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~3yti8H~8 KOHK)'l)8ijTOCnoco0HOCffl ranJ!OH.l!HblX H .IOlnJ!OH.l!HblX 

JU>Oz:z:eeblX KJreTOK npH pocTe a CMeD!aHHoA nonY.11$1LlHH, Ha Ham aarJ1$1Jt, 

MO:Z:8T OKa3aTbC~ noJie3HblM ~ Bbl.SICH8HH~ P0JIH. nJ!OH.l!HOCffl B 380.IOOUHH 

3YKa.DHOT. PaHee OblJIO noKa3aHO, '!TO npH PQCTe B xeMOCTa.Te ranJ!OH.l!HLl8 

H .IOlnJioH.l!Hble KJieTKH S.cEREVISIAE He OTJIH'!alOTC~ no Ta.KOMY BaZHOMY 

napaMeT.DY, KaK ,MaKCHMaJ!bHa~ )'.II8JlbHa~ CKO.DOCTb PQCTa [ 11. 
C ,IIpyrOA CTOPQHl,I, npH .ltJIHT8JlbHblX nepecesax B' M)':388 

neTepro~KoA K0.1!.1!8KUHH JU)OZZeA 6ea KOHTP0~ nJIOH.l!HOCffl 60.l!bmHHC'IBO 

H3 npoBel)8HHblX (OKOJtO 707.) KYJlb'IY.D ·caMOJ01n.1toHJ013HP0BaJIHCb-.4TO 

no3BOJIS!eT npe..ltllOJIOZHTb ceJteKfflBHLle nl)8HMYlll8C~ aBTO.IOlnJtOH.IIOB nepe.11 

ranJ!OH.l!HblMl1 KJie'.l'KaMH [ 21 . B ttameA ony6JIHKOBaHHOA H8.IIaBHO pa6oTe [ 31 

6b!Jla H3)'48Ha 01llOCHT8JlbHa~ KOHKY.D8HTOCnoco6HOCTb ranJIOH.l!HblX H 

.IIHnJ!OH.lIHhlX KJl8TOK S.CEREVISIAE npH K)'JlbfflBHl)OBaHHH B l)8ZHM8 

·xaa3HHenpepblBHOro" K)'JlbfflBH.DOBaHH~ . JU)OXZeA: KJ!8T04HLl8 cycneH3HH 

nepHO.IIH48CKH paa6aB~ caexeA cpe.110A B Te48HH8 .ltJIHTeJlbHOro 

Bl)8M8HH, npH 3TOM H3M8.D~ C001llOJDeHH8 .ranJtOH.IIOB H .IIHnJ!OH.IIOB B 

. CMelDaHHOA non)'JISll.01H. OKaaaJIOCb, '!TO npH pa3HblX P8Z:HMaX 

K)'JlbTHBHPOBaHH~ .IOlnJIOH.libl HMelOT pa3H)'IO KOHKYP8HTOcnoco6HOCTb B 

cpaBH8HHH C ranJIOH.IIaMH, T.e. B O.l!HHX CJl)'4a5!X MOr)'T BblTeCH5lTb 

ranJIOH.libl H3 CMemaHHOA non)'.11$1LlHH, B ,IIpyrHX CJl)'4a5!X, HanpofflB, 

npeHMYIIteCTBO HM8IOT ranJIOH.lIHbl8 K.1!8'.l'KH. 8 .IIaHHOA pa6oTe OCHOBH08 

BHHMaHHe )',II8Jl8HO .IIPOZ:Z:8BblM KJieTKaM PICHIA PINUS-npHPQ.l!HblM 

ranJIOHTa.M. B OTJIH'!He OT S.CEREVISIAE, npHPQ.l!HhlX .IOlnJIOHTOB. 

.l{HnJIOH.lIHbl8 K.1!8'.l'KH P:PINUS noJl)'48Hbl HCK)'CCTB8HHblM nYTeM H H8 

5!BJISIIOTC~ CTa.6HJlbHb!MH. B CB~H C 3THM 6blJIO HHTel)8CHO nonblTaTbC~ 

Bb15!BHTb )'CJIOBH~ K)'JlbTHBHl)OBaHH~ npH KOTOl)blX .IIHnJIOH.IIbl npeeocxo~ 

no KOHK)'l)8HTOcnoco6HOCTH ranJIOH.lIHble K.1!8'.l'KH. 

MaTeo11a.nw 11 MeTQ.!!bJ 

B pa60T8 HCnOJlb30BaJIH. m:raMMbl JU)OZ:Z:eA S.CEREVISIAE .IOIKOro fflna 

ranJIOH.lIHb!R 2873-1A H H30r8HHblA 8MY .IIHnJIOH.l!Hb!R 2873-:-18. WTaMMbl 

H30r8HHbl no BC8M reHaM. aa HCKJII048HH8M. JIOK)'Ca fflna cnal)HBaHH~ 

[ 4-,!51 . KPOM8 TOro. HCnOJlb30BaHbl H30r8HHbl8 ranJtOH.l!Hbl8 H .IOlnJtOH.l!HblA 

mTa.MMbl JU)O:at:aceA P.PINUS MH4- C.IIHKHA ffln> H MH4.ll, a Ta.Kze J01nJIOH.1IHblA 

mTa.MM 190X356 (adel ade4/adeZade7). filTa.MMbl nOJIY48Hbl OT 

HJ1.ToJicTOPYKOBa H c.r. 6eHesoJieHCKoro CBHHHreHefflKa,Mocxsa>. 
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KAe™tt KYAbTI1BttposaAtt B r.oi6ax c a3paL{l1eM B 6oraTOM cpene YEPD 

CnenTOH 10r/A , ·npo:ir..:ir..eBOM 3KCTPaKT 5r/A , fJIIOK03a 20r/JI) YIM B 

Ml1HttMa~HOM cpene MC CKH2P04 1rh , MoS04 0.5rh , NACL 0.1rh 

CACL2 0.1rh , CNH4)2S04 3.5rh , fAIOK03a 20rh , BYITaMY!Hbl , 

Ml1KP03AeMeHTb0. 

.l{ASI npttrOTOBAeHttSI CMelilaHHOM KYAbTYPbl ranAOYl.llHhle YI nttnAOYl.llHhl8 

KAe™w YIHKY6ttpoBaAYI B cpene B Tel!eHtte HeCKOAbKYIX CYTOK c e:ir..e.l{HeBHhlM 

nepecesoM B cse:ir..yIO cpe~, nocAe l!ero cMenn1BaAtt B cooTBeTCTBYIOI!\eM 

nponopL{l1tt. l!epea onpeneAeHHbie npoMe:ir..Y™tt speMeHtt KAeTKtt 

S.CEREVISIAE KAOHYIPOBaAYI Ha TBepnoM cpene YEPD,nocAe l!ero KAOHhl 

nepenel!aTbIBaM Ha l!allIKYI C TOM :ir..e cpenoM, 1;1a nosepXHOCTb KOTOPOM 

npe~aPYITeAbHO (J!,!AO Bb!C8SIHO npY16M3YIT8~HO 10? KA8TOK TeCTePHOro 
llITaMMa 22f-TT3238 (a lys2-A12 met.Al his3 RAP+SSal), 

fYln8Pl!YBCTBYITeAbHOfO K a-qiaKTOPY [ 61. fanAOM.llHble KAeTKYI a-n1na 

cnapY1BaHY1SI o6paayIOT KOAOHY!YI, BOKPYf KOTOPblX ttMeeTCSI "opeoA"

yl{aCTOK, rne OTCYTCTBYeT POCT KA8TOK TeCTePHOro, llITaMMa, TOrna KaK 

BOKpyr KOAOHYIM KAeTOK 2873-18 TaKOro "opeoAa" He 06pa3yeTCSl. 

l!aCTOTa cnOHTaHHOfO nepeKAI01-!eHY1SI AOKyca n1na cnapttBaHYISI Y 

reTepOTaAMl!HhlX npo:ir..:ir..eM COCTaBASleT 10 - 6 [ 71 , no3TOMY npY1BeneHHblM 

Bhlllle cnoco60M MOJr..HO Hane:ir..HO OTAYll!Y!Tb ranAOYln OT ~nAottna B 

YICnOAb3Y8MOM CYICTeMe . 

.l{ASI onpeneAeHttSI nAOYlnHOCTI1 npo:ir.::ir..eA P.PINUS KAe™M KAOHYIPOBaM 

Ha cpene Ro CnenTOH 0.2r/A , nPOJr..:ir.:eBOM 3KCTPaKT 0.2r/A , fAIOK03a 

1rh , arap-arap 20r/JI) C 81. nocAe Bblpalll,J.1BaHttsi Ha cpene Ro 

~nAOYl.llHble KAOHbl npMo6peTaIOT "6ypYJO" or.parny, l!TO CBttneTeAbCTBYeT o 

cnoco6HOCTYI KAeTOK K cnopyASIL{l1YI; ranAOYl.llHbl8 KAOHbl Ha cpene Ro 
or.pacr.y He Yl3M8HSIIOT. 

Pe;:iY.libTaTbl YI 06CYJr..,ZieHJ.1e 

.ll~ cpaBHeHttSI 3aKOHOM8PHOCTeM pocTa CMelilaHHblX nonYASll.\YIM ranAoY1noB YI 

nttnAOY1nos P.PINUS YI S.CEREVISIAE B naHHOM pa6oTe ttcn0~30BaM 

Yl30f8HHble fOMOTaAMl!Hble npoJr..Jr..YI S.CEREVISIAL OCTY1CaHHble r.11. 
HaYMOBhlM 1,1 rU1. TOACTOPYKOBblM C 4,51 ; Yl30reHHOCTb llITaMMOB 

npo:ir..:ir..eA-caxapo1.ll1UeTOB 06ecne•-1eHa TeM, l!To ranAoJ.1n YI ~nAoY1n 

$1BASIIOTCSI CTOTOMKaMYI 0.llHOM ranAOYlnHoA acKocnopbL AHaAOfYll!Hb!MYI 

npY1l!ttHaMY1 o6yCAOBAeHa TaKJr..e tt30f8HHOCTb ranAoJ.1noB YI ~nAOY1noB 

P.PINUS. 
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Ha PYIC.1 npY1seneHbl KPYIBble pocTa ranAOYl.llHblX YI ~nAOYl.llHblX KAeTOK 

S.crnEv1s1AE llITaMMOB 2873-1A YI 2873-1B B 6oraTOM c pene YEPD ' i-1 B 

Ml1HJ.1MaAbHOM cpene MC . Y neAbHble CKOPOCTI1 POCTa B cpene YEPD ~ 
ranAoJ.1nHblX YI ~nAOYl.llHblX KAeTOK He pa3Ml!a!OTCSI B npeneAax OllIYl6KYI 

J.13MepeHY1SI YI COCTaBASIIOT 0,57 :t 0,04 YI 0,50 :t 0,04. l!-l CP .. 0,95) 

COOTBeTcTBeHHO. 8 MYIHYIMaAbHOM cpene ,MC COOTBeTCTBYJOlll,J.1e 3Hal!eHYISI 

CKOPOCTeM POCTa ranAOYlnOB 1,1 ~nAoY1nOB CO,CTaBASllOT 0,32 :t 0,02 1-1 0,30 
:t 0,02 l!-l CP = 0,95) YI, CAenosaTe~HO, TaKJr..e He pa3AJ.1l!a!OTCSI B 

npeneAax OllIYl6Ktt Yl3MepeHtt5l. 
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P1,1c -). • Kpus1:,1e pocTa 

ranAOYl.llHblX (1.3) YI 

~nAOY1.llHhIX (2 ,4) KAeTOK 

S.CEREVISIAE llITaMMOB 

2873-1A YI. 2873-18 B 

6oraTOA.• cpene YEPD C1,2) 

YI MJ.1HY1MaAbHoA cpene MC 

(;3,4) CTPYI 30°C. TTo OCJ.1 

a6CL{l1CC - speMSI, l!aC; no 

OCYI op~HaT - KOHL{eHTpa

l.\YISI KAeTOK, MA-l. 

Ha p,1c.2· npuseneHbI KPYIBbie pocTa s cpene MC ranAOY1.icHhIX CMH4) YI 

~nAOYl.l{Hl,ll( CMH4.ll YI 190x356) llITaMMOB P.PINUS. KaK Btt.llHO, B naHHOM 

CAY'!ae yne'.iri,mie cr.opocn1· pocTa · ranAOYlilOB 1,1 · ~nA01-1noB TaK:ir..e He 

pa3AJ.1l!a!OTCSI B npeneAaX OllIYl6KYI Yl3MepeHYISL: KOTOPble COCTaBASllOT, 

COOTBeTCTBeHHO: 0,40 :t 0,04; 0,39 :t 0,03; 0.37 :t 0,03, tC1. 
B Ta6AY1Ue 1 npY1seneHbl naHHbie TI1nY1l!HOro onm-a CKa:acnLm on1,rr, 

npY1BeneHHbIM HJ.1:ace, noBTOPSIM He Mettee . 3 pas) no, KY~TI1BttpoBaHY1IO 

ranAdY1.io-Iblic (2873-1Pi) YI nttnAOYl.llHhlX (2873-'1B) . KAeTOK ; S:CEREVISIAE B 

CMemaHHOM nony~YI npY1 3Kcn6HeHL{l1aAbHOM pOCTe B cpene npY1 30°C. 
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P1-1c. 2. Kp1-1sh1e pocTa 

ranJIOH.lIHblX (1) 1,1 

,l{lllflJIOH.l[Hl,JX KJieTOK P.PINUS 

(2,3) lllTaMMOB MH4 (1), 

MH4.I! (2) 1,1 190 x 356 (3) 

B MHHHMa.JlbHOiii cpe.l[e MC 

np1-1 30°c. 06oaHa4eH1-1s:i Te 

:ace, 4TO 1,1 Ha p1,1c.1. 

Ta6JIHu,a 1. CoBMecnme KYJlb'rnBHPOBaHHe ranJIOH.lIHblX 

H .lilllflJIOH.lIHblX KJieTOK S.CEREVISIAE lllTaMMOB 2873-lA H 

2873-1B B pa3Hl,JX cpe.1tax np1,1 3o0c 

CpeJta Coon1omeH1-1e "ranJioHJt : .lilllflJIOH.lt" 0TI-!OCHTeJ!b-

Has:! KOHKy-

Bpe~ KYJlb'rnBHPOBaHH~CYT. peHTOcno-

co6HOCTb 

0 2 5 7 8 ,l{lllflJIO HJta, K 

YEPD 36:35 7:73 0:69 0:80 - 0,06:!:0,02A 

MC 42:62 20:60 8:63 3:n 1:77 0,08:!:0,03A 

AK .l[OCTOBePHO 6oJ!bme 0 (ot < 0,05). 

Ky.llbTHBHPOBaHHe npoBOJtHJIH B KOJI6ax npH HHTeHCHBHOM 

nepeMeIDHBaHHH, e:11:emeaHo paa6aBJI5151 KYJ!bTYPY- cae:11:eiii cpe.1toiii. Hcxomoe 

COOTI-!Olil9HHe ranJIOH.l[OB H .lilllflJIOH.l[OB COCTaBJIS'IJIO 1:1. llepea K3:E.l[bJe 24 4 

POC? CMemaHHYIO KYJ!bTYPY P33B0.ltHJIH .l[O KOHU9HTP3UHH 1. 102 
KJl9TOK/MJI 
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cpe.1toiii YEPD H .l[O KOHUeHTpa1..11,rn 1 · 104 KJieTOK/MJI cpe.1toiii MC; 4epe3 

CYTKH ·KY.l!bTHBHPOBaHHS'I KOHU8HTpaUHS'I KJI9TOK B 0601-1x CJIY4a51X 

COCTilBJirua 3-6 · 106 KJl9TOK/MJI, 4TO COOTB8TCTByeT 3KCflOH8HUHaJ!bHOMY 

Y4acTKy KPHBoiii pocTa .1tJis:i 0601-1x nrra.MMOB. Jlar-waaa np1,1 nepecese 

KJieTOK B CB8:IICY10 cpeJtY COCTaBJIS'IJia He 6oJiee 1 ll KaK BH.lIHO, 4epe3 5 
CYT, pocTa (01<:oJio 70 reHepau1-1iii> B cpe.1te YEPD 1-1 8 cyr. pocTa (01<:oJio -40 
reHepau1-1iii) B cpe.1te MC B nonyJI~H npaKTH48CKH He OCTa9TCS'I 

ranJIOH.ltHhlX KJieTOK PaHee HaMH 6bJJI no.11Y4eH aHaJiorH4HhM peayJ!bTaT ~ 

JtPyroiii napbJ ranJIOH.l[OB 1-1 ,l{lllflJIOH.l[OB S.CEREVISIAE C 3] , O.lIHaKO B TOM 

CJIY4ae Bb!TeCHeHHe ranJIOH.l[OB 1-13 CM8!llaHHOiii nony.11~1,1 npH p◊CTe B 

6qraTOiii cpe.1te npo1-1cxo.1I1-1JIO aa 6oJiee .ltJl!,1TeJibHbM cpoK (01<:oJio 300 
reHepaUHiii). CymecTB8HHblM., Ha Ham B3r JIS'l.l[, 3.l[eCb S'IBJIS'leTCS'I TO, 4TO B 

HaCT05'1JneM pa6oTe HCITOJ!b30BaHbl noJIHOCThlO 1,13oreHHhle lllTaMMhl ranJIOH.l[OB 

H llHITJIOH.ltOB S.CEREVISIAE H MO:IICHO 6h!Tb YBepeHHblM, 4TO ITOBbilll8HHas:i 

KOHKypeHTocnoco6HOCTh JtHnJIOl-1.l[OB CBS'l3aHa HMeHHO c JtBOiiiHblM Ha6opoM 

XPOMOCOM. KaK 6bLl!O noKaaaHO B UH'rnPY8MOiii pa6oTe, pa3HOCTh B 

Yll8JlbHbJX CKOPOCTS'IX POCTa ranJIOH.lIHhlX H llHITJIOl-1.lIHhlX KJieTOK, ecJIH 

HCXO.lIHOe COOTI-!OID8HHe ranJIOH.l[OB H JtHITJI0!,1.l[OB B CMemaHHOiii nonYJIS'IUHH 

COCTaBJIS'IJIO 1:1, MO:IICHO oueHHTh 1-13 CJieJtYIOmero COOTHO!ll9HHSI: 

1 
t,.µ = T l nC C

2
/C

1
), (1) 

r .l[e T - BPeMS'I KBa3HHenpephJBHOro KYJ!b'rnBHPOBaHH~ 4; C 1' C2 -

KOHUeHTpaUHs:i ranJIOH.l[OB 1,1 JtHnJIOH.l[OB B CMemaHHOiii nonyJIS'IUHH nocJie 

KY.l!b'rnBHPOBaHHS'I B T849Hl-1e BP8M8Hl-1 T. 

B Oflb!Te, npe.l[CTaBJieHHOM B Ta6JIHUe 1, 11µ COCTaBJIS'leT 0.03 ! 0.01 
4-l CP ,. 0.95) B CJIY4ae POCTa B 6oraT0'1 cpe.l[e 1,1 0.02 ! 0.01 4-l CP• 
• 0.95) np1,1 pocTe B MHHHMa.JlbHoiii cpe.1te. 

BHe 3aBHCHMOCTH OT MeXaHH3Ma Bb!TeCHeHHS'I O.lIHOrO lllTaMMa .l[pyrHM 

cJie.1tY10mas:i BeJIH4HHa onpe.1teJieHa a pa6oTe C3l KaK on1oc1-1TeJ!bHas:i 

KOHKYPeHTOcnoco6HOCTb IDTa.MMa 1 npH COBM8CTHOM KYJlb'rnBl-1POBaHHl-1 co 

IDTa.MMOM 2, Kor .Ila HCXO.lIHble KOHUeHTP3UHH KJieTOK COCTaBJIS'l!OT 1:1: 

K = ; ln(c1/C2), (2) 

r .l[e .,._ BP8MS'I reHeP3UHH CMemaHHOM nOITYJIS'IUHH. B onhrre, npe.l[CTaBJieHHOM 

B Ta6JIHue 1, OTHOCHTeJ!bHaSI °KOHKypeHTOcnoco6HOCTh K .lilllITJIOHJta np1,1 

KYJlb'rnBHPOB3HHH B 6oraTOiii H MHHHM3JlbHOiii cpe.l[e COCTaBJIS'l9T 0.06 ! 
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0.02 Ji! 0.08 :!: 0.03 COOTBeTCTBeHHO Ji! .lIOCTOBepHO 60J!bllle O (a < 
<0~05). 8 CJl8.lIYIO!I\eM ceJ)JilJil Onl,ITOB JiJ3YlJ_aJIJil J)OCT CMellJaHHOH KYJ!bTYPbl 

ranJIOJil.lIHhlX Ji! .lIJilDJIOJ.1.lIHblX KJieTOK PICHIA PINUS. l{J)Ol!Cl!CJil P. PINUS 

JilHTeJ)eCHbl TeM, '-ITO SIBJIS!IOTCSI DJ)JilPO.lIHhlMJil ranJIOHTaMJil, T.e. B npYJJ)O.lle 

BCTJ)e'-la!OTCSI . B ranJIOJil.lIHOM COCTOSIHJiJJil (B OTJ!Jil'-IJile OT s. CEREVISIAL 

nJ)JilJ)O.lIHblX .lIJilnJIOHTOB). l{YJnJIOJil.llhl P. PINUS, nOJIYlJ_8HHbie JilCKYCCTBeHHhIM 

DYTeM- cnopyJIYJPY!OT B CTalJ,JilOHaJ)HOM (liaae J)OCTa KYJlbTYJ)bl JilJ!Jil B 6e.lIHOM 

qie.lle [ 71. "KBa3YJHenpepbIBHOe;. KYJ!bTJ.1BJilPOBaHJil8 .lIJilnJIOJ.1.lIHbIX KJieTOK P. 
PINUS B MJilHJilMaJlbHOM cpe.lle nPYJBO.lIJilT K 6b!CTJ)OMY noSIBJieHJil!O B nonyJISIIJ,JilJ.1 

ranJI0J.1.lIOB (B peayJibTaTe cnOPYJISIUJ.1Jil - eCJIJil KYJibTYPY He no.lI.llepl!CYJBaTb 

CTJ)Oro B cepe.lIJilHe 3KcnoHeHIJ,11aJibHOM (liaau J)OCTa) Ji! BbITeCHeHJil!O 

JilCXO.lIHOM KYJibTYJ)hl 8 CBSI3J.1 C 3TJ.1M Mb! JilCnOJib30BaJIJil .lIJilnJIOJil.lIHblM 

IIITaMM, reTeJ)03JilrOTHhIM no reHaM flYTJ.1 6JiJ0CJilHTe3a a.1IeHYJHa ADE1, ADE2, 

ADE4, . ADE7 (CM. "MaTeJ)JilaJ!hI J.1 MeTO.llhI"). DpYJ KYJlbTJ.1BJiJJ)OBaHJilJil TaKoro 

IIITaMMa B MJilHJilMaJlbHOM CJ)8.lle 6ea a.lleHYJHa He npOJilCXO.lIJilT ero BblJ)Ol!C.lleHYJSI 

B ranJIOJil.lI, TaK KaK B J)e3YJ!bTaTe cnOJ)YJISIUJilJ.1 06pa3y!OTCSI ranJIOJil.lIHbl8 

cnOJ)bl, aYKC0TJ)0(liHbl8 no a.lI8HJilHY. Dpe.1IBaJ)J.1TeJ!bHhie Onh!Tbl noKa3aJ!Jil, 

'-ITO Y.lI8JlbHbie CKOJ)OCTJil J)OCTa JilCnOJlb3YeMhIX ranJIOJil.lIHOro CMH4) Ji! 

.lIJilnJIOJil.lIHOro (190 x 356) IIITaMMOB COCTaBJISI!OT 0.40 ± 0.05 JiJ 0.37 ± 

O.O5 '-l-lcp = O.95) YJ He paaJIYJ'-laIOTCSI B npe.lleJiax 0111Jil6K1-1 YJ3MepeHYJR 

KYJibTJ.1BJilJ)OBaHYJe nJ)OBO.lIJilJIJ.1 B KOJI6ax C a3pau,1-1e11 C el!Ce.lIHeBHbIM 

nepeceBOM TaK, '-IT06hI KYJibTYJ)a HaXO.lIJilJiaCb B 3KCnoHeHIJ,11a.1JbHOM waae 

J)OCTa. 

COBM8CTHOe KYJlbTJ.1BJilJ)OBaHJ.1e yKa3aHHhIX IIITaMMOB B MJ.1HYJMaJibHOM 

(Ta6JIJ.1ll,a 2) CJ)8.lle nJ)JilBeJio K 6bICTJ)OMY BhITeCHeHJil!O (B Te'-leHYJe 50 
reHepaIJ,1111) .lIJilnJIOJil.lIHOro IIITaMMa J.13 cMelllaHHOM nonyJISIIJ,JilYJ: '-lepea 5 CYT, 

KYJlbTJ.1BJilJ)OBaHYJSI C0OTHOIIJ8HJ.18 ranJIOJil.lIOB J.1 · .lIJilnJIOJ.1.lIOB B nonyJISIIJ,11Jil 

COCTaBJ!SlJIO 293:0 B nOJib3Y ranJIOJ.1.lla (- npYJ JilCXO.lIHOM COOTHOIIJ8HJilJil 4:1 
B ITOJ!b3Y ranJIOJil.lla). OTHOCJiJTeJlbHaSI KOHKypeHTOCnoco6HOCTb .lIJilnJIOJil.lla K 

B .llaHHOM CJIY'-lae COCTaBJISieT <-0.1 JiJ .lIOCTOB8J)HO MeHbllle 0 (a < 0.05). 
3TJ.1 peayJibTaThl coBna.llaIOT C nOJIY'-leHHblMJil HaMJil paHee [ 3] B aHaJiorYJ'-IHhIX 

omrrax. 

3.ll8Cb Mhl nJ)e.llflOJ!Ol!CJilJ!Jil, '-ITO noBhIIIIeHHaSI KOHKypeHTOcnoco6HOCTb 

ranJI0Jil.lIH0ro IIITaMMa M0l!C8T 6b!Tb CBSI3aHa C 3(li(lleKTOM .ll03bl reHa 

(1I11nJI0J.1.lI, KaK YKaaaHO BbIIIIe, SIBJISieTCSI reTepoaYJrOTHbIM no reHaM nYTJ.1 

6JiJ0CJ.1HTeaa a.lleHYJHa). l{JISI npoBepKJil 3TOro npe.llflOJIO:l!CeHJiJSI Mhl B onhJTe, 

napaJIJieJibHOM on1-1caHHOMY BbIIIIe, npoBeJ!Jil KYJ!bTJ.1BJilJ)OBaHJil8 ranJIOJil.lIOB Ji! 

.lIJilnJI0Jil.lI0B P.PINUS B MJilHJilMaJlbHOM CJ)8.ll8 C .lI06aBJI8HJileM 1 Mr/JI a.1IeHYJHa. 
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l{aHHaSI K0HU,eHTJ)alJ,JilSI a.lleHYJHa noaBOJISieT aYKCOTJ)O(liHbIM ranJIOJil.llaM, 

o6pa30BaBIIJJ.1MCSI npJ.1 cnopyJISIIJ,11Jil .lIJilnJIOJil.lIHblX KJieTOK, nO.lleJ!JilTbCSI J!Jillllb 

HeCKOJ!bKO pas, Ji! no3TOMY TaKJile ranJIOJil.lIHble KJieTKJil He cnoco6Hbl 

l'WHKYJ)JiJJ)OBaTb C .lIJilnJIOJ.1.llaMJil npJil J)OCTe B CMelllaHHOM nonyJISIUJijYJ. 

OKa3aJIOCb (Ta6JIYJU,a 2), '-ITO B YKa3aHHhIX YCJIOBJilSIX KYJlbTJ.1BJiJJ)OBaHJilSI 

npeYJMY!I\eCTBO JilMeeT .lIJilnJIOJil.lIHbM IIITaMM. . 0THOCJiJTeJ!bHaSI' 

KOHKypeHTocnoco6HOCTb 1I11nJIOJil.lIHhlX KJieTO~ B .llaHHOM onhJTe COCTaBJISieT 

0.018 '± 0.006 JiJ .lIOCTOBeJ)HO 60J!bllle O (a < 0.05). 

Ta6J!Jilu,a 2. CoBMeCTHOe KYJ!bTJ.1BJ.1J)OBaHJile ranJIOJil.lIHhIX 

JiJ .lIJilnJI0Jil.lIHbIX' KJ!eTOK P.PINUS IIITaMMOB MH4 JiJ 

190 x 356 B paaHhIX cpe.1Iax npYJ 3o0c 

Cpe.lla· CoOTHOIIJ8HJile "ranJIOJil.lI : .lIJilnJI0Jil.lI" OTHOCJilTeJ!b-

HaSI KOHKY-

BpeMSI KYJ!bTJ.1BJiJPOBaHJil$l,CYT. _, peHTOCno-

C06HOCTb 

0 5 7 11 16 20 .lIJilnJIOJil.lla, K 

MC 160:0 79:0 155:0 

MC 0:78 0:38 0:74 

MC 400:116 293:0 56:0 456:0 170:0 (-0.1A 

MC + 123:O 93:0 98:0 

ADE◊ 0:161 0:94 0:64 

283:163 106:25 64:72 50:296 19:358 0:88 0.0188 

±0,006 

A K .lIOCTOBeJ)H0 MeHbllle O (a ( 0,05). 
6 8 MJ.1HJ.1MaJ!bHY!O CJ)e.lIY .lI06aBJieH 1Mr/JI a.lleHYJHa. 

B K .lIOCTOBePHO 60J!bille O (a < 0.05). 

TaKJilM o6pa30M, JilCKYCCTBeHHO nOJIY'-l8HHhM .lIJilnJIOJil.lI Jil3 npYJPO.lIHhIX 

ranJIOHTOB P.PINUS B .llaHHhIX YCJIOBJiJSIX JilMeeT ceJieKTJ.1BHhie npeYJMYmeCTBa 

npYJ J)OCTe B MJ.1HJiJMaJ!bHOM cpe.zte. 

3aMeTJ.1M, O.lIHaKo, '-ITO JilCnOJ!b30BaHHhie 3.zteCb ranJIOJil.lIHhle Ji! 

.lIJillJJIOJ.1.lIHble KJieTKJil He SIBJISI!OTCSI noJIHOCTb!O Jil3oreHHh!MJ.1, TaK KaK .lIJilnJIOJil.lI 

reTepoaYJrOTeH no 4 reHaM a.zteHYJHOBoro CYJHTeaa, npYJ 3TOM He YJCKJl!O'-leHa 

reTeJ)03JilrOTHOCTb Ji! no PSI.l!Y .ztpyrYJX reHOB. CJie.lIOBaTeJ!bHO, caMa no 
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ce6e .l[YITIJI0H.lIH0CTh 3,lleCb, B03M0J!l:H0, He eCTb npW-!HHa n0BblllleHH0M 

K0HKypeHTOCTI0C06H0CTI1 .llYITIJI0H.lIH0ro IIITal.!Ma. 

B CBSl3H C 3TI1M Mhl CK0HCTPYHPOBaJIH .l[YITIJIOH.lIHb!M IIITaMM MH41(, 

CKPBCTI1B ranJI0H.ll "caM Ha ce6st", nocJie tJero cpaay HcnoJib30Ba.im 

TIOJI;ylJBHHYIO H30reHHYIO napy ll!TaMMOB pa3HOM TIJIOH.lIHOCTI1 B omrrax no 

KYJ!bTI1BHP0BaHHIO B CMB!IlaHHOM nonyJISlLU1H. Mb! KYJibTI1BHP0BaJIH ranJIOH.ll, 

.llYITIJI0H.ll H CMemaHHYIO nonyJI5l1U,1IO P.PINUS B cpe,lle MC, CTporo 

TI0.ll.ll8Pl!l:HBa$1 KJIBTKH B 3KCTIOHBHI.UlaJ!bHOM (liaae P0CTa (KaK yKa3bJBaJIOCb 

Bbillle, B CTal.\HOHaPHOM (flaae POCTa KYJ!bTYPbl .l[YIITJIOJ/1,ll CITOPYJIJ/lpyeT). 

PeayJibTaTbl TI1ITHlJHOro omrra npe,llCTil.BJIBHbl B Ta6JIJ/IUe 3. KaK BJ/1.lIHO, ITPJ/1 

KYJ!bTI1BJ/IPOBaH111J,1 .l[YIITJIOH,lla o6paayeTC51 He3HalJJ/ITBJ!bHa51 ,ll0Jl$1 ranJIOJ/1,llHblX 

KJIBTOK Cno-BH.l!HMOMY, B peayJ!bTaTe cnopy.ll$11.(HH), O,llHaK0 3Ta ,ll0Jl$1 

(5-10%) OCTa8TC$1 npHMepHO ITOCT0$1HHOM Ha np0T$1::!1:8HJ/IJ/I Bcero nepJ/I0,lla 

KYJ!bTI1BJ/IPOBaHH$1 (130 reHepa1.U1'1). 3a Bee BP8M$1 KYJ!bTHBHPOBaHJ/1$1 

ranJIOH,llHblX KJieTOK IT0$1BJI8HHe ,llHITJIOH.llOB B nonyJI511.\J/IJII He OTMetfeHO. 

0 

254:0 

53:541 

161:172 

Ta6JIHua 3. COBMeCTHOe KYJ!bTI1BHPOBaHJ/le ranJI0J/1.llHblX 

H ,llHITJIOJ/1.llHbIX KJIBTOK P.PINUS ll!TaMMOB MH4 H MH41( 
B cpe.lle MC npJ/1 3o0c 

CooTHomeHHe "ranJIOJ/1.ll : .llYITIJIOH.ll" 

BpeM51 KYJibTI1BHPOBaHJ.1$1, CYT. 

1 7 10 13 17 19 

203:0 - 178:0 

14:161 - 9:195 4:185 

93:125 43:55 23:47 77:161 152:317 100:307 

26 

18:108 

B CMe!IlaHHOM xe ITOITYJ1$11.UIJ/I C ;yBeJIHtJeHJ/leM BpeMeHJ/1 KYJ!bTI1BJ/IPOBaHJ/1$1 

,ll0Jl$1 .llHTIJIOH.ll0B Me.llJ!eHHO B03pacTaeT, .llOCTI1ra51 85% nocJie 260 

reHePal.UIH. 3HatfHTeJ!bHa51 tfaCTh (ecJIH He Bee) ranJIOH,llOB B CMe!IlaHHOH 

nonYJI5l1U,1J/I tfepea 260 reHepa1.U1'1, no-BJ/1.l!HMOMY, o6paa<iBaJiacb aa ctfeT 

CIT0:DYJl$ll.UIH .l[YlfJJIOH,lla. EcJIH 3TOT KaHaJI o6pa30BaHJ/1$1 ranJI0J/1,llOB 

6JIOKJ/IPOBaTu nywM KOHCTPYHP0BaHJ.1$1 .l[YITIJIOH,lla cne1.U1aJ!bHOro reHOTI1na 

(CM. Bbillle), TO .l[YITIJIOH,ll 6b!CTPO BbJTeCH51eT ranJIOH,llHble K.l!eTKH J/13 

CMe!IlaHHOH nonyJI$ll.UIJ/I. 
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Ta~;JIIM o6pa30M, C0BOKYITH0CTb npe,llCTaBJieHHbIX ,llaHHblX TI03BOJ1$1eT 

C,lle.l!aTb Bb!BO,ll O ITOJIOJ!l:J/ITeJ!bHOH KOHKYP8HTOCITOC06HOCTI1 .llJ/IIT.l!0J/1.llOB 

P.PINUS npJ/1 KYJibTI1BJ/IPOBaHHH B CMemaHHOH .C ranJI0H,llHblMJ,1 K.l!eTKaMI,1 

nony.1!$11..\J/IJ/I. 

0OJIY'-leHHble peayJibTaTbl, Ha Ham Bar Jl5IJL, npe,llCTaBJl$1IOT J/IHTepec B 

CBSl3J/I C npo6.l!eMOH saKpen.l!eHJ/1$1 .llHITJIOH,llHOH (l)a3bl B xo.lie 3BOJIIOLU!OHHOro 

pa3BJ/ITHSl. OtJeBH,llHO, '-!TO CJ!YtfaHHO ,llHITJIOJ/l,llH3HPOBaBma51C$1 KJieTKa MOJ!l:eT 

saKpenJ/ITbC51 B nony.l!511.UIJ/I ranJIOJ/1.llOB JIJ/lillb B TOM CJIYtJae, ec.l!H HMeeT 

nepe,ll noc.l!e.lIHJ/IMJ/1 ceJieKTHBHble npeJ/IM;yll(eCTBa. 8 3TOM CMbICJie OITbITl,J C 

.llPOl!l::lE'.eBblMH KJieTKaMJ/1 S.~EREVISIAE J/IMeIOT orpaHJ/llJeHH0e 3HalJeHHe, 

TIOCK0JibKY B ITPJ/IP0.lle 3TI1 opraHJ/13Mbl BCTpetJaIOTC$1 B .llYIIT.l!0J/1,llHOM 

C0CT0$1HJ/IJ/I H Ha6JIIO.llaeMble P$1.llOM J/ICCJie,lloBaTeJieH ([ 2,3) H HaCT0$1Il(a$1 

pa60Ta) ce.11eKTI1BHble npeJ/IMYil(eCTBa ,llHITJIOJ/1,llHbIX KJieTOK no cpaBHeHJ/IIO C 

ranJIOJ/1,llHblMJ/I MOrJIH 6b1Tb pesyJibTaTOM IT03,llHJ/IX reH8TI148CKJ/IX J/13MeHeHJ/IH B 

yxe cq,opM11pOBaBmJ/IXC$1 .llHITJIOJ/1,llaX. 003TOMY npe,llCTaBJl$18TC$1 Ba:JE'.HblM, '-!TO 

.llJl$I .llPOJ!l:l!l:eH P.PINUS, BCTpetJaIOil(JIIXC$1 B ITPJ/IPO.lle B ranJI0J/1.llH0M 

C0CT0$1HJ/IJ/I, CYil(eCTBYIOT YCJI0BJ/1$1 l':YJibTI1BJ/IPOBaHJ/1$1, ITPJ/1 K0TOPblX .l[YITIJI0H,ll 

J/IMeeT ceJiel':TI1BHb1e npeJ111.1ymecwa nepe.ll ran.l!OH.llaMJ/1. l1HTepecHo, '-!TO 

aB-:ropaM pa60Tbl [ 91 Y.llaJI0Cb B TelJeHJ/le .llJIJ/ITeJ!bHOro BPeMeHJ/1 

ITO.ll.llBPl!l:J/IBaTb CMB!IlaHHYIO ·l':YJibTYPY ranJI0J/1,ll0B 11 .l[YIITJIOH,ll0B P.PINUS B 

xeMOCTaTe C HCIT0J!b30BaH11eM MBTaHOJia B KatfeCTBe 0CH0BH0ro HCTO'-IHl1Ka 

yr Jiepo.na. . TairnM o6paaOM, 8CTb 0CHOBaHJ.1$1 noJiaraTb, '-!TO B 

HCTI0J!b30BaHH0M aBTOpaMI,1 pel!l:HMe l':Y.l!bTI1Bl1POBaHH$1 0THOCl1TeJ!bHa51 

l':OHKYP8HTOCTIOC06HOCTb .l!HITJI0l1,ll0B B cMemaHH0H C ranJI0l1,llaMH nonYJI$11.U111 

6JIH3Ka K 0. 3TO o6CT0$1TBJ!bCTBO TaKJ!l:e CBl1,ll8T8JlbCTBYeT B TI0J!b3Y 

Bb!C0KOH K0HKYP8HTOCIT0C06HOCTI1 .llHTIJI0l1.llHblX KJl8T0K .llaHH0ro Bl1,lla npH 

pocre B cMemaHHoi:i c ranJI0H.llaMl1 nonyJI$ll.UIJ/I. 

B1,1paxaeM 6Jiaro.1IapHocTu npoqieccopy B.11.Koporo.l!HHY sa 06cyx.1IettJ11e 

P83YJ!bTaTOB ,llaHHOM pa6on1 H 11.11.ToJICTOPYKOBY 11 c.r. 6eHeBOJieHCKOMY 

sa npe,ll0CTaBJieHHe IIITaMM0B .llP0l!l:J!l:eM. 

9 



· Jil1TEPATYPA 

[ 11 ADAMS J., HANSCHE P.E. POPULATION STUDIES IN MICROOROANISMS I. 
EVOLUTION OF DIPLOIDV IN SACCHAROMVCES CEREVISIAE. / /GENETICS. 

-197 4-VoL.76.-N2.-P.327-338. 
C 21 Kapnosa T.C., fop.lleH11H JJ,.A., AH.lIPl1aHoBa B.A., 11Hre-Be4TOMOB 

CJ. feHeTl148CKl1i1 3KCnpecc-TeCT .l{.l!SI pa3.lll148Hl1SI ranJIOl1.lIOB 11 

aBTO.lll1nJIOl1.lIOB Y. .llPOl!C::teei1-caxapoMl1L\8TOB. / /f 8H8Tl1Ka-1983. 

-T.19.-N12. -C.1934-1939. 
[ 3] r Jlq.3-yHOB A.B., 5opei1KO A.B., 3ccep A.X,._ 0THOCl1TeJlbHaSI KOHKy

peHTOcnoco6HOCTb ·. ranJIOl1.lIHh!X 11 .lil1n.l!Ol1.lIHh!X .lIPO::te::teei1 np11 pocTe B 

• CMellJaHHh!X nonYJISIL\11SIX./ 1npenp11HT 0115111. P19-88-672. JJ.y6Ha . 1988. 

18 c. 
C 41 HayMOB r.11., I;oJICTOPYKOB 11.11. CpaBHl1TeJibHaSI reHeT11Ka .lIPO::te::teei1. 

Coo6ll(eH11e 8. feHeT11Ka roMOTaJIJil13Ma .lIPO::te::teeiit . SACC_HAROMVCES 

CERl\:VISIAE VAR. ELLIPSOIDEUS 28-73.//feHeTl1Ka. 

--1972.-T.8-Nt- C. 95-100. 
[ 51 HayMOB f'.11., ToJICTOPYKOB 11.11. 06Hapy::teeH11e H8CTa611JibHOfO 

fOMOTaJIJll,fl!HOfO llJTaMMa .lIPOl!C::teei1 SACCHAROMVCES CEREVISIAE VAR. 

ELLIPSOIDEus.// 5110JIOrl1'-!ern11e HayKl1.-1971.-N10 .. -C.92-94. 
c 61 Eroposa B.11., foP.lleHl1H JJ,.A., fp11llJl,fH A.B., feHeT11'-!ecK11iil aHaJil13 

6apbepHoro ::J/Il(llel':Ta .y .lIPOl!C:i1cei1-caxapoMl1L\eT0B.//feHeT11Ka.-1981.- · 

T.17.-N4.-C.628-635. 
C 7] PenHeBCKaSI M.B., 11Hre-Be4TOMOB c.r. 

Jior:yca, onpe,lle.JIS110ll(ero Tl1n 

.lIPOl!Cl!Cei1-caxapoM111.(8TOB./ /MoJieKYJIS!pHaSI 

-N5.-C.1176-1191. 

CTPYKT':fpa 11 ([lYHKL\1111 

cnap11BaH11S1 y 

6110Jionm-1986.-T.20. 

C 81 ToJICTopy~:oB 11.11., 11.YTOBa T.A., 5eHeBOJI8HCKl1i1 C.B., CooM 51.0. 

f116pl1.lil13aL\11SI 11 reHeTi.1 11ern11i1 aHaJil13 MeTaHOJIOKv!CJISIIOll(l,fX .llPO:llC:l!Cei1 

PICHIA PINUS.l /f eHeT11r:a. -1977. -T .8. -N2. - C.322-329 . 

c 91 napll111Ha C.H., B11xaHc~:11iit IO.JJ,., , KanyJibl.\8Bl14 !OJ., To.JicTOpyr:os 

vUt PocT Ha MeTaHO,'!e ranJIOl1.lIHhIX 11 .lil1nJI011.lIHhIX .llPOl!C:11Cei1 P1cH1A 

P1Nus. / /M11r:po6110Jior11S1. -1983.-T .52.-Bhm.4.-C.668-671. 

PYKonl1Cb nocTYnl1Jia B 11s:,na.TeJibCKl1iit OT.ll8JI 

24 SIHBapsi 1990 ro.lla. 

10 
•' 

lintlAxapAT X. , rnasyuou A. B. P 19-90-43 
Ko111,ypCH~HSJ HSOrcllllblX. rannoHAHbDC 
1t nHnJ1OHHlll,1x m>o)K)Kl.!11 Sacchuromyccs ccrcvisiuc 
H Pichiu pinu1:1 npu POC'l'U 1J CMl!WUllllblX nonymu.µmx 

IIpH 11 Kna:nmenpepblBHOM11 KYllbTHBHPOBaHHH B CSoraTOH H MU
HHMallbHOH cpeAe ·AHnnoffAHble KneTKH Saccharomyces cerevi
siae BblTecHmoT usoreHHble rannoffAHble KneTKH HS nepnOHa
t1anbuo CMewaHHOH nonymU~HH 11 rannoHA ,- AHU1IOHA11 ~ IIpH KYnb
THBHpoBaHHH APO)IQKei\ Pichia pinus,B MHUHMan:&uoA cpeAe AHn
noffAbl TaK*e HMenu npeuMy~ecTBO nepeA rannoHAaMH. Pesynb-

. Ta Tbl ot5c~alOTCH B paMKax runoTeSbl O saKpeimeHHH AffMO
lfAHOH ~asbl B XOAe 6uonorHt1eCKOH

0

3BO1110I.µiH. 
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Competition of lsogenic Haploid and 
Diploid Cells Saccharomyces Cerevisiae 
and Pichia Pinus Growing _in a Mixed Population 

During "quasi-continuous" cultivation in the rich and 
minimal media diploid cells of Saccharomyces cerevisiae 
completely displace isogenic haploid ones. When Pichia 
pinus are cultivated in the minimal medium the diploids 
also have an advantage over isogenic haploids. The re
sults are discussed within the framework of the hypothe
sis of fixation of diploid phase in the course of biolo
gical evolution, 
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