Zinc sulphate improved microspore embryogenesis in barley
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ABSTRACT

The effect of ZnSO4 concentration on barley (Hordeum vulgare L.) microspore
embryogenesis was investigated using cultivars of different androgenetic response.
Concentrations from 0 (control) to 600 uM in the stress pre-treatment medium alone or
in combination with 30 (control) to 600 uM in the embryo induction medium were
assayed in anther culture. Incorporation of Zn”" in the pre-treatment medium itself did
not affect microspore embryogenesis. The optimum concentration in the stress pre-
treatment and induction media was 180 uM for cultivars (cvs.) Igri and Reinette, and
90 uM for cv. Hop. A significant increase of 30 and 300% in cv. Igri and Reinette,
respectively, were produced with 180 uM ZnSO, in both the number of embryos and
green plants. In order to confirm the effect of Zn®" on microspore embryogenesis this
micronutrient was incorporated in the induction medium of isolated microspore cultures
of cv. Igri. Concentrations of 90-300 uM ZnSOy resulted in an increase of 40—-53% in
the number of embryos and green plants. All these results indicate that the beneficial
effect of Zn®" is exerted mainly during the culture phase, increasing the number of
embryos, leading to an increased number of green plants, but it had no effect on

percentage of regeneration or green plants.
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INTRODUCTION

The production of doubled haploid (DH) is a highly valuable tool for plant breeding,
since completely homozygous lines from F; crosses are obtained in a single generation.
Barley has been considered as a model species for microspore embryogenesis among
cereals. Efficient protocols for DH production have been developed for some model
cultivars via anther and/or isolated microspore cultures. However, there are some
agronomically important cultivars that still render none or a low number of green plants
(Mufioz-Amatriain et al. 2008). The development of efficient protocols for recalcitrant
barley genotypes can be very useful for a better understanding of physiological factors
playing an important role in this process, as well as for optimization of microspore

embryogenesis in other cereals.

Modifications of stress pre-treatment, carbohydrate and nitrogen source, and growth
regulators of culture media has led to significant improvements in the number of barley
DH plants (Maluszynski et al. 2003). Less attention has been paid to the micronutrient
composition of the media. To our knowledge, only the effect of Cu®" has been reported
to increase the yield of green plants in the model barley cv. Igri (Wojnarowiez et al.
2002). Zn** is another important micronutrient which plays a fundamental role in many
physiological and biochemical cellular processes, such as structural and functional
integrity of biomembranes, photosynthesis, auxin metabolism, response to oxidative
stress, apoptosis inhibition, phosphate transport, etc. (Marschner 1995; Cakmak 2000;
Huang et al. 2000; Chimienti et al. 2001; Hoseini and Mulligan 2002). Zinc is also an
essential component of enzymes and transcription factors involved in plant

morphogenesis and organogenesis (Kobayashi et al. 1998; Yanagisawa 2004).

Studies on the influence of this micronutrient in callus, cell suspensions and somatic
embryogenesis are very limited. Concentration from 52 to 520 pM in rice and 1,000 uM
in tobacco resulted in increased growth (Hirt et al. 1989; Hossain et al. 1997), whereas
10 mM became toxic in tobacco (Bueno and Piqueras 2002). The elimination of Zn*"
stimulated somatic embryogenesis in wheat (He etal. 1991). However, a tenfold
decrease of its concentration (3 uM) did not affect somatic embryogenesis in chilli
pepper (Kintzios et al. 2001). In barley, an increase of Zn*" from 30 to 52 uM resulted
in an enhanced callus formation in leaf segments (Pasternak et al. 1999). Requirements

of this micronutrient seem to be species dependent and the optimization of its
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concentration in the culture media has led to the improvement of different culture
systems. To our knowledge, the effect of zinc concentration on microspore
embryogenesis has not been studied previously. In this study, we examined the
influence of different concentrations of ZnSO4 in the stress pre-treatment and/or in
embryo induction media on microspore embryogenesis of barley cultivars with high,

medium and low androgenetic response.

MATERIAL AND METHODS

The winter two-rowed barley cultivars (cvs.) Igri and Reinette, and the winter six-rowed
cv. Hop were used for the evaluation of anther culture, and cv. Igri for microspore
culture. Igri is a model cultivar for microspore embryogenesis, whereas Reinette and
Hop are medium and low responding cultivars, respectively. Well-established standard
protocols described by Cistué et al. (2003) and Castillo et al. (2000) were followed for

evaluation of anther and isolated microspore culture response, respectively.

Effect of zinc sulphate concentration on anther culture efficiency

Effect of zinc sulphate concentration in the pre-treatment medium

The three anthers dissected from each of the six central flowers and both sides of three
spikes (from different plants), were randomly distributed in 0.7 M mannitol, 40 mM
CaCl, solidified with 8 g I Agarose Sea Plaque (pre-treatment medium), containing 0
(Control), 30, 90, 180, 300 and 600 uM of ZnSO4 (18 anthers cultured per Petri dish).
Anthers were pre-treated for 4 days at 25°C in the dark. Anthers were transferred to
2 ml of FHG liquid induction culture medium (Cistué et al. 2003) supplemented with
200 g1™" of Ficoll Type-400 (Sigma) (FHG-F200) in 3 cm diameter plates. FHG
medium (Hunter 1988) is a modified MS (Murashige and Skoog 1962) medium,
containing 165 mg 1! NH4NO3, thiamine HCI 0.4 mg "' (as vitamin source), glutamine

730 mg I and maltose 62 g 1"
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Effect of ZnSOy4 in the pre-treatment and the culture media of anther culture

In this experiment, the three anthers from each of the five central flowers and both sides
of three spikes were dissected and distributed in five pre-treatment media (containing 0,
90, 180, 300 and 600 uM ZnSO,4). The 18 anthers from each stress pre-treatment
medium were transferred to 2 ml FHG-F200 containing the same concentration of
ZnSO4, with the exception of control cultures. Anthers pretreated in 0 uM ZnSO4 and
cultured in 30 uM of ZnSO4 (concentration of FHG medium) were used as control.
After 12—14 days of culture at 25°C in the dark, the plates were replenished with 2 ml of

FHG medium with 400 g I”' Ficoll containing the same amount of ZnSOj as before.
Effect of ZnSO4 concentration in the culture medium of isolated microspores

Microspores were isolated from anthers of cv. Igri pretreated for 4 days on the control
pre-treatment medium described above, and were cultured in FHG liquid medium
containing 100 g I”' Ficoll and 30 (control), 90, 180 and 300 uM of ZnSO, at a final
density of 10° microspores ml™' in 3 cm diameter plates. Cultures were incubated at
25°C in the dark. Six to nine days after culture, 1 ml of the medium containing the same
amount of ZnSOy as before, and supplemented with 300 g 1" Ficoll was added to the
Petri dishes. Six days later, cultures were transferred to 6 cm diameter Petri dishes

containing 8 ml of fresh FHG medium with 300 mg ' Ficoll.

Twenty to forty days after anther or isolated microspore culture, embryos were
subcultured on regeneration medium (Castillo et al. 2000; Cistué et al. 2003). Twenty
plants from each zinc sulphate concentration were transferred to soil (as described by

Cistué et al. 2003) for further development and data analysis of seed production.
Data analysis

Anther culture experiments consisted of 12-20 replicates (18 anthers cultured in the
same Petri dish) for each concentration and genotype tested, using two different batches
of plants. The following variables were recorded: number of embryos (nEMB), green
plants (nGP), albino (nAP), all of them referred to 100 anthers; percentage of
regeneration (number of total plants per 100 embryos; pREG); percentage of green
plants (number of green plants per total plants; pGP).
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Fifteen spikes were used for each of the three microspore isolation experiments using
three different batches of plants. The same variables as those for anther culture, plus
number of dividing microspores (nDIV) and percentage of embryogenesis (number of
embryos/number of dividing microspores, pEMB) were recorded. Variables nDIV,
nEMB, nGP, nAP were referred to 10° microspores. The variable nDIV was estimated
by counting the number of dividing microspores producing globular embryos, in one-

tenth of the Petri dish area on a millimetre paper under a stereoscopic microscope.

Statistical analyses were carried out using standard SAS/STAT procedures. Variables
percentage of embryogenesis (pEMB) and nGP were transformed with log (x + 1) for
data normalization. Analysis of variance was carried out using the Generalized Linear

Model procedure. Means separation was tested by the Duncan method.

RESULTS
Effect of ZnSO, concentration in the pre-treatment medium of anther culture

The number of embryos and green plants increased progressively when ZnSOg4
concentration was raised from 30 to 180 uM, in cv. Igri, although this increase was not
significant statistically (around a 40% enhancement when compared with control).
Higher concentrations produced similar values to control (Table 1). In cv. Igri, the
number of albino plants increased significantly, up to almost three times in medium
containing 30, 90 and 600 uM as compared with control. However, percentage of green
plants did not vary significantly with any of the concentrations used. In both cvs.
Reinette and Hop, no significant differences were found for any of the variables.
However the number of green plants from cvs, Reinette and Hop in medium containing

90 and 30 uM was doubled as compared with control.
Effect of ZnSO, in the pre-treatment and the culture media of anther culture

The number of both embryos and green plants was enhanced significantly when the
concentration of Zn*" in the pre-treatment and the culture medium was raised up to
180 uM for cvs. Igri and Reinette (Table 2). Around a 1.3-fold increase for Igri and a

threefold increase for Reinette in these two variables were obtained. In Reinette, the
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number of albino plants also increased significantly up to three times with 180 uM. No
statistically significant differences for number of embryos, green and albino plants were
obtained for cv. Hop (probably due to its low response ant its high rate of variation in
response, data not shown), although a two to fourfold increase in these variables were
produced with 90 uM. No statistically significant differences were obtained either for
the percentages of green plants, or the percentage of regeneration in any of the three
cultivars. Zn*" does not seem to affect the quality of the embryos hence the percentage

of regeneration did not change with high concentrations.
Effect of ZnSO,4 concentration in the culture medium of isolated microspores

To confirm and support the results obtained in anther culture, different concentrations of
this micronutrient were assayed in microspore culture medium of cv. Igri. The number
of embryos and green plants were raised significantly when the concentration of ZnSO4
was increased from 30 to 300 uM (Table 3). Up to 269 embryos/10° microspores and
253 green plants/10° microspores were obtained with 90 uM, which represents an
increase of the 43 and 37% in the number of embryos and green plants, respectively, as
compared with control. Percentage of embryogenesis was also raised significantly from
6.65 in control up to 9.57 with 90 uM. Similar values in these three variables were
obtained in a wide concentration range, from 90 to 300 uM. The concentration of this
micronutrient did not affect the number of dividing microspores, percentage of green

plants and percentage of regeneration.

There were no significant differences in morphological characters among the plants
produced from control cultures and 90 to 600 uM of ZnSOy in the culture medium (data

not shown).

DISCUSSION

Zinc is an essential micronutrient in plants and thus is included in all plant tissue culture
media, normally supplied as ZnSOy4 in amounts of 3—30 uM. Although studies about the
influence of this micronutrient are limited, requirements of Zn>" seem to be species- and
system-dependent (He et al. 1991; Hossain et al. 1997; Teasdale 1986). This is the first

study about the influence of ZnSO4 on microspore embryogenesis. This study shows
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that 90-180 uM in the stress pre-treatment and induction medium increased
significantly the number of embryos and green plants, without affecting the percentage
of green plants and regeneration, in both anther and isolated microspore cultures. A
lower concentration of ZnSO4 seems to be more beneficial for the low androgenetic
responding cv. Hop compared to the medium and high responding cvs. Reinette and
Igri, respectively. These results could indicate a higher sensitivity of cv. Hop to this
micronutrient. A high concentration of this micronutrient could be toxic as described in
suspension cells of tobacco with 10 mM (Bueno and Piqueras 2002). However, no toxic

effect was observed in this study with the highest concentration used.

The benefit of Zn®" is exerted mainly during the initial culture phase, since increased
concentration of this micronutrient in the culture medium did significantly raise the
number of embryos and green plants in isolated microspore cultures. A lower
concentration of ZnSQOy in isolated microspore culture compared to anther culture seems
to exert a similar beneficial effect on microspore embryogenesis in cv. Igri. This could
be due to the fact that the anther wall could interfere with the absorption of this
micronutrient by the microspores. Pulido et al. (2005) already described that anther
tissues could act as a filter to prevent high concentrations of Fe from reaching the

microspores.

Zn*" seems to play an important role in the biosynthesis and metabolism of auxin
(Skoog 1940; Tsui 1948; Cakmak etal. 1989). Processes regulated by auxins were
stimulated with a high concentration of this micronutrient (Hossain et al. 1997; Saeki
etal. 2000; Oguchi etal. 2004a, b). Zn** modulated auxin action by regulation of
different proteins including an ascorbato peroxidase and a late embryogenesis abundant
(LEA) protein (Oguchi etal. 2004a, b). Functional genomic analysis of barley
microspores after 4 and 8 days of culture showed up-regulation of auxin-related
proteins, LEA proteins and ascorbate oxidase promoter-like binding protein (M.P.
Vallés, unpublished data). This micronutrient is also an essential component of zinc
finger transcription factors involved in plant morphogenesis and organogenesis
(Kobayashi et al. 1998; Yanagisawa 2004). Zn>" could also play an important function
in the reprogramming of the microspores to the sporophytic pathway. The expression of

several zinc finger proteins has been described to play an important role during zygotic
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embryogenesis in Arabidopsis (Li and Thomas 1998; Xu and Li 2003) and in animal
embryogenesis (Falchuk and Montorzi 2001).

In this study we have increased the microspore embryogenesis capacity of barley
cultivars with different androgenetic response, by raising ZnSO4 concentration up to
90-180 uM in the stress pre-treatment and culture media in anther culture and up to 90—
300 uM  in induction medium of isolated microspore cultures. Molecular and
biochemical approaches should be used for further understanding the role of zinc in the

stimulation of microspore embryogenesis.

Acknowledgements We thank Dr. I Romagosa for statistical advice. M. Soriano was a
recipient of a FPI fellowship from the Ministerio de Educacion y Ciencia (MEC) of
Spain. The research was supported by Projects AGL2002-04139-C02-02 and
AGL2005-07195-C02-01 from Plan Nacional de Recursos y Tecnologias

Agroalimentarias of Spain.

REFERENCES

Bueno P, Piqueras A (2002) Effect of transition metals on stress, lipid peroxidation and
antioxidant enzyme activities in tobacco cell cultures. Plant Growth Reg 36:161—
167

Cakmak I (2000) Possible roles of zinc in protecting plant cells from damage by
reactive oxygen species. New Phytol 146:185-205

Cakmak I, Marschner H, Bangerth F (1989) Effect of zinc nutritional status on growth,
protein metabolism and levels of indole-3-acetic acid and other phytohormones in
bean. (Phaseolus vulgaris L.). ] Exp Bot 40:405-412

Castillo AM, Vallés MP, Cistué¢ L (2000) Comparison of anther and isolated microspore
cultures in barley. Effects of culture density and regeneration medium. Euphytica
113:1-8

Chimienti F, Seve M, Richard S, Mathieu J, Favier A (2001) Role of cellular zinc in
programmed cell death: temporal relationship between zinc depletion, activation of
caspases, and cleavage of Sp family transcription factors. Biochem Pharmacology

62:51-62


http://www.springerlink.com/content/upt4v062514015u7/fulltext.html#CR16#CR16
http://www.springerlink.com/content/upt4v062514015u7/fulltext.html#CR31#CR31
http://www.springerlink.com/content/upt4v062514015u7/fulltext.html#CR7#CR7

Cistué L, Vallés MP, Echavarri B, Sanz JM, Castillo AM. 2003. In: Maluszynski M,
Kasha KJ, Foster B, Szarejko I (eds) Doubled Haploid Production in Crop Plants. A
Manual. FAO/TAEA Division, Wien, pp 29-35

Falchuk KH, Montorzi M (2001). Zinc physiology and biochemistry in oocytes and
embryos. Biometals 14:385-395

He DG, Yang YM, Scott KJ (1991) Zinc deficiency and the formation of white
structures in immature embryo cultures of wheat (Triticum aestivum L.). Plant Cell
Tiss Org Cult 24(1):9-12

Hirt H, Casari G, Barta A (1989). Cadmium-enhanced gene expresion in suspension-
culture cells of tobacco. Planta 179:414-420

Hoseini R, Mulligan BJ (2002) Aplication of rice (Oriza sativa L.) suspension culture
on studying senescence in vitro (I). Single strand preferring nuclease activity.
Electronic J Biotech 5:42-54

Hossain B, Hirata N, Nagatomo Y, Akashi R, Takaki H (1997) Internal zinc
accumulation is correlated with increased growth in rice suspension culture. J Plant
Growth Reg 16:239-243

Huang C, Barker SJ, Langridge P, Smith FW, Graham RD (2000) Zinc deficiency up-
regulates expression of high-affinity phosphate transporter genes in both phosphate-
sufficient and deficient Barley roots. Plant Physiol 124:415-422

Hunter CP (1988) Plant regeneration from microspores of barley, Hordeum vulgare L.
Ph D Thesis. Wye College, Univ London, London.

Kintzios S, Drossopoulos JB, Lymperopoulos C (2001) Effects of vitamins and
inorganic micronutrients on callus growth and somatic embryogenesis from leaves
of chilli pepper. Plant Cell Tiss Org Cult 67:55-62

Kobayashi A, Sakamoto A, Kubo K, Rybka Z, Kanno Y, Takatsuji H (1998) Seven
zinc-finger transcription factors are expressed sequentially during the development
of anthers in petunia. Plant J 13:571-576

Li ZS, Thomas TL (1998) PEI1, an embryo-specific zinc finger protein gene required
for heart-stage embryo formation in Arabidopsis. Plant Cell 10 (3):383-398

Maluszynski, M, Kasha KJ, Foster B, Szarejko I (2003) Doubled Haploid Production in
Crop Plants. A Manual. FAO/TAEA Division, Wien, 428 pp

Marschner H (1995) Mineral nutrition of higher plants, 2" edn. Academic press, New
York, pp 33-347



Mufioz-Amatriain M, Castillo AM, Chen X-W, Cistué L, Vallés MP (2008)
Identification and validation of QTLs for green plant percentage in barley (Hordeum
vulgare L.) anther culture. Molecular Breeding, on line (DOI 10.1007/s11032-008-
9161-y)

Murashige T, Skoog F (1962) A revised medium for rapid growth and bioassays with
tobacco tissue cultures. Physiol Plant 15 (3):473-497

Oguchi K, Tanaka N, Komatsu S, Akao S (2004a) Characterization of NADPH-
dependent oxireductase induced by auxin in rice. Physiol Plant 121:124-131

Oguchi K, Tanaka N, Komatsu S, Akao S (2004b) Methylmalonate-semialdehide
dehydrogenase is induced in auxin-stimulated and zinc-stimulated root formation in
rice. Plant Cell Rep 22:848-858. DOI 10.1007/s00299-004-0778-y

Pasternak TP, Rudas VA, Lorz H, Kumlehn J (1999) Embryogenic callus formation and
plant regeneration from leaf base segments of barley (Hordeum vulgare L.). J Plant
Physiol 155:371-375

Pulido A, Bakos F, Castillo AM, Vallés MP, Barnabas B, Olmedilla A (2005)
Cytological and ultrastructural changes induced in anther and isolated-microspore
culture in barley: Fe deposits in isolated-microspore cultures. J Struc Biol 149:170-
181. DOI: 10.1016/].jsb.2004.10.009

Saeki Y, Yasukouchi A, Nagatomo Y, Takaki H (2000) Distinctive expression of a
zinc-biding protein in rice cell callus growth with high zinc concentration. Soil Sci
Nutr 46:209-216

Skoog F (1940) Relationship between zinc and auxin in the growth of higher plants. Am
J Bot 27:939-950

Teasdale RD (1986) Generation of sustainable Pinus radiate cell suspension culture and
studies of cellular nitrogen nutrition. N Z J For Sci 16:377-386

Tsui C (1948) The role of zinc in auxin synthesis in tomato plants. Am J Bot 35:172-
179

Wojnarowiez, G, Jacquard C, Devaux P, Sangwan RS, Clément C (2002) Influence of
copper sulfate on anther culture in barley (Hordeum vulgare L.). Plant Sci 162:843-
847

Yanagisawa S (2004) Dof domain proteins: plant specific transcription factors
associated with diverse phenomena unique to plants. Plant Cell Physiol 45:386-391

Xu R, Li QQ (2003) A RING-H2 zinc finger protein gene RIE1 is essential for seed
development in Arabidopsis. Plant Mol Biol 53:37-50



Table 1 Effect of zinc sulphate concentration in the pre-treatment medium on anther

culture of cultivars Igri, Reinette and Hop

Zinc Con EMB GP AP
Genot (WM) Nant per 100 Anthers pGP pREG
Igri Control (0) 234 171.7a* 1248a 85b 93.6a 77.6a
30 270 2222a 150.7a 233a 86.6a 783a
90 270 263.0a 168.1a 233a 927a 69.0a
180 270  2504a 178.1a 144ab 925a 769a
300 270 204.1a 1263a 163a 88.6a 699a
600 270  1944a 1303a 20.0a 86.7a 773a
Reinette Control (0) 108 650a 11.7a 28.1a 294a 6l13a
30 108 81.9a 123a 31.6a 28.1a 536a
90 108 75.1a 274a 215a 56.0a 651a
180 108 843a 21.5a 179a 547a 46.7a
300 108 624a 138a 20.8a 40.0a 554a
600 108 559a 83a 150a 357a 4l1.7a
Hop Control (0) 162 315a 74a 123a 39.1a 450a
30 162 494a 148a 185a 274a 6l4a
90 162 36.4a 6.8a 11.7a 44.6a 664a
180 162 32.7a 43a 148a 50.0a 289a
300 162 29.6 a 6.2 a 80a 548a 456a
600 162 413 a 98a 16.0a 263a 275a

* Variable within each genotype followed by the same letter is not statistically different

according to a Duncan test (P < 0.05)



Table 2 Effect of zinc sulphate concentration in the pre-treatment and culture media on

anther culture of cultivars Igri, Reinette and Hop

Genot Zinc Con (uM) N Ant EMB GP AP pGP  pREG
Pret Ind per 100 Anthers

Igri  Control 30 270 299.6 b*  248.5b 163a 94.1a 882a

90 90 270 283.7b 217.7bc  11.5a 949a 80.8a

180 180 270 406.3 a 3148 a 18.1a 950a &8l9a

300 300 270 368.8ab  286.3ab 20.0a 93.5a 83.0a

600 600 270 291.5b 2185bc 17.8a 925a 8l.la

Reinette Control 30 198 68.7b 15.1b 202b 428ab 514a

90 90 198 119.7 ab 439a 31.3b 583a 62.8a

180 180 198 2298 a 424 a 60.1a 41.0ab 44.6a

300 300 198 126.8 ab 26.8ab 429ab 384ab 55.0a

600 600 198 75.7b 8.6b 263b 24.6b 46.1a

Hop Control 30 216 S51a 09a l4a 391a 450a

90 90 216 12.5a 3.7a 46a 44.6a 0664a

180 180 216 9.7a 14 a l4a 500a 289a

300 300 216 92a 23a 19a 548a 456a

600 600 216 69a 0.5a l4a 263a 275a

* Variable within each genotype followed by the same letter is not statistically different according to a

Duncan test (P < 0.05)



Table 3 Effect of zinc sulphate concentration in the induction medium of isolated

microspore cultures of cv. Igri (data are referred to 10° microspores)

Zinc Con (uM) nDIV nEMB nGP
per 10° MIC pGP  pEMB pREG

Control (30 uM) 2825b* 188D 184 b 99.2a 6.65b 97.6a

90 uM 2811b  269a 253 a 998a 957a 94.1a
180 uM 2926b  256a 240 a 99.6a 875a 938a
300 uM 3217ab 291 a 257 a 99.6a 9.05a 88.2ab

* Variable followed by the same letter is not statistically different according to a Duncan test (P < 0.05)



	Effect of zinc sulphate concentration in the pre-treatment medium
	Effect of ZnSO4 in the pre-treatment and the culture media of anther culture 
	REFERENCES
	Bueno P, Piqueras A (2002) Effect of transition metals on stress, lipid peroxidation and antioxidant enzyme activities in tobacco cell cultures. Plant Growth Reg 36:161–167

