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Momusayuss  u  yenvr: Tomeornueckmit rten APETALALl (APl) komupyer
npeAnoiaraeMplii GakTop TPaHCKPHIIIMU, KOTOPBIA JAEHCTBYET JIOKAIBHO, OMpPEIessl
UJICHTUYHOCTh LBETOYHOH MEPUCTEMbl U OMpENelisisi pPa3BUTHC YAICIUCTUKOB M
nenectkoB. OH BXOAHWT B cOCTaB Xopolro u3ectHo ABC-monmenn reHeTHdecKkoro
KOHTPOJISl I[BETOYHBIX OPraHoB. OJTa MOJCIb OCHOBBIBACTCS HA  aHAIIU3C
(denorunuueckoit u3MeHunBoctTH MyTtantoB Arabidopsis thaliana, B umcie xoTopbix
mytanT apetala 1-1 (apl-1) [1]. HecMoTps Ha AeTaabHYIO H3y4E€HHOCTh COCTaBa reHa
APETALA1L 1 ocoOeHHOCTEH ero IKCIpecchy, BCe eIe OCTAIOTCS BOMPOCHI, CBSI3aHHBIE
¢ ero QyHkuuei. J{Jst OIHOTo MpenCcTaBICHHs: O MEXaHM3ME TCeHETUYECKOTO BIUSHUS
1esecoo0pa3Ho BBUICHUTH, Kakue MopdoreHeTndyeckne M3MEHEHHs 00yCIaBIUBAIOT
HaOIIOJTaeMBIH CIIEKTP U3MEHUYMBOCTH. Y MyTaHTOB 1o TeHy AP1 tpanchopmupyercs
HE TOJIBKO OKOJIOIIBETHHK, & BCS CTPYKTypa LIBETKA U COLIBETHS, KOTOpPBIC ICHCTBHEM
JIOKQJILHOTO T€Ha OOBSICHUTh HEBO3MOXKHO. JTa paboTa (hOKyCcHpYeTCsS Ha aHaju3e
¢denorunuueckux s¢hdexkroB y myrantoB apl-1 A.thaliana c¢ memsio yrouHeHus
¢ysaxun reHa APL.

Memoowr u ancopummer: JIjia uccrenoBanuii OB KCIOIB30BaHb! pactenus A. thaliana
skotuma Landsberg. Cemena pacrenuit Obutn monyueHsl W3 HOTTHHreMckoro
reHEeTHYECKOro 1eHTpa xpaneHus Arabidopsis. Myrtarms apl-1 sipisieTcst peliecCUBHOM,
B karanore NASC ona umeer Ne 28. Jlunust apl-1 Obuta monydeHa B YHHBEpCUTETE
Barenunrena, rpymmoii Maarten Koornneef (nmpu Bo3aeiicTBuM 3THIMETaHCYITb()O-
naroMm (EMS) ma cemena snuuumu Landsberg erecta (Ler). CoriacHo omnmcaHuio
¢enoruna nuaun apl-1 B karamore NASC, 310 cunbHBIN amnens, oOyciaBivBaeT
rOMEOTHYECKOE MPEBPAICHUE YalISTHUCTHKOB (IIEpBOr0 000poTa) B MPHIIBETHUKH, B
nasyxax TpaHC()OpMHPOBAHHBIX YAIIETHCTHKOB 00pa3yeTcsi MHOKECTBO BTOPHYHBIX U
TPETHYHBIX [BETKOB; JICTIECTKH (BTOPOH 0OOPOT) OOBIYHO OTCYTCTBYIOT, HO MHOT/AA
3aMCHSIOTCS THIYMHKAMH WJIM MO3aUKOH, HAIMOMHUHAIOIICH JIeNeCTKU-ThIYMHKH-
npuIBeTHUKU. DEHOTHIT HM3MEHSeTCS B OCHOBAHMM COIBETHS, M NPH HU3KOH
TeMIlepaType HBETKH UMEIOT OoJiee CHIIbHBIE IPe0Opa30BaHus, KOTOPBIE 0CIIa0eBalOT B
akporetaibHOM Hampasiennn. JIunust Landsberg erecta (Ler) wucmomb3oBanace B
KauecTBe BapuaHTa KOHTpoJisi, B katamore NASC ona mmeer Ne NW20. denorumnu-
decKyro n3MeHunBocth A. thaliana uzyqanu B mabopaTopru cBeTOKyIbTYpbI Ha Kadenpe
Ouosoruu pacteHuii JIyraHCKOro TocyIapCTBEHHOTO arpapHOro YHHBEPCHTETAa U B
naboparopun npupoaHoi Quopsl boranuueckoro caga-uncturyra JBO PAH
(BnamuBoctok). CrpaTuduKanuioo ceMsH NpoBOJWIM mpu Temmeparype +4 °C Ha
OpOTsDKEHUU 3 cyT. PacteHus KysiapTuBupoBanu npu temneparype +20...+23 °C npu
KpPYTJIOCYTOYHOM OCBelIeHnHu okoio 6000 mokc.
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denotunsl 06enx TMHUN OBLIH MPOAHAIN3UPOBAHEI MO CIETYIOINM KPUTEPHUSIM: YHCIIO
JIUCThEB MpuKopHeBor pozetku (NFIMS), wucno muctheB rnaBHoro moGera (NIMS),
BbIcOTa ri1aBHOTO obera (hMS), obiuee urcio nBetkos Ha pacrenun (NfP), gmcio mueit
OT mocanmku 1m0 Hadaia reeTeHus (PF), drciao mHel oT mocaakd A0 Hadaia IHIOJNO-
nomenus (PFr), mepuon Bereranmuu (PV), 4uciio 1BETKOB B COIBETHH (CIUHHIIBI
1BeTenus) Ha riasaoM mobere (NfUFMS), mimnua conseTus riraBroro mobera (LUFMS),
IUIOTHOCTH COIBeTHs TiaaBHOro mobera (PUFMS), mmura GoxoBoro mobera mepBoro
NOpSAJIKA, Pa3BUBAIOLICTOCS W3 Ta3yXu BepxHero credsesoro smcra (1.1LIS), anuna
cougetust Ha ero Bepxymike (LUfl.ls) u uncmo nBerkoB Ha Hem (Nfl.1ls). Jns ananuza
pacloyioKeHHsI I1IBETOYHBIX 3a4aTKOB HA BEPXYLIKE COLBETUS MCIIOIb30BAJIH
mukpockorsl MBC-1, MBC-10 (¢ o6sektuBaMu X8, x20 u okymsapamu X7, x10, x15),
buonam M-1 B 'OY BO JIHP JITAY, a takke mukpockorm Axioplan b Stemii B
Boranmueckom  cagy-uncturyre JIBO PAH. Crpykrypa moOeroB  Obia
[IPOaHaIM3UPOBAaHA HA OCHOBAHMHU ()PAKTAIBHOrO moaxoxaa. s 3Toro noder ycioBHO
MOJpa3feNsuii Ha TOMOJIOTHYHBIE TpaHchopManuoHHble cepui. CTaTHCTHUECKHUHA
ananmu3 BbinoiHeH B mporpamMe STATISTICA npu nomomm tectoB ANOVA. [Ins
CpaBHEHMs BAapUAHTOB ObUI HCIIOJIB30BAH JIUCIEPCUOHHBIA AaHANM3, PpE3yJIbTaThl
KOTOpOTo oueHuBamu 1o F-xkpurepuio Oumepa wu cuine BIUSHHUA (PAKTOPOB,
paccurTaHHBIX IO MeToay [1oXHCKOTO.

Pesynemamei: B xole NpOBEACHHBIX UCCIEIOBAHUN y PACTEHUA MYTAaHTHOM JIMHUU
apl-1 A. thaliana 6bu1 BBIsIBIICH psi PEHOTHITUYECKUX OTIIMYMN OT UCXOMHOW JIHHUH
Ler. B wactHoCcTH, pacTeHus apl-1 UMEOT MEHBIYIO BBHICOTY U JAJIMHY COLBETUH, HO C
OOJIBLIIMM YHCIIOM T'OJIBIX LIBETKOB, y HUX Pa3BUBACTCS YACTUYHO OPAKTEO3HOE COLBETHE
TAPC WU TUIEHOTHPC (MHOXKECTBEHHBIH THPC), B OTIMYHE OT S0pPaKTEO3HOW KHCTH,
CBOMCTBEHHO# pacTeHUsIM HcxonHoW nuHuM Ler. ligeTku Ler nucumMmerpuuHbie, C
JBOWHBIM OKOJIOLIBETHHKOM, a y apl-1 uBetku romele (unu c QparmeHTamMu
OKOJIOL[BETHUKA), SJIEMEHTHI B HUX MOT'YT PacIojaraTbCs 1o CIUpalii, CyIIpOTUBHO WIH
MyToBuaro. [Ipu 3ToM Mopdosorus anapolest BapbUpyeT M0 YHUCITY, PACTIONOKEHUIO U
JUIMHE TBIMMHOK. HOBBIE IIBETKH MM OCH COIBETHH MOTYT (POPMHUPOBATHCS HA OJHOM
YpOBHE € ThlYMHKaMmH. PacTeHust MyTaHTHOW JnuHMH apl-1 3amBeTaroT paHblie, HO
IUIO/IOHOIIIEHHE M BEreTalysi y HUX HpojoipkaeTcs gonblie. Kpome toro, pasButue
MPUIBETHUKOB Yy HUX CMEIIEHO Ha Oosiee TMO3JHHE CTaJuu MOpQOreHe3a, 4em y
ucxonHo nuHMM. CrefoBaTeNnbHO, 3TAa MYTaLUsl SBISETCS TETEPOXPOHHOH. Y
Brassicaceae pa3BuTue NpUIBETHUKOB OCTAHABIMUBACTCS B 3a4aTOYHOM COCTOSIHHH [2].
CrpykTypa 1BeTKa 00bIYHO OYCHb KOHCepBaTuBHA, HO y A. thaliana nmuuun apl-1 ona
CWJILHO BapbUpPYyeT, a CIEKTP WM3MEHEHWH BKIIOYAeT CTPYKTYypy couseTws. llBeTkn
UMEIOT MYTOBYATHI (QMIJIOTAKCHC, KOTOPHIA MPUBOAUT K 0OPa30BaHHIO YCTOMUMBON
CHUCTEMBI C TIOBBILIEHHOW cuHOpranusauueil. llosTromy ycuieHune JaBieHHS
MPUIBETHUKOB HAa «MEPUCTEMY IIBETKAa» MOXET IMOTPEBOXKHUTH (DUIIOTAKCHUECKHUHA
PUCYHOK LIBETKAa M CTaTh MPUYMHOM XAOTHYECKOIO 3aJI0XKEHUS ero 3neMeHToB [3]. B
xoze MoporeHesa u3-3a reTepOXpOHUH JIHCTBUE MEXaHUYECKUX CHJI HA «MEPUCTEMY
[[BETKOB» MOXKET YCHJIMBATHCS WM ociabeBaTh W TakuM 00pa3oM 0OYCIIaBIMBATh
MOJIMBAPUAHTHOCTh CTPYKTYPBI IBETKOB U colBeTHH [4].

Brioovr: @opMupoBaHKe MPHIBETHUKOB B COIBeTHsx myraHtoB apl-1 A. thaliana
CBUJICTENILCTBYET O TOM, YTO MX Pa3BHTHE CMEMIACTCS ¢ SYMOPHOHAIBHON CTaauH Ha
Oosiee mo3aHKMe cTaauu MopdoreHesa. Y apl-1 pa3Burue NpUIBETHUKOB CMEIIAETCS HA
Oosiee mo3gHME CTaguM MopdoreHe3a. DTO HHUIMUPYET CMEIICHHE BO BpPEMEHHU
pa3BuTHs opraHoB nBeTka. CiemoBarenmbHo, Myrtanus apl-1 A. thaliana ssusercs
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TeTEPOXPOHHOM, a IIBETKH W MPHULBETHUKH B COLBETHU IPEACTABISIOT CIUHYIO
TpaHchopMmannoHHyto cepuro. [lo-Bunmumomy, ogHoit u3 QyHkumii rena APETALA 1
ABIIACTCSA PEeryJisinus MopdoreHe3a 3JeMEHTOB BHYTPH COLBETHS. YUHUTHIBAsl CIIEKTP
W3MEHEHUI, OO0yCIOBIeHHbIX MyTanuedi apl-1 MoXHO MpennooKuTh, UYTO TeH
APETELA 1 o0ycnaBiuBaeT cenapaliyo 3JIEMEHTOB BHYTPH IIBETKA U BHYTPH COIIBETHSL.

Floral boundaries are sliding inside of inflorescences
Arabidopsis thaliana with mutation of the gene APETALA1-1
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Motivation and Aim: The gene APETALAL (AP1) encodes a putative transcription factor
that acts locally to determine the identity of the floral meristem and determines sepal and
petal development. It is part of the well-known ABC model of genetic control of floral
organs, which is based on an analysis of the phenotypic variability of Arabidopsis
thaliana mutants, including apetala 1-1 (ap1-1) [1]. Despite the detailed study of AP1
gene composition and its expression patterns, there are still questions related to its
function. For a complete understanding of the mechanism of genetic influence, it is
useful to find out what morphogenetic changes are responsible for the observed spectrum
of variability? In AP1 mutants, not only the perianth is transformed, but the whole
structure of the flower and inflorescence, which cannot be explained by the action of a
local gene. This work focuses on analysing phenotypic effects in apl-1 mutants of
A. thaliana in order to clarify the function of the AP1 gene.

Methods and Algorithms: Plants of A. thaliana ecotype Landsberg were used for the
studies. Plant seeds were obtained from the Nottingham Arabidopsis Genetic Storage
Center. The ap1-1 mutation is recessive and has N0.28 in the NASC catalog. The apl-1
line was obtained at Wageningen University, Maarten Koornneef's group (by exposing
seeds of the line Landsberg erecta (Ler) to ethyl methanesulfonate (EMS). According to
the description of the phenotype of line ap1-1 in the NASC catalog, this strong allele
causes homeotic transformation of sepals (first turn) into bracts, many secondary and
tertiary flowers are formed in the axils of transformed sepals; petals (second turn) are
usually absent, but are sometimes replaced by stamens or by a mosaic resembling petals-
petals-stamens-bracts. The phenotype changes at the base of the inflorescence and at low
temperatures, flowers have stronger transformations that weaken in the acropetal
direction. Phenotypic variability of A. thaliana was studied in the laboratory of light
culture at the Department of Plant Biology of Lugansk State Agrarian University and in
the laboratory of natural flora of the Botanical Garden of the Institute of the Far East
Branch of the Russian Academy of Sciences (Vladivostok). Seed stratification was
carried out at +4 °C for 3 days. Plants were cultivated at +20...+23 °C, under 24-hour
illumination of about 6000 lux. The phenotypes of both lines were analysed according
to the following criteria: number of root rosette leaves (nrIMS), number of main shoot
leaves (NIMS), main shoot height (hMS), the total number of flowers per plant (nfP),
number of days from planting to flowering initiation (PF), number of days from planting
to fruiting initiation (PFr), growing season (PV), number of flowers per inflorescence
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(flowering units) on the main shoot (nfUFMS), main shoot inflorescence length
(LUFMS), main shoot inflorescence density (pUFMS), length of first-order lateral shoot
developing from the axil of the upper stem leaf (1. 1LIs), the length of the inflorescence
at its apex (Lufl.1ls) and the number of flowers on it (nfl.1ls). Microscopes MBS-1,
MBS-10 (with lenses x8, x20 and eyepieces x7, x10, x15), Biolam M-1 at the State
Educational Institution of Higher Professional Education LNR LSAU, and Axioplan b
Stemii microscope at the Botanical Garden-Institute of the Far East Branch of the
Russian Academy of Sciences were used to analyze the location of floral rudiments at
the inflorescence apex. The shoot structure was analyzed based on the fractal approach.
For this purpose, shoots were conditionally subdivided into homologous transformation
series. Statistical analysis was performed in STATISTICA program using ANOVA tests.
The analysis of variance was used to compare the variants, the results of which were
evaluated by Fisher's F-criterion and the strength of the influence of factors calculated
by the Plokhinsky method.

Results: In the course of these studies, plants of the ap1-1 mutant line of A. thaliana
showed a number of phenotypic differences from the original line Ler. In particular, ap1-
1 plants have smaller inflorescence height and length, but with a greater number of
glabrous flowers, and they develop a partially bracteose inflorescence thyrsus or
pleiotyrsus (multiple thyrsus), in contrast to the ebracteose tassel characteristic of plants
of the original Ler lineage. Flowers of Ler are disymmetrical, with double perianth,
while in apl-1 flowers are glabrous (or with fragments of perianth), the elements in them
can be arranged spirally, supratrophically, or whorled. New flowers or inflorescence
axes may form at the same level as the stamens. Plants of the ap1-1 mutant line flower
earlier, but their fruiting and vegetation last longer; in addition, the development of
bracts is shifted to later stages of morphogenesis than in the original line. This initiates
a time shift in the development of flower organs. Consequently, this mutation is
heterochronic. In apl-1, bract development is shifted to later stages of morphogenesis.
In Brassicaceae, the development of bracts stops in infancy. Flower structure is usually
very conservative, but in A. thaliana line ap1-1 it is highly variable, and the spectrum of
variation includes inflorescence structure [2]. Flower structure is usually very
conservative, but in apl-1 it is highly variable, and the spectrum of variation includes
inflorescence structure. Flowers have whorled phyllotaxis, which results in a stable
system with increased syn-organization. Therefore, increased pressure of bracts on the
“flower meristem” may disturb the phyllotactic pattern of the flower and cause chaotic
lying of its elements [3]. During morphogenesis, due to heterochrony, the action of
mechanical forces on the “flower meristem” can strengthen or weaken and thus
determine the polyvariance structure of flowers and inflorescences [4].

Conclusion: The formation of bracts in inflorescences of apl-1 mutants of A. thaliana
indicates that their development shifts from the embryonic stage to later stages of
morphogenesis. In apl-1, bract development is shifted to later stages of morphogenesis.
This initiates a shift in the timing of flower organ development. Consequently, the ap1-
1 mutation of A. thaliana is heterochronic, and the flowers and bracts in the inflorescence
represent a single transformation series. Apparently, one of the functions of the
APETALA 1 gene is the regulation of morphogenesis of elements within the
inflorescence. Given the spectrum of changes caused by the apl-1 mutation, it can be
assumed that the APETALA 1 gene is responsible for the separation of elements within
the flower and within the inflorescence.
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