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INTRODUCTION

Hexagrammos agrammus belongs to the family Hexagrammidae in the order Scorpaeniformes, and
is an endemic temperate demersal fish, distributed throughout the northwestern Pacific Ocean,
from Japan to the Korean Peninsula, and from the East China Sea and the Yellow Sea to the Bohai
Sea. This species inhabits shallow seaweed beds and breeds from October to January, utilizing
seaweed as spawning substrates (Chung and Kim, 1994). During the breeding season, a male
establishes a breeding territory, and then multiple females visit and release egg masses. The male
fertilizes and takes care of the eggs until they hatch (Munehara et al., 2000). Spotty-bellied greenling
is an important potential marine-culture fish species that is cold tolerant, omnivorous, rich in
protein and tastes delicious (Lei, 2005). There have been 17 species of Scorpaeniformes for which
scaffold- or chromosome-level reference genomes are available, but only the genome of Ophiodon
elongatus genome in the Hexagrammidae family has been sequenced (Longo et al., 2020).
VALUE OF THE DATA

In the present study, using third-generation DNA sequencing and Hi-C technology, we first
assembled a near‐complete reference genome of spotty-bellied greenling. We also inferred the
phylogeny of H. agrammus with 15 other species, and analyzed the gene family expansion and
contraction, aiming to investigate the evolution of the specific characteristics of this fish species.
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MATERIALS AND METHODS

Sampling
A female H. agrammus was sampled from a farm in Qingdao
during November 2019. The muscle, eye, gonad, gill, liver, spleen
and tissues were immediately immersed in liquid nitrogen.
Muscle and all tissue were used for DNA and RNA
extraction, respectively.
Library Construction and Genome
Sequencing
Genomic DNA was extracted from muscle tissue using the
standard phenol/chloroform extraction method to construct
the DNA sequencing library. The Illumina NovaSeq-6000 and
PacBio Sequel II platforms were applied for genomic sequencing
to generate short and long genomic reads, respectively. A paired-
end library was constructed with an insert size of 350 bp
according to the Illumina standard protocol, and sequencing
data was applied to estimate the genome size, correct the genome
assembly, and evaluate assemblies. For long-read sequencing, we
constructed an SMRTbell library with a fragment size of 20 Kb
following the manufacturer’s protocol. The library was
sequenced with one SMRT cell, which was mainly used to
assemble whole genome. Hi-C genomics sequence reads were
generated with the Illumina NovaSeq-6000. RNA was extracted
from different tissues using TRIzol Reagent (Invitrogen, USA),
mixed in equal amounts. The RNA concentration was measured
using Qubit® RNA Assay Kit in Qubit® 2.0 Flurometer (Life
Technologies, Carlsbad, CA, USA). RNA quality was determined
by an Agilent 2100 Bioanalyzer. Only high-quality RNA samples
(OD260/280 = 1.9–2.1, OD260/230 ≥ 2.1, RIN ≥ 9.5, 28/18S ≥
1.0, > 30 µg) were used to construct these quenching libraries.
Then, the sequencing was carried out by the Illumina
NovaSeq-6000.
Preprocessing and Genome
Size Estimation
For quality control, Trimmomatic v0.36 (Bolger et al., 2014) was
employed to trim the adapter sequences and to remove low‐
quality bases (Phred score <20) of the paired‐end reads, and
reads shorter than 50 bp were discarded. The K-mer based
method of the Illumina short-read data was used to analyze
the genome survey with Jellyfish (Marçais and Kingsford, 2011)
to estimate the genome size, heterozygosity, and repeat content,
in which the k = 17. Genome size was calculated as the total base
number/genome coverage depth.
De Novo Genome Assembly
For genome assembly, Canu v1.5 was used for initial PacBio long
read correction, and genome assembly (Koren et al., 2017) by
using the fol lowing parameters : maxThreads, 200;
minReadLength, 1,000; corOutCoverage, 40; correctedErrorRate,
0 .045 ; minOver lapLength, 500 ; rawErrorRate , 0 .3 ;
corMinCoverage, 4. For correcting random sequencing errors in
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the assembled genome, we first used the PacBio long reads to
polish the genome in 2 rounds with Racon v1.32 (Vaser et al.,
2017), and another 3 round of genome-wide base-level correction
was performed using Pilon with the Illumina sequencing reads
(Walker et al., 2014). Purge_haplotigs was used to remove high
degree of heterozygosis contigs based on read distribution of depth
and sequence similarity (Roach et al., 2018).

Chromosome Assembly via Hi-C
To construct the reference genome at the chromosome level, we
constructed a Hi-C library and anchored the scaffolds into
chromosomes after quality control using HiCUP v0.8.1 (Steven
et al., 2015), Juicer v2.09.00 (Durand et al., 2016) and Juicebox
v2.1.10 (Robinson et al., 2018) based on the draft genome
assembly. In brief, HiCUP first truncated the reads at the
ligation sites if present and separated them into two fragments;
then the truncated reads were mapped to reference genome using
bowtie2 (Langmead and Salzberg, 2012). As each end of the
paired-end reads are mapped separately, it is needed pairing to
get the paired-end tags (PETs). Most of Hi-C tools output
mapped results in SAM/BAM format (Imakaev et al., 2012;
Servant et al., 2015). After mapping, HiCUP removed any
invalid or duplicated PETs by use of enzyme-digested
fragments. Finally, HiCUP outputted a BAM format result
with paired reads placed on adjacent lines. To further improve
accuracy, high-order analysis was computed by Juicer, and
identified significant chromatin loops. Final genome assembly
was viewed and corrected by Juicebox.

Assessment of the Genome Assemblies
The completeness and accuracy of genome assembly was
evaluated as follows: (a) The sequencing reads with short
inserts (350 bp) were realigned to the assembled genome using
BWA v0.7.8 (Li and Durbin, 2009); (b) the RNA-seq data of a
pool of multiple tissues were aligned to the genome assembly
using STAR v2.5.3a (Dobin et al., 2013); and (c) BUSCO
(Benchmarking Universal Single‐Copy Orthologs) v3.0 (Simão
et al., 2015) was employed to assess the completeness of the
assembly using the Actinopterygii database.

Identification of Repetitive Elements
We identified repetitive elements by a combination of homology
alignment and de novo searches, as follows. We used
RepeatMasker (Tarailo-Graovac and Chen, 2009) with Repbase
(v.16.10, http://www.girinst.org/repbase) to scan for sequences
homologous to annotated repeat sequences and then used
RepeatModeler (http://www.repeatmasker.org/RepeatModeler.
html) with the default parameters to predict de novo
transposable elements (TEs). We combined the repeat sequences
identified by both methods together, which constituted the final
annotated repeat set. We integrated the overlapping TEs and
removed those with low scores. We identified candidate LTR-
RTs using LTR_Finder v1.02 (Xu andWang, 2007), and integrated
these results and discarded false positives by the LTR_retriever
pipeline and estimated insertion times.
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Gene Prediction and Functional
Annotation
Based on the repeat-masked genome, ab initio-based, homolog-
based, and RNA-seq based methods were conducted in
combination to detect the protein-coding genes in genome
assembly. Genscan v1.0 (Burge and Karlin, 1997), Augustus
v2.4 (Keller et al., 2011) and GlimmerHMM v3.0.4 (Majoros
et al., 2004) were used for ab initio-based gene prediction.
Protein sequences of Amphiprion ocellaris, Perca flavescens,
Acanthochromis polyacanthus and Notothenia coriiceps were
aligned to the H. agrammus genome by tBLASTn for the
homolog-based prediction. For the RNA-seq based method,
the retained high-quality clean reads were assembled by
TopHat v2.1.2 (Kim et al., 2013) and Cufflinks v2.2.1 (Trapnell
et al., 2013) to obtain isoforms for the putative transcript
structures. After all gene models were merged, redundancy was
removed by MAKER v 2.31.10 (Carson and Mark, 2011), and
genes were annotated by CEGMA v2.5 (Parra et al., 2007). The
final structured gene set was integrated by HiCESAP pipeline. All
predicted genes were annotated using BLASTP (E-value cutoff 1e
−5) based on the NCBI nonredundant protein (NR), Swiss-Prot
and TrEMBL (Bairoch and Apweiler, 2000) databases. Protein
domains were determined by searching against the InterProScan
database (Zdobnov and Apweiler, 2001). Blast2GO (Conesa
et al., 2005) was used to determine functions and pathways by
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) databases. For noncoding RNA prediction, we
first used tRNAscan-SE v1.3.1 (Chan and Lowe, 2019) to
annotate transfer RNAs (tRNAs). Afterward, Rfam v13.0
(Daub et al., 2015) and miRbase v21.0 (Griffiths-Jones et al.,
2006) were used to search for ribosomal RNAs (rRNAs)
and microRNAs.
Comparative Genomic Analyses
The protein sequences of 14 species (Supplementary Table 1)
were downloaded, and the longest transcript was extracted from
each gene. Orthologous groups were constructed by OrthoFinder
v2.2.7 (Emms and Kelly, 2019). The single-copy orthologous
genes shared by all 15 species were further aligned using
MUSCLE v3.8.31 (Edgar, 2004) and concatenated to construct
a phylogenetic tree with RaxML v8.2.12 (Stamatakis, 2014). The
divergence time among species was estimated by r8s v1.81
(Sanderson, 2003), and the calibration time was selected from
the TimeTree database (Kumar et al., 2017). CAFÉ v3.1 (De et al.,
2006) was used to perform gene family expansion and
contraction analyses. We applied GO and KEGG enrichment
analyses for expanded and contracted gene families. For positive
selection analysis, H. agrammus represented as foreground
branch, and the other 14 species (Supplementary Table 1)
represented as background branches. The CONDEML of
PAML was used to estimate the dN/dS ratio (w). Two different
branch likelihood ratio tests were used to find the positively
selected genes. Then GO and KEGG enrichment were performed
with a false discovery rate (FDR) < 0.05.
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Preliminary Analysis Report
Initially, the genome size of H. agrammus was estimated to
be ~746 Mb (Figure 1A), with 76.81 Gb of short-read sequences
(Table 1A; Supplementary Table 2). 1.12 Gb initial genome
assembly was obtained from 135.11 Gb long-read sequences
(Supplementary Table 4; Table 1A). After polishing the
genome by racon, pilon and curating heterozygous diploid
genome assemblies by Purge_haplotigs based on long and
Illumina paired reads, we finally obtained a 733.02 Mb genome
assembly, including 1,394 contigs with a contig N50 of 4.49 Mb
and 43.20% GC content (Table 1B; Supplementary Table 4). The
99.37% and 96.16% read mapping rates, 99.34% and 99.52%
genome coverage rates of Illumina and PacBio reads
(Supplementary Tables 6, 7; Supplementary Figure 1), 0.250%
heterozygous SNP rate and 0.003% homologous SNP rates
(Supplementary Table 8) of the final assembled genome
verified its consistency and accuracy. Among the 4,584 BUSCO
groups search, 4,430 and 113 BUSCO core genes were completely
identified and missing records, respectively contributing to a total
of 96.64% and 2.47% BUSCO genes in the genome (Figure 1B;
Supplementary Table 9). About 468,483,262 clean reads were
obtained by Hi-C sequencing. And about 66.97 Gb of Hi-C data
were obtained and used for subsequent analysis (Supplementary
Table 10). Finally, 92.51% of the assembled sequences
(977 contigs) were anchored to 24 pseudochromosomes
(Figures 1C, D). The final assembled genome after Hi-C
correction was 733.13 Mb, with a contig N50 of 4.14 Mb and a
scaffold N50 of 29.06 Mb (Table 1B). A total of 335.338 Mb of
repeat sequences were detected, accounting for 45.75% of the
assembly genome (Supplementary Table 11). The repetitive
sequences mainly consisted of the DNA TEs, long terminal
repeats (LTRs), long interspersed nuclear elements (LINEs) and
short interspersed nuclear elements (SINEs) (Supplementary
Table 12), and high divergence was shown among different TEs
(Supplementary Figure 3). A total of 21,848 protein-coding genes
were predicted. The statistics of the predicted gene models were
compared to other species, including Cottoperca gobio,
Amphiprion ocellaris, Perca flavescens, Acanthochromis
polyacanthus and Notothenia coriiceps, which revealed similar
distribution patterns in mRNA length, coding DNA sequence
(CDS) length, exon length, intron length (Supplementary
Figure 4). Finally, a total of 21,019 predicted genes (96.21%)
were successfully annotated by alignment to the nucleotide,
protein, and annotation databases InterPro, NR, SwissProt,
TrEMBL, KOG, GO, and KEGG (Table 1D). A total of 2.78 Mb
of noncoding RNA (ncRNA) genes were also predicted,
accounting for 0.38% of the genome (Supplementary Table 13).
BUSCO analysis showed that 96.2% (4409/4584) of the complete
BUSCO were found in genome annotation (Figure 1B;
Supplementary Table 9). A total of 16,116 gene families were
identified in H. agrammus, including 88 unique gene families
(Figure 1E; Supplementary Table 14). H. agrammus is
phylogenetically closely related to Cyclopterus lumpus, and the
divergence time among 15 species was shown in Figure 1F. TheH.
agrammus genome displayed 531 expanded and 1,727 contracted
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FIGURE 1 | Summary of the sequencing and comparative genomic results. (A) Genome size estimation with Illumina short reads; (B) 96.5% and 96.2% of the
complete BUSCO were found in genome assembly and annotation, respectively; (C) Statistics of the Hi-C assembly of the H. agrammus genome; (D) Genome
characteristics of H. agrammus. The results from the outer circle to the inner circle are as follows: (a) Gene density; (b) GC content; (c) Illumina sequencing data
depth; (d) PacBio sequencing data depth; (e) DNA TE content; (f) LTR content; (E) Ortholog clustering results among 15 species; (F) Phylogenetic tree showing the
divergence time of H. agrammus with 14 other fish species.
Frontiers in Marine Science | www.frontiersin.org June 2022 | Volume 9 | Article 9230054

https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles


Zhao et al. Chromosomal Genome of Hexagrammos agrammus
gene families compared with common ancestor (Figure 1F). The
results of GO and KEGG analyses for expanded and contraction
gene family and positive selection genes were shown in
(Supplementary Figures 5–7).
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Marçais, G., and Kingsford, C. (2011). A Fast, Lock-Free Approach for Efficient
Parallel Counting of Occurrences of K-Mers. Bioinformatics 27 (6), 764–770.
doi: 10.1093/bioinformatics/btr011

Munehara, H., Kanamoto, Z., and Miura, T. (2000). Spawning Behavior and
Interspecific Breeding in Three Japanese Greenlings (Hexagrammidae).
Ichthyological Res. 47, 287–292. doi: 10.1007/BF02674252

Parra, G., Bradnam, K., and Korf, I. (2007). CEGMA: A Pipeline to Accurately
Annotate Core Genes in Eukaryotic Genomes. Bioinformatics 23, 1061–1067.
doi: 10.1093/bioinformatics/btm071

Roach, M. J., Schmidt, S. A., and Borneman, A. R. (2018). Purge Haplotigs: Allelic
Contig Reassignment for Third-Gen Diploid Genome Assemblies. BMC
Bioinform. 19, 460. doi: 10.1186/s12859-018-2485-7

Robinson, J. T., Turner, D., Durand, N. C., Thorvaldsdóttir, H., Mesirov, J. P., and
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Genome Assembly From Long Uncorrected Reads. Genome Res. 27 (5), 737–
746. doi: 10.1101/gr.214270.116

Walker, B. J., Abeel, T., Shea, T., Priest, M., Abouelliel, A., Sakthikumar, S., et al
(2014). Pilon: An Integrated Tool for Comprehensive Microbial Variant
Detection and Genome Assembly Improvement. PloS One 9, e112963.
doi: 10.1371/journal.pone.0112963

Xu, Z., and Wang, H. (2007). LTR_FINDER: An Efficient Tool for the Prediction
of Full-Length LTR Retrotransposons. Nucleic Acids Res. 35, 265–268.
doi: 10.1093/nar/gkm286

Zdobnov, E. M., and Apweiler, R. (2001). InterProScan - An Integration Platform
for the Signature-Recognition Methods in InterPro. Bioinformatics 17, 847–
848. doi: 10.1093/bioinformatics/17.9.847

Conflict of Interest: Author QL was employed byWuhan Onemore-tech Co., Ltd.

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Zhao, Liu, Wang, Yang, Liu and Gao. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
June 2022 | Volume 9 | Article 923005

https://doi.org/10.1186/gb-2013-14-4-r36
https://doi.org/10.1101/gr.215087.116
https://doi.org/10.1093/molbev/msx116
https://doi.org/10.1038/nmeth.1923
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1093/bioinformatics/btp324
https://doi.org/10.1111/eva.13037
https://doi.org/10.1093/bioinformatics/bth315
https://doi.org/10.1093/bioinformatics/btr011
https://doi.org/10.1007/BF02674252
https://doi.org/10.1093/bioinformatics/btm071
https://doi.org/10.1186/s12859-018-2485-7
https://doi.org/10.1016/j.cels.2018.01.001
https://doi.org/10.1093/bioinformatics/19.2.301
https://doi.org/10.1186/s13059-015-0831-x
https://doi.org/10.1093/bioinformatics/btv351
https://doi.org/10.1093/bioinformatics/btu033
https://doi.org/10.12688/f1000research.7334.1
https://doi.org/10.1002/0471250953.bi0410s25
https://doi.org/10.1038/nbt.2450
https://doi.org/10.1101/gr.214270.116
https://doi.org/10.1371/journal.pone.0112963
https://doi.org/10.1093/nar/gkm286
https://doi.org/10.1093/bioinformatics/17.9.847
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/marine-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

	Chromosomal Assembly of the Hexagrammos agrammus Genome via Third-Generation DNA Sequencing and Hi-C Technology
	Introduction
	Value of the Data
	Materials and Methods
	Sampling
	Library Construction and Genome Sequencing
	Preprocessing and Genome Size Estimation
	De Novo Genome Assembly
	Chromosome Assembly via Hi-C
	Assessment of the Genome Assemblies
	Identification of Repetitive Elements
	Gene Prediction and Functional Annotation
	Comparative Genomic Analyses
	Preliminary Analysis Report

	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /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

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


