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Abstract Carotene desaturation, an essential step in the

carotenoid biosynthesis pathway, is catalyzed by two caro-

tene desaturases, phytoene desaturase (PDS) and f-caro-

tene desaturase (f-carotene desaturase, ZDS). Full-length

cDNAs designated TaPDS and TaZDS were cloned from

wheat (Triticum aestivum cv. Chinese Spring) respectively,

using the rapid amplification of cDNA ends (RACE)

approach. The cDNA of TaPDS sequence was 2076 bp long,

containing a 1731 bp open reading frame (ORF) which

deduced protein having 576 amino acid residues with pre-

dicted molecular mass of 64.3 kDa and having a putative

transit sequence for plastid targeting in the N-terminal

region. While the cDNA sequence of TaZDS was 2150 bp

long, contained an ORF sequence of 1707 bp, and encoded a

putative protein of 568 amino acid residues with an esti-

mated molecular mass of 62.5 kDa. Phylogenetic analysis

demonstrated that TaPDS and TaZDS showed high homol-

ogy with other PDSs and ZDSs in higher plant species,

respectively. Moreover, sequences analysis also showed a

high degree of conservation among plant PDSs and ZDSs.

The deduced TaPDS and TaZDS protein both have the

dinucleotide binding domain and conserved regions char-

acteristic of other carotene desaturases. Analysis of the

expression pattern of wheat TaPDS and TaZDS in different

tissues revealed that the transcripts levels were higher in

leaves and flowers petals, followed by in inflorescences, and

were nearly absent in the roots and seeds. Southern analysis

of genomic DNA indicated that the wheat TaPDS and

TaZDS probably belong to a low-copy-number gene family.
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Abbreviations

ABA Abscisic acid

CRTI Bacterial carotene desaturase

DAP Days after pollination

GGPP Geranylgeranyl pyrophosphate

PDS Phytoene desaturase

PSY Phytoene synthase

QTL Quantitative trait loci

ZDS Zeta(f)-carotene desaturase

Introduction

Carotenoids are the second most abundant pigment in nat-

ure, and the carotenoid family consist of more than 750

members [1], which are yellow, red and orange pigments

derived from isoprenoids. Most carotenoids are C40 poly-

enes produced by certain bacteria and fungi, and by all plants

and cyanobacteria. In plants, carotenoids play a crucial role

in light-harvesting and served as photo-protective com-

pounds by quenching triplet chlorophyll and singlet oxygen

derived from excess light energy; and as precursors to the

hormone, abscisic acid (ABA) [2]. In human and animal

diets, they also play an important protective role as antiox-

idants. In addition, b-carotene is a precursor of essential

vitamin A [3].
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The main metabolic pathway of carotenoids is clear and

may be common for most of the carotenogenic species [4].

The early steps of the carotenoid metabolic pathway, which

consist of the biosynthesis of phytoene from terpenoid

precursors by phytoene synthase as well as the desaturation

of phytoene into lycopene followed by two cyclization

reactions of lycopene to form b-carotene, have been

extensively studied, and the corresponding genes have been

isolated from yeast, bacteria, algae, and plants [5, 6]. The

condensation of two molecules of geranylgeranyl pyro-

phosphate (GGPP) to produce phytoene is catalyzed by

phytoene synthase, which is encoded by PSY gene in plants

and by crtB gene in bacteria. Plants and cyanobacteria

employ two different and very non-homologous flavoen-

zymes, named phytoene desaturase (PDS) and f-carotene

desaturase (ZDS) each mediating two steps, to carry out all

four desaturation reactions necessary to convert the color-

less phytoene into the red colored lycopene, whereas this is

achieved in bacteria by one gene product, the bacterial

carotene desaturase (CRTI).

Since Misawa cloned the carotenoid biosynthesis gene

cluster from Erwinia uredovora for the first time [7], many

works have been done on the identification of the carot-

enoid biosynthetic genes in plants and other organisms.

Besides the assembly of carotenogenic genes into new

pathways and molecular incubation of novel metabolic

pathways, a large pool of available carotenogenic genes is

also required to produce a mass of high value carotenoids

in many fruits, vegetables and crop plants to improve the

nutritional value [8]. However, very little is known about

the global regulatory mechanisms underlying carotenoid

metabolism and the genetic elements that regulate the

expression of carotenoid biosynthetic genes.

Wheat is one of the major crops in the world and as

such is a primary target for improvement of agronomic

characteristics by genetic engineering. Carotenoids are the

main components of flour yellow pigment, which deter-

mines the seed and products colour. This is a negative trait

for the bread-making industry because of the consumer

preference for white bread. On the contrary, it is a very

valuable trait for the pasta industry because yellow mac-

aroni are preferred by the market. The results of molecular

biology and genetic studies showed that wheat endosperm

yellow colour is highly heritable and under polygenic

control [9, 10]. Genes involved in the carotenoid biosyn-

thesis pathway are good candidates to explain some of the

differences in endosperm colour among cultivars. Quan-

titative trait loci (QTL) for endosperm yellow colour

accounting for a large proportion of the genetic variation

have been mapped on chromosome arms 7AL and 7BL

[11, 12]. The phytoene synthase (PSY) gene associated

with the differences in carotenoids content of wheat grain,

has been isolated from durum wheat [13] and hexaploid

wheat [14]. Smaller QTLs were also detected on chro-

mosomes 2A, 3A, 4A, 4B, 5A, and 5B [9, 10, 15].

However, very few genes responsible for the differences in

carotenoid accumulation in the wheat grain have been

identified.

Here, the isolation of cDNA sequences corresponding to

phytoene desaturase (PDS) gene and f-carotene desaturase

(ZDS) gene of wheat (Triticum aestivum L.) are reported.

In addition, to understand the molecular phylogeny of PDS

and ZDS, phylogenetic trees have been constructed using

the neighbor-joining method. In the present paper the PDS

and ZDS genes were first isolated and chosen to illuminate

the possibly specific carotenoid metabolic pathway in

wheat (T. aestivum). Cloning and analysis of the PDS and

ZDS genes would lay a foundation to study the mechanisms

for the b-carotene biosynthetic pathway and high accu-

mulation in common wheat.

Materials and methods

Plant material

Wheat seeds of the cultivar Chinese Spring (T. aestivum)

were germinated and grown in soil at 18–20�C day and

14–15�C night temperatures under 16 h photoperiod pro-

vided by a mercury vapour lamp in a growth room. The

green young leaves were collected after 12–15 days and

immediately frozen in liquid nitrogen. The total RNA was

extracted from the green leaves with Plant (leaves) RNA

Mini Kits (Watson, Shanghai, China) under the manufac-

turer’s instructions, and stored at -80�C until used.

Cloning of wheat PDS cDNA

A wheat EST clone (BG909132) showed 89% nucleotide

identity and 91% deduced amino acid identity (97% simi-

larity) to the rice PDS cDNA (AF049356), and showed

87% nucleotide identity and 91% deduced amino acid

identity (97% similarity) to the maize PDS cDNA

(L39266), indicating that the EST encoded a putative

wheat PDS. Two primers, PDS-F1 and PDS-R1, were

designed based on the wheat EST sequence (see Table 1).

The RT–PCR reaction was carried out using RNA isolated

from leaf of wheat Chinese Spring as template for the

synthesis of cDNA. One lg total RNA was used as tem-

plate for cDNA first strand synthesis (M-MLV Reverse

Transcriptase, Promega, America), then, 1 ll of cDNA

product (ca. 0.2–0.8 ng), was utilized in a 25 ll PCR

reaction [20 mM Tris–HCl, pH 8.4, 50 mM KCl, 2.5 mM

MgCl2, 0.2 mM of each dNTP, 0.5 lM of each primer,

0.04 U ll-1 Taq DNA polymerase (Takara, Japan)]. The
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PCR conditions were as follows: One cycle at 94�C for

5 min; 35 cycles at 94�C for 30 s, 62�C for 30 s, 72�C for

1 min; and one cycle at 72�C for 10 min. The expected

amplification product of about 680 bp was cloned into the

pMD18-T vector (TaKaRa, Japan) and sequenced.

The rapid amplification of cDNA ends (RACE)

approach was used to clone the 50 and 30 ends of the wheat

PDS cDNA ends. All the reactions were performed with

the SMARTTM RACE cDNA Amplification Kit (Clontech

Laboratories, Inc.) following the ‘‘User’s Manual’’. The

specific primers (see Table 1) were designed based on the

known partial sequence from RT–PCR. Then, the specific

cDNA from 30 and 50 RACE were cloned into pMD18-T

vector and sequenced, respectively.

The overlapping regions with the wheat PDS clone were

confirmed. A putative full-length PDS cDNA clone was

obtained by PCR using a pair of specific primers located at

the extreme 50-end (PDS5, 54 nucleotides upstream from

the translation initiation codon) and 30-end (PDS3, 79

nucleotides downstream from the translational stop codon).

The expected product of about 1800 bp was cloned into the

pMD18-T vector and sequenced. More than ten clones

have been sequenced for each of the four PCR products

described above.

Cloning of wheat ZDS cDNA

The similar method was used for cloning of ZDS gene from

the same wheat variety. A wheat EST clone (BG909132)

showed 90% nucleotide identity and 94% deduced amino

acid identity (97% similarity) to the rice ZDS cDNA

(NM_001065680) and showed 90% nucleotide identity and

95% deduced amino acid identity (98% similarity) to the

Sorghum bicolor ZDS cDNA (AY714266), indicating that

the EST encoded a putative wheat ZDS. For RT–PCR, the

primers ZDS-F1 and ZDS-R1 were designed based on the

EST sequence. The components and conditions of RT–PCR

reaction were performed as previously described. The

expected amplification product of about 524 bp was cloned

into the pMD18-T vector and sequenced. The 50 and 30 ends

of the wheat ZDS cDNA sequence was also amplified by

using the RACE method. The overlapped region with the

wheat ZDS clone was confirmed, and a putative full-length

ZDS cDNA clone was obtained by RT–PCR, using a pair of

specific primers at the extreme 50-end (ZDS5, 47 nucleo-

tides upstream from the translation initiation codon) and

30-end (ZDS3, 95 nucleotides downstream from the trans-

lational stop codon). An 1802 bp product was cloned into

the pMD18-T vector and sequenced. More than ten clones

Table 1 Primers designed on

the phytoene desaturase (PDS)

and f-carotene desaturase

(ZDS) genes sequences used for

the isolation and expression

analysis of the two genes

Primer name Sequence (50 ? 30) Source Amplified region Product

size (bp)

PDS-F1 GCACGAGGGCTGGTCTATCAA BG909132 Partial EST 680

PDS-R1 GGACCTCACCACCCAAAGACTGAA BG909132 Partial EST

PDS-GSP5-1 CCAACACATCTCTTGCCTCA BG909132 50 RACE 577

PDS-GSP5-2 CAGCGTCTGCCAGGTATTTTGC BG909132 50 RACE 537

PDS-GSP3-1 GCAGTGCATTCTGATTGCTCTA BG909132 30 RACE 1,089

PDS-GSP3-2 GCATTCTTGGATGGTAATCC BG909132 30 RACE 1,020

PDS5 GCTGTTGGTTGAATAAGGTTGAC FJ517553 TaPDS clone 1,864

PDS3 CAATTCACTGGTGGACTCTAC FJ517553 TaPDS clone

PDS-F2 GAAGGAACACTCCATGATATTTGC FJ517553 Probe fragment 417

PDS-R2 CATAGCCTTTCAGGAGGATTAC FJ517553 Probe fragment

ZDS-F1 CAGCAATCTTTTCCGCCTCA BG909132 Partial EST 524

ZDS-R1 TACCACCCCTGTCTGTTATG BG909132 Partial EST

ZDS-GSP5-1 TGAGGCGGAAAAGATTGCTG BG909132 50 RACE 609

ZDS-GSP5-2 CATAACAGACAATGGTGGGG BG909132 50 RACE 528

ZDS-GSP3-1 CAGCAATCTTTTCCGCCTCA BG909132 30 RACE 1,346

ZDS-GSP3-2 GGGCTCACCTGATGTTTACTTA BG909132 30 RACE 1,232

ZDS5 TGGCTCCGTCCCTCACTGCT FJ169496 TaZDS clone 1,802

ZDS3 GTTTGGCATTCTGGCTTTGGTG FJ169496 TaZDS clone

ZDS-F2 GCCCTAAGCCCAGTTGTTC FJ169496 Probe fragment 503

ZDS-R2 TCCCATTCCCTCCATTCCGA FJ169496 Probe fragment

Actin5 CTTGTATGCCAGCGGTCGAACA AB181991 RT–PCR 250

Actin3 CTCATAATCAAGGGCCACGTA AB181991 RT–PCR

Mol Biol Rep (2010) 37:3351–3361 3353

123



have been sequenced for each of the four PCR products

described above.

Sequencing and phylogenic analysis

The resulting wheat PDS and ZDS cDNA sequences were

deposited in GenBank with accession numbers of FJ517553

and FJ169496, respectively. Sequences analysis and align-

ments were done with the DNAStar software package

(Lasergene). The amino acid sequences were subjected to

TMHMM server (http://www.cbs.dtu.dk/services/TMHMM/)

for transmembrane analysis, SignalP 3.0 server [16] (http://

www.cbs.dtu.dk/services/SignalP/) for the prediction of pro-

tein signal sequence, and CholoP 1.1 network-based method

[17] (http://www.cbs.dtu.dk/services/ChloroP/) for the pre-

diction of chloroplast transit peptides and their cleavage sites

in proteins. For construction of a phylogenic tree, ClustalX

2.0 [18] and TREECON 2.0 [19] computer programs were

used.

Wheat RNA extractions and semi-quantitative RT–PCR

The semi-quantitative RT–PCR analysis was used to

examine the expression pattern of the wheat PDS and ZDS

genes in different tissues. To prepare total RNA samples

from different wheat organs, i.e., roots (R) of 2-week-old

seedlings, leaves (L) of 3-week-old plants, stems (S),

inflorescences (I), flower petals (F), immature seeds (IS) at

14 DAP (days after pollination), and mature seeds (MS),

the Plant RNA Mini Kits (Watson, Shanghai, China) was

used following the manufacturer’s instructions. To elimi-

nate genomic DNA contamination, total RNA samples

were treated with RNase-free DNase I (Takara, Japan)

according to the manufacturer’s instructions.

Two pairs of primers were designed for amplification of

wheat PDS and ZDS genes based on the obtained sequen-

ces: PDS-F2 and PDS-R2 for PDS gene, and ZDS-F2 and

ZDS-R2 for ZDS gene. In all of the semi-quantitative

RT–PCR experiments conducted in this work, the ampli-

fication of wheat actin gene transcripts was used to nor-

malize the cDNA contents of various reverse transcription

mixtures before PCR, and to monitor the kinetics of thermo

amplification during PCR. A varying number of thermo

cycles (35, 40, 45 and 50) were used in order to check the

linearity of the amplifications. RT–PCRs were performed

in a total volume of 50 ll with the Access RT–PCR Sys-

tem (Promega, USA), containing 19 AMV/Tfl reac-

tion buffer, 0.2 mM of each dNTP, 1 lM of each primer,

1 mM MgCl2, 0.1 U ll-1 of AMV reverse transcriptase,

0.1 U ll-1 of Tfl DNA polymerase and 2 lg total RNA for

each sample. Amplification was carried out according to the

following temperature profile: 45�C for 45 min for first-

strand cDNA synthesis, 94�C for 2 min for denaturation,

then 40 cycles at 94�C for 30 s, 57�C for 30 s, 68�C for

1 min, and a final extension of 68�C for 7 min.

The relative amounts of each PCR product were readily

quantified by direct scanning with a densitometer of ethi-

dium-stained 1.5% TAE-agarose gels with a Molecular

Imager Gel Doc 2000 System (Bio-Rad Laboratories Inc.,

California, USA) equipped with the Quantity One 1-D

analysis software. To normalize for equal amounts of total

RNA and efficiency of cDNA synthesis from various tissue

samples, the intensities of the band were normalized with

the average intensity of the actin product across the sam-

ples investigated. An arbitrary value of 100% was assigned

to the actin product level of each sample. The reproduc-

ibility of the transcriptional patterns revealed by semi-

quantitative PCR was tested by at least three independent

assays, and each percentage value is the mean of the three

independent samples of the same experiment.

Wheat genomic DNA extractions and Southern blotting

Total genomic DNA was isolated from leaf material of

3-week-old seedlings using a cetyltrimethylammonium

bromide (CTAB) extraction method [20]. About 15 lg

genomic DNA was digested with restriction enzyme

BamHI, DraI, EcoRI, HindIII and PstI, separately, and then

separated in a 0.6% (w/v) agarose gels. For wheat PDS,

BamHI and DraI cut once in the sequence corresponding to

the probe, and EcoRI and HindIII are non-cutters. For

wheat ZDS, EcoRI and HindIII cut once in the sequence

corresponding to probe, and BamHI and PstI are non-cut-

ters. After being electrophoresed, DNA was transferred to

nylon membrane by capillary blotting. The same fragments

of semi-quantitative RT–PCR products above were used as

probes to estimate the number of copies of wheat PDS and

ZDS gene in wheat genome by hybridization to hexaploid

wheat (cv. Chinese Spring). Then, the membrane was

labeled with DIG High Prime DNA Labeling and Detection

Starter Kit II (Roche). Southern hybridization was carried

out overnight after half an hour of pre-hybridization at

42�C. After hybridization the membranes were washed

twice for 5 min each with 29 SSC, 0.1% SDS at 42�C for

5 min, and further washing twice for 15 min each with

0.59 SSC, 0.1% SDS at 68�C under constant agitation, and

finally exposed to X-ray films at 37�C for several hours.

Results

Isolation and characterization of TaPDS cDNA

A cDNA fragment was isolated by RT-PCR with gene-

specific primers (PDS-F1 and PDS-R1), which were

designed based on the EST clone (BG908924). This cDNA
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fragment showed a 680-bp band in a 1% agarose gel

(Fig. 1a). Various clones were sequenced and sequencing

results showed the same nucleic acid sequence which was

fully consistent with the EST clone. The full-length cDNA

sequence of wheat was then cloned using RACE strategies

based on obtained fragment. First strand cDNA derived from

total RNA was used as template to amplify the 30-end

(Fig. 1b) and the 50-end (Fig. 1c) of cDNA with the specific

primers and universal primers. The wheat PDS gene was

assembled according to overlapping sequences from the

three fragments above (Fig. 1e). The reconstructed full-

length cDNA sequence, 2076 bp long, obtained from 30 and

50RACE, was confirmed from the sequence of the TaPDS

clone (1865 bp) (Fig. 1d), containing a 1731 bp CDS, 140-

nucleotides of 50-untranslated region (UTR), and 206-nucle-

otides of 30-UTR (data not shown). The predicted protein

displayed a sequence of 576 amino acid residues (unpro-

cessed), with a calculated molecular mass of 64.3 kDa.

The BlastP (Standard protein–protein Basic Local

Alignment Search Tool, NCBI, http://blast.ncbi.nlm.nih.

gov/Blast.cgi) search results demonstrated that the cloned

TaPDS showed at the protein level 86% identity and 91%

similarity with Zea mays counterpart, 89 and 94% with the

Oryza sativa counterpart, 81 and 89% with the Arabidopsis

thaliana counterpart, and 79 and 87% with the Narcissus

pseudonarcissus counterpart. These data demonstrated that

the cloned TaPDS belongs to the PDS family. The resulting

TaPDS sequence was deposited in GenBank with accession

number of FJ517553.

Figure 2a shows the comparison of the amino acid

sequence of available higher plant PDS proteins. Other

PDS sequences used for comparison were plant-type, from

rice (AF049356), maize (L39266), Arabidopsis (L16237),

daffodil (X78815), soybean (M64704), pepper (X68058),

and bacterial-type, from Erwinia (D90087). Based on

nucleotide and amino acid primary structure homology, the

TaPDS shows higher homology to the sequence of the

plant-type rather the bacterial (CRTI)-type gene (nucleo-

tide comparison not shown). The phylogenic trees (Fig. 2b)

suggested that PDS genes could be largely classified into

two groups, a monocotyledonous PDS group and a dicot-

yledonous PDS group. The TaPDS has been placed close to

the rice and maize, and showed a lower homology with

other dicotyledonous plants, such as pepper, soybean and

Arabidopsis.

A putative transit sequence for plastid targeting was

predicated to be the N-terminal residues of 1–61 by con-

cordance with the predicated transit peptides of rice, maize,

Arabidopsis, and daffodil, which are 87, 79, 75 and 56

residues, respectively [21–23]. A CholoP 1.1 method pre-

dicts a transit peptide cleavage site between residues 61R

and 62A (Fig. 2a). The predicted molecular mass of the

mature wheat PDS polypeptide found in plastids is about

57.7 kDa. The deduced amino acid sequence of wheat PDS

revealed a typical pyridine dinucleotide binding motif

generally associated with the binding of FAD, which was

represented by GenBank Pfam00890, and was present in

other plant PDS proteins.

Fig. 1 Cloning of the full-

length cDNA of phytoene

desaturase (PDS) gene from

wheat. a The fragment of PDS

cDNA was amplified from

wheat by a pair of primers

(PDS-F1 and PDS-R1) designed

according to high conserved

regions of the EST clone

(GenBank BG908924). b 30-end

of PDS cDNA isolated by

30RACE. c 50-end of PDS

cDNA isolated by 50RACE.

d The cDNA fragment named

TaPDS clone was obtained by

RT–PCR with a pair of gene-

specific primers (PDS5 and

PDS3) designed according to

the reconstructed full-length

cDNA sequence. e Diagram of

overlapping relationship of

subclone fragments and

positions of corresponding

primers
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Cloning and characterization of TaZDS cDNA

A cDNA fragment was isolated by RT–PCR with gene-

specific primers (ZDS-F1 and ZDS-R1) designed on the

basis of the sequence of the EST clone (BG909132)

encoding a putative wheat ZDS. This cDNA fragment

showed a 524 bp band in a 1.5% agarose gel (Fig. 3a).

Sequencing results showed that it was fully consistent with

the EST clone. The full-length cDNA sequence of wheat

was cloned using RACE strategies based on the obtained

524-nucleotides fragment. First strand cDNA derived from

total RNA was used as template to amplify the 30-end

Fig. 2 Amino acid alignment

(a) and polygenetic tree (b) of

novel TaPDS with other

selected phytoene desaturase.

Selected conserved domains are

as follows: Pfam00890, FAD

binding domain; Pfam01593,

amino oxidase, flavin containing

amine oxidoreductase;

COG1233, phytoene

dehydrogenase and related

proteins. The asterisks show the

same amino acid residues. The

arrow shows a likely

chloroplast transit peptide

cleavage site. The phenogram

(Neighbour-Jointing) indicates

that TaPDS shows higher

homology to other PDS

proteins; the length of branches

corresponds to phenetic distance
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(Fig. 3b) and the 50-end (Fig. 3c) of cDNA with gene-

specific primers and RACE universal primers. The wheat ZDS

gene was assembled according to overlapping sequences from

the three fragments above (Fig. 3e). The reconstructed full-

length cDNA sequence obtained from 30 and 50 RACE was

confirmed from the sequence of the clone TaZDS (1802 bp)

(Fig. 3d). The full-length cDNA was 2150 bp long, and

contained a 1707 bp CDS, 108-nucleotides of 50-UTR, and

335-nucleotides of 30-UTR (data not shown). The predicted

protein displayed a sequence of 568 amino acid residues,

with a calculated molecular mass of 62.5 kDa.

The BlastP search results demonstrated that the cloned

TaZDS showed at the protein level 94% identity and 97%

similarity with Oryza sativa counterpart, 93 and 97% with

the Sorghum bicolor counterpart, 87 and 92% with the Zea

mays counterpart, 80 and 91% with Narcissus pseudonar-

cissus counterpart, 79 and 89% with the Helianthus annuus

counterpart. These data demonstrated that the cloned TaZDS

belongs to the ZDS family. The resulting TaZDS sequence

was deposited as GenBank accession number of FJ169496.

The deduced amino acid sequence of TaZDS protein

was compared with other selected carotene desaturase

amino acid sequence. The selected carotene desaturase

genes were as follows: rice (NM_001065680), maize

(AF047490), sorghum (AY714266), daffodil (AJ224683),

sunflower (AJ438587), Arabidopsis (ATU38550), and

tomato (DQ412572). Figure 4a shows the comparison of

the amino acid sequence of available higher plant ZDS

proteins. Based on amino acid and nucleotide primary

structure homology, the TaZDS shows a higher homology

to the sequences of monocotyledonous crop plants, i.e.,

rice, maize, and sorghum, rather than the dicotyledonous

plants, i.e., daffodil, sunflower, tomato, and Arabidopsis

(nucleotide comparison not shown). The phylogenic anal-

ysis (Fig. 4b) clearly demonstrated that the TaZDS is

clustered to rice, maize and sorghum ZDS genes, while the

ZDS for the monocotyledonous plant daffodil (Narcissus

pseudonarcissus) is no more closely related to the grass

carotenoid desaturase than the ZDS proteins from the

selected dicotyledonous plants Arabidopsis and sunflower.

A putative transit sequence for plastid targeting was

predicted to be the N-terminal residues of 1–32 by con-

cordance with the predicated transit peptides of rice, maize,

Arabidopsis, and daffodil, which are 42, 30, 34 and 42

residues, respectively [24–26]. The CholoP 1.1 method

predicts a transit peptide cleavage site between residues

32R and 33C. The predicted molecular mass of the mature

wheat ZDS polypeptide found in plastids is about 59.4 kDa.

The deduced amino acid sequence of wheat ZDS revealed a

typical pyridine dinucleotide binding domain (FAD-binding

domain), which was represented by GenBank Pfam00890,

and present in maize ZDS [24]. The similar enzymatic

function of ZDS and PDS was also reflected in the sequence

similarity of the mature protein, which showed an amino

acid identity of about 32% and a similarity of 52%.

Expression analysis of wheat TaPDS and TaZDS genes

The organ-specific expressions of TaPDS and TaZDS were

analyzed by semi-quantitative RT–PCR assays (Fig. 5),

Fig. 3 Isolation of the full-

length cDNA of f-carotene

desaturase (ZDS) gene from

wheat. a The fragment of ZDS
cDNA amplified from wheat by

a pair of primers (ZDS-F1 and

ZDS-R1) designed according to

high conserved regions of the

EST clone (GenBank

BG909132). b 30-end of ZDS
cDNA isolated by 30RACE.

c 50-end of ZDS cDNA isolated

by 50RACE. d The fragment

named TaZDS clone obtained

by a pair of gene-specific

primers (ZDS5 and ZDS3),

which were designed according

to the reconstructed full-length

cDNA sequence (GenBank

FJ169496). e Diagram of

overlapping relationship of

subclone fragments and

positions of corresponding

primers
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which amplified a cDNA fragment of 417-bp product from

TaPDS gene and a cDNA fragment of 503-bp product from

TaZDS gene respectively. The results revealed that wheat

PDS and ZDS transcripts showed similar expression pat-

terns. Both were very highly expressed in leaves and flower

petals, followed by stem and inflorescences which are

Fig. 4 Amino acid alignment

(a) and phylogenic tree (b) of

novel wheat ZDS with other

selected f-carotene desaturases.

Selected conserved domains are

as follows: Pfam00890, FAD

binding domain; Pfam01593,

amino oxidase, flavin containing

amine oxidoreductase;

COG1233, phytoene

dehydrogenase and related

proteins. The asterisks show the

same amino acid residues. The

arrow shows a likely

chloroplast transit peptide

cleavage site. The phenogram

(Neighbor-Jointing) indicates

that wheat ZDS shows higher

homology to other ZDS

proteins; the length of branches

corresponds to phenetic distance
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abundant in chloroplasts or chromoplasts. In contrast,

transcript levels were comparatively lower in immature

seeds, and nearly absent in the roots and mature seeds.

Genomic DNA isolation and Southern hybridization

The copy number of TaPDS and TaZDS genes in the

hexaploid wheat genome was estimated by performing

Southern blot hybridization. The genomic DNA of Chinese

Spring leaf was digested with restriction enzyme BamHI,

DraI, EcoRI, and HindIII, separately, and then was

hybridized with a 417-bp probe synthesized by PCR

amplification from wheat PDS ORF sequences. The result

of hybridization revealed that the hybridization pattern of

PDS was simple for several enzyme combinations, show-

ing between one and four bands in hexaploid wheat

(Fig. 6a). Otherwise, for estimating the copy number of the

TaZDS gene, the genomic DNA was digested with

restriction enzyme BamHI, EcoRI, HindIII and PstI, sep-

arately, and the probe was a 503-bp PCR product fragment.

The hybridization result of TaZDS showed the simple

hybridization pattern with 2–3 hybridizing bands per lane

in Southern blots (Fig. 6b). Therefore, we assume that

TaPDS and TaZDS genes are probably low-copy-number

genes in the wheat genome.

Discussion

A full-length cDNA sequence, which encoded a putative

protein homologous to phytoene desaturase (PDS), has been

cloned in wheat (T. aestivum L.) using the RACE method.

The reconstructed cDNA sequence was 2076 bp in size,

which contained a 1731 bp open reading frame (ORF)

sequence. The predicted protein has a sequence of 576

amino acid residues with a molecular mass of 64.3 kDa

(unprocessed). The putative wheat PDS amino acid

sequences shows a high degree of homology with the PDS

isolated from Zea mays, Arabidopsis thaliana, and daffodil

paracorolla [21–23]. The phylogenetic tree (Fig. 2b) pro-

duced by alignment of monocot and dicot PDS amino acid

sequences are consistent with current hypotheses of plant

evolutionary relationships. However, unlike the nucleotide

sequence, which is variable from 77 to 89% at the nucleo-

tide level between monocots and dicots, the nuclear-enco-

ded PDS proteins are highly conserved at the presumed

mature protein region (data not show).

A full-length cDNA sequence encoding a putative

f-carotene desaturase (ZDS), a key enzyme in carotenoid

biosynthesis catalyzing the desaturation of f-carotene to

produce neurosporene and lycopene, also has been cloned

and characterized. The reconstructed full-length cDNA

sequence was 2150 bp in size, which contained a 1707 bp

ORF sequence. The predicted protein has a sequence of

568 amino acid residues with a molecular mass of

62.5 kDa (unprocessed). Sequence comparison suggests

that the isolated TaZDS belongs to the ZDS family. Similar

Fig. 5 Relative expression levels (%) of PDS and ZDS transcripts

were estimated by RT–PCR assays. a The amplification products of

PDS, ZDS and actin transcripts were obtained by RT–PCR using 2 lg

of total RNA isolated from roots (R), leaves (L), stems (S),

inflorescences (I), flower petals (F), immature seeds (IS) and mature

seeds (MS) of plants. b The relative expression levels of the PDS and

ZDS transcripts, expressed as a percentage with respect to the actin
gene product level, were estimated by measuring the ethidium

bromide fluorescence of the PCR products resolved by gel electro-

phoresis as in a

Fig. 6 Southern blot analysis of TaPDS (a) and TaZDS (b) in

hexaploid wheat (cv. Chinese Spring). Genomic DNA used for

TaPDS analysis was digested with the restriction enzymes BamHI,

DraI, EcoRI and HindIII, and for TaZDS analysis with the restriction

enzymes BamHI, EcoRI, HindIII and PstI. The filters were probed

with the RT–PCR product of TaPDS and TaZDS sequences
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to other enzymes in the carotenoid biosynthesis pathway,

ZDS appears to be highly conserved in higher plants.

Phylogenetic analysis demonstrated that the ZDS obtained

from wheat was 97 and 91% homologous with that from

Oryza sativa and Zea Mays respectively at amino acid

level, and it also showed high homology with ZDS proteins

from other higher plants.

Alignments at the protein level showed the sequence

differences between monocotyledonous and dicotyledon-

ous PDSs or ZDSs are mainly found at the N-terminus

(Figs. 2a, 4a), due to the presence of a signal peptide

responsible for the localization of these enzymes in chlo-

roplasts and chromoplasts [6]. The deduced amino acid

sequence of TaPDS and TaZDS both revealed the predicted

chloroplast transit peptides, which were predicated to be 61

residues and 32 residues, respectively. The similar enzy-

matic function of TaZDS and TaPDS was also reflected in

the sequence similarity of the mature protein, which

showed that an amino acid identity of about 32% and a

similarity of 52%.

The cloned cDNAs were used as tools to determine

tissue-specific expression of these genes and to monitor the

regulation of carotenogenic activity at the mRNA level in

different tissues. The results demonstrated that the two

genes showed a higher expression level in leaves and

flower petals, followed by inflorescences and stem, which

were abundant chloroplast or chromoplast. In contrast,

transcript levels were lower in immature seed, and nearly

absent in roots and mature seeds. The expression levels of

TaPDS and TaZDS genes during wheat seeds development

have also been detected here (data not show). No marked

change in TaPDS transcript level was found in 5–25 DAP

seeds and an imperceptible reduction in 30 DAP seeds was

observed. However, this stage is late in endosperm devel-

opment and well past the greatest period of carotenoid

accumulation. This expression pattern was similar to the

maize PDS in developing endosperms [21], and to the

tomato PDS in developing tomato fruits [27]. The stable

expression of PDS transcripts in developing endosperm

may also serve as a useful internal experimental control for

future studies of endosperm gene expression, including

other genes involved in carotenogenesis.

Southern analysis of genomic DNA, carried out under

varying stringency, indicated that TaPDS and TaZDS were

probably low-copy-number genes, respectively, in hexa-

ploid bread wheat genome. This result about TaPDS was in

agreement with Travella et al., who reported that there

were at least three copies in the hexaploid wheat genome,

and mapped the wheat PDS gene on chromosomes 4A and

4D [28]. Otherwise, Cenci et al. also localized durum

wheat (Triticum durum L.) bacterial artificial chromosome

clones containing the PDS genes on chromosome 4A as

well as 4B, and the ZDS genes on chromosome 2A and 2B

[15]. The PDS and ZDS genes have been either confirmed

as a single-copy gene in many other higher plants, such as

Arabidopsis, maize and rice [21, 24, 29].

In summary, two cDNA sequences respectively encod-

ing two carotene desaturase for the four-step desaturation

reaction in carotenoids biosynthesis pathway, phytoene

desaturase and f-carotene desaturase, have been cloned and

characterized in hexaploid wheat (T. aestivum L.). The

identification of the TaPDS and TaZDS genes provides

useful materials for more comprehensive studies on the

physiological function of carotenoids by genetic, bio-

chemical and molecular approaches.

Acknowledgements This work was financial supported by the

‘‘Genetically Modified New Varieties of Major Projects of China’’

with project of ‘‘High-quality new varieties of transgenic wheat cul-

tivation’’ (2008ZX08002-004).

References

1. Britton G, Liaaen-Jensen S, Pfander H (2004) Carotenoids

handbook. Birkhäuser, Verlag, Basel

2. Hirschberg J (2001) Carotenoid biosynthesis in flowering plants.

Curr Opin Plant Biol 4:210–218

3. Fraser PD, Bramley PM (2004) The biosynthesis and nutritional

uses of carotenoids. Prog Lipid Res 43:228–265

4. Sandmann G (2002) Molecular evolution of carotenoid biosyn-

thesis from bacteria to plants. Physiol Plant 116:431–440

5. Bartley GE, Scolnik PA (1994) Molecular biology of carotenoid

biosynthesis in plants. Annu Rev Plant Physiol Plant Mol Biol

45:287–301

6. Cunningham FX, Gantt E (1998) Genes and enzymes of carot-

enoid biosynthesis in plants. Annu Rev Plant Physiol Plant Mol

Biol 49:557–583

7. Misawa N, Nakagawa M, Kobayashi K, Yamano S, Izawa Y,

Nakamura K, Harashima K (1990) Elucidation of the Erwinia
uredovora carotenoid biosynthetic pathway by functional analy-

sis of gene products expressed in Escherichia coli. J Bacteriol

172:6704–6712

8. Botella-Pavı́a P, Rodrı́guez-Concepción M (2006) Carotenoid

biotechnology in plants for nutritionally improved foods. Physiol

Plant 126:369–381

9. Parker GD, Chalmers KJ, Rathjen AJ, Langridge P (1998)

Mapping loci associated with flour colour in wheat (Triticum
aestivum L.). Theor Appl Genet 97:238–245

10. Elouafi I, Nachit MM, Martin LM (2001) Identification of a

microsatellite on chromosome 7B showing a strong linkage with

yellow pigment in durum wheat (Triticum turgidum L. var

durum). Hereditas 135:255–261

11. Pozniak CJ, Knox RE, Clarke FR, Clarke JM (2007) Identification

of QTL and association of a phytoene synthase gene with endo-

sperm colour in durum wheat. Theor Appl Genet 114:525–537

12. Ravindra MP, Manoj DO, Shubhada AT, Pierre S, Veliventi SR

(2008) Mapping and validation of a major QTL for yellow pig-

ment content on 7AL in durum wheat (Triticum turgidum L. ssp.

durum). Mol Breed 21:485–496

13. Zhang W, Dubcovsky J (2008) Association between allelic var-

iation at the Phytoene synthase 1 gene and yellow pigment

content in the wheat grain. Theor Appl Genet 116:635–645

14. He XY, Zhang YL, He ZH, Wu YP, Xiao YG, Ma CX, Xia XC

(2008) Characterization of phytoene synthase 1 gene (Psy1)

3360 Mol Biol Rep (2010) 37:3351–3361

123



located on common wheat chromosome 7A and development of a

functional marker. Theor Appl Genet 116:213–221

15. Cenci A, Somma S, Chantret N, Dubcovsky J, Blanco A (2004)

PCR identification of durum wheat BAC clones containing genes

coding for carotenoid biosynthesis enzymes and their chromo-

some localization. Genome 47:911–917

16. Emanuelsson O, Brunak S, von Heijne G, Nielsen H (2007)

Locating proteins in the cell using TargetP, SignalP, and related

tools. Nat Protoc 2:953–971

17. Emanuelsson O, Nielsen H, von Hejne G (1999) ChloroP, a

neural network-based method for predicting chloroplast transit

peptides and their cleavage sites. Protein Sci 8:978–984

18. Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins

DG (1997) The CLUSTAL_X windows interface: flexible strat-

egies for multiple sequence alignment aided by quality analysis

tools. Nucleic Acids Res 25:4876–4882

19. Van de Peer Y, De Wachter Y (1994) TREECON for Windows: a

software package for the construction and drawing of evolu-

tionary trees for the Microsoft Windows environment. Comput

Appl Biosci 10:569–570

20. Stacey J, Isaac PG (1994) Isolation of DNA from plants. In: Isaac

PG (ed) Methods in molecular biology: protocols for nucleic acid

analysis by nonradioactive probes, vol 28. Humana Press, Tot-

owa, HJ, pp 9–15

21. Li ZH, Matthews PD, Burr B, Wurtzel ET (1996) Cloning and

characterization of a maize cDNA encoding phytoene desaturase,

an enzyme of the carotenoid biosynthetic pathway. Plant Mol

Biol 30:269–279

22. Scolnik PA, Bartley GE (1993) Phytoene desaturase from Ara-

bidopsis. Plant Physiol 103:1475

23. Al-Babili S, Lintig J, Haubruck H, Beyer P (1996) A novel,

soluble form of phytoene desaturase from Narcissus pseudonar-
cissus chromoplasts is Hsp70-complexed and competent for fla-

vinylation, membrane association and enzymatic activation.

J Plant 9:601–612

24. Matthews PD, Luo RB, Wurtzel ET (2003) Maize phytoene

desaturase and f-carotene desaturase catalyse a poly-Z desaturase

pathway: implications for genetics engineering of carotenoid

content among cereal crops. J Exp Bot 54:2215–2230

25. Bartley GE, Scolnik PA, Beyer P (1999) Two Arabidopsis tha-
liana carotene desaturases, phytoene desaturase and zeta-carotene

desaturase, expressed in Escherichia coli, catalyze a poly-cis

pathway to yield pro-lycopene. Eur J Biochem 259:396–403

26. Al-Babili S, Oelschlegel J, Beyer P (1998) Plant Gene Register

PGR98-103: A cDNA encoding for zeta-carotene desaturase

(Accession No AJ224683) from Narcissus pseudonarcissus L.

Plant Physiol 117:717–720

27. Giuliano G, Bartley G, Scolnik PA (1993) Regulation of carot-

enoid biosynthesis during tomato fruit development. Plant Cell

5:379–387

28. Travella S, Klimm TE, Keller B (2006) RNA interference-based

gene silencing as an efficient tool for functional genomics in

hexaploid bread wheat. Plant Physiol 142:6–20

29. Dong H, Deng Y, Mu J, Lu Q, Wang Y, Xu Y, Chu C, Chong K,

Lu C, Zuo J (2007) The Arabidopsis Spontaneous Cell Death1
gene, encoding a f-carotene desaturase essential for carotenoid

biosynthesis, is involved in chloroplast development, photopro-

tection and retrograde signaling. Cell Res 17:458–470

Mol Biol Rep (2010) 37:3351–3361 3361

123


	cDNA cloning and expression analysis of wheat (Triticum aestivum L.) phytoene and zeta -carotene desaturase genes
	Abstract
	Introduction
	Materials and methods
	Plant material
	Cloning of wheat PDS cDNA
	Cloning of wheat ZDS cDNA
	Sequencing and phylogenic analysis
	Wheat RNA extractions and semi-quantitative RT--PCR
	Wheat genomic DNA extractions and Southern blotting

	Results
	Isolation and characterization of TaPDS cDNA
	Cloning and characterization of TaZDS cDNA
	Expression analysis of wheat TaPDS and TaZDS genes
	Genomic DNA isolation and Southern hybridization

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


