
OT3bIB oQuqzamHoro onroneHra

Ha Al{ccepraulroHHyro pa6ory @ecenrco trIropr Arerccan4poBnrra <<Cucre*runrfi aHa.rrug
rIerITrIAoMa pacrenufi Ha rlplrMepe vxa Physcomitrium patens>>, rpeAcraBJrensofi Ha
coI{cKaHI4e ytenofi creneHl4 AoKTopa 6nonorra.recKr4x HayK rro cnerlzaJrbnocrr4 1.5.3 -
Monexynxpnar 6ra onorua (6r,r oJrorrqe cKr4 e nayrv ).

[uccepralllIouHat pa6oraZ.A. @eceHKo [ocBrrrleHa a*arrtr3y ugeurra$uKar\LrarHoBbrx
Synrqr'roHaJrbHblx rIenrI4AoB pacrenrzfi Ha rrpr,rMepe MoAeJrbHoro o6rerra MXa
Physcomitr ella (P hy s c omitr ium p at ens).

@yHxqIaoualrbnafl xapaKrepl4crr4Ka pa3JrvqHbrx re[rrrAoB (rar< vt Ap)rr4x EAB)
tBJrterct o4uoi lls saxHefiIlrl4x 3aAaq coBpeMenHofi luotoruu. Pacresnr orJrr4qarorcr or
IIpoqI.Ix xLtBbIx cylqecrB Har[queM orpoMHoro KoJr]rsecrBa He oxapaKTepr43oBaHHbrx
MoJreKyn - or Aec.f,TKoB Tblcttr BTopI4qHbIx naera6oJrraToB, Ao coreH HeKagoHr.rqecKllx
aMuHoKLtcJIor, a TaKiKe rblctq [onvle[TLIAoB pa3nrlqHoro reHe3a, BKnroqar pr6ocovrHatit u
uepu6ocounufi cnsre3 14 rlpoAyKrbr AelpaAarlr4z 6onee Kpy[Hbrx 6enr<onux KoMrrJreKcoB.
I'IgsecrHrte SyHrIIuoHuuIbHbre [errrr.rAbr pacreHnfi B ocHoBHoM rr3BecrHbr KaK rrpoAyKTbr
rlporeoJrl43a cleIII4tuIlI3LIpoBaHnux 6enxoB, rracrb r43 Koropbrx noABepraercs. pa3naqHhrM
rocr-:rpaHcJlf,Ill4oHHuIra uo4zQIaKaUI,ItM (nTM). rlacrr 

SyHxqzonaJrbHhrx (perynmopnrrx)
nerIrI{AoB ffBJrtlorc{ npoAyKTaMvrpaBcrrflr\rrrr c PHK, Koropbre He KoArrpyror 6emra. B erou
3aKrloqaerct ocnoBHafl cJrolKHocrb rrAeHTI4$zr<aquu no4o6nux rrerrrrrAoB, He roBop{ y)Ke o
BbI.[OH9HLII4 I4x KJlaccosofi [pLIHaAJIe)KHocrra n SynruIzfi. B erofi cBflgpr cr4creMHbrit ananus
rIenrI'IAoMoB pacreHufi, tlol,tzlto orKpbITI4r HoBbrx $yHrquoHaJrbnbrx MoneKyn 14 BhrrBJreHr4t
HeTI3BeCTHbIX npelKAe MexaHrr3MoB pefynflr\Lrv KJreroqHbrx llpoueccoB, .f,BJrrerct BilI(HbrM
gTanoM [pI4 paspa6orxe MeroAoB I4cllonb3oBanr4r raKr{x rrenrr4AHrrx peryJrflTopoB B
arpolpoMbrruJreHHoM npor{3BoAcTBe.

[vccepmql4t I,I3JIo)KeHa Ha 252 crpanr4rlax r4 coAepxzr 86 pLrcyHKoB u 9 ra6xvtt\,
Pa6ora cocrol4T I,I3 BBeAeH:afl,IrwreparypHoro o6:opa, Marepr,r€uroB rr MeroAoB, pe3ynbraroB
ra o6cyx4enzr (pas4en BKrloqaer 3 r<pynHbrx [oApa34ena), 3aKrroqeHr4r, BbrBoAoB r.r cnrrcKa
qurnpyeuofi nllreparypbl (394 rIcroqHI,IKa, us Koropbrx I na pyccKoM .f,3brKe c
HeKoppeKrHbIM IIIITIIpoBaHLIeM: 98. OAnHUoBa T.I4., Kopocrunena T.B. Anrrauzrpo6nue
rerrrr4Abr nrueHr4rlbr ll xypnat reHerr4Kr.r v .... vavi1ov.elpub.ru, 2014).

Ife.urro pa6orur flBrfr;rcs, cllcreMHhrft attwtus ue[TLrAoMoB t4 vAeHrr$zraqntr HoBbrx
Synr<qnoHzulbHblx [erITI4AoB pacreuutt Ha rrpr,rMepe pr3BecrHoro MoAeJrbnoro o6rerra
p acrr4reJrbnofi 6uolo rprrr - rvrxa $u croMrrrp enn a (P hy s c o m i tr i um p a t e ns) .

3rcuepwueHTaJrbHat qacr6 pa6orrr Hasr4Haercr c r,rAeHTr4 $uxaryuw v alanu3a
BHytpI4KneroqHhIX t4 BHeKJreroqHbrx rreurltAHbrx rryJroB Qzcr<ounrpeJrJrbr. fina sroro na
rIepBoM STarIe pa6orrt olrpeAentnrl BHyrpr4KJreroqHbre r4 BHeKJreroqHhre ne[Tr{AHbre [yJrbr
c I4cnoJIb3oBaHIdeM Macc-crreKTpoMerpvqecKoro anurv3a. lnx usyreHrzr BHy{pr4KJrerosHbrx
rerITIrAHbIX nynoB l{crloJrb3oBaJrrr ABe xr43neHHbre Qoprrau (pncxorvrrzrpeJrJrbr - rarraero$oprr
14 [poToHeMy.

B rKaH.rx ralaeroSopon rageHrnSuqrpoBaHBr B o6rqefi cJro)KHocrr{ 6onee 4000
IIOITI{AoB, Korophle o6pasonanncr vB 2000 6enron-npeArrrecrBeHHLtKoB. Haz6onee
TIJIOAOBI4TbIMI4 6enr<osur4u rIpeAIuecrBeHHvKaMr4 y raueroSopon oKa3aJrr4cb
xnopoflnacrHble 6elrrz, B qacrHocrll, oAHa ilg cyl'regunwrya peaKrlr.roHHoro rIeHTpa
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$oroczcteurt I npo4yllrlpoBtlJra 52 nenruAa, rropoBufi 6elor A9U1R6 raBan 42 nenruga, a
uarepoHouo4o6urtfi 6xlor rLrrraLEA sertrrcr [peAruecrBeHHltKorvr 41 uenrz4a).

B KJIerKax [poroHeMbl TaK)r(e rn4enrnsuq]rpoBnJrz 6olee 4000 ue[TriAoB,
tBntloull{xct Qparuenranaz 1,5 ThIc. 6enxoe-npeAruecrBeHHr4KoB, uarz6onee
rIerITI4AoreHHbIMLt I43 Koropblx oKit3zulucr 6onrura.f, cy6re4rEHrrqa PE@K, Saxrop gJroHrarlvtr
l-arrSa, xJloporlJracrnafl. tfpyrroso-6ncQoctfar aJrbAoJra3a vr oAHa il3 cy6reguwug
peaKrlraoHHoro rleHrpa @C 1.

Ananug [errrlaAoB eK3onporeoMa (nenrugon KyJrbryprlJmnofi cpeArr r43-noA
[poToHeMbI Sucrovrulrpellu) BrIxBI{JI 800 guAoreHHbrx uerrrnAa, Koropbre flBrrflrrucb
npoAyKTaMI4 flporeoJlrr3a 220 6em<on-npeAluecrBeHHr4KoB. llo cpaBHeHrrro c
BHy{pI{KJreroqHbIM IIe[TI,IAoMoM rrporoHeMbr, narn6onee [enrrrAoreHHbrMr4 6enrauu-
[peAIIrecTBeHHI,IKaMI,I B gK3orrporeoMe oKa3anrrcb naeu6paHnbre H ceKperprpyeMbre 6enrul
(ercnaHcnH, rleKTlaHocTepa3a I{ Ap.). Or 20 4o 40 o/o tenrugon 6rrnu oAr4HaKoBbrMrr B cpeAe
KyJIbrI4BLtpoBaHI,It I4 B KJIerKax. EonrrurrHcrBo grvx o6qr,tx nerrr[AoB npo[cxoAr4T r43
BHyrpktKJIeroqHbIX 6enron, Koropble yqacrBylor B pa3JruqHbrx Mera6onHqecrr4x npoqeccax.
Folrruas qacrb 6emor-npeArrrecrBeHHLtKoB [e[Tr4AoB oK3orrporeoMa yqacrBoBaJru B
QorocuHrere (D1 u CP47 @C2, MruIBre rz 6onrurrae cy6seguHr4rlbr PEOK) n vro4z$zKarJLrLr
xnero'rHofi creHKI4 (aerpaaallns nertuHa). BnozHt[opnaafir.recxzfi aHaJru3 noKa3aJr
Bo3MontHoe )rqacrve e QopurapoBauuvr rrerrrrrAHoro MHoroolpazut $zcrouzrpeJrJrhr Bcex
IItrIa rI4[oB upore€B p€l3HbIX ceMeficrs: cepnHoBbrx, acfiaparr.rHoBbrx, MerzurJronporein,
TpeoHprH- r4 rlr4cTerrHoBhrx [poTea3.

CnegyrcrrluM sTanorr pa6orrr 6ruo rrcyreHue Bnufl:aufl. crpeccoBbrx Sarropon ua
rpoqecc SoprvrupoeanLrfl, rrerlrrl4AoMoB QzcrorvrnrpeJrJrbr. B rca.recree crpeccoBrrx Sarropor
upLIMeHtJrra SeprvreHTarrrBHoe [oBpe]KAeHkre KreTo.rnofi creHKrt n o6pa6orKy xacMoHoeofi
Lr curkl\urosofi Kl,IcnoraMz.

llpra SepIvreHrau4BuoM rloBpexAeHr4r4 xnero.rHofi creHKr,r Apaft3era3ofi (cvrecr
$epueHror, [on] reHHat vB 6a:u4raovrnrleroB Lr o6na4aroqax JraM]rHapr{uasuofi,
KclIJIaHa3Hofi u qe.rrnronagHofi aKTltBHocrrwm) vtttu rrpr4 rloJryrqenvrv [poro[JracroB rr3 KJreroK
rlporoHeMrr o6uapyxl4Jrl,I oKoJro 2,5 rrtc. nerITr4AoB pa3MepoM or 6 Ao 

'78 
a.o.,rBJurroulr4xc.f,

$parueHralvru oKono 3,6 TbIc. 6emoe-npeArrrecrBeHHuKoB, cpeAr4 Koropbrx MHoro
xnopolnacrHblx 6eil<oe. B ro xe BpeMt B [enrr4AoMe Harr.rBHhrx xnoporrJracroB,
lon)^reHHblx I43 [poro[JracroB, o6napyxrurocb roJrbrco 82 ynr,rKanbHbrx rrerrrlrAa, Koropbre
6rrnz $parnrenravrn 21 6ema-npeArrrecrBeHHr.rKa. 3ro cBzAerenbcrByer o roM, qro
ocHoBHbIe 6enrz xJroporlJlacroB noABeprarorcr rr4ApoJrr,r3y BHe vHTaKTHbrx xnopo[JracroB.

JIeKoe KacaHrre rrporoueMrt0,025o/o pacrBopoM Apafisenasbr, Koropbrfi He rpnnoAr4T K
o6pasonaHrllo [pororlJlacroB, Ho Bbr3blBaer [oBpex{AeHl4r xnero.rHoft creHKrr, yBenzrrr4Bano
KoJl[qecrBo HaTLIBHbIx ne[TLrAoB Bo BHyrpr,rKJreroqHoM rrerrrnAoMe npnMepHo n 2,5 pffi&,
3acraBnnfr rlpeArloJloxurb, qro rroBpexAaroqee nos4eficrnrae Ha KJrerKy ycunnBaet
npoUecchl rrporeonu3a lI reHepall\1rc 6onrnroro KonuqecrBa gHAoreHHbrx rrenrr4,UoB.

TpancxpznqzoHHoe npo$unnpoBanr.re o6napyxnJro - 2000 reHoB, ypoBeHb naPHK
Koropblx Bblpoc B [pororuracrax 6onee qeM B 4 pasa. B ocnosuoM gro reHbr crpeccoBbrx
orBeroB, TaKrre KaK reHbl aJIJreHoKcIrAIIrrKJIa3br 2 u 4, aJrneHoKcrrAclrHTzt3br, Koropbre
cBf3aHbI c cI4HTe3oM oKcl4nlrrrr4HoB, ) racrByrourrx s 6uocrurre3e)KacMonosofi Kr4cJIorbI npr4
orBerax ua 6umvtrecKufi crpecc. flosrovry [ocJreAyroqa.rr nepecrpofira [enrr4AoMa B
[poro[Jlacrax Mo)I(er 6rrrr cBfl3ana c nu4yrqzefi r,rMMyuHoro orBera, Bbr3BaHHoro
o6pa6orrofi rneror Apaftsera3ofi. Kporvre roro, 3Haqr4TeJrbHo [oBbrrrraJrcr ypoBenr uPHK
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feHoB, KoAr{pyroqux [porea3Hbre r4 nporeocoMHble 6enrn (arrrannpyrorqrafi 6enox
flporeacoMrt 200, cy6tuttuzun-noAo6nbre cepvHoBble rlporeass 2 ra 3, uutoxoHApl4anbHa{
rrporea3a FtsH3). Tarxe yBerrlrrrrBaerc^ KorvrrecrBo vrPHK pacrrrreJlbHoro aHaJlora
Tpaucrroprepa TAP, roroprrft ilepeHocrIT [e[TrIAbI, reHepl4pyeMble nporeacoMHbIM
Ko Mn Jr e Kc o M, B g HA o rln a3M arw\e cr<uit p erLIKyJryM.

AHarus ne[TrrAoMoB KJreroK, o6pa6oraHHblx Me-NacuoHaroM, BrIIBTIJI o6pasorauue
245 (orono 5,5o/o or o6rqero KorraqecrBa rrerrrra4on) HoBbIx rerrl{AoB 67 (27%) ervrx
rrenrlrAoB 6rrlu rroJr) reHbr r43 HoBbrx 6emon-upeAlrlecrBeHHlaKoB n o6pa6oraHHblx KJIerKax.
llocle o6pa6orrn caJrr4rlr,rnosofi Kucror:ofi s rporoHeMe o6napyxvBaJrocb 830 etuoreHublx
nerrrraAoB or 248 6enxon-upeArrrecrBeHHllKoB. IIpu erovr na6nrcAanacb AerpaAauus. 134
HoBbrx 6emor-upeAllrecrBeHHuKoB.

flovfizrvro cneqrasuuecKoro u uecueqraol4qecKoro npoTeonll3a 6eflros-
rrpeArrrecTBeHHlrKoB, oilIo oAHlrM MaIoI43ytIeHHbIM LICTOqHIKOM IeITIIAOB flBJItIOTCt

KoporKr4e orKpblTble paMKu clrvrrbrr,aHvfl (xOPC,

upo6neurr rocB.f,rrleu cJreAyroqufi parge.n pa6orrr, B KoropoM rIpoBoAt4JIct rlorrcK Bcex

rroTeHrlniurbHo TpaHcJrr4pyroq[xcr KopoTKI{x paMoK ctII4TbIBaHufl., TIpncy-tcTByrcIIII4X B

reHoMe r4ccJreAyeMoro opraHr4sMa. Taxvu o6pasou 6rrno nafiAeno oKoJIo 640 ruc. rOPC c

BbrcoKraM KoAr4pyrour4M rroreHrlr{anoM (ncero u4euru$zq[poBauo 6,7 ttttn. KoporKl4x

parraor<), Koropbre :aaqLr*arncb c KoAona AUG u 6sutu pac[oJrox(eubl Bo scex o6racr.f,x

reuoMa P. patens. .{anrHefi:rnuit aua:lt:rrs v nu6opxa rrocneAoBarenrsocreft rIo3BoJrI4JILl

oro6parr oKoJro 42 Tbrc. yHr4KaJrbHbrx ttOPC c BbIpalKeHHhIM TpaHcntIII4oHHbIM

rroreHrlr4aJroM, Koropbre JroKaJrrl3oBaJlrrcb s NaPHK rrlrkr B AII4HHrIX HeKoAl4pyroqux PHK.

Or<ono 5 rurc. rOPC coAepxar rpaucMeM6panHsIe AoMeHbI (TM-xOPC), r.e. reoperl{qecKLl

Moryr rBrsrbc.f, MaJreHbKr,rMr{ TpaHcMeu6paunuluu 6enravta c rloKa Hela3BecrHofi Qynruuefi.
Tp aHcrpulrollnufi anarrvrs r<OP C c r o cneAyrouefi u4eurra (pn xar\ueft Tp aH cnLIpyeMbIX

rrerrrlrAoB [oKa3aJr rpaucnrur4ro no uesrrueft Mepe 195 rOPC, 56 vtz Koropblx 6snu

BbrrBJreHbr c noMorrlbro pa3u6rx 6uouH(popMarlaqecKLtx anropl4TMoB. Orono rIoJroBI4HbI

TpaHcJrr4pyeMbrx I<OPC oKa3ilrr{cb a6coruorno HoBrIMI4 xOPC, o cyrqecrBoBanvlvt Koropblx

paHee ue 6uno rr3BecrHo.

@yuxquonaJrbnafl xapaKTepncrlrra HeKoropbrx o6napyxeHHblx nerlTla.uoB cocraBJl.t{er

3aKJrroqrrrenrunrfi pa3AeJr Ar,rcceprarluu. Pa6or6l pa3AeJreHbl Ha 2 6torca.Ilepnrrfi 6.norc

pa6or rrocB{rrleH laccJreAoBaHuro auTrrMrlKpo6Hofi aKTuBHocrtI 9K3o[poreoMoB,

o6pa6orauHbrx Merr4JDKacMoHaroM, Ha 6arrepnrx E. coli u B. subtills, SlcsouporeoMbl,

o6pa6orauuue Merr4Jrx(acMoHaroM o6rraaanu BbIpaxteHHbIM 6arrepuocrarl{qecKllM

4eficrnueu. flpu oroM npeABapr{TeJrbHa.rr o6pa6orra gK3orlporeoua unrz6vrropaMu [porea3

lpr4BoAr4Jra K 3Haqr,rreJrbHoMy cHrax{eHl4lo 6arrepuocraruqecKoro reitcrsus. 3ro

cBrrAerenbcrByer o Bo3Mo)Knofi ponu [e[TI,IAoB, o6pasyrouluxc-r ilpu pacIqerlJleHul4 6elr<on,

B KarrecrBe 6rrcrpo sHcso6oxAaeMblx aHTI4MI4Kpo6srtx areHToB.

KounHorepHbre aJrropr4TMbr rroKa3aJII4, tITo npLIMepHo 5) "/o oT Bcex rlerlrl4l{oB,

u4enru$rzqlrpoBaHHrrx B 3K3onporeoMe Moryr o6na4arr rloreHul,Ialrnofi aHTI4MLIKpo6nofi
Kounuorepnble aJIropI4TMbI rIoKa3aJrI4, tITo npunaepHo 3,5 % [efITI4AOB,

aKTr4BHocrgo. I4s 8 oro6panHbrx Anr anurv3araKrlx [erITI4,{oB (5 ws rnerorlHoro [enrLIAoMa

u 3 ws er<souporeorraa) 6rrno BbrrBJreHo 2 (Sparrvrenr 6ema, coAepx{alqero AoMeH

Syruapranarleroauerar rprApona3br Lr3 KreroqHoro rIerITI4AoMa ll $parveHT [peAcKa3auHoro

6elxa r4s KreroqHoro aK3orrporeorraa), MIaHI,IMiuIbHa-f, znrn6upyrorqar KoHIIeHTpaqu.f,

Koropbrx cocraBnf,na 64 u 16 vmr/rvrn, coorBercrBeHHo. Taruu o6pasou, rrpeAcKutsaHnble
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KoMfrbroTepoM p$yJrbTaTbr rroATBep)KAeHbr SKcnepr4MeHTilrrbHbrM aIJanI"'I3oM: HeKoTophle

rrerrrrrAbr, norfraroqrrecr rtpu [erpap.a\uv 6enron, AeficrszreJrbHo o6naAaror
aHTr{Mr4Kpo6Hofi aKTrrBHocrbro. Kporvre roro, o6pa6orra Merr4Jrx{acMoHaroM Mox(er
r4Mr4Tr4poBarb ycnoB[r 6r,toru.recroro crpecca v yBerurrr4Barb Konr{qecrBo vt na6op
rroreHrlr4anbHbrx anTlrMr4Kpo6Hux nerrrr,rAoB KaK B KJrerKe, TaK r.r B gK3orrporeoMe.

Bropofi 6nor< pa6or uocBrrrleH tpynrquonaJrbHoMy anaJrvsy HeKoropbrx rpoAyKroB
TpaHcnrqrrr{ rOPC. Ans BbrrcueHrrr ponu grutx rOPC }rccJreAoBzr[Lt BlTufl:rvIe
cBepxeKcnpeccrrr4 r.r HoKayra 4 *gtruxPHK-rcOPC": PSEP25, PSEP18, PSEPI r.r PSEP3.
Horayr uurcpo6enxa PSEP25 (61 aMraHoKr4cnora) rprrBoAr4n K cHr4xeHr4ro cKopocrl4 pocra
14 r43MeHeHr4ro apxnTeKTypbr surei'r uporoHeMbl Ha cpeAe 6eg HrroKo3br, Ho c Ao6aBrIeHLIeM
Taprpara aMMoHr.rfl. TpaHcoopMaHrbr co cBepxsKcrrpeccr4eir PSEP25 npoAeMoHcrpHpoBanLl
ue6onruroe cuux(eHrae cKopocrrl pocra rro cpaBHeHuro c A]IKI4M Tr4rIoM r4 noqrr/t rloJruoe
orcyrcTBr4e rraop$oJrorvqecKr4x paumuuit B crpyKrype nporoHeMHbrx $zraueuron.
Cpanuuremnrrfi KonaqecrBeunrrfi rporeoMHsrir alr,a:l;ur c n:o6apHbrMra MerKaMI4 iTRAQ
pacrenvfi Ar4Koro rvrila 14 vyranror/rpaHc$opMaHToB Bhr.fiBr4Jr 14 6em<oe,
eKcnpeccrrpyroquxc.a [o-pa3noMy. (DyHxqr.rn 6enr<a ro-npe)KHeMy ocrarorc.f,
HEI43BECTHbIMI4.

Ananoru.rnrrfi Trtn anarwrsa (norayr kr cBepxoKcrrpeccux) 6rm [prdMeHeg K
HeKoHcepBarvBHoMy rrerrrr.rAy PSEP18 (40 a.o.). Horayr sroro rerrrr4Aa rrpr4BoAr4Jr K
ne6olruroMy yMeHbrrreHrrro LvraMerpa pacrenuit Mxa Ha cpeAe c HrroKo3oit w 6es raprpara
aMMoHrar. Jlulnuu co cBepxeKcrrpeccr{efi PSEP18 sHa.rurenbHo reprJrrr B pocre Ha cpeAe c
rnroxogofi. Koila.recrseHHrrfi cpaBHr4Tenrurrfi [poreoMHsit a:e.attu3 HoKayrHrrx nunzfi
BbrrBr.rJr 8 rreHfiorql4xc.f, 6erxon. @ynxUuu 6enrca [o-[pe)KHeMy ocrarorc.fl Her.r3BecrHbIMlL

[rx PSEP3 (57 a.o. -30o/o npoJII4HoB) yAalocr noJlyr{I4rb HoKayrHblfr. napuaur, B ro
BpeMr KaK cBepxgKcnpeccr4r npprBoAvrrra K cI4JrbHoMy nuru6upoBaHrrro pocra u ru6enpt
KJreroK TpaHcreHHrrx nznrafi. lloerorvry 6:'l':na cKoHcrpyr4poBaHa rrvrnvrfr, n roropofi ren
PSEP3 HaxoAr4Jrc.rr rroA KoHTpoJreM urrl;gqru6e.IlbHoro rpoMoropa (cncreua rHAyKIIuv P-
ecrpaAr4onou). Y nu:nui,r c HoKayrovr uo PSEP3 na6nrolanocb cHrrxeHr4e cKopocrn pocra I{
r43MeHeHrre BerBJreHrrr [poroHeMHbrx SznaueHron B cropoHy KoporKr4x 6orosux
(funaueHron (Ha cpeAe 6es rnroro3br lr raprpara aMMonun).I4rtgyr<gux oKcnpeccI4Ia PSEP3
[pr4BoAr4Jra K cyrqecTBeHHoMy yBeJrr,rqeHr4lo Korr4qecTBa MepTBbrx KJreToK rrpoToHeMbl,
BbrrBJreHHnx Snyopecuer.rH AvaueraroM, I,I rloBbllrreHlrro ypoBur AOK. [lt uzyteuun
aKTraBHocrr4 gHAoreHHoro fipoMoropa coorBercreyroqefi.qnHrPHK r4crronb3oBzurl4 cllcreMy
CRISPR-Cas9 ilrrfl cnr4fl:ar4s. B oAnofi paMKe cqr4rbrBaHr.rr peroprepa GUS c
flocJreAoBareJrbuocrbro PSEP3 HenocpeAcrBeHHo B feHoMe P. patens. Ananug rpaHcreHHbIX
tr;uuuit rroKiraJr gKcrrpeccurc vurpo6enr<a B aKTr4BHo Aenrulr4xcr 

'oToq(ax pocra"
raueroSopoB, qro Mox(er yKa3brBarb Ha BDKHyro poJrb AaHHoro Mr4Kpo6enr<a B peryJrtllnl4
lpoueccoB pa3Br4Tnr y P. patens. OAHar<o, Synrcqzra gToro 6ema, KaK Lr rpeAbrAyrq[x, TaKx(e
OCTAIOTC' HEU3BCCTHbIMII.

Harconeq, 6ru nsyreH nerrr4A PSEPl (41 a.o.), KoropoMy [anu Ha3BaHr,re FAMOSS
(FAst-growing MOSS), ocHoBbrBarcb Ha xapaKrepHoM $enoruue. floxoNze
rrocneAoBareJrbHocru o6napyxenrr B TpaHcKpr4rrroMax rreqeHoqHzKoB, MxoB kr
nanoporHr4KoB, 3eJreHbrx no4opocnefi, roJloceMeHHbrx, noKpbrroceMeHHbIx. BrtcoxIEfi
ypOBeHb sKcnpeccul4 cooTBeTcTByIOilIerO TpaHcKpLIrITa cBIIAeTenLcTByeT o TOM, qTO 9TOT
nerrrrlA flBrrfl,ercfl. HeaHHorr,IpoBaHHbrM KoHcepBarr,rBHbrM MturbrM 6enroivt. flourtrxa
ir4enruSraq[poBarb Bo3MoxHLrx 6enxosHx naprHepoB FAMOSS MeroAaMu 6enrosofi
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nperlr4rrr,rrarJr4pr vt Ko-rrMMyHo[peIII4uI4Ta\vpr [p]rBena K o6uapyxeHuro
BbrcoKoKoHcepBarrrBnrrx 6enroB - MaJrbrx fTOag Rab-rnna, Koropbre o6uqno peryJrllpyror
clrvrflHne BHyrplrKJreroqHbrx Be3LrKyJr c IrJra3Marr,r.recrofi uena6paHofi, crtrv'yrkrpyfl.
UHTeHCT4BHOCTb r4X TpaHC[OpTa K aneKoy KJTeTKI4 H yBeruqr4Ba.rr CKOpOCTb UOJUTpHOTO pOCTa.
C uououluo Kpacurenr SynaptoGreen C4 nrrscru4Jrocb, qro r,rHTeHcrrBHocrb Be3LrKyJItpHoro
TpaHcnopra 3HaqprreJrbHo BErrrre B arrl4KaJrbHbrx KJrerKax ((SKcrrpeccaHToB> B cpaBHeH.vrv c

ArrKr4M Tr.rrroM r4 (<HoKayraMu>>. Taruvr o6pa:ou, nenrr,rA FAMOSS Mo)KHo cqr4Tarb BDKHBIM
yqacrHuKoM p eryJurrlr4 r{ Be3[Kyn-rrpHoro rp aH cuopr a y p aw eruuft .

O6o6rqa.s non) {eHHbre pe3ynbrarbl, Mo)KHo KoHcrarrrpoBarr, qro cl4creMHoe
lrccJreAoBaHlre rrerrrrrAoMa Mxa BbrsBr4Jro rpl4 6omruue $paxqrau rrerrrlrAoB:

1) (AerpaAoM>>, o6pasorannufi rtpu pacu1errJreH]rrt HecuequaJrr43rrpoBaHHsrx 6emoe-
IIpeArrrecTBeHH]rKoB;

2) rre[TrrAbr, KoAr.rpyeMbre KoporKrrMn orKphrrbrMt4 paMKaMr{ c.rvrrbraar.vfl, vl
rrpoAyKTbr r{x AerpaAar\uvr;

3) 6uoar<runHrre nerrrAbr, o6pasyroqraeca upn cnequ$nuecKoM paculenJreHl4rl
c[erlr4ilrrr43r4poBaHHbrx rlpeAIIrecTBeHHtIKoB.

Bonpocu r{ KoMMeHTapnn uo pa6ore:

L Beporrno, [oBceMecrHoe ynoMraHaH[e ((ceKperoMa) Ha noJrrx 4vaceprarJr4pr He
BrroJrHe olpaBAaHo, nocKoJrbKy peqb rrAer o Bcex uerrrvplax u 6enrax, Koropble
obnapyxnBarorcr B Kynbrypanrnofi )KI,IAKocrr4, KaK B pe3ynbrare ceKpeul'ru, TaK 14 B
pe3ynbrare pa3pyuenr4fl (nporeo.irz:a) KJrerorrHbrx 6erxoe. Boguoxno, TepMHH
(oK3orrporeoM)) 6un 6rr B AaHHoM cn)qae 6onee KoppeKTHbrna. To )Ke :racaercs. u
orrvreankrfl,6enroe n PasAere 4.1.2. Ar4cceprauuu (Pvrc.4.8), r4e BHeKneroqurte 6em<u
HIBB aHbr c eKperr4pyeMblMl,I.
flpuyuvax Bo BHuMaHrae ror upocrofi $arr, qro $ynrqraoHanrnrrft analrvrg
Her43BeCTHbrX MOJreKyJr .rrBJr{erc.rr rpyAHofi ra zHor4a AoJrro BbrrroJrHr4Mofi (a noporc LI

BoBce HeBbrnoirHzrraofi) pa6orofi, TeM He MeHee, MoxHo 6uno 6u perorueHAoBarb
rrpoBeAeHvre pfl,ra pa6or, rpe6yroqr4x KooreparJnu clerlr4aJrrtcroB B pa3Hbrx o6racrxx
sHanr,rfi o pacreHr4xx. Henrgs o6r.srr neo6r.f,tr{oe, Ho Mo)KHo cAeJrarb gro rro qacrtM.

B .racrHocrr4, rroreHrlr4arrbHhre 6enrn-peryn.rrropbr Moryr 6rrrr oKc[peccl4poBaHbl
(eosnaoNHo - TpaH3ueHrno) B MoAenbHbrx pacreHusx u/uttu rrx MyraHTax c qenblo

yctrrenvrfl, cyuecrByroqr4x vrrrr KoM[JreMeHTarJvrpr yreptHHblx $ynKIIIafi.
flomroueHnufi SyHrqnoHamnrrfi alazururs peryrurropHbrx rrenrrrAoB, Bepotrno,
yKpacrn 6rr ery MHofoacreKrHylo pa6ory.
Cne4yer Jrvt vt3 pe3ynbraron pa6orrr BbIBoA o roM, rrro flepeA HaMu orKpblBaerct
Herorrarbrfi o6rervr pa6orrr uo $yurcqrzoHaJrbHoft xaparreplrcrr4Ke (AerpaAoMa>> Lr

rOPC, Aaxce ecnu aKTr4BHbre nerrrr4Abr cocraBJrrror rperb r{Jrrr MeHee or o6ulero qucila

u4enrra$uqupoBaHHarx? I4nu, nepeSpasrapyr r{3BecrHyro Spusy oAHoro r43 KJIaccI,IKoB

o6 enerrpoHe r{ aroMe, cJreAyer rr,r nonararb, qro SyHrquonanrHrrfi (AerpaAoM)).

TarcKe Her4cqeplaeM, KaK z uporeou?..
Menxue HeAop ailyMeHr,rr :
- fpalaorprrlarenbHbre (rar r rpaMrroroxr.rreJrbHrre) 6ar<repr4r4 B o6osHa.{eHuxx fpau
(+) u fparra (+) gonxnbr Harrr4uarbcs. c rpoilrrcHofi 6yrnrr <<f> rar< AaHb yBalreHl4-f,

fancy Kpucruauy fpanry, rpr,rAyMaBrrreMy MeroA oKpacKlr srnx 6arrepwir (crp. 62,

2.
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Ig4, lg6);
- Hagsanlax 6enxon, HanpI4Mep, psbA z psbB 6enrv $oroczcrevrrr (crp. 104) rar<Ne
Aonxrubr Haqr4Harbc.rr c [ponracuofi 6yrnu;
- Toranrnaq PHK: o6rua.s KJreroqHa.f, PHK
- ... ilvrfprpoBaHr4e Broporo aaaflTepa RMX c MoropHbru 6enrou (crp. 73)

B saKnloqeHne xorenocr 6rt [oAqepKHyrb, qro aBTopoM BbrrroJrHeH orporuHufi o6revr
xonannexcuoft v r<pouornvnofi pa6orrt, rpe6yroruefi ncKJrroqrrrenbHoro B:aarMa:rvrl,
orpoMHoro reprleHl4t kr srrcoxofi ucrloJlHl4Tenrcrofi rnanH$uragv. Pesynrrarrr Lr
rIoJIox(eHI4fl Eilcaeprar\vu ony6luroBaHbl B I43Becrubrx MexcAyuapoAubrx perleH3urpyeMbrx
xypHaJlax, BKJrIoqat raKr4e BblcoKopefirzHrosrre usnanufl r<ax Frontiers in Plant Science,
Plant Molecular Biology, New Phytologist, Nucleic Acids Research vr Ap., qro
AeMoHcrpHpyer BbIcoKyIo rna-nuQrzrallurc aBTopa v cBrrAereJrbcrByer o rrprr3HaHrrv ero
pa6or Me)KAyHap oAHbrM upo S eccra oHzLJrbHbrM c o o 6rqecrn orra.

flpe4craureHHar K 3arrllrre ltr4cceprar\krfl .rrBJrreTcr Ha) {Ho-KBa-uzsuraquonnofi
pa6orofi, n xoropofi Ha ocHoBaHI{I4 BrrrroJrHeHHbrx aBTopoM r4ccJreAoBanzfi o6napyx(eHbr Ll
oxapaKTepl43oBaHbl HOBbIe frenrl4Ahr, [pr4foAHbre Mfl [paKTuqecKoro vcnoJlb3oBa]fivfr.
Taxxe BbIflBJreHbI HoBbIe peryJrfropHhre 3aKoHoMepnocTrd r,r npeAno)KeHbr ilJrropr,rrMhr
arr.utur3a paHee H eLBBecrHErx rreurr,rAon p acrennfi .

flaccepraql4t rIpopI3BoArIT BneqarneHrre KpylHoft pa6orrr c oqeBr4AHhrMu roqKaMr4
4a:rruefiruero pasBrTvrs. Bueo4n v3 pa6oru o6ocHonaurr, aerope$epar lonHocrbro
orpaxaer coAepx(aHue LuccepTal!:z'u. Taxrav o6pasou, pLa:aHafl Alacceprauvo11afl, paflora
noJlHocrblo orBeqaer rpe6oranr,rxu nynxra 9 <<flonoxenH.a o [oprAKe npr4cyx(AeHr4t
yqeHhlx creuenefi>>, ytBepx(AeHuoro uocraHoBneHlreM flpanurenbcrBa Poccnftcrcoft
(De4epaqvu or 24.09.2013 r. N 842, npegb.rrBJureMErM K AoKropcKLtM Ar{ccepraur4oHHErM
pa6orau, a ee aBTop Oecenro Zropr Anercan4poBr,rq, HecoMHeHHo, 3acnyiKuBaer
npvcyxAeHl{t eMy yreHofi crerleHla AoKTopa 6vororu.recKax HayK rro crerluanrnocrn 1.5.3
- Morexyn flpnafl, 6n onorur (6nonoruuecKlre Hayxz).
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