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Abstract

Callose synthesis is critical for the formation of the pollen wall pattern. CalS5 is thought to
be the major synthethase for the callose wall. In the Arabidopsis anther, ARF17 regulates
the expression of CalS5 and is the target of miR160. Plants expressing miR160-resistant
ARF17 (35S:5mARF17 lines) with increased ARF17 mRNA levels display male sterility.
Here we report a zinc finger family gene, AtTTP, which is involved in miR160 maturation
and callose synthesis in Arabidopsis. AtTTP is expressed in microsporocytes, tetrads and
tapetal cells in the anther. Over-expression lines of AtTTP (AtTTP-OE line) exhibited re-
duced male fertility. CalS5 expression was tremendously reduced and the tetrad callose
wall became much thinner in the AtTTP-OE line. Northern blotting hybridization and quanti-
tative RT-PCR analysis revealed that miR160 was decreased, while the expression of
ARF17 was increased in the AtTTP-OE line. Based on these results, we propose that
AtTTP associates with miR160 in order to regulate the ARF17 expression needed for cal-
lose synthesis and pollen wall formation.

Introduction

The pollen wall is a specialized cellular structure which is important in angiosperm reproduc-
tive development([1]. It plays multiple functional roles, including pollen protection, hydration,
pollen-stigma recognition and pollen tube elongation[2,3,4]. A large portion of sterile mutants
are resulted from the defects in pollen wall. The pollen wall consists of exine, intine layers and
tryphine (the pollen coat). The exine layer includes sexine (tectum and bacula) and nexine (the
foot layer) in the outer layer of the pollen wall[5]. Intine, the inner layer, is comprised of cellu-
lose, pectin and proteins. Tryphine layer is produced from the tapetum and deposited on the
exine surface as well as in its cavities[3,6]. The pollen exine consists of sporopollenin secreted
from the tapetum([7,8]. The correct pollen exine pattern depends on proper callose deposition
and precise primexine formation during the early tetrad stages.
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Callose (beta-1,3-glucan) is composed of polysaccharide materials. It behaves as a tempo-
rary cell wall around the plasma membrane during the tetrad stage. Callose synthase 5 (CalS5)
is the major synthase of the callose wall[9,10]. In the case of cals5 mutation, callose deposition
is nearly completely absent. As a result, the baculae and tectum structure do not properly form
and the tryphine is randomly deposited around the pollen surface[10]. UDP-glucose is re-
ported to be a precursor for the synthesis of callose, and UDP-glucose pyrophosphorylase
(UGPase) is responsible for the synthesis of UDP-glucose[11]. In the atugpl atugp2 double
mutant, the callose around tetrads cannot be synthesized[12]. In no primexine and plasma
membrane undulation (npu), the primexine layer is absent and the callose in the tetrads is re-
duced, resulting in an aberrant pollen exine wall[13]. In the case of cyclin-dependent protein ki-
nase gl (cdkgl) mutation, callose synthesis is also impaired. CDKG1 regulates the pre-mRNA
splicing of CalS5 for pollen wall formation[14]. All of these mutants show that normal callose
synthesis and deposition are important for pollen wall formation.

Several different microRNAs have been reported to be involved in plant reproductive devel-
opment[15,16]. The over-expression of miR167 in Arabidopsis leads to both male and female
reproduction defects[17,18]. Trans-acting siRNA3 (TAS3) is involved in the development of
leaves and floral organs by cleavage of AUXIN RESPONSE FACTOR3 (ARF3/ETT)[19,20,21].
Floral organs in carpels (foc), with a Ds transposon insertion in miR160a, exhibits a variety of
defective phenotypes, including male sterility[22]. ARF17 is the cleavage target of miR160.
Plants expressing miR160-resistant ARF17 (35S:5mARF17 lines) have an increased ARF17
mRNA level and male sterility[23]. However, the knockout of ARFI7 also results in a male ster-
ile phenotype with abnormal callose synthesis and primexine formation during anther devel-
opment. In addition, ARF17 directly binds to the CalS5 promoter to regulate its expression in
callose synthesis[24].

TRISTETRAPROLINE (TTP) proteins are CCCH zinc finger proteins. In humans, the
hTTP, miR16 and Ago/eiF2C family members form an RNA-induced silencing complex
(RISC). This complex binds the AU-rich region of alpha-TNF and degrades its mRNA[25,26].
In Arabidopsis, At1g68200 (AtTTP) encodes a CCCH zinc finger protein which is the ortholog
of hTTP. In this work, we investigated the function of AtTTP through transgenic over-expres-
sion lines. The results suggest that AtTTP is involved in miRNA maturation and pollen wall
pattern formation in Arabidopsis.

Results
Phylogenetic relationship among the hTTP orthologs

To understand how the CCCH zinc finger genes affect the reproductive growth in plants, we
searched for orthologs of the hTTP family proteins in Arabidopsis. The phylogenic relationship
analysis showed that AtTTP was an ortholog of hTTP in Arabidopsis. The evolutionary rela-
tionship of these members is identical to that of species (Fig. 1A). AtTTP is closest to the ortho-
logs of Vitis, Ricinus and Populus which are all dicots (Fig. 1A). According to the Pfam
database, all of these proteins are conserved and contain two CCCH zinc finger domains

(Fig. 1B). The characteristics of the CCCH zinc finger domains include C-Xg-C-X5-C-X;3-H
and a linker of 18 residues that is located between the two zinc finger domains. The N-terminus
of zinc finger domains contains a highly conserved sequence, KTEL (Fig. 1B).

The expression pattern of AtTTP

To characterize the expression pattern of AtTTP, we analyzed its expression in different tissues
by quantitative reverse transcription (RT)-PCR. The results showed that AtTTP is expressed in
stems and buds, with a weak expression in roots and leaves (Fig. 2A). Previous reports have
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Fig 1. Phylogenetic analysis of AtTTP and orthologous proteins. (A) Unrooted phylogenetic tree of NPU
and its orthologous proteins. The protein sequences of AtTTP and its orthologs were analyzed with the
neighbor-joining method by MEGAS5.05 software. The numbers at the nodes represent the percentage
bootstrap values based on 1,000 replications. The CCCH domains were predicted by the Pfam 26.0 tool
online. The protein sequence files are as follows: Drosophila: NP_511141.2; Xenopus: NP_001080610.1;
Homo: NP_004917.2; Mus: NP_031590.1; Rattus: NP_058868.1; Vitis: XP_002281139.1; Arabidopsis:
NP_176987.1; Ricinus: XP_002526299.1; Populus: POPTR_0010s12860.1; Zea: NP_001148404.1;
Sorghum: XP_002440301.1; Oryza: NP_001056400.1; Brachypodium: XP_003569444.1; Ostreococcus:
XP_003078184.1; Physcomitrella: XP_001783282.1; Saccharomyces: NP_013237.1; Scheffersomyces:
XP_001385679.1. (B) Multiple alignments of AtTTP and its orthologs. Black triangles, the critical CCCH zinc
finger residues: Cysteine and histidine.

doi:10.1371/journal.pone.0117317.9001

suggested that AtTTP expression is markedly decreased in the excess microsporocytesl
(emsl)/extrasporogenous cells (exs) and sporocyteless (spl)/nozzle(nzz) mutant[27]. To elucidate
the details of the expression pattern of AtTTP during anther development, we performed RNA
in situ hybridization. The transcript signal of AtTTP was initially detected at anther develop-
ment stage 5 (Fig. 2B-D) and reached a peak in microsporocytes (meiocytes) and tapetal cells
at stage 6 (Fig. 2E). A strong signal was also detected in tetrads and tapetal cells at stage 7

(Fig. 2F), and the signal was sharply decreased at later stages (Fig. 2G-I). These results suggest
that AtTTP may have a role in anther development.

During anther development, there is a genetic pathway (DYT1-TDF1-AMS-MYB103-MS1)
downstream of SPL/NZZ and EMSI/EXS that is involved in tapetum development and func-
tion[28]. To understand the genetic relationship between AtTTP and this pathway, we analyzed
the expression of AtTTP in dyt] and tdfI mutants by qRT-PCR. The AtTTP expression level in
dyt1 and tdf] was much higher than in the wild-type (Figure A in S1 File). To further elucidate
the regulation of AtTTP, RNA in situ hybridization in the dyt1 or tdfI background was per-
formed. The AtTTP signal was detected in the microsporocytes and tetrads of these mutants
(Figure A in S1 File). However, the signal could not be detected in the tapetal cells, suggesting
that the aberrant tapetal cells impacted AtTTP expression (Figure A in S1 File).
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Fig 2. Expression analysis of AtTTP. (A) gRT-PCR analysis of RNA isolated from various tissues including
roots, stems, leaves, and buds. Each expression level was normalized to that of TUBULIN. The data and
errors bars are representative of 3 replicates. (B) In situ hybridization of the AtTTP transcriptin a stage 4
anther with an antisense probe. (C) In situ hybridization of the AtTTP transcript in a stage 5 anther with an
antisense probe. (D) In situ hybridization of the AtTTP transcript in an earlier stage 6 anther with an antisense
probe. (E) In situ hybridization of the AtTTP transcript in a later stage 6 anther with an antisense probe. (F) In
situ hybridization of the AtTTP transcript in a stage 7 anther with an antisense probe. (G) In situ hybridization
of the AtTTP transcript in a stage 8 anther with an antisense probe. (H) In situ hybridization of the AtTTP
transcript in a stage 9 anther with an antisense probe. (l) In situ hybridization of the AtTTP transcript in a stage
10 anther with an antisense probe. (J) In situ hybridization of the AtTTP transcript in an earlier stage 6 anther
with an sense probe. Bars = 10 ym.

doi:10.1371/journal.pone.0117317.9002

Over-expression of AtTTP reduced male fertility in Arabidopsis

To further study the gene function of AtTTP, we identified two T-DNA tagged lines (Figure C in
S1 File). In Salk_045897 line, the T-DNA was inserted into the first exon of AtTTP. The tran-
scripts of AtTTP were disrupted (Figure C in S1 File). The phenotype of this line is similar to

the wild type without any fertility defect. In Salk_065040 line, the T-DNA was inserted into the
second exon. This line showed male sterility. We could not amplify the transcripts across the
T-DNA insertion through PCR, which indicates that the open reading frame was interrupted
(Figure Cin S1 File). However, when the primers downstream of the T-DNA insertion were used
to perform PCR, the products were significantly increased in contrast with that of the wild type
(Figure Cin S1 File). The expression of 5 end of the AtTTP (upstream of the T-DNA insertion
site) was not affected in the T-DNA line. This suggests that the internal 35S promoter in T-DNA
might activate the expression of the 3" end of the AtTTP open reading frame. Based on these
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results, we predicted that the extra-transcripts of AtTTP caused the male fertility phenotype in
Salk_065040. We then constructed CaM'V 35S: AtTTP CDS for the over-expression analysis

(Fig. 3A) and obtained five transgenic lines. All the five T1 transgenic lines showed reduced fertil-
ity in various degrees. All the T1 progenies with reduced fertility also contained the transgene.
Three of the five lines were chosen for further analysis. All these three lines exhibit increased
AtTTP expression and reduced seed sets (Fig. 3B-D). Alexander staining[29] was performed to
analyze the male fertility defects in the AtTTP-OE line. As shown in Fig. 3, the wild-type pollen
grains were stained purple, indicating that they developed properly (Fig. 3E). In contrast, most of
the aborted pollen grains were stained green (Fig. 3F-H) and a few normal pollen grains adhered
together in the anther (Fig. 3I). The Scanning Electron Microscopy (SEM) results also indicate
that the pollen grains in AtTTP-OE lines adhered to each other (Figure B in S1 File).

Callose synthesis is dramatically reduced in AtTTP-OE lines

To elucidate the anther development defects in detail, cross sectioning of the AtTTP-OE1 line
was performed. Based on a previous report[30], anther development is divided into 14 well-or-
dered stages in Arabidopsis. Our results showed that the anther development in AtTTP-OE
line was similar to that of the wild-type from stage 1 to stage 6 (Fig. 4A and F). However, at
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Fig 3. Characterization of AtTTP-OE line (A) Structure of the AtTTP over-expressing gene. The primers
of head, mid and tail are used for real-time PCR amplification. (B) Real-time PCR analysis of AtTTP in wild-
type and OE1-3 mutant floral buds. The primer positions were shown in Fig. 3A. Each expression level was
normalized to that of TUBULIN. The data and errors bars are representative of 3 replicates. (C) Comparison of
reproductive development in 40-d-old wild-type and OE7-3 mutant plants. (D) The percentage of short siliques
in the wild-type and OE7-3 mutant plants. (E) Alexander staining of the wild-type anther. (F) Alexander staining
of the OET mutant anther. (G) Alexander staining of the OE2 mutant anther. (H) Alexander staining of the OE3
mutant anther. (I) Adhered pollen from the OE3 lines under light microscopy. Bars = 10 ym.

doi:10.1371/journal.pone.0117317.9003
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Fig 4. The anther development, callose wall, and expression analyses of CalS5, A6 and A6-like in the
wild-type and AtTTP-OE line. (A and F) Anthers at stage 6. The AtTTP-OE microsporocytes (F) are
apparently closely compacted compared with those of the wild-type (A). (B and G) Anthers at stage 7. Wild-
type tetrads are surrounded with callose (B), whereas the tetrads lack callose in the AtTTP-OE line (G).

(C and H) Anthers at stage 8. Wild-type microspores are released from the tetrads (C), whereas microspores
were still adherent in the AtTTP-OE line (H). (D and I) Anthers at stage 9. The microspores have begun to
degenerate and still have not been released from the tetrads in the AtTTP-OE line (F). (E and J) Anthers at
stage 10. The microspores are disintegrated in the AtTTP-OE line (J). (K and P) Anthers at stage 12.
Remnants of microspores and less abnormal microspores were observed in the AtTTP-OE anther locule (P).
(L, Q, N, S) The callose wall in the AtTTP-OE line was not obviously different compared with that of the wild-
type. (M, R, O, T) The callose wall in the AtTTP-OE line was thinner around the tetrads compared with that of
the wild-type. (U) Real-time PCR analysis of CalS5. Each expression level was normalized to that of
TUBULIN. The data and errors bars are representative of 3 replicates. (V) Real-time PCR analysis of A6 and
A6-like. Each expression level was normalized to that of TUBULIN. The data and errors bars are
representative of 3 replicates. Bars = 10 ym.

doi:10.1371/journal.pone.0117317.9004

stage7, the callose around tetrads in the AtTTP-OE line was thinner than that of the wild-type
(Fig. 4 B and G). At stage 8, the angular microspores were released from the tetrads in the wild-
type (Fig. 4C). In contrast, microspores were observed within the tetrads in the AtTTP-OE line
(Fig. 4H). At stage 9, an exine wall was observed around the microspores and vacuolation was
evident in the wild-type (Fig. 4D). In the AtTTP-OE line, the microspores still adhered together
and begun to degenerate (Fig. 4I). During stages 10 to 12 in the wild type, microspores formed
a mature pollen wall and were released from the dehisced anther (Fig. 4E and K). The micro-
spores in the AtTTP-OE line were expanded, integrated together and eventually aborted
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(Fig. 4] and P). During the course of anther development, no obvious difference was observed
in tapetum development in the AtTTP-OE line.

To further examine the tetrad defect in the AtTTP-OE line, aniline blue and toluidine blue
were used to stain the microsporocytes and tetrads. The callose around microsporocytes was simi-
lar in the wild-type and AtTTP-OE line (Fig. 4L, Q and N, S), indicating that the callose synthesis
in the microsporocytes may not be affected. However, at the tetrad stage, the callose fluorescent
signal in the AtTTP-OE line was much weaker than in the wild-type (Fig. 40 and T). The callose
wall of AtTTP-OE line was much thinner than that of the wild type (Fig. 4M and R). We then ana-
lyzed the expression of the CalS5 gene in the AtTTP-OE line, a gene which was reportedly respon-
sible for callose synthesis[9,10]. In the AtTTP-OE line, CalS5 was down-regulated approximately 9
fold less than that in the wild-type, as shown by qRT-PCR analysis (Fig. 4U). These results suggest
that the over-expression of AtTTP does exert an effect on the CalS5 expression needed for callose
synthesis in anther development. We further tested the expression of the A6 and A6-like genes,
which are reportedly responsible for callose dissolution[31]. In the AtTTP-OE line, A6 expression
was reduced while A6-like genes exhibited no obvious change (Fig. 4V). We also performed the cy-
tological characterization of Salk_065040. The T-DNA line exhibited similar but severer pheno-
type to that of the OE line (Figure D and E in S1 File), which was in accordance with the results
shown in [32]. These results indicate that AtTTP plays a role on callose dissolution.

miR160 was decreased in the AtTTP-OE line

To understand how AtTTP affects the expression of CalS5, we analyzed the expression of NPU,
CDKG1 and ARF17, which were shown to affect the expression of CalS5[13,24]. Quantitative
RT-PCR analysis showed that the expression of NPU and CDKG1I was unaffected (Fig. 5A),
while ARF17 expression was increased in the AtTTP-OE line (Fig. 5B). Previous investigation
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Fig 5. Expression analysis of NPU, CDKG1, ARFs and miRNAs in the AtTTP-OE line. (A) Real-time
PCR analysis of NPU and CDKG1 in the AtTTP-OE line. Each expression level was normalized to that of
TUBULIN. The data and errors bars are representative of 3 replicates. (B) Real-time PCR analysis of ARF10,
ARF16 and ARF17 in the AtTTP-OE line. Each expression level was normalized to that of TUBULIN. The data
and errors bars are representative of 3 replicates. (C) Northern blotting hybridization of mature miR160 in the
AtTTP-OE line.

doi:10.1371/journal.pone.0117317.g005
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showed that ARF10, ARF16 and ARF17 are cleavage targets of miR160. In transgenic plants ex-
pressing miR160-resistant ARF17 (35S:5mARF17 lines), the ARF17 mRNA level was increased
and the transgenic lines exhibited male sterility[23]. In the AtTTP-OE line, the expression level
of ARF10 and ARFI16 was also increased (Fig. 5B). The increased expression level in all the
three miR160 target genes suggests that miR160 is affected in the AtTTP-OE line. Therefore,
we analyzed the expression of miR160 by Northern blotting hybridization. The results showed
that the mature miR160 was indeed reduced in the AtTTP-OE line (Fig. 5C).

Discussion

Over-expression of AtTTP affects both callose wall synthesis and the
pollen wall pattern

Callose synthesis, plasma membrane undulation and primexine deposition are essential for
building the properly sculptured exine needed for the pollen wall pattern[13,33,34]. CalS5 is the
major enzyme for callose wall synthesis. The absence of peripheral callose wall around cals5 tet-
rads has been shown to exert an effect on the pollen wall pattern[10]. Several genes affecting
CalS5 expression and pollen wall pattern have been reported. CDKG1 is associated with the spli-
cesome for the pre-mRNA splicing of CalS5[14]. NPU encodes an unknown membrane protein
which affects CalS5 expression and callose synthesis as well as plasma membrane undulation and
primexine deposition[13]. Based on the analysis of Salk_045897 (Figure C in S1 File), the disrup-
tion of AtTTP transcripts could not affect callose deposition and male fertility. AtTTP belongs to
the CCCH zinc finger family which contains 68 members in Arabidopsis. Probably other mem-
bers in this family play a redundant function with AtTTP for callose synthesis. In Salk_065040
line, the activated C-terminal may interfere in the expression of AtTTP and its homologs which
leads to the defect of callose synthesis and plant fertility. In the AtTTP-OE line, the over-expres-
sion of AtTTP affected both Cals5 expression and callose synthesis (Fig. 4). The abnormal pollen
wall pattern in the AtTTP-OE line displayed defective sporopollenin deposition (Figure A in

S1 File). The collapsed pollen wall was similar to that of cals5, npu and cdkg1[10,13,14]. AtTTP is
a novel factor that modulates callose wall synthesis and the pollen wall pattern.

miR160-ARF17 modulates callose wall synthesis

It is reported that ARF10, ARF16 and ARF17 are the cleavage targets of miR160[23,35,36,37].
The increased expression levels of ARF17 in 35S:5mARF17 transgenic lines result in a male sterile
phenotype. However, the amount of excess ARFI7 that leads to the male sterile phenotype is still
unclear[23]. In this study, the over expression of AtTTP reduced the amount of mature miR160
in the anther, and the expression of ARF10, ARF16 and ARFI7 were all increased (Fig. 5). These
results support the notion that ARF10, ARF16 and ARF17 are the targets of miR160. In addition,
because the mRNA level of ARF17 is increased in both the AtTTP-OE and 35S:5mARF17 trans-
genic lines, this suggests that callose wall synthesis and pollen wall pattern were also affected in
the 358:5mARF17 transgenic lines as in the AtTTP-OE line. The 35S:5mARF17 transgenic lines
resulted in a completely sterile mutant, whereas the knockout mutant cals5 was only semi-sterile.
This suggests that the over-expression of ARFI7 in the 35S5:5mARFI7 transgenic lines not only af-
tect CalS5 expression, but it may also affect other genes needed for anther development.
Recently, ARF17 was shown to directly bind to the promoter region of CalS5 and thus regu-
late its expression in callose wall synthesis. The knock-out ARF17 line displays complete male
sterility along with reduced callose synthesis[24]. In both of the AtTTP-OE lines in this work
(Fig. 3) and also 35S:5mARF17 transgenic lines[23], the expression level of ARF17 was in-
creased. However, these lines also exhibited defective male fertility. It was reported that
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miRNAs could up-regulate translation[38]. In the 35S:5mARF17 transgenic lines, miR160 can-
not bind to ARF17 because of the existing point mutations. This may affect ARF17 translation
and 358:5mARF17 transgenic lines display a phenotype similar to the arfl17 knock-out mutant
phenotype. In the AtTTP-OE line, the reduced level of miR160 may also affect the translation
of ARF17, which in turn leads to defective pollen wall formation and male sterility. However,
this is a subject that needs to be further investigated in future work.

AtTTP may associate with miR160 to regulate ARF17 expression

The CCCH zinc finger family members have been studied in various organisms. There are 68
CCCH family genes in Arabidopsis, 67 in rice and 91 in Populus[39]. Several members have
been discovered to be involved in a variety of biological processes. For instance, HUAL is in-
volved in flower development[40], SUMNUS in seed germination[41], AtSZF1 and AtSZF2 in
the salt stress response[42], and OsDOS in leaf senescence[43]. These five proteins are all local-
ized in the nucleus. However, recently there have been reports of two novel CCCH zinc finger
proteins, AtTZF1 and OsLIC, which are localized in both the nucleus and cytoplasm[44,45].
AtTZF1 may function as a nucleon-cytoplasm shuttling protein or as a functional unit of the
processing-bodies (P-bodies) in the cytoplasm instead of a traditional transcription factor in
the nucleus[44]. In humans, hTTP, miR16 and the Ago/eiF2C family members form an RNA-
induced silencing complex (RISC) that binds the AU-rich region of alpha-TNF so as to degrade
its mRNA[26,46]. AtTTP is an ortholog of hTTP in Arabidopsis that is located in the cyto-
plasm and is involved in the secondary cell wall formation, but its precise function is still un-
known[47,48]. AtTTP has been predicted to be located in P-bodies[44,47]. P-bodies contain
RNA-protein complexes involved in cytoplasmic RNA processing pathways and post-tran-
scriptional regulation[49]. In this work, the over-expression of AtTTP affected the expression
of ARF17, and the mature miR160 was reduced in the AtTTP-OE line. We propose that AtTTP
associates with miR160 to regulate ARFI7 expression in P-bodies as a mean for hTTP to regu-
late the alpha-TNF expression. The over-expression of AtTTP may interfere in the RISC, which
in turn affects the maturation of miR160 in the AtTTP-OE lines.

In the Arabidopsis anther, SPL/NZZ and EMS1/EXS are involved in cell differentiation pat-
terns and early sporogenesis[50,51,52,53]. The decreased expression of AtTTP in both spl/nzz
and ems1/exs suggests that it functions downstream of these two genes[27]. In this work, a
functional analysis of AtTTP through the AtTTP-OE line has revealed the pathway AtTTP-
miR160-ARF17-CalS5 in the Arabidopsis anther (Fig. 6). This pathway plays a regulatory role
in callose synthesis and the pollen wall pattern.

Materials and Methods
Plant Materials

The Arabidopsis plants used in this study are from an ecotype with a Columbia-0 background.
SALK_045897 was obtained from ABRC. Plants were grown under long-day conditions (16h
of light/8h of dark) in an approximately 22°C growth room.

Protein Alignment and Phylogenetic Analysis

Phylogenetic trees were constructed and tested by MEGAS5.05 based on the neighbor-joining meth-
od. The CCCH domains were predicted by the Pfam 26.0 tool online (http://pfam.sanger.ac.uk/).
The multiple sequence alignment of full-length protein sequences was performed using ClustalX
2.0 software and displayed using the BOXSHADE tool online (http://www.ch.embnet.org/
software/BOX_doc.html).
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Fig 6. A putative regulation pathway in anther. Black arrow: direct regulation has been demonstrated;
Dotted arrow: the regulatory mechanism remains unclear.

doi:10.1371/journal.pone.0117317.g006

Expression Analysis

For expression analysis of AtTTP, RNA was extracted from roots, stems, leaves, and buds.
The quantitative RT-PCR was used to assess the expression level of of AtTTP (At1g68200),
using the primer sets as follows: qQRT-F (5- TATGTGCGAGGAGGAGGGAA-3’) and qRT-R
(5- CAGTCTTGTAACGGGGATGG-3).

The DIG (for digoxigenin) RNA labeling kit (Roche) and PCR DIG probe synthesis kit
(Roche) were used for the RNA in situ hybridization experiment. An AtTTP-specific cDNA
fragment was amplified and cloned into the pSK vector. Antisense and sense DIG-labeled
probes were prepared as described[54].

To assess the expression of AtTTP in the transgenic lines, Real-time PCR was used to ampli-
ty three fragments (head, mid and tail) of the AtTTP transcript, using the primer sets as follows:
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Head-F (5-ACTCGCAACATAATGCAACAGC-3") Head-R (5-TCGTCGGCGTCATTACC
TCC-3’) Mid-F (5-CTAAGCCTGGGACTTGTGGTC-3") Mid-R (5-TGAGCGAACTGGC
AATGGT-3") Tail-F (5-GCGAGGAGGAGGGAAGAA-3") Tail-R (5-GCGGATCACTGGAC
GGAG-3).

Plasmid Construction

A 927bp fragment for the AtTTP was amplified using polymerase chain reaction (PCR) with
the cDNA from wild-type Col plants using gene-specific primers (5'-cc ggtacc ATGGAAAA
CAAAATCGCGCC-3'and 5'-cc gaattc TCATGTGATCAGCTTGAGGG-3"). This DNA frag-
ment was cloned into a pMD18-T vector (TaKaRa, Japan), verified by sequencing, and inserted
into the plant transformation vector pMON530 (Monsanto, USA) downstream of the CaM'V/
358 promoter. Then this plasmid was introduced into Columbia plants by Agrobacterium-
mediated transformation.

Phenotype Characterization and Microscopy

Plants were photographed with a Nikon digital camera (Coolpix 4500). Flower images were
taken using an Olympus dissection microscope with an Olympus digital camera (BX51). Alexan-
der solution was used as described[29]. Plant material for the semithin sections was prepared and
embedded in Spurr’s resin, as previously described[55]. For SEM examination, fresh stamens and
pollen grains were coated with 8 nm of gold and observed under a JSM-840 microscope (JEOL).

Northern Blotting Hybridization and Real-Time PCR

For expression analysis of the miRNAs in the transgenic lines, RNA was extracted from buds
of AtTTP-OX T2 generation and wild-type plants using TRizol (Invitrogen). Approximately
10 pg total RNA was electrophoresed in 15% PAGE gel and transferred onto a nylon membrane
(Pall, Mexico, NM). The DNA-LNA mixed probe sequence against miR160 is 5-TGGCATA
CAGGGAGCCAGGCA-3’ (EXIQON, Product no.: 42009-00). The DNA probe (sequences
used) sequence against U6 is 5-CTCGATTTATGCGTGTCATCCTTGC-3". The probe label-
ing with digoxygenin, hybridization and chemiluminescent detection were carried out accord-
ing to the Roche manual (Roche, Basal, Switzerland, http://www.roche.com). The primers of
ARFI10, ARF16 and ARF17 were designed according to a previous report[22].

Supporting Information

S1 File. Figure A, Expression analysis of AtTTP in dyt1 and tdfl. Figure B, SEM examination
of dehiscent anthers and pollen grains of the wild-type (A, D, G and J), strong phenotype (B, E, H
and K) and weak phenotype (C, F,I and L) in the AtTTP-OE line. Figure C, The T-DNA insertion
and expression analysis of AtTTP. Figure D, The phenotype characterization of Salk_065040.
Figure E, The TEM observation of pollen mother cells, tetrads and pollen grains of Salk_065040.
(PDF)

Author Contributions

Conceived and designed the experiments: ZNY ZHS. Performed the experiments: ZHS CZ
XFXJZ QZJN LJM. Analyzed the data: ZNY ZHS CZ. Contributed reagents/materials/analysis
tools: ZNY ZHS CZ.

PLOS ONE | DOI:10.1371/journal.pone.0117317 March 30, 2015 11/14


http://www.roche.com
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0117317.s001

@’PLOS | ONE

AtTTP Modulates ARF17 Expression and Callose Synthesis

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Heslop-Harrison J (1971) Wall pattern formation in angiosperm microsporogenesis. Symp Soc Exp Biol
25:277-300. PMID: 4940549

Zinkl GM, Zwiebel B, Grier DG, Preuss D (1999) Pollen-stigma adhesion in Arabidopsis: a species-
specific interaction mediated by lipophilic molecules in the pollen exine. pp. 5431-5440.

Edlund AF, Swanson R, Preuss D (2004) Pollen and stigma structure and function: the role of diversity
in pollination. Plant Cell 16 Suppl: S84-S97. PMID: 15075396

Scott RJ, Spielman M, Dickinson HG (2004) Stamen structure and function. pp. S46-S60.

Dickinson HG, Heslop-Harrison J (1968) Common mode of deposition for the sporopollenin of sexine
and nexine. Nature 220: 926-927. PMID: 5722147

P P, JHE R, DJ M (1998) Biogenesis and function of the lipidic structures of pollen grains. Sex Plant
Reprod 11:65-80.

Heslop-Harrison J (1968) Pollen wall development. The succession of events in the growth of intricately
patterned pollen walls is described and discussed. Science 161: 230-237. PMID: 5657325

Heslop-Harrison J (1968) Anther carotenoids and the synthesis of sporopollenin. Nature 220: 605.
PMID: 5686744

Nishikawa S, Zinkl GM, Swanson RJ, Maruyama D, Preuss D (2005) Callose (beta-1,3 glucan) is es-
sential for Arabidopsis pollen wall patterning, but not tube growth. BMC Plant Biol 5: 22. PMID:
16212660

Dong X, Hong Z, Sivaramakrishnan M, Mahfouz M, Verma DP (2005) Callose synthase (CalS5) is re-
quired for exine formation during microgametogenesis and for pollen viability in Arabidopsis. Plant J
42: 315-328. PMID: 15842618

Amor Y, Haigler CH, Johnson S, Wainscott M, Delmer DP (1995) A membrane-associated form of su-
crose synthase and its potential role in synthesis of cellulose and callose in plants. Proc Natl Acad Sci
US A 92:9353-9357. PMID: 7568131

Park JI, Ishimizu T, Suwabe K, Sudo K, Masuko H, et al. (2010) UDP-glucose pyrophosphorylase is
rate limiting in vegetative and reproductive phases in Arabidopsis thaliana. Plant Cell Physiol 51: 981—
996. doi: 10.1093/pcp/pcq057 PMID: 20435647

Chang HS, Zhang C, Chang YH, Zhu J, Xu XF, et al. (2012) No primexine and plasma membrane undu-
lation is essential for primexine deposition and plasma membrane undulation during microsporogenesis
in Arabidopsis. Plant Physiol 158: 264-272. doi: 10.1104/pp.111.184853 PMID: 22100644

Huang XY, Niu J, Sun MX, Zhu J, Gao JF, et al. (2013) CYCLIN-DEPENDENT KINASE G1 is associat-
ed with the spliceosome to regulate CALLOSE SYNTHASES splicing and pollen wall formation in Arabi-
dopsis. Plant Cell 25: 637—648. doi: 10.1105/tpc.112.107896 PMID: 23404887

Grant-Downton R, Le Trionnaire G, Schmid R, Rodriguez-Enriquez J, Hafidh S, et al. (2009) MicroRNA
and tasiRNA diversity in mature pollen of Arabidopsis thaliana. BMC Genomics 10: 643. doi: 10.1186/1471-
2164-10-643 PMID: 20042113

Borges F, Pereira PA, Slotkin RK, Martienssen RA, Becker JD (2011) MicroRNA activity in the Arabi-
dopsis male germline. J Exp Bot 62: 1611-1620. doi: 10.1093/jxb/erq452 PMID: 21357774

Wu MF, Tian Q, Reed JW (2006) Arabidopsis microRNA167 controls patterns of ARF6 and ARF8 ex-
pression, and regulates both female and male reproduction. Development 133: 4211-4218. PMID:
17021043

Ru P, Xu L, Ma H, Huang H (2006) Plant fertility defects induced by the enhanced expression of micro-
RNA167. Cell Res 16:457-465. PMID: 16699541

Williams L, Carles CC, Osmont KS, Fletcher JC (2005) A database analysis method identifies an en-
dogenous trans-acting short-interfering RNA that targets the Arabidopsis ARF2, ARF3, and ARF4
genes. Proc Natl Acad SciU S A 102: 9703-9708. PMID: 15980147

Allen E, Xie Z, Gustafson AM, Carrington JC (2005) microRNA-directed phasing during trans-acting
siRNA biogenesis in plants. Cell 121: 207-221. PMID: 15851028

Fahlgren N, Montgomery TA, Howell MD, Allen E, Dvorak SK, et al. (2006) Regulation of AUXIN RE-
SPONSE FACTORS by TAS3 ta-siRNA affects developmental timing and patterning in Arabidopsis.
Curr Biol 16: 939-944. PMID: 16682356

Liu X, Huang J, Wang Y, Khanna K, Xie Z, et al. (2010) The role of floral organs in carpels, an Arabidop-
sis loss-of-function mutation in MicroRNA160a, in organogenesis and the mechanism regulating its ex-
pression. PlantJ 62: 416-428. doi: 10.1111/].1365-313X.2010.04164.x PMID: 20136729

Mallory AC, Bartel DP, Bartel B (2005) MicroRNA-directed regulation of Arabidopsis AUXIN RE-
SPONSE FACTOR17 is essential for proper development and modulates expression of early auxin re-
sponse genes. Plant Cell 17: 1360—1375. PMID: 15829600

PLOS ONE | DOI:10.1371/journal.pone.0117317 March 30, 2015 12/14


http://www.ncbi.nlm.nih.gov/pubmed/4940549
http://www.ncbi.nlm.nih.gov/pubmed/15075396
http://www.ncbi.nlm.nih.gov/pubmed/5722147
http://www.ncbi.nlm.nih.gov/pubmed/5657325
http://www.ncbi.nlm.nih.gov/pubmed/5686744
http://www.ncbi.nlm.nih.gov/pubmed/16212660
http://www.ncbi.nlm.nih.gov/pubmed/15842618
http://www.ncbi.nlm.nih.gov/pubmed/7568131
http://dx.doi.org/10.1093/pcp/pcq057
http://www.ncbi.nlm.nih.gov/pubmed/20435647
http://dx.doi.org/10.1104/pp.111.184853
http://www.ncbi.nlm.nih.gov/pubmed/22100644
http://dx.doi.org/10.1105/tpc.112.107896
http://www.ncbi.nlm.nih.gov/pubmed/23404887
http://dx.doi.org/10.1186/1471-2164-10-643
http://dx.doi.org/10.1186/1471-2164-10-643
http://www.ncbi.nlm.nih.gov/pubmed/20042113
http://dx.doi.org/10.1093/jxb/erq452
http://www.ncbi.nlm.nih.gov/pubmed/21357774
http://www.ncbi.nlm.nih.gov/pubmed/17021043
http://www.ncbi.nlm.nih.gov/pubmed/16699541
http://www.ncbi.nlm.nih.gov/pubmed/15980147
http://www.ncbi.nlm.nih.gov/pubmed/15851028
http://www.ncbi.nlm.nih.gov/pubmed/16682356
http://dx.doi.org/10.1111/j.1365-313X.2010.04164.x
http://www.ncbi.nlm.nih.gov/pubmed/20136729
http://www.ncbi.nlm.nih.gov/pubmed/15829600

@’PLOS | ONE

AtTTP Modulates ARF17 Expression and Callose Synthesis

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Yang J, Tian L, Sun MX, Huang XY, Zhu J, et al. (2013) AUXIN RESPONSE FACTOR17 is essential
for pollen wall pattern formation in Arabidopsis. Plant Physiol 162: 720-731. doi: 10.1104/pp.113.
214940 PMID: 23580594

Franks TM, Lykke-Andersen J (2007) TTP and BRF proteins nucleate processing body formation to si-
lence mRNAs with AU-rich elements. Genes Dev 21: 719-735. PMID: 17369404

Jing Q, Huang S, Guth S, Zarubin T, Motoyama A, et al. (2005) Involvement of microRNA in AU-rich el-
ement-mediated mRNA instability. Cell 120: 623-634. PMID: 15766526

Wijeratne AJ, Zhang W, Sun Y, Liu W, Albert R, et al. (2007) Differential gene expression in Arabidopsis
wild-type and mutant anthers: insights into anther cell differentiation and regulatory networks. Plant J
52: 14-29. PMID: 17666023

Zhu J, Lou Y, Xu X, Yang ZN (2011) A genetic pathway for tapetum development and function in Arabi-
dopsis. J Integr Plant Biol 53: 892—900. doi: 10.1111/j.1744-7909.2011.01078.x PMID: 21957980

Alexander MP (1969) Differential staining of aborted and nonaborted pollen. Stain Technol 44: 117—
122. PMID: 4181665

PMS, AQB, KW, KN M, Y-CH, etal. (1999) Anther developmental defects in Arabidopsis thaliana
male-sterile mutants. Sex Plant Reprod 11:297-322.

Hird DL, Worrall D, Hodge R, Smartt S, Paul W, et al. (1993) The anther-specific protein encoded by
the Brassica napus and Arabidopsis thaliana A6 gene displays similarity to beta-1,3-glucanases. Plant
J 4:1023-1033. PMID: 8281185

Lu P, Chai M, Yang J, Ning G, Wang G, et al. (2014) The Arabidopsis CALLOSE DEFECTIVE MICRO-
SPORE1 Gene Is Required for Male Fertility through Regulating Callose Metabolism during Microspo-
rogenesis. Plant Physiol 164: 1893-1904. doi: 10.1104/pp.113.233387 PMID: 24567187

L W, AB (1970) On a Possible Function of the Callosic Special Wall in Ipomoea Purpurea (L) Roth.
Grana 10: 13-20.

Zhang C, Guinel FC, Moffatt BA (2002) A comparative ultrastructural study of pollen developmentin
Arabidopsis thaliana ecotype Columbia and male-sterile mutant apt1-3. Protoplasma 219: 59-71.
PMID: 11926068

Liu PP, Montgomery TA, Fahlgren N, Kasschau KD, Nonogaki H, et al. (2007) Repression of AUXIN
RESPONSE FACTOR10 by microRNA160 is critical for seed germination and post-germination stages.
PlantJ 52: 133-146. PMID: 17672844

Rhoades MW, Reinhart BJ, Lim LP, Burge CB, Bartel B, et al. (2002) Prediction of plant microRNA tar-
gets. Cell 110: 513-520. PMID: 12202040

Wang JW, Wang LJ, Mao YB, Cai WJ, Xue HW, et al. (2005) Control of root cap formation by Micro-
RNA-targeted auxin response factors in Arabidopsis. Plant Cell 17: 2204—2216. PMID: 16006581

Vasudevan S, Tong Y, Steitz JA (2007) Switching from repression to activation: microRNAs can up-reg-
ulate translation. Science 318: 1931-1934. PMID: 18048652

Chai G, Hu R, Zhang D, Qi G, Zuo R, et al. (2012) Comprehensive analysis of CCCH zinc finger family
in poplar (Populus trichocarpa). BMC Genomics 13: 253. doi: 10.1186/1471-2164-13-253 PMID:
22708723

LiJ, Jia D, Chen X (2001) HUA1, a regulator of stamen and carpel identities in Arabidopsis, codes for a
nuclear RNA binding protein. Plant Cell 13: 2269-2281. PMID: 11595801

Kim DH, Yamaguchi S, Lim S, Oh E, Park J, et al. (2008) SOMNUS, a CCCH-type zinc finger protein in
Arabidopsis, negatively regulates light-dependent seed germination downstream of PIL5. Plant Cell
20: 1260-1277. doi: 10.1105/tpc.108.058859 PMID: 18487351

Sun J, Jiang H, Xu Y, Li H, Wu X, et al. (2007) The CCCH-type zinc finger proteins AtSZF1 and AtSZF2
regulate salt stress responses in Arabidopsis. Plant Cell Physiol 48: 1148-1158. PMID: 17609218

Kong Z, Li M, Yang W, Xu W, Xue Y (2006) A novel nuclear-localized CCCH-type zinc finger protein,
OsDOS, is involved in delaying leaf senescence in rice. Plant Physiol 141: 1376—1388. PMID:
16778011

Pomeranz MC, Hah C, Lin PC, Kang SG, Finer JJ, et al. (2010) The Arabidopsis tandem zinc finger pro-
tein AtTZF1 traffics between the nucleus and cytoplasmic foci and binds both DNA and RNA. Plant Phy-
siol 152: 151-165. doi: 10.1104/pp.109.145656 PMID: 19897605

Wang L, Xu'Y, Zhang C, Ma Q, Joo SH, et al. (2008) OsLIC, a Novel CCCH-Type Zinc Finger Protein
with Transcription Activation, Mediates Rice Architecture via Brassinosteroids Signaling. PLoS One 3:
e3521. doi: 10.1371/journal.pone.0003521 PMID: 18953406

Franks TM, Lykke-Andersen J (2007) TTP and BRF proteins nucleate processing body formation to si-
lence mMRNAs with AU-rich elements. Genes Dev 21: 719-735. PMID: 17369404

PLOS ONE | DOI:10.1371/journal.pone.0117317 March 30, 2015 13/14


http://dx.doi.org/10.1104/pp.113.214940
http://dx.doi.org/10.1104/pp.113.214940
http://www.ncbi.nlm.nih.gov/pubmed/23580594
http://www.ncbi.nlm.nih.gov/pubmed/17369404
http://www.ncbi.nlm.nih.gov/pubmed/15766526
http://www.ncbi.nlm.nih.gov/pubmed/17666023
http://dx.doi.org/10.1111/j.1744-7909.2011.01078.x
http://www.ncbi.nlm.nih.gov/pubmed/21957980
http://www.ncbi.nlm.nih.gov/pubmed/4181665
http://www.ncbi.nlm.nih.gov/pubmed/8281185
http://dx.doi.org/10.1104/pp.113.233387
http://www.ncbi.nlm.nih.gov/pubmed/24567187
http://www.ncbi.nlm.nih.gov/pubmed/11926068
http://www.ncbi.nlm.nih.gov/pubmed/17672844
http://www.ncbi.nlm.nih.gov/pubmed/12202040
http://www.ncbi.nlm.nih.gov/pubmed/16006581
http://www.ncbi.nlm.nih.gov/pubmed/18048652
http://dx.doi.org/10.1186/1471-2164-13-253
http://www.ncbi.nlm.nih.gov/pubmed/22708723
http://www.ncbi.nlm.nih.gov/pubmed/11595801
http://dx.doi.org/10.1105/tpc.108.058859
http://www.ncbi.nlm.nih.gov/pubmed/18487351
http://www.ncbi.nlm.nih.gov/pubmed/17609218
http://www.ncbi.nlm.nih.gov/pubmed/16778011
http://dx.doi.org/10.1104/pp.109.145656
http://www.ncbi.nlm.nih.gov/pubmed/19897605
http://dx.doi.org/10.1371/journal.pone.0003521
http://www.ncbi.nlm.nih.gov/pubmed/18953406
http://www.ncbi.nlm.nih.gov/pubmed/17369404

@’PLOS | ONE

AtTTP Modulates ARF17 Expression and Callose Synthesis

47.

48.

49.

50.

51.

52.

53.

54.

55.

Pomeranz M, Lin PC, Finer J, Jang JC (2010) AtTZF gene family localizes to cytoplasmic foci. Plant
Signal Behav 5: 190-192. PMID: 20173417

Wang H, Avci U, Nakashima J, Hahn MG, Chen F, et al. (2010) Mutation of WRKY transcription factors
initiates pith secondary wall formation and increases stem biomass in dicotyledonous plants. Proc Natl
Acad SciU S A 107: 22338-22343. doi: 10.1073/pnas.1016436107 PMID: 21135241

Xu J, Chua NH (2011) Processing bodies and plant development. Curr Opin Plant Biol 14: 88—93. doi:
10.1016/j.pbi.2010.10.003 PMID: 21075046

Canales C, Bhatt AM, Scott R, Dickinson H (2002) EXS, a putative LRR receptor kinase, regulates
male germline cell number and tapetal identity and promotes seed development in Arabidopsis. Curr
Biol 12: 1718-1727. PMID: 12401166

Schiefthaler U, Balasubramanian S, Sieber P, Chevalier D, Wisman E, et al. (1999) Molecular analysis
of NOZZLE, a gene involved in pattern formation and early sporogenesis during sex organ develop-
ment in Arabidopsis thaliana. Proc Natl Acad SciU S A 96: 11664—11669. PMID: 10500234

Yang WC, Ye D, Xu J, Sundaresan V (1999) The SPOROCYTELESS gene of Arabidopsis is required
for initiation of sporogenesis and encodes a novel nuclear protein. Genes Dev 13:2108-2117. PMID:
10465788

Zhao DZ, Wang GF, Speal B, Ma H (2002) The excess microsporocytes1 gene encodes a putative leu-
cine-rich repeat receptor protein kinase that controls somatic and reproductive cell fates in the Arabi-
dopsis anther. Genes Dev 16:2021-2031. PMID: 12154130

Zhu J, Chen H, Li H, Gao JF, Jiang H, et al. (2008) Defective in Tapetal development and function 1 is
essential for anther development and tapetal function for microspore maturation in Arabidopsis. Plant J
55:266-277. doi: 10.1111/j.1365-313X.2008.03500.x PMID: 18397379

Owen HA, Makaroff CA (1995) Ultrastructure of microsporogenesis and microgametogenesis inArabi-
dopsis thaliana (L.) Heynh. ecotype Wassilewskija (Brassicaceae). Protoplasma 185: 7-21.

PLOS ONE | DOI:10.1371/journal.pone.0117317 March 30, 2015 14/14


http://www.ncbi.nlm.nih.gov/pubmed/20173417
http://dx.doi.org/10.1073/pnas.1016436107
http://www.ncbi.nlm.nih.gov/pubmed/21135241
http://dx.doi.org/10.1016/j.pbi.2010.10.003
http://www.ncbi.nlm.nih.gov/pubmed/21075046
http://www.ncbi.nlm.nih.gov/pubmed/12401166
http://www.ncbi.nlm.nih.gov/pubmed/10500234
http://www.ncbi.nlm.nih.gov/pubmed/10465788
http://www.ncbi.nlm.nih.gov/pubmed/12154130
http://dx.doi.org/10.1111/j.1365-313X.2008.03500.x
http://www.ncbi.nlm.nih.gov/pubmed/18397379


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


