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* buoreoneno3 (ot rpey. flog — KU3HB Y1 — 3eMIIs + KOWVOG — OOIIUii) —
MIPUPOAHAA CAMOPETYIUPYIOLIAICI YCTOMYNBAsA CUCTEMA, BKIIIOUAOILAs
COOOIIECTBO KHUBBIX OPTraHU3MOB M TECHO CBSI3aHHYIO C HUM COBOKYITHOCTD
abuoTrnyeckux HakTopoB cpeabl ((KMBOTHBIC, PACTCHUS) U HEOPTraHUYECKUX
(bakTopoB (Boja, MOYBA) B MpeJiesiaX OJHOU TEPPUTOPHUH, CBI3AHHBIX MEKTY
c000#1 KpyroBOPOTOM BEILIECTB U ITOTOKOM SHEpruu. [IprMepbl: COCHOBBII Jec,

ropHas J0JIMHA. Y4eHHue 0 OuoreoleHo3e pazpadborano Biaagumupom CykauyéBbiM
B 1942 ropy.

* B 3apy0OexxHol TuTeparype — MajoyIrnoTpeOrMMO U BMECTO 3TOT0 OOBIYHO
MCIIOIB3YETCS IMTOHIATHE MPUPOAHAS IKOCHCTEMA, T.€. CHCTEMa, COCTOSIIAs 13
B3aMMOCBSI3aHHBIX MEXy CO00M COOOIECTB OPraHUu3MOB Pa3HbIX BUJOB U CPEIbI
ux oouTaHus (TepMuH ObLI BBeACH B 1935 1. anmuiickuM 0otanukoM A. TeHcnn).

* JKocucTeMa — 0OoJiee IMIMPOKOE TTOHATHE, OTHOCAIIEECS K JIF0OOM M0100HOM
cucteMe. buoreonenos, B CBOI0 ouepeab — KJIacC 3KOCUCTEM, DKOCHUCTEMA,
3aHUMAFOIAs OTPEACICHHBIN YIAaCTOK CYIIIH M BKITFOYAIOIIAasi OCHOBHBIS
KOMITOHECHTBI CPEJIbl — MOYBY, PACTUTEIbHBIN MOKPOB B arMocdepy. (Hampumep,
OOJBIIMHCTBO UCKYCCTBEHHBIX 1 MOPCKHX PKOCHCTEM HE SBIISIOTCS
OMOreoeH03aMHu ).

* Takum 00Opa3zoM, Kakablii OMOTE€OIEHO3 — ATO IKOCUCTEMA, HO HE KaXKasl
DKOCHUCTEMA — OMOT€OIICHO3.
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https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D0%B8%D0%BE%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B5_%D1%84%D0%B0%D0%BA%D1%82%D0%BE%D1%80%D1%8B
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D0%BA%D0%B0%D1%87%D1%91%D0%B2,_%D0%92%D0%BB%D0%B0%D0%B4%D0%B8%D0%BC%D0%B8%D1%80_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/1942_%D0%B3%D0%BE%D0%B4

* Onpexaenenue omoreoreHosa o B.H. CykaueBy (OCHOBBI JieCHOI OHMOTreoIeHoa0Tuu, M. !
Hayxka, 1964: ctp. 23) cuuTaercst KIIaCCUYECKUM — «... ITO COBOKYIMMHOCTh HA U3BECTHOM
MPOTSAKEHUH 3eMHOM MOBEPXHOCTH OJHOPOJAHBIX MPUPOAHBIX sIBJIeHUH (aTMOCchepsbl,
TOPHOM MOPOJAbI, PACTUTEJIbHOCTH, ’)KUBOTHOT0 MUPA U MUPAa MUKPOOPTaHU3MOB,
MOYBbI M THAPOJOTUYECKUX YCJIOBUI), HMEIIas 0c00yI0 crieu(puKy
B3aUMOICMCTBUM ITUX CJIATAOIIMX €¢ KOMIIOHEHTOB U OIpe/Ie/IeHHbIM TUII 00MeHa
BeILECTB U JHEePruei: Mekay co00M U ¢ APYTrMMH SIBJEHUSIMU NPUPOABLI U
MPeACTABJSIOIIASA C000ii BHYyTPEeHHee IPOTHUBOPEYNBOEe eIUHCTBO, HAXOAAIEEeCs] B
IMOCTOSTHHOM /IBMKEHUHU U PA3BUTHH ...".

* B sTOM omnpeneneHnun oTpaxkarTcs BCe CyTH OMOTeo1eH03a, YePThl U 0COOEHHOCTH,
MPUCYILIHAE TOIBKO EMY:
v 6I/IOFCOH€H03 JOJIOKEH OBITH OOAHOPOAHBIM ITO BCEM IIapaMETpaM: ) KMBOT'O KU HCKUBOI'O BCIICCTBA!

PaCTUTENIbHOCTH, )KUBOTHOMY MUPY, IOYBEHHOMY HAaCEJIEHUIO, pelibedy, MOYBOOOpa3yIolen
OpPOJIE, CBOMCTBAM MOYBBI, IITyOUHE U PEKHUMaM I'PYHTOBBIX BOJI;

v KaXXIOMY 6I/IOF€OHGH03y npucynec HaJIn4uce 0C0601"O, TOJIBKO €MY IIPUCYLICTO THUIIA oOMeHa
BCIICCTB U DOHCPIUU;

v’ BCEM KOMITOHEHTaM GHOIeoleH03a CBOMCTBEHHO €AMHCTBO JKU3HU M €€ CPEJIb, T.€. 0COOEHHOCTH U
3aKOHOMEPHOCTH JKH3HEICITCIHHOCTH OMOTEOIIEH03a OMPEICIIIIOTCS CPEIOH ero OOMTaHMs, TaKUM
00pa3oM, OMOTreolIeHO3 TIPEACTaBIsAeT CO00 reorpaduuecKkoe MOHSITHE.

» KaxJ1p1ii KOHKPETHBIN OMOTe01IeHO3 TaK)KE TOJIKEH .

— OBITh OJHOPOJHBIM IO CBOCH HCTOPHH;
—  OBITh JOCTATOYHO JIOJTOBPEMEHHBIM CJIIOKUBIIUMCS 00pa30BaHUEM;

— SCHO OTJIMYAThLCA 110 pAaCTUTCIIBHOCTHU OT COCCIHUX 6I/IOFCOH6H030B N 3THU OTIIMYHUA JOJIZKHBI OBITH
3aKOHOMEPHBIMH 1 DKOJIOTHYECKH 00BICHUMBIMH.
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Pre. 1. CxemMa B3aUMOJEUCTBHII KOMIIOHGHTOB OHOTreomenosa

B.H. Cykaues n H. B. [{pumnc. OcHOBBI JIecHO# Onoreorienonornu, M. : Hayka, 1964: ctp. 24, puc. 1.
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* CaMpbl€ CII0KHBIC M BaKHBIE IPUPOIHBIC OMOI€OII€HO3bI — JICCHBIE.

* Jlec npeacrasisgeT co00i HanboJiee MOITHYIO «IJICHKY JKU3HWY». Jlecam
IPUHAIICKUT JOMUHUPYIOIIAS POJIb B CI0KEHUH PACTUTEILHOTO TTOKPOBA 3EMIIH.
OHM TOKPBIBAIOT MTOYTH TPETHIO YaCTh CYIIM IJIaHETHI — 3,9 mupa. ra. 13
OCTaJIbHOM YaCTH MMOYTH MOJIOBUHY 3aHHUMAIOT ITYCTBIHH, ITOJYIYCTBIHH U TYHJIPHI
okoJio 3,8 MiIpJ. ra, a 6oiee 1 Mapa. ra IpUXOAUTCS Ha OPOCOBBIC, 3aCTPOCHHBIC U
IPYTHE HEIPOIYKTUBHBIC 3EMIIH.

* Macca opraHn4ecKoro BeIecTBa, COCPEAOTOUCHHOTO B jiecax, cocTaniser 10—
1018 1, uro B 5-10 pa3 mpeBkIIIaeT MacCy BCEM TPABAHMCTOM PACTUTEILHOCTH.

* lIMenHO 1T03TOMY 0C000€ 3HAUCHUE MPUAABAIOCH M IIPUIACTCS
OMOTECOIEHOIOTNYECKIUM HCCASIOBAHNSIM JECHBIX CUCTEM B TSPMHUH
«omoreoreH03» ObL1 peaioxkeH akagemMukoM B.H. CykaueBbiM B KoHIle 30-X IT.
20 B. IpUMEHUTENBHO K JIECHBIM dKocucTeMaM. Ho oHO mpaBOMEpHO 110
OTHOIICHHUIO K JIH000M MPUPOTHON SIKOCUCTEME B TI0OOM reorpaduueckoM paiioHe
3eMiIn.
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* Jlec — oiviH U3 OOTaTEHIINX U BAXKHEHIIIUX MUPOBBIX MPUPOJHBIX PECYPCOB.

* Jleca Poccuiickoit @enepanuu (PD) sSBisitoTCsI OMHUMHA U3 BaXKHEHIIINX
HaIlMOHAJIBHBIX IIPUPOJIHBIX PECYPCOB U €€ Topa0CcThio. O0IIast II011aab JIECOB

cocrtabiisieT cBbiie 809 miH. ra, uiau 20-25% ot o0111eil mI01aau IeCOB MUpa
(PAO: I'mobanpHas oreHka jJecHbIX pecypcoB 2011; http://www.fao.org/docrep/013/i2000e/i2000e.pdf).

* boJbIIYI0 4aCTh U3 HUX NPEUMYIIECTBEHHO COCTABJISIIOT €CTECTBEHHBIE JIeCa.

* Jleca Poccuu urparoT UCKIIFOUUTEIIBHO BAXKHYIO POJIb B COXPAaHEHUA
Omopa3zHooOpa3us yMEPEHHBIX U OopeaabHbIX 00acTei EBpazun.

e JIeca P® no nmpeuMyIecTBy OopealibHbIe: UX IIOMaas 3aHuMaeT 88% 1uroiagu
JIECOITOKPBITHIX 3EMEb.

* B PO cocpenoroueHo okojo 63% (760 miH. ra) miomaan Bcex OopealbHbIX
neco mupa (1214 miH. ra mo oueakam ®AQO).

* bopeasabHbie jJeca PO urparoT BaKHEHIIYIO POJib B PeryJsliui KJIUMara
BCeH IUIAHEThI, U X U3yYeHHe CeHYac, B YCJIOBUAX IV100aJIbHOT0 U3MEHEHUS
KJIMMAaTa, AKTYAJbHO KaK HUKOIAA (KaTacTpoduyeckoe coKpaiieHue jecon!)
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Ba:xXHOCTH M YHUKAJIBHOCTh XBOMHBIX OHOIr€0IEeH030B

oy

« XBoliHbIE€ BHABI ceMclicTBa COCHOBRIX (Pinaceae: poasl, Bcrpeuaroniuecs B PO —
Pinus, Picea, Abies, Larix) sBisioTcs 0CHOBHBIMH 00peaJbHBIMHI
JecooOpasyrimumu nopogamu P@®

* YHUKAJbHAasl penpoayKTHUBHAsI cUcTeMa (ramionansii MeraraMeTo(GuT, MMEIOIIUi
raMETHYECKOE ITPOUCXOKIECHNE U UACHTHYHBIA AMIEKIETKE TarIOTHII) .

* UM npuHapjIekaT NPpaKTU4eCKH MOYTH BCe OMOJIOTHYeCKUE PEKOPADI:

— MPOIOJDKHMTEIIBHOCTH JkHM3HU 10 5 Thic. JeT (Pinus longaeva)

— pa3Mepkl ocobeit (BricoTa Sequoia sempervirens ceeime 110 m
u Macca Sequoiadendron giganteum cssime 1400 1) byl

— pa3mep reHoma (B 4-9 pa3 Gosbliie reHOMa YeJIOBEKa)

 Hano0oJs1ee 5)KOHOMHYECKH BbITOAHbI€ U HCTOYHUK YHUKAJIBbHBIX IPOAYKTOB 1JI51.

— CTpPOUTENIbHOM, OyMaKHOM U MEOEIIbHOM MTPOM-CTH
—  TIOJIyY€HUS aJIbTEpHATUBHOM YHEPTUU U OMOTOIIUBA (CIIUPT HA OCHOBE IEJUTIOI03bI)
—  MEIUIMHBI (Halpumep, TPOTUBOOITYXOJIEBBIE MTPENAPAThl HA OCHOBE TAKCOJIa)

— aBUAIIMOHHOM M PaKETHOW TEXHUKH (BHICOKOKAY€CTBEHHOE PEAaKTHBHOE TOIIMBO Ha
OCHOBE aJb(a-TUPEHOB)

— 0OpbOBI C BpEeAUTEIISIMU (SKOJIOTHYECKH O€30MaCHbIC MECTUIMIBI U PENICIUICHTHI Ha
OCHOBE TEPIICHOB U JP. BTOPUYHBIX METAOOJIUTOB)
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BasKHOCTH MONYJIAIMOHHOU TEHETHUKHU IS
M3VYEHHs JIECHBIX 0MOre0LEeH030B
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* KntoueBbiMHU (CMCTEMOOOPa3yIONIMMH) OpraHU3MaMH JIECHBIX OMOTE€OIIEHO30B —
ABJISIIOTCS APeBeCHbIE BUABI, KOTOPBIE COCTOAT U3 MOMYJIAUUA, OUEHb YACTO C
BBICOKOM BHYTPHUIIONMYJISIHOHHOU Y MEKINONMYJISANHOHHOU U3MEHYUBOCTHIO

* IonyasimuOHHAsI TeHETUKA, WM TreHeTHKA MOMYJISIUH MMO3BOJISET U3y4yaTh ATy
U3MEHYHBOCTD:

— pasell FCHETUKY, U3YYAIOIINN PACIIPEACIICHAE YaCTOT aJlJIeJIE U UX
W3MECHEHHUE TI0JT BIUSIHUEM ABUKYIIUX CUJI DBOJIIOIMU: MyTareHesa,
€CTECTBEHHOI'0 0TOOpa, Apeiida reHOB U MUTPALIMS;

— U3YyYaeT U MMPUHUMAET BO BHUMAHHUE CYOIOIMYJISIIHOHHBIE CTPYKTYPHI,
MIPOCTPAHCTBEHHYIO U BPEMEHHYIO CTPYKTYPY MOMYJIALNH;

— TBITAETCA OOBSICHUTH MPOLIECCHI AIANTAIIMU U BUI000Pa30BAHUS U SIBIISIETCS
OJTHOM M3 OCHOBHBIX COCTABJISIONINX CHHTETUICCKON TCOPHUH IBOTIONHH ( =
CHUHTE3 3BOJIFOIIMOHHOTO YUeHUs JlapBUHA Y T€HETUKH, ITPUBEIIINN K
(OpMHUPOBAHHIO MATEMATUYECKON OCHOBBI MOIMYJISIIIUOHHON T€HETUKH );

— IIHAPOKO UCIOJIB3YET MOJIEKYIAPHO-TEHETUUECKUE MAPKEPHI
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https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%BB%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%AD%D0%B2%D0%BE%D0%BB%D1%8E%D1%86%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D1%83%D1%82%D0%B0%D0%B3%D0%B5%D0%BD%D0%B5%D0%B7
https://ru.wikipedia.org/wiki/%D0%95%D1%81%D1%82%D0%B5%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BE%D1%82%D0%B1%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%94%D1%80%D0%B5%D0%B9%D1%84_%D0%B3%D0%B5%D0%BD%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%B3%D1%80%D0%B0%D1%86%D0%B8%D1%8F_%D0%B6%D0%B8%D0%B2%D0%BE%D1%82%D0%BD%D1%8B%D1%85
https://ru.wikipedia.org/wiki/%D0%90%D0%B4%D0%B0%D0%BF%D1%82%D0%B0%D1%86%D0%B8%D1%8F_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D0%BD%D1%82%D0%B5%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B0%D1%8F_%D1%82%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D1%8D%D0%B2%D0%BE%D0%BB%D1%8E%D1%86%D0%B8%D0%B8
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* ITonyJasinus (ot jgat. populatio — HaceneHne) — 3T0 COBOKYMTHOCTh OPTaHU3MOB
OJTHOTO BUJIA, IJIUTEIIbHOE BpeMs OOUTAIONIMX HA OHON TEPPUTOPHUH (3aHUMAIOITUX
onpeaeEHHbINA apeai). ITOT TEPMHUH UCIOJb3YETCS B Pa3IMUHBIX pa3zenax OMooruy,
AKOJIOTUH, AeMorpaduu, MEIUIIMHE U ICUXOMETPHUKE.

* B 3K0,10rum ¥ IBOJTIOLUOHHOM TEOPUHU MONMYJISIUS — COBOKYITHOCTb 0COOCH
OJHOTO BUJa, 001agaromnias o0muM reHohoHJIOM, CIOCOOHAs K OoJIee-MEHEe
YCTOMYMBOMY CaMOBOCITPOM3BOJICTBY (KaK MTOJIOBOMY, ITOCPEICTBOM MAHMUKCHUH B
UJICAJIbHOM CTy4ae, Tak U 0eCroJIoMYy), OTHOCUTEIbHO 000c0o0eHHas (reorpaduuecku
WJIH PETIPOAYKTUBHO) OT APYTHX TPYII, C MPEACTABUTEIISIMUA KOTOPHIX (TIPH TIOJIOBOM
PEMPOIYKITMN) TTOTEHIIHATBHO BO3MOXKEH IeHETUICCKUN OOMEH.

* C TOYKH 3peHus NONYJIsINMOHHON TreHETUKHU, MONYJISIIMS — 3TO TpyIna ocooel, B
IpeIeaax KOTOPOU BEPOSITHOCTh CKPEIIMBAHUS BO MHOTO pa3 MPEBOCXOAUT
BEPOSTHOCTb CKPEIIUBAHUS C MIPEACTABUTEISIMU APYTUX MOAOOHBIX rpyTil. OOBIYHO
TOBOPAT O MOMYJISIIMUAX KaK O TPYINax B COCTABE BU/IA WA HOABHUIA.

* HHonvassuyus — SJICMCHTApHaA CAMHHNIIA 9BOJIOITUH.

* Tepmun nonyasinusa BeeaéH Bunbrensm Morancenom B 1903 1, ogaako yxe Yapis
JIapBUH OOBSICHSII ABOJIIOIMIO BUIOB M3MEHYHMBOCTHIO M KOHKYPEHIIUEH I'PYIII 0COOCH.
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https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D1%82%D0%B8%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%90%D1%80%D0%B5%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%AD%D0%BA%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%94%D0%B5%D0%BC%D0%BE%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D0%B8%D1%86%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D1%81%D0%B8%D1%85%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BE%D1%84%D0%BE%D0%BD%D0%B4
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BD%D0%BC%D0%B8%D0%BA%D1%81%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BE%D0%BB%D1%8F%D1%86%D0%B8%D1%8F_(%D0%B3%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0_%D0%BF%D0%BE%D0%BF%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D0%B9)
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BF%D1%83%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%B3%D0%B5%D0%BD%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%92%D0%B8%D0%B4_(%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B4%D0%B2%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%98%D0%BE%D0%B3%D0%B0%D0%BD%D1%81%D0%B5%D0%BD,_%D0%92%D0%B8%D0%BB%D1%8C%D0%B3%D0%B5%D0%BB%D1%8C%D0%BC_%D0%9B%D1%8E%D0%B4%D0%B2%D0%B8%D0%B3
https://ru.wikipedia.org/wiki/%D0%A7%D0%B0%D1%80%D0%BB%D0%B7_%D0%94%D0%B0%D1%80%D0%B2%D0%B8%D0%BD

BaxkxHO IOHMMATH OCHOBBI T€HETHUKU
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* I'enéTnka (OT Irpey. YEVNTMG — MOPOKIAIOITUN, TTPOUCXOSIIINN OT KOT0-TO) —
HAayKa O 3aKOHOMEPHOCTAX HACIEICTBEHHOCTH U U3MEHYUBOCTH.

* B ocHoBe Bcell HaO/II0MaeMOM HAMU (PEHOTHUIIMYECKON U3MECHUUBOCTHU
(Mopdonornyeckom, PrU3noI0rnueckor 1 OMOXMMHYECKOMN) )KUBBIX OPraHU3MOB B
OMOTEOIEHO3¢ JIC)KUT H3MEeHYUBOCTh Ha ypoBHe JIHK (HocuTtens reHeTudecKoi
MH(pOpMaIMK) U BIMSIHUE CPelIbl BO B3AUMOJAEiCTBUM ¢ TEHOTHUIIOM.

* UToOBI OHATH (PEHOTUMUYECKYIO M3MEHYMBOCTD U KaK OHA BJIMSIET HA SBOJIFOLIUIO
OPraHU3MOB U WX AJIAIITALIMIO K ONIPENCIICHHOM CPEIE HAAO0 3HATh CBI3b MEXKIY
ATON (PEHOTUNNYECKON N3MEHYMBOCTHIO U T€HETUYECKOM.

* BOJBIIMHCTBO OPraHU3MOB B OMOI€OIIEHO3€ MIPEACTABICHBI B TOM WM MHOM
CTEICHU T€HETUYECKU PA3TUYAOIUMUCS NONYJIALUAMUA; T.€. TEHETUYECKAsA
M3MEHYMBOCTH BHJIA ONPEACIEHHBIM 00pa30M OpraHU30BaHa U CTPYKTypHUpOBaHa
B IPOCTPAHCTE, 00pa3ys MOMYISIUOHHO-TEHETHYECKYIO0 CTPYKTYpPY BHU/IA.

Ixona-koHpepeHnus st MOT0ABIX yueHbIX «IIpo0/ieMbl U epcneKTHBBI H3YYeHHUsl JIeCHBIX 0uoreoneno3oB» 15 centaops 2014 r., Kpacnosipck, Mucturtyt jieca um. B.H. Cykauesa CO PAH 10


https://ru.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BB%D0%B5%D0%B4%D1%81%D1%82%D0%B2%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BC%D0%B5%D0%BD%D1%87%D0%B8%D0%B2%D0%BE%D1%81%D1%82%D1%8C
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BaskHOCTH MCII0JIL30BAHMA N€HETHYECKUX MAPKEPOB

Bcesn HCTOPUA FT’CHETUKU CBA3aHA C Pa3BUTUEM U UCITIOJIb30BAHUECM IN'CHETUYCCKHUX MapKépOBt

 naunHas ¢ I'peropa Menaens (Gregor Mendel, 1822-1884) - mopdonornyeckrie MapkEphbI
ceMsH ropoxa (1BeT, (hopMa) — 3aKOHBI HaCJIeJOBAaHUSI MOHOTCHHBIX IPU3HAKOB

* 1 3akaHuMBas PyHKIHOHAIBHBIMU MapkEépamu (ESTP, SNPS u T.71.)

U T.JI.

Ixona-koHpepennus 17151 MOJI0AbIX y4eHbIX «[Ipo0eMbl H NepcHneKTUBLI H3yYeHHs! JIECHBIX 0noreoneno3oB» 15 centaodps 2014 r., Kpacnosipck, UncTuryr jeca um. B.H. Cykauesa CO PAH
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BaKHOCTH MOJICKYJISIPHO-TEHETUYECKUX MAPKEPOB

MouekyasipHo-reHeTuueckue Mmapkep wim AHK-mapkép:

* IPU3HAK, BBISBISIEMBIA METOJIAMU MOJIEKYIIPHON OMOJIOTUM U OTPAKAFOIINI
U3MEHUYMBOCTh HA YPOBHE HYKJIICOTUAHOM nociueaoBarenbHoctu JAHK miis
ONpPEASIACHHOTO I'e€Ha WM ISl JJF000T0 JPYroro ydyacTka XpoMOCOMBI ITPU
CPaBHECHHUHU Pa3JIMYHBIX TEHOTUIIOB 0COOEH, ITOPOJI, COPTOB, JIMHUM, ITOMYJISLMN;

* u3y4arorcsa Ha ypoBHe OenkoB, JIHK u PHK;

* 3((DEKTUBHO UCIOJb3YIOTCS JIJI PEIICHUSI MHOTHUX 3aJ1a4 TeHETUKH, CEJICKIIHH,
COXpaHEHHUsI OMOpPa3HOO0pa3usl, U3YUYCHUSI MEXaHHU3MOB ABOJIFOLIMN, KAPTUPOBAHUS
XPOMOCOM, a TAKXKE JJIsI CEMEHOBOJCTBA U TIJIEMEHHOTO JIeJIa;

® YCJIOBHO MOKHO ITOAPA3ACIUTDH Ha CIEAYIONINE TPU THUIIA:
— «CEJIEKTUBHO-HENTPAJIbHBIC» MAaPKEPbl HEKOAUPYIOIIUX YUYaCTKOB

— «(hyHKIMOHAJIBHBIE» MapKepbl YUaCTKOB CTPYKTYPHBIX T€HOB, KOAUPYIOIIHX
AMHHOKHCJIOTHBIC TTOCIEI0BATEIbHOCTH OCIKOB (JIEKTPOhOopeTUYeCKre BApUAHTHI
OEJIKOB) M PETYIATOPHBIX TEHOB

— «AHOHUMHBIE» MAPKEPBI YUACTKOB pa3IMuHbIX nocienosareapbHocrer JJHK, otHOomeHue
KOTOPBIX K CTPYKTYPHBIM I'€HaM, KaK [PaBUIIO, HEU3BECTHO.

IIkoua-kondepeHUUs 1t MOJOABIX YueHBIX «[Ipo6sieMbl U MepcreKTHBBI H3YUYeHUs JIeCHBIX 0MoreoneHo30B» 15 centsops 2014 r., Kpacnosipck, Huctutyr jeca um. B.H. Cykauesa CO PAH
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https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%B0%D1%8F_%D0%B1%D0%B8%D0%BE%D0%BB%D0%BE%D0%B3%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9D%D1%83%D0%BA%D0%BB%D0%B5%D0%BE%D1%82%D0%B8%D0%B4
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD
https://ru.wikipedia.org/wiki/%D0%A5%D1%80%D0%BE%D0%BC%D0%BE%D1%81%D0%BE%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%94%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%A0%D0%9D%D0%9A
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%84%D0%BE%D1%80%D0%B5%D0%B7_%D0%B1%D0%B5%D0%BB%D0%BA%D0%BE%D0%B2

3agauu, pemiaeMble ¢ IOMOIUbIO TeHETUYECKUX MAPKEPOB

= = = = =
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* HACJIEAOBAHUE U KAPTUPOBAHUE N'€HETUYECCKUX TPU3HAKOB
* IOCTPOCHUE N'C€HETUYECKUX U (PUBNIECKUX KapT

* IONYJIIIMOHHO-TEHETUYECKasl CTPYKTYpa, YPOBHH U3MEHUYHUBOCTH U
reHeTudeckas guddepeHnuanms

* CUCTEMA CKPEIIMBAHUA

* IOTOK T'€HOB, 0OMEH I'€HaMM, UHTPOIPECCUBHAS THOPU U3 AL

* CyICOHO-MEIUIIMHCKAS AKCIIEPTU3a, TCHETUYECKAs WACHTU(PUKALIUSA
* MOJICKYJIApHas (GUIOTECHMS U CHCTEMaTHKa

* ACCOUAIMA NeHETUYCCKON U3MEHYMBOCTH ¢ (PCHOTHIMUYCCKOMN

* Marker-aided selection ¥ renoMHast ceJIeKIUSI

Ixona-koH}pepeHus 1J1s1 MOJT0AbIX yueHbIX «IIpo0/ieMbl U epcneKTHBBI H3YYeHHUsI JTeCHBIX O0uoreoneno3oB» 15 centsaops 2014 r., Kpacnosipck, Mucturyr jeca um. B.H. Cykauesa CO PAH 14



N3 Bcell NI3BMEHYNBOCTH HAC 00JILIIIEI0 BCEro
HHTEpecyeT aJalTUBHAS FreHETHYEeCKAsA
M3MEeHYUBOCTH - [louemy?

o e e s e Lk sl 2 ST B AL S T P & X e A S < ‘. By S e i Mg s Lt Ly Sk W SRR S

* MOHSATHh U MCHOJB30BaTh aIAIITUBHBIN MOTCHIINAII
* mpenckazarh YPPEKT U3MEHEHUS KJIMMaTa

* MPOTHUBOCTOATH 3TUM 3(P(PEKTAM ITYTEM CEJIEKIINU
0oJiee YCTOMUMBBIX AepeBbhea U IS
[IeJICHAIIPABIICHHOIO 1 00O0OCHOBAHHOIO IIEPEHOCA U
MHTPOAYKIIMH pacTUTEILHOr0 MaTeprania (assisted
migration)

* IIOHATH IBOJIIOIMOHHBIA OTBET ¥ MOJIEKYJIAPHBIC
MEXAHU3MbI TEHETUYECKOM aallTalluu

IIkoJ1a-koHdepeHIus 1151 MOJIOABIX YueHbIX «[Ipo0sieMbl U MepcrneKTHBBI H3YUYeHHUs JIECHBIX 01oreoneHo030B» 15 centsiops 2014 r., Kpacnosipck, Mucturtyt jgeca um. B.H. Cykauesa CO PAH 15



BakHoCTHL T HOMUKU

° IBOJIOINMOHHBIN OTBET 7TO T€HEeTHYECKAs
AANTAIMSA YepPe3 FCHETUYECCKOE UBMEHEHHUE,
KOTOPOE€ YBEIUYMBAET MPHUCIIOCOOJIEHHOCTD
pPacCTCHUH U ’KMBOTHBIX K UX CPEJI€ OOUTAHUS,
BKJIFOUAsA OMOTUYECKUE U A0UOTHUUECKHUE
B3aUMOJICICTBUS

* MHOKECTBEHHbIE I'€Hbl OOLIYHO BOBJICUCHBI B
reHETHYECKYI0 AIaNTAIIMI0, TAKUM 00pa3oM
UX U3y4YE€HHUE TPEOYEeT MPUMEHEHHUS F'€HOMHBIX
METO/10B 1 NOJHOIT€HOMHBIX I10JX0/10B

Ixona-koH}pepeHus 1J1s1 MOJT0AbIX yueHbIX «IIpo0/ieMbl U epcneKTHBBI H3YYeHHUsI JTeCHBIX O0uoreoneno3oB» 15 centsaops 2014 r., Kpacnosipck, Mucturyr jeca um. B.H. Cykauesa CO PAH 16



Kak u3MepuTh ATaNTUBHYI0 T€HETUYECKYIO
H3MEeHYMBOCTh B Honyﬂﬂunﬂx’7

* TpaI[I/IIII/IOHHI)Ie MeTOI[I)I

—reorpauuecKkue KyabTypbl
—MOJICKYJISIPHO-TEHETUYECKHE MapKEPhI

—KapTI/IPOB_aHI/Ie F?HOB KOJIMYCCTBCHHBIX IIPU3HAKOB, NJIX
Quantitative Trait Locus (QTL)-kapTupoBanue

° COBpeMeHHI)Ie HOIIVJIAINUOHHO-TCHOMHDBIC I101X0/1bI

—HOBBINA THN (PYHKIHOHAJIBHBIX T€eHOMHBIX MapPKEPOB
—aCCOLMATHBHOE KAPTUPOBAHHUE

—0OHapy’XeHHE I'eHOB WJIM T€HETUYECKUX DJIEMEHTOB C HEOOBIUHO
BBICOKMMH HJTH HU3KHUMHU YPOBHIMH U3MEHYMBOCTH 1
nubepeHIany, BIIaJaoIMMUA U3 00IIEro pacupeacacHus
T€HETUYECKOM M3MEHYMBOCTH U JTU(DHEepEHIIMAIAN (TaK
Ha3bIBa€MbIC FeHbI-ayTcaiiaepsbl uiau outliers)

* MHTerpaniMOHHbIN MOIXO/I

IkoJ1a-koHdepeHus 1151 MOJIOABIX YueHbIX «[Ipo6iieMbl U nepcneKTHBBI H3yUYeHUs JIeCHBIX 01oreoneH0308» 15 centsaops 2014 r., Kpacnosipck, Mucturyr jgeca um. B.H. Cykauesa CO PAH 17



Nature vs. Nurture

Kak ux pasneaurs?
I eorpadpmueckasi Kyjabrypa

‘ T'enomun

Ipumep:
Bovicomnwti 2paduenm

Cpeoa

24 ...

IIkoJ1a-koH(epeHIus 1151 MOJIOALIX YueHBIX «[Ipo0sieMbl U nepcrneKTHBBI H3yUYeHHUs JIECHBIX 010reoneH030B» 15 centsiops 2014 r., KpacHosipck, MucturyT jeca um. B.H. CykaueBa CO PAH 18




DyHIAMEHTAJbHAS MP00JIeMAa TeHETUKH — CBA3b (JeHOTHUIIA ¢ TeHOTHIIOM!

Ee MOZKHO pEIHI/ITI) MJIA CJO0KHBIX HpI/I3HaKOB TOJBbKO I/IBy‘laH
NU3IMCHYUNBOCTD 110 COBOKyHHOCTI/I BCEX I'CHOB B I'CHOMEC
' g A Tl

B 67 M0 R eves sHAL |

BE OPENED AND YE SHALL BE
AS GENETICISTS!
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R A s
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Nature (genome) vs. Nurture (environment)

P=G+E+GxE

Phenotype = Genome(Genotype) + Environment + Interaction

Organisms are different because of the:

« genomic/genetic (G) differences among individuals
» different environments (E) where individuals are growing

« and interactions between the genotypes and the
environments in which they grow (GxE)

Ixona-koH}pepeHus 1J1s1 MOJT0AbIX yueHbIX «IIpo0/ieMbl U epcneKTHBBI H3YYeHHUsI JTeCHBIX O0uoreoneno3oB» 15 centsaops 2014 r., Kpacnosipck, Mucturyr jeca um. B.H. Cykauesa CO PAH 20
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CkoJgbKk0 resoruna B dhesorune?

IIIKOJIa-KOHq)epeHHHH AJIsi MOJIOABIX YYE€HBIX «HpOGHeMLl U NEPCIEKTUBLI U3YYCHUS JIECHBIX
£~y ATT

OuoreoneHo3oB» 15 centsadps 2014 r., Kpacnosipck, MucturyT Jeca um. B.H.



Mendelian traits vs. Complex traits

 Mendelian = Qualitative

— single gene responsible for most of the
observed phenotypic variance

« Complex = Quantitative

— multiple genes with gene x gene, gene X
environment interactions contributing to
phenotypic variance

Ixona-koHpepenuus 1st MOT0AbIX yueHbIX «IIpol 0/1eMbI U ePCNEeKTHBBI H3YYeHUs JIECHBIX OnoreoueHo3on» 1 5 ceHTsl ops 2014 r., Kpacuosipck, UHcTHTYT J1eca um. B .H. CykaueBa CO PAH 22



Single vs. Multiple Genes in Population

PN =GN + EN + GMxE"

n — multiple phenotypes, genes and environments

Great Ferma Theorem : Z" = X" + Y1
does not have integer solutions X, Y, Z forn > 2

My Theorem PZ GX + Ey AndreWiIes, 1994

My Great Theorem: P? = G* + BEY + G*XEY
I'enomuka — eouncmeennoe peuternue!

0J1a-KOH(epeHIHsI 17151 MOJIOABIX yueHbIX «[Ipo0/ieMbl U epCceKTHBBI H3y4YeHUs] JIECHBIX OuoreoneHno3oB» 15 centsiopsi 2014 r., KpacHosipck, Mucturyr jieca um. B.H. CykaueBa CO PAH 23



Expression of genetic variation

Nucleotide variatio

n in DNA sequence

Ap

regulatory
regions

protein coding region protein coding region | | non-coding regions,
exons: non-synonymous exons: synonymous introns, 5’ & 3’utrs

!

regulatory factors variation

protein variation “silent” variation

1/\

1

Environmental variation 7'

v

)( neutral
Phenotype:

Morphological variation
Physiological variation
Behavioral variation

=P [Nherited http://encodeproject.org
=P non-inherited ~ [ENCODE

Ixona-koH}pepeHus 1J1s1 MOJT0AbIX yueHbIX «IIpo0/ieMbl U epcneKTHBBI H3YYeHHUsI JTeCHBIX O0uoreoneno3oB» 15 centsaops 2014 r., Kpacnosipck, Mucturyr jeca um. B.H. Cykauesa CO PAH 24


http://encodeproject.org/ENCODE

Linking Genotype to Phenotype & Environment

Structural

Genomics:
* sequencing

Quantitative ? ey el Population
. * linkage, physical and .
Genetics: QTL mapping Genomics:
o phenotyping ° OutlierS:
+ heritability (G x E) * neutrality tests

« candidate gene,
allele, SNP
association mapping

trait correlations Ecological

Genomics:

» clinal variation

e assoclation with

geographic factors
and environmental
variables

IIkoJ1a-koHdepeHIus 1151 MOJIOABIX YueHbIX «[Ipo0sieMbl U MepcrneKTHBBI H3YUYeHHUs JIECHBIX 01oreoneHo030B» 15 centsiops 2014 r., Kpacnosipck, Mucturtyt jgeca um. B.H. Cykauesa CO PAH 25



Kak ¢BfI3aTh CJI0KHYI0 PEHOTHUITHYECCKYIO

N3MEHUYNBOCTDH C TCHETHYCCKON?

CoBpeMeHHbIE MOAXO0AbI B NOMYJISAIIMOHHOM,
JAHAIMAPTHON U IKOJOTHIECKON NreHOMHUKE:!

* HM3YYCHHE CBSI3HM T'€HETHYCCKOM M3MECHUYNBOCTH 10
OOJBIIOMY YHCITY MAapKEPOB ¢ PESHOTUIHUYSCKON 1
CPEIOBOI M3MEHUYMBOCTHIO (T.H., ACCOLIMATHBHOE
KAapTHPOBaHHUeE)

* 00OHapy)XEHHE T€HOB-«ayTcanaepoB» (outliers) myTém
CpaBHEHME MapaMETPOB U3MEHUUBOCTH U
i depeHIMANN 10 CEJIEKTUBHO-HEUTPAIbHBIM U
(PYHKIIMOHAJIbLHBIM T€HOMHBIM MapKepaM

KpytoBcknii K.B. 2006. OT nomynsaiiMOHHON TeHETUKH K TTOMYJISIIIMOHHON TeHOMUKE JIECHBIX JPEBECHBIX
BUJIOB: MHTETPUPOBAHHBIN MOMYSIIMOHHO-TeHOMHBIN ntoaxoy. [ enemuxa T. 42. Ne10. C. 1304-1318.

Gonzalez-Martinez S.C., Krutovsky K.V., Neale D.B. 2006. Forest tree population genomics and adaptive
evolution. New Phytologist 170(2): 227-238.

Ikoua-koHdepeHus 15t MOJIOABIX Y4eHbIX «[IpodieMbl 1 mepcreKTUBBI H3YYeHUs JIeCHBIX O1oreoneHo30B» 15 centsaops 2014 r., Kpacnosipck, Hucruryr jeca um. B.H. Cykauesa CO PAH 26



AccoMaTUBHOE KAPTHUPOBAHME

ancestral
favorable mutation

chromosomes
| = — _— (e.g., growth rate)

LA c_ |

recombination
through
evolutionary
history

e D B 7

chromosomes |[HIE
innatural [ S W | 0 B N -

population

IIxos1a-koHpepeHHs 1151 MOJIOABIX yueHbIX «I[Ipo6.ieMbl U MepCeKTUBLI H3YyYeHHsI JIeCHbIX 0HOreoeH030B» 15 cenTsndpst 2014 r., Kpacnosipck, Mucturyt j1eca um. B.H. CykaueBa CO PAH 27



I10/THO-TEHOMHOE ACCONUATHBHOEC KAPTUPOBAHUE C
HUCI0JIb30BAHUEM CJYYANHBIX MAPKEPOB (HAMpUMep,
«caumnoBy» - SNPs — single nucleotide polymorphisms)

VS.
N30upare/ibHOI0 ACCOUATUBHOIO0 KAPTUPOBAHUS,
OCHOBAHHOI0 HA GYHIMOHAJBbHbIX MAPKEPAX B reHaX-
KaHIUJ1aTax

Quantitative Trait Nucleotide (QTN)
SNP, SNP, SNP, SNP, SNPg SNP; SNP,

} } l candidate | |
gene

B ——————————————
HepaBHOBeCI/Ie 110 CHCIVICHUIO

HepaBnoBecue no cuenjieauio (Linkage Disequilibrium - LD) —
ITO HecJy4YaiiHasi acconmuanusi ajieliei clienjaeHHbIX JOKYCOB

Ilxos1a-koHpepeHHs 1151 MOJIOABIX yueHbIX «I[Ipo6.ieMbl U MepcneKTUBLI H3YYeHHs JIeCHbIX OHoreoneHo30B» 15 centsiops 2014 r., Kpacnosipck, Hucruryt jeca um. B.H. Cykauesa CO PAH 28



Assoclation Mapping Components
* Phenotypes
— trait values

« Numerous Molecular Markers
— SNPs

v SNP genotyping assays based on preselected SNPs
v SNP genotyping by sequencing

o Statistical Models

— Linear model: phenotype as response and
genotype as predlctor
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COBDCMCHH])IE METOAbI NMOJYUYEeHHUSI MAPKEPOB ¥ TEHOTUNMPOBAHMS NMYTEM NIPSIMOI0 CEKBEHUPOBAHUS

bar-coded DNA

next generation
high-throughput

/ or mMRNA
library pools \
individual genomic or massively parallel
MRNA (tissue-specific 1) RAD DNA sequencing
or total) complexity |~ (NGS)

reduced, or 2)
/ target-enriched
individual genomic DNA _
genomic DNA| |bar-coded pools image
§ analysis
o8 wes st weu e ‘ —>
genotypln_g and quantltatlve trait loci ol b [\( N
phe'notypmg In (QTL), candidate gene \ W "” M {B{ ﬁl !
mapping or natural or association mapping DNA chromatograms
population
ﬁ (GBS) j"F sequence .
«—_ high-density «— processing

SNP marker 8 and analysis ”»::f.,‘:‘.‘.;.‘;:.; =

high-throughput
J Jip development

SNP genotyping
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IIpoeKTHI 10 MONMYyJAAIMOHHOM,
JAHAIA(PTHOH M IKOJOTHIECKOH reHOMHKeE
JaganHoi cocHbl (PInus taeda - Loblolly pine)

« USDA NRICGP Plant Genome Program / National Institute of Food
and Agriculture (NIFA) Agriculture and Food Research Initiative
(AFRI) Competitive Grants Program, Applied Plant Genetics
Coordinated Agricultural Project (CAP), #CA-D-PLS-2038-CG, PI: D.
B. Neale (dendrome.ucdavis.edu/ctgn/people), 2004-2011, $6,000,000;
“Conifer Translational Genomics Network” (CTGN)

« USDA NIFA AFRI Competitive Grants Program, CAP, Climate
Change Program 1: Regional Approaches to Climate Change, Program
Area Code — A3101, #2011-68002-30185, PI: Timothy Martin
(www.pinemap.org/about/team-members), 5 years, 2011-2016,
$19,976,825; “Integrating research, education and extension for
enhancing southern pine climate change mitigation and
adaptation” (PINEMAP)
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http://dendrome.ucdavis.edu/ctgn/people
http://www.pinemap.org/about/team-members

neaJ1 JJaJaHHOU COCHBI

TXALM Uniy
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| omferranslatlonaIGeomlcs Network(CTG N)

. CTGN MHOTO MHCTUTYTCKUU KooszHHpreMbm C.-X.
npoekT (Coordinated Agricultural Project - CAP)
¢uHancupyembeii USDA n US Forest Service

A Unitad Slatas Department of Agricullure

i National Institute of Food and Agriculture
 OcHOBHAaA 3aa4a. IPUMCHCHHUC JKCIICPUMCHTAJIBHBIX

T€HOMHBIX PECYPCOB U CPEJACTB B MPAKTHYECKOU JICCHOI/I
CeJIEKIIUU SEA

WWW.pinegenome.org/ctgn

e [loaxomnml.

— MacIITa0HOE r€HOTUIIMPOBAHUE AJIUTHBIX CEJICKIIMOHHBIX
TIOIYJIALMA JTJAJAaHHOKW COCHBI M 1yTJIAaCCUM

— OOHApyKCHHUE U IOJATBEPKICHUE aCCOIUALINN MEXKIY
F€HETHUYECKHUM MapKEépaMu U (EHOTUNHUYECKUMHU MPHU3HAKAMMU

— MOJCJIHUPOBAHUE, pa3padOTKa U BHEJAPEHUE ONTUMAIbHBIX
METOI0B BKIIFOUEHUS MAPKEPOB B CEJIEKIIMOHHBIE IIPOrPAMMBbI
T€HOMHOMU CeJICKIINU
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http://www.pinegenome.org/ctgn

CTGN: Linking Genotype to Phenotype & Environment

Structural

Genomics:

* high-throughput
sequencing

Quantitative - marker development Population
P * linkage, physical and P
Genetics: OTL mapping ngomlcs.

o phenotyping e outliers

* neutrality tests

e candidate gene,
allele, SNP
association mapping

* heritability (G x E)
* trait correlations

Ecological

Genomics:

» clinal variation

¢ assoclation with

geographic factors
and environmental
variables
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CexBeHupoBaHue ¥ reHoTunupoBanue SNP

resequencing & SNP discovery project, $6 min

Filter out contigs similar by .
40 ) OOO W blast analysis 'to other 20 ) 500 prirln-izlagrhd:ehsriglrj]ggigg}ine
sequences in this dataset at Agencourt
Total number of EST Contigs Total number of unique Biosciences
From UGA and UMN clustering EST contigs
14,000 )
Number of EST contigs for which J
Primers were successfully designed
7,515 (representing 7,003 umgenesﬂ Resequencing 7,900 W —
In diversity panel P Primer Valldau_on
Number of Amplicons for which A Number of validated Dy test squending
Resequencing data has been delivered primer pairs contig database

» ~23,000 SNPs o6napy:xeno B ~7,900 yacTuyHO aMITUPUIUPOBAHHBIX U
CEKBEHHPOBAHHBIX YHUKAJIBHBIX I'€HAX B HEOOIBIION HOMYISIIMOHHON BRIOOPKE 1
~7000 u3 HEX ObUTIM MCIIOJIB30BaHbI JIg co3manus |llumina Infinium mardopmen
IS ToceayroIiero reHotunupoBanus B pa3Heix CTGN monmymsmpsx

USDA Conifer Translational Genomics Network
(CTGN) project , $6 min

5,379 SNPs 6bun renoTHnUpoBansl B >4500 trees u3 HeCKOIbKUX CEJIEKIMOHHBIX
TOMYJISIITUH TSI aCCOIMATUBHOTO KapTHpoBaHus, ucrmoin3ys [Hlumina Infinium
naargopmy;

4,264 SNPs ob1s11 mosimmMop@dHbI B nonyJasanusax Bocrounoro Texaca
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Jko30HbI Texaca

~ Counties oa i State & National Forests

. . | 3
Texas Ecoregions: “TT )
" Blackland Prairies £l l" ‘
| Eastern Cross Timbers L ’T___ e
Edwards Plateau O O
. Grand Prairie and Plains —‘_l‘_ 3
High Plains 7 | = w0 .7 —i' ok : NF
B Mountain Forest Lﬁ‘% S 1 — Sabine NF
I Pineywoods 9 S e s el ¥ _ Masterson
Post Oak Savannah | &S S : _ . 28 Satte
.~ Rolling Plains g G5 N e ‘ |
South Texas Plains il qq‘! e ' > g v Wonsy by
Trans Pecos o s >
.~ Western Cross Timbers L | >i'~/ e
" Western Gulf Coastal Plain i w7
} A

http://txforestservice.tamu.edu/main/popup.aspx?id=7002

EVERYTHING IS BIGGER AND BETTER IN TEXAS — EVEN THE FORESTS

lkona-koHpepeHus 17151 MOTOAbIX YueHbIX «[Ipo6/1eMbl H NepcHeKTHBLI H3yUeHHsI JIECHBIX 0HoreoneHo3oB» 15 centsdps 2014 r., Kpacnosipck, Unctutyt jeca um. B.H. Cykauesa CO PAH 37



http://txforestservice.tamu.edu/main/popup.aspx?id=7002

L vt -
\& y Il
-y of )

blln*‘
ND

Lruemsey

Man Vs

AN (W) { '_ccd‘(
o * M.\nC estor
Liverpoo

R

Voo
AN !
!
W
B?rdcaux
Bilbao / :
. l’ .' JToulouse
9 :w.:o Kilometers
] i 1 | J
0 JOO Miles

Tarnnmrn

——

Copenhagen™ 2

nLS

Kaliningrad

SiA L >

_ Bormhoim A4
Py ‘Gdansk’ |
Ilamhurg {\ |

1

KINGDOM . Gk S
"Birmingham \msterdam *remen - Berlin Pozn.'m Warsaw
Cardiff 8 AMELETCO POLAﬁD
e . i T b i
- R sitgrdamss = - b
London* ‘o) S "élf‘.of“ JLssen Lelpzig, ! Lo . \
T i Low ux .Wroclaw 1
Bru >y

P"ﬂs ', < anrakéw
o A nushﬁvfd\
Vignita® | &b ‘

! = Budapes
AUATRIA

. Frankfurt
*am Main

Luxembourg

e & GERM AH

Stuttgart
. V —
Munich
-

*
HUNGARY

L]ub!lana

SLOVEMIA .agrcb o

nicee N ,_. ?
= ¢ KO:{TIA Bp &
| BN N, . N YLGC
lr\; .'n??éan"Europe SizeLcompan 2Tl '-
| ITALY T g . {V\

lkona-koHpepeHus 17151 MOTOAbIX YueHbIX «[Ipo6/1eMbl H NepcHeKTHBLI H3yUeHHsI JIECHBIX 0HoreoneHo3oB» 15 centsdps 2014 r., Kpacnosipck, Unctutyt jeca um. B.H. Cykauesa CO PAH

38



IHonyassuuu JJaJaHHOU COCHBI B BocTouHOM
Texace m M3yYeHHbIC MapaMeTPhI

14 populations of the @ 8 populations of the @ 30 breeding groups
15t generation 2nd generation
selection selection
4,264 SNPs / >1,700 trees s ; : j .
Environmental variables: t, prec., arid.

* Genetic diversity: H,, F,s, etc.

* Genetic differentiation index: Fq;

* Selection detection via search for F¢ outliers

* Population structure inference using STRUCTURE & 4K

* Association mapping & functional annotation of significant SNPs
* Genome wide LD
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N3yuyeHHBbIC MONMYJIAIAN JATAHHOU COCHBI B BocTrouHoMm Texace

St R S O S R e B S 3 T e = e e P S R e AN R A N S S R S AN N o N s S N AN BN S s Y g

40 ﬁ ] ‘&l
¥

o L

"

£ 34 —
GJ .
= Atlantic Ocean
T 32—
1
30 —
| | I
0 200 400 km
= - B Pinus taeda
Gulf of Mexico i Stucy area
O Outlier populations
26 —
' [ [ I | I
=100 -95 -90 -85 ~80 —75

Longitude (W)
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eorpagpuueckoe mNpouCXoKIaeHue CeJJeKIMOHHbIX
nonyJasauni 1-oro moxoJenus (Bocrounniii Texac
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I'eneTnueckasi nupPepenumanus (Fqr) 4,264 SNPs B
NONyJIAUAX 1-0ro MoKoJeHUus ceJIeKINH

T
|
|
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|
|
|
|
|
I
|
|
|
|
|
|
|
100 |
|
' T
O |
J 0.2 0.25

L 0.05 0.1 0.15
|

OyeHb HU3Kan OuyeHb BbiCOKas
anddepeHunaums; andppepeHumnaumn;
6anaHcuMpyrowMn Unun NO3UTUBHbIN UN
ctabuausupyrowmin otéop? AVBEpPreHTHbIN oT60p?
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Fst

IMouck «outlier» SNPS, Haxoasiiuuxcst mox aeicTBHeM 0TOOpa U
CCJIEKTUBHO-HENTPAJbHBIX MAPKEPOB € MOMOLIbIO
K0AJIeCLIEHTHOT0 MOJAeJTUPOBAHMSI

Pacnpenenenne Fo; u rerepo3urornoctu (H,) nas 4,264 SNPs B nonyasiuusx 1-oro
NoKoJIeHus cejiekuu, 95K nMKJI0B Moie TUPOBaHUsI 1J1sl 00HAPYKeHUsI MOPOra

Fst/He

0.275
0.250
0.225

0.200

0.075

) 8 °
0.050 ® L ]
.“ ~£.: .‘ L] ..

0.025 o ° gett™ 3 o

> b P8 bo' % L o '
0.000 - A - - ~ . - - TS gpe—— . . - . LELLL ¥ 4 . -l - Al
0.000 0025 0.050 0075 0.100 0.125 0.150 0.175 0.200 ©0.225 0.250 0.275 0300 0325 0350 0375 0.400 0.425 0.450 0.475 0500 0525 0.550
He

s -anea

[ ® Markers Canddate balandng selection @ Canddate neutral & Canddate positive selecﬁonl

Beaumont et al. (1996) Royal Soc. B; Antao et al. (2008) Bioinformatics

IIxos1a-koHpepeHHs 1151 MOJIOABIX yueHbIX «I[Ipo6.ieMbl U MepCeKTUBLI H3YyYeHHsI JIeCHbIX 0HOreoeH030B» 15 cenTsndpst 2014 r., Kpacnosipck, Mucturyt j1eca um. B.H. CykaueBa CO PAH 43



F<r «outliersy

; HpnMepm I¢HOB-KaHAUAATOB, H3BMCHYUNBOCTDH
® KOTOPLIX BCPOATHO HAXOAUTCHA NMOA BJAUAHUECM
oroopa (after correction for false positive):

Bajancupyonmii oroop (244): HanpagsJieHHblii 0100p (74):

Arabinofuranodisase, Glycoprotease ~ Geranyldiphosphate, Disease

protein, Dehydrin, Lypoxygenase, resistance proteins,

Cytokinin oxidase, Transmembrane  Arabinogalactan-like proteins,
transporters, Endoglucanase, MYB  Pinus Expansin, Pinus alpha-
transcription factor, Pinus taeda Xyloxidase, etc.

Heme oxygenase I, etc. _ _
Potassium/proton antiporter,

Dirigent protein, Homeobox-leucine ~ Laccase 90DProtein kinases,
zipper, Cytochrome p450, Gras Histone H3.2, etc.
transcription factor, Gigantia

protein, Ethylene-forming enzymes

Histone H4, Reductases, etc.

Chhatre V, Byram T, Neale DB, Wegrzyn JL, Krutovsky KV (2013) Genetic structure
and association mapping of adaptive and selective traits in the East Texas loblolly pine
(Pinus taeda L.) breeding populations. Tree Genetics and Genomes 9: 1161-1178
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AcconmatuBHOoe kapTupoBanue SNPS u
(peHOTUNIMYECKOM U3BMEHYMBOCTH B AJANITUBHBIX U
CEeJIEKTHBHBIX MPU3HAKAX (TAKHX KAK CKOPOCTH
poCTa, IJIOTHOCTD APEeBECHHBbI, YCTOMYHBOCTh K
3aﬁoﬂeBaHnﬂM H 3acyXe, U T.I. )

3Haanble ACCOLMALIUU 6I>IJH/I 06HapvmeHbl, HAIIpUMeEP, JIJIS:

* Arabinofuranosidase  Sodium simporter family protein
» Xylosidase * Acyl CoA synthetase

* Protein kinases e Tubulin beta-chains
 Chloroplast proteins * NBS disease resist. protein - P.

* Metallothionein-like protein  taeda Transmembrane protein
* Chlorophyll binding protein  « Universal stress protein

* Glucuronase 4-epimerate » Cyclin-D like protein
* Clavata-like receptor « cdc2 protein kinases
* RNA polymerases * Synaptotagmins etc.

 Decarboxylases
Chhatre et al. 2013 Tree Genetics and Genomes 9: 1161-1178
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KianHaabHas H3MEHYHBOCTDh M ACCOIMAUA ¢ M3MEHYHBOCTBIO
cpeszbe (])aKTopOB JIOFHCaneCKaﬂ perpeccnﬂ (LR)

Number of SNPS qenotvped IN 463 trees from 27 populatlons In

East Texas:
e total = 5379

 polymorphic = 4264
« used for LR = 3667

Clinal variation - significant correlation with:
e Latitude =210

 Longitude =293
* both latitude and longitude = 34
Environmental variables- significant correlation with:

* Monthly mean total annual temperature above 5°C or Growing Degree Days
(MEAN_annGDD5)* = 245

« Mean Annual Precipitation (MEAN_annP)** = 268

« Mean Annual Temperature (MEAN_MAT)*** = 259
« Aridity index = in progress

Chhatre et al. 2014 Molecular Ecology (in prep.)
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KannaiabHas u3MeHUYMBOCTh: Jloructuueckasi perpeccus (LR)

Significant association of the A/G
alleles of the CL4404Contig1-01-
155 SNP with Latitude:

Logistic Fit of CL4404Contigl-01-155 By Latitude
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Insignificant association of the
A/G alleles of the 0-16206-01-
114 SNP with Latitude:

Logistic Fit of 0-16206-01-114 By Latitude
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Accomuanusi ¢ UK3MEHUYNBOCTbIO CPed0BbIX (haKTOPOB:
JorucTuyeckas perpeccus (LR)

Logistic Fit of CL1757Contigl-01-187 By MEAN_annGDD5

1.00 EETY :
Dowati i,
; M :i! .
& VI =js
B0.751 S B —©
i NI N1 DI
2 SR B |
- R B .
=] PR L . Lot -
2050+ I T I
a . by .
K . ":: & : | . T :
S PN . P
o i ! E i . .
5025 S R TR €
Y ! i i I TR P
i 151
) S AL
0.00 T T T T T T T T
4300 4500 4700 49|:ID SLD{J 5300 5500 5700
MEAN_annGDD5

Whole Model Test

Model =LogLikelihood DF ChiSquare
Difference 5.44054 1 10.88108

Prob=ChiSq
0.0010*
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CTGN: Pe3yabTarbl H3y4eHHUs MOMYJISIIIAOHHOM,
JAHAIIA(PTHON U IKOJOTMYECKON TeHOMHUKM JIATAHHOU
COCHBI (Plnus taeda L. )

‘SN Ps from >5000 genes were genotyped In >4500 trees
sampled from numerous natural and breeding populations
covering the full-range of the species

Significant associations were found between adaptive trait
phenotypes, geographic and environmental variables
(temperature, growing degree-days, precipitation and aridity)
and a diverse sets of genes Including abiotic stress response
genes ranging from trans-membrane proteins to proteins
Involved In sugar metabolism and transcription factors

Numerous genes under selection were found (outliers)

Multiple allele candidates for local adaptation were
discovered

Eckert et al. 2010 Genetics 185: 969-982

Eckert et al. 2010 Molecular Ecology 19: 3789-3805
Chhatre et al. 2013 Tree Genetics and Genomes 9: 1161-1178
Chhatre et al. 2014 Molecular Ecology (in prep.)
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USDA NIFA Climate Change Program 1: Regional Approaches to Climate Change

Pl: Timothy Martin, 2011-2016, $19,976,825; “Integrating research, education and

extension for enhancing southern pine climate change mitigation and adaptation™.
il S : $20 million grant to study effects of climate

and Life Sciences [Teaching /Research /Extension /

Departments 0 M Social 0 About v News & Events v Future Students v People v Giving v

Ecosystem Science and Management change  http://www.pinemap.org

[E3 Facebook  [s+] Flickr Future Students ~ Parents ~ Former Students |

Six scientists from Ecosystem Science and Management will be part of
a $20 million grant to study effects of climate change on agricultural
Avoutne and forest production

Facilities

Academics

e On Friday, Feb. 18, the USDA National Institute of
o Food and Agriculture (NIFA) awarded three
News and € Coordinated Agriculture Projects (CAP) representing a

to study effects of climate change Readmore... S

major scientific investment in studying the effects of
climate change on agriculture and forest production.
NIFA Director Roger Beachy made the announcement
at the annual meeting of the American Association for

the Advancement of Science in Washington, D.C.

"Climate change has already had an impact on agriculture production. Going forward
agriculture producers need sound scientific information to plan and make decisions to
ensure their economic viability," Beachy said. "These projects ensure we have the best
available tools to accurately measure the effects of climate change on agriculture, develop
effective methods to sustain productivity in a changing environment and pass these
resources on to the farmers and industry professionals who can put the research into
practice.”

Institute of Food and Agriculture announced the award of a five-year, $20 million grant, to
fund research, outreach and education to develop and transfer better management methods
Drs. Tom Byram, Carol Loopstra and Kostya Krutovsky will be the genetics team from Texas  for southern pine, notably loblolly pine. They will study climate change mitigation and

A&M University. adaptation as it relates to southern pines, particularly loblolly pine, which comprises 80

percent of the planted forestland in the Southeast. It's widely used for lumber, pulp and

Among this project’s main objectives are the study of loblolly pine's genetic adaptation to ducti dh t potential for biofuel ducti
aper production, and has great potential for biofuel production.
potential climate change. The goal is to use this knowledge to develop a new seed paperp ’ g p p
deployment tool that will help mitigate the detrimental effects of warmer and drier climate

in the southeastern United States. Association and population genetics analysis willbe used ~ INIFA made the awards through its Agriculture and Food Research Initiative funding
to characterize important adaptation and mitigation traits to support future breeding opportunity. AFRI's Climate Change challenge area is focused on reducing greenhouse gas

efforts. The genetics program will support development of growth and yield models, emissions and increasing carbon sequestration in agricultural and forest production

stand-level biophysical carbon balance modeling, multi-scale policy and economic analysis systems and preparing the nation's agriculture and forests to adapt to changing climates.

of market and non-market forest benefits and services, and an education program to deliver

state-of-the-art forest management solutions. Texas A&M will assist collaborators at sister

organisitions inmedting fhese Shiediveshroughidlbedigenstics feam: Two-thirds of all the drinking water in the U.S. comes from forested watersheds. 50
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OcHOBHBIC IIEJIN.

* (OOHapyXeHHE aJalTUBHOM Fr€HETUYCCKOM
M3MEHUYMBOCTH Y€PE3 ACCOLMATHBHOE KAPTUPOBAHUE U
Ir¢HOTUITMPOBAHUE CEKBEHHPOBaHUEM (genotyping-by-
sequencing - GBS) u ncnonas30Banne mMOTyYCHHBIX
JTAHHBIX IS JIECOXO03IMCTBOBAHUA Y T€HOMHOM
CEJICKIIMHU JIAJIAHHOM COCHBI

[lonmHorenomHoe GBS nmoka HEBO3MOKHO U
HEO0XOJIMMO M30UPATEIbHOE CEKBEHUPOBAHUE

AN 4
USDA #ZENIFA
| Z 4 _
United States Department of Agriculture WWW- p I n e m a.p . O rq
National Institute of Food and Agriculture . ) o Pl N EMAP
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PINEMAP npoekr:

M30MpaTeIbHOEe CEKBEHUPOBaHME JIaJaHHOM

COCHBI (Plnus taeda L.) AJIst reHOTmmpOBaHnﬂ

1.

Restrlctlon enzyme based double dlgest Restrlctlon S|te Assomated DNA
Sequencing (RAD-Seq) using HHlumina Hiseq2000 (R. Whetten, F. Isik: the North
Carolina State University Cooperative Tree Improvement Program will genotype
the Plantation Selection Seed Source Study (PSSSS) association mapping
population planted across the region from four different coastal provenances).

Single Digest Restriction site-Associated DNA Sequencing (RAD-Seq) using
[Hlumina Hiseq2000 (G. Peter: the Cooperative Forest Genetics Research Program
at the University of Florida will genotype the Comparing Clonal Lines ON
Experimental Sites (CCLONES) association mapping population).

In solution hybridization-capture based Agilent SureSelect Target Enrichment
followed by Illumina Hiseq2000 sequencing (K. V. Krutovsky, C. Loopstra, T.
Byram: the Western Gulf Forest Tree Improvement Program at Texas A&M
University and Texas Forest Service will genotype the Allele Discovery of Economic
Pine Traits2 (ADEPT?2) association mapping population for the western region; Dr.
Jason Holiday: Virginia Tech).
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PINEMAP npoekrt: I'eHeTHKA U CeJIeKIIUS

" Ross Whetten, Fikret Isik, Steve McKeand: the North Carolina State University peaie Tree
Improvement Program will genotype the Plantation Selection Seed Source Study (PSSSS) association
mapping population planted across the region from four different coastal provenances (1" in map).

Gary Peter, John Davis: the Cooperative Forest Genetics Research Program at the University of Florida
will genotype the Comparing Clonal Lines ON Experimental Sites (CCLONES) association mapping

population (2" in map).

Kostya Krutovsky, Carol Loopstra, Tom Byram: the Western Gulf Forest Tree Improvement Program at
Texas A&M University and Texas Forest Service will genotype the Allele Discovery of Economic Pine
Traits2 (ADEPT?2) association mapping population for the western region ("'3" in the map)

Loblolly pine area and genotyping sites

PINEMAP

IkoJa-koHdepeH i



Oo0oramenue 3x3oMmuHoun JIHK ¢ momomubro Agllent’s sureselect Target
Enrichment System ajs mocJiexyonmero reH0THNHPOBAHNA Yepes
- GBS) ¢ momotbio NGS

Genomic DNA samples GENOMIC SAMPLE

(1 g OR 100 ng DNA per sample) (PRCEAETOSIINe SureSelect™
SureSelect X72 l Shear DNA Target Enrichment System
NGS Target Enrichment DNA fragments of 150-200 bp 000000000000C Capture Process
WO I’kﬂOW l Prepare samples using lNGS -
SureSelect*™ Library

PCR I SureSelect
amp If\,' GENOMIC SAMPLE {PREPPED) SureSelect HYB BUFFER BIOTINYLATED RNA LIBRARY
“BAITS”

Indexed DNA library amplicons L J
l Pool 8 or 16 amplified \/

indexed libraries

Genomic locations of interest

Design target
sequences in eArray

v

SureSelect Pre-Capture Library

Indexed library pools

Hybridization

*Our library

. Hybridize using SureSelect*™ reagents and protocol
STREPTAVIDIN COATED MAGNETIC BEADS
contained l

V0000 5060¢ V0000
647’634 balts Capture Library/indexed library hybrids m‘} W @@@% + Q @ Q Q
000G @@@Q@

(2X coverage)

rep resenti ng l{lapture hybrids on magnetic beads
35’386 OUt Of Captured indexed library pools
total 35,550
unigenes i POR ampliy 6@@@@
available at 0000
PineDB* Captured library pool amplicons 0@@@@ Bisdconbiie
1 Pool captured samples UNBOD%\::?\E%%"DN " Beadsi
« Capture target i (Optional) Disst _
size = 78 Mb h 4 VAVAVEVAVAW A—)mphfy Sequencing
(2 n) SureSelect-enriched indexed NGS samples W W
Figure 1 Overall sequencing sample preparation workflow. Figure 2 SureSelect Target Enrichment System Capture Process

* http://bicinfolab.muohio.edu/tXid3352vl  http://www.chem.agilent.com/library/usermanuals/Public/G9630-90000.pdf
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Oo6oramenne rx3omuoi JIHK 35,386 renos B J1aganHoi cocHe ¢ momombio Agilent's
SureSelect Target Enrichment System aJist mocjieayomero «imTpuX-KoAUPOBAHHS»
HHAUBHAYAJIbHBIX 00Pa31[0B M CEKBEHHPOBAHUSA B MOMYJIAMOHHBIX MyJIaXxX

e THome st Wabon Qu;krulrm [ Jml peb
- - :
% - © e, oo ST Kt [ S Ben | Qs
— o ooer anoicanon foenomcween) Sepication Targel Envichmen
z . “w 2l : oo T B5 150549009, 11 M =
Agilent ! _ ‘ - e e =[]
T . | e = H | 12 §
\ x3 5 | S A
Genomic Workbench ¢ B | |z
) A > 4 - I
ez 2 - r # J Custom Designs. IR
Standard Edition \ % at e
‘ .
www.chem.agilent.com 20 X B = ™
- i Al at
= X ! . =
. 55 ' . he » s
S.- ® Agilent Technologies, Inc. > J— . e
Al Rights Reserved B, Fyfreer " . by

647,634 onuronykiaeoTHAHBIX po0 mimHOoK B 120 bp kaxaas ObLIM pa3paOb0TaHbBI ¢ TTOMOIIBIO
Agilent Genomic Workbench software na ocaope 35,386 ronurenoB (creaepupoBanabix Dr. Chun
Liang, Miami University; PineDB v.1 bioinfolab.muohio.edu/txid3352v1), cuaTe3npoBaHbl U
MCIIOJIb30BaHbI 1j1s Tuopuan3aiuu ¢ 78 Mb sk3oHa 11 oboramenus JIHK-x 0uOa1noTek SK30HaMH
U nocienyoiero cekBekenupopanus Ha [llumina HiSeq2000

Mpumep 113 npob, NoKpbIBalOWMUX OHUTEH #14

Bonrers., Ceeamses | 55
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SNP mapképbl, 00HaApyKeHHbIE ¢ IIOMOIIbIO
SAM1t00IS 1 TOJIbKO B YHHKAJbHO KAPTHPOBAHHBIX
npourenusnx (reads) Illumina HiSeq2000

OoOpasuoB Ha OOHapyKEeHHBIX YpoBeHb
SNP pa3HooOpa3us
SNP, &
2 1,905,814 0.0026
4 1,870,997 0.0061
8 1,816,724 0.0050

Mapping criteria for SAMtools and Freebayes: minimum read depth = 10,
at least 30% of total uniquely mapped reads contain an alternate allele
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USDA NIFA Climate Change Program 1: Regional Approaches to Climate Change
Project: “Integrating research, education and extension for enhancing southern pine

limate change mitigation and adaptation” http://www.pinemap.org
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e 2,8 muiH SNPS y:ke renorunupoBano B noutu 40,000 renax safaHHOM COCHBI B MOE
naboparopuu B Texas A&M University B 3ToM IpoeKTe IyTEM IPSMOT0 CEKBEHUPOBAHUS
renoMHo# JIHK, oOoraménHoi 3K30MHBIMU palilOHAMH € IIOMOIIBI0 THOPUIN3AIIUH
toransHOM JIHK ¢ 600 MiH oMroHyKJI€TUAHBIX TPOO, MPEACTABIISIIONIUX MTOUYTH MOTHBIN
TpaHCKpUIToM (~40 ThIC. SKCIIPECCUPYEMBIX I'€HOB) JIaJIaHHOW COCHBI

* Oonee yeM 400 mepeBbsiX cO BCero apeaJia, npo()eHOTUIIMPOBAHHBIX MO 00JILILIOMY
YMCJIY ATaNTUBHBIX U CeJIEKIMOHHO-IIEHHBIX MPU3HAKOB, a TAaK)KEe H3yYCHHBIX 11O
OOJIBIITIOMY YHCITY CPEAOBBIX (PaKTOPOB OYYT reHOTUMHPOBAHBI M0 BCEM 00HAPYKEHHBIM
SNPSs njist oOHapy:keHus ajijiee U ralIoOTUIIOB CBI3aHHBIX C U3MEHYMBOCTBIO aIAlITUBHBIX
PU3HAKOB, a TAK)KE C YCTOMUHUBOCTBIO K CPEAOBBIM (hakTOpam

* (pakTHYECKHU, 3TO O3HAYACT MepPexoa 0T OTAeJbHbIX MAPKEPOB K MOJTHOMY
reHOTHPOBAHMIO Yepe3 CeKBeHUpPOBaHue!

* Jpa MapKépOB 3AKAHYNBACTCHA — HACTYHIACT 3Ppa MOJHOI€HOMHOI'O CeKBeHI/IpOBaHI/Iﬂ!

° MONYyJSUMOHHASA F€HOMHMKA BMECTE ¢ MOJICKYJISIPHOH IKOJI0rvMe (3KOreHOMHUKOM)
MO3BOJIAT:

- O6Hap}I)KI/ITI> I'CHBI U aJIJICJIM OTBCTCTBCHHBIC 3a aJdallTallkuIO
— CBA3aTb I'CHOTHUIIBI C alalITUBHBIMH CI)GHOTI/IHEIMI/I 41 CpCI[OfI
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CoBpemeHHbIe MeTOAbI cekBeHMpoBanusa HK

_/ Pycosoactao | HOLL elientp rerio... \ +

. Brimyck ¢ 2005 1. KOMMEpYECKUX BBICOKO-
POM3BOAUTENBHBIX ceKBeHATOPOB IHK Ha 0cHOBE HOBBIX
TEXHOJIOTUHA MAaCCUBHOIO MAPaJUICIIbHOTO CEKBEHUPOBAHUS
xommanusmu Roche u [Hlumina

fr Cozmanue B 2012 r. HayuHo-00pa3oBaTeabHOTO [IEHTPA
TeHOMHBIX HccienoBanuii Cubupckoro enepaabHOTO
YHHUBEPCUTETA NPU MOJJIepKKe OTaeaa FreHEeTUKHU U CEICKIIUU

IlenTpa 3amuThl Jieca KpacHosipckoro kpas u JlJaboparopun
JICCHOM reHeTuku U cenekiuu Macturyra neca uMm. B. H.
CykaueBa COPAH (http://genome.sfu-kras.ru)
000pYI0BAaHHOI'O CaMbIM ITPOU3BOAUTEIBLHBIM CEKBEHATOPOM
Illumina HiSeq 2000 u cynepkoMmbrOTEpOM

€ @ cenomestukrasn/ieade c| /8- o Alerd »| = V7|

UEHTP reHOMHbIX U((NegoBaHUM
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IIpo06J1eMa MOJTHOT€HOMHOI'0 CEKBEHHPOBAHMSI C TOMOIIbI0 HOBBIX CEKBEHATOPOB:
BO3MOKHOCTh CEKBEHUPOBATH TOJIbKO KOpOoTKUMH parmenTamu 100-150 Ho

Bbigeaenue
TOTAJLHOM
resomuoi JIHK

JlonoHuTEIbHOE
mm ™ Pl
(parMeHTHpPOBaHME w o T T N

™
am g’ ™G ™y w

™
AN ™ G M Ny
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Koporkue
~ (parMeHTbI
JHK

IIpuroroBiieHue
OMOIMOTEeK 1A
CeKBEHHPOBAHUS

H KiIacTepu3anus
(cBot)

JJnvnHbIC
¢dparmeHnTsI
JHK

buoundopmarnyeckast 00padorka
MHJLINOHOB «PHU/IOB» M COOpPKA UX B

CeKBeanOBaHne HA HiSeq 2000 m
reHepanusi COTeH MUJLUIHOHOB
KOPOTKHX IPOYTEHUMH (KPHIAOB») -

Pedepencubiii
I'enom
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OcHOBHOH BKJIaJ TCHOMHUKHU B U3YYCHUC JICCHBIX HOHyHﬂHHﬁ:

* pasaelieHUe NOIYIALUOHHON CTPYKTYPhl HA CEJIEKTUBHO-
HEUTPAIBHYIO CTPYKTYPY, BBI3BAHHYIO FT€HETUYECKUM APEU(OM 1
aJalITUBHYIO CTPYKTYPY, BEI3BAHHYIO €CTECTBEHHBIM OTOOPOM

* BBISBJICHUE I'€HOB, AJUICJIEU U YYACTKOB F€HOMA, OTBETCTBEHHbIX 34
JIOKAJILHYIO aJanTamnuro, 1, CJICI0BATEIbHO, BAXKHBIX I
COXpaHEHUs

* 0oJie€ TOYHOE YCTAHOBJIECHUE 3(PHEKTUBHOTO pazMepa MOMYJIAIUN

* 0oJice TOYHOE YCTAHOBJICHHE AEMOTparUUeCKUX COOBITHM B
MCTOPUY MOMYJISILIUKA, BBI3BAHHBIX (DIFOKTyaIlMe pa3Mepa, B TOM
gucie «bottlenecks» — B ormmune ot BnustHusg oTO0pa (BaXKHO IS
IPUHATHUA TPABWIBHBIX TPUPOJOOXPAHHBIX MEPOIIPUSTHI )
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. HOJ]HOFeHOMH()e WM ue.ﬂeBoe (target) ceKBeHHpOBaHHe cTasu
PeaJIbHOCTBHIO M Han0oJ1ee MHPOPMAITUOHHBIM CIIOCOO0OM
renoTunmupoBanusa (genotyping by sequencing - GBS)

* IlomHOreHOMHOE acCOIMAaTUBHOE KAPTUPOBAHUE - I(PPEKTUBHBIN
NONYyJIAIMOHHO-TEHOMHBIN MOAX0] K 00HAPYKEHUIO CBA3HU
reHOTUINA U (peHOTHUIIA

e I'eHoMHas ceneKkLus JOKHA IOMOYb IOJYUYEHHIO 00JIe€ YCTOMYNBBIX
JIEPEBbHEB

e XBOHHBIE — nacajibHas CUCTCMa AJ1d NONNYJIAINOHHO-TCHOMHOI'O
aHaJIn3a.

— TaIUIOMIHBIN MeraraMeTo(MuT - ujeajabHas cucTeMa sl MPSIMOTO
CeKBeHHpOBaHUs, o0HapyxeHuss SNP 1 aHa3u3a rarmioTHIIOB

— BBICOKHH YPOBE€Hb (DEHOTUINYECKON U HYKJICOTUIHON N3MEHYUBOCTH
— cnaboe BHyTpureHnoe LD

— BO3MOXXHOCTH KJIOHHPOBAHMS U OLICHKH OJTHOTO M TOTO JKE€ T'€HOTOIIa B Pa3HBIX
cpenax

— MOIIHAs CEJICKIMOHHO-TIPOU3BOACTBEHHAsI HH(PPACTPYKTYypa

IIxos1a-koHpepeHHs 1151 MOJIOABIX yueHbIX «I[Ipo6.ieMbl U MepCeKTUBLI H3YyYeHHsI JIeCHbIX 0HOreoeH030B» 15 cenTsndpst 2014 r., Kpacnosipck, Mucturyt j1eca um. B.H. CykaueBa CO PAH 66



The International Climate-Resilient Crop Genomics Consortium
(ICRCGC) http://www.climatechangegenomics.org
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Climate change poses a major challenge for
global food security. Climate influences both
yield and quality of crop plants. The
application of genomics will be a key strategy
to tackle this challenge. Development of crop
varieties that will be productive in harsh and
variable environments will therefore be
imperative.

Genomics-based breeding and transgenic
approaches result in a better understanding
of crop performance in a changing climate
while supporting crop improvement programs.

m

2 Characterization of available germplasm and
exploration of wild crop genetic resources will
greatly benefit from the utilization of
genomics tools.

A ““z‘@_\ e gg,:_ma \

G,

Research needs to target appropriate traits,
species and regions to achieve optimal
impact on food security.

Coordination of international research efforts
will be instrumental to better define and faster
advance the priority objectives.

The formation of an International Climate-
Resilient Crop Genomics Consortium
(ICRCGC) is proposed as a forum and
network to accomplish this important mission.
The ICRCGC currenly has a membership list
and an

sory board.

We are currently preparing a white paper and
we welcome contributions to its sections and
subsections. The current draft outline is

available
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The International Climate-Resilient Crop Genomics Consortium
(ICRCGC) http://www.climatechangegenomics.org/members.php
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Genomics of Climate Resilient Crops

1. Assessment of effects climate change on agriculture with examples from case studies on major crop plants
Work done so far on genetics and breeding for climate-resilience traits (CRTs)

Rationale for using genomics resources and allied gene pools (AGPs) including wild crop relatives (WCRs) for
accelerated breeding for adaptation

w N

Genomics in major crops with the following examples: briefs on classical genetics and traditional breeding for CRTs and genetic
mapping and molecular breeding of/for CRTs — information available from genome drafts — structural and functional genomics
resources focusing CRTs — libraries, transctipomics, proteomics, metabolomics — utilization of AGPs — requirement of WGS and
genotyping by sequencing of AGPs.

1. Introduction

2. Cereals: Rice, Maize, Wheat, Sorghum, pearl Millet

3. Oilseeds and Pulses: Soybean, Brassicas

4_ Pulses: Pigeonpea, Cowpea, Common Bean

5. Vegetables: Tomato, Cucumber, Melon, Water Melon

6. Fruit Crops: Apple, Peach, Grapes, Papaya, Apricot, Aimond, Cherry, Plum, Strawberry, blueberry
Forest Trees: Eucalyptus, Poplar, Oak, Chestnut, Pine

8. Industnial Crops: CO E , ougdrcane

Proposed strategies for improvement in CRT's: focus on advanced tools
and AGPs

Introduction

Early and late maturity

Drought adaptation

Cold tolerance

Heat stress tolerance

Flooding and submergence tolerance
Salinity tolerance

Disease resistance

Insect resistance

10. Higher nutrient and water use efficiency
11. CO2 sequestration

12. Greenhouse gas emission

OCONDDODEWN =

Potential for genomic characterization of wild and collected germplasm to enhance global germplasm exchange and use in crop
improvement — socio-political and regulatory issues

Education on genomics for plant breeders and plant breeding for genomicists

IIkoJ1a-koHdepeHIus 151 MOJIOABIX YueHbIX «[Ipo6sieMbl U MepcreKTHBBI H3YUYeHUs JIECHBIX 01oreoneHo030B» 15 cenTsiops 2014 r., Kpacnosipck, Huctutyt jeca um. B.H. Cykauesa CO PAH 68


http://www.climatechangegenomics.org/members.php

Enaroz(apﬂocn) 32 (])nHchnpOBaHne

Unlted States Department of Agrlculture

National Science Foundation, USA

Western Gulf Forest Tree Improvement Program, USA
Texas Forest Service and Industry Partners, USA
Conifer Translational Genomics Network

Genetics Graduate Program, Texas A&M University
Siberian Federal University

Ministry of Science and Education, Russian Federation
Russian Foundation for Basic Research

Russian Government
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Haranbsa Bukroposua OpemkoBa
HNpaunna Hukonaesua TperbsikoBa
HUrops Hukosnaesuu IlaBiioB
Enena Hukonaesna MyparoBa

TEXAS
Dr. Tom Byram  gopesr % Sepyice

The Texas A&M University System

Dr. David Neale
UCDAVIS

DEPARTMENT of PLANT SCIENCES
College of Agricultural and Environmental Sciences

Genome Research and Education Center

Siberian Federal University

EBrennii Anexkcanaposud Baranos
Cepreit Bacuabesuu IlepByxun
Bajentun AsnekceeBu4 CanoxHUKOB
Cepreit Biagumuposuu Bepxosen
IOuius AuapeeBna Ilyrunuesa

Dr. Jill Wegrzyn
& UCONN

Dr. Chang Liang

Department of Botany , MIAMI

oooooooooo

Krasnoyarsk Center

) for Forest Protection

Baagumup Baagumuposuu Cosgaros

Eaena AnekceeBHa lHHIniakuaa .
Dr. Nurul Islam-Faridi

Npuna Baagumuposua Uyoyruna P o 3
AJtexceii Ajnexkcanaposuu Moe Dr. Dr. Dana Nelson ‘(& Y
Kcenust Oneropua Jlenu Dr. Craig Echt y

| 74,:’
L} C
R

Huxomnait Kazemuposuu SAHKOBCKMI ,
o Southern Institute
JAvurpuia BiaaguciaaBoBu4 I1oJIUTOB of Forest Genetics
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aboratory of Forest Genomics
TAMU Department of Ecosystem Science and

Management
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Lab
Konstantin (Kostya) Krutovsky's Lab

Projects

Population Dr. Konstantin (Kostya) k-krutovsky@tamu.edu

Genetics Course:  Krutovsky (Principal Investigator)
CENE612 _ Dr. Judy Brooks
Dr. Judy Brooks jebrooks@tamu.edu
Sprng 2008 (Reserch Asitan) Research Assistant Graduate Student
Seminar series of  vjjkram Chhatre (Graduate Research Assistant) - H H
the Department XIXUC&I tamuedL
of Erc)o;ystem Tomasz Koralewski tkoral@tamu.edu I e b roo kS @tam u : ed u @ '
Science & (Graduate Research Assistant)
Management:

RLEM-681

Phone: (E=+((979)458-0471 0

Special Topics in
Molecular
Ecology:
ESSM/MEPS/GENE
689

Mengmeng Lu
Graduate Student
mira0501@tamu.edt

Personal
Webpage

Software

tkoral@tamu.edu

Positions

Dr. Vikram Chhatre

¢ Former Graduate Student

¢~8 crypticlineage@gmail.com

" ®8 (now Research Associate at
L A the University of Maryland

Habibul Islam
Graduate Student
milon237@tamu.edtL
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e 20-bIM BEK:
IBOJIOLUOHHOE YueHue + [ eHeTHKA
= CHHTEeTHYECKASI TeOPHS IBOJTIONUH

(I'eHeTHYecKasi TEOPHUS IBOJIOIUY WJIH
JBOJIOIIMOHHAS IT€eHETHKA)

HOHyJIHHHOHHbIﬁ YPOBCHDb MbIIIJICHUN (I)eonogls;‘ioéltiggcg)ﬂmnﬁ

e 21-pIi BEK:
MoJiekyasipHasi reHeTuka + buonnpopmaruka =
I eHoMmuKka

HOHyJIHI[I/IOHHO'FeHOMHl)Iﬁ YPOBCHDb MbIIIJICHUS

Kpyrosckuii K. B. OT nonynsiinoHHON T€HETUKH K MOMYJIALIMOHHON N'€HOMHUKE JIECHBIX IPEBECHBIX BUJIOB:
WNHTerprpoBaHHbI NOMYISIIIMOHHO-TeHOMHBIN ntosixo // T'eneruka. 2006. T. 42. Ne10. C. 1304-1318.
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