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PHENOTYPIC PLASTICITY OF AERIAL-AQUATIC PLANTS ALISMA
PLANTAGO-AQUATICA L. AND SIUM LATIFOLIUM L.: STRUCTURAL
AND MOLECULAR ASPECTS

The data of investigations of aerenchyma formatadeghol dehydrogenase and heat shock protein 70
kDa (Hsp70) levels ilisma plantago-aquaticandSium latifoliumplants growing in biotopes with
different water regimes are presented. A key rélevater regime in development of aerial-aquatic
plants was shown. Plant adaptive responses orhtrges in water supply are considered in the light
of the concept on phenotypic plasticity.
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A genome ability to change its expression and la¢ized in different phenotypes in a response to
various environmental influences is a fundamentaperty of all living organisms and is known as
phenotypic plasticity. Due to phenotypic plasticibyganisms can adapt to environmental variations
in space and time. Phenotypic manifestations ohgés in gene expression are already defined at the
level of transcription efficiency and also RNA pessing and translation [18] and include a very
broad spectrum of ecologically important trais physiological, biochemical, anatomical and
morphological, peculiarities of developmental bigtptime of transferring to the reproductive stage,
propagation systems and progeny development. Tte thieoretical and experimental investigations
of phenotypic plasticity have been carried out ndeo to elucidate its importance in evolution,
specialization, population dynamics and the stsatd@igsurvival in heterogenic environment [1, 2, 5,
9, 11, 15, 16, 20, 22, 23].

An idea of plasticity as a general biological phmeoon is emphasized to require special
attention to its ecological aspects, as it is sspdathat plasticity of organisms significantly atte
stability and local diversity of the population acehosis by action on energy transfer, carbon sycle
a number of trophic levels, turnover of nutrientsl grimary performance [14, 21]. It is stressed the
prospectivity of investigations of plasticity in ethecological aspect to understand both the
mechanisms of plant responses on abiotic and biatitors, and the influence of these responses on
interrelations of organisms with their habitat.

Strategy of adaptation is not always easily to wstd@d because particular environmental
factors, on which plants react, are not often ckr@d enough complex. In response to unfavorable
fluctuations of ecological factors — drought, flongl extreme temperature, soil salinity, high light
intensity, infection with pathogenic agents — snual and metabolic processes, which counteract
stress, occur in plants. As it is well known, waecessibility for plants is a critical externattiar of
their growth and development [4]. Any limit of watavailability leads to dehydration of plants and,
thus, affects adversely plant growth and developmieor investigations of the influence of water
deficit in the soil on plants in nature, aerial-atjc plants growing in ecotopes with different wate
regimes are a convenient model to study phenotyaisticity in plant adaptation to the changes in
water supply in natural environment.

Aerial-aquaticAlisma plantago-aquaticandSium latifoliumplants can grow, develop and bear
fruits giving viable seeds on the riverside thatirs evidence on the possibilities of aerial-aquatic
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plants to adapt to limited water consumption. T&rial plants perform a “reproductive imperative” —
a strategy of adaptation consisting of preservaioa species, i. e. leaving of progeny. Therefore,
the given paper, we consider phenotypic plastioftysome traits of the structural and functional
organization (root anatomy, alcohol dehydrogena@deH) and heat shock protein 70 kDa (Hsp70)
level) in A. plantago-aquaticaandS. latifoliumplants growing under different water regimes ia th
natural conditions.

Material and Methods

Investigations were carried out in the M.G. Kholgdnstitute of Botany of the National Academy of
Sciences of Ukraine during years. The plant médtevés collected in the vegetative and flowering
phases at the river Psjol near Velyka Bagachkaalta¥a region during field expeditions. The
distance between plants growing in water and onritregside is only from 1-3 till 20 —25 m that
makes possible to sharply determine an action fact@® water quantity in the spds light intensity
and air humidity are as a rule identical.

The primary treatment (fixation or freezing of re@nd leaves) of the collected material was
carried out immediately after collection, the feliag treatment and analyses — in the laboratory. Fo
light microscopy, segments of the root mature zaeaee fixed in 16% formaldehyde solution, cut into
sections by hand, stained with aniline blue andrexad with a Axioscope (Zeiss, Germany). Alcohol
dehydrogenase (ADH, EC 1.1.1.1) was resolved biye@ectrophoresis in 6% polyacrylamide gel
(PAG) and isoenzyme patterns were detected by @trazolium technique [10]. A cytochemical
staining method [19] was used to localize ADH dtiin roots. Hsp70 was determined by Western-
blot analysis after 10% SDS-PAG electrophoresistatél soluble proteins of the leaves [7].
Monoclonal antibodies against Hsp70 and secondann@use antibodies coupled to biotin (Sigma)
were used.

Results and Discussion

Root anatomy

A filaceous root system mostly consisting of nunosradventive roots is characteristic for adult
plantago-aquaticaand S. latifolium plants. In these species, as in other aerial-aqpéants [17],
adventive roots are characterized with the preseheerenchyma — large intercellular spaces, which
together with those in stems and leaves providegexyuptake by growing root apices and an
exchange with exogenous air. Aerenchyma beginerta in the root proximal meristem on a schizo-
lysigenous type and fully developed in the root umatpart. In monocotyledonous. plantago-
aquatica aerenchyma is surrounded with epidermis and onex layer on the root periphery and
one cortex layer, which cells closely adjoined, andoderm on the inner side (Fig. 1, a).

In dicotyledonousS. latifolium a number of cortex layers, which surround aergmehon root
periphery and on the side of a central cylindemigicantly increased (Fig. 1, b), a secondary dgrow
is typical for roots. Unlike aerial-aquatic plants plants of the same species growing on riversade
root system becomes similar to that of terresplahts: adventive roots are characterized with very
small intercellular air spaces (Fig. 1, c, d).deds to note that presence or absence of aerenédyma
not constant and can vary in dependence on changester supply. In cases of increasing soil
humidity due to long-term rainy weather or the dagan water level in river, the formation of new
adventive roots with well developed aerenchyma rizegn A. plantago aquaticgFig. 1, e) ands.
latifolium terrestrial plants. After water abatement in tiverr intensive secondary growth begins in
the S. latifoliumroots, owing to this a primary cortex (aerenchyma) app@arshe root periphery
(Fig. 1, f) and desquamates later, and, as a relaltoots are coated with periderm.
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Fig. 1. Transverse sections of tle®t mature zonef Alisma plantago-aquaticéa, c, e)
andSium latifolium(b, d, f) grown in different water supply. a, br-aerial-aquatic
plants, ¢, d — a terrestrial plants, e — a teniagttant after long-term raining, f - an
aerial-aquatic plant after a certain period of tafter water abatement.

ADH expression in roots

Metabolic adaptation of plants to hypoxia includesivation of the ethanol fermentation pathway, in
which ADH catalyzes a key reaction — reduction adtaldehyde to ethanol. It is known that ability of
species to ADH induction correlates with their talece to hypoxia [13]. Earlier, we showed ADH
activity in the roots ofA. plantago-aquaticandsS. latifoliumgrowing in water and its absence in the
roots of terrestrial plants. The enzyme was indugsder flooding of terrestrial plants: ADH activity

appeared in the roots after 1 h-flooding and insedaafter 2 h [8].
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In this study, a comparative analysis of aerenchgmé ADH localization in the roots of the
both species was performed. Initiation of aerenchyvas observed in the distal elongation zone of
root tips of aerial-aquatic plants (Fig. 2, a, ®h the other side, cytochemical analysis of ADHhe
roots of plants grown in water and at the riversiedealed the enzymatic activity only in the aerial
aquatic plants (Fig. 2, c-f). It localized mainly the root apical meristem and the elongation zone.
These actively growing apical regions of the roaté accelerated oxygen consumption [3] that,
apparently, can result in ADH induction as welir@iate of aerenchyma formation.

J

Fig. 2. Root apices dlisma plantago-aquaticéa, ¢, d) andium latifolium(b, e, f)

grown in different water supply. a, b — Longitudisactions of the roots of aerial-aquatic
plants, c-f — general view of the root apices afaequatic (c, ) and terrestrial (d, f)
plants after cytochemical ADH reaction.

ADH and Hsp70 expression in leaves

Flooded roots undergo hypoxic conditions, but Isade not suffer from restricted oxygen availability
directly. Analysis of leaves db. latifoliumalso showed ADH expression (Fig. 3) that indicates
systemic induction both in roots and leaves of {glawhich undergo root hypoxia. At the same time,
the plants growing in different locations showeghgficant variations in the ADH level not only in
the aerial-aquatic plants, but also in the teri@stmes. The ADH was determined in some plants
grown on the riverside but undergone a temporakese in the soil water content.

ADH )

1 2 3 4 5 6 /7 8 9 10

Fig. 3. Zymograms of ADH and Western-blots of Hsp7@eaves of aerial-aquatic (1-5)
and terrestrial (6-10%ium latifoliumplants.

An important component of a general adaptation symé of different stresses is known to be
Hsp70 — a key member of the cellular molecular ehape system [12, 24]. It can be used as a
biomarker of a stress state of plants [6]. So wemared ADH level in the leaves of tBe latifolium
plants with the Hsp70 levelt was determined that the ADH and the Hsp70 shlosimnilar changes
in their expression that indicates, respectivelyec#fic and non-specific adaptive reactions in
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response to flooding. So, it may suppose that Hs@8 molecular chaperones in whole) is an

important component of the tolerance of aerial-igyaants to changes in water supply that ensures
the high adaptive plasticity of the species.

Conclusions

The obtained data on phenotypic plasticity of a benof structural and molecular patterns in aerial-

aquatic plants growing in the ecotopes with différevater regimes (in water and at the riverside)

clearly demonstrate a key role of water supply é@vadlopment of aerial-aquatic plants, that makes
possible for plants to adopt to the unfavorablarenmental fluctuations.
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€.JI. Kopowwm, JI.€. Kozexo, FO.B. Osuapenxo

Iacruryt 6oTaniku im. M.I'. Xononnoro HAH VYkpainu, Kuis

OEHOTHUIITYHA ITJTACTUYHICTD ITOBITPAHO-BOJHNUX POCJIMH ALISMA PLANTAGO-
AQUATICAL. I SIUM LATIFOLIUML.: CTPYKTYPHI TA MOJIEKVYJISPHI ACITEKTHU

[IpencraBneni nani mochimkeHHS (GOpMyBaHHS aepeHXiMH, €KCIIpecii anKoroNbIAeTigporeHasu Ta
oinka TerutoBoro moky 70 k/la (Hsp70)y pociun Alisma plantago-aquatica Sium latifolium o
pocTyTh B OioTomax 3 pi3HMM BOAHHMM peXuMoM. [lokazaHa KIIlO4OBa pOJb BOXHOTO DPEXHMY B
PO3BHUTKY TOBITPSHO-BOJHUX POCIUH. AJANTHBHI BIAMOBINI POCIMH LUX BUAIB Ha 3MIiHH Y
BOJ103a0e3MeueHHI PO3MIIAAA0ThCS Y CBITII KOHIEN il (PeHOTHIIYHOT MIIaCTUYHOCTI.

Kmouoei cnosa:  Alisma plantago-aquatica, Sium latifoliunuoanmayis, ¢genomunivna niacmuunicme,
anamomis, ankoeonvoeziopoeenasa, HSp70,600nui pescum

€.JI. Kopowwm, JL.LE. Kozexo, FO.B. Osuapenko
Wucturyt 6otannku uMm. H.I'. Xonognoro HAH Ykpaunsl, Kues

®EHOTUITNYECKAS IIJIACTUYHOCTD BO3/IYIIIHO-BOJIHBIX PACTEHHI ALISMA
PLANTAGO - AQUATICA L. 1 SIUM LATIFOLIUM L.: CTPYKTYPHBIE U MOJIEKYJISIPHBIE
ACTIEKTBI

[MpencraBneHHbI JaHHbIC UCCIICIOBAHUS (bopMupoBaHus adpPEHXUMBI, IKCIIPECCHU
alKoroJbaermaporeHassl u Oenka terwtoBoro moka 70 k/la (HSp70)y pacrenuit Alisma plantago -
aquatican Sium latifolium, mpouspacraromux B 6HOTOMAX ¢ Pa3sHBIM BOAHBIM pekuMoM. ITokazaHa
KJII0YEBask POJb BOJHOTO PEXHMMa B Pa3BUTHU BO3IYIIHO-BOJHBIX PACTCHUH. AJANTHBHBIC OTBETHI
pacTeHuil STUX BUJIOB Ha U3MEHEHHS B BOJ0OOECHICYCHHN PACCMAaTPHBAIOTCSI B KOHTEKCTE KOHIICIIIUH
(EHOTHITMYECKOH TUIACTHYHOCTH.

Knioueswvie crosa: Alisma plantago-aquatica, Sium latifoliumganmayus, ¢enomunuuecxkas nracmuunocmo,
anamomust, ankoz2onavoezopozenasa, Hsp70soouwiii pesicum
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ICTOPIA AOCIILIKEHDb ®JIOPUCTUYHOTI' O CKUIAY
HEPEJAKAPIIATTA

[IpoBeneHo icTopuuHHM aHali3 OOTaHIYHMX MAOCHIIKEHb 1 HAKONMYEHHS HAYKOBHX 3HAaHb IPO
pociunHicTh [lepeakapnartsi Ta JNiKapchbKHX POCIHMH 30Kpema. Bech mepion mochimKeHb BUAOBOTO
CKJIaay yrpymnoBaHb NEPeATipChKUX JaHAMA(TIB AOUUIFHO PO3AUIUTHA Ha TPU PIi3HUX 33 TPUBAIICTIO
Ta piBHEM JAOCIiKeHb eTtand. Jlo mepmoro 3araibHO-(IOPUCTHYHOTO €Taly MOXKHa BiJHECTH —
nociimkenns 1809p.—1940p., no apyroro monyssimiitaoro — nociimkeras 45—80pokiB XX cT., 10
TPETHOTO €TaIly — Cy4YacHi AocHipKeHHs, 3 KiHig XX — noyatky XXI| cTomiTrs.

Knouosi cnosa: ¢pnopa, icmopis 0ocniodicens, yepyno8anHs pociun, 1aHoulapm, 1ikapcoki pociuHu
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