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Most gene-targeted mice are produced on a mixed genetic background of C57BL/6 and substrains of 129/Sv. Mating chimeric 
mice containing 129/Sv-derived embryonic stem cells that are wild type at the agouti locus (A) in a nonagouti (a) donor genetic 
background with inbred C57BL/6 mice that are homozygous for the nonagouti allele allows the use of coat color to detect 
germline transmission. Agouti pups from such a cross indicate germline transmission of embryonic stem cell-derived genetic 
material. However, 129/Sv substrains and C57BL/6 are genetically and phenotypically quite different and, consequently, dif-
fering genetic contributions of the 2 backgrounds may influence the phenotype under investigation. To avoid this problem 
yet maintain the usefulness of the coat color system in detecting germline transmission, we have generated a new strain of 
mouse by selectively introducing the nonagouti locus into a 129/Sv inbred background. This mouse strain contains 129/Sv-
derived genetic material almost entirely except for a small region surrounding the nonagouti allele. Germline transmission 
can be detected in the usual manner, but the agouti offspring will be almost identical to 129/Sv inbred mice. Thus, the system 
allows the generation of gene-targeted mutations on a 129/Sv genetic background.

Abbreviations: ES cell, embryonic stem cell

A New Coat Color Mouse Line for Testing 
Germline Transmission of Embryonic Stem Cells 
while Retaining an Inbred Genetic Background

Gene-targeted mice usually are produced on a mixed genetic 
background of C57BL/6 and a substrain of 129/Sv. This mixed 
background results because genetically modified 129-derived 
embryonic stem (ES) cells typically are injected into blasto-
cysts derived from a strain with a different coat-color, such as 
C57BL/6. To detect germline transmission, the resultant chime-
ras typically are bred with wild-type inbred mice homozygous 
for the nonagouti coat color mutation (a), usually C57BL/6. 
Agouti offspring (genetically A/a) indicate inheritance of ES-cell 
derived genetic material. Such mice then are either intercrossed 
to generate homozygous mice, or heterozygotes for the targeted 
allele are again backcrossed to the wild-type strain. 

A disadvantage to this approach is that mating chimeras to a 
nonagouti strain such as C57BL/6 generates a hybrid mouse that 
has genetic material from both the ES cells (129) and the wild-
type strain background (C57BL/6). C57BL/6 and 129 strains of 
mice are genetically quite different,38 and such a mixed back-
ground can profoundly affect phenotype. For example, 129/Sv 
substrains and C57BL/6 differ in behaviors such as grooming,22 
olfactory sensitivity,24 learning ability,17 anxiety levels,30 activ-
ity,12 and even ‘wildness.’36 They are differentially sensitive to 
drugs such as ethanol,13,15 pentobarbital,14 morphine,5,27 and 
volatile anaesthetics.18 They have different inflammatory re-
sponses,20 cholesterol absorption kinetics,21 and bone density.4 In 
fact, the Mouse Phenome Database lists 272 phenotypes (among 
the 709 measured) at which 129S1/SvImJ and C57BL/6J differ by 
more than 1 standard deviation.7 In addition, when compared 
with C57BL/6, 129/Sv substrains have a deletion in Disc111 as 
well as additional members of the Ly49 gene family.25

Characterization of the effect of a genetic alteration on phe-

notype would be facilitated by the ability to generate an inbred 
genetically homogenous line containing the mutation of interest 
rather than breeding the mutation on an already heterogeneous 
background. One way of alleviating this problem would be to 
use C57BL/6 ES cells. Several such cell lines have been devel-
oped3,10,23,32 but C57BL/6 ES cells are less efficient than 129 ES 
cells at generating germline-transmitting chimeras. For example, 
compared with 129 ES cells, C57BL/6 ES cells have a propensity 
to lose their ability to colonize the germline,2 and their injection 
results in lower levels of chimerism.34,37

If a mutation is desired wholly on a 129 genetic background, 
chimeras generated from 129 ES cells to 129/Sv mice could 
be crossed to this end, but detection of germline transmission 
would require genotyping of every animal. This task would be 
particularly labor-intensive for chimeras with poor transmis-
sion efficiency. Therefore, to rapidly generate inbred genetically 
homogeneous mouse lines containing a targeted gene, yet still 
make use of the coat color system to identify germline transmit-
ting chimeras, we have introduced the nonagouti allele into a 
129/SvEv mouse background. When used with chimeras de-
rived from ES cell lines such as CCE, intercrossing and selection 
of agouti offspring generates gene-targeted mice with a genetic 
background similar to that of 129/SvEv inbred mice. 

Materials and Methods 
Mouse breeding. Mice were bred at the Mary Lyon Centre 

(Medical Research Council, Harwell, UK) in a full-barrier facility 
consisting of individually ventilated cages with health monitor-
ing according to guidelines from the Federation of European 
Laboratory Animal Science Associations.28 Animal work was 
in accordance with both institutional26 and UK Home Office 
regulations under the Animals (Scientific Procedures) Act.19 All 
animals were used humanely, and the only invasive procedure 
involved removing a small tissue biopsy from the ear pinna for 
genotyping.
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Table 1. Details of markers used and genotypes of N7 C57BL/6J  129/SvEvH mice 

Genotyping marker details

Chromosome Marker Chromosome  
location (Mb)a

C57BL/6J  
(size in bp)

129S6/SvEvTac  
(size in bp)

129/SvEvH (marker 
origin)b

N7 B6  129 
(marker origin)b

1 D1Mit231 21 266 273 129/129 129/129
D1Mit217 122 171 189 129/129 129/129
D1Mit362 191 117 156 129/129 129/129

2 D2Mit312 3 121 112 129/129 129/129
D2Mit92 71 148 158 129/129 129/129
D2Mit304 128 121 140 129/129 129/129
D2Mit194 144 117 127 129/129 B6/129
D2Mit285 153 139 158 129/129 B6/129
Agouti 155 a/a A/A A/A A/a

3 D3Mit151 31 148 169 129/129 129/129
D3Mit230 53 150 168 129/129 129/129
D3Mit212 83 123 116 129/129 129/129
D3Mit45 148 145 133 129/129 129/129

4 D4Mit178 67 150 174 129/129 129/129
D4Mit12 124 197 169 129/129 129/129
D4Mit232 144 121 134 129/129 129/129

5 D5Mit259 89 137 118 129/129 129/129
D5Mitl6l 127 121 138 129/129 129/129

6 D6Mit138 4 114 133 129/129 129/129
D6Mit123 57 120 101 129/129 129/129
D6Mit15 146 254 196 129/129 129/129

7 D7Mit246 30 135 152 129/129 129/129
D7Mit250 79 126 132 129/129 129/129
D7Mit44 129 186 166 129/129 129/129

8 DBMit141 13 236 211 129/129 129/129
D8Mit249 84 149 195 129/129 129/129
D8Mit211 106 154 167 129/129 129/129

9 D9Mit206 40 100 106 129/129 129/129
D9Mit107 73 128 111 129/129 129/129

10 D10Mit186 75 131 108 129/129 129/129
D10Mit35 122 229 242 129/129 129/129

11 D11Mit260 62 253 297 129/129 129/129
D11Mit4 68 98 112 129/129 129/129
D11Mit61 112 141 153 129/129 129/129

12 D12Mit182 11 131 148 129/129 129/129
D12Mit172 47 196 181 129/129 129/129

13 D13MitB1 41 212 176 129/129 129/129
D13Mit191 85 119 138 129/129 129/129
D13Mit35 120 196 182 129/129 129/129

14 D14Mit141 46 139 126 129/129 129/129
D14Mit203 65 153 172 129/129 129/129
D14Mit165 105 137 126 129/129 129/129

15 D15Mit175 9 174 126 129/129 129/129
D15Mit193 98 127 112 129/129 129/129

16 D16Mit131 7 145 183 129/129 129/129
D16Mit4 36 131 148 129/129 129/129
D16Mit139 66 150 175 129/129 129/129

17 D17Mit164 4 132 118 129/129 129/129
Dl7Mit176 42 172 161 129/129 129/129
D17Mit123 94 131 152 129/129 129/129

18 Dl8Mit149 45 134 115 129/129 129/129
Dl8Mit103 70 118 94 129/129 129/129
Dl8Mit4 84 210 179 129/129 129/129

19 D19Mit71 60 136 149 129/129 129/129
aAccording to Ensembl.6
b129 denotes an allele identical in size to that of 129/SvEvH; B6 denotes an allele identical in size to that of C57BL/6J.
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Markers for genotyping. For the nonagouti locus, we designed 
primers that span part of the viral insertion site in the locus that 
generates the nonagouti (a) allele.9 Primers for amplification were 
selected using the Primer 3 program.31 These primers (forward, 
5' CTC CTC CCT CCT TCT GCT TT 3'; reverse, 5' CTG TGT GCT 
TCC ATG TTG CT 3') generated a 359-basepair product specific 
for the a allele. To differentiate between 129/SvEvH and C57BL/
6J genomes, we used the microsatellite marker panel reported 
by Bothe and colleagues8 and available from the Taconic website 
(www.taconic.com/news-press/inbreds_for_transgenics.htm). 
We selected markers from this panel for each chromosome, pri-
marily on the basis of a relatively large size difference between 
129S6 and C57BL/6J to facilitate polymorphism discrimination. 
All selected markers from this panel differentiated between our 
129/SvEvH strain and C57BL/6J. 

DNA isolation. Tissue biopsies from the ear pinna were 
incubated overnight in 150 l of a solution containing 50 mM 
Tris-HCl pH 8.5, 0.1 mM ethylenediaminetetraacetic acid, 0.5% 
(v/v) Tween 20, and 300 g/ml proteinase K. After brief vortex-
ing, the samples were heated at 100 C for 12 min, followed by 
addition of 600 l sterile water. Samples were stored at 4 C and 
used directly in polymerase chain reaction (PCR) amplification 
without further purification.

PCR. Standard PCR conditions for all primer pairs comprised 
a 15- l reaction volume containing 0.12 U TaqGold polymerase 
(Applied Biosystems, Warrington, UK), 200 M dNTPs, 1.5 mM 
MgCl2, 1  reaction buffer, and 3 l genomic DNA suspension. 
The PCR program consisted of 40 cycles of 94 C for 15 s, 55 C 
for 30 s, and 72 C for 30 s. PCR products were separated by 
electrophoresis in 4% (w/v) agarose gels in 1  TBE buffer and 
5 g/ml ethidium bromide. Samples were run alongside a 100-
basepair DNA ladder (New England Biolabs, Hitchin, UK).

Results 
For the 129/Sv strain, we used a mouse line maintained at our 

institution and which had been designated as 129/SvEv; CCE 
ES cells were derived from this line.29 Under the revised 129 
nomenclature, 129/SvEv is similar to the 129S5 and 126S6 sub-
strains.16 Although the line has not gone through the required 
20 generations of inbreeding to be designated a new substrain, 
we will refer to it as 129/SvEvH (H  Harwell) hereafter.

To introduce 129/Sv X and Y chromosomes, we first back-
crossed male C57BL/6J mice to female 129/SvEvH mice and 
chose F1 male offspring, because the X chromosome would be 
derived from 129/SvEvH. We then crossed these male offspring 
to 129/SvEvH female mice and chose female N2 offspring, be-
cause both X chromosomes in these animals would be derived 
from 129/SvEvH. We repeated this process several times during 
the backcrossing to ensure that sex chromosomes were wholly 
129/SvEvH-derived. For introduction of 129/SvEvH autosomal 
genetic material, we used the standard congenic backcross ap-
proach.35 We elected not to use a ‘speed congenics’ approach, 
because considerable amounts of donor material can still con-
taminate the recipient genetic background.1 At each generation, 
we used PCR-based methods to genotype mice for presence of 
the nonagouti a allele; various mice containing this allele were 
then used for backcrossing with 129/SvEvH mice. This was 
repeated at each subsequent generation. At N6 and N7, the mice 
were genotyped by use of a panel of microsatellite markers that 
differentiated between 129/SvEvH and C57BL/6J and that 
spanned the genome. By N6, all of the markers were derived 
from 129/SvEvH, with the exception of a region surrounding the 
nonagouti locus on chromosome 2 (Table 1). Intercrossing of N7 
A/a mice demonstrated that nonagouti a/a mice were recovered 
at a Mendelian frequency (Figure 1).

Discussion
This new mouse line, 129.B6-a, is particularly suitable for 

targeting experiments done using CCE cells, which originally 
were derived from a 129 strain background,29 or W4/129S6 cells, 
which were derived from the 129S6 strain background and which 
clearly is genetically very similar based on our genetic analysis. 
In addition, even for ES cells derived from other 129 strains, the 
129.B6-a strain is liable to provide a far more homogeneous back-
ground than would crossing to C57BL/6. One further possible 
use of the 129.B6-a line is as a blastocyst host for microinjection 
of 129 ES cells, because coisogenic host blastocysts may better 
support the development of injected ES cells.2,33 

We are continuing to backcross the current mouse strain 
(129.B6-a [N8]) to 129/SvEvH to obtain recombinants for mouse 
chromosome 2 that further reduce the C57BL/6J contribution 
to this chromosome, which currently is between 11 and 53 Mb 
(a maximum of approximately 1.9% of the total genome). The 
129.B6-a strain will be made available to the scientific commu-
nity, subject to a standard Material Transfer Agreement. 
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