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ITotMMepHOe B3aumMogeicTBye reHoB SHY2 n MSG1,
NPH4 n IAR2 ipu Hac/JledOBaHU ITIPVI3HAKOB
KOPHEBOII cucTteMbl Arabidopsis thaliana (L.) Heynh.

C.I. Xabaak

XapbKOBCKUI HaLMOHaNbHbIV arpapHbIl yH1BepcuTeT M. B.B. [lokyuaeBa, XapbKoB, YkpanHa

Perynauma BeTBneHNA KOpPHeN — BaXKHbI aAanTUBHbIN MEXaHN3M,
obecneyrBaoLWmMN NpUCNocobneHne pacTeHnii K cpeae obutaHna
KOpHe. BbiACHeHMe reHeTNYeCKMX MeXaHU3MOB, Bbi3bIBatOLLMX Y pac-
TEHWU yBENNYEHWe CTeNEeHN BETBIIEHNA KOPHeN, UMeeT CyLLeCTBEHHOe
3HayeHVe B NMOBbILLEHNY OT3bIBUNBOCTY CENbCKOXO3ANCTBEHHbIX
KyNbTYp Ha 3/1leMeHTbl NuTaHuA. Lienbto nccnefosaHma 6bino nyyeHve
B3anmopencTena reHos SHY2 n MSG1, NPH4 v IAR2 npu HacnegoBaHumn
NPU3HaKoB KOopHeBoW cuctembl Arabidopsis thaliana. Mpwv ckpewwBa-
HUW PacTEHUA MYTaHTHbIX IMHWI shy2-2Xmsg1-2, nph4-1xiar2-18F,
nonyyeHo paclienneHune, no3BonaLLee Npeanonaratb NOAVMepHoe
B3aumopgencTeue reHoB SHY2 n MSG1, NPH4 v IAR2. PaclienneHune no
deHoTuny B nokoneHmm F, nponcxoamt B cooTHoweHnn 15:1. Onncax-
Hble B paboTe pe3ynbTaThbl CCNefOBaHUI NPeACTaBNAIT MHTepeC AnA
NPaKkTUYeCKoro NCnosib30BaHNA XO3ANCTBEHHO LIEHHOMO Npr3HakKka
«BETBJIEHVEe KOPHeN» B CeNleKLnnN pacTeHUN AN1A CO34aHNA COPTOB

1 rmépunaos ¢ 3afaHHbIMU CBOMCTBAMU MUHEPASIbHOFO NUTaHWA.

B naHHoOI paboTe NoKa3aHo, UTo CMOCOBHOCTb pPacTeHWI yBENMUMBATD
CTeneHb BETB/IEHUA KOPHEN 3aBMCUT OT OTAEMNbHbIX FEHOB Y MOXET
HacnefoBaTbCA MO TWMY NOIMMEPHOrO B3aMMOAENCTBUA reHoB. 3Han
NONUMEPHbBIN XapaKTep HacnefoBaHVA B KOPHEBOW CUCTEME ANNHbI
6OKOBbIX KOPHel NPy B3aUMOAENCTBUN FEHOB, MOXHO KOMOUHUNPO-
BaTb reHbl MyTem CKpeLyMBaHUA 1 yBeNNYMBaTb CTENeHb BETBJIEHUA
KOpPHei y KyJIbTYPHbIX pacTeHWI NpU CO3AaHNN COPTOB 1 FTMOPUAOB,
60nee 0T3bIBUMBbIX Ha SN1EMEHTbI MUTaHUA.

KntoueBble cnosa: Arabidopsis thaliana (L.) Heynh.; KopHeBasa cuctema;
reH; MyTauus; B3aIMOAENCTBNE FeHOB.
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Polymer interaction of the genes
SHY2 and MSG1, NPH4 and IAR2
in the inheritance of the
Arabidopsis thaliana (L.) Heynh.
root system

S.G. Hablak

V.V. Dokuchaev Kharkov National Agrarian University, Kharkov,
Ukraine

Roots branching regulation is an important adap-
tive mechanism for the adaptation of plants to root
environments. Elucidation of the genetic mechanisms
involved in increase in the degree of plant root branch-
ing is essential in improving the responsiveness of
crops to supply elements. The aim was to study the
interaction of the genes SHY2 and MSG1, NPH4 and
IAR2 as attributes of the root system of A. thaliana

are inherited. By crossing plants of the mutant lines
shy2-2xmsg1-2, nph4-1xiar2-1, a segregation in F,
was observed, suggesting an interaction between

the polymer SHY2 and MSG1, NPH4 and IAR2 genes.
The segregation ratio of the phenotypesin F, is 15:1.
The results presented are of interest for practical use
of the economically valuable trait «branching roots»
in plant breeding to create varieties and hybrids with
the desired properties of mineral nutrition. Our data
indicate that the ability of plant roots to increase the
degree of branching depends on individual genes and
can be inherited through polymer gene interactions.
Knowing the polymeric nature of inheritance in the
root system, the length of lateral roots in the interac-
tion of genes can be combined by crossing genes and
increase the degree of branching of the roots from
cultivated plants to create agrochemically effective
varieties and hybrids.

Key words: Arabidopsis thaliana (L.) Heynh.; root system;
gene; mutation; gene interaction.



OpPEHb — BEI€TATUBHBII OPIaH paCTEHUS, CIIy KAl AJIs

TIOTVIONIEHNUS U3 TTOYBBI BOJBI 1 MUHEPATbHBIX BEIECTB

W 3aKperyieHus pacTeHus B nouse. OQHO M3 00mMUX
OMOJIOTMYECKUX CBOMCTB KOPHS — BETBJICHHUE, TPUBOISIIIEE K
KapAWHAJIFHOMY YBEIHUEHHIO MOMIOMIAOIEH TOBEPXHOCTH
kopHs (TapanoBckast, 1957). Perymnsiuus BeTBieHus: KOpHEH
SIBJISIETCSI BAYKHBIM aJlalITHBHBIM MEXaHU3MOM, o0OecreunBa-
TOIIMM TIPUCTIOCOOIEHHE PACTEHHH K Cpeie OOMTaH!s KOpHEH,
YTO MO3BOJISIET UM PEarnpoBaTh Ha M3MEHSOLINECS YCIOBHUS
OKpYKaloIIei cpelibl ¥ BEDKMBATh B PA3JIMYHBIX DKOJIOTHYE-
cknx Humax (Robinson, 1996). BriscHeHne TeHETHYECKUX
MEXaHM3MOB, BBI3BIBAIOIINX Y PACTCHUH yBEINUCHUE CTETICHU
BETBJICHHsI KOPHEH, UMEET CyLIECTBEHHOE 3HA4YCHUE B T10-
BBIIIIEHUH OT3BIBYNBOCTH CEIILCKOXO3IHCTBEHHBIX KYIBTYP
Ha SJIEMEHTHI MUTAHUS U K UX a/IalTaliy K cTpeccaM MUHe-
paJIbHOTO TUTAHMSI.

Bomnpocs! cenekuuy pacTeHU MO KOPHSAM HE SIBISIOTCS
HOBBIMH. [IpencraBineHus 00 MCIOIB30BAHUN MOITHOCTH,
Xapakrepa pa3BUTHs KOPHEBOI CHCTEMbI U JPYTHX €€ IMpH-
3HAKOB IIPH MOI00PE PACTEHUH U APYTUX CMEKHBIX BOIIPOCAX
(reHeTHKH, (PU3HONIOTHH, arPOXUMHHN ) OBLTH BRICKA3aHbI CIIIe
B Havasle XIX B. OHAKO 3TH MOJIOKEHUS OCTAIHNCH MOYTH
HE 3aMEUCHHBIMH CEJIEKIIMOHEPAMH, U B HACTOSIIIIEE BPEMs
TaKasi CeNICKIHsI NMPAKTUYECKH HE BeleTCs. JTO CBSI3aHO C
OITpe/IeNICHHBIMU TEXHUYECKUMHU TPYHOCTSIMU TIPU U3YUSHUH
KOpPHEBBIX cucTeM pactenuit (lopomawmii u np., 1975).

Jlist n3yveHnst TeHeTHKU KOPHEBOI CHCTEMBI, TeHETHYECKO-
IO KOHTPOJIS MOIJIOIICHHSI U YCBOCHHS SJIEMEHTOB [TUTAHUS
ydeHble PEKOMEH/YIOT MCIONIb30BaTh B KaueCcTBE 00bEKTa
JUTS. KICCIIETIOBAHHIA MOJICNTbHOE pacTeHue Arabidopsis thali-
ana (L.) Heynh. (Braaksma et al., 1975; Doddema et al.,
1978). UccnenoBanus Ha MOAETHHBIX 00BEKTAaX MOTYT OBITH
OTIEPEKAIOIIMMHI — OHHU TI03BOJISIIOT pa3pabaThiBaTh HOBBIC
IeHETHYECKHUE MOIXO0/IbI, KOTOPBIE B JaJIbHEHIIIEM MOTYT OBITh
UCTIONIb30BAHbI HA IPYTHX O0bEKTax.

K HacrosmeMy BpeMEHH MOJICKYJISIPHO-TE€HETHYCCKHE U
(huznonornuecKre ucciaenoBanus MyTanToB A. thaliana no-
3BOJIMUIM M30JIMPOBATH PSAJ] TEHOB, IPUHUMAIONINX yJacTHE B
pa3BUTHH KOpHEBOU cucteMbl. K HUM oTHOCSTCS TeHsl SHY?2
(SHORT HYPOCOTIL2), MSG1 (MASSUGU!), NPH4 (NON-
PHOTOTROPHIC HYPOCOTYL4) n IAR2 (IAA-ALANINE
RESISTANT?). 311 TeHbI KOOUPYIOT TPAHCKPHUITIIHOHHBIC (haK-
TOPBI, y4acTBYIOIIME B OTBeTe Ha aykcuH (Abel et al., 1995;
Harper et al., 2000; Tian et al., 2002; Wilmoth et al., 2005).

I'en NPH4/ARF7 Bxomut B coctaB cemeiictBa ARF (AUXIN
RESPONSE FACTOR) renoB. ARF ceMeNHCTBO TPaHCKPHUILIU-
OHHBIX (DaKTOPOB YJACTBYET B Iepeade ayKCHHOBOTO CHI-
Hasa, SMOpHoreHese, perysinii (POPMUPOBAHUS IIBETKOB
n cocynoB. ARF-0enku crnenupuyecky CBI3bIBAIOTCS C
TGTCTC-nocnenoBaTeIbHOCTIMH ayKCHH-PETYITHPYEMBIX
TEHOB 1 (PYHKIIMOHUPYIOT BMECTE C PEPECCOPOM 3THUX IT'€HOB
AUX/IAA (AUXIN/INDOLE-3-ACETIC ACID). Csi3biBanue
ARF-}axkTopoB ¢ peryasTopHbIMI paifoHaM¥ TeHOB-MHIIICHEH
obecrieunBaeT ObICTpOE (B TEUEHHUE JIECITKOB MUHYT) H3Me-
HEHHUE IKCIPECCUH ayKCUH-peryaupyeMsix reHoB (Wilmoth
et al., 2005).

Tennt SHY2/IAA3, MSG1/IAA19 v IAR2/IAA28 BXonstT B
cocraB cemelictBa 4 UX/IAA renoB. beiku, kopupyemble re-
Hamu u3 cemeiictBa A UX/IAA, mMEIOT MOJNEKYISIPHYIO Maccy
20-36 k/la, 710KanU30BaHBI B SIIPE U ABIISIOTCS KOPOTKOKHBY-
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mumu. OHM XapaKTepU3ylTCsl HATMYMEM YeThIpeX KOHCep-
BaruBHBIX 1oMeHOB — I, II, III u I'V. Jlomensr II u I umeror
(hyHKIMOHATLHOE 3HAYEHHE, OTBEYAIOT 38 YOMKBUTHHHU3ALIUIO
oenkoB (nomeH 1) u muMepu3aruo /My IETHMEPU3AIHIO (J10-
meH I11), a Takoke B3anmoneiictere ¢ 6enkamu ARF. 3Hauenne
nomeHoB | u IV noka ne ycranonneno. [Ipeanonaraercs, yto
JoMeH | MoxeT y4acTBOBaTh B TOMOAMMEPHU3AIMH OCIIKOB
AUX/IAA. benkn AUX/IAA cunTaroTCst HeTaTHBHBIMHE Pe-
TYISITOpaMH ayKCHH3aBHCUMOM SKCIIPECCHU TeHOB Otaroyiapsi
CBOEH crocoOHOCTH K cBs3bIBaHuIO ¢ Oenkamu ARF (Abel et
al., 1995).

B ocHOBe perynsTopHOTO ASHCTBUS ayKCHHA JICKHT pery-
JISILMSL MM OKCIIPECCHH COTEH FeHOB, ONPEIEIISIFOLIMX BCE BaXK-
HEHIIne CTOPOHBI KU3HENEATENFHOCTH pacTeHuil. Y A. tha-
liana aykcun cniemmduieckn B3anmozericTsyer ¢ TIR1-06en-
KOM M CTPYKTYPHO pojicTBeHHbIMH eMy AFB-0enkamu osuro-
MmepHoro SCF-komiuiekca, B coctas KoToporo Hapsimy ¢ TIR1/
AFB-6enxom Bxomat enie Tpu 6enka — CULL, ASK1 n RBX1.
SCF-kommiiekc HajielieH yOUKBUTHHIIUTa3HOM aKTHBHOCTBIO.
On momudummpyer AUX/IAA-Genku, oTHOCAIIMECT K Ce-
MEHCTBY PENpeccopoB TPAHCKPHUIILIUH, KOTOPHIE OJIOKUPYIOT
IKCIIPECCHI0 MHOXKECTBA I'€HOB, KOHTPOJIIMPYEMBIX ayKCHHOM.
Cas3piBasich ¢ TIR 1-6emxoM, ayKcrH OBBIITAET appUHHOCTH
aktuBupoBanHoro uM SCF-kommiekca k AUX/IAA-6enxy,
YTO NPUBOJINT K 3aITycKy peakiun Mmonudukaunn AUX/TAA-
Oenka yOMKBUTHHOM, BCJEICTBHE YEro NMPOHMCXOAMUT €TO
YCKOpeHHas ierpaaanys B 26S-nporeacome. Takum 0Opazom,
AyKCHH BBI3bIBAET Pa3pyILlICHUE PEIIPEeccopa TPAHCKPHITLIUN U
CTHMYIHPYET SKCTIPECCHIO 3aBUCUMBIX OT Hero reHoB (Walker,
Estelle, 1998; IlImakos, 2009).

M3BecTHO, YTO ayKCHH y4YacTBYeT B Pa3JIM4HBIX OWOXH-
MHUECKHX U (PU3HOJIOTUIECKUX MPOLECCAX PACTEHUH, B TOM
YHCIIe PEryInpyeT KOpHeoOpa3oBaHue, pOCT KOPHEH B JNTHHY
u ctuMysupyet ux Bereienue (Blakesley et al., 1991). Otoop
MYTAHTOB, BIMSIFOIIINX Ha META00JIN3M MM 1yBCTBUTEILHOCTh
K ayKCHHY, OOBIYHO OCHOBaH Ha (DEHOTHIMUYECKHX M3MEHE-
HUSIX, BBI3BAHHBIX NMPUMEHEHHEM JJAHHOTO (PUTOTOPMOHA.
OTH U3MEHEHHs 3aXBaThIBAIOT TAKHWE MPOLECCHI, KaK POCT
pacTeHuit, 00pa3oBaHKeE 1 yTONIIICHNE KOPHEH, SIBIIEHHS (POTO-
W T€OTPOIN3Ma, allMKaJIbHOE JOMUHHPOBAaHUE, IIBETEHUE,
CO3peBaHNe TUIOM0B, OMAJICHNE JHCTHEB, 3aBA3EH M IIOIOB
(Walker, Estelle, 1998).

B nocnennue roasl y A. thaliana nony4eHsl MyTaHTBI, Y
KOTOPBIX HapylleH MeTa0OIM3M MM YyBCTBHUTEIBHOCTH K
aykcuny (Llprranxosa u nip., 2005). K Hum otHOCATCS MYy-
TaHTHbBIC pacTeHus shy2-2, msgl-2, nph4-1 v iar2-1. MyTa-
wun shy2-2, msgl-2, nph4-1 v iar2-1 B renax SHY2, MSG1,
NPH4 n IAR2 Hapsiny ¢ ApyTUMH HapyIIEHUSIMU BBI3BIBAIOT
Yy pacTeHHuil YMEHBIIICHUE BETBJICHUsS KOpHe# (XaOmak, Ao-
mynnaesa, 2012).

B To0 ke Bpems nHpopMaryst 0 HacJIeJOBAaHUHU NPU3HAKOB
KOpHEBOH cuctemsl A. thaliana npn B3auMOoJEHCTBUU TE€HOB
SHY2u MSG1, NPH4 n IAR2 OTCYyTCTBYET, YTO U ITOCITYKHJIIO
TIOBOJIOM JIJISl HAILIUX MCCIICIOBAHHM.

MaTepmanbl n metogbl

Uccnenosanu pacrenus Arabidopsis thaliana (L.) Heynh.
skoruna (pacsl) Columbia (Col-O) 1 MyTaHTHBIX JIMHUH
msgl-2/iaal9 (massugul-2/indole-3-acetic acidl9), shy2-2/
iaa3 (short hypocotil2-2/indole-3-acetic acid3), nph4-1 (non-
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MNMonnmepHoe B3anmogencTene reHoB SHY2 n MSG1,
NPH4 v IAR2 Arabidopsis thaliana (L.) Heynh.

phototrophic hypocotyl 4-1), iar2-1 (iaa-alanine resistant
2-1). CemeHa MyTaHTHBIX JIMHUHM ObUTH TOTydeHs U3 HoT-
THHTEMCKOTO IIeHTpa o0pasnoB apabunorcuca (Notting-
ham Arabidopsis Stock Centre (NASC), BenukoOpuranus)
u IlenTpa 6nonmormueckux pecypcos Arabidopsis mpu yHH-
Bepcurete mrara Oraiio (Arabidopsis Biological Resource
Centre, CIIIA).

MyTanTtHas auHus (MyTauus): short hypocotil2-2 (shy2-2).
I'en SHORT HYPOCOTIL2/INDOLE-3-ACETIC ACID3
(SHY2/IAA3). IIpoayKT reHa — TpaHCKPHUIIMOHHBIA (akTop
SHY2/TIAA3. ®enotu — yBeTHYCHHBIE CEMSIO0IN, KOPOTKUI
TUIIOKOTWIIb; B3POCIIBIE PACTEHHS C HEMHOTO 3arHyTBIMHU
BBEPX JINCThsIMU, KOpoTkue Kopau (Seed List, 1994).

MyTanTHas auHuA (MyTauus): non-phototrophic hypo-
cotyl4-1 (nph4-1). Ten NON-PHOTOTROPHIC HYPOCO-
TYL4/AUXIN RESPONSE FACTOR7 (NPH4/ARF?7). Ipo-
IyKT TeHa — TpaHCKpUNIuOHHBINA pakTop NPH4/ARF7.
®denorun — odpasyercs MeHbIe OOKOBBIX KOpHEH 10 cpas-
HEHUIO C JIMKUM THIIOM; ITPY BBIPAI[MBaHUN PACTCHUI Bep-
THKAJIBHO B YCJIOBHSAX HH3KOH OCBEIICHHOCTH OPHCHTALU
pocTa TUMOKOTHIIS HapyIIAeTcsl MO CPABHEHHIO C JTHKUM
tunoM (Seed List, 1994).

MyTaHnTHas JuHus (MyTauus): massugul-2/indole-3-
acetic acidl9 (msgl-2). T'en MASSUGU1/INDOLE-3-ACE-
TIC ACID19 (MSG1/IAA19). TIpoayKT reHa — TpaHCKpHII-
uoHHBH pakTop MSG1/IAA19. denotun — pocT KOpHEH
3HAYMTENILHO CHIKEH (IPUMEPHO Ha JIBE TPETH ANKOTO THIIA)
(Seed List, 1994).

MyTanTHas JTuHUSA (MyTauus): iaa-alanine resistant2-1/
indole-3-acetic acid28 (iar2-1). T'en [AA-ALANINE RE-
SISTANT2/INDOLE-3-ACETIC ACID28 (IAR2/IAA2S).
IIpoxykT rena — TpanckpunroHHbIH pakrop IAR2/TAA2S.
®denorun — odpasyercs MeHbIe OOKOBBIX KOpHEH 1o cpas-
HeHuro ¢ aukuM TunoM (Seed List, 1994).

Pactenns BelpamuBany B 1aOOpaTOpU B aCENTHICCKON
MPOOUPOYHOI KyIbType Ha arapu30BaHHON MUTATEIbHOMN
cpene Knorma, oboramennoid Mukpoanementamu (Pyouna u
Ip., 1978). CemeHa k moceBy TOTOBWIIN ITyTEM SPOBHU3ALINH B
TeueHue 5 cyT npu Temneparype 4—6 °C 1 mocneayromero of-
HOCYTOYHOTO MPOpANIMBaHKs IIPH KOMHATHOW TeMIIepaType.
[IpoOupku i1t IpefoXpaHeHus OT HarPeBaHMS U ITOTIaJaHUs
CBeTa Ha KOPHU pacTeHU 00BepPTHIBANIN ABYMsI CIIOSIMHU Oyma-
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ru. PacTenus kynsTuBHpOBaiy npu temneparype 18-20 °C,
OCBEIIEHHOCTH KpyryiocyTodrHas B mpenenax 40007000 nk.

VYdeT kolmuecTBa KOpHEH W UX JIMHBI B KOPHEBBIX CHCTE-
Mmax y pacreHuii skotuna Col-O u ucciieyeMbIX MyTaHTHBIX
JUHAN OCYIIECTBISIIN B (a3e OyroHmzarun. [ImnHy KopHEn
M3MEPSIIN C TMOMOIIBIO 3JIEKTPOHHOTO IITAHTCHIUPKYIIS
tuna [III-1. Pasrpannuyenne npuaaTOYHbIX KOPHEH OT
OGOKOBBIX KOpHEI ITTaBHOTO KOPHSI TPOBOAWIIN TI0 XapaKTepy
snuaepMuca (C yCTbUIIAMU Ha THIIOKOTHIIE U 0€3 yCThHI Ha
[JITaBHOM KOpHE).

Kactpauuio u nNpuHyIUTENbHYI0 THOPUIN3ALUIO JIENIaIN
noa MukpockonoMm tuna MBC-9. I'enetnueckuii ananus
HACJIeI0BaHUs [IPU3HAKOB KOPHEBOU CUCTEMBbl Y pacTEHUH
nposoauiu B F, u F,. O6beM BBIOOPKH BO BTOPOM HOKOJIEHUH
coctasisut 184 n 186 pacrennii. Maremarnueckyro 00pabOTKy
pe3ynbraToB uccienoBanuil ocymectsisuim no [.d. Jlakuny
(1990), a Taxxe o B. boposukosy (2003) ¢ ncronp30BaHIEM
KOMITBIOTEPHOM IporpamMMel Statistica.

Pesynbratbl

B cBsI3u ¢ HEM3Y4YEHHOCTHIO BOIIPOCA O B3aWMOACHCTBUU
reHoB SHY2 u MSGI, NPH4 n [AR2 nipu HacieaOBaHUU
MIPU3HAKOB KOPHEBOW CHCTEMBI OBIIH TPOBECHBI CKPEIINBa-
HUSI MEX/Ly PACTEHHSIMH MYTaHTHBIX JIMHUH apabujoncuca
(shy2-2xmsgl-2, nph4-1xiar2-1). Y apabunorncuca pac-
TEeHUS HEKOTOPBIX MYTAHTHBIX GopMm — msgl-2, shy2-2 u
JPYTHX — IMEIOT YMEHBIICHHYIO CTETICHb BETBICHHS KOPHEH,
KOTOpasi ONpeeIsieTCsl HECKOJIbKIUMHU Pa3IMYHbIMU T'€HAMHU.
Tak, HarrpuMep, HOpMaNbHAs JTHHA OOKOBBIX KOpPHEH IJ1aB-
HOTO KOPHsSI OIpeJeNnseTcsl JOMUHAHTHBIMYU reHamu SHY2
u MSGI, a cHWXEeHHasi — pelleCCUBHBIMU shy2-2 u msgl-2
(Tabm. 1, pucyHOK).

[Ipu ckpemuBaHUM JBYX PacTEHUH MYTAaHTHBIX JTHHHUH
shy2-2 u msgl-2, o0agarnmMx yMEHbIICHHON 0 CpaBHe-
HUIO C JUKHM THUIIOM BEINYMHON OOKOBBIX KOPHEH PasHBIX
HOPSIJIKOB BETBJICHNU [TIABHOTO KOPHs, Bce rtuopuibl F, (SHY2
shy2-2 MSG1 msgl-2) IMeIoT HOpMaJIbHYIO JJIMHY OOKOBBIX
kopHeii. OT camoonsiienns Takux Gopm B F, 15/16 Beex pac-
TEHHUH OKa3bIBAIOTCSI C BAPBUPYIOIICH AITMHON OOKOBBIX KOp-
Heil I1aBHOTO KOpHs U 1/16 — 6e3 60KOBBIX KOpHEH (TadI. 2).

Y rubpuoB BTOPOTO MOKOJICHUS CaMyI0 OOJIBITYIO UTHHY
OOKOBBIX KOpHEW 00yCIOBIMBAIOT JIBA TIOMUHAHTHBIX aJUIeIIs,

Ta6nuua 1. CpegHue 3HaueHNA OBMOMETPUYECKIX NMapaMeTPOB NMPU3HAKOB KOPHEBbIX crcTem y 3koTuna Col-O, poanTenbckmx dopm
(shy2-2 n msg1-2) n rnépupos F, n F, B a3y 6yToHnsaumm (Ha 30-1 geHb nocne npopactaHna CeMsAH)

JInHmA

Tvn KopHewn

leHeTuKa pacTeHUn

BaBuNOBCKMI XKYpHan reHeTUKN 1 cenekuyumn « 2122017
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Polymer interaction of the genes SHY2 and MSGT, S.G. Hablak
NPH4 and IAR2 in Arabidopsis thaliana (L.) Heynh.

P Q  shy2-2shy2-2MSG1 MSG1 X & SHY2SHY2msgl-2msgi-2
YMeHbLIeHHas AfiMHa 60KOBbIX YMeHbLeHHas AfiHa 60KOBbIX
KOpPHeW rMaBHOro KOpHA KOpPHEeW rMaBHOro KOpHA

’!’

l

Fy SHY2 shy2-2 MSG1 msg1-2
HopmanbHas annHa 60KoBbIx

F, SHY2_MSG1_
SHY2_msg1-2msgl1-2;
shy2-2 shy2-2 MSG1_ shy2-2 shy2-2msg1-2msg1-2
BapbupytoLjasn annHa 60KoBbIX KOPHeW FaBHOro KOpHsA Be3 60KOBbIX KOPHel IMaBHOrO KOPHA

15/16 1/16

B

HacnepoBaHue fnvHbl 6OKOBbIX KOPHEN MaBHOro KopHa y A. thaliana npv nonumepHom B3anmofencTsum AByx nap reHos SHY2
n MSGT (pacwenneHune 15:1).

SHY2 - HopmanbHas AnviHa 60KoBbIX KOpHeN; shy2-2 — ymeHblUeHHaA [/1IMHa 60KOBbIX KOpHeit; MSGT — HopmanbHasa AnvHa 60KoBbIX
KOpHeN; msg1-2 — ykopoyeHHas AfinHa 60KOBbIX KOpHeld; P — poanTenbckine Gbopmbl.

Ta6bnuua 2. PaclenneHve B NoKoneHnmn F, no resam SHY2 n MSG1

MNokasatenb Knaccbl pacteHui
SHY2_MSG1_; SHY2_msg1-2msgl-2; shy2-2shy2-2msgl-2msgl-2  Bcero
shy2-2 shy2-2 MSG1_
3KnepmmeHTaanb|enaHHb|ef17115 ...................................................... 1 36 .......................
TeopemquKmenaHHMef’17412 ...................................................... 1 36 .......................
oTKHOHeH MeaKcnepM MeH T anb Hb|x Aa H Hblx ........ _3 .................................................................. 3 ....................................................................................
OT TeOpeTNYECKM OXKMnaaemMblx, d
KB anpaT OTK n OHEHM;. d2 ........................................ 9 .................................................................... 9 ....................................................................................
XZ ............................................................................... 005 ............................................................... 075 .................................................. 08 ........................
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Ta6nuua 3. CpefHune 3HauUeHUA BUOMETPUYECKIX NAPAMETPOB NMPU3HAKOB KOPHEBbIX cncTeM y 3KoTuna Col-O, poanTenbcknx Gopm
(nph4-1 wiar2-1) n rnébpupos F, n F, B basy 6yToHmnsauum (Ha 30- feHb Nocsie NpopacTaHna CemsiH)

JInHmnA

Tvin KopHen

Ta6bnuua 4. PacwenneHne B nokoneHun F, no renam NPH4 n IAR2

MNokasaTtenb Knaccobl pacteHui
NPH4_1AR2 _; NPH4_ iar2-1iar2-1; Bcero
nph4-1 nph4-11AR2
3KcnepmmeHTaanb|eAaHHb.gf .............................. 172 .............................................................. 1 2 ..................................................... 1 84 ........................
Teope 1- V. qecme naHH b. e f1 ........................................ 1 73 .............................................................. 1 1 ..................................................... 1 8 4 ........................
OTKnOHeHme3Kc|1ep|/|MQHTaanb|xp'aHHHX_1 ................................................................... 1 .....................................................................................

OT TeOpeTNHECKN OXKNAAEMbIX, d

SHY2 u MSGI, B rOMO- UM T€TEPO3UTOTHOM COCTOSTHHH,
TOrJa Kak oObeIMHEHNE PELECCUBHBIX ayteneil shy2-2 u
msg[-2 B TOMO3UTOTHOM COCTOSIHUH OTIPEACIISIET MOJTHOE UX
orcyrctBue. [Ipn 3ToM BenmmunHa OOKOBBIX KOPHEH 3aBHCUT
OT YHMCJIa IOMUHAHTHBIX M PELECCUBHBIX T€HOB B T€HOTHIIE.
Hanmumne noMMHAaHTHBIX ajuIeel IBYX pa3HbIX TeHOB, SHY2
n MSG1, B TOMO- NN TETEPO3UTOTHOM cocTostHAU (SHY2
MSGI ) obycnosnuBaer y 9/16 pacreHuii MakCUMalbHYIO
IUTHHY OOKOBBIX KopHe# (14.6 mm). IIpucyTcTBHE TOTBKO
OJTHOTO PELECCUBHOIO ajiens, msgl-2, B TOMO3UTOTHOM
coctossHuu (SHY2 msgl-2 msgl-2) unu TOJIBKO APYroro
pereccuBHOTO amiens, shy2-2, TakkKe B TOMO3UTOTHOM CO-
crostHuu (shy2-2 shy2-2 MSG1 ) onipenensier y 6/16 pactenuii
Pa3IMYHYI0 MPOMEXKYTOUHYIO BEIHUYNHY OOKOBBIX KOpHEH
(8.4 Mm). 'omo3urOoTHOE COCTOSTHIE IO 00OMM PETIeCCUBHBIM
reHam, shy2-2 shy2-2 msgl-2 msgl-2, NpUBOIUT K PETyKIINH
y 1/16 pacreHuii OOKOBBIX KOPHEH. DTH pe3ysbTaTbl MOKHO
OOBSCHUTDH MOTMMEPHBIM IEHCTBHEM JIBYX pa3HBIX T'CHOB,
SHY2 n MSGI, nHa pa3BUTHE NMpPHU3HAKA «IJIMHA OOKOBBIX
KOpHEH INIaBHOT'O KOPHSD».

[TomoOHBIM 006pa30M MPOUCXOINUT HACTISIOBAHNE TPU3HAKOB
KOpPHEBOH cuctemsl y A. thaliana npu ciemyromem CKpemu-
BaHWHU PACTCHUI MYTaHTHBIX JIMHUI nph4-1 % iar2-1. Pa3Bu-
THE HOPMAJIBHOHM JUIMHBI OOKOBBIX KOPHEW INIABHOTO KOPHS
y A. thaliana onpenensieTcsi HECKOJIBLKUMHU JIOMUHAHTHBIMHU
reHamu — NPH4, [AR2 w npyrumu, a CHIDKEHHON — periec-
CUBHBIMU — nph4-1, iar2-1 n T. 1. [lpu cKpemuBaHuN JBYX
pacTeHuit MyTaHTHBIX JTUHUH nph4-1 u iar2-1 ¢ yMeHbIICH-

leHeTuKa pacTeHUn

HOIi CTEeNeHbI0 BETBJIECHUS KOpHeil nomyuatorcs rudpusl F,
C HOPMAJILHOM JUTMHOM OOKOBBIX KOPHEH Pa3HBIX MOPSIKOB
BeTBIIEHU (Tab1. 3). Bo BTOpOM MTOKOJICHUH TaKOTO CKPETITH-
BaHUs 15/16 BceX pacTeHUIl OKa3bIBAIOTCS C BapbUPYIOIICH
JUIMHOM OOKOBBIX KOopHe# u 1/16 — 6e3 OOKOBBIX KOpHEH
(tabm. 4). OOBACHUTD ATOT (HaKT MOKHO ITOTUMEPHBIM (-
(exrom renoB NPH4 n IAR2 na gopmupoBaHue NpH3HAKA
«IUTHA OOKOBBIX KOPHEI».

O6cyxpeHue

Pa3BuTue KOpHEBOW CHCTEMBI Yy PACTCHUM HAXOIUTCS IIOJ,
CJIOXHBIM T'€HETHYECKUM KOHTposieM. B Hacrosimiee Bpems
npo0ieMa TeHEeTHYECKOTO KOHTPOJIS BETBICHUS KOPHEH y
pacTeHuii u3ydena ciabo.

B nmocnenHune roapl O1aronaps CTPEMHUTENBHO Pa3BHBA-
IOLIMMCS HCCIIEIOBAHUSAM MOJIEKYISIPHBIX MEXaHU3MOB PETY-
JISILIMU DKCIIPECCHU T€HOB CTAHOBHUTCS BCE 00JIee SICHBIM, UTO
mpo0ieMa TeHeTHKH BETBICHHS KOPHEH y pPacTeHHH TECHO
CBsI3aHA C CHUTHAJIBHOW cucTeMoi KieTok (Xaomak, [Tapui,
2013). B kneTkax pacTeHHi OBIIM HaMJIEHBI CUTHAIbHbBIE
IIyTH, KOTOPBIE C TOMOIIBIO CHEIHAIbHBIX OEIKOB-peler-
TOPOB, PACION0KEHHBIX B IUIa3MalleMMe, BOCIPHHUMAIOT
CUTHaJIbHbIE MMIYJIBCHI, PEOOPa3yIoT, yCUIINBAIOT U Tepe-
JIAfOT X B TEHOM KJIETKH, BBI3BIBAsl PETPOrPAMMHPOBAHNE
9KCIIPECCUH TEHOB U M3MEHEHHSI B OOMEHE BEUIECTB (B TOM
qHclie KapJUHaIbHbIC), CBA3aHHBIC C BKJIIOUEHHEM paHee
«MOJYABIINX)» U BBIKITIOUEHHEM HEKOTOPBIX AKTHBHBIX TCHOB
(TapueBckwit, 2002).
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B mocnennee necsituiieTre ObUIM MONYUYESHBI BayKHbIE J10-
CTHXEHUSI B N3yUEHUH T€HOMa PacTCHUH, BBIACICHHS T€HOB,
OTBETCTBEHHBIX 3a ONPEJICJICHHBIC 3TAlbl POCTa, Pa3BUTHS,
CTapeHUsI PaCTEHUM, OTBET Ha CTPECCOBbIE BO3IAECHCTBUS U
MIaTOTeHbI. BBIZIETICHB! TEHBI, KOHTPOINPYIOIINE PETYIATOP-
HBIE CHCTEMBl pacTeHui, 00yCIOBIMBAIONINE BKIIOUCHUE
renetnyeckux nporpamm (Kymaesa, 2000).

B Hacrosiee BpeMs HHTEHCUBHO ucciienytorcs MAP-ku-
Ha3Hasi, aJeHWIaTnnKa3Hast, GocdarunaTHas, KaablHeBas,
nurnokcurenazHasi, HAJI®H-okcunaznas, NO-cuHTa3Has U
MIPOTOHHAsI CUTHAJIBHBIE CUCTEMBI M UX POJIb B OHTOT'€HETH-
yeckoM pa3Butiu pacternid (TapueBckuit, 2002).

3a nocnennue rofpl y A. thaliana HOCTUTHYT CyLIECTBEH-
HBIH ycIieX B UACHTU(HUKAIIMY TeHOB, KOHTPOIUPYIOLINX Iy Th
nepesiady CUTHANA B SIPO KJICTKH M BBI3BIBAIOIINX Pa3BUTHE
NPU3HaKa WM OTBETHOM peakuuu. B renome A. thaliana kno-
HUPOBAHbI U B OOIINX YePTaX CPABHUTEIBHO H3yUCHBI T€HBI,
OTBETCTBEHHBIC 3a BOCIIPUATHE U NIepe/ady CUTHAJIA BHYTPb
KJIETKU ¥ 00eCIeurBaIoIie Peajn3aliio OTBETa Ha CUIHAJ
(HoBukosa u ap., 2009; Pomanos, 2009).

HenocpencTBeHHBIH KOHTPONIb HaJl Pa3BUTHEM OPraHOB
U TKaHEU PaCTeHUH OCYILECTBIIAETCS TPAHCKPUIILIMOHHBIMU
(hakTOpamMu, KOTOPBIE MOCIE TEPEMELICHUS B SIIPO KIETKH
PETyIUPYIOT TPAHCKPHITINIO, CHEIH(UICCKH B3aUMOACH-
ctByst ¢ JJHK nubo ¢ npyrumu Oenkamu, KOTOpbIE MOTYT
oOpazoBeiBath KomIuieke 6enok—/{HK. B mHacrosmiee Bpems
y A. thaliana ycranosieno 6oinee 1 800 reHOB, KOANPYIOLIIUX
OeJIKH-PEeryJISTOPbl TPAHCKPHIILMH, KOTOPbIe 0OBIYHO KJiac-
cuunupyrot mo crpoennio [JHK-cBSI3BIBalOMIX JOMEHOB
(Mengenes, [llaposa, 2010). B wacTHOCTH, K HUIM OTHOCSTCS
reubl SHY2/IAA3, NPH4/ARF7, MSG1/IAA19n IAR2/IAA28,
KOTOpBIE TIPUHAJUIERKAT K CeMEeHCTBaM ayKCHH-UHIYLIHPY-
embIx reHoB A UX/IAA (AUXIN/INDOLE-3-ACETIC ACID)
n AUXIN RESPONSE FACTOR (ARF) (Abel et al., 1995;
Wilmoth et al., 2005).

B nocnentnee Bpems y A. thaliana mpoBoasTCs UccenoBa-
HUSI 110 M3Y4EHHIO BIHMSHUS ayKCHH-MHYLIUPOBAHHBIX TCHOB
Ha BETBIICHHE KOpHEH. V3ydeHbl 0COOCHHOCTH CTPOEHHS
KOPHEBBIX CHCTEM y PAaCTCHUH MyTAaHTHBIX JTUHUH A. thaliana
¢ HapyuieHueM (GopmupoBaHus OOKOBBIX KopHei. 1o xapak-
Tepy BIUSHUS HA CTEIIEHb PA3BETBICHNUS KOPHEH MyTaIlNH,
3aTparuBaroniie MeTaboJIn3M WM YyBCTBUTEIBHOCTH K
AyKCHHY, pa3ieJIeHbl Ha JIBE IPYMIIbl: YMEHbIIAIOMUE TOPs-
JIOK BETBJICHHSI KOPHEH M MOBBIIIAIONINE CTETIEHb BETBICHUS
KopHeil. B mepByto rpynmy Bxopat myraumu shy2-2/iaa3,
iar2-1/iaa28, msgl-2/iaal9, axrl-3, axr4-1, axr3-1/iaal7,
axr2/iaa7, tirl-1, alf3-1, alf4-1, aux1-7, slr-1/iaal4, nph4-1/
arf7, arfl9-1, gpal-3, big, k0 BTOpOH IpyIIe OTHOCSTCS
surl-1, sur-2, axr2-1/iaa7, agb1-2. YCTaHOBICHO, YTO MyTa-
1w B reHax SLR1/IAA14, ALF4, ALF3, GPAI, AXR3/IAA17
MIPUBOAT K N3MEHEHHIO THITa KOPHEBOHU crcTeMbl (Xalnaxk,
AOnynnaesa, 2012).

B naHHOM HCCle0OBaHUM MOKa3aHO, YTO HACIEIOBaHHE
MpU3HAKA «IJIHHA KOPHEW» PH B3aUMOAECHCTBUYU IeHOB SH Y2
u MSGI, NPH4 u IAR2 npoucXOAUT IO THUITY TOJIUMEPHOTO
neiicTBus reHoB. lpu 3ToM paciieruieHue o (GeHOTHIY B
noxonenuu F, uaer B coornomennu 15:1.

YCIOBHO pa3anualoT HEKYMYJISTHBHYIO U KyMYJISATHBHYIO
nonuMepuio. HekymymsiTuBHaS TOMTMMEpUST XapaKTePH3yeTCsT
TEM, YTO JUIS TIOJIHOM BBIPA)KEHHOCTH IMPU3HAKA JOCTATOUHO
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JIOMUHAHTHOTO aJIjIelisi OJHOTO U3 MOJIMMEPHBIX TeHoB. Pac-
werienne B F, no GenoTuny npu JUruOpuHOM CKpeluBa-
HUH IPOUCXOIUT B cooTHomeHuu 15: 1. Ilpu kymynsaTuBHOR
MOJIMMEPHH CTETEeHb BBIPAXKEHHOCTH NPH3HAKA 3aBHCUT OT
YKcIa JOMUHAHTHBIX ajjieiel Kak OfHOTO M TOTO K€, TaK U
pasHbIX NOMMMEpPHBIX reHoB. Pacmennenne B F, mo ¢eHo-
TUITY TIPU AUTHOPUIIHOM CKPELIMBAHUHU IIPOUCXOMUT B COOT-
HomeHnn 1:4:6:4:1. OOBIYHO KOMMYECTBEHHBIC TIPU3HAKU
HacJIEAyIOTCs 110 TUIY KyMyIATHBHOW moiaumMepun (ITmasko,
I'mazko, 1999).

Kak mpaBuiio, feneHne MPU3HAKOB HA KAYECTBEHHBIE U
KOJJMYECTBEHHBIE HOCHUT YCIIOBHBINM xapakTep. JI106o# ko-
JUYECTBEHHBIH MPHU3HAK MOXKHO CBECTHU K Kau€CTBEHHOMY
npusHaky. Torna B3auMoJeiCTBUE TE€HOB IIPU HACIEA0BAaHUU
TAKOTO IPU3HAKA MPONUCXOIUT 110 HEKYMYJISITUBHOM HOJIMMe-
puu B cooTHOMIEHUH 15: 1. DTO MPOUCXOUT B UCCIIEIOBAHUN
MIPH CKPEUIMBAHUH PACTCHWA MYTAaHTHBIX TUHUH shy2-2 %
msgl-2, nph4-1xiar2-1.

[Tony4yenHsle pe3ynbTaThl NPEACTABIAIOT HHTEPEC A
MPAaKTUIECKOTO NCTIONb30BAHUS X035 HCTBEHHO IIEHHOTO MIPH-
3HaKa «BETBIICHNE KOPHEW, KOTOPBI 00€CIIeYNBaET IIacTHY-
HOCTb KOPHEBOW CUCTEMBI B OTBET HA MU3MEHEHUE YCIIOBUHI
OKpYXKarollel cpenbl, B CEJIEKIIMHU PAaCTEHUH [UIsl CO3aHUs
COPTOB ¥ THOPH/IOB C 33JaHHBIMU CBOWCTBAMH MUHEPAIBHOTO
nuTaHusa. Hamm ganHble CBUAETENBCTBYIOT O TOM, UTO CIIO-
COOHOCTh PaCTEHUH yBEINYUBATH CTENIEHb BETBICHNUS KOPHEH
3aBHCHT OT OT/IEJIbHBIX TCHOB M MOYKET HACIIEZIOBATHCSI 1O THITY
MOJMMEPHOT0 B3aMMOJICHCTBHS F€HOB. 3Has 3aKOHOMEPHOCTHU
HAcJIEI0BAHMSI B KOPHEBOH CHCTEME JUTMHBI OOKOBBIX KOPHEH,
MO)KHO ITyTeM CKPEIIMBaHMS NPH MPAaBUIBHOM I10100pe Hc-
XOJHBIX POAUTENBCKUX Map MOJydaTh PACTECHUS C MOJIOKH-
TEJIbHBIM TPAHCTPECCUBHBIM COUETAHUEM B OJIHOM I'€HOTHIIE
MOJIMMEPHBIX TCHOB A/JTATUBHOTO JICHCTBHS, ONPE/ISIISIOITIX
OoJiee CUITBHYIO CTETICHb BETBJICHUS KOPHEH 110 CPAaBHEHUIO C
00erMH pOIUTENECKUMHA (hOpMaMu. DTH pacTeHH OyAyT [IeH-
HBIM MaTepHajioM B CEJICKIIHOHHBIX IIpOrpaMMax I10 cO3/1a-
HUIO arpoOXUMHUYecKd 3(h(PEKTUBHBIX COPTOB M THOPH/IOB.

KoH)NUKT nHtepecos
ABTOp 3asIBJISIET 00 OTCYTCTBUHM KOH(JIMKTA HHTEPECOB.
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