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Pesrome

Henp nanHO# paboTHI COCTOSIIA B OIIEHKE BIMSHUS MPEAIICCTBEHHUKA dTHIICHA | -aMUHOIIMKIIONPOTIAHOBOH
kuciotsl (ALIK) Ha ypoBeHb, paciipeneneHHe MEXIy HOOeroM W KOpPHEM M MeTa0oJIM3M ayKCHHOB Yy
pactenuii apabumorcuca (Arabidopsis thaliana) umcxommoro skoruma Columbia. Dx3orennas ALK
cHmxkana cogepxkanne UYK B KopHSX, 0OJJHaKO HE BJIMsUIa HA HAKOIUICHHWE UX Macchl. PaHee Hamu OBLIO
MOKAa3aHo, YTO MOTEPs YyBCTBUTEIILHOCTH K STHJICHY Y paCTeHHUH apaOHuoIcHca Kak B Pe3y/ibTaTe MyTallu
(etrl-1), tak w mpu (HapMaKOIOTHICCKOM MACHCTBMM WHTHOMTOpa pererniun 3tuieHa |-MIIIT wa
tpancdopmupoBanubie DR5::GUS koHcTpykumeil pacteHus, mpuBoauia K yBeaudeHuto yposHst UYK B
KOpHsX. Bce 3TO mo3BossieT HaM clenaTh BBIBOA, YTO STHIIEH CIIOCOOEH HPENsSTCTBOBATH YPE3MEPHOMY
HaKOIUICHHIO ayKCHOB B KOPHSIX, TEM CaMbIM HOAZEpKUBas ux poct. Benenue B cpeny ALIK npusoauio
K CHIDKEHHIO cooTHOIIeHHs coaepkanust MYK B kopHsx u moberax Ha (JOHE HEH3MEHHOIO CYMMAapHOIO
cogepkanns YK B aTuX opranax pacTeHuil, a Take K TOBBIIEHUIO B KOPHSX dKcnpeccun reHa WES],
OTBETCTBECHHOI'O 3a CBA3BIBAHUEC aYKCMHOB C aMUHOKHCJIOTAMU. MoskHO npeamnojiaratb, YT0 BO3MOKHBIMU
MeXaHH3MaMHu CHWKeHUs ypoBHA UYK B KOpHSX MOJ BIHMSHHEM 3THIICHA SIBJISIOTCS IOBBILICHHE OTTOKA
ayKcHHa 13 robera B KOPHU M YCHJICHUE €r0 MHAKTHBAIMH ITyTEM KOHBIOTALlUH.
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Resume
The aim of this work was to assess the influence of the ethylene precursor 1-aminocyclopropanoic acid
(ACC) on the level, distribution between shoot and root, and auxin metabolism in plants of Arabidopsis
(Arabidopsis thaliana) of the original Columbia ecotype. Exogenous ACC reduced the content of IAA in
the roots, but did not affect the accumulation of their mass. We previously showed that the loss of
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sensitivity to ethylene in Arabidopsis plants both as a result of a mutation (etrl-1) and during the
pharmacological action of an ethylene receptor inhibitor 1-MCP on plants transformed with DR5::GUS led
to an increase in the level of IAA in the roots. All this allows us to conclude that ethylene is able to prevent
the excessive accumulation of auxins in the roots, thereby supporting their growth. The introduction of
ACC into the medium led to a decrease in the ratio of IAA content in the roots and shoots against the
background of a constant total IAA content in these plant organs, as well as to an increase in the expression
of the WES1 gene in the roots, which is responsible for binding of auxins to amino acids. It can be assumed
that the possible mechanisms for reducing the level of IAA in the roots under the influence of ethylene are
an increase in the outflow of auxin from shoots to roots and an increase in its inactivation by conjugation.
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Citation: Korobova A.V., Akhtyamova Z.A., Vasinskaya A.N., Kuluev B.R., Kudoyarova G.R. Ethylene controls the
auxin level in the roots by influencing their transport and conjugation. Biomics. 2020. V.12(1). P. 1-7.

DOI: 10.31301/2221-6197.bmcs.2020-1
© The Author(s)

BBenenne

Bs3aumopnelictBue aykCMHOB U JTWJIEHA B
peryisiiuy pocTa KOpHEH mmpoko obcyxmaercs [Qin et
al., 2019]. Drta KoHUENIMs OCHOBAaHA HA TOM, YTO 00a 3TH
TOPMOHA TIPH HX BBEICHWH B PACTEHHE OJUHAKOBO
JCHCTBYIOT Ha POCT KOpHe#, nHrubupys ero [Abts et al.,
2017]. Bropoii aprymeHT B TMOJB3y B3aUMOJCHCTBHA
ayKCHHOB M JTWJICHA 3aKJIIOYAeTCs B TOM, YTO MOTEps
YYBCTBUTCJIBHOCTH K OJHOMY M3 HHX IPUBOAUT K

CHHYKEHHIO CIIOCOOHOCTH BTOPOTO ropMoHa
uHrubuposathk poct kopaei [Korobova et al., 2016; Qin
et al., 2019]. Opno W3  TIPEIOJIOKCHHIA,

c(OpMYIMPOBAaHHBIX Ul OOBSICHEHUS 3TOro ()EeHOMEHaA,
3aKJIF0YaeTcsi B TOM, YTO JTWJICH BbI3bIBAET HAKOIUICHHE
ayKCMHOB B KOPHSX, M MMEHHO TIOBBINICHHAs 0]
BJIMSHUEM JTWJICHAa KOHICHTpAIMs ayKCHHOB TOPMO3HT
poct kopHeit [Stepanova et al., 2007]. Dto mpemiokenne
OCHOBAaHO, B OCHOBHOM, Ha OOHapyKeHHOW WHIyKLIUHU

MoJ BIMsSHHEM OTHieHa odkcrpeccun reHa WEI2,
KOHTPOJIUPYIONIETO  CHUHTE3 TpUNTO(haHa (JOBOJHHO
OTIAJIEHHOTO MPEIIICCTBEHHNKA ayKCHHa

uHgommtykeycHo kucnotel (MYK) [Stepanova et al.,
2007]. Xotsa B InuTepaType MOXHO BCTPETHTh W
IIPOTHUBOTIOJIOXKHBIE M0 XapaKTEPy CBEACHHS O PEIPECCUH
nonx BiusHMeM otwieHa gpyroro reHa (YUCCA),
KOHTPOJIMPYIOIIET0  HENocpeACTBEHHO cuHTe3 HMYK
[Pacheco-Villalobos et al., 2013], npencraBieHue o
HaKOIUIGHMHM  ayKCHHOB  IOJ  BIHMSHHUEM  OTHJICHA
JIOMUHHpPYIOT. BMmecTre ¢ Tem, cieqyer OTMETHTB, 4TO
KOHIICHTPALlMI0 ayKCMHOB B PAaCTEHMSX, 00paOOTaHHBIX
STUJIEHOM WJIM €TO MPEAIIECTBEHHHKOM, U3MEPSIIN JINIIb
B HEOOJBIIOM  KOJHMYECTBE  HKCIIEPUMEHTOB,  a
MIOJy4YCHHBIE JaHHbIE OKa3aJiCh MPOTUBOPEUYMBEL B
OJHUX CIydasXx OBbUIO BBISBJIEHO IOBBILIEHHE YPOBHS
ayKCUHOB B KOHYHMKaxX KOpHEH pacTeHui apabujorcuca
[Stepanova et al., 2007], B npyrux — cHmxenue [Pacheco-
Villalobos et al., 2013]. Lleas manHO# paGoTHI COCTOsLIA B
OLIEHKE BJIMSHMS mpeaumecTBeHHUKa dTuineHa ALK Ha
YPOBEHb ayKCHHOB U €r0 pacupesielieHHs: Mex 1y 1o0erom

W KOpPHEM Yy pacTeHmid apabumorcuca. [lapamienbHO C
usMepenueM coaepxkanus YK u3mepsiiach sKkcrpeccust
resoB YUC1l, YUC4 wu WES1, oTBeTrcTBEeHHBIX 3a
MeTaboJim3M aykcHHOB. IlocTaHOBKa Hallero OIbITa
OTJIMYAIACh oT 0OJBIINHCTBA AHAJIOTUYHBIX
HCCIICOBAaHUI TeM, YTO PacTCHUS POCIH B TIECKE, a HE B
arape, B KOTOPbIA ObLI 100aBieH caxap, KOTOPBIA MOXKET
BIHATH Ha peakuuio pacrenuii [Mishra et al., 2009].

MaTtepHaJibl 4 MeTOABI

HccnenoBanus NPOBOAWIM — HA  PAacTeHHUSX
apabunonicuca  (Arabidopsis  thaliana)  wmcxommoro
skotuna Columbia (Col-0) u He4yBCTBHUTEIBHBIX K
oTUieHy MyTtaHTtoB  etrl-1. s  BeIpaBHUBaHUSA
IpopacTaHus ceMeHa MHKyOupoBanu B vamke [lerpu Ha
BJIOKHOW (UIBTPOBaJIbHOW OyMare B  XOJOIMIBLHOU
Kamepe B Te4eHHe 3 CyTOK. 3aTeM X pacKiIaIpIBasU 110 4
IIT. Ha COCYJl Ha IOBEPXHOCTh II€CKa, HACHIIIEHHOTO
pactBopom  XoriaHga-ApHOHAa, W IOMEWAIA B
kiauMatiyeckyro kamepy MLR-350H, (Sanyo, Snonwus).
Pactenns BelpamumBasii mpu  Temmeparype 23°/19°C
(menp/HOYB), 80% OTHOCHTENBHOM BIIAKHOCTH BO3IYXa,
ocpemieHHoctu 120 MKMOJH,/(M2 c) ®AP u 16-yacoBom
(otonepuone, kak omucano B padore [Shtratnikova et al.,
2015].

O6pabotky pacrenuit  Columbia pactBopoM
MIpEALIECTBEHHUKA TWIeHa - 1-aMHHOIMKIIONPOTIaHOBOH
kucnotsl (ALIK) mpoBoaunu B Bo3pacte 16 u 18 cyt. s
stroro ALK pacTBopsim B IHUTAaTeNbHOM pacTBOpE H
JNO0aBIsUT B TIECOK, TJI€ BBIPAIMBAIUCH PACTEHHS, IO
KoHeuHO# koHieHnTpanuu 10 mxmonw/n [Zhang et al.,
2010]. Yepes 2 cyrok mocie Bropoit obpabotku ALK
MPOM3BOAMIN  (UKCAIMIO KOPHEH Ul OMpeAcIcHUs
xoHueHTpauuu UYK u sxcnpeccun renos. Eme uepes 2
CYT U3MEPAIIN MacCy KOpHEN.

ConepkaHue ayKCHHOB H3MEPSUIM C ITOMOIIBIO
UMMYHO(EPMEHTHOTO aHaM3a. [IpenBapurenbHO
TOPMOHBI DKCTParupoBaln U3 TKaHed KopHed 80%-HbIM
STaHOJIOM B TedeHue 16 4, 3aTeM NPOBOJUIN UX OUUCTKY
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U KOHIEHTPUPOBaHWE MyTeM OJ(UPHOHW SKCTpaKuuu C

nocjeayronum METHUJIMPOBAHUCM JHa30MECTaHOM
[Lebedev et al., 2018].
Onpexlene}me YPOBHA TPAHCKPHUIITOB TI'CHOB

cuaresa (YUC1 u YUC4) u komsrorammu (WES1)
AyKCHHOB TPOBOJWIM O METOJMKE, OIHMCAaHHOW paHee
[Korobova et al., 2016]. PHK Bbimesnsiin U3 KOpHEH H
JIMCTHEB PACTEHUH MCXOAHOTO 3KOTHIIA W MyTaHTa etrl-1
mpu nomomu Tpm3ona. TorameHyto PHK ob6pabaTsiBamu
RQ1 OHKa3oii, ceo6oamoit or PHKa3 (Promega, CIIIA),
3aTeM MPOBOJAWIN OOPaTHYIO TPAHCKPHUIILMIO, UCIIOJIb3YsI
omuro (dT) mpaiimep u  M-MulLV-oGparayio
tpanckpunrazy (NEB, CHIA). Jlis KOJHYECTBEHHOTO
aHaJM3a TPAHCKPUIITOB T€HOB MBI MOJI0OpaIH TpaiiMepsbl,
ucnoss3ys nporpammy PrimerSelect (maker Lasergene).
OT-TIIIIP B peanbHOM BpeMeHH MPOBOJWIN B
tepmorukiiepe Rotor-GeneTM 6000 (Corbett Research,
ABcTpanus) B  NPUCYTCTBUM  HHTEPKAINPYIOLIETO
kpacutens SYBR Green |. B kadectBe BHyTpeHHETO
KOHTPOJISL HCIOJBb30BAJIM T'eH JOMAIIHEro X03siHCTBa
apabunorncuca AtACT2 (At3g18780).

CraTtucTuieckyio 00paboTKy JAHHBIX
npoBoguin ¢ momomkio MS Excel. B rtabmume u Ha
pHCYHKax IIPEICTaBICHbl CpEIHWE 3HA4YCHHI W3 N
OMOJIOTHYECKUX MIOBTOPHOCTEH, yKa3aHbl ux
cranaaptabie omubku. JlocroBepusie pazmuuus (p < 0,5,
T-TeCT) 0003HAYECHBI 3BE30YKOM.

PesyabTaTsl U 00cy:KaeHHE

Kak BugHo w3  puc. I, o6paboTka
MPEALIECTBEHHUKOM STHIIEHA ALK, CHIKana
conepxanne YK B KOpHAX pacTeHuil apaOumorcuca.
OTH pe3yiapTaThl COOTBETCTBYIOT IIOJTYYCHHBIM HAMU
paHee NAHHBIM O MOBBIIIEHHOW KOHLIEHTPALUU ayKCHHOB
B KOPHSIX HEUYYBCTBUTEIBHOTO K JTUJIEHY MYTaHTa IIO
CpaBHEHHUIO ¢ pacTeHusiMu ucxoaHoro reHotuma Col-0
(Kopobosa u gap. (Korobova et al), 2019).
HeobOxoauMocCTh STHIICHA [UIS OTpaHUYEHHUS HAKOTUICHHS
AayKCHHOB TaKKe MOATBEP)KIATU Pe3yJabTaThl ONBITOB, B
KOTOPBIX MHAKTUBALMS PELIETITOPA ITUJIEHA IPUBOJMIIA K
HaKOIUIEHHIO ayKCHHa B KOPHSX, 4TO OBLIO IMOKa3aHO
YYBCTBUTEIIBHOU K AyKCUHY penopTepTHOM
koHcTpykuueir DR5::GUS (Kopo6osa u ap. (Korobova et
al), 2019). B COBOKYMHOCTH 3TH pe3yJbTaThI
CBUIETENLCTBYIOT O TOM, 4YTO OJTHJIEH  MOXET
OTPaHUYMBATH HAKOIIJICHHE ayKCHHOB B KOPHSIX paCTeHUN
apabuaorcuca JaHHOTO BO3pPAacTa, BHIPALMICHHBIX B TIECKE.
OTu pe3ynbTaTbl COOTBETCTBYIOT HEKOTOPBIM JaHHBIM
nutepatypsl  [Pacheco-Villalobos et al, 2013], a ux
MPOTUBOPEUHE MO CPABHEHHUIO C APYTUMHU pe3yJbTaTaMU
MOKHO OOBSICHUTH TEM, YTO HAKOIUIEHHWE ayKCHHOB IOJ
BJIMSHUEM 3THIIEHA PETUCTPUPOBAIM B KOHUYMKE KOpPHEH
[Stepanova et al, 2007], B TO BpeMs Kak MBI
AQHAIM3UPOBAIM LEIble KOPHHM, KaK M aBTOPbI CTaThH,
MOJIyYHUBILINE CXOJHBIE C HAILIUMH PE3yIbTaThI.
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Puc. 1. Macca xopaeii (n = 30) u conepxanue B Hux MYK (n =9) y pacrenuii apabujoncuca ncxoJHOTO IKOTHIIA
Columbia mocne aBykpaTHO# 00pabOTKK MPEIIECTBEHHUKOM 3THIICHA | -aMUHOIMKIIOMPONAHOBON KucinoTo# (ALIK).
[TepBast 0O6paboTKa NpoBoAMIIACH B Bo3pacTe 16 cyT. * - pa3nuuust MeXy BapuaHTaMH JOCTOBEpHSHI Ipu P < 0,5; T-TecT.
Fig. 1. Root mass (n = 30) and root IAA content (n = 9) in Arabidopsis plants of parent ecotype Columbia after double
treatment with ethylene precursor 1-aminocyclopropanoic acid (ACC+). The first treatment was at the age of 16 days. *

- differences are significant at p < 0,5; t-test.
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O6paboTka ALK He Bimsina Ha Maccy KOpHEH B
JAHHBIX ~ omblTaXx. PaHee MBI  3aperHCTPUPOBAIN
MTOHIKEHHYIO Mmaccy KOpHEH y pacTeHnit
HEYYBCTBHUTEIBHOTO K 3THJIeHY MyTaHTa [ Korobova et al.,
2016]. Kpome TOro, MHAKTHBAIHS PEIENITOPOB ATHIICHA C
nomompo 1-MIIIT Takke ymeHsblana Maccy KOpHEH
pactenuii ucxomHoro renotuna Col-0 mo cpaBHeHHIO
koHTtposieM [Korobova et al., 2018]. DTu pe3ynbTarhl
CBUJIETEJIBCTBYIOT O TOM, YTO ATHJICH M0-Pa3HOMY BIIUSIET
Ha ymimHeHue Kopueit [Qin et al., 2019] u HakomieHue
UMM OMOMAacchl: MHIHOMpys TNepBbIA mpolecc U
moanepxuBas BTopod. XoTs obOpabotka ALK He
NIPUBOJIMJIA K YBEJTMUCHHIO Macchl KOpHEH, TeM He MEHee,
MOXKHO KOHCTaTHpOBaTh, 4YTO IOBBIIICHUE IMPOAYKIIUU
STWIEHA W3 €ro IpEeANIECTBEHHHKA CTaOMIM3UpOBaa
HAaKOIUJICHME Macchl KOpHed. Bce 3T0 1mo3BoJisieT Ham
cenaTh BBIBOJ, YTO 3THJICH CIOCOOEH KOHTPOJIMPOBATH
yYpOBEHb AyKCMHOB B  KOpHSX, a MMEHHO, -
MPEISITCTBOBAaTh HMX W30BITOYHOMY HAKOIICHHIO, YTO
MOXeT CrIocoOCTBOBATH ITOIEPIKAHUIO POCTA KOPHEHA.

[IpeacTaBnsio MHTEpEC BBIACHUTH, KAKOB MOT
OBITH MEXaHU3M BIIHMSHUS THJIECHA HAa YPOBEHb ayKCHHOB
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B KOpHAX pacTeHHd. MBI paccuuTaiu cymMMapHoOe
COJIep’KaHKWe ATOTO TOPMOHA B KOPHSX M Mo0Oere 0ojJHOro
pacteHuss U ux cooTHomeHue ((comepxkanme UYK B
KOpHX ofHoro pacteHus)/(conepkanne YK B mobere
omHoro pacteHus)). Kak BumHO M3 puc. 2A, BBeIcHHE
NIpEeALIECTBEHHUKA STHJIEHA B Cpeay IpHUBENO K
CHWXKEHMIO coOoTHOolIeHUs conepxanus MYK B kopHsX u
noberax pacrenuit Columbia (puc. 2A), Torma Kak
cymmapHoe coxaepxkanne WYK B opraHax ocramock
Heu3MeHHBIM (puc. 2B). OTH pe3ynapTaThl IO3BOJIAET
npenmnosaraTh, 4ro noj BozzaeiicTBuem ALIK cHukancs
TpancnoptT MYK u3 nuctbeB B KOpPHM, YTO INPHUBENO K
repepacrpeielieHHI0  aykCMHa B TOJB3y  mHoOera.
IlomoOHBIE  pe3ynmbTaThl  (CHIDKGHHE  COMACPKAHUS
AyKCHHOB B KOPHAX W HAaKOIUICHHE B molere) ObLIH
TMOJTY4YCHbI npu N3yUYCHHU BJIMSIHUSA Ha  pacTCHUA
IUIOTHOCTH TIOCEBA, B PETYISALMH KOTOPOTO TIOKa3aHa
poib atminena [Vysotskaya et al., 2018]. B atom ciyuae
POJIb TPAaHCIIOPTa AyKCHHOB OBl MOKa3aHa C MOMOIIBIO

cnemuduyeckoro  uHruOWTopa  HadTHIPTAIAMOBON
kuciotsl [VYysotskaya et al., 2018].
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Puc. 2. Cootnomenne conepxxanus MYK B xopHsx u mobere - (conepxanne YK B kopHSIX 01HOTO

pactenus)/(comepxanne UYK B obere oxuoro pactenus) (A) u cymmaproe conepxanune MYK B kopusix u mo6ere (B)
pactenuii apabumornicrca ucxomsoro sxkoruna Columbia mocne aBykpaTHOM 06pabOTKH MPEAIICCTBCHHUKOM 3THIIeHA |-
aMHHOLMKIIONIponiaHoBoit kucnortoit (ALIK+). IlepBast 00paboTka npoBoamIack B Bozpacte 16 cyT. * - paziaudus Mexmy

BapHaHTaMK TO0CTOBEpHBI pu P < 0,5; T-tect (N = 9).

Fig.2. The ratio of the IAA content in the roots and shoot - (IAA content in the roots of one plant)/(IAA content in the

shoot of one plant) (A) and total IAA content in roots and shoot (B) in Arabidopsis plants of parent ecotype Columbia

after double treatment with ethylene precursor 1-aminocyclopropanoic acid (ACC+). The first treatment was at the age
of 16 days. * - differences are significant at p <0,5; t-test (n = 9).

B nwurepatype ecTh [gaHHBIE O TOM, 4YTO
ob6pabotka pactenuii ALK npuBOAMT K YBETWYCHUIO
CHHTE3a ayKCHHOB B KopHsix [Ruzicka et al., 2007]. B
OTIMYME OT KOJUIEI MBI 3apErHCTPUPOBATH CHIDKECHHE
coaepxkanust YK B KOpHSX, MOSTOMY HEYIUBHUTENIBHO,
YTO MBI HE OOHAPYXWJIM TOBBIIICHHS 3KCIIPECCHUH T€HOB

YUCI u YUC4 mnocne BBeOeHUS INpeNIIECTBEHHUKA
STHIeHa B cpeny (Tabin.). YpoBeHb TPaHCKPHUIITOB 3THUX
TeHOB oOcCTaicsi Ha YypoBHe HeoOpaboranHbix ALK
pactenmii. CrenoBarenbHo, majeHue ypoBHs MYK B
KOPHSIX TIOJ BIMSIHUEM STHIICHA MBI HE MOKEM OOBSICHUTh
CHM>XKCHHUECM UX CHHTEC3a.
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Tabmuma.
VYpogrens TpanckpuntoB YUCL, YUC4, WESI renos B
KOpHsX pacteHuii ucxoanoro sxkotumna Columbia (Col-0)
MOCJIe IBYKPaTHOM 00pabOTKH MPEIICCTBCHHUKOM
STHIICHA |-aMHUHOIMKIONPOIaHOBOH KucioTon (ALIK+),
a TaK)KC B KOPHAX HCUYBCTBUTCJIbHBIX K 3THJICHY
MyTaHTHBIX pacTenuii (etrl-1) A. thaliana
Table. Levels of transcripts of YUC1, YUC4, WES1
genes in the roots of plants of parent ecotype Columbia
(Col-0) after double treatment with ethylene precursor 1-
aminocyclopropanoic acid (ACC+) and in the roots of
ethylene insensitive mutant plants (etrl-1) of A. thaliana

TR Gty | 0 A g

2%%325 s0) |102413| 0010 | 82:8
E(AUT%?;nszo) 92:11 | 86+10 | 89+10
ngjézmo) 3443 7449 6346

IepBast 00pabOTKa MPOBOMIIACH B BO3pACTe 16 CYTOK.
3HayeHHUsA HOPMHPOBAHLI IO YPOBHIO TPAHCKPHUIITOB I'CHA
aKTUHA. * - pa3zamiundg MEXKAY BapuaHTaMU JOCTOBCPHBI
npu p <0,5; T-rect (n = 9).

The first treatment was at the age of 16 days. VValues are
normalized to the level of transcripts of actin gene. * -
differences are significant at p < 0,5; t-test (n = 9).

Jpyrum  mporeccoM, BIHAIOOIAM —Ha Iy
TOPMOHOB B TKaHSX PACTCHUH, ABJISIETCS UX KOHBIOTAIIMS.
BaxHo OBLIO OIEHUTH, KaK HU3MEHSETCS AKCIIPECCHUs
WESI rena, xontpomupyromero csszpiBanue VYK ¢
amuHokucinotamu [Park et al, 2007], mox BiusHHEM
ALIK. U3 Ttabmumpl BHUAHO, YTO B KOPHAX YpPOBCHB
tpanckpuntoB WES] mocne Bemenus B cpeny AIIK
noBbImancs. CiaenoBaTenbHO, MOXKHO CHIENaTh BBIBOJ, YTO
STUJICH MOXKET CHMXaThb YPOBEHb ayKCHHOB B KOPHSAX HE
TOJNBKO TyTeM BO3ACHCTBHSA HAa TPAHCIOPT 3TOTO
FOPMOHa, HO U YBEJINYMBAasg €ro CBS3bIBAHUE C
aMUHOKHCIIOTaMH.

HHTEepecHo To, 9TO B KOPHAX HEYYBCTBHTEIBHBIX
K 3TUJIeHY MyTaHTOB €trl-1 ypoBeHb »KclpeccHu TreHa
WES] ©6pu1 Takke B 2 pasza BBIIE, YeM Y
HeoOpaboranupix  AIIK  pacrenmsmu  Columbia.
YcuneHne WHAKTUBAIlMM AayKCHHOB y MYTaHTOB IIO
pelenTopy ATUIEHA MOTJO MPOUCXOTUTH BCIEICTBHE
cybcerpatHoro perynupoBanus. Beicokuit ypoBenb UYK B
KOpHSIX MOI' CTHMYJIMPOBaThb WX CBSI3bIBaHHE C
(hepMEHTOM 10 NPUHIUITY 00OpaTHO# CBS3M.

3akio4yeHue
B nmamHO#t paboTe MBI 3aperuCTPUPOBAIA
cHmwkenne koHueHrpaun WYK mocie oOpabotku
pactenuii npemmectBeHHUKOM dTHiieHa ALIK. Panee mbr
MOKAa3aJId, 4TO IMOTEPs YyBCTBUTEIBHOCTU K ATUIEHY Yy

pacTteHnii apabuioncuca Kak B pe3ylbTaTe MYyTaluu
(etrl-1), tax W mnpu (HapMaKOIOTHUECKOM JIEHCTBUHU
HHTHOUTOpA peuenuuu STUJIEHA 1-MIIII Ha
TpaHcOpMHUPOBaHHEIE DR5::GUS KOHCTPYKIHEH
pacTeHusi, NpUBOAWIA K yBenuueHuto ypoBHa UYK B
kopusix [KopoGosa u np. (Korobova et al.), 2019]. Bee
3TO TO3BOJISIET HaM CIETATh BBIBOJ, YTO ITUJIEH CIIOCOOECH
KOHTPOJINPOBATh YPOBEHb ayKCHHOB B KOPHSX, @ HIMEHHO,
- TpPemsATCTBOBaTh HMX UYPE3MEPHOMY HAKOIUICHHIO.
AyKCHHBI B  BBICOKMX KOHIIGHTPAlMAX CIIOCOOHBI
MOJABIATh KaK YAJIMHEHHE, TaK U HAKOIUIEHHME MAacChl
kopueit [Qin et al., 2019; Kopo6osa u ap. (Korobova et
al.), 2019], cnenoBaTenbHO, HOpMANHU3alKs YPOBHS ITHX
TOPMOHOB, I0-BUIMMOMY, HeoOxouMa Ui
OJIEPKAaHUS POCTa KOPHEH.

VY pacrenwnii ucxogroro sxkoruna Columbia mox
rustHueM ALIK B Hammx 3KCIEpUMEHTaX IPOUCXOIMIIO
CHIDKEHHE cooTHomeHus coaepkanus YK B kopHsIx u
rmoberax Ha (POHE HEM3MEHHOTO CyMMapHOTO COJIEPKaHUs
NYK B »tux opranax pacreHuil. I[loatomy MoHO
IpeArosaraTb, 4YT0 BO3MOKHBIM MEXaHH3MOM CHIKECHUS
ypoBHs MVK B KOpHSX IOl BIMSHUEM STHIICHA SIBIISCTCS
CHIDKEHHE OTTOKA ayKCHHA M3 100eroB B KOpHH. pyrum
MEXaHH3MOM  MOTJIO  OBITh  YCHJCHHE  ypPOBHS
WHAKTUBAllMM ayKCHHOB, T.€. CBSI3BIBAHUS HX C
AMHHOKHCJIOTAMH.

Pabota BbINOJIHEHA NIPU YaCTHYHOM HOIJIEpPIKKE
Poccuiickoro @onga @ynaameHTanbHbeIX MccinenoBanuit
(Ne 18-34-00239).

Jlutepatypa

1. KopobGoBa A.B., baceipoBa JI.X., AxtamoBa 3.A.,
Bacunckas A.H., 3aiimyramaoBa 5.M., lBaHOB
N.HN., Kynosposa I'.P. Pone UYK B HakomieHun
Macchl KOpHEH apabujorncuca B 3aBUCHMOCTH
OTYYBCTBUTECIBHOCTH pAcTeHU K OSTwieHy //
Orobuomex. T. 2. Ne 1. C. 86-91. doi:
10.31163/2618-964X-2019-2-1-86-91

2. Abts W., Vandenbussche B., De Proft M., Van de
Poel B. The role of auxin — ethylene crosstalk in
orchestrating primary root elongation in sugar beet //
Front. Plant Sci. 2017. V. 8. A. 444. doi:
10.3389/fpls.2017.00444

3. Korobova A., Vasinskaya, Kirpichnikova A.,
Shishova M., Kudoyarova G. Cross-regulation of
Arabidopsis root growth by plant hormones auxins
and ethylene // Bio. Comm. 2018. V. 63. I. 4. P. 256—
260. doi: 10.21638/spbu03.2018.404

4. Korobova, A. V., Vysotskaya, L. B., Vasinskaya, A.
N., Kuluev, B. R., Veselov, S. Yu., Kudoyarova, G.
R. 2016. Dependence of root biomass accumulation
on the content and metabolism of cytokinins in
ethylene-insensitive plants // Russ. J. Plant Physiol.
63(5):597-603. doi: 10.7868/S0015330316050079


https://doi.org/10.7868/S0015330316050079

10.

11.

12.

13.

OTuUNEH KOHTPOIUPYET YPOBEHb AyKCUHOB B KOPHSIX

Lebedev V.G., Shestibratov K.A., Korobova A.V.,
Shendel G.V., Kudoyarova G.R. Effect of glutamine
synthetase gene overexpression in birch (Betula
pubescens) plants on auxin content and rooting in
vitro // Doklady biochemistry and biophysics. 2018.
V. 480. P. 143-145. doi:
10.1134/S1607672918030043

Mishra B.S, Singh M., Aggrawal P., Laxmi A.
Glucose and auxin signaling interaction in
controlling Arabidopsis thaliana seedlings root
growth and development // PLoS ONE. 2009. V. 4. I.
2. e4502. doi: 10.1371/journal.pone.0004502
Pacheco-Villalobos D., Sankar M., Ljung K,
Hardtke C.S. Disturbed local auxin homeostasis
enhances cellular anisotropy and reveals alternative
wiring of auxin-ethylene crosstalk in Brachypodium
distachyon seminal roots. PLoS Genet. 2013. V. 9. I.
6. €1003564. doi: 10.1371/journal.pgen.1003564
Park J.-E., Park J.-Y., Kim Y.-S., Staswick P.E.,
Jeon J,, Yun J.,, Kim S.-Y., Kim J.,, Lee Y.-H., Park
Ch.-M. GH3 — mediated auxin homeostasis links
growth regulation with stress adaptation response in
Arabidopsis // The Journal of Biological Chemistry.
2007. V. 282, P. 10036-10046.  doi:
10.1074/jbcM610524200

Qin H., He L., Huang R. The coordination of
ethylene and other hormones in primary root
development // Front. Plant Sci. 2019. V. 10. A.
874. doi: 10.3389/fpls.2019.00874

Ruzicka K., Ljung K., Vanneste S., Podhorska R.,
Beeckman T., Friml J., Benkova E. Ethylene
regulates root growth through effects on auxin
biosynthesis and  transport-dependent  auxin
distribution // The Plant Cell. 2007. V. 19. P. 2197-
2212. doi: 10.1105/tpc.107.052126

Shtratnikova V.Yu., Kudryakova N.V., Kudoyarova
G.R., Korobova A.V., Akhiyarova G.R., Danilova
M.N., Kusnetsov V.V., Kulaeva O.N. Effects of
nitrate and ammonium on growth of Arabidopsis
thaliana plants transformed with the ARR5::GUS
construct and a role for cytokinins in suppression of
disturbances induced by the presence of ammonium
/I Russ. J. Plant Physiol. 2015. V. 62. P. 741-752.
doi: 10.7868/S0015330315060159

Stepanova A.N., Yun J., Likhacheva A.V., Alonso
J.M. Multilevel interactions between ethylene and
auxin in Arabidopsis roots // Plant Cell. 2007. V. 19.
P. 2169-2185. doi: 10.1105/tpc.107.052068
Vysotskaya L.B., Veselov S.Yu., Kudoyarova G.R.
Effect of competition and treatment with inhibitor of
ethylene perception on growth and hormone
concentration of lettuce plants // J. Plant Growth
Regul. 2017. V. 36. P. 450-459. doi:
10.1007/s00344-016-9653-7

14. Zhang W., Hu W., Wen C.-K. Ethylene preparation

and its application to physiological experiments.
Plant Sign. Behav. 2010. V. 5. I. 4. P. 453-457.
Addendum to: Zhang W., Wen C.-K. Preparation of
ethylene gas and comparison of ethylene responses
induced by ethylene, ACC and ethephon // Plant
Physiol. Biochem. 2010. V. 48. P. 45-53. doi:
10.1016/j.plaphy.2009.10.002

References
Abts W., Vandenbussche B., De Proft M., Van de
Poel B. The role of auxin — ethylene crosstalk in
orchestrating primary root elongation in sugar beet.
Front. Plant Sci. 2017. V. 8. A. 444. doi:
10.3389/1pls.2017.00444
Korobova A.V., Basyrova L.Kh., Akhtyamova Z.A.,
Vasinskaya A.N., Zaynutdinova E.M., lvanov L.I.,
Kudoyarova G.R. Rol' IUK v nakoplenii massy
kornej arabidopsisa v zavisimosti ot chuvstvitel'nosti
rastenij k jetilenu. Ecobiotech. 2019. V. 2. No. 1. P.
86-91. [Role of IAA in the root mass accumulation
of Arabidopsis depending on plant sensitivity to
ethylene.] (In Russian) doi: 10.31163/2618-964X-
2019-2-1-86-91
Korobova A., Vasinskaya, Kirpichnikova A,
Shishova M., Kudoyarova G. Cross-regulation of
Arabidopsis root growth by plant hormones auxins
and ethylene. Bio. Comm. 2018. V. 63. |. 4. P. 256—
260. doi: 10.21638/spbu03.2018.404
Korobova, A. V., Vysotskaya, L. B., Vasinskaya, A.
N., Kuluev, B. R., Veselov, S. Yu., Kudoyarova, G.
R. 2016. Dependence of root biomass accumulation
on the content and metabolism of cytokinins in
ethylene-insensitive plants. Russ. J. Plant Physiol.
63(5):597-603. doi: 10.7868/S0015330316050079
Lebedev V.G., Shestibratov K.A., Korobova A.V.,
Shendel G.V., Kudoyarova G.R. Effect of glutamine
synthetase gene overexpression in birch (Betula
pubescens) plants on auxin content and rooting in
vitro. Doklady biochemistry and biophysics. 2018.
V. 480. P. 143-145. doi:
10.1134/S1607672918030043
Mishra B.S, Singh M., Aggrawal P., Laxmi A.
Glucose and auxin signaling interaction in
controlling Arabidopsis thaliana seedlings root
growth and development. PLoS ONE. 2009. V. 4. I.
2. e4502. doi; 10.1371/journal.pone.0004502
Pacheco-Villalobos D., Sankar M., Ljung K,
Hardtke C.S. Disturbed local auxin homeostasis
enhances cellular anisotropy and reveals alternative
wiring of auxin-ethylene crosstalk in Brachypodium
distachyon seminal roots. PLoS Genet. 2013. V. 9. I.
6. €1003564. doi: 10.1371/journal.pgen.1003564
Park J.-E., Park J.-Y., Kim Y.-S., Staswick P.E.,
Jeon J,, Yun J, Kim S.-Y., Kim J,, Lee Y.-H., Park


https://doi.org/10.7868/S0015330316050079

10.

11.

OTuUNEH KOHTPOIUPYET YPOBEHb AyKCUHOB B KOPHSIX

Ch.-M. GH3 — mediated auxin homeostasis links
growth regulation with stress adaptation response in
Arabidopsis. The Journal of Biological Chemistry.
2007. V. 282. P. 10036-10046.  doi:
10.1074/jbcM610524200

Qin H., He L., Huang R. The coordination of
ethylene and other hormones in primary root
development. Front. Plant Sci. 2019. V. 10. A. 874.
doi: 10.3389/fpls.2019.00874

Ruzicka K., Ljung K., Vanneste S., Podhorska R.,
Beeckman T., Friml J., Benkova E. Ethylene
regulates root growth through effects on auxin
biosynthesis and  transport-dependent  auxin
distribution. The Plant Cell. 2007. V. 19. P. 2197
2212. doi: 10.1105/tpc.107.052126

Shtratnikova V.Yu., Kudryakova N.V., Kudoyarova
G.R., Korobova A.V., Akhiyarova G.R., Danilova
M.N., Kusnetsov V.V., Kulaeva O.N. Effects of
nitrate and ammonium on growth of Arabidopsis
thaliana plants transformed with the ARR5::GUS
construct and a role for cytokinins in suppression of

12.

13.

14.

disturbances induced by the presence of ammonium.
Russ. J. Plant Physiol. 2015. V. 62. P. 741-752. doi:
10.7868/S0015330315060159

Stepanova A.N., Yun J., Likhacheva A.V., Alonso
J.M. Multilevel interactions between ethylene and
auxin in Arabidopsis roots. Plant Cell. 2007. V. 19.
P. 2169-2185. doi: 10.1105/tpc.107.052068
Vysotskaya L.B., Veselov S.Yu., Kudoyarova G.R.
Effect of competition and treatment with inhibitor of
ethylene perception on growth and hormone
concentration of lettuce plants. J. Plant Growth
Regul. 2017. V. 36. P. 450-459. doi:
10.1007/s00344-016-9653-7

Zhang W., Hu W., Wen C.-K. Ethylene preparation
and its application to physiological experiments.
Plant Sign. Behav. 2010. V. 5. I. 4. P. 453-457.
Addendum to: Zhang W., Wen C.-K. Preparation of
ethylene gas and comparison of ethylene responses
induced by ethylene, ACC and ethephon. Plant
Physiol. Biochem. 2010. V. 48. P. 45-53. doi:
10.1016/j.plaphy.2009.10.002



