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Abstract Albumins and globulins of wheat endosperm

represent 20% of total kernel protein. They are soluble

proteins, mainly enzymes and proteins involved in cell

functions. Two-dimensional gel immobiline electrophore-

sis (2DE) (pH 4-7) 9 SDS-Page revealed around 2,250

spots. Ninety percent of the spots were common between

the very distantly related cultivars ‘Opata 85’ and ‘Syn-

thetic W7984’, the two parents of the International

Triticeae Mapping Initiative (ITMI) progeny. ‘Opata’ had

130 specific spots while ‘Synthetic’ had 96. 2DE and image

analysis of the soluble proteins present in 112 recombinant

inbred lines of the F9-mapped ITMI progeny enabled 120

unbiased segregating spots to be mapped on 21 wheat

(Triticum aestivum L. em. Thell) chromosomes. After

trypsic digestion, mapped spots were subjected to MALDI-

Tof or tandem mass spectrometry for protein identification

by database mining. Among the ‘Opata’ and ‘Synthetic’

spots identified, many enzymes have already been mapped

in the barley and rice genomes. Multigene families of

Heat Shock Proteins, beta-amylases, UDP-glucose pyro-

phosphorylases, peroxydases and thioredoxins were

successfully identified. Although other proteins remain to

be identified, some differences were found in the number of

segregating proteins involved in response to stress: 11

proteins found in the modern selected cultivar ‘Opata 85’

as compared to 4 in the new hexaploid ‘Synthetic W7984’.

In addition, ‘Opata’ and ‘Synthetic’ differed in the number

of proteins involved in protein folding (2 and 10, respec-

tively). The usefulness of the mapped enzymes for future

research on seed composition and characteristics is

discussed.

Introduction

Wheat kernel, a staple human food, is mainly eaten in the

form of baked products. Hence, analysis of all the kernel

components is important for human health. Many studies

have been devoted to the analysis of kernel composition

and to the identification of genes involved in its two major

components, starch and storage proteins. The genetic

inheritance of gliadins and glutenins, the two major storage

protein fractions of the kernel endosperm has also been the

subject of many studies (for review see Lafiandra et al.

2004). In addition to storage proteins, like other cereals,

wheat kernel contains albumins and globulins, also called

soluble proteins because they are easily extracted from

flour using a water and sodium chloride solution. Albumins

and globulins, which each account for approximately 10%

of total flour proteins, are known to be easily soluble

enzymes and proteins soluble in polar solution, respec-

tively. Powerful protein separation techniques such as

Two-dimensional gel electrophoresis (2DE) have shown

that more than 2,000 spots can easily be extracted from

flour with salt solution. Several attempts have been made to

identify these wheat endosperm proteins using proteomic
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approaches (Skylas et al. 2000, 2005; Islam et al. 2003).

Studies on kernel responses to heat stress have enabled

identification of many of the enzymes in kernel of wheat

(Majoul et al. 2003, 2004; Skylas et al. 2000; Dupont et al.

2006), of barley (Østergaard et al. 2002) and of rice

(Komatsu et al. 1993). However, the majority of soluble

proteins still need to be identified and mapped. The use of

aneuploid lines has enabled to assign on chromosome arms

genes encoding some major wheat endosperm enzymes,

and Mendelian genetic analyses has enabled to calculate

genetic distances between these genes (McIntosh et al.

2003). The genotyped inbred progenies often used in

quantitative trait loci (QTL) analyses of morphology,

agronomy and quality characters may also greatly help

protein mapping (Nelson et al. 2006). To map the proteins

involved in kernel composition it is therefore important to

use very densely mapped progeny of unrelated progenitors.

International Triticeae Mapping Initiative (ITMI), recom-

binant inbred lines (RILs) are suitable for this objective.

ITMI progeny, which was mapped jointly worldwide

(Gupta et al. 2002; Marino et al. 1996; Mingeot and Jac-

quemin 1999; Nelson et al. 1995a, b, c; Röder et al. 1998;

Van Deynze et al. 1995), was used to search for QTLs of

agronomical importance (Börner et al. 2002), for quality

traits (Nelson et al. 2006), and was also used to map

amphiphilic kernel proteins identified using the proteomic

approach (Amiour et al. 2002, 2003). We used this densely

genotyped international standard ITMI progeny in the

present study to map the segregating soluble wheat kernel

proteins revealed by 2DE. Some of the proteins were then

identified using mass spectrometry and by interrogating

international public sequence data banks.

Materials and methods

Plant material

One hundred and twelve RILs of the ITMI population

derived from the cross between the synthetic hexaploid

wheat ‘W7984’ also named ‘Synthetic’ (generated via a

cross between Triticum tauschii accession ‘CI 18’ = ‘WPI

219 (PR88-89) and the tetraploid wheat T. turgidum cv

durum named ‘Altar 84’ used as the female parent) and the

spring wheat ‘Opata 85’ (Marino et al. 1996; Nelson et al.

1995b) were used in this study. Plants of the F9 generation

were grown in the field at the INRA station in Clermont-

Ferrand (France), in normal conditions with full pesticide

protection. Only bagged spikes were used for analysis. For

each RIL, 15 kernels were randomly sampled and ground

into wholemeal flour using a Cyclotec mill 14920 (ASN

Foss Electric, Hilleröd, Denmark).

Methods

Extraction and quantification

One hundred milligrams of wholemeal flour was used to

extract the albumins and globulins (agl for wheat 2D pro-

tein markers) according to the procedure proposed by

Marion et al. 1994. The agl were extracted with a salt

solution (Phosphate 50 mM, NaCl 0.1 M, pH 7.8) added to

a cocktail of plant protease inhibitors (Sigma, St Louis,

MO, USA) with continuous mixing at 4�C for 2 h. The

mixture was centrifuged (8,000g, 20 min) and the proteins

in the supernatant were precipitated with acetone at

-20�C, the pellet was then washed several times with

acetone before being dried at room temperature.

The protein content in the dry pellet was measured using

the BCA method (Uptima, Interchim, Montluçon, France).

The precipitate was dissolved in 250 ll of a solution (4%

CHAPS, 9 M Urea) compatible with BCA quantification.

The protein solution was then added with a second solution

(4% CHAPS, 6 M Urea, 3 M Thiourea, 1% Pharmalytes

(pH 3–10), 1% Resolytes (pH 4–6.5), 2% DTT). Finally,

the protein solution was added with 2% Pharmalytes (pH

3–10), 2% Resolytes (pH 4–6.5), 0.7% 4-vinyl-pyridine,

and 60% glycerol (Amiour et al. 2002). The concentration

of the proteins was approximately 10 lg/ll in the final

protein solution.

2D gel electrophoresis

Eighteen centimetres immobiline pH gel strips (pH 4–7)

(GE Healthcare, Uppsala, Sweden) were first rehydrated

for 16 h at room temperature with 340 ll of rehydration

solution (4% CHAPS, 7 M Urea, 2 M Thiourea, 1%

Pharmalytes (pH 3–10), 1% Resolytes (pH 4–6.5), 2%

DTT) added with 40 lg of protein extract. Immobiline pH

Gel electrophoresis (IPGE) was performed at 20�C for a

total of 30 kV-hours [400 v (0.25 h); 600 v (0.33 h);

1,200 v (0.25 h); 2,500 v (0.24 h); 5,000 v (5.76 h)] with a

Multiphor II unit (GE Healthcare, Uppsala, Sweden).

After IEF, strip equilibration was performed by steeping

the strips for 15 min in the Tris–Urea solution (6 M Urea,

50 mM Tris–HCl (pH 8.8), 30% glycerol and 2% SDS)

added with 2% of DTT. The proteins were then alkylated

for 15 min using the same Tris–Urea solution added with

1.4% of 4-vinyl-pyridine. The strips were deposited on

second dimension gel for SDS-Page (T: 14%, C: 2.1%).

The gels were then silver-stained according to the method

of the silver stain PlusOne kit (GE Healthcare, Uppsala,

Sweden). Three replicates of IPGE 9 SDS-Page were

performed for each of the 112 RILs. MW and the pI were

estimated by running 2D SDS-PAGE standards (Bio-Rad,
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Richmond, VA, USA) covering a mass range of 17.5–

76 kDa and a pI range of 4.5–8.5.

Image analysis and mapping

Gels were scanned and images analyzed using Melanie-3

software (GE Healthcare, Uppsala, Sweden). Chromosome

assignment of each protein spot to a given locus was car-

ried out using Mapmaker/exp version 3.0 b software

(Lincoln et al. 1992). Chromosome assignment of the agl

spots was carried out using the ITMI framework map

comprising 2,000 molecular markers (Leroy et al. 1997).

These agl spots were assigned between the anchor markers

using the Mapmaker ‘assign’ command at Lod 3.0 and the

recombination fraction of 0.35. After chromosome

assignment, the spots were placed at Lod 3.0. Segregation

distortion was calculated using an in-house S ? pro-

gramme. Spots showing a segregation distortion higher

than 1/1,000 were discarded. Spots below the threshold of

Lod 3.0 and above a recombination fraction of 0.35 were

left unassigned.

Protein identification by MALDI-Tof mass spectrometry

The first series of protein spots (105) was excised from six

gels (60 lg of protein extract/gel) after staining with silver

nitrate according to the modified Blum’s technique (Blum

et al. 1987), compatible with the mass spectrometry. The

spots were distained with a solution of 30 mM potassium

ferricyanide, 100 mM sodium thiosulphate (1/1) for 2–

3 min. The solution was then eliminated by washing in

water twice for 15 min. Excised gels were washed a second

time with solutions (25 mM NH4HCO3, 5% acetonitrile for

30 min and 25 mM NH4HCO3, 50%, acetonitrile twice for

30 min). After dehydration in 100% acetonitrile and dry-

ing, 100–200 ng of trypsin (V511, Promega, Madison, WI,

USA), depending of the volume of the spot, in solution in

25 mM NH4HCO3 was added to the spots and digestion

was performed at 37�C for 16–18 h. After centrifugation,

peptides were extracted by adding 8–15 ll of acetonitrile.

The mixture was sonicated for 5 min and centrifuged. For

MALDI-Tof mass spectrometry, 1 ll of peptides was loa-

ded directly onto the MALDI target. The matrix solution

(5 mg ml-1 a-cyano-4-hydroxycinnamic acid in 50% ace-

tonitrile/0.1% trifluoroacetic acid) was added immediately

and allowed to dry at room temperature. A Voyager DE-

Pro model of MALDI-Tof mass spectrometer (Perseptive

BioSystems, Farmingham, MA, USA) was used in posi-

tive-ion reflector mode for peptide mass fingerprinting.

External calibration was performed with a standard peptide

solution (Proteomix C002, LaserBio Labs, Sophia-Antip-

olis, France). Internal calibration was performed using

peptides resulting from auto-digestion of porcine trypsin.

To increase the efficiency of identification, a second

series of protein spots (86) was excised from four gels

(200 lg of protein extract/gel) stained with the Coomassie

Brilliant Blue G250 according to the method of Neuhoff

et al. 1988, modified by Rabilloud 2000. These spots were

washed with solutions of NH4HCO3 and acetonitrile (as for

silver-stained spots) then prepared for MALDI-Tof mass

spectrometry as described above.

Monoisotopic peptide masses were compared to those

from NCBInr (2008/09/03) and SwissProt (2008/04/08)

databases using ‘Mascot’ and/or ‘Profound’ softwares

(http://www.matrixscience.com and http://prowl.rockefeller.

edu). The following parameters were considered for the

searches: a maximum fragment ion mass tolerance of

±30 ppm, a maximum of one missed cleavage, partial

methionine oxidation and partial pyridylethylation of cys-

teine. If the Mascot or Profound score was highly significant

(P \ 0.05) protein was valid.

When the best match in the NCBInr database was to a

protein from another species, a further search for a

homologue protein in the T. aestivum species was carried

out using the powerful and well-documented search engine

of the Gramene database (http://www.gramene.org/db/

protein/protein-search). In that database similarity with

other proteins can be visualized through blast2 at NCBI

(National Center for Biotechnology Information, USA).

Protein identification by ion trap-MS

To confirm the initial MALDI-Tof identification and for

further identification, 76 spots of the second series were

analyzed using an ion trap mass spectrometer HPLC-MS/

MS. Nano HPLC was performed with an Ultimate LC sys-

tem combined with Famos autosampler and Switchos II

microcolumn switching for preconcentration (LC Packings,

Amsterdam, The Netherlands). The peptide samples were

loaded on the column (PEPMAP C18, 5 lm, 75 lm ID,

15 cm; LC Packings) using a preconcentration step in a

micro-precolumn cartridge (300 lm ID, 1 mm). Six

microlitres of the sample were loaded on the precolumn at

40 ll/min. After 3 min, the precolumn was connected with

the separating column and the gradient was started at 200 nl/

min. The solvents used with 0.5% formic acid were 95%

water/5% acetonitrile (A) and 95% acetonitrile/5% water

(B). A linear gradient from 10 to 90% of B was applied for

45 min. For ion trap-MS, a LCQDECA with a nano-electro-

spray interface (ThermoElectron, Les Ulis, France) was

used. Ionization (1.8 kV ionization potential) was performed

with a liquid junction and a noncoated capillary probe (New

Objective, Cambridge, USA). Peptide ions were analyzed

using the data-dependant ‘‘triple-play’’ method as follows:

(i) full MS scan (m/z 400–2,000), (ii) Zoom Scan (scan of the

major ion with higher resolution), (iii) MS/MS of this ion.
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Identification of peptides was performed with SE-

QUEST (Bioworks 3.1, ThermoElectron) or MASCOT

(v2.2), using the query settings ‘‘a maximum of two missed

cleavage, partial methionine oxidation and partial pyri-

dylethylation of cysteine’’ and ‘‘mass deviation lower than

1.5 and 0.8 Da for ions parents and fragments, respec-

tively’’, within NCBInr (2008/09/03). The candidate

database peptide with the highest score was retained if

the following identification criteria were met: Xcorr

(SEQUEST) of at least 2.0, 2.2 and 3.5 for singly, doubly

and triply charged peptides, respectively, and/or probabil-

ity based Mowse score (MASCOT, v2.2) significant

(P \ 0.05). The validation was confirmed by visual

inspection proving a satisfactory correlation between

experimental and theoretical MS/MS spectra. Thus, when

two or more valid peptides were obtained for one protein,

the protein was validated.

Like for protein identification with MALDI-Tof, we

tried to find the homologue protein in T. aestivum and when

this was not the case, we used the search engine of the

Gramene database (http://www.gramene.org/db/protein/

protein-search).

If identification failed, the MS/MS sequence was used to

search the EST Poaceae database (Release96 2008/08/28)

from EMBL-EBI (http://srs.ebi.ac.uk/srsbin/) using the

Mascot search engine with the same criteria as described

above. The protein corresponding to the EST sequence was

identified using the MS Blast search of EMBL (European

Molecular Biology Laboratory) (http://dove.embl-heidelberg.

de/Blast2/msblast.html), where a BLAST-based protocol is

available for identification of proteins by sequence simi-

larity searches using peptide sequences produced by the

interpretation of tandem mass spectra (Shevchenko et al.

2001).

Results

Albumins and globulins

Many alg spots observed on the 2D gels were common

to the two parents. To count spots that were specific to

each of the two parents, a reference gel called ‘SICOP’

made from a 50/50 mixture of ‘Synthetic’ and ‘Opata’

was used as control. This SICOP two-dimensional gel

revealed a total of 2,250 silver-stained spots; and sub-

sequent comparison with the parental gels revealed that

130 were specific to ‘Opata’ and 96 spots to ‘Synthetic’.

These 226 proteins had a molecular mass ranging from

13 and 100 kDa (Mw) and an isoelectric point (pI)

between 4 and 7 (Fig. 1).

Chromosome assignment

Image analysis of each of the 112 RILs enabled us to char-

acterize the 226 spots that segregated in each specific RIL, by

registering their presence or absence. Among the 226 spots,

24 (10%) that showed segregation distortion were removed

from the analysis. The majority of these 24 spots were very

small and not easily detected on the gels. The other spots that

displayed segregation distortion corresponded to spots that

were not distinguished on some segregating RILs although a

slight difference was detected in the SICOP reference gel. Of

the 202 spots remaining which had a 1:1 segregation (pres-

ence/absence) ratio, 164 were assigned, and 120 (53%)

which had a positive relevant statistical threshold were

successfully mapped. Among these 120 spots 59 and 61

belong to Opata and Synthetic, respectively. Loci related to

these 120 spots were located on the whole wheat genome

(Fig. 2a, b). Examination of the genetic mapping of many

known enzymes (GrainGenes, http://wheat.pw.usda.gov),

clearly show that they are located on all chromosomes.

Spot mapping on the different chromosomes

The distribution of the wheat 2D spot loci on the different

chromosomes was globally homogenous. From 13 to 19

spots were assigned per chromosome group excepted for

group 5 which had 25 loci (Table 1). The distribution per

genome was in favour of the B genome, with 50 loci,

whereas A and D genomes had 37 and 33 loci, respectively.

The most wheat 2D markers were assigned to chromosome

5B and the least on chromosome 1D. The number of spots

assigned per chromosome was not related to chromosome

length and was also independent of the density of the

markers per chromosome. No significant difference was

detected between the chromosome arms: 50% of the spots

were assigned on short and long arms. This finding differed

from the chromosome mapping of the amphiphilic proteins

which was carried out on the same ITMI progeny: 70% of

the amphiphilic proteins loci were located on the short

arms of the group 1 chromosome (Amiour et al. 2002).

Identification of spots

Out of the 111 spots that we attempted to identify, only

48.6% were successfully identified either through peptide

mass fingerprinting (PMF) (35 spots, Table 2) or MS/MS

peptide sequencing (19 spots, Tables 3, 4). The percentage

(48.6%) of spots identified is lower to the 56% of total wheat

endosperm soluble protein identified by Vensel et al. 2005,

where 80% were identified using MS/MS. There are several

possible explanations for why 51.3% of the trypsic digested
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spots were not identified: (1) the fact that the wheat genome

is not yet sequenced may be one of the major causes, (2)

protein sequences in data bases were mainly from Arabid-

opsis, Oryza or Hordeum genus’s rather than from the

Triticum genus, (3) several other spots could have been

successfully identified if it had been possible to analyze them

using an up-to-date spectrometer enabling post-translational

modifications to be detected, (4) only a low number of pro-

teins were identified, in our conditions, using EST databases.

The agl spots we identified can be classified in the three

following major biological processes (GO: 0008150): car-

bohydrate metabolism (22%), protein folding (22%) and

response to stress (28%) (Fig. 3). These major biological

processes do not appear to be specific to any of the seven

chromosomes groups, and the genes appear to be randomly

located on the chromosomes. Although we recognize that

not the all proteins were identified and only 25 and 29

proteins were identified for Synthetic and Opata, respec-

tively, varietal differences were revealed concerning the

number of spots identified in protein folding and response

to stress (Fig. 4). ‘Synthetic’ and ‘Opata’, had, respec-

tively, 10 spots (40% of specific identified proteins) and 2

spots (7%) involved in protein folding process; whereas

‘Opata’ had more spots 11 (38%) than ‘Synthetic’ 4 (16%)

involved in response to stress process. These variety dif-

ferences must be confirmed by further identifications for

the remaining segregating spots (30 for ‘Opata’ and 36 for

‘Synthetic’) whose identifications were not successful.

Chromosome mapping of albumin–globulin spots

identified on two-dimensional gel

The identification of the agl spots segregating in the

ITMI progeny enabled us to distinguish seven different

Fig. 1 Image gel (IPG 9 SDS-Page) of albumins–globulins from a mixture (50/50) of ‘synthetic’ and ‘opata’ (SICOP). Annotations ‘O’ and ‘S’

show the specific spots of each parent
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Fig. 2 a, b Molecular linkage map of the 120 wheat 2D markers

(agl). The agl markers with a * are proteins which have been

identified. For each chromosome, markers are shown on the right

(anchor and wheat 2D markers) and genetic distances in cM are

shown on the left. Ellipse indicate the approximate position of

centromere
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zones on the two-dimensional gel of SICOP where

several spots belonged to the same protein family

(Fig. 5).

Zone I was composed of three Heat Shock Proteins

70 kDa (HSP70) which are ATP dependant and are

involved in protein folding.
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The agl136 and agl147 spots inherited from ‘Synthetic’,

both mapped on the 6BS, were similar to HSP70 found in

barley. It is interesting to note that the barley chromosome

6 was reported to carry an ADNc specific to HSP70 (Chen

et al. 1994), and that co linearity was reported between

wheat and barley chromosomes (Seungho et al. 2006).

However, this situation does not mean that the loci are

syntenic.

The agl192 inherited from ‘Synthetic’, and also identi-

fied as HSP70, was mapped on the centromeric zone of

Chr1B. This finding is related to previous molecular

analyses in which the molecular marker psr161 was

reported to be very similar to genes encoding HSP70 and

located near the centromeric zone of Chr1B (Francki et al.

2002).

Zone II was composed of several enzymes belonging to

glycoside hydrolase, family 14.

Five spots inherited from ‘Opata’ (agl407, agl437,

agl445, agl461 and agl310) were all identified as beta-

amylase. The first four formed a chain of regularly spaced

spots indicating they had possibly resulted from post-

translational modifications. The five spots were mapped at

the extremity of chromosome arm 5AL which could cor-

respond to the beta-Amy-1 gene mapped on chromosome

arm 5AL (Wheat Composite 2004, GrainGenes, http://

wheat.pw.usda.gov).

The agl368 spot that was specific to ‘Synthetic’ and that

we identified as being similar to the same beta-amylase,

was mapped on 4DL and could be a possible orthologue to

the beta-Amy-1 gene. We know that the beta-amy-D1 gene

was mapped on wheat 4DL (Graingenes, http://wheat.pw.

usda.gov).

The agl167 spot from ‘Opata’ that we also identified as

being similar to a barley beta-amylase (whose gene Bmy1

was mapped on chromosome 4H), was mapped on 6DL,

indicating that agl167 is probably paralogous to agl368.

Zone III was composed of three spots (agl642, agl643

and agl634) inherited from ‘Synthetic’, which we identified

as being similar to barley UDP-Glucose pyrophosphory-

lase. They were all mapped on 5BL. In barley, three loci

(Ugp1, Ugp2 and Ugp3) were mapped on 3H, 3H and 5H,

respectively (Barley, BinMap 2005, Kleinhofs, http://

wheat.pw.usda.gov). This may indicates that our three

(agl642, agl643 and agl634) spots could be orthologous to

the Upg3 locus.

Zone IV was composed of two spots inherited from

‘Opata’ (agl1768 and agl1800) which we identified as

1-cys peroxiredoxin. Several tissue-specific genes encoding

peroxydases at loci named Per1 (for coleoptile), Per2 (for

root), and Per3 (for embryo) were located on chromosomes

of wheat groups 1, 2 and 3, respectively, whereas Per4 (for

endosperm) were located on 7AS, 4AL and 7DS (Liu et al.

1990). In our case, the two spots were mapped on 2BS,

suggesting that agl1768 and agl1800 are 1-cys peroxire-

doxins homologous to those encoded at the Per2 locus.

Zone V was composed of nine spots: four (agl1977 and

agl2012 from ‘Opata’, agl1984 and agl1994 from ‘Syn-

thetic’) were identified as HSP16.9 kDa, and three from

‘Synthetic’ (agl2049, agl2050 and agl2066) were identified

as HSP 17.5 kDa or HSP17.8 kDa. Except agl1981 from

‘Synthetic’, identified as HSP18 from orysa sativa, which

was mapped on 4DS, they were all mapped on group 3

chromosome. This is in agreement with previous chromo-

somal assignment where some 17 and 18 kDa HSPs were

reported to be encoded at 3AL, 3BS and 3DS but also on

chromosome arms 4BS and 4DL (Porter et al. 1989).

One spot (agl1936 from ‘Synthetic’), with a molecular

weight slightly higher than the previous spots, was identi-

fied as HSP23.5 kDa and mapped on 6BS. This protein is

similar to the rice protein encoded at Os02g0758000 gene

(http://www.ncbi.nlm.nih.gov/UniGene/) located on rice

chromosome 2.

Zone VI was composed of three spots (agl2144, agl2220

and agl2226 from ‘Opata’). We identified these spots as

being similar to type H thioredoxin. These 12–14 kDa

proteins, which are abundant in cereal seeds, have been

shown to be involved in many cytosolic redox reactions

involving dithiol-disulphide exchange. The proteins were

mapped on 1AL and 1BL which is in good agreement with

previous mapping of thioredoxin H (Holton et al. 2002).

Zone VII was composed of four spots from ‘Opata’

(agl2195, agl2198, agl2199 and agl2202) identified as

monomeric alpha-amylase inhibitor. These four proteins,

which belong to the big protease inhibitor family, were all

mapped on 6BS. This is in total agreement with previous

mapping where Gomez et al. 1991, using RP-HPLC and

2DE, mapped the two homoeologous WMAI-1 and WMAI-

2 genes on 6DS and 6BS, respectively.

Another spot in this zone, agl2122 from ‘Opata’, mat-

ched the dimeric alpha-amylase inhibitor 0.19 and was

mapped on chromosome 5BL. Thirteen genes encoding

dimeric alpha-amylase inhibitors were found in the cv

Chinese Spring (Wang et al. 2006), and the use of

Table 1 Number of wheat 2D markers per group of chromosomes

and per genome

Homoeologous group A genome B genome D genome Total

Group 1 9 9 1 19

Group 2 3 7 5 15

Group 3 5 4 7 16

Group 4 5 6 6 17

Group 5 9 13 3 25

Group 6 4 8 4 16

Group 7 2 3 7 12

TOTAL 37 50 33 120

1328 Theor Appl Genet (2009) 118:1321–1337

123

http://wheat.pw.usda.gov
http://wheat.pw.usda.gov
http://wheat.pw.usda.gov
http://wheat.pw.usda.gov
http://wheat.pw.usda.gov
http://wheat.pw.usda.gov
http://www.ncbi.nlm.nih.gov/UniGene/


T
a

b
le

2
S

p
ec

ifi
c

sp
o

ts
o

f
O

p
at

a
(O

)
an

d
S

y
n

th
et

ic
(S

)
id

en
ti

fi
ed

b
y

M
A

L
D

I-
T

o
f

m
as

s
sp

ec
tr

o
m

et
ry

ag
l

n
o

.

S
p

o
t

fr
o

m

O
o

r
S

C
h

ro
m

o
so

m
al

lo
ca

ti
o

n

P
ro

te
in

n
am

e

U
n

iP
ro

tK
B

ac
ce

ss
io

n

n
o

.

S
p

ec
ie

s
m

W
th

eo

(m
W

ex
p

)/

p
I

th
eo

(p
I

ex
p

)

S
ig

n
ifi

ca
n

t

sc
o

re

(M
as

co
t[

5
5

o
r

P
ro

fo
u

n
d

[
1

.6
5

)

N
o

.
o

f

p
ep

ti
d

es

m
at

ch
ed

(%

co
v

er
ag

e)

B
io

lo
g

ic
al

p
ro

ce
ss

/m
o

le
cu

la
r

fu
n

ct
io

n

H
o

m
o

lo
g

u
e

p
ro

te
in

in

w
h

ea
ta

1
3

6
S

6
B

S
H

S
P

7
0

Q
4

0
0

5
8

H
o

rd
eu

m
vu

lg
a

re
6

7
.3

(7
4

.5
)/

5
.7

6

(5
.1

)

8
1

1
6

(2
9

)
P

ro
te

in
fo

ld
in

g
N

o

1
4

7
S

6
B

S
H

S
P

7
0

Q
4

0
0

5
8

H
o

rd
eu

m
vu

lg
a

re
6

7
.3

(7
3

.9
)/

5
.7

6

(5
.1

)

8
4

1
3

(2
6

)
P

ro
te

in
fo

ld
in

g
N

o

1
9

0
O

7
B

S
P

u
ta

ti
v

e
g

ly
cy

l-
tR

N
A

sy
n

th
et

as
e

Q
6

Z
D

3
5

O
ry

za
sa

ti
va

7
8

.2
(7

1
.4

)/
5

.9

(5
.8

)

2
.2

6
8

(1
2

)
T

ra
n

sl
at

io
n

N
o

1
9

2
S

1
B

L
H

S
P

7
0

Q
9

S
A

U
8

T
ri

ti
cu

m
a

es
ti

vu
m

7
1

.7
(7

0
.6

)/
5

.1

(5
.2

)

1
1

9
1

7
(3

3
)

P
ro

te
in

fo
ld

in
g

–

3
1

0
O

5
A

L
B

et
a-

am
y

la
se

(f
ra

g
m

en
t)

Q
7

X
9

M
2

T
ri

ti
cu

m
a

es
ti

vu
m

3
1

.2
(6

3
.8

)/
8

.6

(5
.3

)

9
0

1
3

(4
2

)
C

ar
b

o
h

y
d

ra
te

m
et

ab
o

li
sm

–

3
2

3
S

4
B

S
P

ro
te

in
d

is
u

lp
h

id
e

is
o

m
er

as
e

2

Q
9

3
X

Q
8

T
ri

ti
cu

m
a

es
ti

vu
m

5
6

.9
(6

3
.3

)/
5

.0

(4
.9

)

1
0

1
1

4
(3

1
)

E
le

ct
ro

n
tr

an
sp

o
rt

–

3
6

8
S

4
D

L
B

et
a-

am
y

la
se

(f
ra

g
m

en
t)

Q
7

X
9

M
2

T
ri

ti
cu

m
a

es
ti

vu
m

3
1

.2
(6

1
.1

)/
8

.6

(5
.1

)

1
0

7
1

3
(5

4
)

C
ar

b
o

h
y

d
ra

te

m
et

ab
o

li
sm

–

4
0

7
O

5
A

L
B

et
a-

am
y

la
se

(f
ra

g
m

en
t)

Q
7

X
9

M
2

T
ri

ti
cu

m
a

es
ti

vu
m

3
1

.2
(5

8
.8

)/
8

.6

(5
.3

)

1
5

6
1

6
(6

7
)

C
ar

b
o

h
y

d
ra

te

m
et

ab
o

li
sm

–

4
3

7
O

5
A

L
B

et
a-

am
y

la
se

(f
ra

g
m

en
t)

Q
7

X
9

M
2

T
ri

ti
cu

m
a

es
ti

vu
m

3
1

.2
(5

8
.8

)/
8

.6

(5
.3

)

1
4

6
1

5
(6

7
)

C
ar

b
o

h
y

d
ra

te

m
et

ab
o

li
sm

–

4
4

5
O

5
A

L
B

et
a-

am
y

la
se

(f
ra

g
m

en
t)

Q
7

X
9

M
2

T
ri

ti
cu

m
a

es
ti

vu
m

3
1

.2
(5

8
.4

)/
8

.6

(5
.3

)

7
5

9
(3

9
)

C
ar

b
o

h
y

d
ra

te

m
et

ab
o

li
sm

–

4
6

1
O

5
A

L
B

et
a-

am
y

la
se

(f
ra

g
m

en
t)

Q
7

X
9

M
2

T
ri

ti
cu

m
a

es
ti

vu
m

3
1

.2
(5

8
)/

8
.6

(5
.3

)

1
5

8
1

5
(6

7
)

C
ar

b
o

h
y

d
ra

te

m
et

ab
o

li
sm

–

5
0

7
O

6
D

L
C

y
to

so
li

c
g

lu
ta

th
io

n
e

re
d

u
ct

as
e

Q
6

U
Q

0
6

T
ri

ti
cu

m
m

o
n

o
co

cc
u

m
5

3
.7

(5
6

.1
)/

5
.9

(5
.8

)

8
6

1
3

(3
2

)
E

le
ct

ro
n

tr
an

sp
o

rt
N

o

5
7

0
O

3
A

S
A

T
P

sy
n

th
as

e
b

et
a

su
b

u
n

it
Q

4
1

5
3

4
T

ri
ti

cu
m

a
es

ti
vu

m
5

9
.4

(5
2

.9
)/

5
.6

(5
.1

)

1
4

7
2

1
(4

3
)

A
T

P
b

io
sy

n
th

et
ic

–

6
2

1
O

3
B

S
G

A
D

1
Q

7
X

Z
U

7
H

o
rd

eu
m

vu
lg

a
re

5
5

(5
2

)/
5

.3
(5

.6
)

6
9

9
(1

9
)

G
lu

ta
m

at
e

m
et

ab
o

li
sm

N
o

6
3

4
S

5
B

L
U

D
P

-g
lu

co
se

p
y

ro
p

h
o

sp
h

o
ry

la
se

Q
4

3
7

7
2

H
o

rd
eu

m
vu

lg
a

re
5

1
.9

5
1

.1
)/

5
.2

(5
.0

)

1
0

6
1

4
(3

7
)

C
ar

b
o

h
y

d
ra

te

m
et

ab
o

li
sm

N
o

6
4

2
S

5
B

L
U

D
P

-g
lu

co
se

p
y

ro
p

h
o

sp
h

o
ry

la
se

Q
4

3
7

7
2

H
o

rd
eu

m
vu

lg
a

re
5

1
.9

(5
1

.1
)/

5
.2

(5
.0

)

1
2

2
1

4
(4

1
)

C
ar

b
o

h
y

d
ra

te

m
et

ab
o

li
sm

N
o

6
4

3
S

5
B

L
U

D
P

-g
lu

co
se

p
y

ro
p

h
o

sp
h

o
ry

la
se

Q
4

3
7

7
2

H
o

rd
eu

m
vu

lg
a

re
5

1
.9

(5
1

.1
)/

5
.2

(5
.0

)

8
1

1
1

(3
2

)
C

ar
b

o
h

y
d

ra
te

m
et

ab
o

li
sm

N
o

9
0

5
S

5
B

L
S

er
p

in
Q

9
S

T
5

7
T

ri
ti

cu
m

a
es

ti
vu

m
4

3
.3

(4
3

)/
5

.4

(5
.3

)

1
2

5
1

3
(4

9
)

R
es

p
o

n
se

to
st

re
ss

–

Theor Appl Genet (2009) 118:1321–1337 1329

123



T
a

b
le

2
co

n
ti

n
u

ed

ag
l

n
o

.

S
p

o
t

fr
o

m

O
o

r
S

C
h

ro
m

o
so

m
al

lo
ca

ti
o

n

P
ro

te
in

n
am

e

U
n

iP
ro

tK
B

ac
ce

ss
io

n

n
o

.

S
p

ec
ie

s
m

W
th

eo

(m
W

ex
p

)/

p
I

th
eo

(p
I

ex
p

)

S
ig

n
ifi

ca
n

t

sc
o

re

(M
as

co
t[

5
5

o
r

P
ro

fo
u

n
d

[
1

.6
5

)

N
o

.
o

f

p
ep

ti
d

es

m
at

ch
ed

(%

co
v

er
ag

e)

B
io

lo
g

ic
al

p
ro

ce
ss

/m
o

le
cu

la
r

fu
n

ct
io

n

H
o

m
o

lo
g

u
e

p
ro

te
in

in

w
h

ea
ta

1
4

0
2

S
5

A
L

S
er

p
in

Q
9

S
T

5
8

T
ri

ti
cu

m
a

es
ti

vu
m

4
3

(3
4

.5
)/

5
.6

(5
.0

)

1
0

4
7

(2
8

)
R

es
p

o
n

se
to

st
re

ss
–

1
7

2
1

S
1

B
S

G
lu

ta
th

io
n

e-
S

-t
ra

n
sf

er
as

e

1
9

E
5

0

Q
8

L
G

N
5

T
ri

ti
cu

m
a

es
ti

vu
m

2
5

.1
(2

8
.1

)/
6

.0

(5
.8

)

7
5

5
(2

4
)

R
es

p
o

n
se

to
st

re
ss

–

1
7

6
8

O
2

B
S

1
-C

y
s

p
er

o
x

ir
ed

o
x

in
Q

9
A

X
H

7
T

ri
ti

cu
m

tu
rg

id
u

m
su

b
sp

.
d

u
ru

m
2

4
.3

(2
7

.8
)/

6
.3

(5
.7

)

1
4

3
1

4
(4

6
)

R
es

p
o

n
se

to
st

re
ss

Q
6

W
8

Q
2

T
ri

ti
cu

m
a

es
ti

vu
m

1
8

0
0

O
2

B
S

1
-C

y
s

p
er

o
x

ir
ed

o
x

in
Q

6
W

8
Q

2
T

ri
ti

cu
m

a
es

ti
vu

m
2

4
.3

(2
7

.8
)/

6
.1

(5
.7

)

6
7

7
(3

0
)

R
es

p
o

n
se

to
st

re
ss

–

1
9

3
6

S
6

B
S

S
m

al
l

h
ea

t
sh

o
ck

p
ro

te
in

H
sp

2
3

.5

Q
9

Z
P

2
5

T
ri

ti
cu

m
a

es
ti

vu
m

2
3

.4
(2

1
.6

)/
6

.2

(4
.9

)

1
0

2
1

1
(4

4
)

P
ro

te
in

fo
ld

in
g

–

1
9

7
7

O
3

D
S

1
6

.9
k

D
a

C
la

ss
I

h
ea

t
sh

o
ck

p
ro

te
in

P
1

2
8

1
0

T
ri

ti
cu

m
a

es
ti

vu
m

1
6

.8
(2

0
.2

)/
5

.8

(5
.2

)

7
3

6
(4

9
)

P
ro

te
in

fo
ld

in
g

–

1
9

8
4

S
3

A
S

1
6

.9
k

D
a

C
la

ss
I

h
ea

t
sh

o
ck

p
ro

te
in

P
1

2
8

1
0

T
ri

ti
cu

m
a

es
ti

vu
m

1
6

.8
(2

0
.1

)/
5

.8

(5
.5

)

8
6

7
(5

8
)

P
ro

te
in

fo
ld

in
g

–

1
9

9
4

S
3

B
S

1
6

.9
k

D
a

C
la

ss
I

h
ea

t
sh

o
ck

p
ro

te
in

P
1

2
8

1
0

T
ri

ti
cu

m
a

es
ti

vu
m

1
6

.8
(1

9
.9

)/
5

.8

(5
.7

)

9
0

8
(6

2
)

P
ro

te
in

fo
ld

in
g

–

2
0

1
2

O
3

D
S

1
6

.9
k

D
a

C
la

ss
I

h
ea

t
sh

o
ck

p
ro

te
in

P
1

2
8

1
0

T
ri

ti
cu

m
a

es
ti

vu
m

1
6

.8
(1

9
.5

)/
5

.8

(5
.2

)

6
2

7
(5

0
)

P
ro

te
in

fo
ld

in
g

–

2
0

9
4

S
5

B
L

S
in

g
le

-s
tr

an
d

ed
n

u
cl

ei
c

ac
id

b
in

d
in

g
p

ro
te

in

Q
4

1
5

1
8

T
ri

ti
cu

m
a

es
ti

vu
m

1
6

.3
(1

7
.9

)/
5

.2

(4
.9

)

9
4

7
(6

2
)

T
ra

n
sl

at
io

n
–

2
1

2
2

O
5

B
L

0
.1

9
D

im
er

ic
al

p
h

a-

am
y

la
se

in
h

ib
it

o
r

Q
5

M
D

6
8

T
ri

ti
cu

m
a

es
ti

vu
m

1
4

.2
(1

6
.6

)/
5

.2

(5
.7

)

7
6

6
(6

9
)

R
es

p
o

n
se

to
st

re
ss

–

2
1

4
6

O
1

B
L

A
lp

h
a-

1
-p

u
ro

th
io

n
in

P
0

1
5

4
4

T
ri

ti
cu

m
a

es
ti

vu
m

1
5

(1
6

)/
4

.7
(5

.6
)

5
8

5
(4

5
)

D
ef

en
ce

re
sp

o
n

se
–

2
1

9
5

O
6

B
S

M
o

n
o

m
er

ic
al

p
h

a-
am

y
la

se

in
h

ib
it

o
r

A
4

Z
IZ

0
T

ri
ti

cu
m

a
es

ti
vu

m
1

4
(1

5
.1

)/
5

.3

(5
.8

)

1
1

1
9

(7
1

)
R

es
p

o
n

se
to

st
re

ss
–

2
1

9
8

O
6

B
S

M
o

n
o

m
er

ic
al

p
h

a-
am

y
la

se

in
h

ib
it

o
r

A
4

Z
IY

9
T

ri
ti

cu
m

a
es

ti
vu

m
1

7
.8

(1
5

.2
)/

7
.4

(5
.8

)

6
9

6
(4

0
)

R
es

p
o

n
se

to
st

re
ss

–

2
1

9
9

O
6

B
S

M
o

n
o

m
er

ic
al

p
h

a-
am

y
la

se

in
h

ib
it

o
r

A
4

Z
IZ

0
T

ri
ti

cu
m

a
es

ti
vu

m
1

4
.1

(1
5

)/
5

.3

(5
.8

)

1
0

0
8

(5
9

)
R

es
p

o
n

se
to

st
re

ss
–

2
2

0
0

S
1

B
L

W
h

ea
tw

in
1

O
6

4
3

9
2

T
ri

ti
cu

m
a

es
ti

vu
m

1
6

.3
(1

5
.1

)/
7

.9

(6
.0

)

2
.1

6
5

(5
4

)
D

ef
en

ce
re

sp
o

n
se

–

2
2

0
2

O
6

B
S

M
o

n
o

m
er

ic
al

p
h

a-
am

y
la

se

in
h

ib
it

o
r

A
4

Z
IZ

0
T

ri
ti

cu
m

a
es

ti
vu

m
1

4
.1

(1
5

.1
)/

5
.3

(5
.6

)

1
1

4
9

(6
2

)
R

es
p

o
n

se
to

st
re

ss
–

a
S

im
il

ar
it

y
w

it
h

T
ri

ti
cu

m
a

es
ti

vu
m

th
ro

u
g

h
B

la
st

2
at

N
C

B
I

1330 Theor Appl Genet (2009) 118:1321–1337

123



T
a

b
le

3
S

p
ec

ifi
c

sp
o

ts
o

f
O

p
at

a
(O

)
an

d
S

y
n

th
et

ic
(S

)
id

en
ti

fi
ed

b
y

M
S

/M
S

ag
l

n
o

.

S
p

o
t

fr
o

m

O
o

r
S

C
h

ro
m

o
so

m
al

lo
ca

ti
o

n

P
ro

te
in

n
am

e

U
n

iP
ro

tK
B

ac
ce

ss
io

n

n
o

.

S
p

ec
ie

s
m

W
th

eo

(m
W

ex
p

)/

p
I

th
eo

(p
I

ex
p

)

M
as

co
t

sc
o

re

M
at

ch
ed

p
ep

ti
d

es

B
io

lo
g

ic
al

p
ro

ce
ss

/

m
o

le
cu

la
r

fu
n

ct
io

n

H
o

m
o

lo
g

u
e

p
ro

te
in

in

w
h

ea
ta

1
6

7
O

6
D

L
B

et
a-

am
y

la
se

P
1

6
0

9
8

H
o

rd
eu

m
vu

lg
a

re
5

9
.6

(7
3

)/
5

.6

(5
.2

)

1
3

8
(L

F
G

F
T

Y
L

R
)

(L
S

N
Q

L
V

E
G

Q
N

Y
V

N
F

K
)

C
ar

b
o

h
y

d
ra

te

m
et

ab
o

li
sm

P
9

3
5

9
4

T
ri

ti
cu

m
a

es
ti

vu
m

1
0

1
1

O
7

D
S

S
er

p
in

Q
4

3
4

9
2

H
o

rd
eu

m
vu

lg
a

re
4

2
.7

(4
0

.3
)/

5
.5

(4
.9

)

9
4

(L
V

L
G

N
A

L
Y

F
K

)
(G

L
W

T
K

K
F

D
E

S
K

)
R

es
p

o
n

se
to

st
re

ss
Q

9
S

T
5

7
T

ri
ti

cu
m

a
es

ti
vu

m

1
2

2
7

O
1

A
S

L
eg

u
m

in
-l

ik
e

p
ro

te
in

Q
8

4
T

L
6

Z
ea

m
a

ys
3

8
(3

7
.4

)/
6

.2

(5
.6

)

1
2

9
(E

V
G

L
G

A
D

L
V

R
)

(I
E

G
G

S
L

F
IV

P
R

)
N

u
tr

ie
n

t
re

se
rv

o
ir

ac
ti

v
it

y

N
o

1
3

2
6

S
7

D
L

L
ac

to
y

lg
lu

ta
th

io
n

e

ly
as

e

Q
9

4
8

T
6

O
ry

za
sa

ti
va

3
2

.5
(3

6
)/

5
.5

(5
.6

)

1
2

6
(S

A
E

A
V

E
L

V
T

K
)

(Q
P

G
P

L
P

G
L

N
T

K
)

C
ar

b
o

h
y

d
ra

te

m
et

ab
o

li
sm

Q
9

X
G

F
2

T
ri

ti
cu

m
a

es
ti

vu
m

1
6

2
6

O
5

A
L

P
u

ta
ti

v
e

u
n

ch
ar

ac
te

ri
ze

d

p
ro

te
in

O
se

7
3

1

Q
7

G
1

5
6

O
ry

za
sa

ti
va

2
6

.3
(3

0
.8

)/

5
.6

(5
.5

)

1
8

6
(G

G
V

L
F

M
P

G
V

P
G

V
V

E
R

?

O
x

id
at

io
n

(M
))

(G
D

A
L

P
L

G
L

P
Q

IM
M

A
L

T
R

?

O
x

id
at

io
n

(M
))

(G
D

A
L

P
L

G
L

P
Q

IM
M

A
L

T
R

?
2

O
x

id
at

io
n

(M
))

P
ro

te
in

o
f

u
n

k
n

o
w

n

fu
n

ct
io

n
(P

U
F

)

N
o

1
9

3
3

S
5

D
L

P
u

ta
ti

v
e

u
n

ch
ar

ac
te

ri
ze

d

p
ro

te
in

P
0

0
2

2
B

0
5

.1
1

6

Q
8

L
H

Y
4

O
ry

za
sa

ti
va

1
5

.7
(2

1
.8

)/

0
.7

(5
.1

)

1
7

7
(S

IE
L

L
E

E
L

G
L

P
K

)

(K
S

IE
L

L
E

E
L

G
L

P
K

)

P
ro

te
in

o
f

U
n

k
n

o
w

n

F
u

n
ct

io
n

(P
U

F
)

N
o

1
9

4
6

S
6

A
S

E
M

4
_

W
H

E
A

T
E

m

p
ro

te
in

H
5

P
4

2
7

5
5

T
ri

ti
cu

m
a

es
ti

vu
m

1
0

(2
1

.3
)/

5
.3

(5
.1

)

1
5

9
(E

G
IE

ID
E

S
K

)

(E
G

E
T

V
V

P
G

G
T

G
G

K
)

(K
E

Q
L

G
E

E
G

Y
R

)

R
es

p
o

n
se

to
st

re
ss

–

2
0

4
9

S
3

B
S

S
m

al
l

h
ea

t
sh

o
ck

p
ro

te
in

H
S

P
1

7
.5

A
5

A
8

T
4

A
eg

il
o

p
s

lo
n

g
is

si
m

a
1

7
.5

(1
8

.5
)/

5
.6

(5
.5

)

9
5

(V
L

V
IS

G
E

R
)

(D
G

V
L

T
V

T
V

E
K

)

P
ro

te
in

fo
ld

in
g

Q
9

4
K

M
0

T
ri

ti
cu

m
a

es
ti

vu
m

2
0

5
0

S
3

D
S

S
m

al
l

h
ea

t
sh

o
ck

p
ro

te
in

H
S

P
1

7
.8

Q
9

4
K

M
0

T
ri

ti
cu

m
a

es
ti

vu
m

1
7

.7
(1

8
.5

)/

5
.9

(5
.1

)

1
3

4
(V

L
V

IS
G

E
R

)

(E
L

P
G

A
Y

A
F

V
V

D
M

P
G

L
G

S
G

D
IK

?
O

x
id

at
io

n
(M

))

P
ro

te
in

fo
ld

in
g

–

2
0

6
6

S
3

D
S

S
m

al
l

h
ea

t
sh

o
ck

p
ro

te
in

H
S

P
1

7
.8

Q
9

4
K

M
0

T
ri

ti
cu

m
a

es
ti

vu
m

1
7

.7
(1

8
)/

5
.9

(5
.1

)

1
4

7
(V

L
V

IS
G

E
R

)

(E
L

P
G

A
Y

A
F

V
V

D
M

P
G

L
G

S
G

D
IK

?

O
x

id
at

io
n

(M
))

P
ro

te
in

fo
ld

in
g

–

2
1

4
4

O
1

A
L

T
h

io
re

d
o

x
in

H
-t

y
p

e
O

6
4

3
9

4
T

ri
ti

cu
m

a
es

ti
vu

m
1

3
.5

(1
6

.2
)/

5
.1

2
(5

)

2
2

9
(I

M
A

P
IF

A
D

L
A

K
)

(I
M

A
P

IF
A

D
L

A
K

?
O

x
id

at
io

n

(M
))

(V
V

G
A

IK
E

E
L

T
T

K
)

E
le

ct
ro

n
tr

an
sp

o
rt

–

2
2

2
0

O
1

B
L

T
h

io
re

d
o

x
in

H
-t

y
p

e
O

6
4

3
9

4
T

ri
ti

cu
m

a
es

ti
vu

m
1

3
.5

(1
4

.5
)/

5
.1

(5
.2

)

2
0

4
(I

M
A

P
IF

A
D

L
A

K
)

(I
M

A
P

IF
A

D
L

A
K

?

O
x

id
at

io
n

(M
))

(V
V

G
A

IK
E

E
L

T
T

K
)

E
le

ct
ro

n
tr

an
sp

o
rt

–

2
2

2
6

O
1

A
L

T
h

io
re

d
o

x
in

H
O

6
4

3
9

4
T

ri
ti

cu
m

a
es

ti
vu

m
1

3
.5

(1
4

.2
)/

5
.1

(5
.2

)

1
1

1
(K

F
P

A
A

V
F

L
K

)
(I

M
A

P
IF

A
D

L
A

K
?

O
x

id
at

io
n

(M
))

E
le

ct
ro

n
tr

an
sp

o
rt

–

a
S

im
il

ar
it

y
w

it
h

T
ri

ti
cu

m
a

es
ti

vu
m

th
ro

u
g

h
B

la
st

2
at

N
C

B
I

Theor Appl Genet (2009) 118:1321–1337 1331

123



T
a

b
le

4
S

p
ec

ifi
c

sp
o

ts
o

f
O

p
at

a
(O

)
an

d
S

y
n

th
et

ic
(S

)
id

en
ti

fi
ed

b
y

M
S

/M
S

u
si

n
g

E
S

T
P

o
ac

ea
e

d
at

ab
as

e

ag
l

n
o
.

S
p
o
t

fr
o
m

O
o
r

S

C
h
ro

m
o
so

m
al

lo
ca

ti
o
n

E
S

T
n
am

e
C

lo
n
e

ac
ce

ss
io

n

n
o
.

S
p
ec

ie
s

M
as

co
t

sc
o
re

M
at

ch
ed

p
ep

ti
d
es

M
S

b
la

st
se

ar
ch

B
io

lo
g
ic

al
p
ro

ce
ss

/

M
o
le

cu
la

r
fu

n
ct

io
n

H
o
m

o
lo

g
u
e

p
ro

te
in

in
w

h
ea

ta

1
5
8
9

O
4
A

S
cD

N
A

cl
o
n
e:

w
h
e2

l0
3

B
J2

3
8
5
9
6

T
ri

ti
cu

m

a
es

ti
vu

m

3
9
0

(L
D

P
Q

F
L

L
Q

H
T

K
)

(Y
ID

S
N

F
D

G
P

A
L

L
P

D
D

S
A

K
)

(K
Q

F
A

E
E

L
L

V
Y

T
D

E
F

N
K

)

(G
D

V
A

E
E

T
V

A
A

L
D

K
IE

A
A

L
G

K
)

Q
8
H

8
U

5
O

ry
za

sa
ti

v
a

P
u
ta

ti
v
e

g
lu

ta
th

io
n
e

S
-

tr
an

sf
er

as
e

R
es

p
o
n
se

to
st

re
ss

O
8
2
0
7
1

T
ri

ti
cu

m

ae
st

iv
u
m

P
u
ta

ti
v
e

In
2
.1

p
ro

te
in

1
9
8
1

S
4
D

S
cD

N
A

cl
o
n
e:

w
h
3
7
c1

7

B
J2

1
0
9
5
7

T
ri

ti
cu

m

a
es

ti
vu

m

1
4
6

(T
S

S
D

T
A

A
F

A
G

A
R

)

(A
S

M
E

N
G

V
L

T
V

T
V

P
K

E
E

A
K

K
P

E
V

K
?

O
x
id

at
io

n
(M

))

Q
8
4
Q

7
7

O
ry

za
sa

ti
v
a

H
ea

t
sh

o
ck

p
ro

te
in

1
8

P
ro

te
in

fo
ld

in
g

N
o

2
0
2
7

O
4
D

S
cD

N
A

cl
o
n
e:

w
h
sl

1
5
n
0
7

B
J2

8
8
6
7
2

T
ri

ti
cu

m

a
es

ti
vu

m

2
5
5

(G
S

G
S

E
S

E
S

E
S

E
E

Q
Q

D
Q

Q
R

)

(A
K

D
Q

Q
D

E
G

F
V

A
G

P
E

Q
Q

E
Q

E
R

)

(A
K

D
Q

Q
D

E
G

F
V

A
G

P
E

Q
Q

E
Q

E
R

G
D

R
)

Q
7
D

M
U

0
T

ri
ti

cu
m

a
es

ti
vu

m
S

to
ra

g
e

p
ro

te
in

N
u
tr

ie
n
t

re
se

rv
o
ir

ac
ti

v
it

y

–

2
0
3
8

S
4
D

S
C

lo
n
e

rw
h
em

9
c1

1

3
’

C
J5

4
4
5
7
3

T
ri

ti
cu

m

a
es

ti
vu

m

1
7
6

(L
D

N
P

A
Q

E
L

T
F

G
R

)

(A
K

D
Q

Q
D

E
G

F
V

A
G

P
E

Q
Q

E
Q

E
R

)

Q
7
D

M
U

0
T

ri
ti

cu
m

a
es

ti
vu

m
S

to
ra

g
e

p
ro

te
in

N
u
tr

ie
n
t

re
se

rv
o
ir

ac
ti

v
it

y

–

2
0
6
9

S
5
D

L
cD

N
A

cl
o
n
e:

w
h
sl

9
g
0
3

B
J2

9
0
2
0
0

T
ri

ti
cu

m

a
es

ti
vu

m

2
8
0

(T
V

E
L

L
E

E
L

G
L

P
K

)

(T
N

T
G

L
S

D
T

H
D

A
A

V
F

A
L

G
E

)

(L
N

Q
T

V
S

Y
D

T
E

V
T

A
F

V
E

K
)

Q
8
L

H
X

8
O

ry
za

sa
ti

v
a

H
y
p
o
th

et
ic

al
p
ro

te
in

P
ro

te
in

o
f

u
n
k
n
o
w

n

fu
n
ct

io
n

(P
U

F
)

N
o

2
2
4
2

O
2
A

S
cD

N
A

cl
o
n
e:

w
h
2
1
i0

1

B
J2

1
3
2
3
9

T
ri

ti
cu

m

a
es

ti
vu

m

1
6
9

(V
L

II
D

F
K

P
T

A
G

N
)

(E
Y

V
Y

H
P

A
H

V
E

F
A

T
D

F
L

G
S

T
E

K
)

Q
8
L

Q
D

2
O

ry
za

sa
ti

v
a

p
u
ta

ti
v
e

st
re

ss
-

re
sp

o
n
si

v
e

p
ro

te
in

R
es

p
o
n
se

to
st

re
ss

N
o

a
S

im
il

ar
it

y
w

it
h

T
ri

ti
cu

m
a
es

ti
vu

m
th

ro
u
g
h

B
la

st
2

at
N

C
B

I

1332 Theor Appl Genet (2009) 118:1321–1337

123



ditelosomic lines enabled them to assign the alpha-amylase

inhibitor 0.19 to 3DS and not to 5BL. This indicates that

among the multigene family encoding alpha-amylase

inhibitor, at least one gene, not previously mapped, would

be located, with the ITMI population, on 5BL. We can also

hypothesis that a possible post-translational modification of

the agl2122 could be caused by a gene located on 5BL.

Other spots not grouped in specific zones

One spot, agl2146, from ‘Opata’, identified as alpha-1-

purothionin, was mapped on 1BL. In a previous work,

Castagnaro et al. (1992) described this protein involved

in plant defence mechanisms as being encoded at gene

clusters on the long arm of the group 1 chromosome.

The agl2200 spot from ‘Synthetic’ which was identified

as a wheatwin 1 protein belonging to the PR4 family,

homologous to the barley barwin protein, has been shown

to be involved in plant defence. Transcript profiles and

expression profiles of the unmapped wheatwin proteins

have previously been reported with respect to wheat kernel

development (Altenbach et al. 2007). We mapped it on

1BL.

The agl1721 spot from ‘Synthetic’, which we identified

as a glutathione-S-transferase (GST), was mapped on 1BS.

GSTs are known to be a multigene family of enzymes

associated with stress response in plants (Edwards et al.

2000; McGonigle et al. 2000). Genes encoding GST were

located on 6AS, 6BS and 6DS (Riechers et al. 1998).

Recently, genetic mapping of wheat progeny enabled the

cDNA of one GST to be located on 1BS (Paillard et al.

2003), which is in agreement with our mapping. Another

spot, agl1589 from ‘Opata’, was found to be similar to a

putative rice GST and was mapped on 4AS. In the latter

species, the gene (Os03g0283100) encoding this GST was

located on chromosome 3 (TIGR Rice Genome Annotation-

release 5: http://www.tigr.org), which is a chromosome

known to have segments close to wheat chromosome 4

(Sorrels et al. 2003; Salse et al. 2007).

The agl507 spot from ‘Opata’, identified as a cytosolic

glutathione reductase belonging to the pyridine nucleotide-

disulphide oxidoreductase family known to be involved

in stress defence, was mapped on 6DL. A rice gene

(Os02g081350), coding for a cytosolic glutathione reduc-

tase, was located on rice chromosome 2 (http://www.ncbi.

nlm.nih.gov/sites/entrez), also known to show synteny with

wheat chromosome 6.

Three other spots involved in stress defence agl905 and

agl1402, from ‘Synthetic’, were identified as wheat serpins

(SERine Proteinase INhibitors) whereas agl1011, from

‘Opata’, was seen to be similar to a barley serpin, which is

very similar to that of agl905. Serpins that are active against

some peptidases have been shown to be involved in allergy to

wheat flour (Akagawa et al. 2007). The two first spots were

mapped on 5BL and 5AL and agl1011 was mapped on 7DS.

The agl621 spot from ‘Opata’ and mapped on 3BS was

identified as being similar to the glutamate ascorbate

PUF  3

translation   2

glutamate 
metabolism  1

 ATP biosynthetic  1

nutrient reservoir 
activity  3

Electron transport  5

Response to 
stress/defense 
response  15

Protein folding  12

carbohydrate 
metabolism  12

Biological process/ Molecular function

Fig. 3 Classification of all specific proteins identified in both ‘Opata’

and ‘Synthetic’ according to their biological process or molecular

function. PUF: protein of unknown function

PUF  1

translation  1

 ATP biosynthetic  1 glutamate 
metabolism  1

nutrient reservoir 
activity  2

Electron transport  4

carbohydrate 
metabolism   6

Protein folding  2

Response to 
stress/defense 
response  11

Response to 
stress/defense 
response   4

Electron transport  1

nutrient reservoir 
activity  1

PUF  2

translation  1

Protein folding   10

carbohydrate 
metabolism   6

Biological process / Molecular function

OPATA SYNTHETIC

Fig. 4 Classification of specific

protein from ‘Opata’ and

‘Synthetic’ according to their

biological process or molecular

function. PUF: protein of

unknown function
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Fig. 5 Major zones of the two-dimensional gel of SICOP showing segregating protein family and their chromosomal location reported in text
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deshydrogenase (GAD1) of barley. In barley, the Hvgad1

gene was mapped near the Rph7 locus on 3HS (Brunner et al.

2003).

The agl323 spot from ‘Synthetic’, identified as a protein

disulphide isomerase 2 (PDI2) was mapped on 4BS. This

result is in total agreement with those described by Ciaffi

et al. 1999, who assigned Pdi genes on 4BS, 4DS and 4AL.

Two spots, agl2027 from ‘Opata’ and agl2038 from

‘Synthetic’, showed homology with proteins of the cupin

family involving 11S and 7S seed-storage globulins. Millan

et al. (1992) identified the loci of a 7S storage globulin

sequence (XGlo) on Chr 4AL, 4BS and 4DS, and we

mapped our two spots on 4DS.

The agl1946 spot from ‘Synthetic’ was identified as Em

protein H5 which belongs to the small hydrophilic plant

seed protein family involved in stress response. This

agl1946 was mapped on the chromosome 6AS. Futers et al.

(1990), in analyzing the wheat embryo shoot, reported that

the Em polypeptide was the product of a small multigene

family in which the copies were located on each of the long

arms of the homoeologous group 1 chromosomes.

Finally, the agl570 spot from ‘Opata’, mapped on 3AS,

was identified as the beta subunit of an ATP synthase.

A gene coding this enzyme was mapped on rice chromo-

some 1 which is collinear to chromosome 3 of wheat

(http://compbio.dfci.harvard.edu/tgi).

Discussions and conclusions

The analysis was performed on the all kernel proteins and

consequently some of these proteins may be originated from

embryo, endosperm or peripheral layers as it was revealed

for barley (Finnie and Svensson 2003). Our proteomic

analysis of the albumins–globulins wheat kernel revealed

that ‘Opata’ had more segregating spots than ‘Synthetic’

(130 vs. 96). The 226 segregating spots represented almost

exactly 10% of the 2,250 silver-stained spots. Consequently,

90% of the albumin–globulin proteins were identical, based

on the 2DE resolution power, in the modern cultivar ‘Opata’

and the inter-specific ‘Synthetic’ wheat. Knowing the

genetic origin of the two wheat parents, we would have

expected many more differences between proteins. Can we

conclude that, as was the case for ‘Opata’ ancestors and for

‘Opata’ itself, continuous wheat breeding programs cumu-

lated more different genes and proteins than those that could

be detected in a new inter-specific hexaploid wheat like

‘Synthetic’? The latter, which resulted from a cross between

T. turgidum (namely Altar 84) with a T. tauschii accession,

might add many genes not yet found in the current wheat

genome. Since only 96 (vs. 130) were inherited from Syn-

thetic (vs. Opata) in the segregating progeny, we could

hypothesis that Synthetic’s genes were eliminated after inter-

specific crossing. The answer is not so simple. First, it may

depend on the functions of the protein: for the protein

involved in response to stress, more spots were inherited

from ‘Opata’ than from ‘Synthetic’ (11 and 4, respectively).

Conversely, ‘Synthetic’ had more protein involved in protein

folding than ‘Opata’ (10 and 2, respectively). Secondly, not

all albumins–globulins were analyzed since isofocussing

was performed between pH 4 and pH 7, where the majority of

the proteins are separated. Other albumins–globulins could

also have been revealed if protein extract had been focussed

between pH 7 and pH 11, which would have revealed addi-

tional segregating proteins. Some of these basic proteins (e.g.

amphiphilic proteins) were previously analyzed in the ITMI

progeny (Amiour et al. 2002). Amphiphilic proteins, which

are soluble in Triton X-114, a non-ionic detergent used for

extracting lipid-binding proteins, were less numerous than

albumins–globulins on 2D electrophoresis gel. Out of a total

of 446 amphiphilic silver-stained proteins between pH 6 and

pH 11, comparison of the parental profiles revealed that

‘Synthetic’ possessed almost two times more amphiphilic

proteins than ‘Opata’: 111 and 59, respectively. Only 62 of

these segregating proteins have already been mapped (Am-

iour et al. 2002, 2003). Identification of the amphiphilic

proteins evidenced that many of them were associated with

plant defence mechanisms. Further analyses are required,

first to identify all seed proteins specific to the two parents

and, of particular interest today, to identify any plant defence

proteins among them. To this end, it will be useful to analyze

these proteins in the different seed tissues and particularly in

the peripheral layers and in the aleurone layer (Laubin et al.

2008).

Among the albumins–globulins we identified, several

were enzymes belonging to families like HSPs, beta-

amylases, UDP-glucose pyrophosphorylases, peroxydases

and thioredoxins. Indeed several groups or chain of spots of

the same protein family (like beta-amylases, UDP-Glucose

pyrophosphorylase) were mapped at a single locus since no

recombination was detected in the 112 RILs. Each of these

groups of enzymes may result either from the expression of

gene clusters or post-translational modifications. Further

analyses using genome sequencing and new mass spec-

trometry tools in parallel would be very useful to identify

the genetic and biochemical factors responsible for the

diversity of these proteins.

Our study enabled us to map 120 out of 226 spots on 21

chromosomes. Analysis of additional RILs (or the use of

aneuploid lines) is now needed to unambiguously locate the

remaining unmapped wheat 2D markers. The present results

together with those of amphiphilic proteins are a starting

point for the analysis of genetic factors as well as

genetic 9 environmental interactions involved in seed

characteristics. Using ITMI progeny, several QTL analyses

have already been achieved on kernel characteristics such as
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size of starch granules (Igrejas et al. 2002a), grain hardness

and puroindoline content (Igrejas et al. 2002b), grain pro-

tein content and thousand grain weight (Börner et al. 2002),

grain protein content and quality traits (Nelson et al. 2006).

Some of the above QTLs should now be reassessed using

the results of the present protein mapping to identify

candidate genes. The variations in spot volumes of the al-

bumins–globulins both for segregating and common spots

also deserve to be analyzed for different RILs. Quantitative

analysis of the relative amount of protein, also named

protein quantity loci (PQL) (Damerval et al. 1994), which

may provide specific QTLs, has already been computed for

amphiphilic proteins (Amiour et al. 2003). These PQLs may

be associated with gene regulation and consequently be

very useful for understanding quantitative variations in the

traits analyzed. The above proteomic approach can also be

used to analyze kernel tissues to track genetic factors

associated with nutritional and health compounds.
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Röder MS, Korzun V, Wendehake K, Plaschke J, Tixier M-H, Leroy

P, Ganal MW (1998) A microsatellite map of wheat. Genetics

149:2007–2023

Salse J, Bolot S, Throude M, Jouffe V, Piegu B, Quraishi UM,

Calcagno T, Cooke R, Delseny M, Feuillet C (2007) Identifi-

cation and characterization of shared duplications between rice

and wheat provide new insight into grass genome evolution.

Plant Cell 20:1–14

Seungho C, Garvin DF, Muehlbauer GJ (2006) Transcriptome

analysis and physical mapping of barley genes in wheat–barley

chromosome addition lines. Genetics 172(2):1277–1285

Shevchenko A, Sunyaev S, Loboda A, Bork P, Ens W, Standing KG

(2001) Charting the proteomes of organisms with unsequenced

genomes by MALDI-quadrupole time-of-flight mass spectrom-

etry and BLAST homology searching. Anal Chem 73(9):1917–

1926

Skylas DJ, Mackintosh JA, Cordwell ST, Basseal DJ, Walsh BJ,

Harry J, Blumentha LC, Copeland L, Wrigley CW, Rathmell W

(2000) Proteome approach to the characterisation of protein

composition in the developing and mature wheat-grain endo-

sperm. J Cereal Sci 32:169–188

Skylas DJ, Van Dyk D, Wrigley CW (2005) Proteomics of wheat

grain. J Cereal Sci 41:165–179

Sorrels ME, La Rota M, Bermudez-Kandianis CE, Greene RA,

Kantety R, Munkvold JD, Miftahudin, Mahmoud A, Ma X,

Gustafson PJ, Qi LL, Echalier B, Gill BS, Matthews DE, Lazo

GR, Chao S, Anderson OD, Edwards H, Linkiewicz AM,

Dubcovsky J, Akhunov ED, Dvorak J, Zhang D, Nguyen HT,

Peng J, Lapitan NLV, Gonzalez-Hernandez JL, Anderson JA,

Hossain K, Kalavacharla V, Kianian SF, Choi DW, Close TJ,

Dilbirligi M, Gill KS, Steber C, Walker-Simmons MK, McGuire

PE, Qualset CO (2003) Comparative DNA sequence analysis of

wheat and rice genomes. Genome Res 13: 1818–1827

Van Deynze AE, Dubcovsky J, Gill KS, Nelson JC, Sorrells ME,

Dvorak J, Gill BS, Lagudah ES, McCouch SR, Appels R (1995)

Molecular-genetic maps for group1 chromosomes of Triticeae
species and their relation to chromosomes in rice and oat.

Genome 38:45–59

Vensel WH, Tanaka CK, Cai N, Wong JH, Buchanan BB, Hurkman

WJ (2005) Developmental changes in the metabolic protein

profiles of wheat endosperm. Proteomics 5:1594–1611

Wang JR, Yan Z-H, Wei Y-M, Nevo E, Baum BR, Zheng Y-L (2006)

Molecular characterization of dimeric alpha-amylase inhibitor

genes in wheat and development of genome allele specific

primers for the genes located on chromosome 3BS and 3DS.

J Cereal Sci 43:360–368

Theor Appl Genet (2009) 118:1321–1337 1337

123


	Mapping and proteomic analysis of albumin and globulin proteins in hexaploid wheat kernels (Triticum aestivum L.)
	Abstract
	Introduction
	Materials and methods
	Plant material
	Methods
	Extraction and quantification
	2D gel electrophoresis
	Image analysis and mapping
	Protein identification by MALDI-Tof mass spectrometry
	Protein identification by ion trap-MS


	Results
	Albumins and globulins
	Chromosome assignment
	Spot mapping on the different chromosomes
	Identification of spots
	Chromosome mapping of albumin-globulin spots identified on two-dimensional gel
	Other spots not grouped in specific zones

	Discussions and conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


