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Generating Chimeric Mice by Using Embryos
from Nonsuperovulated BALB/c Mice
Compared with Superovulated BALB/c and
Albino C57BL/6 Mice

Michael Y Esmail,"* Peimin Qi,> Aurora Burds Connor,® James G Fox,? and Alexis Garcia?

The reliable generation of high-percentage chimeras from gene-targeted C57BL/6 embryonic stem cells has proven chal-
lenging, despite optimization of cell culture and microinjection techniques. To improve the efficiency of this procedure, we
compared the generation of chimeras by using 3 different inbred, albino host, embryo-generating protocols: BALB/cAnNTac
(BALB/c) donor mice superovulated at 4 wk of age, 12-wk-old BALB/c donor mice without superovulation, and C57BL/6NTac-
Tyr™14r%¢ (albino B6) mice superovulated at 4 wk of age. Key parameters measured included the average number of injectable
embryos per donor, the percentage of live pups born from the total number of embryos transferred to recipients, and the
number of chimeric pups with high embryonic-stem—cell contribution by coat color. Although albino B6 donors produced
significantly more injectable embryos than did BALB/c donors, 12-wk-old BALB/c donor produced high-percentage (at least
70%) chimeras more than 2.5 times as often as did albino B6 mice and 20 times more efficiently than did 4-wk-old BALB/c
donors. These findings clearly suggest that 12-wk-old BALB/c mice be used as blastocyst donors to reduce the number of
mice used to generate each chimera, reduce the production of low-percentage chimeras, and maximize the generation of
high-percentage chimeras from C57BL/6 embryonic stem cells.

Mouse strains carrying specific mutations at desired loci
have become powerful reagents for modeling genetic disorders,
understanding embryonic development, and evaluating thera-
peutics. With the sequencing of the C57BL/6 mouse genome and
decision by the International Knockout Mouse Consortium and
trans-NIH Knockout Mouse Project to provide mutated mouse
C57BL/6N embryonic stem (ES) cells for every protein-coding
gene, the inbred C57BL/6 strain has become very popular for
the generation of new animal models, and numerous robust,
germline-competent ES cell lines are available.'#182¢ Microinjec-
tion of mutant ES cells into host blastocysts produces chimeric
mice, and the contribution of the ES cells to the offspring can
be assessed visually according to coat color differences between
ES cells and the embryo donor.!21518 Therefore, ES cells derived
from C57BL/6 black mice are often injected in host embryos
produced by albino inbred mice.

Tyrosinase-mutant albino C57BL/6 and naturally tyrosinase-
deficient albino BALB/c mice have both been used to produce
host embryos for injection with ES cells during the generation
of chimeric mice.?>?” Both strains are often superovulated to
synchronize estrus cycles and produce increased numbers of
blastocysts when bred,® however, substrain- and age-associated
differences lead to variable effectiveness in generating embry-
0s.9%13 Sperm abnormalities typically are relatively frequent in
male BALB/c mice,'%1¢ but C57BL/6 substrains are notorious
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for perinatal mortality,”® so neither strain provides an optimally
robust colony of donor mice for a transgenic facility.

Given the potential benefit of albino C57BL/6NTac-Tyrfm14rte
mice to provide host embryos, we compared outcomes for these
embryos with those obtained by using the superovulated and
naturally bred mature BALB/c mice typically obtained from
our transgenic facility. In this study, we hypothesized that
albino B6 mice are a better source for host blastocysts than are
superovulated and naturally bred mature BALB/c mice in the
context of generating mice with high coat-color contribution
from the injected ES cells. By seeking the most efficient donor
embryo protocol, we incorporated 3Rs concepts?? by reducing
the total number of animals used in these procedures.

Materials and Methods

Animals. BALB/cAnNTac and C57BL/6NTac-Tyr"14* (albino
B6 mice; model no. 11971, Taconic Biosciences,) mice were
used in this study. The BALB/c mice originated from colonies
free of minute virus of mice, mouse encephalomyelitis virus,
mouse hepatitis virus, mouse parvovirus, epizootic diarrhea
of infant mice virus, murine norovirus, pneumonia virus of
mice, ectromelia virus, K virus, lymphocytic choriomeningitis
virus, mouse adenovirus types 1 and 2, mouse cytomegalovirus,
polyoma virus, reovirus 3, Sendai virus, thymic virus, lactate
dehydrogenase elevating virus, B-hemolytic Streptococcus
(nonGroup D) spp., Bordetella bronchiseptica, cilia-associated
respiratory bacillus, Citrobacter rodentium, Clostridium piliforme,
Corynebacterium kutscheri, Helicobacter spp., Klebsiella pneumoniae,
Mycoplasma pulmonis, Pasteurella multocida, Pasteurella pneumo-
tropica, Pneumocystis spp., Pseudomonas aeruginosa, Salmonella
spp., Staphylococcus aureus, Streptococcus pneumoniae, Aspiculuris
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tetraptera, Eimeria spp., Encephalitozoon cuniculi, Entamoeba muris,
Giardia muris, Hymenolepis spp., Myobia musculi, Myocoptes
musculinus, Polyplax spinulosa, Psorergates simplex, Radfordia
affinis, Rodentolepis spp., Spironucleus muris, Syphacia spp., and
trichomonads. The albino B6 mice in this study were generously
donated by Taconic Biosciences and originated from colonies
free of Klebsiella oxytoca and all of the aforementioned pathogens
except for Pseudomonas aeruginosa. All protocols and animals
used were IACUC-approved, and mice were housed in accord-
ance with the Guide for the Care and Use of Laboratory Animals® in
an AAALAC-accredited program at the Massachusetts Institute
of Technology. All mice were housed on corncob bedding, fed
Prolab RMH 3000 (LabDiets, St Louis, MO), had unrestricted
access to water, were cohoused, and received cotton squares
as enrichment items unless otherwise noted. BALB/c females
were shipped at 3 wk (1 = 33) and 8 wk (1 = 21) of age. Albino
B6 females were shipped at 3 wk (1 = 36) of age. BALB/c and
Albino B6 mice were housed in 14:10 and 12:12 light:dark cycle
rooms, respectively. All males were proven breeders as per cage
card records, with age ranging from 3 to 13 mo and 2 to 5 mo
of age for BALB/c and Albino B6, respectively. Surrogate dams
were mature Crl:CD1 (ICR) mice (n = 57; weight [mean + SEM],
33.9 £ 0.6 g) that originated from an inhouse breeding colony
free of mouse hepatitis virus, mouse parvovirus, epizootic diar-
rhea of infant mice virus, murine norovirus, pneumonia virus of
mice, ectromelia Virus, K virus, lymphocytic choriomeningitis
virus, mouse adenovirus types 1 and 2, polyoma virus, reovirus
3, Sendai virus, Theiler encephalomyelitis virus, f-hemolytic
Streptococcus (nonGroup D) spp., Bordetella bronchiseptica, Cit-
robacter rodentium, Corynebacterium kutscheri, Helicobacter spp.,
Klebsiella pneumoniae, Mycoplasma pulmonis, Pasteurella multocida,
Pasteurella pneumotropica, Pseudomonas aeruginosa, Staphylococcus
aureus, Streptococcus pneumoniae, Aspiculuris tetraptera, Giardia
muris, Myobia musculi, Myocoptes musculinus, Radfordia affinis,
Spironucleus muris, Syphacia spp., and trichomonads. Colony
proven-sterile vasectomized CD1 male mice were single-housed
until placed with a single proestrus- or estrus-selected female
CD1 mouse to generate pseudopregnant mice.
Superovulation, breeding, and embryo collection. Each of the
3 experimental groups was assessed in 3 replicate cohorts of
4-wk-old BALB/c (n=9, 12, and 12), 12-wk-old BALB/c (n=7
for each replicate), and albino B6 (1 = 12 for each replicate) mice.
Using previously published superovulation protocols 31327 4-wk
old BALB/c (weight [mean = SEM],13.5 + 0.2 g) and 4-wk-old
albino B6 (weight, 15.6 £ 0.2 g) mice were injected intraperito-
neally with 5 IU pregnant mare serum gonadotropin (National
Hormone and Peptide Program, Torrance, CA) intraperitoneally
followed 46 to 48 h later by intraperitoneal injection of 5 IU re-
combinant human chorionic gonadotropin (National Hormone
and Peptide Program, Torrance, CA). Each female mouse was
placed in a cage with a male of the same strain; the pair was
separated the following morning, and the presence (or absence)
of a copulatory vaginal plug was recorded. Estrus-selected, ma-
ture 12-wk-old female BALB/c mice (weight, 20.6 + 0.3 g) were
not superovulated and were placed in cages with proven male
BALB/c mice in a 1:1 male:female ratio. Host embryos were
obtained from flushed mouse uteri after euthanasia by cervical
dislocation performed by personnel with demonstrated training
and experience in this technique. In our experience, embryos
collected from BALB/c donors at precisely 3.5 d postcoitum
routinely yield blastocysts that are not sufficiently expanded for
microinjection—unlike those collected later in morning of the
third day postcoitum. Therefore, albino B6 host embryos were
collected at 3.5 d postcoitum, and BALB/c host embryos were
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collected 4 to 6 h after 3.5 d postcoitum. The number of embryos
and their developmental stage were noted. After microscopic
examination, embryos at the blastocyst stage with an intact zona
pellucida were deemed injectable, whereas those at any other
stage were unsuitable. All embryos were maintained in KSOM
mouse embryo culture medium with amino acids and phenol
red (EMD Millipore, Billerica, MA) in an incubator (Thermo
Fisher Scientific, Waltham, MA) containing 5% CO, at 37 °C
until microinjection.

ES cell injection and embryo transfer. Tissue culture was
performed by the KI ES Cell and Transgenics Facility at MIT.
JMB8AS3 ES cells did not contain a gene targeting cassette, were
confirmed to be euploid by karyotyping (Cell Line Genetics,
Madison, WI), and were free of rodent pathogens according to
Infectious Microbe PCR Amplification testing (IDEXX Biore-
search, Columbia, MO). Aliquots of frozen ES cells were thawed
from a single batch so that each injection was performed with
matched cells of the same passage. Our previous gene target-
ings initiated in JM8AS3 ES cells at passage 12 showed successful
contribution of the cells to the germline of male chimeras after
injection into BALB/c blastocysts. Vials from a single lot of
cryopreserved JM8AS3 cells (passage 14) were thawed into ES cell
qualified media (recipes provided at www.komp.org and com-
ponents obtained from Invitrogen [Grand Island, NY] except
for leukemia inhibitory factor from EMD Millipore [Billerica,
MA] and FBS from Sigma [St Louis, MO]) and grown on a fresh
layer of irradiated mouse embryonic fibroblast feeder cells in a
37 °C incubator with 5% CO,. ES cells were thawed 3 d before
injection and underwent daily observation and media changes
to achieve optimal colony morphology. On the morning of in-
jection, ES cells received fresh media 2 h prior to trypsinization
to generate single-cell suspensions and were plated in fresh
media on a gelatin-coated dish for 30 min to allow feeder cells
to adhere. This step enriched the ES cell population suspended
in the media before 3 x 10° suspended cells/mL were provided
on ice to the microinjectionist.

The same person (PQ) performed all blastocyst microinjec-
tions and embryo transfer surgeries as previously described.!®
An inverted microscope (ECLIPSE TE2000S, Nikon, Chiyoda,
Tokyo) was used to facilitate the injection of blastocysts, which
occurred in 60 mm X 15 mm culture dishes (Falcon 351007,
Becton Dickinson, Franklin Lakes, NJ) containing drops of
EmbryoMAX M2 medium with phenol red (EMD Millipore)
covered in mineral oil (Sigma) on a cooling stage set to 4 °C.
By using a standard injection needle (TransferTip [ES] modified
with 20° tip angle, 15 um inner diameter, and 1 mm flange; Ep-
pendorf, Hauppauge, NY), each blastocyst was injected with
15 to 18 wildtype JM8A3 ES cells (Knockout Mouse Project, UC
Davis, CA) as previously described.!

Pseudopregnant CD1 female mice were anesthetized with 0.2-
um-filtered 2,2,2-tribromoethanol (500 mg/kg IP) reconstituted
with tert-amyl alcohol (Sigma). Once anesthetized, each animal
received an application of sterile ophthalmic petroleum-based
ointment (Dechra Veterinary Products, Overland Park, KS)
on both eyes and a preoperative dose of meloxicam (1 mg/
kg SC; Norbrook, Newry, Northern Ireland). After clipping
and disinfecting of the dorsum, a surgical plane of anesthesia
was confirmed by lack of the withdrawal reflex to toe pinch,
and the mouse was placed in ventral recumbency under a dis-
secting microscope (SMZ1000, Nikon). Embryo transfer was
performed as previously described.!® A total of 12 to 14 micro-
injected blastocysts were transferred to each uterine horn of a
pseudopregnant CD1 female mouse at 2.5 d postcoitum. After
replacement of the uterine horns into the abdomen, the muscle
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layer of peritoneal cavity was closed in a simple, interrupted
fashion by using 5-0 silk suture; the skin incision was closed
with surgical wound clips. Each mouse was provided with 1.0
mL of warmed subcutaneous 0.9% saline (Hospira Worldwide,
Lake Forest, IL) and received thermal support operatively and
postoperatively. All recipient mice recovered without compli-
cations from embryo transfer surgery, and wound clips were
removed once the skin was healed.

Progeny. Surrogate dams were cohoused with other surro-
gates until 4 d prior to expected parturition, when they were
separated into single housing. Pups were examined visually
during the first several days after parturition to determine vi-
ability, cannibalism by dam, and potential need for fostering.
The coat color of 10-d-old pups was determined by 2 blinded
and experienced microinjectionists (PQ and JM) according to
the total percentage of the skin covered in pigmented fur; the
average of these 2 scores was reported. To determine the likeli-
hood of germline transmission of injected ES cells, transgenic
facilities often assess the proportion of coat pigmentation in
progeny mice, because coat-color contribution by injected ES
cells correlates with genetic transmission.”

Statistics. The sample size for each replicate of experimental
group was determined by using 2 previously published reports
comparing similar inbred substrains and transgenic mice,
including BALB/cAnNCr and B6(Cg)-Tyr“? 12 and BALB/
cJBomTac and C57BL/6NTac-A"11ArteTyyt- miArte 27 Assuming
that the data regarding the numbers of oocytes and embryos
produced by similar inbred strain donors had the same standard
deviation, we set sample sizes to obtain a 2-sided significance
(o) level of 0.05 and power of 80% by using a one-way ANOVA
test. Sample size was determined by using G*Power software
(release 3.1.6; University of Diisseldorf, Diisseldorf, Germany).
Given the assumed normal distribution of dependent variable
values, homogeneity of variances, and observation independ-
ence, blastocyst data were analyzed by using one-way ANOVA
and Tukey honest significant difference (HSD) posthoc testing.
Given that coat-color contribution among littermates is unlikely
to be distributed normally, these data were analyzed by using
the Kruskal-Wallis nonparametric test and a Dunn posthoc test.
Statistical analysis and the generation of associated graphs were
performed by using GraphPad PRISM 5 (GraphPad Software,
La Jolla, CA). Values in the text are given as mean = SEM.

Results

Fertilization rate of host blastocyst donor mice. A commonly
used technique to assess breeding in mice is visualization of
the vaginal copulatory plug, which indicates a high likelihood
of obtaining fertilized embryos from donor female mice. In
this study, all mated female mice except for 4 albino B6 animals
had vaginal copulatory plugs. However, only 75.8% of 4-wk-old
BALB/c, 85.7% of 12-wk-old BALB/ ¢, and 94.4% of 4-wk-old al-
bino B6 donors with copulatory plugs yielded fertilized embryos.
In addition, two 4-wk-old albino B6 female mice lacked identifi-
able copulatory plugs but produced fertilized embryos (Table 1).

Production of host embryos. The quantity and expected
morphology of embryos produced from matings are important
qualities of donors. Because not all mice with copulatory plugs
produced fertilized embryos, embryo quantity and expected
morphology were assessed in all donor mice and analyzed
with regard to fertilization status. Among mice with fertilized
embryos, the average number of fertilized embryos per mouse
was 15.6 + 1.8 for 4-wk-old BALB/c mice, 9.3 + 0.8 for 12-wk-
old BALB/c mice, and 19.1 + 1.7 for 4-wk-old albino B6 mice,
with 8.4 +1.5, 6.7 + 1.1, and 12.7 + 1.5 injectable embryos per

mouse, respectively (Table 1). Albino B6 mice produced signifi-
cantly (P < 0.05) more fertilized embryos than did mice in both
BALB/c groups and more injectable blastocysts than did 12-wk
old BALB/c mice. As expected, the superovulated 4-wk-old
BALB/c mice produced significantly (P < 0.05) more oocytes
and embryos than did 12-wk old BALB/c mice. In addition,
donors from all groups produced fertilized embryos isolated
at various stages, as was indicated by the greater number of
fertilized embryos than injectable blastocysts (Table 1).

Success rates regarding live pups. As described earlier, CD1
recipients were implanted with ES-cell-injected blastocysts and
underwent pregnancy and parturition. The numbers of live
pups generated from these procedures were analyzed. The over-
all live pup success rate was calculated by dividing the number
of live births (not including neonatal pup mortality within the
first 3 postnatal days) by the total number of blastocysts trans-
ferred to all recipients and multiplying by 100%. The recipient
live pup success rate was calculated by dividing the corrected
number of live births (as for the overall rate) by the number of
blastocysts transferred into the recipient and multiplying by
100%. Therefore, using data present in Table 1, the overall live
pup success rate for 4- and 12-wk-old BALB/c and 4-wk-old
albino B6 blastocysts microinjected and transferred (1 =209, 112,
and 253, respectively) is 15%, 66%, and 22%, respectively. The
recipient live pup success rate for 4- and 12-wk-old BALB/c and
4-wk-old albino B6 blastocysts microinjected and transferred to
recipient mice (1 = 16, 10, and 19, respectively) was 24%, 74%,
and 26%, respectively. The differences between these 2 rates are
due to the failure of transferred embryos to result in pregnancy
in some recipients. Injected blastocysts from 12-wk-old BALB/c
mice produced significantly (P < 0.001) more pups and higher
success rates than did those from either 4-wk-old mouse group
(Figure 1).

Success rates regarding chimeric pups. Our assessment of
successful incorporation of the injected ES cells was based
on the success rates of generating mice with mixed coat color
(chimeras) and on the proportion of coat color contribution, as
previously discussed. Of all blastocysts from 4- and 12-wk-old
BALB/c and 4-wk-old albino B6 mice that were injected and
transferred into recipients, 14%, 66%, and 19%, respectively,
resulted in live pups, with 4%, 46%, and 10%, respectively,
generating chimeric pups. Of the live pups born from the blasto-
cysts of 4- and 12-wk-old BALB/c and 4-wk-old albino B6 mice,
31% (9 of 29), 70% (52 of 74), and 55% (26 of 47), respectively,
were chimeras (Table 1). The average coat color contribution
for pups born from injected blastocysts from 4- and 12-wk-old
BALB/c and 4-wk-old albino B6 mice was 58%, 80%, and 62%,
respectively (Figure 2). Injected blastocysts from the 12-wk-old
BALB/c mice yielded significantly (P < 0.05) higher chimer-
ism than did those from 4-wk old BALB/c animals (Figure 2).
Overall efficiency, determined by dividing the number of pups
that were at least 70% chimeric by the total number of injected
blastocysts implanted into all recipients, was 1.9% for 4-wk-old
BALB/c donors, 40.2% for 12-wk-old BALB/c mice, and 5.5% for
albino B6 donors (Figure 3). Given JM8A3 ES cells demonstrate
an XY karyotype,'® male pups were predominant in the current
study, with blastocysts from 4- and 12-wk old BALB/c and 4-wk
old albino B6 mice generating 58% (17 of 29), 77% (57 of 73), and
55% (26 of 47) male progeny among all live pups, respectively.
Chimeric male mice accounted for 78%, 94%, and 65% of the chi-
meras generated from injected blastocysts from 4- and 12-wk old
BALB/c and 4-wk old albino B6 mice, respectively. Blastocysts
from 12-wk-old BALB/c mice ultimately provided the highest
numbers of live pups, male chimeras, and male pups with high
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Table 1. Summary of study groups

Using albino C57BL/6 or BALB/c donor mice to create chimeras

No. of male chimeras

No. (%) with % chimerism by
of donors No.of  No. of No.of  No. of coat color
with No. (%) No.of injectable blasto- No.of No.of female male 40% 40%
copula- of donors fertilized blasto- cysts  pups chimeras chimeras chimeras 70%to to  or
n tory plugs fertilized embryos cysts  injected born  born born born 100% 100% 70% less
4-wk-old BALB/c, 33 33(100.0) 25(75.8) 374 218 209 29 9 2 7 0 4 2 11
superovulated
donors
12 wk-old BALB/c, 21 21(100.0) 18 (85.7) 149 120 112 74 52 3 49 2 42 6 9
nonsuperovulated
donors
4-wk-old albino 36 32(88.9) 34(944) 651 418 253 47 26 9 17 0 10 2 14

B6, superovulated
donors

Fertilized donors are female mice with fertilized embryos (at any stage) isolated at time of euthanasia. Numbers of fertilized embryos include
2-cell, 4-cell, 8-cell, morula, and blastocyst stage embryos. Numbers of injectable blastocysts are those blastocysts with an intact zona pellucida.
Numbers of blastocysts injected indicates those blastocysts that underwent ES cell injection and were transferred into pseudopregnant recipient mice

chimerism according to coat color contribution. The overall ef-
ficiency of blastocysts from albino B6 female donors was higher
than that of blastocysts produced by 4-wk-old BALB/c mice, but
albino B6 donors also generated a higher proportion of female
pups than did the 4-wk-old BALB/c donors.

Discussion

We determined the efficiencies of generating chimeric off-
spring by using blastocysts from female donors treated with 3
different protocols. The number of host blastocysts needed for
ES cell injection is often dictated by experimental needs. Produc-
ing too few host blastocysts can negatively affect the success of
an experiment, whereas producing too many blastocysts wastes
animal and personnel resources.

Multiple efficiency parameters can be used to assess the
effectiveness of these donor-embryo-generating protocols.
Regardless of female mice with no evidence of a vaginal copula-
tory plug, more albino B6 mice were fertilized than were those
from either BALB/c experimental group. Other substrains of
BALB/c mice have shown decreased fertility, with the incidence
of abnormal sperm head morphology significantly greater in
BALB/cAnN and BALB/cBy] than BALB/cA.'® When compar-
ing the reproductive physiology of BALB/c mice, it is important
to consider the variability in parameters of various substrains.
Other differences between BALB/ ¢ substrains have been noted;
for example, superovulated BALB/c] mice produce significantly
fewer oocytes but result in significantly more live pup births
than do BALB/cBy]J mice.!

We hypothesized that the protocol using donor blastocysts
from superovulated albino B6 mice would yield more high-
percentage chimeric pups relative to either BALB/c protocol.
Although albino B6 mice produced more blastocysts than did
both BALB/c mouse groups, the live-pup— and chimera-gen-
erating efficacies of the blastocysts from the 12-wk-old BALB/c
mice far surpassed those of the younger, superovulated donors.
Ultimately, our data do not support our hypothesis. However,
blastocysts from albino B6 mice generated more chimeras and had
higher efficiencies than did those from 4-wk-old BALB/c mice.

Although blastocyst quantity is an important efficiency pa-
rameter, blastocyst quality is important also. We did not directly
measure blastocyst quality in this study, and this assessment
should be considered for future work and done by using es-
tablished strategies.”!*?! However, blastocysts from 12-wk-old
BALB/c mice had a much higher rate of live pups than did
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Figure 1. Number of live pups per recipient. Each data point repre-
sents the number of 3-d-old pups from each litter of the experimental
group. Data are given as mean + SEM. ***, Significant (P < 0.001) dif-
ference between 12-wk-old BALB/c mice and both 4-wk-old groups.

both 4-wk-old groups. The effects of superovulation on oocyte
and embryo quality have been documented.>!> Although it is
common to obtain immature unfertilized oocytes from mated
CD1 mice that are superovulated by using pregnant mare serum
gonadotropin and human chorionic gonadotropin,? overdose
superovulation can result in reduced blastocyst-stage develop-
ment in oocytes fertilized in vitro® and decreased blastocyst
quality.? In addition, one study demonstrated a decreased
rate of blastocyst development, a reduced implantation rate,
increased fetal mortality, and decreased live fetus weight
from embryos derived from superovulated C57BL/6] relative
to unstimulated mice.* In our current study, there were no
significant differences in live pup success rate between the 2
superovulated groups. However, we observed significant dif-
ferences in multiple parameters, including embryo production
and ability to generate chimeras between superovulated and
nonsuperovulated BALB/c mice. This difference is biased by
the age of the mice used. It is well established in the literature
that superovulation of younger, prepubertal mice yields more
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Figure 2. Percentage chimerism according to coat color. Each data point
represents a single chimeric pup born in the respective experimental
group. Coat color was determined at 10 d of age. Data are presented as
mean = SEM. ¥, Significant (P < 0.05) difference between groups.
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Figure 3. Mean numbers of pups, chimeras, and chimeric pups with
greater than 70% chimerism per 100 embryos transferred to recipients.

ovulated oocytes and embryos than does superovulation of
older, postpubertal mice, 5131720 causing younger mice to be
used preferentially by transgenic programs to generate high
quantities of oocytes after superovulation. We suspect that
older superovulated female BALB/c mice yield fewer oocytes
than do the younger animals in this study, but the data we col-
lected cannot be used to make that determination. Therefore,
the increased chimera-producing efficiency of embryos from
older BALB/c mice compared with that of the younger cohort
likely resulted due to either age or superovulation treatment or
the combination of these factors.

Regarding chimerism, our study demonstrates that blasto-
cysts from 12-wk-old BALB/c mice yield significantly more
chimeras with a high coat-color contribution from injected
JMB8AS3 ES cells than do those from 4-wk-old BALB/c and al-
bino B6 mice. We defined high chimerism as those pups with
70% or greater coat-color contribution from ES cells, consistent
with previously published thresholds for determining germline
transmission.”/12 Pups born from the blastocysts of 12-wk-old
BALB/c mice were 8-fold and 20-fold more often above 70%
chimerism according to coat-color contribution of injected ES
cells than were those from 4-wk-old albino B6 and BALB/cmice,
respectively. We extrapolated the reported data to determine
that, to achieve a single pup that is at least 70% chimeric ac-
cording to coat color by using JM8A3 ES cells, at least 50, 3, or
18 blastocysts from 4- or 12-wk-old BALB/ c or 4-wk-old albino
B6 donors, respectively, must be injected and transferred to a

recipient. Therefore, according to the calculation regarding the
generation of blastocysts, each highly chimeric pup requires
6.2, 0.4, or 1.4 donors when they are 4- or 12-wk-old BALB/c
or 4-wk-old albino B6 mice. When including the data regarding
female mice with copulatory plugs, we extrapolate that each
highly chimeric pup requires 9.7 of the 4-wk-old BALB/c mice,
0.5 of 12-wk-old BALB/c, and 1.4 of albino B6 mice. Therefore,
we recommend considering the needs of the transgenic pro-
gram when determining the numbers of donors needed for
microinjection sessions. In our experience, using 8 to 10 plugged
nonsuperovulated 12-wk old BALB/c female mice or 8 to 12
plugged superovulated C57BL/6NTac animals yields at least
30 or 50 injectable, good-quality blastocysts, respectively. We do
not routinely use superovulated 4-wk-old BALB/c female mice
as host blastocyst donors. The described efficiency parameters
are important features in guiding transgenic facility managers in
using the presented data for their respective programs to gener-
ate donor blastocysts for the production of chimeras. Transgenic
facility managers should weigh these efficiencies against the
financial costs associated with these protocols, including those
for purchasing novel transgenic mice and the maintenance per
diems for colonies of mature BALB/c mice.

Although superovulation leads to significantly more blas-
tocysts from albino B6 mice than from nonsuperovulated
12-wk-old BALB/c mice, live pup and chimera efficiencies were
significantly more robust for blastocysts from nonsuperovulated
12-wk-old BALB/c mice. In addition, albino B6 mouse blasto-
cysts demonstrate a high efficiency for producing pups with
70% chimerism, above that of 4-wk-old BALB/cblastocysts. As
previously discussed, the use of albino B6 mice as blastocyst do-
nors provides advantages over BALB/c mice, in that albino B6
mice respond well to superovulation and are better breeders.”!3

The biggest limitation to our study is that we did not confirm
germline transmission in the chimeras generated from these
experiments. Confirming germline transmission is a major goal
of this technology. Despite this drawback, coat-color contribu-
tion remains widely used and helpful predictor of germline
transmission.'?1518 Furthermore, we might have been able to
achieve increased efficiencies by modifying our microinjection
procedures. Previous studies have used 10 to 12 ES cells in al-
bino B6 host blastocsyts,? in contrast to the 15 to 18 ES cells that
we used in our current study and that is used routinely in our
transgenic facility.!> We also were limited in the availability of
the BALB/c male mice used in this experiment; we suspect that
we might have observed increased fertility and subsequently
higher-quality blastocysts if we had used younger, mature male
BALB/c mice exclusively.

This report is the first to perform a side-by-side comparison
of 3 different protocols, including the novel C57BL/6NTac-
Tyr””m”“ mouse mutant, for producing host blastocysts for
creating genetically engineered mice through the introduction
of ES cells. Our analyses support the use of mature, 12-wk-old
BALB/c or superovulated albino B6 mice for the generation of
host blastocysts. The adoption of these donor blastocyst proto-
cols depend on the transgenic facility and experimental needs.
To use mature BALB/c female mice for donor blastocysts, a
facility must maintain a population of mice that is much larger
than the minimum, given that natural estrus cycling must be
accommodated, and the necessary size of the colony may mean
that some animals are not used. If a facility cannot maintain a
large BALB/c colony, albino B6 mice may be a viable option
for the generation of donor blastocysts, given that this strain
yielded higher fertility and increased numbers of blastocysts
relative to the BALB/c experimental groups.
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