Establishment of proteome reference maps for somatic and zygotic embryos
of Cyclamen persicum Mill.
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Abstract

Comprehensive proteomic characterizations were performed aiming to create
proteome reference maps for somatic and zygotic embryos of Cyclamen persicum.
Separation by two dimensional isoelectric focusing - sodium dodecyl sulfate
polyacrylamide gel electrophoresis led to a resolution of more than 800 protein spots for
each tissue. Approximately 70% of the spots likewise appeared in both zygotic and in
somatic embryo's protein fractions. However, differential gel electrophoresis analyses
revealed pronounced differences in abundances for the majority of proteins present in
both tissues. MS analyses for 300 reproducible spots in total (263 of the zygotic embryos'
protein fraction and 37 spots appearing specifically in the somatic embryos' proteome)
led to identification of 261 proteins, 35 of which were specific or highly abundant in gels
of the somatic embryo's tissue. Most identified proteins were found to be involved in
glycolysis or gluconeogenesis and stress response pathways.

INTRODUCTION

Cyclamen persicum Mill. is a popular ornamental crop with a high economic
relevance. For this species somatic embryogenesis has been shown to be an efficient
vegetative propagation system (Wicart et al. 1984; Kiviharju et al., 1992; Schwenkel and
Winkelmann, 1998). In order to overcome problems due to physiological disorders, the aim of
our research is to produce somatic embryos which mimic their zygotic counterparts in protein
pattern composition as much as possible. Moreover, the physiological details of somatic and
zygotic embryogenesis remain unclear in Cyclamen up to now. Initial analyses comparing the
proteomes of somatic and zygotic embryos have been performed previously (Winkelmann et
al., 2006) resolving over 200 protein spots per gel. Approximately 70% of the proteins
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expressed in zygotic embryos also were present in somatic embryos in comparable
abundances. MS analyses of 83 spots led to the identification of 20 proteins of both tissues
and additionally fife endosperm proteins (Winkelmann et al., 2006). Lyngved et al. (2008)
analysed an embryogenic and one non embryogenic cell line of C. persicum, using a
comprehensive 2D DIGE approach. Of the 1200 detected protein spots 108 were found to be
more abundant in the embryogenic cells, and 97 proteins in the non-embryogenic cells. MS
analyses via MALDI-TOF led to the identification of 128 proteins including unique proteins
for both tissues. In addition a transcriptome analysis was reported (Rensing et al., 2005),
resulting in an EST database with 2083 sequences (www.cyclamen-est.de). The EST database
constitutes the basis of molecular characterisation of C. persicum, since very few genomic
Cyclamen specific sequences are available in public databases up to now. Based on the
analyses of Winkelmann et al. (2006) further comprehensive and standardized proteomic
characterizations were performed as presented in the current study, aiming to create proteome
reference maps for somatic and zygotic embryos and to elucidate the physiology of embryo
development in C. persicum.

MATERIALS AND METHODS

Somatic and zygotic embryos were derived from the commercial F1 cultivar 'Maxora
Light Purple’ of C. persicum bred by the company Varinova (Berkel en Rodenrijs,
Netherlands). Somatic embryos were produced via somatic embryogenesis: Calluses were
initiated from unpollinated ovules placed on modified Murashige and Skoog medium
(Murashige and Skoog, 1962) containing 9.05 uM 2,4-D and 3.94 uM 2iP as described by
Schwenkel and Winkelmann (1998). After 8 weeks of culture, embryogenic calluses emerged
which were used to start the suspension culture in liquid Murashige and Skoog media
(Winkelmann et al., 1998). A 500-1000 um fraction of this suspension was plated on
hormone-free Murashige and Skoog medium (Murashige and Skoog, 1962) and torpedo-
shaped embryos were harvested after 4 weeks of culture. Zygotic embryos were prepared out
of the seeds 11 weeks after self pollination. Both tissues were directly frozen in liquid
nitrogen after harvesting and pulverized in a bead mill.

To find a protein extraction method which allows very efficient protein purification
and at the same time is compatible with high-resolution protein separation, four protocols
were tested with 10 - 150 mg somatic embryo tissue of C. persicum and replicated at least 3
times: A rapid protocol without precipitation as described by Gallardo et al. (2002), a protocol
utilising TCA precipitation in combination with acetone (Damervahl et al.,1986), an
extraction method using phenol combined with a ammonium acetate in methanol precipitation
(Hurkman and Tanaka, 1986, modified by Colditz et al., 2004) and a protocol described by
Corcke and Roberts (1997) where samples are boiled in Laemmli buffer (Laemmli, 1970) and
proteins subsequently precipitated with acetone. Complete protein extracts were loaded on
gels and separated by their isoelectric point and their size via IEF-SDS PAGE as described by
Winkelmann et al. (2006), but using immobiline dry strip gels with a pH gradient of 3-11. For
each tissue 4 biological and technical replications were performed. Gels were scanned and
quantitatively and qualitatively evaluated using ImageMaster 2D Platinum 6.0 software (GE
healthcare, Munich, Germany). The 263 most abundant protein spots were picked manually
from a 2D IEF-SDS gel of zygotic embryos proteome extract using GelPal Protein Excision
System (Genetix, Queensway, U.K). In addition, 37 spots were picked from a gel of somatic
embryos' proteome extract, which are specific or highly abundant within this tissue. In situ
digestion of protein spots and nano-LC-MS/MS analyses as well as protein database searches
were performed according to Fuehrs et al. (2009).

For the 2D DIGE approach zygotic and somatic protein fractions were labelled each
with CyDye fluorophors, that are spectrally resolvable. Protein fractions, each 100 pg, were



pooled, loaded on one gel and separated via IEF-SDS PAGE as described above.
Subsequently, 2D gels were scanned at dye specific wavelengths.

RESULTS AND DISCUSSION

Optimal protein purification and resolution on IEF-SDS gel was achieved using the
modified Hurkman and Tanaka (1986) protocol with 80 mg fresh tissue. Separation by two
dimensional IEF-SDS gel electrophoresis led to a resolution of more than 800 protein spots
for each tissue. Gels representative for each tissue are shown in Figure 1. Consistent to the
initial analysis (Winkelmann et al., 2006), approximately 70% of the spots likewise appeared
in both zygotic and in somatic protein fractions. However, DIGE analysis revealed extremely
high alterations in abundances for the majority of proteins present in both tissues (data not
shown). Protein spot groups and single protein spots highly abundant or specific for both
tissues are marked by white circles in Figure 1. Group a and b were observed to be highly
abundant/specific in the somatic embryos, while groups c, d, e, f and protein spot g were
highly abundant/specific for the zygotic embryos' proteome. Mass spectrometry analyses via
nano-LC MS/MS for a total of 300 highly abundant and reproducible spots of both protein
fractions led to the identification of 261 protein spots whereof 35 were highly
abundant/specific for the somatic tissue. In total, 90 of the identified spots reflected non
redundant proteins, most of them involved in glycolysis/gluconeogenesis and stress response
pathways. In comparison with previous proteomic analysis by Winkelmann et al. (2006)
differential protein resolution was increased to at least 800 spots per gel. This was mainly the
result of ten times higher tissue input and a protein extraction method with a precipitation step
and phenol application (Hurkman and Tanaka, 1986) leading to raised protein concentrations
and more purified protein fractions. Thus, MS based protein identification rate could be
increased to 87% of picked protein spots (261 out of 300) also due to the fact that the number
of available sequences in public databases has been increased. The protein identification rate
of 87% is supposed to be quite high, even though C. persicum has no close relatives within
the databases of sequenced plants. This fact illustrates that protein identification in non-model
organisms recently became more and more successful.

CONCLUSIONS

Here, we have applied a 2D differential gel electrophoresis approach to characterise
and elucidate the proteins involved in somatic and zygotic embryogenesis in Cyclamen
persicum. High protein resolution combined with nano-LC MS/MS analyses led to the
identification of the majority of the highly abundant spots in both tissues.

Currently, identified proteins are clustered according to their physiological relevance
and a digital proteome reference map is created and will be made publicly available soon.
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Fig 1. IEF-3DS PAGE of somatic (s) and zygotic (z) embryo's proteome of Cyclamen persicum

Total protein from zygotic and somatic embryos were loaded on the gels. Proteins were separated in the first gel dimension
according to their isolelectric points (plrange of 3 to 11) and in the second dimension on the basis of their molecular masses
(10-100 kDa). Regions with tissue specific or highly abundant protein spots are marked by white circles.



