Becmnuk Tomckozo zocyoapcmeennozo ynusepcumema. buonozua. 2021. Ne 54. C. 6-20

BUMOTEXHOJIOT'UA 1 MUKPOBHOJIOI'UA

VK 57.085.23:582.475.2
doi: 10.17223/19988591/54/1

N.H. Tperbsixkona' 2, M.J. Iak', A.Il. ITaxomoBa!,
N.C. llleBeneBa?, E.H. MyparoBa'

! Unemumym neca um. B.H. Cyxauesa CO PAH, 2. Kpacnosipck, Poccust
2 Cubupcruti pedepanvuvlii ynusepcumen, 2. Kpacnosipex, Poccust

Nuaykuusi coMaTH4eCKOro sM0puorenesa
y eqn cudupckoii (Picea obovata) B KyabType in vitro

Pabota BeimonHeHa B pamkax 6a3oBoro npoekta MJI CO PAH-2021-2025
«DyHKIMOHABHO-TUHAMUYECKasi HHAUKAIMS Onopa3sHooOpasus gecoB CuOHpm»
Ne 0356-2021-0009 u npu yacTHYHOH (PUHAHCOBOH MOATEPIKKE
Poccwuiickoro ponna pyHaaMeHTaNbHBIX HCCIIEIOBAHMM, TPABUTEIBCTBA
KpacHosipckoro kpast, KpacHosipckoro kpaeBoro (hoH/Ia MOAAEPKKH HAyYHON
1 Hay49HO-TEXHUYECKOHN IeSTeIbHOCTU B paMKax HayyHoro mpoekra Ne 19-44-240009.

Hccenedosan npoyecc Kymbmuuposanus in vitro coMamuyeckux 3apooviuieil ey
cubupckoll 8 Kyavmype U30IUPOBAHHBIX 3apoobluLeli 8 3asUCUMOCIU Om CMaouu
Passumus  IKCNIAHMO8, 2eHOMUNOE 0epebes-00HOPO8, COCMABA NUMAMeNbHOU
cpeovl. Boiasneno, umo Haubonee akmusHas UHOYKYUs KALLYCA WAA U3 IKCHAAHMOS elu
cubupckotl Ha cmaouu pazeumolx cemaoonetl (87-95% sxcnnanmog) na mpex 6a308vix
cpeoax DCR, 2LV, Al ¢ oobasnenuem copmonos (2,4-D u BAP). Cpeoa MS okazana
He2amueHoe BAUAHUE HA POCM KAIIYCHbIX KYAbmyp enu cubupcko. Lfumonozuueckuil
AHANU3 NOKA3AL, YMO KAILYCHbIE KYIbNYPbl COCMOANU U3 U300UAMEMPULECKUX KTIEMOK.
IIponughepupyrowue smbpuozentvlie Kyibmypbl COOEPHCANU MACCO8ble 2N00YIAPHbIE
3apoobIU U OTUHHbIE CYCHEH30PbL. YCHeuwHOCb COMAmMuYecko2o smbpuozeresa enu
CUbUPCKOL, a makxice KAYecmeo NOAYUEHHbIX COMAMUYECKUX 3apoobluiell 3a8uceiu
om zenomuna pacmerus-oonopa. Popmuposane IMOPUOLEHHBIX KYIbHYD OMMe4eHO
y mpex KJIemouHbIX AUHULL, NOTYYEHHBIX OM IKCHIAHMOE 08YX 0epebed-00HOPOs (U3
MpUOYamu ONvIMHbIX).

KuroueBsble cnoBa: Picea obovata; in vitro; Kamiyc; SMOPHOTEHHbIE KYJIBTYPBI;
CTaJis Pa3BUTHS 3KCILUIAHTA; IEPEBO-IOHOP.

Coxpauenusi [Abbreviations]: ECs — smOpunorenHsle KynbTypsl [Embryogenic
cultures]; ESM — smOpuoHanbpHO-CycnieH30pHass Macca [Embryonic suspension mass];
CL — xznerounas nuHus [Cell line]; 2,4-D — 2,4-nuxnoppeHOKCHYKCYCHasT KHCIOTa
[2,4-dichlorophenoxyacetic acid]; BAP — 6-6eH30amuHOmypuHa [N°-benzoaminopurine].
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BBenenune

Enb cubupckas (Picea obovata) — omuH 13 OCHOBHBIX JIeCOOOPa3yIOLINX BU-
noB CHOMpH, TPOU3pacTaIONIHiA OT palloHOB ceBepHOH EBpoIisl 10 MaramaHckoit
obnactu. Enp cubupckas uMeeT 0oJbllIoe 3HaUE€HUE B JiecornepepadaThiBatolIei
MIPOMBIIIUICHHOCTH, €€ MPUMEHSIIOT B 3aIIUTHOM JIECOPa3BEICHIH, CO3IaHUU CHE-
ro3aJIepXKUBAIOIINX MOJIOC, KUBBIX M3rOpojci. Bricokue CTpoiiHbIe BEUHO3EIC-
HBIE JEPEBBS €JIM C TYCTOW MYTOBYATOM KOHYCOBHIHOW KPOHOUW MEPCIEKTUBHBI
JUISL TOPOJICKOTO O3eJIeHEHHs W JIaHJa(THOTO au3aiiHa, B OCOOSHHOCTH pas-
HOBHJIHOCTH C TOJIyOOBaToi OKpackod XBow. Enb cHOMpCKas pacTeT B )KECTKHUX
YCIOBUSIX PE3KO KOHTHMHEHTAJIBHOTO KIMMATa, B TOM YHCJIE HAa MOYBaX C BEYHOM
MEpP3TIOTOMH, SIBISIETCS] TEHEBBIHOCIHBOM [ 1]. OqHAKO JUIMTETBHBIA PENPOAYKTHB-
HBIN IMKJI €JTH, KaK U IPyTUX BUJIOB XBOWHBIX, HEPETYISIPHBIC YPOXKAH — CEPhEe3-
HOE TIPETIATCTBHE ISl pa3MHOKEHHS JaHHOTO Buaa. Kpome Toro, TpaJnuIOHHEIE
METOJBI PA3MHOXEHUS €M HE PEelIaloT MpoOJIeMbl BOCIIPOU3BOACTBA IIMTHBIX
JIepEeBbEB C HEOOXOANMBIME HACJIECICTBEHHBEIMU CBOMCTBaMU. Tak, Mpu CeMEHHOM
Pa3sMHOXKEHUH TOJIBKO 4—6% JepeBbeB NPHOOPETAIOT HEOOXOAUMYIO OKpacKy
XBOH, PACTECHUSI, TIOTyYCHHBIE ITyTEM IIPUBUBKH, HEPEIKO HACIEIYIOT OONE3HHU OT
B3pOCIIBIX JIepeBbeB [2].

Hanbonee mepcnekTHBHOE HaNpaBieHUE B PA3MHOXEHHUH XBOWHBIX — TEXHO-
JIOTUSI COMAaTHYEeCKOro SMOpHOTreHe3a, KOTopasi MO3BOJSET HE TOJBKO MAacCOBO
THPAKUPOBATH AIIUTHBIE TEHOTHIIHI AEPEBBEB, HO M CIYXXHUT MOICTBIO IJIS WC-
CIICTIOBAHUS CTPYKTYPHBIX, (DU3HUOIOTHYECKAX M MOJCKYISIPHO-TCHETHUCSCKUX
MEXaHU3MOB KaK COMAaTHUECKOTO, TaK M 3UTOTUIECKOTO YMOPHOTeHEe3a XBOMHBIX.
Mexny Tem uMeHHO y enu (Picea abies) BliepBble OTKPBUIH COMATUYCCKHI M-
Opuorene3 B 1985 1. [3, 4]. Cxema MpOXOXKACHUS COMAaTHUECKOTO SMOpPHOTEeHE3a
TakKe nokazaHa Uit Picea abies [5, 6]. K HacTosilieMy BpeMeHH ycCIIelIHas pe-
TeHepaIys 4epe3 COMaTHIecKui SMOPHOTeHe3 BEISBICHA Y pa3HBIX BUAOB €JIH:
yepHoii (P. mariana) [7], 6enoii (P. glauca) [8], oObikHOBeHHOH (P. abies) [9, 10],
roiryooit (P. pugens) [11, 12], rubpunnoit (P. glauca *x P. engelmannii) [13]. Jlo
CHX TIOP YY€HBIE Pa3HBIX CTPAH MIPOBOMSAT AKTHBHBIC UCCIICIOBAHHMS ITO ONTHMHU3a-
UM TIPOTOKOJIIOB COMATHYECKOTO SMOPHOTEHE3a, H3yUSCHHUIO MYIGTHIDTHKAIIIH 3a-
ponsiteii [14], pusnonoro-6moxumuueckux [15, 16] u MonekynsipHO-reHeTH4e-
CKuX TporieccoB [17-23] comarndeckoro 3MOpHUOTeHe3a XBOWHBIX, B TOM YHCJIC
BUIoB enu. [Ipu 3ToM KaxKablid BUJ €U TpeOyeT pa3paboTKu CBOETO MPOTOKOJIA
MOTY4EHHsI IMOPHUOTEHHOH KyasTypbl. OMHAKO ITyONUKAIINK O pereHepariy eIu
cubupckoit (P. obovata) B KynbType in vitro 4epe3 COMaTHYeCKHii SMOpHOTreHe3
JI0 CHX TIOP OTCYTCTBYIOT, UTO SIBISIETCS CEPHE3HBIM HMPETSITCTBIEM JUIS PA3BUTHS
TEXHOJIOTUH Pa3MHOXKCHUS in Vitro JaHHOTO BUJA. B MaHHOW cTaThe MBI MPHUBO-
VM pa3paboTKy OMOTEXHOJOTWH WHHUIHAIMK COMAaTHIEeCKOr0 SMOpHOTeHe3a B
KyJBTYpE in Vitro enu CHOMPCKOM.

Lens nanHOTO MCCIEIOBAHUS — HOIYIUTh SMOPHOTEHHBIC KYIBTYPBL, IPOIY-
LUPYIOIIHE COMaTHYECKHE 3apOJBIIIN M AMOPHOHAIBHO-CYCIIEH30PHYIO Maccy
Picea obovata.
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Marepuajbl 1 METOAUKH HCCJIET0BAHUS

Hccnenosanus nposeneHsl B 20142019 rr. Ha 30 gepeBbsx eIu CHOUPCKOH,
Tpom3pacTamux B mpuropogax r. KpacHosipcka (MHKpopaiioHbI AKaaemro-
pox, Bernyxanka) u craruonape «Iloropensckuii 6op» WJI CO PAH (38 kM ot
. Kpacrospcka). 1t oOHapy>KeHNsT KOMIETEHTHBIX K COMAaTHIeCKOMY dMOpHO-
reHe3y TeHOTHIIOB KaXKAbIH ToJ| I SKCIIEPUMEHTA BBIOMPATIN HOBBIE JICPEBBSI-
noHopsl. C KaxIoro aepesa cooupaim 3—10 muirek, KoTopbie 10 aHATM3a XpaHH-
mu 1pu 4+1 °C. I[loBepXHOCTh COOpAHHBIX IIUIIEK CTEPUIIN30BAIN: IPOMBIBAIIH
¢ MbUIOM, 00padarsiBaii 5%-HBIM PacTBOPOM THIOXJIOPHUTA HATPHSI, 3aTE€M H3-
BJIEKAJIM CEMEHa, COOpaHHBIE Ha Pa3HbIX CTAAUAX YMOpUOreHe3a — III00YIIPHOTO
3apOoJBIIIa, MHALHAINN CEMSIIONEH, pa3BUTHS CEMSIIONEH U 3peJIoro 3apobIIa.
[TosepxHocTHAs cTepuu3anus cemsH nposenena 10% pacresopom H,O, (3A0
«XumpeaktuBcHab», Poccust) B Tedenue 10 MuH, 3aTeM ceMeHa OTHOKPATHO MPO-
MBIBaJId CTEPUIILHON AUCTHUIUIMPOBaHHOU BoJIoM B TeueHue 10 muH. B acenTuue-
CKHUX yCIIOBUSIX 3apOJIBIIIH H3BICKAH I3 METaraMeTo(huToB M MHOKYIIMPOBAJIH Ha
MUTaTeIbHbIE Cpeaibl Mo 10 SKCIIaHTOB HA KOJIOY B 25 MOBTOPHOCTSIX.

J7st MHATIHAIINN COMAaTHIeCKOTO SMOpHOTreHe3a U3 3UTOTHYSCKHUX 3apOAbIIIeH
ucnonbs3oBaiu 0aszoBbie cpeasl DCR [24], ALV [25], Mypacure-Ckyra (MS) [26]
u Al [27]. Bee cpensl gonomHsuia Me3ouHo3uToM — 100 mr/m (Sigma-Aldrich,
CIIA), rugponmzarom kazemHa — 500-1000 mr/m (Sigma-Aldrich, CIIA),
L-tmyramuaom — 500 mr/n (Sigma-Aldrich, CIIA), caxaposoii 30 /n (3AO
«OMckpeakTuBy», Poccust) u arapom — 7 r/n (Sigma-Aldrich, CIIIA). B kauecTse
AHTHOKCHJIAHTOB MPHUMEHSIH ackopOuHOBYr0 kucioty (AK) (Sigma-Aldrich,
CIIA) B xonnenrpamuu 400 Mr/i. YpoBeHb PETYISTOPOB POCTa COCTABIISUL:
2,4-nuxopheHOKCUYKCYCHOM KHCIOTHI (2,4-D) — 2 mr/n (Sigma-Aldrich, CIIA)
u 6-6enzoamunonypuna (BAP) — 1 mr/n (Sigma-Aldrich, CILIA). dns nponude-
palyy MoJry9eHHONH SYMOPHOHAIBHOW MacChl MPUMEHSITH 6a3oBbie cpensl DCR u
Al, conepxamue 2,4-D (2 mr/m), BAP (0,5 mr/n) u caxaposy (20 r/m). Bonopon-
HBII TOKazarens AoBoawnu a0 3Hadenus pH = 5,8. Bece nurarenbHbie cpens u
KOMIIOHEHTB! CTEPUIN30BAIIM B 3aBUCHUMOCTU OT UX TEPMOJIAOUIBHBIX CBOWCTB.
KynbTypbl nHKYOHpOBanu B TeMHOTe Ipu Temiieparype 24+1 °C. CyOKyabTHBH-
pOBaHME HA CBEXKUE MUTATEIbHbIE CPEIbl IPOBOIIIN Kaxible 14 CyTOK.

s koHTpOINs KadecTBa KieTouHbIX auHuA (CL) mpu cyOKyTETHBHPOBAHAN
MPOBEACHBl IIUTOJOTHUECKHE AHATIHU3Bl C HCIOIb30BAHMEM BPEMEHHBIX IIpe-
mapatoB. /I mpUTOTOBIEHHS HpenapaToB KyCOYKH KaJjuryca IOMEINalIH Ha
MpEIMETHOE CTEKNO U 2—3 MUH BBIACPXKUBAIM B kpacutene (2%-Hbli BOAHBIH
pactBop cadpanuna). JJanee mo0aBIISIIN TIIMIIEPUH U HAKPBIBAIIM TIpemapar 1mo-
KPOBHBIM CTEKJIOM. [IpocMOTp MHKPOCKONIUYECKHX 00pa3I0B C IOMOIIBIO MH-
kpockora MUKMEJI-6 JIOMO (Cankr-IletepOypr, Poccusi) ¢ Bumeonacankoit
DSM510. O6bvem BeIOOpKH cocTaBui 3—5 mpenaparoB Ha kaxnayro CL. Kaue-
CTBEHHBIM I0Ka3aTeleM >MOPHOTEHHOCTH KYIBTYp CIYXXIJIO HAJIHYHEC B HHUX
Jla’ke eAMHUYHBIX CTPYKTYpP C BBIPAXKEHHOH MOJIIPHOCTBIO: IMIOOYISIPHOTO 3a-
POIBIIIA C CYCIICH30POM.



Huoykyus comamuueckozo Imopuozene3ay enu cudupcKoil 9

Pe3lebTaT]>l HCCJIeA0OBAHUSA

Huoykyusa comamuueckozo Imopuozenesa. Viccienopanue enu cHOMPCKOi B
okpecTHOCTAX T. Kpacuosipcka B 2014-2020 rr. moka3ano HEperyIsipHOCTb YPO-
xas aToro Buja. B 2018 u 2020 rr. ypoxkaii muiex y enu cubupckoit OblI OUeHb
CJTabBIM — Ha JIEPEBbIX (OPMUPOBATHCH STMHUIHBIC METACTPOOUIIBI.

ITpoBeneHHBIE AKCIEPUMEHTHI MTOKA3aJIH, YTO Ha MHAYKINIO KaJTycOTeHe3a
u (opMupoBaHHE SMOPHOTECHHBIX KYJIBTYD BIHSET CTAAUS Pa3BUTHS HKCIDIAHTA.
BBezieHHbIE B KYNIBTYPY SKCIUIAHTHI (3UTOTUYECKHE 3aPOJIBIIIH) B TCUCHUE UIONI—
aBTycTa JIy4Ile BCETO MHAYIMPOBAIN KaJUTyC Ha CTAaJHH Pa3BUTUS CeMsIONel
(87-95 %) (Tabn. 1). Ha craguu mHUIMAIMH CeMsIIONEH MHIYyKIHSI IMOPHOTEH-
Horo Kayuryca Obuta Hu3KOH (10-15%). YV aKCIUTaHTOB, BBENEHHBIX Ha CTaIH
m100yssipHOTO 3apossima (cOop matepuana ¢ 8—15 uions), Kak U3BICYCHHBIX U3
MeraraMeTo(puToB, TaK ¥ BMECTE C HUMH, Y BCEX HCCIEIYeMbIX TCHOTUIIOB €U
HUKAKHX MOP(POTEHETUUECKUX PEaKIMiA Ha MPOTSHKEHUH JBYX MECSIIEB KYJIbTH-
BHpPOBaHUS HE HaOmonamu. Y BBEICHHBIX B KYJBTYPY 3pENbIX 3apOAbIIeH (aB-
rycT) obpasoBaHue kauryca coctasuio 40% (cum. Tabm. 1).

Tabnuna 1 [Table 1]
Bimmsinne cTaquy pasBUTHUS IKCIIAHTOB €J1H CHOMPCKOi
Ha opMUpOBaHHEe IMOPHOTEeHHOI0 KAJLIYCA
[Effect of the development stage of Siberian spruce explants on the formation of embryogenic callus]

YacTora GopMupoBaHUs
Craaust pa3BUTHS SKCIUIaHTA Cpﬁ,?ii?gf:llzggfua Kajuryca
[Development stage of the explant] & [Callus formation frequency],
explants]

%
[moOynsipHBI 3apoxbIin _
[Globular embryo] 01-14.07 0
Craaust ”HULMAUK CeMsI0Ien
[Cotyledon initiation stage] 15-17.07 10-15
Craaus pa3BUTHA ceMAoNIeH
[Cotyledon development stage] 21-27.07 87-95
3peblii 3apobIILI
[Mature embryo] 17-30.08 40

WHnyKnys KaJUTyCHBIX KyJIBTYP Ha CTaJWU Pa3BUTHS CEMSIOINECH MpoBeaeHa
Ha 4deTsipex cpenax: DCR, 2LV, MS u Al. Yacrora ¢hopmupoBanus kajaiyca y
e cubupckoit Ha cpene DCR cocraBmna 90%, na cpene 2LV — 87%, Al — 82%,
Ha cpene MS gactoTa (opMupoBaHMs Kajutyca He mpeBbimana 41% (tabim. 2).
VY 3HaYUTENHFHOTO YHCIA HKCIDIAHTOB (POPMUPOBAJICS IUIOTHBIN Kayuryc (puc. 1,
A). Y 5% 3KCIIaHTOB 00pa30BBIBAJICS PHIXJIBIM KAJLTyC OEI0T0 WIIH KENTOro IBe-
ta (puc. 1, B). ILTOTHBII KaJ/TyC COCTOSIT U3 U30JMAMETPHUYESCKUX KIIETOK (pHC. 2,
A, B, C), peIXJIblil — U3 YUIMHEHHBIX KJIETOK (puc. 2, D), a BIOCIAESACTBUHA — U3
3MOpHOHAIBHO-CycIieH30pHOM Macchl (ESM).

IuTonornyeckuil aHanu3 MoKa3aji, YTO KALIYC COCTOUT M3 KJIETOK Pa3HbIX
TUIOB. [IepBEIi THI KIETOK COCTAaBWIIN YIIMHCHHBIC KIETKH, JOCTHTAIOUINE B
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mmny 100,0 £ 3 MM (puc. 2, D), Apyriue — COCTOSUTA U3 U30JHaMETPHUECKUAX
KieTok guaMerpom 60 = 3,5 MM (puc. 2, A-C).

Tabnuna 2 [Table 2]
HMuayknus Kaj1ycoB M 3MOpPHOTeHHBIX KYJIbTYpP Picea obovata in vitro
[Induction of Picea obovata calli and embryogenic cultures in vitro]

Jlara Yucno CoxpanHOCTS Yacrora
BBEJICHUS B | 3KCIUIAHTOB Tep- KATLTYCOB thopMupoBaHUSL
[urarenb- | kynsTypy | BBEAEHHBIX B e qepes 6 Mec 5SMOPHOTE€HHBIX
Has Cpelia |  invifro | KymnbTypy, WIT. : KYJETYp
Naon | acor | henmnr | g [Smmpossl - n e
medium] | introduction of explants | onse]., %| after 6 months of of formation of
into in vitro | introduced into P ’ ivati o embryogenic
culture] the culture, pcs] cultivation], %o cultures], %
DCR 25.07 250 90 32 3
WLV 26.07 250 87 32 0
MS 24-27.07 250 41 15 0
Al 17.07—02.08 250 82 30 0.8

Puc. 1. Kamnycnas macca Picea obovata: A — IITOTHBIH KaJlTyc;
B — prixusnii xamryc. Asrop ¢oto A.Il. ITaxomoBa
[Fig. 1. Callus Picea obovata: A - Dense callus, B - Friable callus. Photo by Angelica Pakhomova]

AKTHBHOW CITIOCOOHOCTHIO K TIpOoTHdepannn 00Iaiaal TOJBKO 3 KIETOYHBIE
nuauu (u3 300), nBe u3 KoTophIx moiaydensl B 2017 . u onHa B 2019 1. B stux
KJICTOUHBIX JIMHUSX YIUTMHEHHBIC KICTKH — SMOpHOHAIBHEIE TPYOKH ENNINCh
1 (GOPMHUPOBAIH JAOTOIHUTENbHBIE SMOPHOHAIIBHBIE TPYOKH M SMOPHOHAIIEHBIE
nannuany. 1lno aktuBHOE (QopMHpOBaHHE IIOOYISPHBIX COMATHYECKHX 3a-
ponpimeit (puc. 3, A). Comarryeckue 3apobIlid YBEINYHBAINCH B pa3Mepax
n pocturanu 200 = 1 Mm. K rmoOyiie comaTHmdeckoro 3apojpliia IpUMbBIKa
XOPOIIO Pa3BUTHIA, MACCUBHBIN CYCIIEH30p, XapaKTEPHBIA ISl 3UTOTHYECKUX
3aponplieii enu cubupcko (puc. 3, 4, B). OOpa30BbIBAINCH aKTUBHO MPOJIH-
¢depupytomass ESM u smOpuonanbHble KoMIUiekcsl (puc. 3, B). Yucno coma-
THYECKUX 3apOBIIICH Ha MOOYISIPHOM CTaIuK Pa3BUTHSA B 1 T CBeXkel Macchl
ESM cocraBnsno 50,0 £ 5 mr.
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Puc. 2. 'ucronorust KyasTyp in vitro Picea obovata: A, B, C — u3oauaMeTpuiecKue KISTKH
(% 200) (aBrop hoto M.D. Tax), D — yanuHeHHbIe KieTku (aBTOp HOTO
A.II. TTaxomoBa). MaciirtabHas auHerika S0 MKM
[Fig. 2. Histology of Picea obovata cultures in vitro (x 200): 4, B, C - Isodiametric cells
(Photo by Maria Park), D - Elongated cells (Photo by Angelica Pakhomova). Scale 50 pm]

Puc. 3. [moGynspHbIe COMaTHUECKUE 3aPOJIBIIIN KIETOUHBIX JTHHUH
ey cuoupcekoit, momydeHHsIX B 2017 1. (x 50): 4 — CL2, B — CL3.
Macmrabnas auHelika 200 MxMm. Arop doto M.D. ITak
[Fig. 3. Globular somatic embryos (x 50) of Siberian spruce cell lines
obtained in 2017: 4 - CL2, B - CL3. Scale 200 pum. Photo by Maria Park]

O0cyxk1eHne pe3ybTaTOB HCCIIETOBAHUS

[IpoBeneHHOE HAMU HMCCIIEOBaHUE TIOKA3aI0, YTO HAa UHAYKIIUIO U Pa3BUTHE
COMATHYECKUX 3apOBIIICH eIl CHONPCKON BIUSIOT TaKue (GaKTOPHI, KaK CTaINs
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Pa3BUTHS IKCIUIAHTA, COCTAB IIUTATEIFHON Cpensl (MUHEpaIbHas OCHOBA), TEHO-
TUN JiepeBa-noHopa. [1o HAlIMM TaHHBIM BBEJEHHE B KYJIBTYypYy HE3PEJbIX 3UTO-
THUYECKUX 3apofsbiieii P. obovata B kKauecTBe IEPBUYHBIX HKCIDIAHTOB HA CTaIHH
panzero sMOpuoreHesa (TIOOYIIIPHBII 3apO/IBIII) KaK ¢ MeraraMeTopuTaMu, TaK
1 U3BJICUCHHBIMH U3 HUX, 0Ka3aJ0Ch HEAPPEKTUBHEIM. B TO ske Bpems y Apyrux
BUJIOB eneit, Harpumep P, abies [29] u P. mariana [30], *HIyKIUS COMaTHYECKOTO
sMOpurorene3a 0ojxee aKTUBHO MPOMCXOIMIa UIMEHHO M3 3UTOTHUCCKUX 3apOMbI-
ieif Ha 9Tarne paHHero SMOpHOreHe3a Ha OCTKIMBAXKHOU CTaluu pa3BUTHS (Me-
raraMeTo(uTH). BBeneHue B KyIbTypy in vifro He3pebIX 3UTOTHUCCKUX 3apOIbI-
meii P. obovata Ha cTauy HHUIMALIMN CEMSIONEN MPUBENO K HE3HAUUTEIIbHOMY
00pa3z0BaHUIO KALTYCHBIX KyABTYp (10—-13%). MHAYKIHS KaIUTyCHOM MacChl po-
HCXOMUJIA TONBKO M3 HE3PENbIX 3UTOTHUSCKUX 3apOJBIIICH, HHOKYIUPOBAHHBIX
Ha TIHTAaTeNbHBIE CPEeNbl Ha CTaAud C(HOPMHUPOBAHHBIX cemsmonei. IlomoOHas
MoporeHHas peakuus ormedena y P. glauca, P. engelmannii [31] u P. abies [4].
3HAUNTEIHHO CHIDKAJACh MHAYKIHUS KAJUTYCHBIX KYJIBTYP y €I CHOUPCKOH IpH
BBEJICHUH B KYJIBTYPY 3pEIIbIX 3UTOTHYCCKHX 3apOJbIIIcii. B To ke Bpems y Ipy-
TUX BUIIOB eJieid, Harpumep P, abies [9, 28, 10], P. mariana [30], P. morrisonicola
[32], “HAYKIMA COMAaTHYECKOTo SMOPHOTreHe3a 1Iu1a aKTUBHO M3 3PEIbIX 3UTOTH-
YECKHX 3apOABIIICH, XpaHUBIINXCS B TCICHHE TPEX JIET.

Ha xauecTBO KynbTyp €11 ONpeNeIeHHOe BIMSIHUE OKa3bIBAET U COCTAB MHUTa-
TENBHBIX cpel. bompmmHCTBO cpen, ucmons3yeMbIx st P, glauca, 0CHOBaHO Ha
cpeae MS u LV c pazmuunsiMu moaudukanusmu [9, 33-35]. Cpenpl, Kak npaBu-
JI0, OTIIMYAIOTCS TI0 COCTaBy MaKpOIJIEMEHTOB. VICIIoNb30BaHNe APYTHUX Cpesl, Ha-
npumep GD [36] u LP [10], mpu Ky/IsTUBUPOBAHUY BUIOB €M TAKXKE HE 0Ka3aJIo
3HAUUTEIFHOTO BIMSHUS Ha MHAYKIUIO KaJUTyCHBIX KyJBTYp. B Hammx omeiTax
¢ P. obovata mb1 ucnions3oBaiu 4etbipe 6a3oBbie cpensl — MS, DCR, ALV u Al
Oxazanoch, 9TO TONBKO Ooraras HUTpaTaMu cpena MS 3HaYMTENBFHO CHIDKAA
BBIXOJl KaJUTYCHBIX KYIBTYp y enu cuOupckoil. I[lpu 00pa3oBaHUM KaJUTyCHBIX
KYJIBTYp, B TOM YHCIJIE ¥ IMOPHOTEHHBIX, MBI UCIIOB30BAIH B paboTe Kiraccude-
CKYIO CXeMy COJepKaHHs ayKCHHOB M LIUTOKHMHHUHOB, MCIIONB3yEMYIO Pa3HBIMH
skcnepuMenTaropamu — 2,4-D (2 mr/m) u BAP (1 mr/i).

YCnenHocTs COMaTUYeCKOro 3MOpHUOreHe3a eu CUOMPCKOH, a Takke Kade-
CTBO ITOJYYEHHBIX COMATHUYECKHUX 3apOABIIICH BO MHOTOM 3aBHCENU OT T€HOTH-
1a pacTeHus-JoHOpa. B muteparype oTMeYeHO, YTO HHAYKIHS U MPOoIrQeparus
ESM y XBOWHBIX B KyABTYpE in Vitro IPOUCXOAT C OTPAHUYCHHOTO YHCIIa JIepe-
BbeB [37-39, 14]. M3BecTHO, 4TO COMAaTHYECKUH 3MOPHOTeHE3 UAET MO CTPOTUM
TeHETHIECKUM KOHTPOJIEM, TaK KaK TOJIBKO OTAEIBHBIE NEPEBbSI-TOHOPEI CIIOCO0-
Hbl popmupoBars ESM u comaTrueckue 3apoabliu B KyJiabType in vitro [40, 41].
[To mannbM Stasolla, Yeung [6], cnocoOHOCTBIO K 00pa3oBannio ESM moryT 06-
naaath 22% aepeBbeB. B HaMIMX UCCIENOBAHUAX C €NIbI0 CHOMPCKON HKCITAHTHI
TOJILKO JIBYX JIEPEBbEB-I0HOPOB (13 30 ONBITHBIX ) 00pa30BBIBATIH IMOPHOTEHHBIE
KYJBTYPBIL
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3akir0ueHne

Takum 06pa30M, IMpOBE/ICHA KOMIIJICKCHAsA OLCHKa Q)aKTOpOB, BJIIMAIOIINUX Ha

WHIYKIMIO COMaTH4eCcKoro sMOpHoreHesa y emu cubupckoil. [lomyueHnsie pe-
3yABTaThl CBUAETENBCTBYIOT, YTO JIJIsl YCHEIIHOTO (DOPMUPOBAHUS COMAaTHUECKUX
3aponpIliel ONpenessIIonM (akTopoM SBISIETCS HE TONBKO BEIOOP JTOHOPHBIX
pacTeHui, HO U CTaausl Pa3BUTHs DKCIUIAHTA. YCTAHOBJIEHO, YTO JIy4llIeW cTa-
JUel pa3BUTHUA 3UTOTHUYECKUX 3apOAbIILIel NPU BBEAEHUU B KYIBTYpY in Vitro y
e CUOMPCKOM SABJISIETCA ATAl HE3peJIbIX 3apoblliel co c(hOPMUPOBAHHBIMH Ce-
MSAJOISIMHM, IIPU 3TOM ONTUMAaJIbHBIMHU IUTATEIbHBIMU cpenamu sBisitorca DCR,
%LV u AL
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Induction of somatic embryogenesis in Siberian spruce (Picea obovata) in in vitro culture

The biotechnology of somatic embryogenesis in in vitro culture is the most
promising direction in the reproduction of conifers. The use of this technology makes it
possible not only to massively propagate the best genotypes of trees, but also serves a
model for studying the structural, physiological and molecular and genetic mechanisms
of both somatic and zygotic embryogenesis in conifers. The main aim of this research
was to obtain embryogenic cultures (ECs) producing somatic embryos and embryonic
suspension mass (ESM) of Picea obovata.

The studies were carried out in 2014-2019 on 30 Siberian spruce trees growing
in the vicinity of the city of Krasnoyarsk. To detect genotypes competent for somatic
embryogenesis, new donor trees were selected every year for the experiment. 3-10 cones
were collected from each tree at different stages of embryo development: globular
embryo (the first decade of July), the initiation stage cotyledons (second decade of
July), the stage of developed cotyledons (third decade of July) and mature embryos
(August). Sterilized explants (zygotic embryos at different stages of development)
were introduced into in vitro culture on basic media DCR (Gupta PK and Durzan DJ,
1985), 1ALV (Litvay JD et al., 1985), MS (Murashige T and Skoog F, 1962) and Al
(Tretyakova IN, 2012). All media were supplemented with myo-inositol - 100 mg/L,
casein hydrolyzate - 500-1000 mg/L, L-glutamine - 500 mg/L, sucrose - 30 g/L and
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agar - 7 g/L. Ascorbic acid at a concentration of 400 mg/L was used as an antioxidant.
The level of growth regulators was: 2,4-dichlorophenoxyacetic acid (2,4-D) - 2 mg/L
and N®-benzoaminopurine (BAP) - 1 mg/L. For the proliferation of the ESM, DCR
and Al basic media containing 2,4-D (2 mg/L), BAP (0.5 mg/L) and sucrose (20 g/L)
were used. The pH was adjusted to pH = 5.8. All culture medium and components
were sterilized depending on their termolabile properties. Under aseptic conditions,
embryos were removed from megagametophytes and inoculated into nutrient media,
10 explants per flask in 25 replicates. The cultures were incubated in the dark at 24 +
1 °C. Subcultivation to fresh nutrient medium was carried out every 14 days. To control
the quality of cell lines (CL) during subculturing, we performed cytological analyzes
using temporary preparations (3-5 preparations for each CL). We evaluated the quality
of the embryogenicity of the cultures by the presence of even single structures with
pronounced polarity - a globular embryo with a suspensor.

The results of the study showed that the induction of callus cultures of Siberian
spruce is influenced by such factors as the development stage of the explant, the nutrient
medium and the genotype of the donor tree. The introduction of P. obovata immature
zygotic embryos into in vitro culture at the stage of the globular embryo, both with
megagametophytes and extracted from them, turned out to be ineffective. The induction
of callus cultures in Siberian spruce was significantly reduced when mature zygotic
embryos were introduced into the culture in vitro. The highest response of explants of
Siberian spruce was at the stage of developed cotyledons (See Table I). In the DCR
medium, 90% of explants formed callus (See Table 2). The mineral composition of the
media did not significantly affect the induction of callus formation in Siberian spruce.
The exception was the MS medium, in which callus cultures were formed only in 41%
of explants (See Table 2). The growth of callus cultures was most active in the DCR
medium. After 6 months of cultivation, 15-32% of calli remained viable (See Table 2).
Cytological analysis of callus cultures showed that they include cells of different types
(See Fig. I and 2). The first type of cells consisted of elongated cells reaching a length
of 10 £ 3 um, others consisted of isodiametric cells with a diameter of 60 + 3.5 pm.
The somatic embryo globule and embryonic tubes were formed from elongated cells.
Isodiametric cells were actively dividing and forming callus. Only 3 cell lines (out of
300 cell lines) belonging to two donor trees had an active ability to proliferate. Globular
somatic embryos were actively forming in these cell lines (See Fig. 3). An actively
proliferating ESM was formed.

Thus, we carried out a comprehensive assessment of the factors influencing the
induction of somatic embryogenesis in Siberian spruce. The results obtained indicate
that for the successful formation of somatic embryos, the determining factor is not only
the choice of donor plants, but also the development stage of the explant. We found
that the best stage in the development of zygotic embryos when introduced into in vitro
culture of Siberian spruce is the stage of immature embryos with formed cotyledons,
while the DCR, 2LV and Al nutrient medium supplemented with growth regulators
(2.4-D and BAP) is optimal.

The paper contains 3 Figures, 2 Tables and 41 References.

Key words: Picea obovata, in vitro; callus; embryogenic cultures; stage of explant
development; nutrient medium; donor tree; somatic embryogenesis.
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