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Abstract

To reveal the genetic-molecular mechanisms which determine the virulence growth from one physiologic race to another, gene
expression from 16 broomrape populations with different race status and geographical origin was estimated. The genes which
encode peroxidase (PRX), pectin metilesterase (PME), polygalacturonase (PGU) and chalcone synthase (CHS) where evaluated
on the level of germinated seeds, bulbs, underground and aeria sprouts. The study has highlighted the transcription correlation
level PRX, PME, PGU and CHS with the virulence at the different phases of ontogenetic development of broomrape phyto-
pathogen, and in some cases — even with the attack frequency and degree, the higher level of these genes expression being
revealed at the virulent race H, as compared to G and E, the less virulent ones. At al 16 populations of O. cumana the higher
gene expression values were observed at the phase of aeria sprout, as compared to the germinated seeds, tubercles and
underground sprouts. The comparative analysis of transcriptions contents has shown the differential involvement of studied
genes, in dependence of the organ: in germinated seeds an increased transcriptional activity of PGU gene predominates, in
tubercle — PRX, in underground sprouts — PRX and CHS, whereas in the aerial sprout - PGU, CHS, PRX, followed by PME. The
results obtained are useful in elucidating of the physiological and genetic-molecular mechanisms associated with the O. cumana
virulence and aggressivity.
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I ntroduction

Broomrape (Orobanche cumana Wallr.) is the main XXth century. For the first time, in 1920ies, the
parasite which attacks the sunflower on the root researchers of the Saratov Experimental Station have
system level, causing the significant damages to this initiated and recommended the creation of the
strategic oleaginous crops in Turkey (Kaya et al., sunflower sorts genetically resistant towards the
2004a), Spain (Fernandez et al., 2009), Romania, bromrape (Kruglik A-41; Saratovski 169; Fuxinka 3;
Ukraine, Bulgaria etc. (Masirevic and Malidza, 2006; Zelanka 10; Cerneanka 35) (Placek, 1921). These
Parker, 2009) including the Republic of Moldova sorts were resistant to the O. cumana races in the
(Duca et al., 2011; Gisca et al., 2013; Glijin et al., regions of Saratov and Voronezh, but not those from
2009, 2012; Rotarenco, 2010). the regions of Rostov and Krasnodar, therefore, the
presence of two varieties was detected, with different
The first mentioning of the physiological races of geographical distribution: the race A frequently
O. cumana species dates back to the beginning of the attested in Saratov and Voronezh and the race B — in
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the Rostov and Krasnodar regions (Sharova, 1977).
The broomrape race B was identified in Moldova and
Ukraine in 1930ies (Burlov and Kostyuk, 1976;
Sharova, 1969). At the beginning of 1970ies, a hew
broomrape race has appeared for the first time in
Moldova, more virulent than A and B races, which
started to infect the resistant sorts and was rapidly
spreading in al the regions of sunflower cultivation,
especidly in the Northern Caucasus (Antonova, 2009).
This variety was named the C race, or Moldovan race
(Burlov and Burlov, 2010; Sharova, 1977).

Later on, Vranceanu and his team (1980) have
performed the comprehensive anaysis of phyto-
pathogen varieties, identifying 5 physiologica
boomrape races (from A to E) and, accordingly, a set
of differentiating sunflower lines with 5 dominant
resistant genes (Orl, Or2, Or3, Or4, and Or5). The
new broomrape races (F, G and H), which exceeded
the resistant gene Or5 were identified and described
starting from 1990ies in the most infected areas by O.
cumana in Spain (Alonso, 1996; Fernandez-Martinez
and Dominguez, 2008), Romania (Pacureanu et al.,
2004, 2009), Turkey (Kaya et al., 2004b), Bulgaria
(Shindrova, 2006), Ukraine (Burlov and Burlov,
2010), Russia (Antonova et al., 2013), etc.

Thus, during the rather short time period, the
considerable changes in virulence have been detected
within the broomrape races, as wel as the
consequitive appearance of eight physiologica races,
capable to overcome the immune system of the
resistant sorts and hybrids.

While examining the phyto-parasite retrospectively,
the presence of three periods of appearance and
spreading of the Orobanche Cumana races can be
discerned.

The first period began in the USSR and was
determined by the appearance of broomrape
populations which started affecting the sunflower
plantations. Later, the first records appeared
concerning the broomrape races occurrence, attested
especidly in the areas with the intensive soil
improvement and sorts creation activity, concentrated
on Russian territory. However, the situation was
relatively stable at this period, the most aggressive
race being the E type. After the cytoplasmatic
androsterility was discovered (Leclercq, 1969) and
ASC-Rf system was applied in using the heterosis
effect (Vranceanu et al., 1980), a rapid growth in
parasite aggressivity occurred in the areas of culture
located around the Black Sea, the virulence explosion
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taking place in the Thrace region in Turkey, later on
extending towards the South-East of Bulgaria and
Romania, Moldova, Ukraine and  Russua,
intermediated by using the imported hybrids and
because of the easy transfer of the miniscule seeds of
Orobanche from one region to another (Fernandez et
al., 2009). Therefore, with the deplacement of the
major centers of hybrids creation in Europe (Romania,
France and Spain), the centers of the new bromrape
races appearances have been moved, too.

These data confirm the theory of conjugated host-
parasite evolution, taking as an example the sunflower
and broomrape, and demonstrate that the appearance
and rapid development of new physiologic races of O.
cumana is determined by the pression of selection,
generated by the permanent search for the new
resistance gene.

Among the main genes associated with parasitism,
there are specific members of the genes’ families
which codify the modifying enzymes of cell wall:
cellulase, glycosyl hydrolase, pectin methylesterase
(Losner-Goshen et al., 1998); peroxidase (Antonova
and Ter-Borg, 1996) and proteins which are known to
be involved in the process of parasite invation (Perez-
de-Luque, 2013; Singh and Singh, 1993; Yang, 2015).
It is obvious, that many of phytopathogens have been
evolved and generated the specific agents (efectors)
and virulence factors capable to enter the host cell and
suppress the resistance mechanisms of host plant or
avoid their control (Boller and He, 2009; Torto-
Alalibo et al., 2009).

Parasite Orobanche spp. fanerogamas at the early
stages of penetration secrete the enzymes such as
peroxidase, pectin methylsterase (Ben-Hod et al.,
1993; Losner-Goshen et al., 1998), polygalacturonase,
pectin lyase (Losner-Goshen et al., 1998), cellulase
etc. (Joel e al., 1996), which can modify the
composition of host cells and medium lamellas,
making them thinner and more vulnerable during the
attack.

Proceeding from the aforesaid, the scope of this
research consists in identification of some aspects
related to the physiologica mechanisms associated
with the broomrape virulence and aggressivity,
through the prism of gene PRX, PME, PGU and CHS
expression evaluation.
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M aterials and M ethods

Biological material

To identify and select some representative populations
of Orobanche cumana, corresponding to the study
objectives, the pathogen accessions have been selected
from the different geographical regions of the
Republic of Moldova (North, Center and South), as
well as those from the sunflower cultivated areas
cultivated from the other countries such as Spain,
Romania and Ukraine. For the studies, three
broomrape populations were used (Cazanesti, Buteni,
Singera) which represent a race < E, eight broomrape
populations (Soroca, Vergeni, Costuleni, Gura
Galbenei, Ermoclia, Corteni, Manta and Sevilia) —
race G; and five populations (Ciocilteni, Sarata-
Mereseni, Taraclia, Fundulea and Ismail) attribuited to
the H race, described in our previous research (Acciu,
2016).

RNA isolation
RNA isolation from germinated seeds, bulbs,

underground and aerial sprouts has been carried out
with the chemical TRI Reagent 46 (Ambion, Applied

Biosystems), according to the recommendations
(Orozco-Cardenas et al., 2001). DNA quantification
was performed spectrophotometrically at A=260 nm
and 280 nm, and quality determination — by
electrophoretic anaysisin the 1% agarose gel.

Geneexpression analysis

The studied gene expression was quantified
guantitatively in real-time regime with PCR, in the
amplifier with automatic detection of fluorescence
DT-96 (DNA technology, Russia) using the Maxima
SYBR Green/ROX PCR Master Mix (Thermo
Sientific, 2X). For each DNA sample the reaction was
mounted in three analytical replicates.

Primer design

The design of specific primers (Table 1) was
performed using the programme Primer3Web v. 3.0.0.
(http://bioinfo.ut.ee/primer3-0.4.0/primer3/input.htm),
and their verification with regard to the presence of
secondary structures was made with OligoAnalyzer 3.1
(http://eu.idtdna.com/analyzer/applications/oligoanal y
zer/).

Table 1. Characteristics of primersused in the study

Gene symbol Access Nr. Sequence’' -> 3 (-EQ) It_)p
. F GGACTCTACCACGGCTAACC (20) 614

PRX peroxidase AY353721.1 B GCTTGACCCAGTGTGTGTGA (20) 594 -0
= ACACCGATGGAATTCACATCAC 58.4

PGU polygalacturonase AY 353722.1 R (22) 59’ 4 153

CGGGGCCAAACACTATGCTT (20) '

PME pectin F GAGTACGAGTGGGAGAGTGA (20) 594

metilesterase AY072720.1 R TCCAAACATCCCCGGACAAA (20) 57,3 101
F CCGGCAAAACATCGTGGTC (19) 58,8

CHS chacone synthase AF074401.1 R GGGCATATCGACACCACTGG (20) 614 136
F GATTATGAGGAGGTCGGGGC (20) 614

o-tubulin AF402679.1 R CAGAACCCCAAATACCAGACCA 60’3 200

(22

Note: F — sense nucleotide sequence; R — antisense nucleotide sequence; in round brackets () the
length of the primer’s sequence is shown; Tm — denaturation temperature; L — amplicon length; bp —

basic pairs.
Statistical analysis

As a reference gene, o-tubulin was used (access
number to the database GenBank: AF402679.1).
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The transcriptional gene activity was calculated
according to Livak and Schmittgen (2001): 2%,
where ACt = Ct(gene of interest) — Ct(g_tubu”n). The values 2
ACt given in conventiona units (c.un.), has been used
for the diagrams building.
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Results and Discussion

The study of the relative expression of genes PRX,
PME, PGU and CHS involved into the penetration
facilitation into the epidermal cells and cortex of the
host plant at the different phases of ontogenetic
development of phyto-pathogen, has revealed the
correlation between the transcription level and
virulence (Figure 1), and in some cases — even with
the frequency (F, %) and the attack degree (A.D., %)
by the broomrape. At al 16 populations of O. cumana
the higher values of genes expression were revealed
on the phase of aerial sprouts, as compared to the
germinated seeds, tubercles and underground sprouts.

Among the four studied genes, the gene PRX, which
encode the different peroxidase types, suppressing the
host plant resistance during the penetration (Antonova
and Ter-Borg, 1996), have demonstrated the
predominant transcriptional activity in the tubercles. It
was found that the gene expression in the germinated
seeds (25.2 c.un. — 57.6 c.un.), in tubercles (31.9 c.un.
and 88,5 c.un.), in underground sprouts (48.1 c.un. —
237.0 c.un.) and in aerial ones (34.2 c.un. — 261.7
c.un.) are varying in dependence on population and
broomrape race. Thus, the activity of PRX gene was
shown to be higher at the most virulent and aggressive
race — a race H (85.5 c.un. Taraclia — 261.7 c.un.
Fundulea), as compared to G and E - the less virulent
ones (25.6 c.un. Costuleni — 85.9 c.un. Ermoclia,
respectively, 25.2 c.un. Singera— 53.6 c.un. Cazanesti)
in 100% of cases a the phase of tubercles,
underground and aerial sprout. These data correlate
with the attack frequency and degree, revealed at the
Fundulea and Ismail populations (race H, 261.7 c.un.,
F 100%, respectively, 237.0 c.un., F 100%, A.D.
2.1%), Corteni and Sevilia (variety G, 72.5 c.un,, F
100%, A.D. 1 %), established in the previous
experiments carried out under the control conditions
(Duca, et al., 2016). The population from Ermoclia,
which manifested the highest expression level of gene
PRX (85.9 c.un.) among the populations of G race, did
not show any correlation with the afore-mentioned
parameters.
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The results obtained are consistent with those
established at Orobanche ramosa at the stage of the
attachment organ differentiation (Gonzalez-Verdegjo, et
al., 2004), thus supporting the idea that these enzymes
are present in the absence of the host plant on the top
of the Orobanche appressoria, before, during and after
the haustorial penetration (Gonzalez-Verdego et al.,
2006).

The relative expression of gene PME, involved in the
methabolic pathway of pectin degradation during the
haustorial penetration (Bar et al., 1996; Losner-
Goshen et al., 1998), which, by means of esterification
reaction of carboxyl methylate groups of D-
galacturonidase, facilitate  the  activity  of
polygalacturonases (Mayer, 2006), have manifested a
higher level at the phase of aerial sprout, followed by
the underground sprout. Expression values of pectin
methylesterase are between 23.5 c.un. and 53.7 c.un.
in the germinated seeds, from 2.7 c.un. to 14.5 c.un.
in tubercles, 5.4-69.7 c.un. — underground sprout and
20.1-84.6 c.un. in aerial sprouts.

The presence of PME was found at the pre- and
haustorial phases at O. cumana (Verones et al., 2005)
and C. pentagona (Ranjan et al., 2014).

Similarly with gene PRX, a positive correlation was
established between the gene expression and
virulence, found previously by Veroness and team
(2011, 2005) at the brromrape, which is supported by
the over-expression of this gene at C. pentagona
(Ranjan et al., 2014). The highest concentration of
PME transcriptions was attested at the race H (61.7
c.un. Taraclia— 84.6 c.un. Ciocilteni) in 100% cases at
the phase of tubercle, underground and aerial sprout,
as compared to G and E (3.5 c.un. Sevilia—- 85.9 c.un.
Ermoclia and, respectively, 2.7-23.8 c.un. Cazanesti),
less virulent. The results obtained correlate with the
data of previous studies (Duca et al., 2016) concerning
the frequency of broomrape attacks on the populations
of Ciocilteni (race H, 84.6 c.un., F 100%) and Gura-
Galbenei (race G, 53.5 c.un., F 100%).
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Figure 1. Expression level pf genes PRX, PME, PGU and CHS in dependence on physiologic race

development phases of phyto-pathogen O. cumana.
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The results related to the analysis of gene PGU
expression, involved in the establishment of link
between the haustoria with the vascular system of the
host (Perez-de-Luque, 2013), have shown the maximal
values a the stage of aerial sprout, even in the
germinated sprouts a 5 (100%) between the
populations for which the experimental data were
available, gene activity was predominating, as
compared to the other genes taken for study.

The expression values vary from 50.4 c.un. to 104.3
c.un. in the germinated seeds, between 1.2 c.un. and
2.8 c.un. — underground sprout, 94.2-194.6 c.un. —
aerial sprout. Polygalacturonases, along with the other
enzymes of cell wall degradation such as cellulose and
xylanase, were identified in tubercles of P. aegyptiaca
(Sing and Sing, 1993), and pB-expansin — in the
haustorium between the pathogen T. versicolor and its
host (Honaas et al., 2013).

The analysis of relative expression of gene PGU at the
different broomrape populations has revealed the
higher values at the populations which belong to the
race H (2.5 c.un. Ciocilteni — 194.6 c.un. Taraclia), as
compared to G and E (0.001-116.3 c.un. Costuleni and
0.01 c.un. Buteni — 104.3 c.un. Singera) in 100% of
cases at the phase of underground and aerial sprout.
These results, denoting a correlation of the
transcription level with virulence, have been revealed
and in the other studies (Veroness and Thalouarn,
2001; Veronesi et al., 2005).

The expression level of gene PGU positively
correlates with the broomrape attack frequency and
degree at the populations in Taraclia and Ciocilteni
(race H, 1946 cun., F 100%, A.D. 3.92%,
respectively, 182.6 c.un., F 100%). Among the
populations of race G, Costuleni, the highest
expression level of gene PGU (116.3 c.un.) was
manifested, which, however, did not show any
correlation with the attack frequency and degree with
phyto-pathogen O. cumana.

On the opposite to the results of relative expression
analysis of genes PME and PRX, the gene PGU has
manifested the higher transcriptional activity at the
phase of aerial sprout, expression values being
between 124.1 cun. — Ismail and 194.6 c.un. -
Taraclia.

The gene CHS codify the calcon synthase, the key
enzyme of methabolic pathway of
flavonoids/isoflavonoids synthesis. The activity of
gene CHS egtimated at the different development
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stages of broomrape phyto-pathogen was shown to be
high at the stage of aerian sprout. The transcripts
concentration of gene CHS varies from 18.9 c.un. to
29.7 c.un. in the germinated seeds, between 1.3 c.un.
and 17.6 c.un. in tubercles, between 64.7 c.un. and
165.9 c.un. — underground sprout and from 79.3 c.un.
to 172.3 c.un. — aeria sprout. Inducing of gene CHS
expression was observed in the roots of Medicago
truncatula infected with Orobanche crenata in 35
days of inoculation, being marked with the rdative
expression level of 120.41 c.un. (Die et al., 2009).

The transcriptional activity of gene CHS anaogue
with three studied genes, correlates with regard to
virulence, the expression level being higher at the race
H, as compared to the race G and E, in all studied
cases. The relative expression of gene CHS positively
correlates with the broomrape attack frequency and
degree at the populations of Fundulea, Ciocilteni,
Sarata-Mereseni, (race H, 172.3 c.un., F 100%; 142.7
c.un.,, F 100%; 1455 cun., F 100%, A.D. 1.2%),
Corteni and Sevilia (race G, 106.2 c.un., F 100%, A.D.
1%; 104.3 c.un., F 100%, A.D. 1%).

Given that there are no studies devoted to the
transcriptional activity of gene CHS in the different
organs of parasitic broomrape, and the gene CHS
expression is strongly induced by the variety of factors
of environment, both biotic and abiotic, which
provoke the mechanica damages to plant and
determine the accumulation of phytotoxins -
flavonoids/isoflavonoids (Dao et al., 2011; Djordjevic
et al., 1997), the conclusion can be made that the
higher level of CHS transcriptions detected in the
aerial and underground sprouts of O. cumana reflect
the reaction of parasite to the abiotic and/or abiotic
stress. Considering, that the host plant can demonstrate
the active defense reactions towards the pathogens
attack (Runyon et al., 2010), the parasite is under the
biotic stress, and, consequently, can recruit its own
defense mechanism to overcome the counter-attack.
The genes associated with the response to stress have
been identified as overexpressed in the roots of a riso-
parasite after the contact with the host plant (Honaas
et al., 2013; Torres et al., 2005). Therefore, it can be
suggested that the parasitic plants recruit the defense
groups to recognize the host.

The results obtained related to the comparative
analysis of the transcripts contents of studied genes, on
the level of different organs of holoparasite broomrape
phanerogam, have revealed the predominant
transcriptional activity in the germinated seeds — of
gene PGU, in tubercle — PRX; at the further phase of
underground phase the overexpression is dominated
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by the genes PRX and CHS, and at the aerial sprout
phase - PGU, CHS PRX, followed by PME.
Proceeding from the hypothesis, that genes
manifesting the highest transcription level could be
directly involved in the genetic-molecular
mechanisms, which raise the virulence from one
physiologic race to another, the results of the present
study suggest a differential involvement of genes, in
dependence on the development phase of a phyto-
pathogen.

These findings, in combination with the classical
hystologic and immune-cytochemica studies in situ,
which show the importance of cell walls relaxation
complexes of host plants, suggest the importance of
the cel wals modifications in inducing and
penetration of host tissue by pathogen haustoria, as
well as its rapid expansion in the tissue (Nagar et al.,
1984; Vaughn, 2002, 2003).

Conclusions

The study of transcriptional activity of genesinvolved
in facilitation of pathogen penetration in the epidermal
cells and cortex of the host plant at the different
phases of onthogenetic development of phyto-
pathogen (germinated seeds, bulbs, underground and
aerial  sprouts) have demonstrated a postive
correlation with the virulence, the highest expression
level of PRX, PME, PGU and CHS being reveaed
being at the virulent race H, as compared to G and E,
the less virulent ones.

The transcriptional activity of four genes analysed at
al 16 populations of O. cumana was proved to be
higher at the phase of aeria sprout, as compared to the
germinated seeds, tubercles and underground sprouts.

The comparative analysis of transcripts contents have
elucidated the differential involvement of the genes of
interest, in dependence of the organ: in the germinated
seeds the enhanced transcriptional activity of gene
PGU predominates, in the tubercle — PRX, in
underground sprout — PRX and CHS and in the aerial
sprout - PGU, CHS, PRX, followed by PME.

The association was revealed of the expression level
of genes PGU, CHS PRX and PME with the
broomrape attack frequency and degree, at the
populations belonging to the race H — Fundulea,
Ismail, Ciocilteni, Taraclia, Sarata-Mereseni and race
G - Corteni, Sevilia, Gura-Galbenei.
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