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Abstract

Large-insert genomic bacterial artificial chromo-
some (BAC) libraries of two culturally and econom-
ically important oyster species, Crassostrea
virginica and C. gigas, have been developed as part
of an international effort to develop tools and
reagents that will advance our ability to conduct
genetic and genomic research. A total of 73,728 C.
gigas clones with an average insert size of 152 kb
were picked and arrayed representing an 11.8-fold
genome coverage. A total of 55,296 clones with an
average insert size of 150 kb were picked and
arrayed for C. virginica, also representing an 11.8-
fold genome coverage. The C. gigas and C. virginica
libraries were screened with probes derived from
selected oyster genes using high-density BAC colo-
ny filter arrays. The probes identified 4 to 25 clones
per gene for C. virginica and 5 to 50 clones per gene
for C. gigas. We conducted a preliminary analysis of
genetic polymorphism represented in the C. gigas
library. The results suggest that the degree of
divergence among similar sequences is highly vari-
able and concentrated in intronic regions. Evidence
supporting allelic polymorphism is reported for two
genes and allelic and/or locus specific polymor-
phism for several others. Classical inheritance
studies are needed to confirm the nature of these

polymorphisms. The oyster BAC libraries are pub-
licly available to the research community on a cost-
recovery basis at www.genome.clemson.edu.
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sostrea virginica — oysters

Introduction

While bivalve molluscs, such as the oyster, are not
widely used model organisms for basic biomedical
research, they are of substantial economic and cul-
tural significance and of great importance in the ecol-
ogy of the coastal marine environment (Hedgecock
et al., 2005). The coastal ocean zone is typically
under pressure from overexploitation of natural
resources, from pollution resulting from agricultur-
al and industrial activities, and from coastal devel-
opment. The importance of oysters in maintaining
the health of a coastal ecosystem is illustrated
dramatically by the condition of Chesapeake Bay,
where the decline of the oyster population due to
disease, climatic conditions, and anthropogenic
influences is a major factor in the currently poor
and probably irreversible condition of this ecosys-
tem (Newell, 1988).

The lophotrochozoa, which include molluscs
and annelids, represent one of the two great divi-
sions of invertebrate life, the second branch being
the ecdysozoa, including arthropods and nematodes.
Clearly, since Drosophila melanogaster and Caeno-
rhabditis elegans have been heavily exploited as
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model organisms, the fundamental biology of ecdy-
sozoans is much better understood than that of the
lophotrochozoans. The oyster offers opportunities
for basic research into the biology of a lophotrocho-
zoan species. A number of recent articles have
improved our understanding of the life cycle, devel-
opment, immune function, and response to environ-
mental contaminants of bivalve mollusks (Tanguy
and Moraga, 2001; Jenny et al., 2002, 2004; Gueguen
et al., 2003; Tanguy et al., 2004; Herpin et al.,
2005a,b). There is also scope, however, for a myriad
of highly practical investigations into the role
oysters play in the health of marine ecosystems and
their potential impact on human populations that
not only consume them but also share the same
marine environment for commercial and recreation-
al activities.

An international group of investigators interested
in the ecology, genetics, physiology, and molecular
biology of oysters have come together to form the
Oyster Genome Consortium (OGC). The purpose of
this group is to promote and facilitate the develop-
ment of critical tools and reagents that will permit
genetic and genomic research on the oyster to prosper
(Hedgecock et al., 2005). For example, Milbury and
Gaffney (2005) have published a complete mitochon-
drial DNA sequence for Crassostrea virginica while
Wang et al. (2005) have used fluorescent in situ
hybridization techniques to begin identifying chro-
mosomes in C. virginica. In addition, Hubert and
Hedgecock (2004) have published the first linkage
map for a bivalve mollusc (Crassostrea gigas) and
Zhang et al. (2005) have identified polymerase chain
reaction-restriction fragment length polymorphism
(PCR-RFLP) and microsatellite markers that should
assist in the enhancement of C. ariakensis stocks. In
2004, the OGC was successful in its submission of a
formal proposal to the U.S. Human Genome Re-
search Institute requesting that bacterial artificial
chromosome (BAC) library resources be developed
for oysters. As a result, efforts were directed towards
construction of BAC libraries from two important
species of oyster; C. gigas (the Pacific oyster) and C.
virginica (the Eastern oyster). To facilitate the
exploitation of these publicly available genomic
resources by the marine research community, we
report the construction, characterization, and utility
of these new BAC libraries. These new genomic tools
provide a key resource advancing research in oyster
genetics and genomics.

Materials and Methods

Oysters and Preparation of High Molecular Weight
DNA. High molecular weight (HMW) DNA was

prepared from two male hybrid (35�51) Pacific
oysters (Taylor Shellfish Farms, Shelton, WA, USA;
Hedgecock et al., 2004) and two male Eastern
oysters taken from Wadmalaw Sound, SC, USA.
Sperm was collected by aspiration from gonadal
tissue using a 200-ml pipette and resuspended in
3.5% NaCl containing 5 mM EDTA. Only free-
swimming sperm were used for HMW DNA pre-
paration. An equal volume of each sperm suspension
was mixed and the sperm were washed three times in
saline by centrifugation at 1200 rpm for 3 min at
10-C. To ensure a clean preparation, only free-swim-
ming sperm were collected after each wash. The
sperm were finally resuspended in saline to a concen-
tration of approximately 1�109 cells/ml, warmed
to 45-C in a water bath for 7 min, and an equal
volume of 1.5% low melting agarose (dissolved in
3.5% NaCl containing 5 mM EDTA) gently mixed
in. The solution was pipetted into 75-ml gel plug
molds (Bio-Rad). 10 Plugs were incubated in EPS
buffer (0.5 M EDTA, 1 mg/ml Proteinase K, 1%
sodium sarcosyl, pH 9.2) at 50-C with moderate
rotation in a hybridization oven for 48 h with one
buffer change after the first 24 h. Plugs were then
washed twice at room temperature in TE (10 mM
Tris, 1 mM EDTA) containing 1 mM phenylmethyl-
sulfonyl fluoride (PMSF), the first wash for 4 h and
the second overnight. Finally, plugs were washed
three times in a 10-fold excess volume of TE for 2
h each and stored in 70% ethanol at _20-C until use.

BAC Library Construction and Clone
Characterization. The BAC vector pCUGI-1 was
utilized and prepared as described by Luo et al.
(2001). Partial digests of HMW DNA (using HindIII
for C. virginica and Bsty1 for C. gigas), size
selections, and ligations were performed as
described in detail by Peterson et al. (2000).
Recombinant colonies were picked using a Q-bot
(Genetix) and arrayed individually in 384-well
microtiter plates (Genetix). Three copies of each
library were made and stored in separate _80-C
freezers.

To estimate insert size and determine the
distribution of clone size, a total of 200 standard
BAC mini-preparations in a 96-well format were
performed for each library from 216 clones selected
at random (Ammiraju et al., 2006). BAC DNA was
digested with 7.5 U of NotI (10 h at 37-C) and
analyzed by pulsed field electrophoresis through 1%
agarose gels (6 V/cm, 5 to 15 s switch time, 15 h run
time, 14-C). A total of 196 and 195 successful mini-
preparations, restriction digest reactions, and gel
reads were obtained for C. gigas and C. virginica,
respectively.
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BAC Library Screening. High-density BAC
colony filter arrays prepared via a Q-bot (Genetix)
were used for hybridization-based screening of the
libraries. Clones were gridded in duplicate using a 4�
4 array on 22.5-cm Hybond N+ filters (Amersham).
This gridding pattern allows 18,432 clones to be
represented per filter in duplicate.

Of the 14 genes chosen for screening the C.
virginica BAC library (Table 1), 13 clones were
supplied by the Marine Genomics Group, Charleston,
SC, USA [NCBI accession nos. BG624486, BG624524
(Jenny et al., 2002); AY331697 (Jenny et al., 2004);

CV087794, CV087870, CV087791, CV088804,
CV089622, CV088821, CV088862, CV088694, CV08
8576, and CV088625 http://www.marinegenomics.
org)] and the last clone was generously provided by
Z. Lui, Auburn University, AL, USA (NCBI accession
no. CD647860). Of the 13 genes chosen for screening
the C. gigas BAC library (Table 2), 7 clones were
generously provided from the IFREMER EST collec-
tion at the University of Montpellier, France [NCBI
accession nos. BQ427137, BQ426631, BQ427181, BQ
427355, BQ426799, BQ426657, BQ427361 (Gueguen
et al., 2003)] and 6 clones were provided by CC [NCBI

Table 1. cDNA Templates and Oligonucleotide Primers Used to Generate Probes to Screen the C. virginica Library

cDNA templatea
GenBank
accession nos. Primers Primer sequences (50-30)

Metallothionein I AY331697 F1 CCATGTAACTGTATTGAGACT
R1 GCCTCTCATTGGTCGAGC
R28 CGCGTAATACGACTCACTATAGGGAGAGCCTCTCATTGGTCG

Metallothionein III BG624486 F2 CCAGCTGCACTTGTGCC
R2 GCACTCGGCTGAGCAG
R29 CGCGTAATACGACTCACTATAGGGAGAGCACTCGGCTGAGC

Metallothionein IV CV087794 F3 GGAAAATGTGTGTGCTGCG
R3 CAGCAACAGTTCTCGTCG
R30 CGCGTAATACGACTCACTATAGGGAGACAACAGTTCTCGTCGC

NFkB CV087870 F4 CGTGGTGTCCCAGTGTATTC
R4 CTGCATCTTGACCTCTCG
R31 CGCGTAATACGACTCACTATAGGGAGACATCTTGACCTCTCG

IkKinase g CV087791 F5 GGAGCAGCAACAGCAAC
R5 GGACTGCCTTAACTCCAC
R32 CGCGTAATACGACTCACTATAGGGAGAGGACTGCCTTACTCC

CD23/CD209 CV088804 F6 CGTCGTGAACTAGAGGAC
R6 CATGTGACTGCACTGGAAG
R33 CGCGTAATACGACTCACTATAGGGAGAGTGACTGCACTGGAAG

Crumbs CV089622 F7 CCTCGAGAACTCTGTGAAC
R7 CTTTATCACAGTCTTGTCCAG
R34 CGCGTAATACGACTCACTATAGGGAGACACAGTCTTGTCCAG

Catalase CV088821 F8 GGACGCTCTAGCTGGAC
R8 TCCAAACGCTCCTGCTCC
R35 CGCGTAATACGACTCACTATAGGGAGACCAAACGCTCCTGA

LPS BP CV088862 F9 CAGAAATACTCCCACCAATC
R9 CATTCTCCTCTGTGCTCCC
R36 CGCGTAATACGACTCACTATAGGGAGACTCCTCTGTGCTCCC

GRAAL CV088694 F10 GGAATCACGAACAAGACC
R10 GAATGGTCTCATCCCACAC
R37 CGCGTAATACGACTCACTATAGGGAGAGGTCTCATCCCACAC

RAL A BP1 CV088576 R11 CCAGCTGAAGCCACCAAAC
F11 GCTCCTCTAGGAAAACAGG
R38 CGCGTAATACGACTCACTATAGGGAGAGCTCCTCTAGGAAAAC

Defensin BG624524 F12 CGGACGCTGTTGTAACATAG
R12 CCGAGTTCCTTGTTCGTG
R39 CGCGTAATACGACTCACTATAGGGAGACGAGTTCCTTGTTCGTG

Ferritin CV088625 F13 GAGCACCTTCGGAACAGG
R13 CTGGGTGATGTGGTCAGC
R40 CGCGTAATACGACTCACTATAGGGAGAGGTGATGTGGTCAGC

Cactus CD647860 F14 GTGGGACTCGGTCTCTTG
R14 GACAGGCAGCTATCTCAAC
R41 CGCGTAATACGACTCACTATAGGGAGAGACAGGCAGCTATCTC

aFor ease of identification, each cDNA template was named for that protein with which it was most closely homologous in BLASTX
analysis. This annotation does not necessarily impute function.
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accession nos. AJ565473, AJ309316 (Herpin et al.,
2002), AJ544074 (Herpin et al., 2005a), AJ577293
(Herpin et al., 2005b), AJ427420 (Herpin et al., 2005b),
and AJ543432]. Hybridization-based detection was
performed using digoxigenin-11-dUTP (DIG-11-UTP)-
labeled probes. Initially, a specific DNA template
from which to generate each probe was amplified by
PCR using gene-specific primers (F1 to F27 and R1 to
R27; Tables 1 and 2). The products of these reactions
were electrophoresed through a 1% agarose-TAE gel
and bands of the expected size excised and the DNA
purified. This DNA was used as the template in a
second PCR together with gene specific primers F1 to
F27 and R28 to 54. Primers R28 to 54 contained a

sequence corresponding to the reverse complement of
the T7 polymerase binding site at their 50-end. The
amplified products were electrophoresed through a
1% agarose-TAE gel and bands of the expected size
excised and the DNA purified. These products were
generally 200 to 600 bp in length. To label each probe
approximately 200 ng of template DNA, 2 ml of DIG-
11-UTP (Roche), 2 ml of 10� transcription buffer
(Promega), 2 ml of T7 RNA polymerase, and DNase-
free water to a final volume of 20 ml were incubated at
37-C for 2 h. RNA probes were purified using an
RNeasy minElute clean-up kit according to the man-
ufacturer’s instructions (Qiagen). Each probe was
inspected by electrophoresis through a 0.8% agarose-

Table 2. cDNA Templates and Oligonucleotide Primers Used to Generate Probes to Screen the C. gigas Library

cDNA templatea
GenBank
accession nos. Primers Primer sequences (50-30)

Metallothionein I AJ565473 F15 GTAACTGCACTGAGACTGGA
R16 ACATCCACATCCGGAATCGT
R42 CGCGTAATACGACTCACTATAGGGAGAACATCCACATCCGGA

Metallothionein IV BQ427137 F16 ATGTCCGATCACTGTACCTG
R16 CTTCTTACAGCAGCAGTCGG
R43 CGCGTAATACGACTCACTATAGGGAGACTTCTTACAGCAGCA

Type 1 BMPR AJ577293 F17 ATGGCGGTTCGAGTTTGGCG
R17 CCGACATGAACGAATCACTC
R44 CGCGTAATACGACTCACTATAGGGAGACCGACATGAACGAAT

MyD88 BQ426631 F18 ACGACGCTTTTGTGATTTAC
R18 ATGGGCAACTTTAAGTTGAA
R45 CGCGTAATACGACTCACTATAGGGAGAATGGGCAACTTTAAG

IkB BQ427181 F19 ATGGAGACTCGCAACTACAC
R19 CAAGTGCAGACAAGTCTGAC
R46 CGCGTAATACGACTCACTATAGGGAGACAAGTGCAGACAAGT

Type I TGFbR AJ544074 F20 CCCTATTATCTTTTAGCCTG
R20 GGCTGCATGAAGGGCGGGTC
R47 CGCGTAATACGACTCACTATAGGGAGAGGCTGCATGAAGGGC

Type II TGFbR AJ427420 F21 TTCCAACCTATCATCGGCT
R21 GGCACAAGAAACTGGTGGTC
R48 CGCGTAATACGACTCACTATAGGGAGAGGCACAAGAAACTGG

Type I ActivinR AJ309316 F22 GGTGGATGCCCATTTTCACA
R22 TGGGGTAAGAGTTCCTCTCT
R49 CGCGTAATACGACTCACTATAGGGAGATGGGGTAAGAGTTCC

Tolloid AJ543432 F23 AGAAGAATATGCAGCCTGGA
R23 CCACGACCAATGCGTTTACG
R50 CGCGTAATACGACTCACTATAGGGAGACCACGACCAATGVGT

VAV2 BQ427355 F24 ATTGCGTTGACTGGCTCGTT
R24 CGGTGGCCGATGAGAGGTCT
R51 CGCGTAATACGACTCACTATAGGGAGACGGTGGCCGATGAGA

TIMP BQ427361 F25 GGAACCCCGAGTACCTGACC
R25 CCTCCCAACATCCGGTTTTG
R52 CGCGTAATACGACTCACTATAGGGAGACCTCCCAACATCCGG

LMPX BQ426799 F26 GAGGGTCATCTACACATTTG
R26 AGTAAATATGGGTTGATTTC
R53 CGCGTAATACGACTCACTATAGGGAGAAGTAAATATGGGTTG

Coagulation factor V BQ426657 F27 ACAGACGGACAATAGTGATG
R27 CACCAACCCAGAGTTGGTGT
R54 CGCGTAATACGACTCACTATAGGGAGACACCAACCCAGAGTT

aFor ease of identification each cDNA template was named for that protein with which it was most closely homologous in BLASTX
analysis. This annotation does not necessarily impute function.
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TAE gel and was denatured by incubation at 75-C for 3
min followed by cooling on ice before it was added to
hybridization buffer.

Before use, membranes were soaked in 2�
saline sodium citrate (SSC) and then incubated with
hybridization buffer [6� SSC, 50 % deionized
formamide, 0.5% sodium dodecyl sulfate (SDS),
and 1% blocking solution (Roche)] at 65-C for 2 h,
after which time the denatured probes were added
to the hybridization buffer and incubated at 65-C
with agitation. After overnight hybridization, the
membranes were washed twice in 2� SSC contain-
ing 0.1% SDS for 5 min at room temperature with
gentle rocking followed by two washes in 0.2� SSC
containing 0.1% SDS for 15 min at 65-C with gentle

rocking. The membranes were then blocked, treated
with anti-DIG-alkaline phosphatase-labeled anti-
body, and washed according to the manufacturer’s
instructions (Roche). Signal was visualized by
chemiluminescence after incubation of the mem-
brane with disodium 3-(4-meth-oxyspiro {1,2-dioxe-
tane-3,20-(50-chloro) tricyclo [3.3.1.1] decan}-4-yl)
phenyl phosphate (CSPD, Roche) followed by expo-
sure to BioMax ML film (Kodak, Rochester, NY,
USA) for 60 min.

Initial screening of a library was carried out
with four hybridizations, each containing a unique
mixture of seven or eight probes. The approach
assigned a unique binary code for each of the probes
(rows in Table 3), which were applied to filters
depending upon the column integer (0, absence; 1,
presence; Table 3). This procedure permitted an
economical use of 4 filter sets to screen for the
selected genes, as opposed to the 13 to 14 filter sets
that would have been required if each probe were
applied individually. The positive (1) or negative (0)
hybridization results for each colony on each filter
provided a unique binary coding indicating the
probe designation. The clones thus identified were
picked, regrown, and rearrayed into 96-well micro-
plates and onto nylon filters. The filters were
hybridized with single gene-specific probes to con-
firm the original gene assignment.

The most probable gene copy number for each
probe was obtained by the likelihood function

L ¼ C pð Þr 1� pð Þ n�rð Þ

where n is the total number of clones in a library,
r is the number of positive clones for a given probe,

Table 3. Schematic of Procedure Used to Probe the Filters

Probe Filter 1 Filter 2 Filter 3 Filter 4

1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
10 1 0 1 0
11 1 0 1 1
12 1 1 0 0
13 1 1 0 1
14 1 1 1 0
15 1 1 1 1

0 indicates absence of probe from a filter; 1 indicates presence of
probe in filter hybridization mix.

Table 4. Primer Sets Used for PCR Amplification and Sequencing of C. gigas BAC Clones

Gene name Primers Primer sequence (50-30) PCR conditionsa Product length (bp)

Type 1 BMPR F28 TGTTGTATAGCTGACCTGGG 1 964
R55 GCCATGTAACGTTTGGTTCC 1
F29 CATTGAAAAAAATGTACCGGTC 1

Type 1 TGFbR F30 CTCCGACAACTCGTTTCCCA 1 837
R56 TCCCAAAGGTCAGACGCTGC 1

Type I ActivinR F31 TTGTACTGTCAAAATTCAGC 1 743
R57 CAACTCTTCTTCCACTGTCA 1

VAV2 F24 ATTGCGTTGACTGGCTCGTT 2 õ4000
R24 CGGTGGCCGATGAGAGGTCT 2

TIMP F32 CAGAACGGTTTCTGCTCAGC 1 866
R58 TCGTCCCCAAACTTCAGTTC 1
F33 AACAATATACCGGTATTCACCA 1

I.B F19 ATGGAGACTCGCAACTACAC 2 467 or 484
R19 CAAGTGCAGACAAGTCTGAC 2

LMPX F26 GAGGGTCATCTACACATTTG 1 õ1500
R26 AGTAAATATGGGTTGATTTC 1

MyD88 F18 ACGACGCTTTTGTGATTTAC 1 453 or 349
R18 ATGGGCAACTTTAAGTTGAA 1

a1: 95-C/4 min ==9 30 cycles (95-C/30 s ––9 55-C/30 s ––9 72-C/45 s) ==9 72-C/7 min ==9 4-C/infinity.
2: 95-C/4 min ==9 30 cycles (95-C/30 s ––9 58-C/30 s ––9 72-C/2 min) ==9 72-C/7 min ==9 4-C/infinity.
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p is the probability of selecting a given gene
(assumed to be the number of clones divided by
the genome coverage), and C is the factorial con-
stant (n!/(r!(n _ r)!).

PCR Amplicons for Cloning and Se-
quencing. Eight genes of C. gigas were selected for
detailed study of their sequence variability. For
these eight genes (Table 4), between five and eight
of the positive BAC clones identified in the library
screening were subjected to PCR amplification and
sequencing of the resulting amplicons. The selected
regions of each gene were amplified by PCR with
Ex-Taq polymerase (Takara) using the primers
shown in Table 4 and the BAC clones identified in
the library screening as the templates. Two different
sets of PCR cycles (depending on the primers) were
used, as indicated in the footnote to Table 4. The
amplified DNA fragments were cloned into pCR4-
TOPO using the TOPO TA cloning kit for sequenc-

ing (Invitrogen). Cycle sequencing of the plasmid
DNA was performed on the CEQ system (Beckman
Coulter) according to the manufacturer’s protocol
(GenomeLabi Dye Terminator Cycle Sequencing
with Quick Start Kit, Beckman Coulter). Each
plasmid DNA was sequenced at least twice. Se-
quence analysis and alignment was carried out
using the Lasergene (DNAStar, Madison, WI, USA)
suite of programs.

Results

BAC Library Construct ion and Charac-
terization. We have constructed BAC libraries for
the oyster species C. gigas and C. virginica that are
suitable for physical mapping, map-based cloning,
and high-throughput sequencing of selected ge-
nomic regions. The C. gigas BAC library was cloned
using Bsty1 and consists of 73,728 clones stored in
192 384-well microtiter plates. Approximately 5%

Fig. 1. Analysis of 42 randomly selected oyster BAC clones for C. gigas (A) and C. virginica (B). Ethidium bromide stained
CHEF gels (5 to 15 s switch time, 15 h) showing insert DNA above the common 7.5-kb BAC vector band. The molecular
weight marker (M) in outside lanes and center lanes is a lambda ladder.
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(10/196 samples) of the C. gigas clones do not
contain inserts as judged by random analysis of
BACs sampled from the library. A random sampling
of 196 BACs taken from the completed C. gigas
library indicated an average insert size of 152 kb
with a range of 30 to 370 kb. The C. virginica BAC
library was cloned with HindIII and consists of
55,296 clones stored in 144 384-well microtiter
plates. Approximately 0.5% (1/195 samples) of the
C. virginica clones do not contain inserts as judged
by random analysis of BACs sampled from the
library. A random sampling C. virginica library
indicated an average insert size of 150 kb with a
range of 30 to 320 kb. Figure 1 shows 42 randomly
selected clones from each oyster BAC library
digested with NotI to release the insert and electro-
phoresed on pulsed field (CHEF) gels. The two NotI
sites in pCUGI-1 flank the multicloning site.
Because NotI recognizes an 8-bp GC sequence and
the oyster genomes are not GC rich, digestion
typically generates vector plus one to two insert
bands per BAC clone.

To determine the size distribution of clones in
the oyster libraries, the BACs analyzed with NotI
digests were grouped by insert size and the insert
size of each clone was plotted against the frequency
of each group of clones represented in the library
(Figure 2). Based on this analysis, more than 94%
and 95% of the oyster clones in the libraries have an

average insert size equal to or larger than 100 kb for
C. gigas and C. virginica, respectively. Based on the
average insert sizes, the percentage of empty clones
and the haploid genome sizes of 900 Mb for C. gigas
and 700 Mb for C. virginica, the libraries represent
genome coverage of 11.8-fold for both species. In
both libraries, this level of representation provides a
greater than 99% probability of recovering any
specific sequence of interest.

BAC Library Screening. The results of
screening the libraries using the selected gene
probes are shown in Table 5. Each of the 14 selected
genes used to screen the C. virginica library, and the
13 genes used to screen the C. gigas library detected
multiple clones, indicating that the construction of
the libraries did not produce a gross bias in the
sampling of the oyster genomes. The numbers of
clones positive for any single gene probe ranged
from 4 to 25 for C. virginica, and between 5 and 50
for C. gigas. The variations in the numbers of
positive clones (Table 5) are interpreted as indi-
cating that while some of the genes are probably
single copy, others are present in multiple copies.

Analysis of Polymorphism in the Pacific Oyster
Library. The C. gigas library was selected for
further study because of its strong candidate
position for whole genome sequencing (Hedgecock

C. gigas BAC Library
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Fig. 2. Insert size distribution of BAC clones in the oyster BAC libraries. To estimate insert size ranges, BAC DNA was
analyzed as shown in Figure 1.
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et al., 2005). The potential value of the C. gigas BAC
library for defining polymorphisms in the genomes
was explored by two methods. In the first, regions of
selected BAC clones (five to eight clones for each
selected gene) were PCR-amplified, cloned into

plasmid vectors, and sequenced to detect allelic
variations. Second, in selected cases, allele-specific
primer sets were designed and used to determine, by
PCR of all BAC clones containing the particular
gene, the frequency of the alleles in the library. An

Table 5. Frequency of Gene-Specific BAC Clones

Library Probe
Total number
of +ve clones

Putative gene
copy number a

Number of double
+ve clones

C. virginica Metallothionein I 7 1 7 (Metallothionein IV)
C. virginica Metallothionein III 9 1
C. virginica Metallothionein IV 9 1 7 (Metallothionein I)
C. virginica NF.B 9 1
C. virginica I.Kinase + 8 1
C. virginica CD23/CD209 25 2
C. virginica Notch/Crumbs 16 1 or 2
C. virginica Catalase 7 1
C. virginica LPS BP 18 2
C. virginica GRAAL 8 1
C. virginica RAL A BP1 9 1
C. virginica Defensin 7 1
C. virginica Ferritin 12 1
C. virginica Cactus 4 1
C. gigas Metallothionein I 22 1 or 2 19 (Metallothionein IV)
C. gigas Metallothionein IV 19 1 or 2 19 (Metallothionein I)
C. gigas Type I BMPR 27 2 or 3 5 (Type I TGF" Rec)
C. gigas MyD88 22 2
C. gigas I.B 11 1
C. gigas Type I TGF"R 5 1 5 (Type I BMPR)
C. gigas Type II TGF"R 49 4 or 5 28 (Type I ActivinR)
C. gigas Type I ActivinR 28 2 or 3 21 (Type II TGF"R)
C. gigas Tolloid 50 4 or 5
C. gigas VAV 2 28 2
C. gigas TIMP 12 1
C. gigas LMPX 15 1 or 2
C. gigas Coag. Factor V 16 1 or 2

The putative copy number per genome was obtained for the likelihood function (see text). In cases where two values are given, the most
likely is shown in bold.
aBased on the number of hybridizing BAC clones versus genomic coverage of the libraries. This is a minimal estimate; the members of
some gene families are believed to be closely linked.

Table 6. Analysis of Sequence Variants in 8 Selected Genes from the C. gigas Library

Gene
Presumptive
number of loci

Sequences
examined

Sequence
variantsa

Allele
Ac

Allele
Bc

Allele
Ad

Allele
Bd

Type 1
BMPR

2 or 3 8 Twob 7 1 15 7

MyD88 2 8 Twob 7 1 – –
I.B 1 5 Twob 4 1 – –
Type I

TGF"R
1 5 One – – – –

Type I
ActivinR

2 or 3 7 One – – – –

VAV 2 2 or 3 7 One – – – –
TIMP 1 8 Twob 7 1 8 3
LMPX 1 or 2 7 Twob 5 2 – –
aGeneBank accession nos. DQ336097–DQ336110.
bAlignments are shown in Figure 1.
cValues from sequencing of cloned PCR products.
dValues from allele-specific PCR of BAC clones (Figure 2).
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analysis of sequences amplified by PCR from BAC
clones representing eight C. gigas genes (Table 6)
indicated that two sequence variants could be
detected for five of the eight genes, with three genes
(type I TGFb receptor, type 1 activin receptor, and
VAV2) yielding only a single sequence. Alignments

of the sequences (Figure 3) permitted the calculation
of the frequency of point mutations, insertions, and
deletions in both exons and introns. Several con-
clusions can be drawn from the sequence alignment:
first, the sequence variation is not uniformly
distributed through the genes, being concentrated

BMP-I receptor gene (#1-1:DQ336097, #1-6:DQ336098)

#1-1   TGTTGTATAGCTGACCTGGGCCTTGCTGTTAGATTTGTCAGGTCAGTATACATGTTATAAATAAGTTTTCATTAGCTGCAGGTTTGTAGCTCCGGGTCTGAAAAAAA--TTTGGATGCTA   118
#1-6   TGTTGTATAGCTGACCTGGGCCTTGCTGTTAGATTTGTCAGGTCAGTATGCATGTTATAAATAAGTTTTCATTAGCTGCAGGTTTGTAGCTCCAGGTCTGAAAAAAAAATTCGGATGCTA   120

^       ^             ^^  ^
#1-1   CAGTTCCACCCATTGAAAAAA-TGTATAATAATATATTTATTGCGCCCAAAAACGTGCACTAGTTTCGGACTGATTAACCTTATTTATACGCAAATTCTGTGAAAACAATTAGTACCATT   237
#1-6   CAGTGCCACCCATTGAAAAAAATGTACCGGTCTATATTAATTGCGCCCAAAAATGTGCACTAGTTTTGGACTGATTAACCTTATTTATACGCAAATTCTGTGAAAACAATTAGTACCATT   240

^                ^    ^^^^^^      ^              ^   ^                                                     
#1-1   AAATTCTTCCTGCAATTTACTACTGATATCATCTCTTTACTTGTCTCTGATAGTCTTTTAAACACCATCATATGCCCCGTAAAGTGAAGTGATGTAGTTTGTTTACATGTGAAAATGGCA   357
#1-6   AAATTCTTCCTGCAATTTACTAATGATATCGTCTCTTTACTTGTCTCTGATAGTCTTTTAAACACCATCAGATGCCCCGTAAAGTGAAGTGATGTAGTTTGTATACATGTGAAAATGGCG   360

^       ^                          ^                               ^                ^
#1-1   ACTCTTGATCTAAATTTAAATTTAACATATCGATTTTCCAAGGTCAGTAGAGTGCTTTGGTGAAAGTGTTAGGCAAGTTTTGTTTTTGTTTAAAGCAAGTTTCTTTTCACAGAATTTTCC   477
#1-6   ACTCTTGATCTCAATGTAAATTTAACATATTGATTTTCCAGAGTCAGTAGAGTGCTTTGGTGAAAGTGTTAGGCAAGTTTTGTTTT-GTTTAGAGCAAGTTTGTTTTCACAGAATTTTCC   479

^   ^              ^         ^^               ^     ^         ^                 
#1-1   TATAAATACGGTTAATCAGTTCAAAACTAGCGCAAGTTTTTGTGCGCAATAATTACACAATTTTTTCAATGGGTGTCACTGTAACTCCCAGGTCGTC-----GAATTTTTTCAGACTGGG   592
#1-6   TATAAATAAGGTTAATCAGTTCAAAACTAGCGCAAGTTTTTGTGAGCAATAAATACACAATTGTTTCAGTGGGTGGCACTGTAACTCCCAGGTCGTCCATCCGAATTTTTTCAGACCGGG   599

^                                   ^       ^    ^     ^      ^                     ^^^^^              ^   
#1-1   AGCTACAGACCTGCAGCCAAGTTTTCATCTGTGTATTTAAT-TATTATAAAATGGTAAATATTTTCATAATTAAAGAAAAAATCAAACTGTATTATTTTTCAAATCATGTAATTTGATAC   711
#1-6   AGCTACAGACCTGCAGCTAAGTTTTCCTCTGTGTATTTGATGTATTATAAAATGGTAGATATTTTCATAATTAAA-AAAAAATCAAACTGTATTATTTTTTAAATCATGTAATTTGATAC   718

^        ^           ^  ^               ^                  ^                        ^                   
#1-1   TATATGTGATCATCTTAAGGGAAAACGTTAACTGATTTTTTTATGGCCTGGTGTATTTAAAAAAAGGAGAGGGCTTTTAGCTAATGACTAATGTCGAACTGGCATTATAACAATGAATTT   831
#1-6   TATATGTGATCATCTTCAGGGAAAATGTTAACTGAATTTTTTATGGCCTAGTGTATTTAAAAAAAGGAGAGGGCTTTTAGTTAATGACTCATGTCGAACTGGCATTATAACAATGAATTT   838

^        ^         ^             ^       ^        ^                              
#1-1   TTGAAATGAATTTAATTTTCTGTTTTTC-AGCGAGTCTAATGAGGTAGACTTGCCCCCAACCTCCAGACAAGGAACCAAACGTTACATGGC  921
#1-6   TTAAATTGAATTTAATTTTCTGTTTTTCAAGCGAGTCTAATGAGGTAGACTTGCCCCCAACCTCCAGACAAGGAACCAAACGTTACATGGC                                929

^  ^                      ^                            

A

Exon 8

Exon 9

TIMP gene (#7-2:DQ336109, #7-7:DQ336110)

#7-2   CAGAACGGTTTCTGCTCAGCTGATTTCGGTGAGTAAACAATCCTTTTCAT-GTTTTTTTTTTCAAAA-AATATA---GTA---ACCAATAAGCCTATACAATCATGTAAAATAACTGTGT   112
#7-7   CAGAACGGTTTCTGCTCAGCTGATTTTGGTGAGTACACAATCTTGTTTATTGTTTTTTTTTTCAAAACAATATACCGGTATTCACCAATTAGTCTATACA----TGTAAGATAACTGTG- 115

^        ^        ^  ^  ^      ^      ^^^   ^^^      ^  ^       ^^^^     ^         ^
#7-2   CAAAATGATCAAATTTAACATCATTTAACTGTAAAGCTCCAAGTCTCTTATTTTGAATGTAGACTTTTAATTTTCACGGTTATGTTGTGTGGGTGTTTAATCTCCATATTACATGTAGTA   232
#7-7   CACAATAATTAA-TTTAACATCATT-AATTGTAAGGCTC-AATTCTCTTATTTTGA-TGTAGACTTTTAATTTTCACGGTTATGTTGTGTGGGTGTTTAATCTCCATATTACATGTA--- 228

^   ^  ^  ^            ^  ^     ^    ^  ^             ^ ^^^ 
#7-2   TGTATTTGTTGTTAAGTTTGAAGTCTTGTTGATGACGCATATTTCTTTTCGAGTGTCTTCCTCTCACCAATTGAATAGAGGAACATAACCAGTTATTGTGAAATGTTTTATATGTCTTTA   352
#7-7   ----TTTGTCGTTAAGTTTGAAGTCTTGTTGATGACGCATATTTCTTTTCGAGTGTCTTCCTCTCACCAATTGAATAGAGGAACATGACCAGTTATTGTGAAATGCTTTATACGTCTTTA   344

^^^^     ^                                               ^                         ^       
#7-2   TTGTAAATTGACGAATTGAAAAAAAGGACAACTTAAAAGGGCTTATTTGATATGTTACGGTAACACATACCTCTTTCAGCGAAAATGTGCTAACAAAATATTTTTTTCAAA-AAGAACAA   471
#7-7   TTGTAAATCGACGAATTGAAAAAAAG-ACAACTTAAGAGGGCTTATTTGATATGTTACGTTAACACATACCTCTTTCAGCGAAACAGTGCAAACAGGGTATTTTTTCAAAATAAGAACAA   463

^                 ^         ^                    ^                        ^^    ^    ^^^        ^^   ^        
#7-2   TAGTTATACTATATAGACAGAAACTCCGCATACCATATAAGTCCTTCATATATTAGAAGGACGTCTAACAGAAGAAAGTGACAATTGACGAGAAAATAAAAATGTTATAACGTTTGATGT   591
#7-7   TACTGGACAAAAAAAGCTCTGAACAC-GCCTA---TATACGTCCTATATATATCATAAGGACGTCTAACAGAAGAAAGTGACAATTGACGAGAAAATAAAAATGTTATAACGTTTGATGT   579

^ ^^^^^^ ^ ^  ^^^^^   ^ ^  ^  ^^^    ^     ^^      ^ ^ 
#7-2   GTTTTGATGTTGAATTTTTTTCACGTCATTTTGACGTTACCAATATTATCATAACGCCAATAGCGTGCGCGACGTCATAACATTATCGTGTTCCAATATTCTCTAAGAGATGAAACAACG   711
#7-7   -TTTTGACGTTGAATTTTTT--ACGTCATTTTGACGTTACCAATATTATCATAACACCAATAGCGTGCGCGACGTCATAACATTATCATGCTCCAATATTCTCTAAGAGATGAAACAACG   696

^      ^            ^^                                 ^ ^  ^                             
#7-2   AAAAGTGATCTGCTCCGCTGAAATATAAAAAGCCTTGCCACCATCTTTCGTTACTGTATGCATATGTATGTGTAAGGATTTTGCCATCTATGTTTTTAGTTATCAAAGCAACAATAGTGA   831
#7-7   AAAAGTGATCTGCTCCGCTGAAATATAAAAAGCCTTGACATCATCTTTCGTTACTGTATACATATGTATGTATAAGGATTTTGCCATCTATGTTTTTAGTTATCAAAGCAACAATAGTGA   816

^  ^                ^           ^                                                
#7-2   AAGAAGAACTGAAGTTTGGGGACGA                                   856
#7-7   AAGAAGAACTGAAGTTTGGGGACGA                                   841

B

Exon 1

Exon 2

IκB (#9-1:DQ336105, #9-3:DQ336106)

#9-1   ATGGAGACTCGCAACTACACATGGCAATCATCAATTTACTGGTGCCAATTGCTCTGTATATCATCCAGCAAGCCCCTAGCAGAGATTGGCTAAATCTTCCCAACAACATGCTCCAGACCC   120
#9-3   ATGGAGACTCGCAACTACACATGGCAATCATCAATTTACTGGTGCCAATTGCTCTGTATATCATCCAGCAAGCCCCTAGCAGAGATTGGCTAAATCTTCCCAACAACATGCTCCAGACCC   120

#9-1   CTCTTCATTTGGCTGTCATGACACGACTTCCCCAAGTTGTCAAGGCCCTCATTGATGGGGGAGCGGACATTGAGGCCAGGGATTCTAAAGGGGACACTCCCCTTCACATTGCCAGTAGAG   240
#9-3   CTCTTCATTTGGCTGTCATGACACGACTTCCCCAAGTTGTCAAGGCCCTCATTGATGGGGGAGCGGACATTGAGGCCAGGGATTCTAAAGGGGACACTCCCCTTCACATTGCCAGTAGAG   240

#9-1   AGGGGTATGACGATATCGCCCTGATCTTGCTTGCACCTGCTAGTACTGCAAGCAAAAGAACTTCTCAGGACTTGGAAGCTCGAAATTATGATGGTATGCATGCAAATTTGCAAAACTATA   360
#9-3   AGGGGTATGACGATATCGCCCTGATCTTGCTTGCACCTGCTAGTACTGCAAGCAAAAGAACTTCTCAGGACTTGGAAGCTCGAAATTATGGTGGTATGCATGCAAATTTGCAAAACTATA   360

^                             
#9-1   ATTG-----------------------CAGATTATAAGTGTTTCATAGAGGAAGAAGTATTTTTATTATTCATAGAGAATTGAATGTTTTTATTTGTTTTGTAGGTCAGACTTGTCTGCA   457
#9-3   ACTGTGTATTCATATTTACTTCTTAGCCAGATTATAAGTGTTTCATAGAGGAAGAAGTATTTTTTTTATTCATAGAGAATTGTATGTTTTTCTTTGTTTTGTAGGTCAGACTTGTCTGCA   480

^  ^^^^^^^^^^^^^^^^^^^^^^^                              ^                 ^        ^
#9-1   CTTG                                                        461
#9-3   CTTG                                                        484

C

Exon

ExonIntron

Fig. 3. Aligments are shown for the two sequence variants obtained for BMP type I receptor (A), TIMP (B), IkB (C), LMPX
(D), and MyD88 (E). Exon regions are indicated by boxes, B-^ indicates gaps in the alignments, and B^^ indicates variant
positions. In (F) are shown the summary data for variations in sequence (mutation, insertion, or deletion) in the alignments.

Continues.
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as predicted in the intronic regions. Second, the
degree of sequence difference between alleles is
variable (Figure 3F), ranging from 0.3% in the
sequenced intronic regions of LMPX to 10.3% in
the sequenced introns of TIMP. Third, the degree of
variation seen for the C. gigas MyD88 gene
sequences is very high: 38% overall, and 34% in
the intronic regions. This is sufficient to suggest
that homologous sequences, rather than allelic
sequences, have been compared. This would be

consistent with the conclusion (Table 5) that the
MyD88 gene is probably present in two copies in the
C. gigas genome. Fourth, no more than two
sequences were observed for any one gene, and the
number of individual sequences examined for each
gene was not always high enough to provide
confidence that all variation present in the library
had been captured (Table 6); thus, for two genes
(type 1 BMP receptor and TIMP) it was decided to
examine all of the BACs in the library carrying

LMPX (#11-2F:DQ336101, #11-3F:DQ336102, #11-2R:DQ336103, #11-3R:DQ336104)

#11-2F GAGGGTCATCTACACATTTGTTAGACGATGCCTTAACTTCAACAACCAACTTCACAGTCCCTTACGGCATAGATGTAAGAAAACGAAGACATGCCTTAATATTTTGTGCAGACTCATAAA  120
#11-3F GAGGGTCATCTACACATTTGTTAGACGATGCCTTAACTTCAACAACCAACTTCACAGTCCCTTACGGCATAGATGTAAGAAAACGAAGACATGCCTTAATATTTTGTGCAGACTCATAAA  120

#11-2F GTATTTCGAATTTCCTCGTTAATTGTAAGTAAAGTTGGAAAATATCTTGATAGTTTACCTTATAACATCATATATTTTAGCCGTTTGAGAGTCTAAAGGAATTTACAAATCCTAAAAGTG  240
#11-3F GTATTTCGAATTTCCTCGTTAATTGTAAGTAAAGTTGGAAAATATCTTGATAGTTTACCTTATAACATGATATATTTTAGCCGGTTGAGAGTCTAAAGGAATTTACAAATCCTAAAAGTG  240

^              ^                                    
#11-2F ATGTCAAGATCCACTTTGACCATGGAACCACAACCCTGGCCTTCAAATTTCAACATGGTGTCATTGTTGCTGTTGATTCAAGAGCCACTGCAGGACCTTCTATTGGTTAGAACCAAATAT  360
#11-3F ATGTCAAGATCCACTTTGACCATGGAACCACAACCCTGGCCTTCAAATTTCAACATGGTGTCATTGTTGCTGTTGATTCAAGAGCCACTGCAGGACCTTCTATTGGTTAGAACCAAATAT  360

#11-2F AGTCAAAATATTTTTTTCTTTAATTGTCTTAAAATCAAATATGAATTTCCTAGTATTTATGTTTAAGATTTTTTTGATTATTTATCTTAGTACTGTAAAGTTGCCAATCCTGG~~~ND~~  473
#11-3F AGTCATAATATTTTTTTCTTTAATTGTCTTAAAATCAAATATGAATTTCCTAGTATTTATGTTTAAGATTTTTTGGATTATTTATCTTAGTACTGTAAAGTTGCCAATTCTGG~~~ND~~  473

^                                                   ^                                 ^    

#11-2R -----ND------CAGTAGATCCAAAACTTTGTATGGATCAATCTCTACAAACTATAGGCTTATAGAAAAACTTGTGTAATAAAAGCTGTTTATTTTTATGTATGCTGAACATAAAAAAA  107
#11-3R -----ND------CAGTAGATCCAAAACTTTGTATGGATCAATCTCTACAAACTATAGGCTTATAGAAAAACTTGTGTAATAAAAGCTGTTTATTTTTATGTATGCTGAACATAAAAAAA  107

#11-2R CTACAAATTACTTGGTATTATCATTAAATAAGTACATGTATCTGCATAAACATACTATGTTCATCTAGATACTGTTATTAATGAAAATACCTAGTAAAATTTTTCCATTTTGATGGACTG  227
#11-3R CTACAAATTACTTGGTATTATCATTAAATAAGTACATGTATCTGCATGAACATACTATGTTCATCCAGATACTGTTATTAATGAAAATACCTAGTAAAATTTTTCCATTTTGATGGACTG  227

^         ^
#11-2R TAGGTTTATATCTCATTACTACTGCAGAAACAAGCTATTATAACTCATCTGGGGTCCCAATCTCAACAATTTACACCTGGAAGCCACAAACAAAATTGATTCAAATTTTTATAACAAACA  347
#11-3R TAGGTTTATATCTCATTACTACTGCAGAAACAAGCTATTATAACTCATCTGGGTTCCCAATCTCAACAATTTACACCTGGAAGCCACAAACAAAATTGATTCAAATTTTTATAACAAACA  347

^
#11-2R GTGTACACTTCTCAGTACACCATATCATGACAAAAGTAAAATTTCTCCGATACATACTTTCATTAATCTCTAATGCAGTAATTTTTATCGGAATATTGAATATGTAACTTTTGAATCTAC  467
#11-3R GTGTACACTTCTCAGTACACCATATCATGACAAAAGTAAAATTTCTCCGATACATACTTTCATTAATCTCTAATGCAGTAATTTTTATCGGAATATTGAATATGTAACTTTTGAATCTAC  467

#11-2R AGAGTCCCAGACCGTTAAAAAGGTGATTGAAATCAACCCATATTTACT  473/515
#11-3R AGAGTCCCAGACCGTTAAAAAGGTAATTGAAATCAACCCATATTTACT  473/515

^                                

D

Exon

IntronExon

Exon

Intron

MyD88 (#13-1:DQ336107, #13-7:DQ336108)

#13-1  ACGACGCTTTTGTGATTTACAACCCCCATGGTCAGGACCAGGAGTTTGTCAGTCTTATGACTCAAGTGCTGACCTCCCCTCCCTACAACCTCAGACTCTACGGGCCATGGACGGATAACA   120
#13-7  ACGACGCTTTTGTGATTTACAACCCCCATGGTAAGGACCAGGAGTTTGTCAGTCTTATGACCCAAGTGCTGACCTCCCCTCCCTACAACCTCAGACTCTACGTGCCATGGTCTGATAACA   120

^                        ^                                        ^       ^ ^       
#13-1  ACGAACCCTTTGAAGCTGTAGCCACGGCTGAAAATATTGAGAAAAGGTAAATGTGAGAGTTCTTTTGATAAAATTTAAAAAAAACAAGCTTGAGAATGCATTTATTTTTTTTCAATAGCA   240
#13-7  ACGAACCCTTTGAAGCTGTAGCCACGGCTGAAAATATCGAGAAAAGGTAA---------------------------------------------------------------------- 170

^            ^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^
#13-1  TCAATTCTTTATTTCTTTATAATCATCTTAATTCCAGTTATGTTAATCACTTTTAACGAAGAACAGCAATTGGCACTCACAATATATATTCTGCTAATATTGAATTACAAATGCCTACTT   360
#13-7  ----------------------------GAATTATATGTAGCTTTTTCTTTTTCAATTCCAAAATTTATCTGCATAATTGTATATAGAAAATGCT----TTG-ATTCATCGTGATTATTT   257

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^    ^^ ^^  ^^  ^^  ^^   ^  ^^^^^  ^^^^ ^^  ^^^^^^^^^     ^ ^^^    ^^^^   ^   ^^^^^  ^^  ^
#13-1  TTATCTTTTTTTAGATGCAAAAAAGTTCTAGTTGTTATATCAGCGGCATCTTTGGAAAGTGACCTGTTTCATTTTCAACTTAAAGTTGCCCAT                              453
#13-7  GTTTC-AATTGCAGATGTAAGAAAGTTTTAGTTGTAATTTCGGCGGAATCCATGGAGAGTGATTTGTTTCATTTTCAACTTAAAGTTGCCCAT                              349

^ ^  ^^^  ^^     ^  ^   ^  ^       ^  ^  ^    ^    ^    ^ ^^                             

E

Exon

Exon

Intron

F

Gene Length (bp)

 (nucleotide)  (%)  (nucleotide)  (%)  (nucleotide)  (%)  (nucleotide)  (%)

BMP-I receptor 921 (929)* 37 4.02 (3.98) 8 0.87 (0.86) 12 1.29 (1.30) 57 6.19 (6.14)

TIMP 856 (841)* 35 4.09 (4.16) 20 2.34 (2.38) 33 3.86 (3.92) 88 10.28 (10.46)

IκB 467 (484)* 4 0.86 (0.83) 0 0 17 3.64 (3.51) 21 4.50 (4.34)

LMPX 988** 6 0.61 0 0 0 0 6 0.61

MyD88 453 (349)* 4 0.89 (1.15) 46 10.15 (13.18) 104 22.96 (29.80) 154 34.00 (44.13)

* The length of the segment sequenced for each gene is shown, with the length of the corresponding allelic variant in parentheses.

** Sequencing of the LMPX gene was conducted from the 5' (473bp) and 3' (515bp) ends of the amplified segment, for a total of 988bp.

Total

Percentages of the allelic mutation, insertion, or deletion found in intronic regions

Point substitution Mutation >2bp Insertion or deletion

Fig. 3. Continued.
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these genes. This analysis was carried out via PCR,
using a primer set that would specifically anneal to
(1) both sequences and (2) primer sets that were
sequence specific. The results shown in Figure 4
indicate that the primer sets could detect both
alleles, as predicted. In the case of the type 1 BMP
receptor the nonspecific primer sets gave a product
from 22 of the BAC clones, and of these, 7 were
positive using the sequence-specific primers. As the
data in Table 5 indicated that this gene is likely to
be the product of two or more loci, we cannot
determine if these observations are the result of
allelic variation or differences between loci.
Interestingly, the five clones that were positive for
both type 1 BMP receptor and the type 1 TGFb
receptor (Table 5) did not yield a PCR product with
either primer set. In the case of the TIMP clones,
the sequence specific primer set yielded products

from 3 of 11 BAC clones, with the twelfth clone
yielding no product (data not shown).

Discussion

Collectively, oysters represent a key group of marine
taxa for which relatively little genomic information is
available, and for which genomic resources are cor-
respondingly scarce. The availability of high-quality
BAC libraries for C. gigas and C. virginica, two of the
more economically important and scientifically in-
vestigated oyster species, represents a significant
step forward in marine genomics research. We have
demonstrated that these new resources can be
effectively utilized for a variety of genomic inves-
tigations in conjunction with the oyster EST collec-
tion databased at http://www.marinegenomics.org
and NCBI.

Fig. 4. Detection of allelic variants by PCR amplification from individual BAC clones. (A) Schematic showing the general
method for the PCR amplifications of BMP type 1 receptor and TIMP genes. The triangles indicate the variant positions in
the alignment of the BMP type 1 receptor sequences as shown in Figure 3A. (B) Amplified DNA fragments of BMP type I
receptor gene on a 1.0% agarose gel. Primer F+R and F2+R denote primers F28+R55 and F29+R55 respectively, as listed in
Table 4. (C) Amplified DNA fragments of the TIMP gene analyzed on 1.0% agarose gel. Primer F+R and F2+R denote
primers F32+R58 and F33+R58, respectively, as listed in Table 4. The identities of the BAC clones used as PCR templates
are shown above the pictures. The size (bp) of the amplicons is indicated by arrows to the right.
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Both of these libraries have been shown to have
good representation of the oyster genome as sup-
ported by the hybridization-based results obtained
from screening the libraries using high-density BAC
colony filter arrays. The oyster genes used as probes,
14 in the case of C. virginica and 13 in the case of C.
gigas, all positively identified BAC clones in each of
the libraries. While the number of BAC clones
hybridizing with a specific probe can be used to
evaluate library coverage based on gene copy num-
ber, such estimates must still be treated with some
caution because libraries made with restriction
enzymes will reflect a certain level of cloning bias.
However, both HindIII and Bsty1 have proven to be
excellent enzymes for BAC cloning owing to their
capacity to produce good sequence-based genome
representation combined with a lack of methylation
sensitivity. In the cases in which a large number of
positive signals were obtained during library screen-
ing with probes that were assumed to be single to
low copy, the results were attributed to the target-
ing of gene families (e.g., metallothioneins; Tanguy
and Moraga, 2001; Jenny et al., 2004).

Aspects of copy number estimates combined
with the frequency of different probes targeting the
same BACs on the oyster BAC filters (Table 5) may
be informative concerning the close linkage of
certain genes. For example, in C. gigas, metal-
lothioneins (MT) I and IV appear to be tightly linked
with all 19 of the MT IV clones being positive also
for MT I. The close linkage between the MT I and
MT IV genes seen in C. gigas was also observed for
C. virginica along with apparent linkage via double-
positive clones (Table 5). These results also suggest
that there may have been a complex history of
chromosomal rearrangement and gene duplication
during the evolution of C. gigas. Clearly, this has
not been a wholesale duplication of the genome, as
both C. gigas and C. virginica have 10 chromosomes
and the DNA content of C. gigas is only 20% larger
(Hedgecock et al., 2004). The interpretation of
putative gene copy numbers and their linkage
associations in C. gigas requires further study.

The C. gigas library was examined, in the case
of eight specific genes, to determine the degree of
polymorphism that had been captured in the library.
This is of interest because the library was con-
structed from two hybrid individuals, each derived
from a cross between the 35 and 51 lines, which are
partially inbred. In the case of five of the genes, two
sequences were represented, and in three genes,
only a single sequence was recovered. In the case of
one gene (MyD88), the two variant sequences
recovered were sufficiently distinct to imply homo-
logues derived from a gene-duplication event. This

hypothesis is reinforced by the number (22) of
MyD88 clones identified in the library, strongly
suggesting that there are two copies of the MyD88
gene. Quite different degrees of sequence polymor-
phism were apparent between the individual C.
gigas genes examined (compare LMPX with 0.3%
and TIMP with 10.3% variation in the intronic
regions). While the higher values are consistent
with those reported for C. gigas by Curole and
Hedgecock (2005), the reasons for the gene-to-gene
variation in the degree of polymorphism is unex-
plained. Allelic variation is the most likely expla-
nation for IkB and TIMP sequence variation as these
loci appear to be present in single copies.

Collectively, the characterization of these librar-
ies suggests that they are not only representative of
the genomes of these two species of oyster but, as
clearly shown in the case of C. gigas, they also
present the opportunity to investigate genetic poly-
morphism and linkage associations in the species.

Both of the oyster BAC libraries described in
this report are publicly available to the research
community on a cost-recovery basis as individual
clones, whole libraries, and high-density colony
filter arrays. The oyster BAC library resources may
be ordered via a secure Web site at the Clemson
University Genomic Institute (CUGI): http://
www.genome.clemson.edu. Custom library pooling
is also available at CUGI for the oyster BACs and
quotes may be obtained by sending an email request
to: bacrc-info@genome.clemson.edu.

Acknowledgments

We thank members of the Oyster Genome Consor-
tium whose efforts resulted in the funding of the
White Paper (http://www.genome.gov/10001852)
advocating the construction of the oyster BAC
libraries. Construction of the libraries was sup-
ported by the NIH Healthy People 2010 BAC library
construction program of the National Human Ge-
nome Research Institute. The characterization of
the libraries was supported as part of an Oceans and
Human Health Initiative award from NOAA and by
the Ernest F. Hollings Visiting Scholar Program at
the Hollings Marine Laboratory, Charleston, SC. We
thank Barry Ledford for access to his dock on
Wadmalaw Sound for the collection of Eastern
oysters.

References

Ammiraju JS, Luo M, Goicoechea JL, Wang W, Kudrna D,
Mueller C, Talag J, Kim H, Sisneros NB, Blackmon B,

532 CHARLES CUNNINGHAM ET AL.: BAC LIBRARIES FOR THE EASTERN AND PACIFIC OYSTERS



Fang E, Tomkins JB, Brar D, MacKill D, McCouch S,
Kurata N, Lambert GH, Galbraith DW, Arumuganathan
K, Rao K, Walling JG, Gill N, Yu Y, San Miguel P,
Soderlund C, Jackson S, Wing RA (2006) The Oryza
bacterial artificial chromosome library resource: con-
struction and analysis of 12 deep-coverage large-insert
BAC libraries that represent the 10 genome types of the
genus Oryza. Genome Res 16, 140–147

Curole JP, Hedgecock D (2005) High frequency of SNPs in
the Pacific oyster genome. Available at: http://intl-pag.
org/13/abstracts/PAG13_W026.html

Gueguen Y, Cadoret JP, Flament D, Barreau-Roumiguiee
C, Girardot A, Garnier J, Hoareau A, Bachere E,
Escoubas JM (2003) Immune gene discovery by
expressed sequence tags generated from hemocytes of
the bacteria-challenged oyster, Crassostrea gigas. Gene
303, 139–145

Hedgecock D, Li G, Hubert SK, Buckli A, Ribes V (2004)
Widespread null alleles and poor cross-species amplifi-
cation of microsatellite DNA loci cloned from the
Pacific oyster, Crassostrea gigas. J Shellfish Res 23,
379–385

Hedgecock D, Gaffney PM, Goulletquer P, Gou X, Reece
K, Warr GW (2005) The case for sequencing the Pacific
oyster genome. J Shellfish Res 24, 429– 441

Herpin A, Favrel P, Cunningham C (2002) Gene structure
and expression of cg-ALR1, a type I activin-like
receptor from the bivalve mollusc Crassostrea gigas.
Gene 301, 21–30

Herpin A, Lelong C, Becker T, Rosa FM, Favrel P,
Cunningham C (2005a) Structural and functional evi-
dences for a type 1 TGF-beta sensu stricto receptor in the
lophotrochozoan Crassostrea gigas suggest conserved
molecular mechanisms controlling mesodermal pat-
terning across bilateria. Mech Dev 122, 695–705

Herpin A, Lelong C, Becker T, Rosa F, Favrel P,
Cunningham C (2005b) Structural and functional evi-
dence for a singular repertoire of BMP receptor signal
transducing proteins in the lophotrochozoan Crassos-
trea gigas suggests a shared ancestral BMP/activin
pathway. FEBS J 272, 3424–3440

Hubert S, Hedgecock D (2004) Linkage maps of micro-
satellite DNA markers for the Pacific oyster Crassos-
trea gigas. Genetics 168, 351–362

Jenny MJ, Ringwood AH, Lacy ER, Lewitus AJ, Kempton
JW, Gross PS, Warr GW, Chapman RW (2002) Indica-

tors of stress response identified by expressed sequence
tag analysis of hemocytes and embryos from the
American Oyster, Crassostrea virginica. Mar Biotech-
nol 4, 81–93

Jenny MJ, Ringwood AH, Schey K, Warr GW, Chapman,
RW (2004) Diversity of metallothioneins in the Amer-
ican oyster, Crassostrea virginica, revealed by tran-
scriptomic and proteomic approaches. Eur J Biochem
271, 1702–1712

Luo M, Wang Y, Frisch D, Joobeur T, Wing R, Dean R
(2001) Melon BAC library construction using improved
methods and identification of clones linked to the
locus conferring resistance to melon Fusarium Wilt
(Fom-2). Genome 44, 154–162

Milbury CA, Gaffney PM (2005) Complete mitochondrial
DNA sequence of the eastern oyster Crassostrea
virginica. Mar Biotechnol 7, 697–712

Newell RIE (1988) Ecological changes in Chesapeake
Bay: are they the result of overharvesting the eastern
oyster (Crassostrea virginica)? In: Understanding the
Estuary: Advances in Chesapeake Bay Research,
Lynch MP, Krome EC, eds. Chesapeake Research
Consortium Publication 129 (CBP/TRS 24/88),
pp. 536–546

Peterson DG, Tomkins JP, Frisch DA, Wing RA, Paterson
AH (2000) Construction of plant bacterial artificial
chromosome (BAC) libraries: an illustrated guide.
J Agric Genomics Vol 5. (http://www.ncgr.org/research/
jag/index.html)

Tanguy A, Moraga D (2001) Cloning and characterization
of a gene coding for a novel metallothionein in the
Pacific oyster Crassostrea gigas (CgMT2): a case of
adaptive response to metal-induced stress? Gene 273,
123–130

Tanguy A, Guo X, Ford SE (2004) Discovery of genes
expressed in response to Perkinsus marinus challenge
in eastern (Crassostrea virginica) and Pacific (C. gigas)
oysters. Gene 38, 121–131

Wang Y, Xu Z, Pierce JC, Guo X (2005) Characterization of
eastern oyster (Crassostrea virginica Gmelin) chromo-
somes by fluorescence in situ hybridization with
bacteriophage P1 clones. Mar Biotechnol 7, 207–214

Zhang Q, Allen SK Jr, Reece KS (2005) Genetic variation
in wild and hatchery stocks of Suminoe Oyster
(Crassostrea ariakensis) assessed by PCR-RFLP and
microsatellite markers. Mar Biotechnol 7, 588–599

CHARLES CUNNINGHAM ET AL.: BAC LIBRARIES FOR THE EASTERN AND PACIFIC OYSTERS 533



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


