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Abstract In eukaryotes, histone acetyltransferases regulate
the acetylation of histones and transcription factors, affecting
chromatin structural organization, transcriptional regulation,
and gene activation. To assess the role of HAC/, a gene
encoding for a histone acetyltransferase in Medicago
rrincamila, stable ransgenic lines with modified HAC) ex-
pression in the model plants M. rruncaruda, Lotus japornicus,
and Arabidopsis thaliana were generated by A grobacreritm-
mediated transformation and used for fimctional anakyses.
Histochemical, transcriptional, flow cytometric, and morpho-
logical analyses demonstrated the mvolvement of HAC! in
plant growth and development, responses to internal stimmli,
and cell cycle progression. Expression pattemns of a reporter
gene encoding beta-glicuronidase (GUS) fused to the HAC!
promoter sequence were associated with young tissues com-
prised of actively dividing cells in different plant organs. The
green fluorescent protein (GFF) signal, driven by the HAC!
promoter, was detected in the nuclei and cytoplasm of root
cells. Transgenic lines with 4 C/ overexpression and knock-
down showed a wide range of phenotypic deviations and de-
velopmental abnormalities, which provided lines of evidence
for the role of HAC! in plant development. Synchronization
of A. thaliana root tips in a line with HAC! knockdown
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showed the involvement of this gene in the acetylation of
two core histones during 3 phase of the plant cell cycle.

Keywords Histoneacetyltransferase - Model legumes - Plant
growth and development - Transcriptional regulation -
Replication - Geneactivation

Introduction

Postrranslational modifications of histones, such as acetyla-
tion, methy lation, phosphorylation, ubiquitination, and ghyco-
sylation, are critical components in biological processes that
affect almost all aspects of plant development. They can alter
chromatin structure, thereby having a pivotal role for gene
transcription or silencing. Posttranslational modifications are
believed to act sequentially or in a combinatorial pattern
termed a *histone code™ that directs the chromatin to confor-
mational changes, thus regulating the availability of genes to
transcriptional machinery. Histone acetylation and
deacetylation play important roles in regulating pene expres-
sion. Transcriptionally active penes are generally highly acet-
ylated, whereas inactive genes are associated with
hypoacetylated histones (Hebbes et al. 1988; Sterner and
Berger 2000; Boycheva et al. 201 4). Fundamental participants
in histone acetylation are specialized enzymes, named histone
acetvitransferases (HATs). which transfer acetvl srouns
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Cyclin-like F-box protein plays a role in growth
and development of the three model species

thaliana
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Abstract: In eukaryotes, F-box proteins are one of the main components of the SCF com-
plex that belongs to the family of ubiquitin E3 ligases, which catalyze protein ubiguitination
and maintain the balance between protein synthesis and depradation. In the present study, we
clarified the role and function of the gene encoding cyclin-like F-box protein from Medicago
truncarula using transgenic plants of the model species M. truncamida, Lotus japonicas, and
Arabidepsis thaliona penerated by Agrobacterinm-mediated transformation. Morphological
and transcriptional analyses combined with flow cytometry and histochemistry demonstrated
the participation of this protein in many aspects of plant growth and development, including
processes of indirect somatic embryogenesis and symbiotic nodulation. The cyclin-like F-box
pene showed expression in all plant organs and tissues comprised of actively dividing cells. The
observed variations in root and hypocoty] growth, leaf and silique development, ploidy levels,
and leaf parameters in the obiained transgenic lines demonstrated the effects of this gene on
organ development. Furthermore, knockdown of cyclin-like F-box led to accumulation of higher
levels of the G2/M transition-specific gene cvelin B1:1 {CYCEI: 1), suggesting its possible role
in cell cyele control. Together, the collected data suppest a similar role of the cyclin-like F-box
protein in the three model species, providing evidence for the functional conservation of the
studied gene.

Keywords: cyclin-like F-box, model legumes, Arabidopsis thaliana, plani growth, plant
development, call cycle
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Exogenous succinate increases resistance of maize plants to copper stress
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Summary

The effect of copper (Cu) excess (1.5, 4.7, 31, 78, 156 uM)
and exogenously supplied succinate on plant growth, chloro-
phyll content, chlorophyll fluorescence, and isoenzym profiles
of some antioxidant enzymes in maize plants was studied.
Excessive Cu supply led to a reduction in the relative growth
rate (RGR), tolerance index (T1), chlorophyll a and chlorophyll
b contents, and the quantum yield of PSII electron transport
in the light-adapted state (bPSII). Copper treatment induced
several changes in the anionic and cationic peroxidases
(PODs), as well as superoxide dismutase (SOD) isoenzyme
profiles. After 8 d of 78 pM-Cu treatment, two new anionic

1 Introduction

PNSS POS/GOP

and two new cationic peroxidase isoenzymes in the roots
were registered. Copper applied at concentrations above
31 uM resulted in higher levels of manganese superoxide dis-
mutase (Mn-SOD) in the roots and Cu,Zn-superoxide dismu-
tase (Cu,Zn-SOD) in the leaves. However, the addition of Na-
succinate (200 uM) to the root medium prior to Cu treatment
increased the capacity of the plants to partially overcome Cu
toxicity.

Key words: Cu excess / Na-succinate / antioxidant enzymes /
chlorophyll fluorescence

antioxidants such as vitamin C and glutathione (Babu et al..
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Effect of Soil Fertilizer, Foliar Fertilizer,
and Growth Regulator Application on Milk
Thistle Development, Seed Yield, and
Silymarin Content

Maria Geneva, Grigor Zehirov, Ira Stancheva, Lubomir Tliev,
and Georgi Georgiev

Acad. M. Popov Institute of Plant Physiology. Bulgarian Academy of
Sciences. Sofia, Bulgaria

Ahstract: Animportant consideration for milk thiste (Sifvbum marianwn L) cultiva-
tiom is regulating development to lengthen the reproductive stage and increase seed
vield with high silymarin content. The treatment of milk thistle with foliar fertilizers
and growth regulators—thidiazuron (Dropp®), 2.3.5-uiicdobenzoic acid (Tiba®),
mepiquat chloride (Pix®), and prohexadione-Ca (Regalis™)—resulted in an increase
in the proportion of mature flower heads. Highest seed yield was observed in plants
treated with Pix® and mineral soil fertilization, whereas in plants treated with foliar
fertilizers, highest yields were observed with Pix™ and Regalis®. The highest
content of silymarin was found in plants weated with Dropp™ and foliar fertilizer.
Generally, weatment of milk thistle with plant-growth regulators in combination
with soil or foliar mineral fertilizers increased the total amount of silymarin by increas-
ing seed yield per hectare.

Keywords: Dropp®, Pix®, Regalis®, Silvburm marianum [ silymarin, Tiba®
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Tntl retrotransposon as an efficient tool for development
of an insertional mutant collection of Lotus japonicus
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Abstract The Tatl retrotranspeson of wwhacoo (Niconianae
sxhrcion) has proven to be a very cfficient nutagen for the
e ] legune Medicago tioncatda eootype [OE and cultivar
Jemalong 2HA and for economically ingsortant plants, such as
soyhean and potato, In this study, the activity of Thel in the
model legume Loses jopondae L. was tested. First, a new
regeneration and transformation proweol was developed for
L japovicws that represents a new tool for legume mutagene-
sis and reverse genctics. Using this protocol, the Tl
mtmotransposon was introdwced into L. faponicus by
Aprobac i tumefielers-mediaed fansformation, and pri-
mary transgenic lines, named sarier lines, were constnucied.
T vitro regeneration via indirect somatic embryogenesis wsing
sarter lines harboring two to eight copies of the tansgene
resulted in new Thid transposition events, The Tl
rettranaposon remained inactive during plant growth and
inthe T, progeny, indicating thatit is well suited for ineertion-
al mutagen esis in L. fapan b,

Keywords T ! retrotransposon - Lot fgponios -
Insertional mutagencsis - Starier lings - Regencration -

Embryogensis

Introduction

Legume plants are a sustinahle source of food and food
aronnd the world. They establish benefic ial symbiotic interac-
tions with thizobial bactenia, resulting in special stnsctures,
mamed oot nodules. In these stnscteres, thizobia fic atmo-
spheric nitrogen that plants can wse, reducing the neod for
extemal fertilizers. Considering the importance of legumes,
greaier emphasis should be placed on the collection of genetic
information for legume species.

Recent advances in “omics™ approaches and studies per-
formed on the two model legumes, Mallcagoe trmestids
Gaortn, (Cook 1999) and Lotus japomicis L. {Stougaand
2001}, are adding to the understanding of legume biokgy.
Baoith legume mod els have relatively small genomes, shaort Life
cycles, and can be easily regenerated and transformed . These
advantaoss make it moacihle tn anatlere the nhenadunie and

The effect of inoculation of pea plants with mycorrhizal
fungi and Rhizobium on nitrogen and phosphorus assimilation

M. Geneval, G. Zehirovl, E. Djonova?, N. Kaloyanova?, G. Georgiev!, I. Stancheva'!
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ABSTRACT

The study evaluated the response of pea (Pisum sativim cv. Avola) to arbuscular mycorrhizal fungi (AM) species
Glomus mosseae and Glomus intraradices and Rhizobium leguminosarum bv. viceae, strain D 293, regarding the
growth, photosynthesis, nodulation and nitrogen fixation activity. Pea plants were grown in a glasshouse until the
flowering stage (35 days), in 4 kg plastic pots using leached cinnamonic forest soil (Chromic Luvisols — FAQ) at
P levels 13.2 (P1) and 39.8 (P2) mg P/kg soil. The obtained results demonstrated that the dual inoculation of pea
plants significantly increased the plant biomass, photosynthetic rate, nodulation, and nitrogen fixation activity in
comparison with single inoculation with Rhizobium leguminosarum bv. viceae strain D 293. On the other hand,
coinoculation significantly increased the total phosphorus content in plant tissue, acid phosphatase activity and
percentage of root colonization. The effectiveness of coinoculation with Rhizobium leguminosarum and Glomus
mosseae was higher at the low phosphorus level while the coinoculation with Glomus intraradices appeared to be
the most effective at higher phosphorus level.

Keywords: Pisum sativiem; Glomus mosseae; Glomus intraradices; Rhizobium leguminosarim
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Abstract Overthe pastdecade, Medicago rruncarula has been
adopted as a model legume species for a range of “omic”
studies. The availability of different transformation techniques
has greatly advanced functional genomic studies in this species.
In the present work, an efficient procedure for Agrobacterim -
mediated ransformation of M. rrurcatula ov. “Jemalong 2ZHA™
through a cell suspension culture was developed. This proce-
dure resulted in transformed single cells or cell clusters, giving
rise to stable ransgenic plants within 4 months. Transformation
experiments were performed with a vector carrying two martker
genes: P-glhucuronidase (GUS) and green fluorescent protein
(GFP) under the control of endogenous gene promoters from
LIKE AUXT 3 (LAXT) and GRAS transcription factor (named
after GDIBERELLIC ACID INSENSITIFE [GAT],
REPRESSOR OF GAl [RGA), and SCARECROW [SCR]),
as well as with a binary destination vector for overexpressing
the cyclin-like F-box gene fused to GFP. Maximum transfor-
mation efficiency was achieved under the following experi-
mental conditions: acetosyringone at a concentration of
25 uM, bacterial suspension with an optical density of 0.3 at
600 nm, moculation under agitation at 100 mpm for 24 h, co-
cultivation perdods of 48 h, and an uninterrupted selection with
50 mg/L kanamycin. Selection of positive transformation
events was imposed eardy in the regeneration stage (after 48 h
co-cultivation), following a larpe-scale screening for GFP ac-
tivity. Histochemical GUS and GFP reporter activity was de-
tected in single cells, embryogenic zones, emerging embryos,

in vitro plantlets, and T, progeny seedlings. The transgenic
nature of transformed plants was further confirmed by npell-
specific PCR amplification of Ty and T, plant lines. The
transgenic plants grown under standard greenhouse con-
ditions displayed a wild-type phenotype and the obtained
progeny segregated in a classical Mendelian manner. The
fundamental steps in the transformation procedure are
outlined and discussed.

Keywords Cell suspension culture - 4 grohac terinm
transformation - Transcriptional reporters - B-Glucuronidase -
Green fluorescent protein - Transformation efficiency

Introduction

Unlike the model flowering plant Arabidopsis thaliana, the
legume Medicago truncatula establishes symbiotic relation-
ships with nitrogen-fixing bacteria (rhizobia). This feamre,
together with the small, diploid and almost sequenced ge-
nome, self-fertility, short life cycle, and high levels of natural
diversity makes it an excellent model for legume “omic™
stiudies (Young et al. 2011). Furthermore, the genome of its
microsymbiont Sinorhizobium melilori has been sequenced
and well studied (Galibert et al. 2001). In addition, M.
truncatula is phylogenetically closely related to eco-
nomically valued legumes: clover, alfalfa, pea, faba
bean, chickpea, and lentils, which facilitates ready trans-
fer of knowledge and research tools from the model
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Characteristics of Bacteroids in Indeterminate Nodules of the Leguminous
Tree Leucaena glauca
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Rhizobia establish symbiosis with legumes. Bacteroids in indeterminate nodules of Inverted Repeat Lacking
Clade (IRLC) legumes undergo terminal differentiation caused by Nodule-specific Cysteine-Rich peptides (NCRs).
Microscopic observations of bacteroids and the detection of NCRs in indeterminate nodules of the non-IRLC legume
Leucaena glauca were performed. A portion of the bacteroids showed moderate cell elongation, loss of membrane
integrity, and multiple nucleoids. The symbiosome contained multiple bacteroids and NCR-like peptides were not
detectable. These results indicate that bacteroid differentiation in L. glauca is different from that in IRLC legumes
although both hosts form indeterminate nodules.

Key words: Leucaena glauca, Bradyrhizobium, bacteroid, nodule
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ANALYSING THE FUNCTION AND THE EXPRESSION PATTERN OF AUXIN RESPONSE
FACTOR B3 FROM MEDICAGO TRUNCATULA INTHE MODEL PLANT LOTUS JAPONICUS

M. REVALSKA', V. VASSILEVA?, G. ZEHIROV? and A. IANTCHEVA!"
' AgroBioinstitute, BG-1164 Sofia, Bulgaria
* Institute of Plant Physiology and Genetics, BG-1113 Sofia, Bulgaria

Abstract

REVALSKA, M., V. VASSILEVA, G. ZEHIROV and A. IANTCHEVA, 2016. Analysing the function and the ex-
pression pattern of Auxin response factor B3 from Medicago truncatula in the model plant Lotus japonicus. Bulg.

J. Agric. Sci., 22: 253-261

In plants, Auxin Response Factors (ARFs) regulate gene expression in response to auxin and may act as a transcriptional
activators or repressors. ARF proteins bind to auxin response elements (AuxREs) in auxin-responsive gene promoters. Auxin
Response Factor B3 from Medicago truncatuda ( MiARF-B3) was heterologously expressed in the model legume Lotus japoni-
cus. Stable transgenic plants, overexpressing M{ARF-B3 and transcriptional reporters were created. In addition, MtARF-B3
ortholog gene of L. japonicus was downregulated and knockdown plants were constructed. Phenotypic and morphological
evaluation, quantitative real-time polymerase chain reaction (qQRT-PCR) and histochemical GUS assay were used to study the
function and expression pattem of Mt4ARF-B3 in the process of somatic embryogenesis and development of tissues and organs.
A complex analysis of the obtained results suggests that MiARF-B3 play role in root architecture and in fertility of the model
legume L. faponicus.

Key words: Auxin Response Factor B3; gene expression; Lofus japonicus; plant growth; plant development; fertility
Abbreviations: MtARF-B3 — Auxin Response Factor B3 from Medicago truncatula; OE — overexpression; RNAi —
RNA interference; WT — wild type
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EVALUATION OF THE FUNCTION AND EXPRESSION PATTERN OF MEDICAGO
TRUNCATULA AUXIN RESPONSE FACTOR B3 AFTER HETEROLOGOUS EXPRESSION
IN ARABIDOPSIS THALIANA

M. REVALSKA', V. VASSILEVA?, G. ZEHIROV? and A. IANTCHEVA'"
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Abstract

REVALSKA M., V. VASSILEVA, G. ZEHIROV and A. IANTCHEVA, 2016. Evaluation of the function and ex-
pression pattern of Medicago truncatula Auxin Response Factor B3 after heterologous expression in Arabidopsis
thaliana. Bulg. J. Agric. Sci.,, 22: 783-793

The phytohormone auxin plays a vital role in almost every aspect of plant growth and development. Expression of auxin-
responsive genes is controlled by a family of Auxin Response Factor (ARF) transcription factor family. This study examined
the function and expression pattern of a gene encoding Auxin Response Factor B3 from Medicago truncatula (MiARF-B3)
after its heterologous expression in the model plant Arabidopsis thaliana. Stable transgenic plants with ARF-B3 overexpres-
sion, downregulation and transcrptional reporters were constructed. Transcriptional and histochemical assays revealed a stable
MtARF-B3 expression in various stages of somatic embryogenesis and during the postembryonic development of 4. thaliana.
Morphological analysis and morphometric measurements confirmed the important role of Mr4RF-B3 in general plant growth
and development, root growth and seed production.

Key words: Arabidopsis thaliana; gene expression; Medicage truncatula Auxin Response Factor B3 (MrARF-B3);
plant development; plant growth

Abbreviations: ARF — Auxin Response Factor; GFP — green fluorescent protein; GUS — B-glucuronidase; NLS —
nuclear localization signal; OE — overexpression; RNAi — RNA interference; TF — transcription factor; WT —wild type
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Is the auxin influx carrier LAX3 essential for plant growth and development in the model plants
Medicago truncatula, Lotus japonicus and Arabidopsis thaliana?

Miglena Revalska®, Valya Vassileva®, Grigor Zechirov® and Anelia lantcheva™

“AgroBiolnstitute, Sofia, Bulgaria; " Institute of Plant Physiology and Genetics, Bulgarian Academy of Sciences, Sofia, Bulgaria
(Received 27 February 2015; accepted 17 March 2015)

The phytohormone auxin is transported by two distinct pathways in plants. Indole-3-acetic acid is mainly transported
throughout the plant by an unregulated bulk flow in the mature phloem. The major auxin distribution is regulated via
direct transport from cell to cell, known as polar auxin transport (PAT). PAT is maintained by the coordinated action of
efflux (PIN) and auxin influx (4 UX/LAX) carrier proteins. In this study, we examine, compare and localize the expression
of a gene encoding an auxin influx carrier (MiLAX3) from Medicago truncatula in the model plants M. fruncatula, Lotus
Japonicus and Arabidopsis thaliana. Transgenic plants with overexpression and down-regulation of MfLAX3, as well as
with expressed promMrLAX3 transcriptional reporters, were constructed for the three model species, using
Agrobacterium-mediated transformation. Histochemical and transcriptional analyses revealed the expression of MiLAX3
during various stages of somatic embryogenesis and plant development, as well as during formation of symbiotic
nodules. The alteration of the MrLAX3 expression, as well as its overexpression in the analysed model species, results in
various abnormal phenotypes and disturbance of leaf and root development. The reported results show that MrLAX3
plays an important role in proper plant growth and development, modelling of the root system and the number of formed
nodules and seeds.

Keywords: auxin influx carrier L4AX3; model legumes; nodule development; plant growth and development
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Assessment of the function and expression pattern of auxin response factor B3 in the
model legume plant Medicago truncatula

Miglena REVALSKA'~, Valya ﬂssmav.lf, Grigor ZEHIROV®, Sofie GOORMACHTIG™, Anelia IANTCHEVA'
} AgroBiolnstitute, Sofia, Bulgaria
“Institute of Plant Physiology and Genetics, Bulgarian Academy of Science, Sofia, Bulgaria
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dI_'Jepﬂ.lr‘m'lf.'rlt of Plant Biotechnelogy and Bioinformatics, Ghent University, Ghent, Belgium

Received: 09.02.2016 e  Accepted/Published Online: 29.05.2016 #  Final Version: 00.00.2016

Abstract: The phytohormone auxin is a critical signal molecule, regulating fundamental processes in plant growth and development,
such as shaping the root and shoot architecture, organ patterning, and nodulation. Auxin regulates plant gene expression mainly
through auxin response factors (ARFs), which bind to auxin response elements in the promoter, upstream of auxin-activated genes.
Here we examine and assess the function and expression pattern of a gene described as an auxin response factor, containing a DNA-
binding pseudobarrel and B3 DNA-binding domains, from Medicago truncatula (MtARF-B3). For the model legume species M.
truncatula, stable transgenic plants with MtARF-B3 overexpression, downregulation, and transcriptional reporters were constructed.
Phenotypic and morphological evaluation of the obtained transgenic plants confirmed the important role of MtARF-B3 in general plant
growth and development. modeling of root architecture, and development of seeds. Detailed histochemical and transcriptional analysis
revealed expression of the gene in various stages of somatic embryogenesis, during formation of plant organs and tissues, and symbiotic
nodulation. The fact that MtARF-B3 was strongly expressed in stamens and pollen grains in M. fruncafula suggests that this gene could
play a role in the fertility of this model legume.

Key words: Auxin response factor B3, gene expression, model legume, plant growth, plant development
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AMINOPEPTIDASE ACTIVITIES IN ROOTS AND LEAVES OF DROUGHT
STRESSED WINTER WHEAT SEEDLINGS

Simova-Stoilova L.'*, E. Kirovd', G. Zehirov', I. Vaseva’, U. Felle¥’

Unstitute of Plant Physiology and Genetics, Bulgarian Academy of Sciences

*Institute of Plant Sciences, University of Bern, Altenbergrain 21, CH-3013 Bern,
Switzerland

Received: 02 December 2016 Accepted: 13 December 2016

Summary: In order to evaluate the rale of aminopeptidases (APs) in drought response and their
potential as protein markers to distinguish between stress tolerant and sensitive varieties, various
AP activities were studied in roots and leaves of winter wheat seedlings, subjected to severe but
recoverable soil drought stress, Two varieties with contrasting drought tolerance — Yantar (drought
tolerant) and Miziya (sensitive) were compared. Activity changes under severe waler stress and
subsequent recovery were related to changes in the pools of the major redox buffers ascorbale
and glutathione, changes in protein profiles and total proteolysis in roots and leaves, Glutathione
was responsive to drought both in roots and leaves, with increased total pool and transient rise
in the oxidized form; stronger response in the roots of Yantar was observed. The sensitive variety
had higher ascorbate content in leaves under stress. Severe drought led to reversible changes
in profein profiles and increase in major protease bands in leaves bul not in roots. AP activities
were partly independent from the predominant endoprotease activities. Highest activities in roots
were detected with substrates releasing terminal leucine, lysine and metionine. In stressed leaves
AP activities toward most of the substrates increased under drought, without clear differences
comparing varieties. Activities tested with Gly-pNA were raised in leaves only in recovery from
stress. In roots, the tolerant variety Yantar presented increased AP activities under stress with
most of the substrates used except Leu-pNA and Phe-pNA, whereas the sensitive variety Miziya
had almost unchanged AP activities. Based on activity profile changes, at least two different AP
enzymes should exist in wheat. It remains to be established which activities towards different
substrates reflect distinct aminopeptidases.

Keywords: Aminopeptidase; drought; recovery; ascorbate; glutathione; Triticum aestivum L.
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EFFECTS OF FOLIAR FERTILIZER CONCENTRATION ON THE
BIOMASS ACCUMULATION AND NITRATE ASSIMILATION
RATE OF MILK THISTLE (SILYBUM MARIANUML)

Ira Stancheva*. Maria Geneva. Grigor Zehirov. Georgy Georgiev

Department of Mineral Nutrition and Water Regime. Acad M.Popov Institute
of Plant Physiology. Bulgarian Academy of Sciences. Acad. G. Bonchev Str.,
Block 21, Sofia 1113, Bulgaria.

Corresponding author:

E-mail: ira_stancheva@abv.bg

ABSTRACT . The milk thistle plants (Silybum marianum L.) were grown for
21 days under glasshouse conditions in a 0.8 plastic pot (4 plants/pot) contained
Y strength Hellriegel's solution at the following variants: (1) control plants,
without application of foliar fertilizer: (2) plants. grown with application of
0.3% foliar fertilizer; (3) plants. grown with application of 0.5% foliar fertilizer.
The plants grown with addition of foliar nutrition have shown increased leaf
number and dry biomass accumulation. reduced rosette diameter. enhanced
rates of nitrogen assimilatory enzymes. A favorable effect of foliar feeding on
the protein content. tissue nitrogen and potassium concentration have been also
established.

KEY WORDS: Milk thistle (Silybum marianum L.). foliar fertilizer, dry biomass,
nitrate reductase activity, glutamine synthetase activity.
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EFFECTS OF COMBINED INOCULATION OF PEA PLANTS
WITH ARBUSCULAR MYCORRHIZAL FUNGI AND
RHIZOBIUM ON NODULE FORMATION AND NITROGEN
FIXING ACTIVITY

L Stancheva™, M. Geneva, G. Zelirov, G. Tsvetkova, M. Hristozkova, G.
Georgiev

Acad. M. Popov Institute of Plant Physiology, Bulgarian Academy of Sciences,
Acad. G. Bonchev Str.,, Bl. 21, 1113 Sefia, Bulgaria

Summary. The response of pea (Pisum sativium cv. Avola) to arbuscular
micornizal fungi (AM) species Glomus mosseae and Glomus intraradices
and Rhizobiwm legroninosarum bv. Viciae, strain D293 regarding growth.
nodulation and nitrogen fixing activity was studied. Pea plants (Piswn
sativum cv. Avola) were grown m a glasshouse until flowermng stage (35
days) in 4 kg plastic pots using leached cinmamonic forest soil at low
phosphorus level (60mg P,0s kg soil?). The obtained results demonstrated
that dual mmoculation of pea plants increased plant biomass, nodulation
parameters, N; fixation activity at varying levels compared to plants
submitted to single inoculation with Rhizobium leguminosarum, stramn
D293, and depended on AM fungi species. Coinoculation increased
significantly total P content in plant tissues and percentage of root
colonization. Comnoculation efficiency of Rhizebium bacteria and Glomus
mosseae was Iigher compared with Glomus intraradices regarding
biological N fixation and AM colonization at the tested P concentration.

Keywords: Glomus imtraradices, Glomus mosseae, Pisum sativum,

Rhizobium legiominusarum
Plant Peptides Govern Terminal 16
Differentiation of Bacteria in Symbiosis
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Hironobu Ishihara,” Zoltan Kevei,* Attila Farkas,* Kata Mikulass,” Andrea Nagy,” Hilda Tiricz,*
Beatrice Satiat-Jeunemaitre,* Benoit Alunni,* Mickael Bourge,* Ken-ichi Kucho,® Mikiko Abe,”
Attila Kereszt,® Gergely Maroti,* Toshiki Uchiumi,? Eva Kondorosi,™** Peter Mergaert

with the thizobial cell cycle (7—10) suggest that
terminal bacteroid differentiation is a cell cycle—
related process.

This terminal bacteroid differentiation is
specific for legumes belonging to the inverted
repeat-lacking clade (IRLC) such as Medicago,
Pisum, or Trifolium, whereas bacteroids in the
non-IRLC legumes, such as Lotus japonicus,
show no sign of terminal differentiation as they
maintain their normal bacterial size, genome
content, and reproductive capacity (6). The same

Legume plants host nitrogen-fixing endosymbiotic Rhizobium bacteria in root nodules. In Medicago I Fad) L
Rhizobium strains that form symbiosis with both

truncatula, the bacteria undergo an irreversible (terminal) differentiation mediated by hitherto

unidentified plant factors. We demonstrated that these factors are nodule-spedific cysteine-rich (NCR)
peptides that are targeted to the bacteria and enter the bacterial membrane and cytosol. Obstruction
of NCR transport in the dnfi-1 signal peptidase mutant correlated with the absence of terminal
bacterial differentiation. On the contrary, ectopic expression of NCRs in legumes devoid of NCRs or
challenge of cultured rhizobia with peptides provoked symptoms of terminal differentiation. Because
NCRs resemble antimicrobial peptides, our findings reveal a previously unknown innovation of the host
plant, which adopts effectors of the innate immune system for symbiosis to manipulate the cell fate of

endosymbiotic bacteria.

major contributor to the combined nitro-

gen pool in the biosphere. It takes place
in specialized root organs called nodules (7).
The symbiotic nodule cells are large polyploid
cells (2) housing thousands of bacteroids. Bac-
teroids are differentiated Rhizobium bacteria
with specialized metabolic activity, capable of re-
ducing atmospheric nitrogen and supplying the

S ymbiotic nitrogen fixation by legumes is a

plant with ammonium as a nitrogen source (3).
In addition to this metabolic adaptation, the
endosymbionts of Medicago truncatula and
related legumes undergo striking morphological
changes such as cell elongation coupled to
genome amplification, membrane modifications,
and the loss of reproductive capacity (4—6). The
polyploid state of bacteroids and the mduction
of bacteroid-like cells by genetic interference

IRLC and non-IRLC legumes have different
bacteroid differentiation fates in the two legume
types. Therefore, it was concluded that terminal
bacteroid differentiation is determined by un-
known host factors that are produced by the
IRLC legumes and do not exist in the non-IRLC
legumes (6). The nodule-specific cysteine-rich
(NCR) peptides were likely candidates for these
factors (11, 12). NCR genes were found only n
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Transcript Profiling of Serine- and Cysteine Protease Inhibitors
in Triticum aestivum Varieties with Different Drought Tolerance

LI Vaseva®, G. ZeHirov, E. Kirova and L. SIMOVA-STOILOVA

Institute of Plant Physiology and Genetics, Bulganan Academy of Sciences,
Acad. G. Bonchev Str., Bldg. 21, 1113 Sofia, Bulgaria

(Received 12 January 2015; Accepted 15 April 2015;
Communicated by A. Mohan)

A high number of protease inhibitors (PI) have been identified in diverse plant species but
information about their role in plant stress responses is still fragmentary. Transcript profiling
of six published serine and cysteine protease inhibitor sequences in water=deprived plants
from four winter wheat (Triticum aestivum) varieties with varying tolerance was performed
in order to outline PIs predominantly accumulating under drought. Expression was analyzed
by real time RT-qPCR. Considerable transcript accumulation of Bowman—Birk type PI
WALI3 (BBPI) was detected in drought stressed leaves suggesting an important regulatory
role of BBPI in adjustment of protein metabolism in leaves under dehydration. Serpin tran-
scripts were less represented in water-deprived plants. Transient accumulation of cystatin
transcripts revealed organ-specificity. Under drought cystatin and serpin expression in the
leaves of the most drought tolerant variety “Katya™ tended to preserve relatively stable levels
close to the controls. This preliminary data will serve for future detailed study of regulation
of proteolysis in winter wheat subjected to unfavorable environmental factors for develop-
ment of molecular-based strategies for selection of tolerant varieties.

Keywords: Bowman—Birk protease inhibitors, cystatin, drought, serpin, wheat
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SEMI-QUANTITATIVE RT=-PCR ANALYSIS OF SELECTED PROTEASE
INHIRITORS IN DROUGHT-STRESSED TRITICUM AESTIVUM
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Summary: Proteases and their specific inhibitors are ubiquitously distributed and play a key
regulatory role in many biological processes, Gene expression and activity of certain proteases has
been shown to increase in Triticum aestivam L. leaves under droaght, with a major contnbution of
eysteing profeases, especially in senzitive wheat varieties, However, little is known about the stress
response of protease inhibitors (Fls) and their role in the regulation of intracellular protealysis. In
thiz study the changes m transeript sbundance of some protease inhibitors (belonging fo cyvstatin
and serpin classes) were evaluated by semi-quantitative RT-PCR in leaves and roots of winter wheat
seedlings from two vaneties with differing tolerance. The expression of two cystemne proteases in
the same samples was also assessed. The expression of the studied genes was companed in the
tolerant variety “Katya” and the more susceptible 1o water deprivation variety “Sadove”, applyving
severe but recoverable soil drought. Growth mhibitton and stress related parameters confirmed the
relatively higher drought sensitivity of vasiety “Sadovo™, Serpin transctipt abundance in conteol
roots was higher than in the leaves. An oppogite trend was documented for cystating —the level of
their expression wis stronger in the non-treated leaves compared to roots, Drought stress inhibited
P1 expression in roois, while varying effects on the transcripl levels were detected in the leaves of
water deprived plants. The levels of the tao cysteine protease transcripds under drought exhibited
orgarmspectlic response = they declined i roots, and increased 1o leaves. Further detailed studies
using more sensitive mefhods are necessary (o evaluate the potential of prodease inhibilors as
biochemical markers for drought tolerance.

Citation: Vaseva I, G. Zehirow, V. Stoychey, E. Kirova, L. Simova<Stoilova, ]. Sabati, 1. Suftar-
Vorlid, Vo Megheé, M. Kidné, 2014, Serm=guantitative ET=PCR analysis of selected protease
inhibitors in drought=stressed Tritteum gesthaum. Genetics and Plont Physiology, Conference
“Plant Physiology and Genetics — Achievements and Challenges™, 24-26 September 2014, Sofia,
Bulgaris, Special [ssue (Part 1), 4(1=2): 57=47,

Keywords ; Cystating drought; leaves; roots; serpin; wheat.
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VARTABLE LEAF EPIDERMAL MORPHOLOGY
IN TNT1 INSERTIONAL MUTANTS OF THE MODEL
LEGUME MEDICAGO TRUNCATULA

V. Vassileva!, G. Zehirov!, M. Ugrinova’, A. Tantcheva’
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!AgroBiolnstitute, Sofia. Bulgaria
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ABSTRACT

In this report some typical leaf morphological characteristics of M. truncatula mutants generated by a Tntl refrotransposon
insertion mutagenesis were evaluated and summarized. It was found that all the examined leaf epidermal parameters were
strongly influenced in the Tntl mutant lines. Epidermal cells varied in shape and size, and diversified in the patterns of cell
walls. Although the leaves of all mutant plants were amphistomatic, stomata were more abundant at the lower (abaxial) leaf
surfaces than the upper (adaxial) leqf surfaces. On the other hand, the mumber of stomata on both leaf surfaces varied widely
among different Tntl lines. Based on these observations, we conclude thar most of the observed mutant phenorypes were caused
by the Tntl insertions. In addition, the evaluated leaf epidermal features can be reliably applied for phenonpic profiling of M.
truncatula mutant lines. Morphological variables in leaf epidermis in all the screened mutants demonstrated that Tntl is a very
efficient mutagen, confirming that Tntl gene tagging strategy is one gf the most valuable systems for legume functional genomics.

Biotechnol. & Biotechnol. Eq. 2010. 24(4). 2060-2065 and non-LTR retrotransposons. that together account for
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CHANGES IN g-GLUCOSIDASE ACTIVITY RELATED
TO THE PHENOLIC CONTENT IN APOPLAST OF BORON
DEFICIENT SOYBEAN ROOTS DURING INFECTION WITH

BRADYRHIZOBIUM JAPONICUM

G. Zehirov, G. Georgiev

(Submitted by Corresponding Member E. Karanov on May 28, 2003)

Abstract

The activity of F-glucosidase and the content of soluble phenals in germinating
boron (B) deficient soybean plants were studied. The results show that g-glucosidase
activity was low during the initial stage of seed germination and no effect, of B with-
drawal was observed. Further, some increase of enzyme activity of B deficient root
cytozol was found between day 3 and 5 of seedling growth. At the same time, apoplas-
tic enzyme activity was also measured. Tt was higher than cytozol activity of the
enzyme extracted from the roots of B deficient plants. The content of soluble pheno-
lics analysed in exudate and cytozol of roots showed some decrease during the first
10 days of growth following B deficiency treatment. The observed changes were dis-
cussed in view to elucidate the probable relationships between §-glucosidase activity
and glycosylation of phenolics exuded by roois under B deficiency.

Key words: boron deficiency, §-glucosidase, phenol exudation, sovbhean, nodu-
lation
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EFFECTS OF BORON STARVATION ON THE APOPLASTIC
AND TOTAL SOLUTE CONCENTRATIONS INFLUENCING
NODULE GROWTH AND ACETYLENE REDUCTION RATE

Gr. I. Zehirov®, G. I. Georgiev
Acad. M. Popov Institute of Plant Physiology, Sofia 1113, Bulgaria

Summary. The effect of boron (B) deficiency on cell permeability and con-
nected with that, changes in soluble sugars. amino acids and ureides partition-
ing between root and nodule apoplast and symplast of N, fixing soybean
plants grown m water culture were studied. Exposure of a transient 10 -day
B deficiency stress was found to inhibit nodule number and to increase nodule
dry weight. The formation of larger nodules in B deficient plants was found
to coincide with the deterioration of solute exchange between root and nodule
apoplast and symplast. These results are discussed as induced by B deficiency
in cell wall and membrane permeability changes.

Kev words: Boron deficiency. symplast. apoplast, nitrogen fixation, soybean
5
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EFFECTS OF BORON STARVATION ON LIGNIN CONTENT
AND MINERAL COMPOSITION OF N»>-FIXING SOYBEAN
PLANTS (GLYCINE MAX L. MERR).

G. Zehirov*. G. Georgiev

Institute of Plant Physiology ,,Acad. M. Popov*,
Bulg. Acad. Sci., Sofia 1113, Bulgaria
E-mail: grigorz@@gmail.com

ABSTRACT. In a greenhouse experiment, symbiotic system soybean (Glycine
max L. merr)-Bradyrhizobium japonicum was grown as liquid culture without boron
in the nutrient solution. The dry weight of nodules and leaves was reduced drastically
m boron- starved plants. The lignin concentration in nodules and leaves was
increased but decreased in the roots. That changes were accompanied by inereased
concentration of Ca and Mg m the nodules and decreased in the leaves of boron-
starved plants. In the nodules of boron- starved plants were found inereased
concentration of soluble phenols.

All these changes suggested that negative effect of boron starvation depended
not only by a factor but complex of factors. which finally negatively affected
nitrogenase activity (measured as ARA) and nodulation of symbiotic soybean plants,

KEY WORDS: boron starvation. lignin. mineral nutrition, N;-fixation.
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Relationships between cell membrane stability, exudate content

and infectivity of Bradyrhizobium japonicum strain 639

to boron starved soybean plants
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Abstract

The inflnence of hanon starvation on the mot exadates content
in soyhean ssedlings ((Fycmemax. L Marr) and the effect of
exndates prefreatment on the pre-in fection processes in symbhi -
otic system Br. japoni casm srain 3 fand sovhean were imvess.-
Eated. Ront cell membrane stability of bonon starved soyhean
plants {-B) decresed aompared 1o the antrol. The concenira-
tons of 2]l amalyzed metholies (redocing sagars, fFee amino
acids . ogmicacids, saluhle phenols 2nd ot flavonaids) fmm
roo evadates of = B plan s were lower than the contal concen -
mations. Amalysisofpaly phenols after HPLC chromain graphy
af ront exndutes showed significam difference of pesk num-
s hetwzen oo mato grams of e dates ohtained from haron
starved and fromcontal plans

Bactesial culme treptment with mot exadates from =B plans
showed decreamed growih, chemotmis and sttschment shility
tnward the host root compared to the control exodate trent-
ments. These changes were accompanied by decreassd
madulaton and acaylene redoction acdvity of bomn starved
soyhean plants.

Introdoction

The main fundtion of boron under physiological
conditions is to stabilize the pectic network of plant
cell wall by forming di-esters with fhe polysac-
charide moiaty of thamnogalacturonan —I1 { Matoh
and Kobayashi 1998). Other physiological effects
of boron in plants are connected with the formation
of conjugated transport produect with polyhydric
dlcohols in the phloem or stabilization of cell mem-
brane stnecture and function by influencing the ac-
tivity of membrane- associated proteins (Shkolnik
1984). Therole of boron in nodulation and nitrogen
fixation of legume plants is also well documented
{Bolaios f al 1994, Yamagishi and Yamamoto
199 4).

Ormission of bomon from the nutrient solution is fol-
lowed by rapid negative changes in growth and
membrane transpont processes of plant cells. The
latter was described as loss of membrane integrity
resulting in increased solwte leakage into the cell
apoplast {Cakmak er al. 1995, Pleffer er al. 1998).
Amnalysis of the received exudates showed in-
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Comparison of the Efiects of Different Site
of Supply (oot or ioliar} of Phosphate and Nitrate
on the Growth and Nitrate Assimilation Enzymes Activity
in Milk thistle (Silvbum marionum L.) Plants

Abstract

The Milk thistle plants {Sidm madanwr L) were grown for
21 days under glasshouse condifions in 2 0.8 L plastic pat
(4 prants/pot) contained Helinegel's solution &t the following
variarts: 1) contrel - 4o strength sokition (7 he geowsits rmadsm;
2} ¥ strangth solution with the exception of N0, (reduced 10 4
strength solution - 1.5 mid) and PO4” (inceeased fo (uli slremgth
salution - 1.0 mi) i the growth medium; 3) 14 strength solution
I the growth mediiim with adding 0.3 % of toliar feriiizer Aureleat
in arder to make level equal to the control variant nuirients

Increased P supply dif not influence leaf enber towards tha
comlrol, bt resulted in highes values of rozatie diamsater, which
corresponded 1o the higher shoot dry welght The plants with
foliar fertilization had the ower leal ramber towards he comrol
nut bigper rosstte diameter, which suggests its larger kaf anea.
The plants grown with addition of foliar ferilizer showed ihe
highest acivities of the anzymeas connacted with primary B
assirnilation - mitrate redictase (NR: NADH, EC 1.6.6.2) and glu-
tamine synthetase {G5: EC 6.3.1.2), A correspondence between
root N content and S:R dry weight ratio was found

Keywords: foliar fertilizer, néfrate raductase, giutaming swn-
thetase, shoot and mot dry weight, shoot and root tofal P &nd
tatal M eontent

tions requirements, bacause the plants grow nat-
urally in fands withoul management. In saveral
pot and figld experimants Zheljazkov and Mikoloy
(1998) hawe established the effecis ol some
heavy metais on milk thistle productivity and sily-
marin content. in our previous study low nitragen
requiremenis of milk thistle seedlings was shown
[Stancheva et al., 2004a).

Regularly supply of all macronutrients ragulred
by plants (M, F, 5, K, Mg and Ca) was limiting fac-
tor for the rate of plant growth. Nitrogen is re-
quired for the syninesis of proteins, protoplasm,
chlorophyil and enzymes. Mitrates also serves as
an impaortant signal for growth as plants respond
i nitrate by altering thair metabolism and by in-
cluding genes in the nitrate assimitation pathway
{Crawtord and Glass, 1988), P is involved in the
fransfer of energy from the leaves to the active
growing points. P is also essential for the develop-
ment of call nucled, cell membranes and cell sub-
division, all vital functions in the early stages of
plant and root growth, There is general agresment
that shoot ta rool dry weight ratio (S:R) decreases

whhon Aarcaath o lmnitod e BE corondo SA R eeeeas
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~ SPUINOJOTMYECKASA POJL HEKOTOPHIX MMHEPAJBHEIX
SJEMEHTOB B OEPA30OBAHMU KJIYVEEHBKOB 1 ®UMKCAIIUN
ATMOCDEPHOTO A30TA ¥V BOBOBBLIX PACTEHUM

M. CTAHYUEBA, % c-x. #.*; M. TEHEBA, M. XPUCTO3KOBA,
I. HBETKOBA, I 3EXIPOB, I'. TEOPI'MEB

(MuetutyT husnonormm pacrennii « Axaz M. Ilonoe»,
Bourapexan Axamemua Hayx)

Hcenenosano pamMsanie JjeMIuTa ¥ NOBLIIEHHOTO cofgepmxanus doedopa (P), Gopa
(B) n moaubaena (Mo) BHa obpasoBanmue KAyOeHbBKOB M AKTHBHOCTH (hHKcanmm asoTa y
TOPOXa 1 oM. YCTAHOBJEHA HEMOCPeACTRCHHAA CBA3SL MEKAY conepxanuem tocthopa
u Bopa B NUTATENLHON cpeje M KoaudecTsom cnenmdmiecknx UaBOHOMI0E B KOpHe-
BRIX 2KCYIATAX, MTPAIONINX POJbL MHIYKTOPOB LA 00pa3oBaHHA KIyOeHbROB ¥ 6060-
Bex. OTpHuaTenLHOE BAMAHNE OTCYTCTENA MOJIUOAeH:A B MM TATEILA0N cpeie na obpa-
FOBAHNE KIYDeHLKOB, akTHEHOCTE a30TRHKCAIINH 1 COepAaHNe aMHHOKHCIOT B pac-
THTEJLHLIX TEAHAX MOAHO M3lexmars NP BBCJCHIM NUTATE/IbHBIX 3JCMCHTOB Ycpes
JMCTLSL
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