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Abstract Genetically modified mouse strains derived
from embryonic stem (ES) cells are powerful tools for gene
function analysis. ES cells from the C57BL/6 mouse strain
are not widely used to generate mouse models despite the
advantage of a defined genetic background. We assessed
genetic variation in six such ES cell lines with 275 SSLP
markers. Compared to C57BL/6, Bruce4 differed at 34
SSLP markers and had significant heterozygosity on three
chromosomes. BL/6#3 and Dalel ES cell lines differed at
only 3 SSLP makers. The C2 and WB6d ES cell lines
differed at 6 SSLP markers. It is important to compare the
efficiency of producing mouse models with available
C57BL/6 ES cells relative to standard 129 mouse strain ES
cells. We assessed genetic stability (the tendency of cells to
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become aneuploid) in 110 gene-targeted ES cell clones
from the most widely used C57BL/6 ES cell line, Bruce4,
and 710 targeted 129 ES cell clones. Bruce4 clones were
more likely to be aneuploid and unsuitable for ES cell-
mouse chimera production. Despite their tendency to
aneuploidy and consequent inefficiency, use of Bruce4 ES
cells can be valuable for models requiring behavioral
studies and other mouse models that benefit from a defined
C57BL/6 background.

Introduction

There are several reasons why the C57BL/6 strain is
favored for some gene-targeting studies. The availability of
the C57BL/6J mouse genome sequence facilitates the
generation of isogenic targeting vectors. C57BL/6] mice
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are an excellent model for metabolic and diabetes research
because they are known to be susceptible to diet-induced
hyperglycemia, hyperinsulinemia, insulin resistance, and
obesity-associated diabetes (Black et al. 1998; Molnar et al.
2005; Petro et al. 2004). They are also the model of choice
for behavior and cognition (Kelly et al. 2003; Nguyen et al.
2000; Ohl et al. 2003) and for studies of the immune sys-
tem (Blier et al. 1998; Chang et al. 2005; Kato et al. 1994,
Kontgen et al. 1993). As the standard inbred mouse strain
in these fields, new data from C57BL/6]J mouse models can
be interpreted in the context of a large body of research.
Comparisons can be made directly with research in other
mouse strains and also with genetically engineered models
produced by transgenesis and gene targeting.

Transgenic mice are often used in dominant gene
models, while gene modification by homologous recom-
bination in embryonic stem (ES) cells allows for models of
recessive genetic diseases. Transgenic mice can be pre-
pared in a pure C57BL/6] background through DNA
microinjection into the pronuclei of fertilized mouse eggs,
although the process is approximately eightfold less effi-
cient than when F; hybrid eggs are used (Auerbach et al.
2003; Brinster et al. 1985). Similarly, gene targeting can be
carried out in ES cells from a C57BL/6 mouse strain,
although the efficiency of obtaining modified mice is
reduced relative to commonly used ES cells derived from
mice heterozygous for 129 substrains (Nagy et al. 1993).

ES cell lines derived from 129 strains of mice account
for the vast majority of published studies on gene-targeted
mouse models (Seong et al. 2004). However, there are
several limitations to the use of 129-derived ES cells. First,
there is considerable genetic variation among the different
129 mouse strains (Simpson et al. 1997; Threadgill et al.
1997). Genetic and phenotypic variations of gene-targeted
mice made with 129 mouse ES cells are well known
(Linder 2006). For example, deletion of Egfr in different
129 mouse ES cell lines resulted in different phenotypes
that depended on genetic background (Sibelia and Wagner
1995; Threadgill et al. 1995). Corpus callosum dysgenesis
is commonly observed in 129 mouse strains, which con-
founds studies of behavioral and cognitive phenotypes
(Crawley 1996; Gerlai 1996). The genetic complexity
introduced by the use of 129 ES cell lines for gene
knockouts is an impediment to immunologists who rely on
the extensively characterized C57BL/6 immune response
(Bauler et al. 2007; Rolink et al. 2004; Schwarz et al.
2003). Stem cell biologists use C57BL/6 mice for trans-
plantation studies which require that mouse knockouts be
backcrossed onto C57BL/6 (Yilmaz et al. 2006). This
common approach to reduce genetic variation (Silva et al.
1997) is time consuming and expensive, potentially
exceeding the cost of producing the initial gene-targeted
mouse strain. Importantly, even after numerous
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backcrosses a significant portion (10 cM) of the donor 129
chromosome can persist, potentially confounding research
results (Armstrong et al. 2006).

The use of C57BL/6 ES cells for targeted genetic
modifications and subsequent production of new mouse
strains is an important future goal identified with the
knockout mouse project (KOMP; Austin et al. 2004; Au-
werx et al. 2004). A survey of 5,344 genetically modified
mouse strains curated at the Jackson Laboratory shows that
only 70 were generated from C57BL/6 ES cell lines (data
available upon request) and that the majority of these were
generated with the Bruce4 ES cell line. We sought to
examine the genetic stability of gene-targeted Bruce4 ES
cell clones and to characterize genetic variation in C57BL/
6 ES cell lines. We found minor genetic differences
between the C57BL/6J reference genome and four C57BL/
6 ES cell lines as well as significant genetic contamination
in two ES cell lines. Gene-targeted ES cell clones from the
currently available Bruce4 C57BL/6 ES cell line are more
likely to be aneuploid than those from 129 mouse ES cell
lines such as R1, E14Tg2a.4, and Pat5. Aneuploid ES cell
clones are less likely to contribute to the germline of ES
cell-mouse chimeras (Longo et al. 1997). Thus, genetic
instability inherent in an ES cell line will reduce its
germline potency.

Materials and methods
ES cell lines

We established the Dalel ES cell line from B6(Cg)-
Tyr® ?'/J mice (Jackson Laboratory stock number 000058).
Briefly, blastocysts were placed in cell culture on primary
mouse embryo fibroblast feeder cells and allowed to grow
out into ES cell colonies as described (Nagy et al. 2003).
Dalel ES cells were demonstrated to be XY by PCR
amplification of the X- and Y-linked Smcx and Smcy genes
(data not shown; Mroz et al. 1999). The genetic back-
ground of the Dalel ES cells is coisogenic with C57BL/6J
since the B6(Cg)-Tyr* 2/ mice differ from C57BL/6J
mice by a single nucleotide change described by Le Fur
et al. (1996).

BL/6#3 ES cells, derived from C57BL/6J mice (Jackson
Laboratory stock number 000664), were a kind gift of Jo-
anne Conover (Schuster-Gossler et al. 2001).

Bruce4 ES cells, derived from a C57BL/6 mouse strain
congenic for the Thy1.1 allele from an NZB mouse, were a
kind gift of Colin Stewart (Kontgen et al. 1993).

C2 ES cells are derived from C57BL/6NTac mice and
were a kind gift of Andras Nagy.

WBG6d ES cells are derived from C57BL/NTac mice and
were a kind gift of Alex Joyner (Auerbach et al. 2000).
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CMTI-2 ES cells are derived from “C57/BL6” mice and
were purchased from Specialty Media, Inc. (Phillipsburg,
NJ).

Mouse ES cell lines derived from 129 mouse strains used
for chromosome counts included CJ7 derived from 129S1/
SvimJ mice (Swiatek and Gridley 1993), E14Tg2a.4
derived from 129P2/OlaHsd (Skarnes 2000), GSI-1 derived
from 129X1/Sv] (Genome Systems, St. Louis, MO), Pat5
derived from 129X1/Sv] (Domino et al. 2001), R1 derived
from (129X1/Sv] x 129S1/SvImJ)F; (Nagy et al. 1993), and
W4 derived from 129S6/SvEvTac (Auerbach et al. 2000).

C57BL/6 and 129 ES cell lines were maintained in high-
glucose Dulbecco’s minimal essential medium (Invitrogen,
Carlsbad, CA) supplemented with 15% fetal bovine serum
(Harlan, Indianapolis, IN), 4 mM glutamine, 1 pM 2-
mercaptoethanol, 1% MEM nonessential amino acids, 50
IU penicillin per ml, 50 pg streptomycin per ml, and 1000
U per ml ESGRO (Chemicon, Temecula, CA) on FVB/N
mouse embryonic feeder cells mitotically inactivated by
irradiation. Prior to DNA extraction and genotyping, ES
cell lines were passaged twice on gelatin-coated dishes to
eliminate feeders from the cultures. DNA was extracted
from ES cells with standard methods. The presence of
FVB/N feeder cell DNA was undetectable by PCR with
SSLP primers.

Genotyping ABI PRISM® Mouse Mapping Primers
v.1.0 fluorescent SSLP primers were purchased from
Applied Biosystems (ABI, Foster City, CA) to amplify
selected microsatellite markers. The 286 SSLP markers we
tested are listed in Supplementary Table 1. Data are
reported for the 275 markers that gave complete and
reproducible results. PCR reactions were conducted by the
University of Michigan DNA Sequencing Core with ABI
reagents according to the manufacturer’s conditions. PCR
fragment sizes were determined with an ABI Model
3730XL DNA sequencer. SSLP map locations were taken
from the Mouse Genome Database, Build 36 (Eppig et al.
2005) or the National Center for Biotechnology Informa-
tion Map Viewer database (Wheeler et al. 2006).

C57BL/6] mouse reference DNA (stock number
000664) was purchased from the Jackson Laboratory DNA
Resource (Bar Harbor, ME). Genomic DNA samples were
tested with 286 primer pairs covering SSLPs on chromo-
somes 1-19 and the X chromosome.

Chromosome counting Chromosome counts were made
on ES cell clones obtained from gene targeting experiments
as described (Domino et al. 2001). All gene-targeted ES
cell clones and chromosome counts were performed in the
University of Michigan Transgenic Animal Model Core.
Classification of clones as euploid or aneuploid was based
on the results of chromosome counts. For chromosome
counts, 5 x 10° ES cells were plated onto 10-cm gelatin-
treated culture plates in ES cell medium. After overnight

culture, cells were treated with 0.02 pg/ml colcemid (In-
vitrogen) for 120 min. Cell cultures were treated with
trypsin to obtain a single-cell suspension. Cells were
resuspended in 10 ml of room-temperature 75 mM KCl and
incubated for 15 min at 37°C. Cells were collected by
centrifugation and resuspended in room-temperature fixa-
tive (3:1 methanol, glacial acetic acid). Cells were
incubated on ice for 30-120 min and washed twice in cold
fixative. Chromosome spreads were prepared by dropping
fixed cells onto slides and staining for 15 min in Gurr’s
Giemsa in Gurr’s Buffer (Invitrogen). Chromosome
spreads were visualized at 1000x magnification with a
100x oil objective on an E800 microscope (Nikon, New
York). Spreads were photographed and chromosomes were
counted in at least 20 spreads for each ES cell clone.

ES cell subcloning

The earliest available passage of an ES cell clone was plated
at 3 x 10° cells on 100-mm dishes of feeder cells to allow for
the growth of colonies from individual ES cells. Five to six
hours after initial plating the dishes were carefully but vig-
orously rinsed several times with ES cell medium to
dislodge loosely attached cells. ES cell clones were selected
on the basis of undifferentiated appearance, small tightly
packed cells in a smooth, dome-shaped structure, with high
birefringence, absence of single cells, and no halo of pave-
ment-like cells around the colony. Colonies were picked and
expanded as described (Nagy et al. 2003) until they could be
cryopreserved and their chromosomes counted.

Results
Genetic variation

We used 286 primer pairs to identify SSLPs on chromo-
somes 1-19 and X in C57BL/6J reference DNA and six
C57BL/6-derived ES cell lines. We obtained complete data
for 275 SSLPs. The results show that no ES cell line was
completely identical to C57BL/6J at all 275 SSLP markers.
Amplification products for 39 primer pairs differed
between the reference genomic DNA (C57BL/6J) and the
ES cell lines (Table 1). The Bruce4 and CMTI-2 ES cell
DNA samples differed from C57BL/6J DNA at 34 different
SSLP markers. Bruce4 and CMTI-2 are identical to each
other for every SSLP marker tested (Table 2), but they are
heterozygous instead of homozygous for C57BL/6J mark-
ers on 12 chromosomes. Most notably, marker analysis
identified heterozygous regions 7.2-10.0 cM in length on
chromosomes 3, 7, and 9 (Fig. 1). These chromosome
segments accounted for 18 of the 34 primer pairs that
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Table 1 SSLP marker sizes (shown as bp) that differ between C57BL/6] genomic DNA and C57BL/6-derived ES cells for 275 SSLPs

ES cell lines

Marker Chromosome Position (cM) C57BL/6] Bruce4 CMTI-2 WB6d C2 BL/6#3 Dalel
DIMit159 1 81.6 206 206, 208 206, 208 206 206 206 206
DIMit206 1 95.8 135 128, 133 128, 133 133 133 131, 135 135
D2Mitl 2 1 219 216, 219 216, 219 216 216 219 216, 219
D2Mit411 2 77.6 131 126, 131 126, 131 131 131 131 131
D3Mit51 2 352 241 241, 258 241, 258 241 241 241 241
D3Mit98 3 39.7 92 92, 96 92, 96 96 96 92 92
D3Mit311 3 452 117 110, 117 110, 117 117 117 117 117
D3Mit320 3 71.8 112 105, 112 105, 112 112 112 112 112
D5Mit123 5 0 198 198, 204 198, 204 198 198 198 198
D5Mit314 5 59 122 122, 126 122, 126 122 122 122 122
D7Mit69 7 24.5 241 237, 241 237, 241 241 241 241 241
D7Mit323 7 50 224 224, 228 224, 228 224 224 224 224
D7Mit71 7 65.2 140 122, 140 122, 140 140 140 136, 140 140
D7Mit109 7 66 112 91, 112 91, 112 112 112 112 112
D7Mit259 7 72 243 219, 243 219, 243 243 243 243 243
D7Mit223 7 72.4 33 77, 83 77, 83 33 33 83 83
D8Mit124 8 6 155 153, 155 153, 155 153 153 155 155
D9Mit90 9 9 112 108, 112 108, 112 108 108 112 112
D9Mit1001 9 15 127 127, 129 127, 129 127 127 127 127
D9Mit285 9 21 234 213,234 213,234 234 234 234 234
D9Mit129 9 26 130 130, 143 130, 143 130 130 130 130
DOMit71 9 29 116 105, 116 105, 116 116 116 116 116
DOMit97 9 29 163 163, 172 163, 172 163 163 163 163
D9Mit336 9 35 175 158, 175 158, 175 175 175 175 175
D9Mit151 9 73 107 107 107 107 107, 109 107 107
DI0Mir213 10 11 257 257, 259 257, 259 257 257 257 257
DI10Mi31 10 36 135 135, 141 135, 141 135 135 135 135
DI10Mit233 10 62 133 133 133 133, 135 133 133 133
DI10OMit103 10 70 173 173, 179 173, 179 173 173 173 173
DI1IMit71 11 1.1 215 197, 215 197, 215 215 215 215 215
DI11Mit86 11 28 86 84, 86 84, 86 86 86 86 86
DI13Mitl6 13 13 200 200, 203 200, 203 200 200 200 200
DI13Mir275 13 16 110 110, 122 110, 122 110 110 110 110
DI13Mit88 13 21 133 133, 141 133, 141 133 133 133 133
DI14Mit126 14 5 131 131, 135 131, 135 131 131 131 131
DI14Mit228 14 46 192 192 192 192 192 192 188, 192
DI15Mitl43 15 214 133 133 133 133 133 133, 152 133
DI19Mit92 19 54 229 229, 233 229, 233 229 229 229 229
DXMitl21 X 67 123 123 123 123 123 123 105

PCR product sizes that differ from C57BL/6J are shown in bold

returned heterozygous results for Bruce4 and CMTI-2
DNA. The remaining SSLP markers were scattered over
nine other chromosomes. Thus, only 8 of 20 chromosomes
in Bruce4 and CMTI-2 gave SSLP results identical to the
C57BL/6]J reference DNA. The presence of a heterozygous
region on chromosome 9 was expected because Bruce4 ES
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cells were derived from a Thyl.l congenic mouse strain
(Kontgen et al. 1993). Thyl.1 maps to cM 26.0 of chro-
mosome 9. Accordingly, we found that D9MitI29 (cM
26.0) and flanking markers are heterozygous (Table 1). We
were not expecting to identify other regions of genetic
heterozygosity in Bruce4 cells. The detection of
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heterozygous regions on chromosomes 3 and 7 is consistent
with persistence of residual heterozygous regions in con-
genic mouse lines unless they are excluded by testing with
markers spaced 5-10 cM apart (Armstrong et al. 2006).

The WB6d and C2 C57BL/6 ES cell lines each differed
from the C57BL/6J reference DNA at six SSLP positions,
respectively (Table 1). The differing SSLPs were scattered
over seven different chromosomes and no chromosome
showed more than one SSLP difference when compared to
C57BL/6]. These two ES cell lines differed from each other
attwo SSLPs. Both WB6d and C2 ES cell lines were derived
from C57BL/6NTac, a mouse strain that was derived from
the C57BL/6J stocks sent to the NIH from the Jackson
Laboratory in 1951 (Taconic, Hudson, NY). Consequently,
some differences with C57BL/6J were not surprising.

The BL/6#3 and Dalel ES cell lines each differed from
the C57BL/6J reference DNA at three SSLP positions
(Table 2). These two ES cell lines differed from each other
by six SSLPs that are scattered over six chromosomes. The
BL/6#3 ES cell line was derived directly from C57BL/6J
mice and the Dalel cells were derived from coisogenic
B6(Cg)-Tyr“ /] mice obtained from the Jackson Labo-
ratory. The B6(Cg)-Tyr° /] mouse strain used to derive
Dalel ES cells carries a mutation in tyrosinase, which
maps to cM 44.0 on chromosome 7 (Le Fur et al. 1996).
We might expect heterozygosity in SSLPs around the
Tyr“"*' locus in Dalel DNA if the strain were not coiso-
genic. We found that all 15 chromosome 7 SSLP primer
pairs tested on Dalel produced homozygous products
identical to those from the C57BL/6J reference DNA (data
not shown). This includes the markers flanking tyrosinase,
D7Mit350 at 41.0 cM and D7Mit323 at 50.0 cM.

Genetic instability of Bruce4 ES cells

A direct correlation exists between the proportion of
euploid chromosome spreads in an ES cell clone and

Table 2 Number of SSLP markers that differed between C57BL/6J
mice and C57BL/6 ES cell lines

ES cell lines

C57BL/6] Bruce4 CMTI-2 WB6d C2 BL/6#3 Dalel

C57BL/6] — 34 34 6 6 3 3
Bruce4 — 0 35 35 35 35
CMTI-2 — 35 35 35 35
WB6d — 2 8
c2 — 8 8
BL/6#3 — 6
Dalel —

Results from 275 SSLPs are shown

germline transmission of targeted genes by ES cell-mouse
chimeras (Longo et al. 1997; our unpublished observa-
tions). We collected data from 820 gene-targeted clones
from different ES cell lines to determine if any of them had
a tendency to become aneuploid (Table 3). ES cell clones
were classified as euploid or aneuploid by the numbers of
chromosomes in ES cell spreads and observations of
obvious translocations. We find that ES cell clones with
60% or more euploid spreads (spreads that contain 40
chromosomes and no visible abnormalities) have a better
chance of forming germline chimeras than clones with
fewer euploid spreads. Thus, in practical terms, we con-
sider an ES cell clone to be aneuploid and unsuitable for
the production of ES-cell mouse chimeras when fewer than
60% of chromosome spreads contain 40 chromosomes. We
generated and counted 820 gene-targeted ES cell clones
generated from six ES cell lines derived from 129 mouse
substrains and the C57BL/6-derived Bruce4 ES cell line
(Table 3). Chromosome counts performed on 110 Bruce4
clones showed that only 39 were euploid (35%) by our
criteria. Chromosome counts of the 710 clones derived
from 129 mouse ES cell lines showed that 428 clones were
euploid (60%). The proportion of euploid clones derived
from Bruce4 was lower than the proportion of euploid
clones derived from 129 ES cell lines (p < 0.001, two-
tailed y* test). To control for such variables such as cell
culture conditions, drug resistance cassettes in targeting
vectors, and other variables, we performed a series of
gene-targeting experiments in parallel with Bruce4 and W4
(129S6/SvEvTac) ES cells (Table 4). Under these condi-
tions we observed more aneuploid gene-targeted in the
Bruce4 cells than in the W4 cells (p < 0.001 by two-tailed
x> analysis). As a result of the higher proportion of
aneuploid ES cell clones, more targeted ES cell clones
must be generated and characterized to produce gene-tar-
geted mice when Bruce4 cells are used instead of 129-
derived ES cells such as W4, R1, E14Tg2a.4, and Pat5.
Studies of additional C57BL/6 ES cell lines are required to
determine if this is a general characteristic of C57BL/6 ES
cell lines.

ES cell subcloning

ES cell subcloning can be used to generate cell lines that
form germline chimeras with greater efficiency than the
parental cell line (Nagy et al. 1993). We selected targeted
ES cell clones for subcloning from two gene-targeting
projects with low targeting frequencies in which only
aneuploid clones were identified. We tested the effective-
ness of developing euploid subclones from aneuploid
clones of R1 (129 mouse strain) and Bruce4 (C57BL/6) ES
cell lines.
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Fig. 1 Location of 1
heterozygous regions in Bruce4
ES cell genomic DNA. Mouse
chromosomes 1-19 and X are
depicted schematically with
centromeres indicated by the
black circles; distances are
shown in centimorgans. The
position of each SSLP that was
identical in Bruce4 and C57BL/
6] is shown by a thin line. All
Bruce4 SSLPs that differed
from C57BL/6J in Table 1 are
identified by name. The
thickened portions of
chromosomes 3, 7, and 9
indicate minimum regions of
heterozygosity in Bruce4 ES
cell genomic DNA
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ES cell line  Clones tested®  Euploid clones® (%)

No. of experiments®

Mouse strain Reference

Bruce4 110 39 (35%) 17
R1 435 281 (65%) 114
CcJ7 115 49 (43%) 13
GSI-1 65 36 (55%)

Pat5 33 23 (70%) 5
W4 38 19 (50%) 20
E14Tg2a.4 24 20 (83%) 5

C57BL/6-Thyl.1 (congenic)
(129X1/SvJ x 129S1/SvIm))F,

Kontgen et al. 1993
Nagy et al. 1993

129S1/SvimJ Swiatek and Gridley 1993
129X1/SvJ) Genome Systems, Inc.
129X1/Sv] Domino et al. 2001
129S6/SvEvTac Auerbach et al. 2000
129P2/OlaHsd Skarnes 2000

* Number of gene-targeted ES clones for which chromosome counts were made

" Number of euploid ES clones and percentage of clones that were euploid. Clones were considered euploid if 60% or more of chromosome

spreads contained 40 chromosomes

¢ Number of gene-targeting experiments (electroporations of ES cell lines with targeting vectors) to produce gene-targeted clones for chro-

mosome counting

Table 4 Comparison of aneuploidy in gene-targeted Bruce4 and W4
ES cell clones produced in parallel electroporation experiments

Electroporation ~ Gene-targeted ES cell clones
number
Bruce4 w4
Euploid  Aneuploid  Euploid  Aneuploid
060807 2 7 2 1
060508 0 1 1
060227 4 10 0 1
060630 0 1 7 3
060631 1 1 3 6
Total 7 23 13 12

Four gene-targeted ES cell clones were identified in the
course of targeting the Propl locus in R1 ES cells (Na-
sonkin et al. 2004). In an attempt to obtain a euploid gene-
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targeted ES cell line for chimera production, we derived six
subclones from one of the clones, SC3, which had a ring
chromosome. All six SC3 subclones had a greater pro-
portion of euploid spreads than the SC3 parental line, with
five meeting our criteria for euploidy, and one of these
produced germline transmission of the targeted allele
(Table 5).

In a separate gene-targeting project we identified nine
targeted Bruce4 ES cell clones that were all aneuploid
(data not shown). We derived six subclones from the
SE1D9 aneuploid targeted clone. Chromosome counts of
the parental SE1D9 clone showed a 1:1:1 ratio of chro-
mosome spreads with a visible translocation, spreads with a
modal number of 41 chromosomes, and euploid spreads.
Unfortunately, all six subclones were aneuploid. A
majority (60%) of the subclones had chromosome spreads
that displayed the translocation while 70% of the spreads
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from the parental SE1D9 clone had the translocation. None
of the SE1D9 subclones met our criteria for ES cell-chi-
mera production (Table 5). The cell passage number of the
R1 ES cells used to produce the SC3 parental clone was 18,
while the cell passage number of the Bruce4 ES cells used
to produce the SE1D9 parental clone was 16. The difficulty
in deriving euploid SE1D9 subclones cannot be attributed
to a higher passage number, which is known to increase
aneuploidy (Longo et al. 1997). The data suggest that cells
with euploid chromosome numbers in the SE1D9 sub-
clones were unstable and deteriorated as the subclones
were established in culture. The inability to generate
euploid subclones from the aneuploid SE1D9 parental
clone is consistent with the observation that Bruce4 ES cell
clones are more likely to be aneuploid (Table 3).

Discussion

The genetic background of ES cell lines and mouse strains
derived from ES cell lines affects phenotypes of mutant
mice and should be considered when interpreting data from
mouse models (Linder 2006). We performed genome scans
on six C57BL/6 ES cell lines to compare their genetic
makeup to the C57BL/6J genome. Genomic DNA from
C57BL/6] mice and the Bruce4, CMTI-2, WB6d, C2, BL/
6#3, and Dalel ES cell lines are not genetically identical.
The six C57BL/6 ES cell lines we analyzed can be divided

Table 5 Subclones of targeted aneuploid ES cell clones

ES cell Parental Subclone Spreads Euploid

line mouse clone counted® spreads®

strain (%)

R1 SC3 40 11 (28%)
SC3.A3c 42 46 (91%)
SC3.A2c 32 35 91%)
SC3.H1 39 34 (87%)
SC3.Flc 43 50 (86%)
SC3.H4 33 20 (61%)
SC3.G4 23 13 (56%)

Bruce4 SE1D9 10 3 (30%)
SE1D9.C3 10 3 (30%)
SE1D9.D4 10 3 (30%)
SE1D9.D7 10 1 (10%)
SE1D9.B2 10 0 (0%)
SE1D9.C6 10 0 (0%)
SE1D9.B5 10 0 (0%)

* Total number of chromosome spreads counted
® Number of chromosome spreads that contained 40 chromosomes

€ ES cell clones were used to produce ES cell-mouse chimeras that
gave germline transmission of the targeted Propl gene (Nasonkin
et al. 2004)

into three related pairs based on differences with the
C57BL/6 reference DNA: BL/6#3 and Dalel, WB6d and
C2, and Bruce4 and CMTI-2. BL/6#3 and Dalel are most
closely related to C57BL/6J and to each other (Table 2).
The WB6d and C2 cell lines are genetically alike, with
minor differences compared to C57BL/6J. Bruce4 and
CMTI-2 ES cells are identical to each other and differ the
most from C57BL/6J, with significant areas of heterozy-
gosity on chromosomes 3, 7, and 9. The differences
between BL/6#3 and Dalel are not surprising since they
were derived from C57BL/6J and coisogenic B6(Cg)-
Tyr°~ /] mice, respectively. Differences between WB6d
and C2 are not expected since they were both derived from
C57BL/6NTac mice, a distinct substrain of C57BL/6. It
may be that the isolated differences between these ES cell
lines arose in cell culture after they were derived (see
below). Bruce4 and CMTI-2 ES cells were genetically
identical at every SSLP tested. This was unexpected since
Bruce4 was derived from a Thyl.l congenic strain
(Kontgen et al. 1993) and CMTI-2 was derived from “C57/
BL6” mice Specialty Media, Inc. (Phillipburg, NJ). Our
data suggest that although these two ES cell lines have
different names, were obtained from different sources, and
are derived from different mouse strains, they are in fact
genetically identical.

Observed genetic variation in ES cell lines from the
reference C57BL/6J genome may originate in genetic dif-
ferences that exist between C57BL/6 mouse substrains or
in genetic changes secondary to cell culture. The source of
genetic variation in Bruce4 (and its genetic twin CMTI-2)
is most likely the genetic contribution from the NZB mouse
strain used to produce the C57BL/6-Thyl.1™*® congenic
mouse used to derive Bruce4 ES cells (Kontgen et al.
1993). Although 34 SSLP markers gave heterozygous
results with Bruce4 DNA, only DIMit206 gave two PCR
products that both failed to match the reference C57BL/6J
genome (Table 1). The divergence from CS57BL/6J at
DIMit206 may be the consequence of a genetic change that
occurred during Bruce4 cell culture; however, this seems
unlikely since both ES cell lines have the identical geno-
type at DIMit206. The BL/6#3 ES cell line was derived
from C57BL/6J mice (Schuster-Gossler et al. 2001); thus,
variation from the reference C57BL/J genome is most
likely the result of changes during cell culture (3 SSLP
markers in BL/6#3 are heterozygous). Like BL/6#3, the
Dalel ES cell line differs at 3 SSLP markers. Because
Dalel is derived from the coisogenic B6(Cg)-Tyr® *'/J
background, we expected to find limited variation. How-
ever, without a genome scan of another B6(Cg)-Ter72J/J
DNA source, it is difficult to infer whether the differences
are inherent in the donor mouse genome or if they are
secondary to cell culture. Comparison of WB6d (Auerbach
et al. 2000) and C2 ES cell lines (derived from C57BL/
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6NTac) to each other shows that they are identical except
for DIOMit233 where WB6d is heterozygous and for
D9Mit151 where C2 is heterozygous. Heterozygosity at a
single SSLP marker in these two cell lines is most easily
explained by genetic changes that occurred during cell
culture than by genetic differences in the C57BL/6NTac
mice from which they were derived. Future experiments
may determine if these genetic variations are due to dif-
ferences between C57BL/6 mouse substrains or to random
genetic changes that are fixed in the cell lines during cell
culture.

The genetic diversity of 129 mouse strains and ES cell
lines is well known (Simpson et al. 1997; Threadgill et al.
1997). In 129 mouse strains, 129X1/SvJ mice are markedly
different in comparison to 14 other 129 mouse strains (55—
58 SSLP differences out of 212). Bruced ES cells are
similarly distinct from four other ES cell lines (34-35
SSLP differences out of 275). The consequences of genetic
variation in 129 ES cell lines complicate the interpretation
of phenotypes in gene-targeted mice (Silva et al. 1997;
Simpson et al. 1997; Threadgill et al. 1997). Compared
with the genetic variation among 129 mouse strains (as
many as 27.4% of SSLPs were different), the genetic
variation between Bruce4, BL/6#3, Dalel, WB6d, and C2
cell lines is not as great (a maximum of 12.7% of the
SSLPs were different). Nevertheless, the genetic differ-
ences of C57BL/6 ES cell lines should be taken into
account during phenotype analysis, particularly in mice
derived from the commonly used Bruce4 ES cell line.

We found that targeted ES cell clones obtained from
Bruce4 cell lines were more likely to be aneuploid and
unsuitable for ES cell-mouse chimera production than 129-
derived ES cell lines such as R1, E14Tg2a.4, and Pat5.
This is significant because Bruce4 ES cells are the most
widely used C57BL/6 ES cell line in gene targeting. A
survey of 5,344 gene-targeted mouse strains obtained from
the Jackson Laboratory shows that 1.3% of the strains were
prepared with C57BL/6 ES cells (N = 70) and that 41 of
them were derived from Bruce4 ES cells (58.6%, data
available upon request). The next most used C57BL/6 ES
cell line, BL6-III, accounted for only 14 mouse lines. The
tendency to be aneuploid was high for Bruce4 ES cell
clones derived from electroporations with gene-targeting
vectors and for subclones of gene-targeted ES cell clones.
The paucity of gene-targeted models in C57BL/6 ES cell
lines in comparison to 129 mouse ES cell lines is likely due
to the greater robustness and stability of 129 ES cell lines
in culture. Cell culture of C57BL/6 ES cell lines is more
demanding than 129 mouse ES cell culture (Auerbach et al.
2000; Hughes and Saunders, unpublished observations). A
second difficulty is the need to screen large numbers of
targeted clones to identify euploid clones suitable for chi-
mera production (Table 3). A third limitation is that the
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proportion of C57BL/6 ES cell-mouse chimeras produced
by aggregation or blastocyst microinjection is rarely
greater than 50% of live births (Auerbach et al. 2000;
Lederman and Burki 1991; Saunders, unpublished obser-
vations; Schuster-Gossler et al. 2001; Seong et al. 2004)
which is significantly less than that typically obtained from
129 ES cells (Auerbach et al. 2000; Fedorov et al. 1997,
Pease and Williams 1990; Saunders, unpublished obser-
vations; Schwartzberg et al. 1989). A fourth bottleneck is
the sensitivity of C57BL/6 ES cells to the genetic back-
ground of the blastocyst donor used for microinjection or
aggregation to produce germline chimeras. Just as 129 ES
cell lines have strain restrictions for germline chimeras
production (Schwartzberg et al. 1989). The efficiency of
germline transmission is higher when the host blastocyst
used to make ES cell chimeras with C57BL/6 ES cells is
derived from B6(Cg)-Tyr */] mice (Schuster-Gossler
et al. 2001; Seong et al. 2004) instead of outbred Swiss-
Webster mice (Auerbach et al. 2000), BALB/c mice (Au-
erbach et al. 2000; Ledermann and Burki 1991; Lemckert
et al. 1997), or FVB/N mice (Schuster-Gossler et al. 2001).
The limited availability and higher cost of B6(Cg)-Tyr®~ /]
mice compared with inexpensive outbred mouse strains
such as ICR (Pease and Williams 1990), CD-1, or Swiss
Webster (Auerbach et al. 2000) increases the expense of
producing ES cell-mouse chimeras.

Despite numerous disadvantages, the production of
genetically engineered mouse strains directly in a C57BL/6
gene background remains appealing because mutant phe-
notypes can be compared with data from other C57BL/6
mouse studies. The use of C57BL/6 ES cell lines instead of
129 mouse ES cell lines reduces the need for backcrossing.
Access to the public C57BL/6J mouse sequence and the
RPCI-23 C57BL/6J BAC genomic library is a powerful
tool that facilitates the production of gene-targeting vectors
for the manipulation of genes in C57BL/6 ES cell lines
(Liu et al. 2003; Osoegawa et al. 2000). The BL/6#3,
Dalel, C2, and WB6d cell lines carry minor differences
compared with C57BL/6J mice but have not been widely
used to produce gene knockout mice. The Bruce4 ES cell
line is one of the most commonly used C57BL/6 ES cell
lines. It is also the C57BL/6 ES cell line most genetically
divergent from C57BL/6J. Because 12.4% of the SSLP
markers tested on Bruce4 DNA are heterozygous, these
cells resemble an N3 backcross of a heterozygous line to
C57BL/6]J. Thus, mice generated from the Bruce4 ES cells
should not be considered isogenic with C57BL/6J. Mouse
strains derived from the C57BL/6 ES cells described here
will not be coisogenic to C57BL/6] mice. Backcrosses to
C57BL/6] will be required to transfer gene-targeted
mutations to a defined C57BL/6J background, especially
for Bruce4-derived strains. If C57BL/6J ES cells were
available, then germline transmission from chimeras and
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their heterozygous offspring would immediately produce
homozygous mutant mice for direct comparison to C57BL/
6] baseline data. This will not be possible until C57BL/6J-
derived ES cell lines are available.

Acknowledgments The authors thank Keith Childs, Tina Jones,
Eric Sweeney, and Corey Ziebell for assistance with chromosome
counts. This work was supported by grants from the National Insti-
tutes of Health (NIH) University of Michigan Transgenic Core NIH
grants (CA46592, AR20557, AG13283, DK034933), The University
of Michigan Center for Organogenesis, the Michigan Economic
Development Corporation, and the Michigan Technology Tri-Corri-
dor (Michigan Animal Models Consortium Grant 085P1000815), and
by NIH grants ROIHD034283 and R37HD030428 (SAC).

References

Armstrong NJ, Brodnicki TC, Speed TP (2006) Mind the gap,
analysis of marker-assisted breeding strategies for inbred mouse
strains. Mamm Genome 17:273-287

Auerbach AB, Norinsky R, Ho W, Losos K, Guo Q, et al. (2003)
Strain-dependent differences in the efficiency of transgenic
mouse production. Transgenic Res 12:59-69

Auerbach W, Dunmore JH, Fairchild-Huntress V, Fang Q, Auerbach
AB, et al. (2000) Establishment and chimera analysis of 129/
SvEv- and C57BL/6-derived mouse embryonic stem cell lines.
Biotechniques 29:1024-1032

Austin CP, Battey JF, Bradley A, Bucan M, Capecchi M, et al. (2004)
The knockout mouse project. Nat Genet 36:921-924

Auwerx J, Avner P, Baldock R, Ballabio A, Balling R, et al. (2004)
The European dimension for the mouse genome mutagenesis
program. Nat Genet 36:925-927

Bauler TJ, Hughes ED, Arimura Y, Mustelin T, Saunders TL, et al.
(2007) Normal TCR signal transduction in mice that lack
catalytically active PTPN3 protein tyrosine phosphatase. J
Immunol 178:3680-3687

Black BL, Croom J, Eisen EJ, Petro AE, Edwards CL, et al. (1998)
Differential effects of fat and sucrose on body composition in A/
J and C57BL/6 mice. Metabolism 47:1354-1359

Blier P, Bothwell AL (1998) The immune response to the hapten NP
in C57BL/6 mice, insights into the structure of the B-cell
repertoire. Immunol Rev 105:27-43

Brinster RL, Chen HY, Trumbauer ME, Senear AW, Warren R, et al.
(1985) Factors affecting the efficiency of introduction foreign
DNA into mice by microinjecting eggs. Proc Natl Acad Sci U S
A 82:4438-4442

Chang S, Mohan C (2005) Identification of novel VHI1/J558
immunoglobulin germline genes of C57BL/6 (Igh b) allotype.
Mol Immunol 24:1293-1301

Crawley JN (1996) Unusual behavioral phenotypes of inbred mouse
strains. Trends Neurosci 19:181-182

Domino SE, Zhang L, Gillespie PJ, Saunders TL, Lowe JB (2001)
Deficiency of reproductive tract (1,2)fucosylated glycans and
normal fertility in mice with targeted deletions of the FUT1 or
FUT2 (1,2)fucosyltransferase locus. Mol Cell Biol 21:8336—
8345

Eppig JT, Bult CJ, Kadin JA, Richardson JE, Blake JA, the members
of the Mouse Genome Database Group (2005) The Mouse
Genome Database (MGD), from genes to mice—a community
resource for mouse biology. Nucleic Acids Res 33:D471-D475

Fedorov LM, Haegel-Kronenberger H, Hirchenhain J (1997) A
comparison of the germline potential of differently aged ES cell

lines and their transfected descendants. Transgenic Res 6:223—
231

Gerlai R (1996) Gene-targeting studies of mammalian behavior, is it
the mutation or the background genotype? Trends Neurosci
19:177-181

Kato T, Suzuki S, Sasakawa H, Masuko K, Ikeda Y, et al. (1994)
Comparison of the J beta gene usage among different T cell
receptor V beta families in spleens of C57BL/6 mice. Eur J
Immunol 24:410-414

Kelly MA, Low MIJ, Phillips TJ, Wakeland EK, Yanagisawa M
(2003) The mapping of quantitative trait loci underlying strain
differences in locomotor activity between 12956 and C57BL/6J
mice. Mamm Genome 14:692-702

Kontgen F, Suss G, Stewart C, Steinmetz M, Bluethmann H (1993)
Targeted disruption of the MHC class II Aa gene in C57BL/6
mice. Int Immunol 5:957-964

Le Fur N, Kelsall SR, Mintz B (1996) Base substitution at different
alternative splice donor sites of the tyrosinase gene in murine
albinism. Genomics 37:245-248

Ledermann B, Burki K (1991) Establishment of a germ-line
competent C57BL/6 embryonic stem cell line. Exp Cell Res
197:254-258

Lemckert FA, Sedgwick JD, Korner H (1997) Gene targeting in
C57BL/6 ES cells Successful germ line transmission using
recipient BALB/c blastocysts developmentally matured in vitro.
Nucleic Acids Res 25:917-918

Linder CC (2006) Genetic variables that influence phenotype. ILAR J
47:132-140

Liu P, Jenkins NA, Copeland NG (2003) A highly efficient
recombineering-based method for generating conditional knock-
out mutations. Genome Res 13:476-484

Longo L, Bygrave A, Grosveld FG, Pandolfi PP (1997) The
chromosome make-up of mouse embryonic stem cells is
predictive of somatic and germ cell chimaerism. Transgenic
Res 6:321-328

Molnar J, Yu S, Mzhavia N, Pau C, Chereshnev I, et al. (2005)
Diabetes induces endothelial dysfunction but does not increase
neointimal formation in high-fat diet fed C57BL/6J mice. Circ
Res 96:1178-1184

Mroz K, Carrel L, Hunt PA (1999) Germ cell development in the
XXY mouse, evidence that X chromosome reactivation is
independent of sexual differentiation. Dev Biol 207:229-238

Nagy A, Rossant J, Nagy R, Abramow-Newerly W, Roder JC (1993)
Derivation of completely cell culture-derived mice from early-
passage embryonic stem cells. Proc Natl Acad Sci U S A
90:8424-8428

Nagy A, Gertsenstein M, Vintersten K, Behringer R (2003) Manip-
ulating the Mouse Embryo: A Laboratory Manual, 3rd ed. (Cold
Spring Harbor, NY: Cold Spring Harbor Laboratory Press)

Nasonkin 10, Ward RD, Raetzman LT, Seasholtz AF, Saunders TL,
et al. (2004) Pituitary hypoplasia and respiratory distress
syndrome in Propl knockout mice. Human Mol Gen 13:2727—
2735

Nguyen PV, Abel T, Kandel ER, Bourtchouladze R (2000) Strain-
dependent differences in LTP and hippocampus-dependent
memory in inbred mice. Learn Mem 7:170-179

Ohl F, Roedel A, Binder E, Holsboer F (2003) Impact of high and low
anxiety on cognitive performance in a modified hole board test in
C57BL/6 and DBA/2 mice. Eur J Neurosci 178:128-136

Osoegawa K, Tateno M, Woon PY, Frengen E, Mammoser AG, et al.
(2000) Bacterial artificial chromosome libraries for mouse
sequencing and functional analysis. Genome Res 10:116-128

Pease S, Williams RL (1990) Formation of germ-line chimeras from
embryonic stem cells maintained with recombinant leukemia
inhibitory factor. Exp Cell Res 190:209-211

@ Springer



558

E.D. Hughes et al.: B6 ES cell variation

Petro AE, Cotter J, Cooper DA, Peters JC, Surwit SJ, et al. (2004) Fat,
carbohydrate, and calories in the development of diabetes and
obesity in the C57BL/6J mouse. Metabolism 53:454-457

Rolink AG, Andersson J, Melchers F (2004) Molecular mechanisms
guiding late stages of B-cell development. Immunol Rev
197:41-50

Schuster-Gossler K, Lee AW, Lerner CP, Parker HJ, Dyer VW, et al.
(2001) Use of coisogenic host blastocysts for efficient establish-
ment of germline chimeras with C57BL/6]J ES cell lines.
Biotechniques 31:1022-1026

Schwartzberg PL, Goff SP, Robertson EJ (1989) Germ-line trans-
mission of a c-abl mutation produced by targeted gene disruption
in ES cells. Science 246:799-803

Schwarz K, Storni T, Manolova V, Didierlaurent A, Sirard JC, et al.
(2003) Role of Toll-like receptors in costimulating cytotoxic T
cell responses. Eur J Immunol 33:1465-1470

Seong E, Saunders TL, Stewart CL, Burmeister M (2004) To
knockout in 129 or in C57BL/6, that is the question. Trends
Genet 20:59-62

Sibelia M, Wagner EF (1995) Strain-dependent epithelial defects in
mice lacking the EGF receptor. Science 269:234-238

Silva AJ, Simpson EM, Takahashi JS, Lipp H-P, Nakanishi S, et al.
(1997) Mutant mice and neuroscience, recommendations con-
cerning genetic background. Neuron 19:755-759

@ Springer

Simpson EM, Linder CC, Sargent EE, Davisson MT, Mobraaten LE,
et al. (1997) Genetic variation among 129 substrains and its
importance for targeted mutagenesis in mice. Nat Genet 16:19—
27

Skarnes WC (2000) Gene trapping methods for the identification and
functional analysis of cell surface proteins in mice. Methods
Enzymol 328:592-615

Swiatek PJ, Gridley T (1993) Perinatal lethality and defects in
hindbrain development in mice homozygous for a targeted
mutation of the zinc finger gene Krox20. Genes Dev 7:2071-
2084

Threadgill DW, Dlugosz AA, Hansen LA, Tennenbaum T, Lichti U,
et al. (1995) Targeted disruption of mouse EGF receptor, effect
of genetic background on mutant phenotype. Science 269:230-
234

Threadgill DW, Yee D, Matin A, Nadeau JH, Magnuson T (1997)
Genealogy of the 129 inbred strains, 129/SvJ is a contaminated
inbred strain. Mamm Genome 8:390-393

Wheeler DL, Barrett T, Benson DA, Bryant SH, Canese K, et al.
(2006) Database resources of the National Center for Biotech-
nology Information. Nucleic Acids Res 34:D173-D180

Yilmaz OH, Valdez R, Theisen BK, Guo W, Ferguson DO, et al.
(2006) Pten dependence distinguishes haematopoietic stem cells
from leukaemia-initiating cells. Nature 441:475-482



	Genetic variation in C57BL/6 ES cell lines and genetic instability in the Bruce4 C57BL/6 ES cell line
	Abstract
	Introduction
	Materials and methods
	ES cell lines
	ES cell subcloning

	Results
	Genetic variation
	Genetic instability of Bruce4 ES cells
	ES cell subcloning

	Discussion
	Acknowledgments
	References



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

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


