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Abstract 

 

Maize (Zea mays) is one of the most important crops and widely planted in the world. In the arid and semi-arid maize production 

regions, hydropriming is a simple technique to improve seed germination and seedling establishment. However, the mechanism 

underlying hydropriming is largely unclear at the molecular level. This study aimed to analyze the priming-induced changes in maize 

embryo proteome and to identify priming-associated proteins. Mature maize seeds of Zhengdan 958, the most sown cultivar in China 

currently, were used for hydropriming. Hydropriming was performed by soaking seeds in water for 12 h (25°C) and air-drying them 

to original moisture contents. Primed and unprimed seeds were subjected to germination test  and comparative proteomic analysis. 

The results showed that hydropriming significantly improved seed germination and overwhelming embryo proteins were unchanged 

in abundance after priming. At least 8 protein spots changed greatly, of which 5 increased and 3 decreased in the primed seeds. These 

proteins were identified as peroxiredoxin-5, 1-Cys peroxiredoxin, embryonic protein DC-8, cupin, globulin-1 and late embryogenesis 

abundant protein. DC-8 and globulin-1 may be used for the molecular markers of priming effect and seed vigor. Our results would 

contribute to the understanding of hydropriming mechanism at the proteome level. 

 

Keywords：Proteome profiling; maize seed priming; two dimensional electrophoresis; mass spectrometry; hydropriming-induced 

embryo proteins. 
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weight; Prx_peroxiredoxin. 

 

Introduction 

 

Maize (Zea mays L.) is one of the most important crops and 

widely planted in various regions of the world. In recent years, 

abiotic stress caused by global climate change together with 

biotic stresses, negatively affects crop growth and productivity 

throughout the world, reducing crop yields by more than 50% 

(Swindell et al., 2007). Seed priming in crop (including maize) 

has become a common practice to obtain optimal seed 

performance and ultimate yield notably under adverse 

germination conditions and in the arid and semi-arid regions 

(e.g., India, Pakistan, Zimbabwe, and northwest China) (Harris, 

1996; Mabhaudhi and Modi, 2011; Lu, et al., 2012; Jin, et al., 

2012). Seed priming is defined as pre-sowing treatments in 

water or in an osmotic solution that allows seeds to imbibe but 

prevents the emergence of radicle (Bradford and Bewley, 2002). 

It can accelerate seed germination, improve seedling uniformity 

and increase yields in various crops (Adebisi et al., 2011; 

Bhardwaj et al., 2012; Nawaz et al., 2013). Seed priming 

techniques are classified as 1iquid priming (e.g., hyrdopriming), 

solid matrix priming, bio-priming, membrane priming, etc., 

based on the matrixs used. Among them, hydropriming is 

simple and low-cost and extremely welcomed by farmers in the 

developing countries (Mabhaudhi and Modi, 2011). The 

physiological effects of seed priming have been extensively 

studied in a wide range of crops. These studies have showed 

that the activity of protective enzymes (e.g., peroxidase, 

catalase and superoxide dismutase) and the contents of 

compatible solutes (e.g., malondialdehyde, proline and soluble 

sugar) are important indicators during priming and germination 

process (Ruan et al., 2003; Sun et al., 2010; Wattanakulpakin et 

al., 2012). However, the performance of primed seeds rests on 

subsequent germination assays, which only provide 

retrospective indication of the priming conditions (Gallardo et 

al., 2001). So, molecular markers for seed priming are required 

to develop and used to monitor priming effect and seed vigor of 

commercial seed lots. As a novel tool for protein 

characterization and function analysis, proteomics become 

widely applicable in seed research (Gallardo et al., 2001; Job et 

al., 2005; Rajjou et al., 2006, 2008). A proteomic analysis of 

Arabidopsis seed has identified three priming-associated 

polypeptides, which may serve as protein markers for seed 

vigor and priming effect (Gallardo et al., 2001). Seeds develop 

differently in dicots and monocots, especially the changes 

induced by priming treatment. So, the results obtained from 

Arabidopsis may be not applicable in monocot crops (e.g. 

maize). Up to date, there still lacks of the proteomic analysis of 

protein profiles of seed priming in maize. This study aimed to 

analyze the priming-induced changes in maize embryo 

proteome and to identify priming-associated proteins in maize 

seeds. A widely planted maize hybrid (cv. Zhengdan 958) in 

China was used as experimental material. Comparative 

proteomic analysis was used to differentially expressed proteins 

between the hydroprimed and unprimed seeds. The possible 

roles of these proteins in maize seed priming were discussed. 
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Table 1. Effect of hydropriming on the germination of maize seeds.  

Treatment Germination vigor (%) Germination rate (%) Germination index 

Hydropriming 73±9.59a 91.5±5.51a 29.43±2.65a 

Control 32.8±12.96b 70.5±7.00b 11.36±2.33b 
Values represent means ± SD, and the different letters indicate significant difference D (P = 0.05). 

 

 
 

Fig 1. 2-DE comparison of protein profiles between primed seeds and unprimed seeds of maize cultivar Zhengdan 958. Proteins 

(750μg) were separated by IEF with 11 cm IPG dry strips (pH 4–7) and then by SDS–PAGE (15% gel). More than 650 protein spots 

were detected in CBB-stained 2-DE gel of each embryo sample. Differentially expressed proteins are indicated by arrows. Panel A 

and B represent two independent 2-DE gels. (a), unprimed embryos; (b), primed embryos. In our study, discrete protein spots in each 

gel were detected upon 2-DE with good reproducibility. The landmark protein spots (approximately 48), were constantly present 

throughout the gel, indicating good reproducible 2-DE analyses. 

 

Results  

 

Compared with the control, the fresh weight of the primed 

seeds grew by 35.6%, the germination vigor by 41.8% and the 

final germination rate by 21.0%. Germination index of 

hydroprimed seeds was also higher than unprimed seeds (Table 

1). So, maize seed germination was significantly improved by 

hydropriming. Two dimensional electrophoresis (2-DE) was 

carried out to detect differentially expressed embryo proteins 

between hydroprimed and unprimed seeds (Fig. 1). More than 

650 protein spots (10 kDa to 60 kDa) were visualized by 

Coomassie brilliant blue (CBB)-stained in a typical 2-DE gel 

(protein loading 750 μg). Spot-to-spot comparison using 

PDQUEST SOFTWARE indicated that the abundance of 

approximately 98% spots was almost the same between 

hydroprimed and unprimed embryos in all 3 biological 

replicates (Supplementary material, Fig. 1). However, 8 spots 

were markedly changed in abundance between hydroprimed 

and unprimed embryos (arrows, Fig. 1). These 8 protein spots 

were identified via MALDI-TOF analysis. After searching the 

NCBInr databases for proteins using mass data, 7 were 

matched to known maize proteins, only 1 (spot 5) unknown. 

Spot 5 was manually matched to a hypothetical protein 

(K7VM99) in UniProtKB (http://www.uniprot.org/). Using the 

sequence of spot 5 as a query, BLAST search of NCBI data 

base showed spot 5 shares 70% similarity with LEA protein. 

Additionally, it shares several same conserved domains with 

LEA_4 protein super family, which is expressed at late 

embryogenesis in seeds under dehydration stresses. Thus, spot 

5 should be a LEA_4 like protein. Among the 8 changed spots, 

5 spots (spot 1-4 and 8) were more abundant and the other 3 

spots (spot 5-7) were less abundant in the primed seeds (Fig. 

1C, Table 2). In particular, the increase of peroxiredoxin-5 

(Prx-5, spot 1) and cupin protein (spot 3) was obvious, both of 

which were hardly detected in the unprimed seeds. Moreover, 

Prx-5 (spot 2) increased by approximately 3 folds in abundance, 

while embryonic protein DC-8 (spot 6) decreased by 6 folds in 

abundance in the primed embryos. 

 

Discussion 

 

Hydropriming indeed induced the subtle change in protein 

profile of maize embryos 

 

Seed priming is a common technique used to improve seed 

performance, especially under stress conditions (Harris et al., 

2002; Li et al., 2011; Wattanakulpakin et al., 2012). Our results 

here also indicated that after hydropriming maize seeds (cv. 

Zhengdan 958) germinated faster than the control. It was 

expected that hydropriming effect would reflect in the 
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proteome level of maize embryo. Comparative proteomic 

analysis identified 8 protein spots which markedly changed in 

abundance between the primed and unprimed seeds. However, 

there was a contrary report (Sathish et al., 2012) that no 

difference was observed in the protein profiles between the 

primed and unprimed maize seeds. This discrepancy obviously 

resulted from the less powerful SDS-PAGE rather 2-DE used in 

protein profiling in the mentioned-above study.In this study, 

the change in protein profile induced by hydropriming was 

subtle in maize embryo proteome. Between the hydroprimed 

and unprimed maize seeds, only 8 embryo protein spots were 

identified to exist in a substantial different abundance, while 

the abundances of approximately 98% spots were almost the 

same. This was reasonable, which may result from two main 

causes. First, after priming in water for 12 h, maize seed 

moisture content increased by 35.6%, less than the lowest 

moisture content (39.8%) for maize seed germination (Ye and 

Dai, 1994). Thus, during the 12 h priming process, metabolic 

activities (such as protein synthesis and degradation) are quite 

low. Second, we used the relatively insensitive Coomassie 

brilliant blue (CBB) staining to visualize proteins in 2-DE gels; 

thereby the changes of low-abundance proteins may not be 

detected. Similarly, only three hydropriming-associated 

proteins (i.e., β-2 tubulin and two β-subunits of 12S-cruciferin) 

were identified in Arabidopsis via 2-DE-based proteomic 

analysis (Gallardo et al., 2001). 

 

Proteins whose abundance increase in primed maize seeds 

 

Two isoforms (spot 1 and 2) of Prx-5 increased highly in 

abundance in the primed maize seeds in this study. Prx-5 

belongs to atypical 2-Cys Prxs that are a ubiquitous family of 

antioxidant enzymes. Prxs can reduce H2O2, alkyl 

hydroperoxides and hydroxyl radicals (Baier and Dietz, 2003) 

and protect lipids, enzymes, and DNA against radical attack. It 

is well recognized that these antioxidant/scavenging enzymes 

protect the plant cell from oxidative damage (Mittler, 2002; 

Campo et al., 2004). Hydropriming initiates an oxidative stress, 

generating reactive oxygen species (Schopfer et al., 2001; Fu et 

al., 2011). Therefore, the accumulation of Prx-5 in primed 

seeds may cope with oxidative stress during hydropriming. 

Spot 3 was the degraded product of cupin protein, estimated on 

its smaller size (38.2 kDa) tan the theoretical size (56.8 kDa). A 

recent report (Tnani et al., 2012) also found the discordance 

between the theoretical and experimental sizes of cupin in 

imbibed maize seeds, resulting from cupin degradation during 

early germination. Cupin proteins belong to a superfamily of 

functionally diverse proteins including enzymes, transcription 

factors, seed storage proteins, auxin binding proteins and 

stress-related proteins etc, and are involved in seed growth and 

development (Dunwell et al., 2004). Cupin proteins such as 

native germin and germin-like proteins protected plant cells 

from the oxidative stress during seed germination (Pandey et al., 

2006; Fu et al., 2011). In Arabidopsis, cupin-domain protein 

(AtPirin1) along with G protein α-subunit plays a defined role 

in regulating seed germination and early seedling development 

(Lapik and Kaufman, 2003). In this study, the degradation of 

cupin protein in primed maize seeds suggested it involving in 

seed germination. Similar to cupin protein (spot 3), spot 8 was 

the degraded product of globulin-1. In sugar beet seeds (Job et 

al., 1997) and Arabidopsis seeds (Gallardo et al., 2001), 

globulin degradation resulted in the increase of its degraded 

products during priming. As the most widely distributed 

storage proteins in seeds (Kriz, 1989; Dunwell et al., 2004), 

globulins provide energy during germination for many 

metabolic pathways and signal transduction processes (Tnani et  

 

 

al., 2012). Our results here indicated that globulin-1 was early 

mobilized in primed maize seeds. Embryonic protein DC-8 

belongs to the class of abscisic acid-regulated LEA proteins 

(Franz et al., 1989; Hatzopoulos et al., 1990). It is expressed as 

early as the globular and heart embryo stages (Borkird et al., 

1988) and in mature seeds (including embryos and endosperm) 

(Franz et al., 1989). Recently, we found that DC-8 proteins 

(spot 4 and 6) are heat-stable (Wang et al., 2012). However, the 

molecular function of DC-8 remains unclear, and there lacks of 

the functional annotation of DC-8 in UniProtKB. A recent 

study implicated the role of DC-8 in the protection of embryo 

cellular structures during drought stress and thus in the 

establishment of tolerance to desiccation (Sghaier-Hammami et 

al., 2010). Therefore, the increased abundance of DC-8 (spot 4, 

gi|226507683) observed here suggested that DC-8 may play a 

role (protective or regulative) in the process of priming. 

 

Proteins whose abundance decrease in primed maize seeds 

 

Different from spot 4, another embryonic protein DC-8 (spot 6, 

gi|226497424) was found to exist in greatly decreased 

abundance in the primed seeds in this study. DC-8 

(gi|226497424) in the scutellum of germinating maize seeds is 

oil body-associated protein, reflecting organelle interaction 

between endoplasmic reticulum and oil body (Tnani et al., 

2011). And, its level decreased during the first steps of 

imbibition of maize seeds (Tnani et al., 2012). Several 

ABA-regulated genes are involved in root elongation and 

branching (De Smet et al., 2006), so ABA-inducible DC-8 

protein may involve in the initiation of seminal and shoot-borne 

roots (Muthreich et al., 2010; Takáč et al., 2011).  1-Cys Prx 

(spot 7) was present in low abundance in the primed seeds. Its 

accumulation was different with the increase of Prx-5. Similar 

to this situation, Prx-1 and Prx-2 in Vibrio vulnificus were 

found to differentially accumulate (increase or decrease) in 

response to H2O2 level (Bang et al., 2012). The antioxidant 

activities of 1-Cys Prx have been demonstrated in barley (Stacy 

et al., 1996), rice (Lee et al., 2000) and Arabidopsis thaliana 

(Haslekås et al., 2003). 1-Cys Prx is not involved in seed 

dormancy, but play a role in the inhibition of seed germination 

under unfavorable conditions (Haslekås et al., 2003). In 

addition, LEA_4 like protein (spot 5) was decreased in 

abundance in the primed seeds here. Currently, there is still no 

annotation on the molecular function of LEA_4 proteins in 

UniProtKB. The cause for the decreased abundance of these 

proteins (i.e., DC-8, Prx-5 and LEA_4 like) here and their 

possible roles during priming are unclear.  

 

Materials and methods 

 

Seed materials 

 

Mature seeds of maize (Zea mays L.) cultivar Zhengdan 958, a 

widely grown high-yield hybrid in China, were used as the 

experimental material. 

 

Seed priming 

 

Seeds were disinfected with 75% ethanol for 15 min, rinsed 

thoroughly to remove ethanol and soaked in water (3: 1, ml: g) 

for 12 h priming at 25°C. Then, the primed seeds were air-dried 

to their original moistures (assessed by weight). The primed 

and unprimed seeds were subjected to germination test and 

comparative proteomic analysis (Table S1). 

 

 

http://en.wikipedia.org/wiki/Antioxidant
http://en.wikipedia.org/wiki/Enzyme


336 

 

 

Table 2. MALDI-TOF identification of the proteins whose abundance changed between hydroprimed and unprimed seeds. 

Spot 

Relative 

abundance ratio 

unprimed/primed 

Protein name 
NCBI 

accession 

Mascot 

score 
Matched peptide sequences 

Coverage 

(%) 

Molecular 

function 

Protein spots whose abundance increase in primed seeds  

1 -/100 
Peroxiredoxin-5 

(Prx-5) 
gi|226505300 201 

KFLADGSGAYTKA, KALDLELDLTDKGLGVRS, KGVDEILLISVNDPFVMKA (2) 

KVILFGVPGAFTPTCSNQHVPGFITQAEQLKA 
45 

Oxidoreductase 

activity 

2 26.7/100 
Peroxiredoxin-5 

(Prx-5) 
gi|226505300 236 

KFLADGSGAYTKA, KALDLELDLTDKG 

KALDLELDLTDKGLGVRS, KGVDEILLISVNDPFVMKA (2) 

K.KVILFGVPGAFTPTCSNQHVPGFITQAEQLKA 

46 
Oxidoreductase 

activity 

3 -/100 
Degraded cupin 

protein 
gi|226509468 311 

RGLFLLHRV, KVVESEGGQVRV, RGQPWPPASFACRE 

KVGYIHKDELVERK, REGLMHIGFITMEPKT (2) 

KTLFVPQYLDSSITLFVQRG, KMGDVLHIDAGSTFYMVNPGKG  

RTGGPIVYYTADAEPESGAAEEERG 

22 
Nutrient reservoir 

activity 

4 49.8/100 
Embryonic 

protein DC-8 
gi|226507683 319 

KAADELHASRQ, RGGGGILGSLQEGKA, KAGAAESEEDVMLRV, KAGAAESEEDVMLRVKA (2) 

RTGNNKAGAAESEEDVMLRV, KAADQMTGQAFNDVGTMGEEGTGVPR.R (3) 

RVKAADQMTGQAFNDVGTMGEEGTGVPRR (2) 

48 Unknown 

8 43.3/100 
Degraded 

globulin-1 
gi|195658011 391 

REEEEERE, REEEQGGGGGQKA, RGHGREEEEERE 

KVFLAGTNSALQKM, RVIGAQKDAVFLRG, KDAVFLRGPQSHRV, KLLAFGADEEQQVDRV 

REEEEEREEEQGGGGGQKA,REGSVIVIPAGHPTALVAGEDKN 

KLLAFGADEEQQVDRVIGAQKD, RIREGSVIVIPAGHPTALVAGEDKN 

19 
Nutrient reservoir 

activity 

Protein spots whose abundance decrease in primed seeds  

5 100/60.7 
LEA_4 like 

protein 
gi|413955864 632 

RSAADEIARS, RRAVEELARA, KAGEYTDASRE 

RQKAGEYTDASRE, RAAERVDQCVEKC, KAASVYFEEKDRL, KLTLGQGQHVDVRL 

KCVEGCAGSSCVHRQ, RGAAGGGGILESVQEGARS, KEKLTLGQGQHVDVRL 

RADRGAAGGGGILESVQEGARS, RETASTHDTDREQGQGLLGALGNVTGAIKE 

35 Unknown 

6 100/13.3 
Embryonic 

protein DC-8 
gi|226497424 191 KEKAGEGYERV, KHHADVDEEETARK, KDAAWETVEAAKEKA, KHHADVDEEETARKA 10 Unknown 

7 100/45.3 

1-Cys 

peroxiredoxin 

(1-Cys Prx) 

gi|162460575 436 

RNMDEVLRA (2), KVTFPILADPARD,  KLSFLYPATTGRN, KLLGISCDDVESHRQ 

KMFPQGFETADLPSKK, RQLNMVDPDEKDAAGRS (2) 

KMFPQGFETADLPSKKG (2), KDVEAYGGKQQQQQATTTKV 

KLLGISCDDVESHRQWTKD, MPGLTIGDTVPNLELDSTHGKI 

MPGLTIGDTVPNLELDSTHGKIRI, KVATPANWKPGECAVIAPGVSDEEARK (2) 

61 
Peroxidase and  

peroxiredoxin activity 
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Fig 2. 2-DE comparison of protein profiles between the primed seeds and the control. Proteins (750 μg) were separated by IEF with 

11 cm IPG dry strips (pH 4–7) and then by SDS–PAGE (15% gel). Gels were visualized with colloidal CBB G. A, a representative 

2-DE gel of the embryo proteins from primed Zhengdan 958 seeds from three replicates. B, the magnified regions, indicating the 

spots which markedly changed in abundance between the primed seeds and the control. C, relative abundance of protein spots; left, 

unprimed seeds; right, primed seeds. Spot number was indicated in blade in each frame.  

 

Germination test 

 

Germination test was carried out in a growth chamber (25°C, in 

darkness) on four replicates (50 seeds each). Seeds were soaked 

in water for 12 h, and then sown on moistened filter papers for 

germination. A seed was regarded as germination when its 

radicle protruded through seed coat. The number of 

germinating seeds was counted every day. At 7 d, the 

germination vigor, germination rate and germination index 

were calculated (Sun et al., 2010). 

 

Protein extraction 

 

Maize embryos were used for protein extraction and proteomic 

analysis. The primed and unprimed embryos (25 each) were 

homogenized in a mortar in cold acetone plus 5 mM 

dithiothreitol (DTT), respectively. The homogenate was 

centrifuged at 15,000 g for 10 min (4°C). The resultant tissue  

 

 

pellet was rinsed twice with cold acetone plus 5 mM DTT and  

centrifuged as above. The final powered tissue was air-dried 

and used as for protein extraction. The powered embryo tissue 

(0.04 g) was homogenized in a mortar and pestle in 5 ml of the 

buffer containing 50 mM Tris-HCl, pH 6.8, 0.1％SDS, 10 mM 

DTT. The extract was transferred into microtubes and heated at 

70°C for 15 min to facilitate protein extraction. After cool, the 

extract was centrifuged at 12,000 g for 5 min and the resultant 

supernatant was precipitated with 5 volumes of 10% 

trichloroacetic acid /acetone on ice for 30 min. Protein pellets 

were recovered by centrifugation at 15,000 g for 5 min (4°C), 

washed with cold acetone twice, air-dried and dissolved in 

2-DE rehydration buffer (2 M thiourea, 7 M urea, 4% CHAPS, 

2% IPG buffer, 20 mM DTT). Protein extract was clarified by 

centrifugation prior to 2-DE. Protein was quantified by 

Bradford protein assay (Bradford MM, 1976) with bovine 
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serum albumin as a standard. 

 

Two-dimensional electrophoresis (2-DE) 
 

Isoelectric focusing (IEF) of proteins was performed using 

11-cm linear pH 4-7 strips. Rehydration was performed at 20°C 

overnight (Tai et al., 2007). The voltage settings of IEF with the 

Ettan III system (GE Healthcare, USA) were 250 V for 1 h, 

increasing voltage to 1,000 V in 4 h, finally increasing to 8,000 

V in 4 h and holding for 16 h (20°C). Focused strips were 

equilibrated in Buffer I (0.1 M Tris–HCl, pH 8.8, 4% SDS, 6 M 

urea, 30% glycerol, 0.1 M DTT) and then in Buffer II (its 

composition was the same as Buffer I, but with 0.25 M 

iodoacetamide replacement of DTT) for 15 min, respectively. 

SDS-PAGE was run in 15% gel (20×15×0.1 cm), with 0.2% 

SDS in the gel and the running buffer.  

 

Gel staining, image, and statistical analysis 

 

Gels were stained with 0.1% (w/v) CBB G250 and destained in 

10% (v/v) acetic acid. Digital images of the gels were 

processed using PDQUEST software (version 7.0, Bio-Rad). 

Quantitative analyses were carried out after normalizing the 

spot volumes in all gels, in order to compensate for abundance 

related variations. The selection of differentially expressed 

protein spots for MS/MS analysis was based on fold 

change >2.0 in abundance, with a consistent change in the 

replicate gels of the three biological replicates. All data were 

analysed by SAS v8.0. Analysis of variance (ANOVA) was 

used to compare treatment effects and the significance 

differences of the means using least significance difference test 

at 5% level of probability.  

 

Mass spectrometry and protein identification  

 

Differentially expressed protein spots between hydroprimed 

and unprimed seeds were excised from the gels and digested 

using trypsin (Wu et al., 2011). Proteins were reduced (10 mM 

DTT), alkylated (50 mM iodoacetic acid) and then digested 

with 10 mg/ml trypsin for 16 h at 37°C in 50 mM ammonium 

bicarbonate. The supernatants were vacuum-dried and 

dissolved in 10 µL 0.1% trifluoroacetic acid and 0.5 µL added 

onto a matrix consisting of 0.5 µL of 5 mg/ml 2, 

5-dihydroxybenzoic acid in water: acetonitrile (2:1). The 

digested fragments were analyzed using a MALDI-TOF/TOF 

analyzer (ultraflex III, Bruker, Germany). MALDI-TOF/TOF 

spectra were acquired in the positiveion mode and 

automatically submitted to Mascot 2.2 

(http://www.matrixscience.com, Matrix Science) for peptide 

mass finger printings against the NCBInr 20120922 database 

(20,543,454 sequences, http://www.ncbi.nlm.nih.gov/). The 

taxonomy was Viridiplantae (green plants) (1,093,036 

sequences). The search parameters were as follows: type of 

search: MALDI-TOF ion search; enzyme: trypsin; fixed 

modifications: carbamidomethyl (C); variable modifications: 

acetyl (protein N-terminal) and oxidation (M); mass values: 

monoisotopic; protein mass: unrestricted; peptide mass 

tolerance: ±50 ppm; fragment mass tolerance: ±0.2 Da; max 

missed cleavages: 1; instrument type: MALDI-TOF. Only 

significant scores defined by Mascot probability analysis 

greater than ‘‘identity’’ were considered for assigning protein 

identity. All of the positive protein identification scores were 

significant (P<0.05, score>60). Theoretical Mr and Isoelectric 

point of identified proteins were predicted at 

http://www.expasy.ch/ tools/pI_tools.html. 

 

 

Conclusions 
 

Our results showed that hydropriming for 12 h accelerates 

maize seeds germination and indeed induces changes in the 

protein profiles of maize embryos. At least 8 protein spots are 

highly different in abundance between the primed and 

unprimed seeds, especially embryonic protein DC-8 and 

globulin-1. These two proteins may be the candidates for the 

protein markers for priming effect and seed vigor. Further 

analyses are needed to explore the function of these identified 

embryo proteins in hydropriming in other maize cultivars or 

lines. Our results would contribute to the understanding of 

hydropriming mechanism at the proteome level. 
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