Int. J. Curr. Res. Biosci. Plant Biol. (2020) 7(6), 1-12

International Journal of Current Research in
Biosciences and Plant Biology

Volume 7 ¢ Number 6 (June-2020) ¢ ISSN: 2349-8080 (Online)

EXCELLENT
PUBLISHERS

Journal homepage: www.ijerbp.com

Original Research Article

doi: https://doi.org/10.20546/ijerbp.2020.706.001

Biotization of Fouquieria splendens callus as protective strategy

against cadmium damage

Maria del Rosario Espinoza-Mellado!, Marcial Garcia-Pineda2, and Angélica

Rodriguez-Dorantes3*

!Central de Microscopia, Escuela Nacional de Ciencias Biologicas, Instituto Politécnico Nacional, México City 11340, México
2Jardin Botanico, Facultad de Estudios Superiores, Iztacala, Universidad Autbnoma de México, Los Reyes Iztacala s/n,

México City 54090, México

3Laboratorio de Fisiologia Vegetal, Departamento de Botanica, Escuela Nacional de Ciencias Bioldgicas, Instituto Politécnico

Nacional, México City 11340, México

*Corresponding author; e-mail: rodorantes@yahoo.com.mx; Tel.: +55-557-29-63-00, ext. 62332.

Article Info

ABSTRACT

Date of Acceptance:

21 May 2020

Date of Publication:

06 June 2020

Keywords

Artificial symbiosis
Biotization
Cadmium

Callus culture
Endophytes

“Biotization” defined as a metabolic response of plant cells to microbial inoculants.
There are some reports that this process has employed plant growth promoting bacteria
to establishing an artificial symbiosis between them and tissue culture of plants. The
aim of this work was analyze the protecting effect against cadmium damage by
biotization of Fouquieria splendens callus with two endophyte bacterium. The effect of
plant growth promoting bacteria were considered to be highly specific with respect to
plant and bacterial genotypic combination; thus, Kocuria rhizophila strain Fsy
biotization does not showed a good response compared to Staphylococcus pasteuri
strain Fs3, because there was an inconsistent growth of F. splendens callus. The results
showed that there were also several factors influencing the growth and differentiation
of callus, like the quality and especially the age of the callus employed. This study
reports the positive biotization response of F. splendens callus with S. pasteuri strain
Fs3 and it was able to protect callus against cadmium under in vitro conditions. This
available strategy of biotization with the endophyte could be recommended as an
adequate biostimulant and protective bacteria.

Introduction

tolerance against heavy metals contamination.
Biotization has been defined by Nowak (1998) and

Unorganized cell masses (“callus”)grown under
culture conditions by the induction of cell
proliferation with great plasticity are considered as
a good in vitro experimental models (Ikeuchi et al.,
2013, 2015a, 2015b, 2016, 2017; Efferth, 20109;
Féher, 2014, 2019; Niazan et al., 2019; Popielarska-
Konieczna et al., 2020). It has been also reported
that in vitro co-culture of tissue explants with
beneficial microbes may enhance protection and

Herman (1996a,b) as “metabolic response of in
vitro-grown plant material to a microbial
inoculant(s), leading to the developmental and
physiological changes enhancing biotic and abiotic
stress tolerance and resistance”. Plant growth
promoting bacteria (PGPB) are important
microorganisms involved in plant growth
promotion by direct and indirect effects. Direct
effects occur when they produces substances such as
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phytohormones (Dubeikovsky et al., 1993; Janzen et
al., 1992; Srinivasan et al., 1996; Siddiquiz, 2006;
Ertuk et al., 2010). There are some reports
regarding to in vitro plants biotization that have
employed microbial inoculants establishing an
artificial symbiosis between tissue culture of plants
and PGPB (Liu et al., 1995; Nowak et al., 1995; Balla
et al., 1997; Lazarovits and Nowak,1997; Pillay and
Nowak, 1997; Preininger et al., 1997). This study
analyzed the protecting effect against cadmium
damage by biotization of Fouquieria splendens
callus with two endophyte bacterium.

Materials and methods
Callus culture inoculants

The endophyte bacteria employed: Staphylococcus
pasteuri strain Fs3 (access numberMG920268)
and Kocuria rhizophila strain Fs7 (access number
MG920272); were isolated by  Salinas-
Patifio(2018), from leaves of the desert plant
Fouquieria splendens grown in the botanical
garden of the Facultad de Estudios Superiores,
Iztacala (FES)-UNAM. Phytobacteria strains were
maintained by culturing them on plates with
nutritive agar (NA) medium for 48 h at 28°C.

Fougquieria splendens callus culture

Callus were obtained from leaves of F. splendens
plants, these were surface-sterilized with sodium
hypochlorite solution (10%) for 45 seconds,
followed by several rinses in sterile distilled water.
Leaf explants were obtained aseptically cutting
fractions of 1 cm2 Five explants were placed
separately in baby food flasks with Magenta SIGMA
caps containing 25mL of Murashige and Skoog
(1962) Y4 salts medium supplemented with 30 g/L
of sucrose, 1mg/L of naphthalene acetic acid (NAA),
1.5mg/L of kinetin (KIN) and 3 g/L phytagel named
“MSE” medium, incubated at 28°C with
photoperiod of 16 h light /8 h dark, for 50 days.

Biotization of Fouquieria splendens callus
with endophyte strains exposed to
cadmium

Biotization of F. splendens callus with the selected
endophytes was done according to two sequential
phases as follows: in the first phase, bacterial
inoculum was obtained taken a sample of each

endophyte strain cultured on plates with AN with
calibrated loop (1/100 cells) and re-suspending in
smL of sterile distilled water to adjust by optical
density an inoculum with cell density of 7x107
cells/mL. Callus biomass fractions (5 mmz2) of F.
splendens obtained after 50 days of culture were
deposited in the s5mL of each phytobacterial
suspensions at room temperature for one hour.
The second phase of cultures initiated after the
incubation of the callus biomass with endophyte
strains. Twelve pieces of F. splendens callus where
deposited in Petri dishes containing MSE medium
without and with cadmium (3CdSO,8-H.O) 0.1,
0.5 and 1.omM. Also, twelve fractions of no
inoculated callus biomass deposited in plates with
MSE medium without cadmium and with cadmium
concentrations were considered as controls. All the
Petri dishes were sealed with Parafilm to prevent
water loss and incubated at 28°C with photoperiod
of 16 h light /8 h dark. Experiments were
performed by triplicate and the effect of biotization
as protecting agent against cadmium in culture was
analyzed after 25 days.

Fouquieria splendens callus damage analysis

After incubation, each callus was visualized for
their damage analysis occasioned by the
experimental conditions and the presence of
cadmium according to Souissi and Kremer (1994,
1998) criteria based on rating description: 0: no
discoloration, no visible damage and no growth
reduction; 1: slight discoloration and no visible
growth reduction; 2: tissue color change and slight
growth reduction; 3: tissue color change, obvious
growth reduction and frequently manifested by
tissue shrinkage and 4: tissue color change, cellular
leakage, callus disintegration and severe growth
reduction. Also, as Visarada et al. (2002) mention
callus variation based on their morphology could
analyzed to show the changes related with their
development and plants regeneration. Selected
fractions were prepared for scanning electron
microscopy (SEM) for the analysis of
morphological changes induced in F. splendens
callus according to Corona-Alvarez et al. (2018) as
follows: samples were cut into 4 or smm pieces,
fixed in 2.5% gluataraldehyde for 1th at room
temperature (27°C), then, washed three times in a
phosphate buffer, post fixed in 1% OsO, for 1h at
room temperature, washed and dipped into
distilled water for three times. The samples were
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undergone a series of dehydration processes: 30%
ethanol for 10 min; 40% ethanol for 10 min; 50 %
ethanol for 10 min; 60% ethanol for 10 min; 70%
ethanol for 10 min; 80 % ethanol for 10 min; 90%
ethanol for 10 min and finally 100% ethanol for 10
min (three times). The material was dried in the
critical point dryer apparatus, mounted and
sputter-coated with gold in an ion coater for 60
seconds. Finally, the samples were ready for
viewing under field scanning electron microscope
JSM 5800 LV for their examination and
photography.

Statistical analysis

A numerical comparative analysis of each
experimental conditions biotized or no biotized and
exposed to cadmium was done; a distance matrix
built using the conventional standard distance
coefficient and a phenogram was resolved using the
unweighted pair group method of arithmetic
averages (UPGMA) method, and finally a
correlation coefficient of Pearson was obtained
using the version 2.11T Numerical Taxonomy and
Multivariate Analysis System (NTSyS-PC) software.

Results and discussion

Damage variation of Fouquieria splendens
callus

Fig. 1 shows the variations of F. splendens callus
damage for no biotized conditions and exposed to
cadmium (Fig. 1a), biotized with S. pasteuri strain
Fs3 (Fig. 2b) and K. rhizophila strain Fs7 (Fig.1c);
according to the rating system proposed by Souissi
and Kremer (1994, 1998) there was a diverse
behavior of damage effect; not only by the presence
of endophytes, it also was demonstrated an
additive effect with cadmium exposition. For the
evaluation of the phytobacteria presence producing
a protective effect against cadmium based on visual
observations; the progress of callus development
under no biotized and biotized with phytobacteria
is showing in Figs. 2, 4 and 6. Callus grown in MSE
medium showed cell damage categorized between
rating o to 2 with no visible callus damage, no
discoloration and an obvious not growth reduction.
Callus grown in MSE+Cd o.1mM, MSE+Fs3 and
MSE+Fs7 showed cell damage rating between 0 to
4 and as cadmium concentration increased, cell

damage was determined between 3 and 4 rating,
where the number of shrinking callus increased at
highest concentrations of cadmium. These results
showed that there were also several factors
influencing the growth and differentiation of
callus, like the quality and especially the age of the
callus employed; because some young callus lines
are considered more resistant and possess a great
regeneration potential.
Morphological changes induced in
Fougquieria splendens callus

A particular response of callus without biotized
process was obtained; only in callus grown in MSE
medium there was the presence of a clear
extracellular matrix covering all the mass of cells
(Figs. 3a to 3f). As Pilarska et al. (2014) mention,
this kind of cell cultures (callus)induces different
cellular responses according to each experimental
conditions, including the formation of extracellular
strands, fibrils and/or a continuous layer over callus
that implies the induction of morphogenesis; this
structure has been named extracellular matrix
(ECM) or extracellular matrix surface network
(ECMSN). Popielarska et al. (2006) and
Popielarska-Konieczna et al. (2008 a,b) describe it
as a discontinuous amorphous layer of complex
non-cellular material on the callus surface as a layer
covering the outer cell wall. Also has been reported
that this structure possess regulatory and
coordinating functions during the early stages of
morphogenesis (Verdeil et al., 2001; Bobak et al,,
2003; Konieczny et al., 2005; Popielarska-
Konieczna et al., 2008a; Blehovi et al., 2010).
Pilarska et al. (2014) also noted that this
extracellular matrix formed against stress response
provide protection against external conditions or
factors. In this study, SEM of F. splendens callus
showed heterogeneous material covering the callus
surface; because some callus sections were coated
by a smooth membranous layer and others by
fibrillary and granular structures similar to the in
vitro organogenesis reported in different species
(Verdeil et al., 2001; Popielarska-Konieczna et al.,
2008a; Pilarska et al., 2013). Selected F. splendens
callus shows morphological changes induced in
biotized callus; there was presence of the S. pasteuri
strain Fs3 associated to the callus mass with a
slightly appearance of early shoots in culture
without cadmium (Figs. 5a to 51).
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Fig. 1: Variations of F. splendens callus damage: 1a: no biotized conditions and exposed to
cadmium, 1b: biotized with Staphylococcus pasteuri strain Fs3 and 1e: biotized with Kocuria
rhizophila strain Fs7.
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Fig. 2: In vitro Fouquieria splendens callus development grown in MSE medium without
bacterization and exposed to Cd (selected callus in red circle were analyzed by SEM).
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Fig. 3: Scanning electronic micrographs of selected Fouquieria splendens callus grown in MSE medium,
where: sequence 3a to 3f shows the appearance of early shoots (green arrows) and the presence of a
smooth membranous layer coated some parts of the callus surface (blue arrows); other zones (dotted
orange circles and orange rows)covered by fibrillar structures and granules. Sequence 3g to 3i of callus
grown in MSE+Cd 0.1 mM shows callus damage (red arrows).
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Fig. 4: In vitro Fouquieria splendens callus development grown in MSE medium biotized with
Staphylococcus pasteuri strain Fs3 and exposed to Cd (selected callus in red circle were analyzed

by SEM).

Bacterial cells were observed on the surface as well
as in the intercellular spaces of the treated callus,
agree with the reported by Lim et al. (2016) where
the surface of Elaeis guineensis samples were
colonized by Herbaspirillum seropedicae strain
7Z78. A slightly cellulose microfibril movement
“rosette” was also observed in the micrograph
founded in the surface of F. splendens callus as
Mariani and Erlangga (2014) noted, this structure
is related to protoderm formation. These results
also were agree with Bennett and Lynch (1981) and
Schmidt et al. (2011), whose mention that presence
of bacteria in the intercellular spaces of the plant
cells could be due to the efficiency of colonization;
plant cells may supply the bacteria with carbon and
energy sources by transforming the sugars
available in the media during incubation period in
order to favored a symbiotic relationship.

Colonization of bacteria and the attachment
toward plant tissues will give also benefits to the
callus (Azlin et al., 2007, 2009). It could be that
the attachment of S. pasteuri strain Fs3 and K.
rhizophila strain Fs7 (Figs. 6a to 6l) to F.
splendens callus could associated to certain
“quorum sensing” signal in the internal part of
the plant tissues and exchange the signal
molecules between them enhancing cell
development as Lim et al. (2016) noted.
According to Parray et al. (2015), the effect of
plant growth promoting bacteria are considered
to be highly specific with respect to plant and
bacterial genotypic combination. K. rhizophila
strain Fs7 biotization does not showed a good
response compared to S. pasteuri strain Fs3;
because there was an inconsistent growth of F.
splendens callus.
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Fig. 5: Scanning electronic micrographs of selected Fouquieria splendens callus biotized with
Staphylococcus pasteuri strain Fs3, where: sequence 5a to 5h shows early shoots formed
(green arrows). Dotted yellow circles and yellow rows show the sequence of S. pasteuri strain
Fs3 located near the surface of callus. Sequence 5i to 5l of callus grown in MSE+Fs3+Cd 0.1
mM shows detailed early shoots (green arrows).

M. R. Espinoza-Mellado et al. (2020) / Biotization of Fouquieria splendens callus as protective strategy against
cadmium damage



Int. J. Curr. Res. Biosci. Plant Biol. (2020) 7(6), 1-12

= X

va___
Z00um
e

Fig. 6: In vitro Fouquieria splendens callus development grown in MSE medium
biotized with Kocuria rhizophila strain Fs7 and exposed to Cd. Selected callus in red
circle was analyzed by SEM as follows: sequence 6a to 6f shows early shoots (green
arrows); and the presence of a smooth membranous layer coated some parts of the
callus surface (blue arrows), finally dotted yellow circles and yellow arrows show the
sequences of endophyte bacteria surrounding the callus surface with particular details.
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Fig. 7: Phenogram comparing each experimental conditions biotized or no biotized and exposed to

cadmium (r= 0.65).

Comparison of callus damage and

biotization

The phenetic analysis (Fig. 7) considering the
callus number for each experimental conditions
related to damage rate according to Souissi and
Kremer (1994, 1998) showed at first two groups
“A” and “B” clearly separated by the slightly and
highest damage, respectively. Group “A” divided in
two groups: “A1” conformed by MSE alone as a
particular group related to Cd 0.1mM, Fs3, Fs3+Cd
0.1 mM and Fs7, showing a good number of callus
tested rating between 0 to 2 damage classifications
(MSE: 24 callus, Cd 0.1 mM: 19, Fs3: 11, Fs3+Cd
0.1 mM: 8 and Fs7: 15) and separately the response
of F. splendens callus exposed to Cd 0.5 mM and
Cd 1.0 mM named group “A2” with the highest
callus damage (“4”). Group “B” associated the
callus biotized and exposed to highest cadmium
concentrations response with cell damage between
3 and 4. In this study, there was an evident effect
of particular biotization of F. splendens callus,
where the endophyte S. pasteuri strain Fs3 showed
a significant response establishing a positive
relationship with callus protecting them to the
cadmium damage between 0.5 and 1.omM
concentrations. This response was agree to Pillay
and Nowak (1997) whose noted that in vitro
growth responses are related to the degree of

endophytic colonization and bacteria
concentration to induce the callus responses and
according to Lim et al. (2016) whose established
that the interdependency of bacteria and in vitro
plant tissues consequently promotes a propagation
of plant tissue; it was viewed by the appearance of
the early shoot development in F. splendens callus.

Conclusion

This study reports the positive biotization response
of  Fouquieria splendens callus with
Staphylococcus pasteuri strain Fs3 showing no
visible callus damage, no discoloration and an
obvious not growth reduction, thus it was able to
protect callus against cadmium under in vitro
conditions. This available strategy of biotization
with the endophyte could recommend it as an
adequate biostimulant and protective bacteria.

Conflict of interest statement

Authors declare that they have no conflict of
interest.

Acknowledgement

Authors are grateful to the Research Projects SIP-
IPN: 20181504 and SIP-20202094, of the

M. R. Espinoza-Mellado et al. (2020) / Biotization of Fouquieria splendens callus as protective strategy against 9

cadmium damage



Int. J. Curr. Res. Biosci. Plant Biol. (2020) 7(6), 1-12

Secretaria de Investigacion y Posgrado del
Instituto Politécnico Nacional, for providing the
facilities to carry out this work and also wish to
thank for the fellowships from Comision de
Operacion y Fomento de Actividades Académicas
(COFAA, 1.P.N.), EDI (Estimulo al Desempefio de
los Investigadores, I.P.N.) and SNI-CONACYT.

References

Azlin, C.O., Amir, H.G., Chan, L.K., Zamzuri, I.,
2007. Effect of plant growth promoting
rhizobacteria on root formation and growth of
tissue cultured oil palm (Elaeis Guineensis
Jacq.). Biotechnology 6,49-554.

Azlin, C.O., Amir, H.G., Chan, L.K., Zamzuri, I.,
2009. Microbial inoculation improves growth
of oil palm plants (Elaeis guineensis Jacq.).
Trop. Life Sci. Res. 20,71-77.

Balla, I., Vrrtesy, J., Ktives-Pechy, K., 1997.
Acclimation results of micropropagated black
locust (Robinia pseudoacacia L.) improved by
use of microorganisms. In: Pathogen and
Microbial Contamination Management in
Micropropagation. (Ed.: Cassells, A.L.).
Dordrecht (NL), Kluwer Acad. Publ. pp. 351-
354.

Bennett, R.A., Lynch, J.M., 1981. Bacterial growth
and development in the rhizosphere of
gnotobiotic cereal plants. J. Gen. Microbiol.
125, 95-102.

Blehova, A., Bobak, M., Samaj, J., Hlinkova, E.,
2010. Changes in the formation of an
extracellular matrix surface network during
early stages of indirect somatic embryogenesis
in Drosera spathulata. Acta Bot. Hung. 52, 23-
33.

Bobak, M., Samaj, J., Hlinkov4, E., Hlavacka, A.,
Ovecka, M.,2003. Extracellular matrix in early
stages of direct somatic embryogenesis in
leaves of Drosera spathulata. Biol. Plant. 47,
161-166.

Corona-Alvarez, D.,  Salinas-Patino, V.A.,
Hernandez-Pimentel, M.V., Montes-Villafan,
S., Garcia-Pineda, M., Guerrero-Zuniga, L.A.,
Rodriguez-Dorantes, A., 2018. Morphological
changes in Fouquieria splendens callus
cocultivated with endophyte bacteria. Int. J.
Curr. Microbiol. App. Sci. 7, 1577-1586.

Dubeikovsky, A.N., Mordukhova, E.A., Kochetkov,
V.V., Polikarpova, F.Y., Boronin, A.M., 1993.
Growth promotion of blackcurrant softwood

cuttings by recombinant strain Pseudomonas
fluorescens BSP53a synthesizing an increased
amount of indole-3acetic acid. Soil Biol.
Biochem. 25, 1277-1281.

Efferth, T., 2019. Biotechnology applications of
plant callus cultures. Engineering. 5, 50-59.
Erturk, Y., Ercisli, E., Haznedar, A., Cakmake, R.,

2010. Effects of plant growth promoting
rhizobacteria (PGPR) on rooting and root
growth of kiwifruit (Actinidia deliciosa) stem

cuttings. Biol. Res. 43, 91-98.

Fehér, A., 2014. Somatic embryogenesis - stress-
inducedremodeling of plant cell fate. Biochem.
Biophys. Acta. 1849, 385-402.

Fehér, A., 2019. Callus, dedifferentiation,
totipotency, somatic embryogenesis: what
these terms mean in the era of molecular
biology. Front Plant. Sci. 10, 536.

Herman, E.B., 1996a. Beneficial effects of bacteria
and fungi on plant tissue cultures. Agricell.
Rep. 27, 26-27.

Herman, E.B., 1996b. Microbial contamination of
plant tissue cultures. Recent Advances in Plant
Tissue Culture IV. Shrub Oak (NY): Agriteeh
Cons., Inc.

Ikeuchi, M., Iwase, A., Rymen, B., Harashima, H.
Shibata, M., Ohnuma, M., Breuer, C., Morao, A.
K., de Lucas, M., de Veylder, Goodrich, J.,
Brady, S.M., Roudier, F., Sugimoto, K., 2015b.
PRC2 represses dedifferentiation of mature
somatic cells in Arabidopsis. Nat. Plants.
1,15089.

Ikeuchi, M., Iwase, A., Rymen, B., Lambolez, A.,
Kojima, M., Takebayashi, Y., Heyman, J.,
Watanabe, S., Seo, M., De Veylder, L.,
Sakakibara, A., Sugimoto, K., 2017. Wounding
triggers callus formation via dynamic hormonal
and transcriptional changes. Plant Physiol. 175,
1158-1174.

Ikeuchi, M., Iwase, A., Sugimoto, K. 2015a. Control
of plant cell differentiation by histone
modification and DNA methylation. Curr.
Opin. Plant Biol. 28, 60-67.

Ikeuchi, M., Ogawa, Y., Iwase, A., Sugimoto, K.,
2016. Plant regeneration: cellular origins and
molecular mechanisms. Development.143,
1442-1451.

Ikeuchi, M., Sugimoto, K., Iwase, A., 2013. Plant
callus: mechanisms of induction and
repression. Plant Cell. 25, 3159-3173.

Janzen, R.A., Rood, S.B., Dormaar, J.F., McGill

W.B., 1992. Azospirillum brasilense produces

M. R. Espinoza-Mellado et al. (2020) / Biotization of Fouquieria splendens callus as protective strategy against 10

cadmium damage



Int. J. Curr. Res. Biosci. Plant Biol. (2020) 7(6), 1-12

gibberellin in pure culture on chemically-
defined medium and in co-culture on straw.
Soil Biol. Biochem. 24, 1061-1064.

Konieczny, R., Bohdanowicz, J., Czaplicki, A.Z.,
Przywara, L., 2005. Extracellular matrix
surface network during plant regeneration in
wheat anther culture. Plant Cell Tiss.
OrganCult.83, 201-208.

Lazarovits, G., Nowak, J., 1997. Rhizobacteria for
improvement of plant growth and
establishment.HortScience. 32, 188-192.

Lim, Sh.L., Subramaniam, S., Zamzuri, I., Amir,
H.G., 2016. Biotization of in vitro calli and
embryogenic calli of oil palm (Elaeis guineensis
Jacq.) with diazotrophic bacteria
Herbaspirillum seropedicae (Z78). Plant Cell
Tiss. Organ Cult.127, 251-262.

Liu, Z., Pillay, V., Nowak, J., 1995. In vitro culture
of watermelon and cantaloupe with and
without beneficial bacterium. Acta Hortic. 402,
58-60.

Mariani, T.S., Erlangga, B.P., 2014. SEM study on
early stages of oil palm (Elaeis guineensis
Jacq.) somatic embryos. Asian J. Appl. Sci. 2,
167-171.

Murashige,T., Skoog, F., 1962. A revised medium
for rapid growth and bioassays with tobacco
tissues cultures, Physiol. Plant. 15, 473-497.

Niazan, M., Shariatpanahi, M.E., Abdipour, M.,
Oroojloo, M., 2019. Modeling callus induction
and regeneration in an anther culture of
tomato (Lycopersicon esculentum L.) using
image processing and artificial neural network
method. Protoplasma. 256,1317-1332.

Nowak, J., 1998. Benefits of in vitro “biotization”
of plant tissue cultures with microbial
inoculants, In Vitro Cell. Dev. Biol. Plant.34,
122-130.

Nowak, J., Asiedu, S.K., Lazarovits, G., 1995.
Enhancement of in vitro growth and
transplants, tress tolerance of potato and
vegetable plants cocultured with a plant growth
promoting rhizobacterium. In: Ecophysiology
and Photosynthetic in vitro Cultures. (Eds.:
Carre, E., Chagvardieff, P.). Aix-en-Provence
(France), CEA.pp. 173-180.

Parray, J.A., Kamili, A.N., Reshi, Z.A., Qadri, R.A,,
Jan, S., 2015. Interaction of rhizobacterial
strains for growth improvement of Crocus
sativus L. under tissue culture conditions.
Plant Cell Tiss. Organ Cult. 121, 325-334.

Pilarska, M., Knox, J.P., Konieczny, R., 2013.

Arabinogalactan-protein and pectin epitopes in
relation to an extracellular matrix surface
network and somatic embryogenesis and
callogenesis in Trifolium nigrescens Viv. Plant
Cell Tiss. Organ Cult.115, 35-44.

Pilarska, M., Popielarska-Konieczna, M., Slesak,
H., Kozieradzka-Kiszk, M., Goralski, G.,
Konieczny, R., Bohdanowicz, J., Kuta, E., 2014.
Extracellular matrix surface network is
associated with nonmorphogenic calli of
Helianthus tuberosus cv. Albik produced from
various explants. Acta Soc. Bot. Pol. 83, 67-73.

Pillay, V.K., Nowak, J., 1997. Inoculum density,
temperature and genotype effects on epiphytic
and endophytic colonization and in vitro
growth promotion of tomato (Lycopersicon
esculentum L.) by a pseudomonad bacterium.
Can. J. Microbiol. 43, 354-361.

Popielarska, M., Slesak, H., Goéralski, G., 2006.
Histological and SEM studies on organogenesis
in endosperm-derived callus of kiwifruit
(Actinidia deliciosa cv. Hayward). Acta Biol.
Cracov. Ser. Bot. 48, 97-104.

Popielarska-Konieczna, M., Kozieradzka-
Kiszkurno, M., Swierczynska, J., Géralski, G.,
Slesak, H., Bohdanowicz, J., 2008a.
Ultrastructure and histochemical analysis of
extracellular matrix surface network in
kiwifruit endosperm-derived callus culture.
Plant Cell Rep. 27, 1137-1145.

Popielarska-Konieczna, M., Kozieradzka-
Kiszkurno, M., Swierczynska, J., Géralski, G.,
Slesak, H., Bohdanowicz, J., 2008b. Are
extracellular matrix surface network
components involved in signaling and
protective function?. Plant Signal Behav. 3,
707-709.

Popielarska-Konieczna, M., Sala, K., Abdullah, M.,
Tuleja, M., Kurczynska, E., 2020. Extracellular
matrix and wall composition are diversein the
organogenic and non organogenic calli of
Actinidia argute. Plant Cell Rep. 39, 779-798.

Preininger, E., Zatyko, J., Szucs, P., Koranyi, P.,
Gyurjan, 1., 1997. In vitro establishment of
nitrogen-fixing strawberry (Fragaria
ananassa) via artificial symbiosis with
Azomonas insignis. In Vitro Cell Dev. Biol.
Plant. 33,190-194.

Salinas-Patifio, V.A., Espinoza-Mellado, M.R.,
Hernandez-Pimentel, M.V., Garcia-Pineda, M.,
Montes-Villafan, S., Rodriguez-Dorantes, A.,
2018. Phytohormones action on Fouquieria

M. R. Espinoza-Mellado et al. (2020) / Biotization of Fouquieria splendens callus as protective strategy against 11

cadmium damage



Int. J. Curr. Res. Biosci. Plant Biol. (2020) 7(6), 1-12

splendenscallogenesis and  organogenesis
processes. Inter. Nat. J. Agri. Inn. Res., 7, 2319-
1473.

Schmidt, M.A., Souza, E.M., Baura, V., Wassem,
R., Yates, M.G., Pedrosa, F.O., Monteiro, R.A.,
2011. Evidence for the endophytic colonization
of Phaseolus vulgaris (common bean) roots by
the diazotroph Herbaspirillum seropedicae.
Braz. J. Med. Biol. Res. 44,182-185

Siddiqui, Z., 2006. Plant Growth Promoting
Bacteria (PGPR). Springer, 318 p.

Souissi, T., Kremer, RJ., 1994. Leafy spurge
(Euphorbia esula) cell cultures for screening
deleterious rhizobacteria. Weed Sci. 42, 310-
315.

Souissi, T., Kremer, RJ., 1998. A rapid microplate
callus bioassay for assessment of rhizobacteria

for biocontrol of leafy spurge (Euphorbia esula
L.). Biocontrol Sci. Techn. 8, 83-92.

Srinivasan, M., Petersen, D.J., Holl, F.B., 1996.
Influence of indolacetic- acid-producing
Bacillus isolates on the nodulation of
Phaseolus vulgaris by Rhizobium etli under
gnotobiotic conditions. Can. J. Microbiol. 42,
1006-1014.

Verdeil, J.L., Hocher, V., Huet, C., Grosdemange,
F., Escoute, J., Ferriere, N., 2001.
Ultrastructural changes in coconut calli
associated with the acquisition of embryogenic
competence. Ann. Bot. 88, 9-18.

Visarada, K.B.R.S., Sailaja, M., Sarma, N.P., 2002.
Effect of callus induction media on morphology
of embryogenic calli in rice genotypes. Biol.

Plant. 45, 495-502.

How to cite this article:

Espinoza-Mellado, M. R., Garcia-Pineda, M., Rodriguez-Dorantes, A., 2020. Biotization of Fouquieria
splendens callus as protective strategy against cadmium damage. Int. J. Curr. Res. Biosci. Plant Biol. 7(6),
1-12. doi: https://doi.org/10.20546/ijcrbp.2020.706.001

M. R. Espinoza-Mellado et al. (2020) / Biotization of Fouquieria splendens callus as protective strategy against 12

cadmium damage


https://doi.org/10.20546/ijcrbp.2020.706.001

