
BI00BPa30BAHVIS BEIUIE, YUEMIEC/HV OTAENBHBIE aNIENVI BBISBIBaIOT BEIGOP
KeyK/AONL0) POAVTENBCKOLO MECTOOMTaHVS (BEIOOR aPTHEPA O ABYM
NIENIM):



CMMAaTPUYECKOE BMAOOOPA30OBAHNE -
CKEMTULIN3M

Felsenstein, J. (1981) Skepticism| towards Santa Roesalia, or Why: are
there so few kinds of: animals?. Evolution 35, 124—138

- [POTVBONOCTABAEHVE AVBPYHTBHONO OTOOPA VI PEKOMOVHALIY,
KOTOPas NPENATCTBYET BOSHIKHOBEHVIO HEPaBHOBECHS O
CLIENIEHNIO VI aCCOPTaTMBHBIX CKPELVBaHNN.

KOHLEMLVS CUMAaTPNYECKONO: BMAGOOPA3OBAHNS ONisiTb NpysHaHa
MaJ/IOBEPOSTHOM.
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CMAaTPUYECKOE BMAOOOPa30BaHNE - MOAAEPXKKa

Rice, W.R. (1984) Disruptive selection on habitat preference and the evolution of: reproductive
isolation: a simulation study. Evo/ution 38, 1251—1260

Rice, W.R. (1987) Speciation via habitat specialization: the evelution of: reproductive isolation
as a correlated character. £vol. Ecol. 1, 301-314

Rice, WER. and Salt, G. (1990) The evolution of reproductiverisolation’as a correlated character
under sympatric conditions: experimental evidence. Evolution 44, 1140—1152

Kondrashoy, A.S. (1986) Multilocus models of sympatric speciation: I11. Computer simulations.
Theor. Popul. Biol. 24, 121-135

Kondrashoy, A.S. and Mina, M.V. (1986) Sympatric speciation: when is:it possible? Biol: J. Linn:
Soc. 27, 201—223

PEnpoayKTMBHas N30SLMS MOXET BOSHVIKATH B YCAOB/SX CUMIaTpUV WiV HENOCPEACTBEHHO
KaK PE3yJibTar AVN3PYATVIBHOLO OTO0PA! NPy BbI6OPE MECTO0BVTaHNS, NGO Kak
IEVOTPONHBIVI SMMEKT ANBPYATVBHONO OTOOPA MO APYIVM NPU3HAKaM.

ClUEenIeHVe MEX/ay JIOKYCami, [0 KOTOPBIM VAET AVNSPYNTVBHBIV OTO0P, C JIOKYCaMY, KOTOPLIE
OTBETCIBEHHB! 38 aCCOPTATNBHOE CKPELVBAHNE, YCWIVBAET SMMEKT — PEKOMBMHALMS He
Tak CMIBHO MELLAET BMAOOOPaseBaAHNIO.

11



[Ipeo0IEHVE aHTaroHM3Ma OT60p — pekoMbyHalms (o Via 2001)

Mechanisms that reduce the selection—recombination antagonism
Mechanisms that eliminate requirement for linkage disequilibrium
One-allele habitat choice
Disruptive selection on habitat choice leads to assortative mating pleiotropically.
Same character under disruptive selection acts as mating cue

Mechanisms that reduce recombination or its effects

Close linkage or partial pleiotropy: between: selectediloci and loci causing
assortative’mating

Mechanisms that strengthen selection or its effects
Increasing strengthi ofi selection as divergence iIncCreases
Multiple agents off disruptive selection favering or reinforcing assortative mating
Appearance of' new. forces off disruptive selection'as diVErgence proceeds
Selection for increased! local adaptation
Sexual selection for altered mating cues

Fccl)(l_ogigzal selection against hybrid offspring (facilitated iff intermediate habitat is
acking

Repeated occurrence of mutations with habitat-limited benefits causes disruptive
selection on habitat choice

Sexual selection or sexual conflict

12



[FfeHeTnYEecKne MexaHnsMbl|
(AvBEpPreHTHOoro) B1aoobpasoBaHms

1. €IS/ OT60p MAET B YCIOBNSAX USOMALVN VI BEAET K HAKONIEHVIO Pasivivin
B CTPYKTYPHBIX FEHax (CABUIT YaCroT alIENEN), MIEVOTPONHBLIV SDMEKT,
KOTOPBIX AEaeT NOCHIEAOBATENBLHO:

cybononyaaum — ROMYAILUUaMUY,
NONyAALUNY — NOABVAAMY,
NOABVABI — BUAAMV B CTaAV CTaHOBAEHVS — <XOPOLUVIMI>» BUAAMW.

2. CMIaTPVUECKOE BNIOOOPABOBAHIIE = T0KE CaMOe, HO 6e3
IPOCTPAHCTBEHHOM M30SLMN, 3a CYET aCCOPTATVBHOCTM CKPELIVBaH B
\/CIIOBVSIX [OTOKa FEHOB

3. Onbop VAET HE MO CTPYKTYPHBEIM [EHAM, a Mo PERYASTOPHBIM (PErYAsLNS
SKCHPECCUN| + PasinUHbIE SHVTEHETNYECKNE MEXAHVBMBI)

[MNOTESA: Buasl NoAAEp>XVBalOTCS OTO0POM U PENPOAYKTMBHO HE
N30JIVPOBAHL!.



MoaesnbHble 00BbeKThbl

[IO3BOHOUHBIE — NPOBAEMA MAEHTMVKALY BUAOB-ABOVH/KOB, 0COHEHHO
V. MEJTKIX XKMBOTHBIX V1 OCOBEHHO! [0 MY3EVHBIM SK3EMIISPaM;

Y KpYHHBIX [03BOHOYHBLIX PEAKO COCYLIECTBOBaHVE BiVBKIX BUAOB Ha
ofHOV TEppUTOPVN (CROH, BEFEMOT, JIEB, BEBIV MEABEAL; VNCKII. HOCOPOT)

[TMUBl — TRYAHOCT B ONPEAENEHN CUMITATPN
MOPCKWE phIBE! 1 AP, OPFaHV3Mb — T0 Xe
[IPECHOBOAHBLIE PHIOH!

BECno3BOHOYHLIE

PacrteHund



CeTyaTas aBofoLUus - 3To TUN 3BOMOLUMK, KOrAa Ase unu donee paHee
N30MNNPOBaHHbLIX PUNOreHETUYECKUX NUHWUI CNNBAKOTCSA BMECTE NyTeM
MEXBWOO0BOW rmdpuansauum

I[TEPCOHAAVI:

G. Ledyard Stebbins, Jr. (1959). The role of hybridization in evolution. Proc. Am.
Phil. Soc. 103:, 231-251.

Egdar Anderson (1948) Hybridization of the habitat. Evolution 2, 1-9
and (1949). Introgressive Hybridization. (New York: John Wiley and Sons).

Verne Grant (1981). Plant Speciation. (New York: Columbia University Press).

Loren Rieseberg (1997) Hybrid origins of plant species. Annu. Rev.
Ecol. Syst. 28, 359-389

Michael Lynn Arnold (Univ. of Georgia) — Louisiana irises, kuuru «Natural
Hybridization and Evolution» (1977) «Evolution through gene exchange» (2006)

E.I'. boOpos — VInTporpeccusHasa ruOpmAn3aniisl y XBOMHBIX
IN.10. Kopontaunuckui, /.J1. Muaotun VIHTrporpeccusHas rmOpuansanis y
ApeBecHbIX pacTreHunn PO



CeTuaTast ®BOAIOITIIS

ITEPCOHAAVI:
Nickolas Barton, Geoffrey Hewitt — Teopust ruOprAHBIX 30H
Richard Harrison — aHaau3 ruOpuAHBIX 30H

James Mallet (2006) Hybridization as an invasion of the
genome Trends Ecol Evol 20 (5) 229-237

Gerald Smith (Univ. Michigan, Ann Abror) - Introgression in fishes: significance for
paleontology, cladistics, and evolutionary rates (1992)

Louis Bernatchez (Univ. Laval, Quebec)- cepis paboT 110 9BOAIOLIUN ¥ UHTPOIPECCUN
CUTOBBIX

/. C. bepr Tpyap! mo Teopmm 9BOAIOLNN

A1 bopkun, M.C. Aapesckuit - Ceryatoe BuA000pa3oBaHue y sIjepull

Cetuaroe (r1nOpua0reHHOe) BIA0OOpa3oBaHye Y II03BOHOUYHLIX//KypH. oO11er 61104.
1980.T. 41. Ne 4

B.I1. Bacuares, E.A. Bacnabesa — AnmnaonaHo-11oAnnA0uAHble KOMIIAEKCHI Y IIUIIOBOK
Cobitis. HoBBIIT AUTIA0MAHO-TIOAUIIAOUAHBIV KOMILAEKC y pb10//Aokaaasr AH CCCP.
1982. T. 266. Ne 1; IlepBoe cB1AETEABCTBO B I101b3y OCHOBHOM I'MIIOTE3bl CETYAaTOIO
B1A0OOpa3oBaHmsl y 1o3BoHOUYHbIX//dokaaasr AH CCCP. 1983. T. 271. Ne 4



['enermaeckme 11 DBOAIOLNTIOHHBLIEC OCHOBDI:
[, Zlzlosniee

By 00)0) Uzl O FEIEINE — A UIBS D ISELTEIHIIE TERIOLIECe, BUE) eyl S/l
OPYEEVADICHN [IEVIKO) ETE VOIS CI IO COOCH BN

VlexaHraMbl 180 ATV

Drisideckas (HPOCIPatCIBEHHO-BPEMEHHAA, DKOAOINUECKAL),
HECOBMECTMMOC T, HERIIBHECHOCOOHOCTD MNH(EPIMALHOCT
[1OPIAOB)

“Cenapes dlagnes (el QuEE Cesn, Y aEl D 00T es, ANeizl YOIV L)
i pyopicls Eeeiehey ezl 2007
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['ermermmueckre 1 BOAOIIVIOHHBIC C ) C D

OCHOBBDI:
£330

BB1/s14 MOpdoA0Ta Ha IOPIUANSAIIIIO npeaKoBas hopma?
> [OPIABLPEAKO PLIICTPIPYIOTCS

Ia/1EOHTOAOIAMIL VI €4Ba AV MOLYI ObITH

VACHTIMUIIVPOBAHDBL Ha OCHOBAHIIL

MOP(POACTIIL 4o @

> @DeHOTMIIIIECKIA HPOMEKYIOIHBIE 1
XVIMEPHBIE MTHAVIBVIANY MBI Q
PACEMATPIIBAIOTCAH KAK P EAKOBBIE q)OpMI)I
VAVE PESYAbTaT KOHBEPTICHITVITI

> AVIBEPIEHIHAN DBOAIOM VIS DT0) O CHOBHOIL KOHBEPTECHIHSA?
VAV EAVTHCTBEHHO) BO3SMOMKHBIV MEXAHIIZM
DBV

> — /loKaBateAbeiBa MHTPOIPECCHVI
I/1OPVAOTCHHOIO BIIAOOBP A OBAHIIST B3 )
HE/0CTaTOUHbI

- . .

ruopuan3aifis



Turiel rMOpmau3anm
(B ®BOAIOIIIOHHOM KOHTEKCTE):

«I'yHmK» (ToALKO F1)

«V13oas111150» OT
POAVTEALCKIIX BIAOB (F2, FS...)

VIHTpOrpecenBHAN IOPIAVISALIA
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[FeneTmaeckiim Mo AX0A:
> AVICKPETHBIC MOACKY AP HBICHIPISHAKI

AUNIA0NAHBIVI OPTraHU3M

KoaoMmHaaHTHBIN s14epHbIN HepexomMOmHumpyommin Mmapkep
MapKep (rerepOo3uUroTsl 110 (cmech 2+ cr1ABbHO
AAQHHBIM aAAeAsIM HUKOIZa He AVIBEPIVIPOBABIIVIX TaILAOIPYIII)

00pas3yIoTCs B IIpejelax BuAa)
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CeTuaTast ®BOAIOLIMSI DTO TUII DBOAIOITINI, KOTAA ABE UAU
0o0zee paHee U30AVPOBAHHBIX cpMAoreHeTI/IquKI/IX AVHUN
CAMBAIOTCS BMeCTe IIyTeM Me>KBIAOBOM rMopuUAN3auu

Species 1 Species 2  Species 3
FG H | KL M

0123

TRENDS in Ecology & Evolution




C.C. YeTBepynKoB

<lonyasuns BiTbIBaeT FEHOBap/aLny
(MBMEHUYMBOCTL) Kak FY6Ka».

By, Kak ybKa, BANTLIBAET B CEOH FETEPO3NTOTHEIE
[EHOBApPValM, CaM OCTaBadCh NPV STOM BCE BPEMS
BHELWHE (DEHOTUIMNYECKN) OAHOPOAHBIM> (1926).

He 1oibko MyTalinm, Ho v aaeny 6avskix BUAOB, C
KOTOPbLIMY AaHHbBIV BUA MOXXET CKPELBaTbes. He
MeANIEHHas SBOMOLIVS MyTEM HOBLILLEHVS YaCTOTb!
PEAKVIX BapyaHToB [EHOB, BO3HVKIIVX de. 1ovo; a
[IOHOPCTBO OAHVMW B/AaMI YaCTi CBOENO, [EHOMA
APYVIM UEPES VHTPORPECCHIO CPA3Y. Hal BEICOKMNX
YaCTomax. OCOBEHHO Ha Kpasix: apeasioB.

«B HNPNPOAHBIX THONYIIALUNAX npeoGnanaeT [HAHMWKCIA>

V3 3T0r0 CIEAYET, UTO A NOAAEP)KAHVS BUAOBOV UV <KPacOBO>
CAMOCTOSTENBHOCT NPV CUMIATPYN HEOBXOAMMO INB0! CYLLIECTBOBaHNE
PENPOAYKTVNBHON M30MsUMM, b0 AENCTBME AOBOJIEHO XXECTKORO 0T60pa. Bo
MHOMX TPYyRNaX PENPOAYKTMBHOM N30ASLUNN HET, SHAUWT...

OTBOP!



AJJIONATPUYECKOE BNAOOOPa30BaHNE V. pbI6



[IpyMep anonaTpUYECKOro BMAoobpasoBaHns - Brunner et al., 2001 Evolution

O 8. a. alpinus
& Soa erythrinus
V . a. oquassa
B> §. a. salvelinus
B S elgyticus
2 S. malma

® S. albus
O S. boganid

O S. drjagini
A 8. svetovidovi
B> s. taranetzi

GL5-7

/ 3 CD12 ¢ps

D6 YCD34
A7E cn1,2

MN8
L MN?
O,

MN1-3

QO S. a. alpinus
< Sa erythrinus
YV S.a. oquassa
[> 8. a. salvelinus
B 8. elgyticus

A 8. malma

— I (7)
AT ‘A

® S. albus

O 8. boganidae
O S. drjagini
&\ S, svetovidovi
[ S. taranetzi

ARCTIC CHARR PHYLOGEOGRAPHY

rreDNA

90 87 90

69 55 55

918987 ATII\&D 2
[ ACD 3

72 66 64

59 60 56
¥

58 54 49

8581 82

87939
-

8. svetovidovi

S. fontinalis

-

577871

5. leucomaenis

——
0.005
Distance

S. namaycush
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Coregonus clupearormis— MTAHK @unoreHns/dMnaoreorpadns

Polar Arctic Circle

bt
|

el 1 I=1¢

¥ 7

Figure 2. Geographic distribution of the five major phylogenetic groups. (Figs | & 2 modified from Bernatchez & Dodson, 1994.



CMAaTpPNUECKOe BUAOOOPasoBaHME V. pbi6
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PbIbbI I X cpefia obyTaHns
KaK- MOAEJIEHbBIE 06bEKTHI AJIA CB

ek

Bona: r,).mfj SHTb! CPE/ibl: CONIEHOCTE) TEMIEPATYPa) OCBEIIEHHOCTS, PH,
KOHIIHT PALYIE KIACTTOPOE) HABEHVE) AOCTYHOGTS Y OBVAVIE PAANAHbIX
IVILIEEBIX OO BEKTIOE;

IPECHIIABEIVCHPETEANEBICOREHNIIOHOBYTOCTBWNHEIRSa0OIBIN0)

l'L)TJJ‘JJrTBQ) e M elISVIGIYIARCSEHIE IS EHLI 010 J'Fﬁ(),):]

I BIICENV OOV ERVIXSEVIOENE [9EISTIVIE bl 51X 16| (69 11 CIAS: OV HOIIPIX:
COSNMESCT |0

-

Y aHaapOMHbIX (MPOXOAHLIX C HEPECTOM B PEKAX) PhI6 eCTb a/I/IOXPOHHS
— HEPECT B Pas/iNyHbIX CE30HbI B OHWX U TEX XKE BOJOEMAX.

+

- Cpefa reteporeHHa 1 MonyssiLus reTeporeHHa, ectb Matepvan ans
oTbopa — HoMEe A CUMNATPUYECKORO BUAOOOPa30BaHNS

0%



[M6pnAnN3aLnS - NPEArOChIUIKY

(mevemy. rmbpnansalms o6siYHa V. pbi6)

IHapPY>KHOE ON/IOACTBOPEHVE
HepazsByTble MEXaHVBMbI STOJIOIMYUECKON MBOMSLIN
Hepeaka cnmyalns ¢ HEPaBHOM BCTPEYAEMOCTLIO POANTENBCKIX BUAOB

YacTo, - cuMiatpys 6n3KopOACTBEHHBIX MOPM (13-3a CXOAHOW SKOION
PasMHOXXEHWS AeNdT HEPECTUIVILLA)

Bce a1 0CO6EHHOCTI BapbUPYION O TaKCOHA K TaKCOHY. 1 3aBUCAT O
MECTHBIX YC0BMI, HO OHM BECbMa PACHPOCTPaHEHDB! Y. pbI6



[M6pnAnN3aLnS - NPEArOChIUIKY

(mevemy. rmbpnansalms o6siYHa V. pbi6)

lIpECHOBOAHBLIE PHIOLI GOPETBHON 1 CybapKTMYECKOV 30HBI— MHOLO
OJIVBKOPOACTBEHHEIX MOPM Kak CHIEACTBUE TPaHCMOPMaLlny CPEAb! U
BOAHOW CETY B TIJIEVICTOLIEHE 11 FOJIOLIEHE

+ aHTPONONEHHBIE BMEHEHWS CPEAbI (BOAHON CETV - KaHasbl,
SBTPOMVKALIVS, 3arPASHEHVS, NHTPOAYKLUN, NHBA3UW W T./.)

MOpCcKVE pPbIObI — PEXE, Cpeda bosiee crabwibHa, HO — lHaHaMCkm
CyaLKM KaHasbl.



Victopus

Hubbs — 0630p ro C. AMepuke (1955) Hybridization
between fish species in nature. Syst Zool 4:1—20

a
-

.

Y, ? Schwartz F. J. (1981) World literature to fish hybrids, with

an analysis by family, species, and hybrid:

Supplement 1. NOAA Technical Report NMES SSRF—750,
U.S. Dept. off Commerce. 507 pp.

Carl Leavitt Hubbs .
3759 YyRNoMHaHWY rMepyansaunmn y. pbio

Swst, Beof. 41(1):41-57, 1992

INTROGRESSION IN FISHES: SIGNIFICANCE FOR PALEONTOLOGY,

CLADISTICS, AND EVOLUTIONARY RATES

GERALD R. SMITH

Museum of Paleomtology and Museum of Zoology, University of Michigan,
Ann Arbor, Michigan 48109, USA

Cenyac — eXkeMecsaYHOo ONVChbIBaOTCA HOBbIE CayYan rMbpansaumnm,

NHTPOFPECCHN N CETYATOMN SBOJIIOLMN Y PbIO



TaKCOHOMUYECKMW YPOBEHD (pPasnnums
TMOPVAVBYIOLLVIX POANTENBCKX BNAOB)

Buab! pbi6 pasHbIX OTPSAOB Y CEMEVCTB — MUMbI
(LI POKOPACHPOCTPaHEHHBIE B NEPVO, HaMp., MYy PNHCKON
Gyosern)

Byak! pbib pasHbIX POAOBE — PEAKO (MAoTBal RULIUS IULIUS — el
Abramys braria)

Byabl pbi6 0AHORO PO/a, CUIBHO AVBEPIVPOBaBLIVE SBOJOLUNOHHEIE
JIVHVN — OTHOCUTENBHO YacTo

BAVIBKVE BHYTPYBVAOBBIE TAKCOHbI (MOABVALI, PACH!) M HORYASLN
O[IHOIO B/AA — FPaHVLLy MPOBECTM TPYAHO — YaCTo

OCOBEHHO YaCTO! - V. NOMVIOVAHBIX BUAGB (Y KOTOPBIX NPOM30LIIa
AYINVIKaLWS BCEFO FEHOMa — MPEOAOIEHVE HapyLLIEH MENO3A).

OcobeHHO YacTo — Y FPYIM, Y. KOTOPbIX ECTb FMHOREHES (Poeciliidae,
Cyprinidae etc.).
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[IpecHOBOAHbIE PblObI KaK MOAe/ibHble 06beKTbI Ana CB

Pbi6bl TPONUKOB,
B T.UY. APEBHUX 03ep

CTabmibHOCTL CPEab|,
VBKVE HLLIV

JAPEBHOCTH SKOCVCTEM

ByKeTb! CRElVanVBPoBaHHbBIX
BYIOB

OKpacKka 0YeHb BaykHa!

VS.

Pbi6bbl 60peanbHO-
APKTUYECKOWN 30HbI

HecrabninbHOCTb CPEAbI,
LIIPOKVE HULLIV

[NAercroLeH-ro/IoLeEH

<JIVIHAMNYECKOE PaBHOBECNE
YaCTVNYHO M30/IMPOBaHHBIX OPM,

dAdTVBHBIE TIVKA

OKpacka He Tak Ba)kHa!



Seehausen ea 1999 Ecology Letters — Color polymorphism & sex ratio
distortion; in a cichlid fishias an/incipient stage in sympatric Speciation
by sexual selection

Aabbwmm:nam mmuw
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Tpy Craany aAanTBHOV Paavalny y: UnXana
(Danley, Kosher, 2001; Kosher, 2004)

a Habitat adaptation b Diversification of ¢ Diversification of
feeding apparatus colour pattern

e
-

Figure 1 | Three-stage radiation of cichlids in Lake Malawi. a | The first stage of cichlid radiation involves adaptation to distinct
rocky and sandy habitats in the lake. b | The second stage is a radiation of trophic morphologies within each habitat, which is
represented by the jaws of Metriaclima, Tropheops and Labeotropheus (top to bottom, respectively). ¢ | The third stage is a
diversification of male colour patterns within each lineage, which is represented here by species of the genus Metriaclima.

Modified from REE. 11 © (2001) Blackwell Scientific.




SBOJIIOLUMOHHAY FEHOMVKA Unxana
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[TpoBaema cumIilaTpydecKix Gpopm

PATTERN PROCESS

OBy TeHHDIN 11y

Ecophenotypes

/I,/IIII 5 4/ I;In v, 7 Mllltiple

MHoskecTBeHHbIE BCeASHIL 4,,,,,,,,,,,.... Z L5
Invasions

byker Br1a0B

Species Flocks
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MIFM Kak WHCTPYMEHT OLEHKV BPEMEHW Wi CTENEHN N30SIV
Yepes YPOBEHDb AVBEPFEHUMN (OTHOCUTENBbHBIN)

1 OOWMM reHHbIN Nyn
L, \ e —
< >
a >
[—
[S—

2 bykeTbl BUOOB CUMNATPUYECKOro NPOUCXOXKOEHUS

>
—
>
—
>
e —— >
—
3 MHOXecTBEeHHbIe NHBa3umn
>
/
— —
—

MI'M
=[1HK, annosnmbl

38



LLlnnoskn, Cobitis spp. — rubpmnaoreHHoe BMaoobpasoBaHne
(cuMmnaTpuyeckoe) nytem nonunnonansayum

®4n

T

®4n
f 2n + 3n + 4n
NG X @2n
2n®—xX—@2n

2n@®—X—@2n

Puc. 4. Cxema rubpuaooreHHoro (cetyatoro) BUOoO-
ofpazoBaHng (oo cTagmMy annoTeTpannongun) y no-
3BOHOYHBIX (MO [6]): [-/ll - 3Tanbl nocnepoBaTensHOM
rmépunamnsaumm, NpuBoaaLME K NOBLILLEHUIO cTene-
HW MIOMOHOCTN TMOpPUOHON (GopMel. PNONETOBLIE
KPYXKN — BUCeKcyanbHele BUOLI, 3eNeHble KPYXKKU —
oJHononkle rMépuaHble BUAOLI
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[TpoBaemMa cuMIaTpUIecKix GOpPM Y CITOB

Kpyibie i1 kapankosble ey Espoust 1 €. AMeprKi
IMHOIO- 11 Ma1OTBIMIHKOBbIE CIIVL EBPOLILI

IBoKBAH 11 MyKeyH Criompin

CUI-BOCTPAAK V1 CUT-TOPOYH (MBDKDAH) AHaABIPs 11 [Te oK IHbL
Amypcekit et C. yssuriensis 1 cur-xadapsl C. chadary AMypa
Teaemwxiin enr 1 evokok Ipasayiia

Crirm i panyiika bayHToBeKIIX 03ep

Omyab 11 eyt 08. barikaa

C. artedir complex Beankmix osep: C. AMepyikin

Meakas paryimka C. albula i1 kyzen (OBesxckoe 08.) 11 pyiiyc (Aasosckoe
03.)

Z10)
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lower mouth BRER \
high and narrow restral ek R R R R R I R R R R AR R R R
plate HERRELE Rl
maxilla just reaches eye edge :
sp.br. 20-25 (23-24)

.. 87-91

p. Amyp




(In'Onon:
chirenomids, mayflies, fish
In lower Amur:
chironoemids, amphipods,
stoneflies, fish, Mysidae)

fish (Cyprinids,
copitids, lampreys,
+|arge Insects)




Minimum Spanning Network:among mt (ND-1) haplotypes. of:
Amur; River: Goregonus.spedies;and other: coregonids

C. mmém;@ C. pidschian

C.sardinella ' » . i .artedii
.antumnalis

migratorins +
‘Baikal lacustrin

whitefish

C.haunis laurettae

C.anaulorum




MSNetwork for mt haplotypes
C. ussuriensis & C. chadary|

895510,

B10248<;
\
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BapuaHtbl SOD y curoB 6acc. AMypa

SOD-2*4
l

|

SOD-2*2 —

C.chadary |
C. ussuriensis
C. peled

C. sardinella |
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Ordination of:scores for principal components I and I1 fro
the analysis of.isozyme data

omul

LB+BP Baikal
lavaretus
pidschian
muksun
nasus

N
0
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Q
<
LL

0,50 0,75
FACTOR1




Og3. Teaerkoe

Aaran,
436 M H.y.M.
p. bua =>p. O0p

1. HPUTOK P.
Yyabimman

Oacc. He ObLA IIOKPBIT

ITOCA. 04edeHeHleM
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Criam 03. Tesemmkoe
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FACTORZ
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Stenodus|. nelma




curn o3. Teneuykoe

C. nasus - uvp

curn Bepx. EHuces (Tomxa)
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Nef0oBUTOMOPCKNN C. lavaretus-C.pidschian
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of Coregonus species

Traditional view on the taxonomical relationships
of the Lake Baikal

lavaretus baikalensis
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Minimum Spanning Network:among mt (ND-1) haplotypes. of:
Amur; River: Goregonus.spedies;and other: coregonids

C. mmém;@ C. pidschian

C.sardinella ' » . i .artedii
.antumnalis

migratorins +
‘Baikal lacustrin

whitefish

C.haunis laurettae

C.anaulorum
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Coregonus + Stenodus + Prosopivm MISN among haplotypes
C. migratorius vs Baikal lake whitefish
vs Baikal pidschian
i Have same mtDNA haplotypes
iz Sympatric speciation
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A depeHunanbHas TPaHCKpURLUMS Y.

BakanbCKMUX CUFOBbIX
(O. BblveHko n ap., 2010)

«BbisiBneHne n pyHKUMOHANbHbIN aHanmM3 reHOMHbIX U
TPAHCKPUNTOMHbIX pasnuinim Mexay CMrom n oMmyrnem osepa
Bankan» - ancc. K.0.H.

[FEHLI, BOBMOXHO, CBI3aHHEIE B NOBEAEHVEM,
NMMYHHEIM OTBETOM, Vi TPaHCHO30HOB! /C1
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03. bayHT (Bepx. JleHa)




- 4 As ..#.



BayHTesckue (Luno-IdunnkaHcKkme o3epa)

Morphological and ecological data r____—-—
)

1) autumn spawning seasons e

‘river-‘whitefish cisco from Baunt L.
‘lacustrine-‘whitefish
‘river-lacustrine-* whitefish
2) spring spawning season
‘lacustrine-* whitefish

cisco (Skryabin,1977)

1. Coregonus skrjabini sp. nova — gill rakers 23,2, spring spawning
2. Coregonus pidschian gill rakers 23,2

3. Coregonus vernus sp. nova. gill rakers 37.1

4. Coregonus baunti sp.nova gill rakers 42.7 (Karasev,1987)

Genetic data

SLOBODYANYUK, S.YA., KIRILCHIK S.V., MaMonTOov A.M. & SKULIN V.A. (1993): The comparative restric-
tion analysis of mitochondrial DNA of the lake whitefishes Coregonus lavaretus baicalensis from

Lake Baikal and Coregonus baunti from Lake Baunt. — Vopr. Ikhtiol. 33: 631-636.

Y AKHNENKO, V.M. & MamonTov, A.M. (1998): A comparative isozyme analysis of whitefishes from Lake

Baikal and Baunt lakes. — Siberian Ecological J. 5: 441-443.



Arch. Hydrobiol. Spec. Issues Advanc. Limnol. 57, p. 57-64, July 2002
Biology and Management of Coregonid Fishes — 1999

The genetic differentiation of the least cisco
(Coregonus sardinella Valenciennes, 1848) from
Lake Baunt and the Lena River

V.M. Yakhnenko and A.M. Mamontov

with 1 figure and 3 tables

Abstract: Isozymes were analyzed for 26 gene loci in the spring-spawning form of the least cisco (Core-
gonus sardinella) in Lake Baunt and the autumn-spawning form in the Lena River. Polymorphisms were
found at 11 loci, and the percentage of polymorphic loci was 29.63% in Lake Baunt and 37.04% in the
Lena River. Mean heterozygosity was 7.62 and 8.83%, respectively, and corresponded to the level of
variation in ciscoes as a whole. A heterogeneity test demonstrated significant differences between the
two populations at four loci, and the genetic distance between the forms (D = 0.063) corresponded to
differences between subspecies in other coregonids. Such a high level of genetic differentiation in the

Baunt cisco could have been caused by its long isolation and the specific hydroclimatic conditions in
Lake Baunt.

*Reshetnikov, 1980, Skrvabin, 197 7. Kirillov, 1972



(Coregonus from Baunt: Lake

Coregonus pidschian medium-rakered whitefish Baunt Lake cisco

low-rakered whitefish (MRWF) ggrrgggnmuessggﬁr{gd to as

Gill-rakers 42,7 + 0,338
terminal mouth
planktophagous

Gill-rakers 21,3 £ 1,3 Gill-rakers 37,1
lower mouth nearly terminal mouth

bentophagous euryphagous




PCR-RELP: analysis of mtDNA (ND-1)

Allezyme analysis

Methods
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MtDNA haplotypes of;whitefish and cisco from Baunt: Lake

Baunt cisco |

pidschian ‘

S

0% 20% 40% 60% 80% 100%

O M5535 BZ6436 0726412 0OB9508 mMB9510 @OZ6422 ®mB10217 O0B10233
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@ B10228 O0B10230 O0B10231 0 B10241 O0B10245 O0B10248




ND-1"haplotypes of: Coregonus from Baunt Llake
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Minimum Spanning Network-among ND-1
haplotypes of; whitefish and cisco from| Llake Baunt

B10217 Q)

B10241

Baunt cisco
pidschian
MRWF




Minimum Spanning Network:among ND-1" haplotypes: of.
coregonid Lake Baunt:compared with Siberian whitefish
and sardinella group

Baunt cisco
- Siberian whitefish
] sardinella




@rdination of:scores for principal components | andll fromthe
analysis ofjiIsozyme data
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Alleles typical to cisco from Baunt: L.

VMIDH-1,2* 1

73



Pidschian

baunti

Average allozyme
heterozygosity (H)

RO polymoerpnism
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Minimum Spanning Network:among ND-1" haplotypes: of.

whitefish and cisco from Lake Baunt:and other: coregonids
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Ordination of;scores for: principal components Irand Il from the
analysis of;isozyme data
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MSN among mtDNA haplotypes

pidschian
muksun
anaulorum

e ; Baikal riverine WF +

fluviatilis

G
subautumnalis 7, g‘ : .
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Relationshipsiamong mtDNA haplotypes of:Copidschianand C. muksun
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Frequencies of mtDNA haplotypes in pidschian and muksun
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C. anaulorum vs. C. pidschian




Coregonus anaulorum Berg 1906

* point snout, more gill-raker than in pidschian (24-32)
* inhabits Anadyr River basin + Penzhina River
 forms with pidschian a unique pair of

* sympatric semianadromous whitefish forms

1688° 180 168° o
.’ YykoTckoe

Bocrouno-CNonpckoe Mope

Mur. 237, Coregonus lavaretus pidschian n. anaulorum. Bocrpsak. Auazmips y Yers-Bero#t.
28 VI 1929. Ymensmeno. (Or A. I. Karanosckoro).
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Coregonus + Stenodus + Prosopivm MISN among haplotypes
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Coregonuys subautumnalis Kaganovsky: in Berg, 1952

A coregonid fishrwith terminal mouth from middle
Penzhina River ' was first described by A. G. Kaganovsky
by a single individual capttred near village Penzhinskoe
at junction of rivers Chornaya and Penzhina in 1932.

Berg (1952) reproduiced this description from
Kaganovsky’s paper. Morphologically it was identified
as omul (Arctic cisco, Coregonus autummnalis, and other
species with terminal mouth that are believed to be
related to the Arctic cisco, e. g. Baikal omuil).
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Coregonus subautuimnalis:

e Differed from C. autumnalis in lower ratio of interorbital
distance to length of upper jaw and was described as a
separate species Coregonus subautumnalis Kaganovsky, 1932

o 1975 - Reshetnikov (1979) captured several new specimens,
ans based on external morphology suggested synonimy to
Arctic cisco (C. autumnalis).

e 1991 - Morphological (Chereshnev et al., 1991; Chereshnev
and Skopets, 1992; Chereshnev et al., 2000) and
craniological (Chereshnev, 1994; Chereshnev et al., 2000)
data - new specimens from both Penzhina and adjacent
Talovka River - diagnostic characters 2 suggested retaining
full species status and original name.



Ranges of omul-like ciscoes.and "
Coregonus subautumnalis Kaganovsky
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Coregonus subautumnalis Kaganovsky range
and collection sites
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Coregonus subautumnalis Kaganovsky in Berg, 1952
KodyrevaRiver (Penzhina River basin), 26/09/2004




Coregonus subautumnalis
Kaganovsky in Berg, 1932




Coregonus + Stenodus + Prosopivm MISN among haplotypes

subautumnalis
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Distinct from Arctic cisco in both allozymes
- .and mtDNA

Close to least cisco
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C. subautumnalis

uBelongs to least cisco complex

,. uDistinct from typical C. sardinella from the
subautumnalis | Arctic Sea basin

',"’ e uClose to least cisco from Anadyr River, fror
77 where putatively migrated to Penzhina R.
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C. sardinellg range
(Atlas of Freshwater Fishes of Russia, 2004)
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sardinella -




CMAaTpNYECKUE DOPMbI CUFOB

VICCNEAOBAHVS FEHETNYECKON AVBEPTEHLIVN BANBKIX
CYIMIATPVHECKIX (OPM CUFOB 0KA3asN, UTo OH
[PaKTMYECKN BCEN/Ia OKa3biBatoncs H0sIee
POACTBEHHBIMW APYIF APYIY. BHYTPY BOAGEMA, YUEM MEXXAY:
MOPMOSKONIOIMHECKN CXOAHBIMY (DOPMaMM| PasHbBIX
BOAOEMOB!

99



Alonanpusa + cuMaTpua + UHTPOFPECcCUd
(Bernatchez et al., 2001 etc.; MeaHvkoeB v ap., 1998 n ap.)

peaKo

1K0]0)




TPaHCKpUNTOMUKA — BYUYEHNE FEHHON
SKCHPECCUN

doi: 10.1111/.1365-294X.2005.0! 1 1 8 1 reH

Molecular Ecology (2006) 15, 12391249

Ha
Parallelism in gene transcription among sympatric lake MUKpOYMME
whitefish (Coregonus clupeaformis Mitchill) ecotypes 3557
Cliff Lake Indian Pond

CokpalleHue MblllL, — napeansoymMmuH 3
OHepreTnyeckin metabonmsam - Y-KpuctanmnuH
9Honasa-1

AT®d-cnHTasa

101



e d |

—————— cisco

Directional
changes

: _| normal J

Non
directional
changes

0 0.5 1 1.5 2

B ﬁ
. P dwarf
Directional

crances | | — | o )

fold
0 05 1 15 2 25 3 Shange

 Dwarf/ Normal I Cisco / Normal
rﬁ Up-regulated in [l Cisco / Dwarf

F1G6. 3.—(A) Mean differential gene expression (fold change) between
cisco and normal ecotype (this st f and normal eco-
types, modified from Derome et al. (2 . app! nferroni correc-
tion. For ecach
higl

ression (fold change) between cisco

Coregon US arted ii and dwarf ccotype (this study).

N. Derome and L. Bernatchez 2006 Mol Biol Evol
The Transcriptomics of ecological convergence between 2 limnetic coregonine
fishes (Salmonidae) Universite Laval, Quebec, Canada

Coregonus artedi

[eHbl rmaBHoOro dernka 6bICprIX MbILUL, U KaTabonnyeckune reHsol KpuctasiJimHOB
- T€ )Xe lNeHbl, 4HTO N Y KapJfinkoBOIo cura.
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Coregonus lavaretus
C. pidschian

0.00 0.010.02 C. clupeaformis {ﬁ;‘ﬁgjgﬁgge

I T—

Nucl. subs / site C. nasus
C. albula

C. sardinella
C. peled

C. tugun

C. huntsmanii

C. automnalis

C. pollan
C. lauretae

C. artedi
Stenodus leuchichthys

Prosopium cylindraceum
P williamsoni

P. abyssicola
P. spifonotus

P gemmiferum @I@irX

erX ;- limnetic




Fructose 1, 6
bisphosphate

l Aldolase J T

Dihydroxyacetone
phosphate

Glucose :«w=-=p

Molecular Ecology (2006) 15, 1239-1249 doi: 10.1111/}.1365-294X.2005.02

Parallelism in gene transcription among sympatric lake
whitefish (Coregonus clupeaformis Mitchill) ecotypes

Stage 1 (Glycolysis) l Triose-P isomerase §

Glyceraldehyde
3-phosphate
rarrs1yy [ F
l GAPDH 17300 8

2-Phosphoglycerate #==«- 1, 3 Bisphosphoglycerate

Inb 50473214
l Enolase Pl )U' '
(wharsreay ] =

Phosphoenopyruvate ====== » Pyruvate

Tricarboxylic Oxydative
Acidcycle + Phosphorylation

Stage 2 :  GlycerolsPDH {1
¥ Cytochrome c oxidases T §

ATP |Cytochrome ¢ reductase ] |}
ATP synthase §

dwarf WF

Fig. 2 Differential gene expression in energetic metabolism
network (simplified). Arrows represent gene regulation changes:
diagonally striped for directional parallel changes, white for Cliff
Lake population (left) and black for Indian Pond population
(right). =" means no differential expression. EST clones are
indicated in parentheses when different (see Tables 1 and 2).



creatine kinase atriaor) [1 ¥

Ca Pumpb—b o5 Sarcoplasmic reticulum

Ca®* release channel

Ca22<

<+

Ca**
PV PV

Parvalbumins:

WY T8

Var=1.15 Var=30.26

Thick filament Thin filament

Sarcomere machinery

Fig. 3 Differential gene expression in muscle contraction regulation network. During relaxation phase, Ca2+ is bound to parvalbumin (PV).
Ca2+ returns to the sarcoplasmic reticulum (SR) via a Ca2+ pump activated by ATP modulated by creatine kinase. This establishes the next
contraction phase wherein Ca2+ is released from the SR, thereby removing contraction inhibition of tropomyosin. This allows interaction
between actin and myosin, leading to muscle contraction. Arrows represent gene regulation changes: diagonally striped for directional
parallel changes, white for Cliff Lake population (left) and black for Indian Pond population (right). EST clones are indicated in parentheses
when different (see Tables 1 and 2). (1): nwh”20"43/7[P], nwh”107497[P], nwh/ 18744/ P], nwh" 114857 [P], nwh”6/27” matched to
(AF538283) parvalbumin beta variant, up-regulated in both dwarf populations. (2): nwh”"1727*[P], nwh"19”62[P], nwh”"11786"[P] and
nwh”10726"[P] matched to (SSPRVB1) parvalbumin beta variant, and nwh”20"13"[P] matched to (SSPRVB2) parvalbumin beta variant,
both of them are up-regulated in Cliff Lake dwarf population and down-regulated in Indian Pond dwarf population. ‘Var’ indicates mean
variance of gene expression among dwarf and normal ecotypes in both lake populations.




Coregonus clupearormis — aHanvs TpaHckpynToMa (Jeukens et al.,
2010 MolEcol e transcriptomics of sympatric dwarf and normal lake

whitefish (Coregonus clupeaformis spp., Salmonidae)
divergence as revealed by next-generation sequencing

Whitefish liver transcriptome (1953)
@ Germ-line formation

@ Detoxification

0 Cell cycle regulation

O Ionic homeostasis

B Transcription

@ Lipid metabolism

B Immunity ™

@ Cell structure

B DNA replication and repair™
@ Signal transduction N> D (235 of 424) D > N (273 of 524)
0 Other pl.1%
0O Protein catabolism

4.2
52 4% ?

B Blood and transport

B Energy metabolism™*

B Protein synthes i

Bl Unknown

**4.7%

Fig. 2 Whitefish liver transcriptome divided into functional gene categories. Functional categories described in Table Sl (Supporting
information) (Unknown: no Gene Ontology (GO) biological process term). Between parentheses: number of contigs represented;
N > D: contigs significantly overexpressed in normal whitefish (3” test, >10 reads, g-value <0.01); D > N: contigs significantly overex-
pressed in dwarf whitefish (3 test, 210 reads, g-value < 0.01); N > D and D > N: only nine major categories are represented, percent-
ages are relative to the total number of overexpressed contigs; *P-value <0.05 (Fisher’s exact test between N > D and D > N); **P-
value <0.01; **P-value <0.001.




CMMaTPUYECKOE + CETUATOE BMAOOOPA30BaAHNE
1 TAKCOHOMMYECKME MPOBIEMBI
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FTnbpnansauns n Mmope

Int. J. Mo/, Sci. 2009, 10, 3836-3860; doi:10.3390/ijms10093836
International Journal off Molecular ' Sciences

ISSN 1422-0067

WWW.mdpi.com/journal/ijms

Review.

Reticulate Evolution and Marine
Organisms: The Final Frontier?

Michael L. Arnold 1,* and Nicole D. Fogarty 2
I Department of Genetics, University: of Georgia, Athens, GA 30602, USA

2 PDepartment of Biological Science, Elorida State University, Tallahassee,
Florida 32306-4295, USA;
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CylIecTBYIOLUIME AaHHBIE <NOAAEPXXMBAIOT FMMNOTE3Y, YTO
ECTEeCTBEHHas Mbpyaysalysg MEHEE OOBIYHA Y. MOPCKUX
PbI6...>»

Hubbs, C.L. Hybridization between fish species in nature. Syst. Zool. 1955, 4, 1-20.

«...It is possible that in the marine realm reticulate evolution occurs at a similar
frequency to that encountered for many non-marine clades, but the difficulty in
collecting/observing the organisms has limited its detection»

BO3MOXXHO, UTO B MOPCKOM! LIAPCTBE CETUATas
SBOJOLIVS IPOVICXOANT C YaCTOTON, CXOAHOM C
HabJItoAaEMOV BO: MHOI X HE-MOPCKWX Kiladax, OAHAKO
TPYAHOCTI C60pa/Hab/IoAEHNS OPFaH3MOB: SBJISIONCH
(MAKTOPaMM, OrPpaHNUVBAOLLIVMY EE OOHAPY)KEHNE

Gardner, J.P.A. Hybridization in the sea. Adv. Mar. Biol. 1997, 31, 1-78.
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MICEOSATELLITES INTROGRESSIVE HYBRIDIZATION IN MARINE
nuMenhl HTE pCKVIXpr6

\ '. | 'T ~ 1§ —
% LOFAS | ALLOMEN  svmpeas

A - ] i /r"
e

Océdan

Allantigue a
fooud ‘_\-\L\m_
Tl T~ ALLOFAS
e
i;t'(\

ples in a three multid 1 space defined by
uping are shown In percentage (%). The four groups
described in Table 1.

ive hybridization
irine example. Mol.

Longitude
Sebastes ment

Axis 2

S. fasciatus
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the Factorial Correspondence Analysis (FCA) showing redfish individuals in a mulidimensional space



[FpymeEpLI p: Plectropomus: (CeM. Serranidae)
P, macuiatds: X P, /eoparaus

AAEPHad M MTARK (van Herwerden et al. Contrasting patterns of genetic structure in two
SPECIES Off the coral trout Hl:'ccro,)omuy (Serranidae) from east and west- Australias Introgressive
NyDBridisation of ancestral polymorpnisms. Mol. Pnylogenet: Evol. 2006, 41, 420455,

Lopvngh?‘ SeaPics.com
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Marie et al.

D A. leucosiernon from Christmas Island
A. leucosiernon from Cocos Island
I:l A. cf. leucosternon from Christmas Island
- A. nigricans from Christmas Island
m A. migricans from Cocos Island
|  Onechange

{ Clades

DIMES)

dy. Corall Reefs




Pomacanthidae (Perciformes)

Pyle, Richard L.; Randall, John E., 1994: A review of hybridization in marine
angelfishes Perciformes: Pomacanthidae. Environmental Biology: of: Fishes.
November; 411-4: 127-145

PBIOBI-DAENTBI AU/OSIOMUS; StHGosus X A. macu/atus

B. W. Bowen, L. Bass, A. Rocha, S: Grant, R. Robertson Phylogeography: of: the
trumpetﬁshes (Au/ostomus) NG SPecies complex onia global scale.
Evolution, 55(5), 2001, pp: 1029-1059. ;
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Mopckine yepenaxm (Chelonidae)

Karl et al. 1995 Hybridization Among the Ancient Mariners: Characterization of Marine Turtle Hybrids
With Molecular Genetic Assays. J. Hered.




Mopckne Kotk p. Arctocephaltls

A. gazellax A. tropicalls; A. gazella
A, gazellax A. Torster i
A, tropicalisx A. forster:

A, gazellax A. tropicalis x A. Torster

A. forsteri

A. tropicalis



becrno3BoOHOYHbLIE

Repanibl Montastraéa w Acropora
JABYCTBOPYaThIE MOk Mydilus: W Batiymioadlolus
VIopCKVE exxi Strongy/ocentirotus
MIOPCKME 3BE3AbI ASterias
Mnsnabl Mys/s

Miopckme >xenyan: [etraclita
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Y CnoBns Ansg rmopnansaumn n ceTyatoy 3BOJIOUNN

Cyvnarpns 6AnsKXx BYEOB

[FEHeTYEecKkad COBMECTVIMOCTH

BbICoKas MNoageBUTOCTb

IHEepPasBUTOCTH MEXaHV3MOB PACHO3HaBAHNEA «KCBOW - Yy»KOM»
Hiskas YNCIEHHOCTH OAHONO 13 BUAOB! («Ha BE3PLIOKLE. .. »)

[FOMOreHN3aUNE CPEALI, PA3PYLUIEHE 1 NEPECTPOVKI
SKONOMYECKMX HILL

VIHBa3nu / MHTPOAYKLUIA



[locreactBus mbpnansaLmnm

ChHoHTaHHbLIEe CTEPMIIBHBLIE IMepVALI F (SBOMOLVOHHEIV TYNVK)

£ = By = By - 1MopraoreHHoe B/HA000pasoBaHE, NOABIEHNE
HOBONO ByAA

VIHTPONPECCUS C [EHETNHECKNM| «3arPA3HEHEM YaCTl
NORyAALUM BNAA-PELVINEHTAY, BOSMOXHO,
NOBbILLIAMLIAS aganTBHBIE BOSMOXXHOCTI

/IcHEBHOBEHWE BNAOB, OCOOEHHO PEAKNX (Rhymer & Simberloff 1996
Extinction through hybridization and introgression - Annual Review: of
Ecology: andl Systematics)



Posib oT60pa

Ot6opa HeT
He To/BKO U HE CTOJIBK

AVIBEPTEHTHBLIM MYTEM,
PABHOBECHV CO CPEAOH
SKOCUCTEMA KAEPKUNT

[Py cUMARTPU adanT dUMs/paca/Bya npy
HENOJIHOV B0 O OPMOSIOINYECKOE, TiaK

M FEHETNYECKOE (KOTOPE! CIPYKTYPHBIM FEHaM 1
HEKOAVPYOLEN YaCin

HPOUNCXOXXAEHN

X BHANHaMNYECKOM
OM;, AOHEXIOP NOKA
POBdHbI

n

JXEepnXvH Bii. Bac. 1 9

«<KorepeHTHasa 3800
SBOJIIOLVS BOBMOXCHA T
HULLE.

JIBHOM| COCTOAHMN,
aaanTalVn K CBOEN

YucneHHoOCTL Nnonyng

«<HekorepeHTHasa SBoJIK
KamaCIPOMUYECKIX MPE
[PETEPHEBAIOT OBICTPHI
CIIVSHVE B pe3yJibTate

DHOXU
VIBVICOB) BB
TVIBHAs paavialivs,



OCHOBHBIE BbIBOZbI

CrMNaTPUYECKOE BYAOOOPa30BaHVE BOSMOXXHO M LLIVPOKO
PACHPOCTPAHEHO Y PbI6

[M6pyaAn3alys (MOTOK FEHOB MEXX/Y. B1AaMMN) BEAET HE
TOJIBKO! K ICYESHOBEHWIO, HO' VI BO3HUKHOBEHWIO HOBBIX: M
BMEHEHMIO FEHOMOH/IA CYLLECTBYIOLLINX BNAGB

Ceryatas aponuns (rmbpnacreHHOE BNA00OPa30BaHNE,
VNHTPOLPECCHS, Y, BO3MOXXHO, TOPM30HTaIBHBIV NEPEHOC
[EHOB) — BaXKHBIE MEXaHW3MBI OBICTPOV adanTallyiv, K
AVHAMNUHO MEHSIIOLEVICS CPEAE
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