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Fig. 6. Immunohistochemical detection of keratinocyte markers
on skin of 18.5 dpc embryos. (A) Periderm of normal
embryos stained for K6. (B) Periderm of fsn/ic homozy-
gous embryos stained for K6. (C) Non-cornified epider-
mis and stratum spinosum of normal embryos stained for
K1. (D) Non-cornified epidermis and stratum spinosum
of fsnfichomozygous embryos stained for K1. (E) Epider-
mis and stratum basale of normal embryo stained for K14.
(F) Epidermis and stratum basale of fsn/ homozygous
embryo stained for K14.

ties as seen in Fig. 4.

Expressions of Hbb-bhl (hemoglobin Z, beta-like
embryonic chain) and Hbb-b1 (hemoglobin, beta adult
major chain) genes were studied using RNA extracted
from livers of 14.5 dpc embryos in order to observe
maturity of erythrocytes [8] in fsn/ homozygous em-
bryos. Both genes were expressed in livers of normal
and fsn'* homozygous embryos (data not shown). It
was demonstrated in this study that erythrocytes of fsn’
homozygous embryos matured with incomplete enucle-
ation. It is evident that RBC of fsn’/® homozygotes
may fail to enucleate after switching from primitive
hematopoiesis to definitive hematopoiesis, but the
mechanisms of enucleation are still not well understood.
Kawane et al. [7] reported that definitive erythropoie-
sis requires DNase 11 secreted from macrophages at the
site of definitive erythropoiesis in the mouse fetal liver.

Although the relation between DNase II and fsn genes
is not known, the fsn mutation may be useful in studies
of the mechanism of enucleation in RBC.
Transplantation of bone marrow cells obtained from
adult fsn homozygotes to normal recipient mice resulted
in skin lesions and abnormal blood cells.
phenotypes in skin of fsn homozygotes at the postnatal
stage have been explained by immunological defects
{12, 18]. These results suggest that pleiotropisms ob-
served in fsn homozygotes are caused by functional
defects of hematopoietic progenitor cells [14, 17]. How-
ever, in this study we observed time differences in the
appearance of abnormal phenotypes of blood and skin

Abnormal

of fsn’® homozygous embryos, therefore, it is possible
that abnormal phenotypes observed in various tissues
and organs of fsn homozygotes are caused by fsn gene
dysfunction occurring not only in hematopoietic pro-
genitor cells but also in various tissues and organs at
different developmental stages.

White et al. [17] reported that the hereditary erythro-
blastic anemia (hea) mutation is an allele of the fsn
locus. The hea mutation arose spontaneously in the
CFO strain at the Central Institute for Experimental
Animals (Kawasaki, Japan) [13]. Three fsn mutations,
fsn, fsn’ and hea, which were independently discov-
ered, should be useful for etiological studies of anemia
and skin disorders.
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Microsatellite Genotyping for Genetic Quality Testing
Using Sperm Cells in the Mouse
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Abstract: We attempted to determine the number of sperm cells required for genotyping of

one microsatellite marker.

The crude genomic DNA extracted from about 760 or more

sperm cells gave sufficient quantity of PCR product using a 20 ul-scale PCR. We also
studied the effects of non-ionic detergents on extraction of crude sperm genomic DNA.
PCR products amplified with the crude sperm genomic DNA extracted using the lysis buffer

supplemented with non-ionic detergents showed much clear bands.

In conclusion, our

results suggest that a small part of the frozen sperm, which is less than 1/10 of the original
volume (10 ul), provides sufficient quantity of template DNA for genetic quality testing.
Key words: genetic quality testing, non-ionic detergents, sperm genomic DNA

Genetic resource banks of the mouse have recently
been established worldwide and seven facilities are
members of the International Mouse Strain Resources
(IMSR, http://www.informatics.jax.org/imsr/index.jsp)
at the beginning of 2005. Their role is important in
terms of preserving valuable genetic resources such as
spontaneous mutations, chemically induced mutations
and genetically engineered mutations. Whittingham
mentioned the importance of the role of embryo banks
30 years ago [23]. Since 1972, cryopreservation has
been mainly performed with 2-cell and §-cell embryos
in the mouse [7, 13, 22, 24]. Recently, advanced tech-
niques for cryopreservation of mouse embryos {2, 16]
and mouse sperm [8-10, 17, 19] have been developed.
They have been applied to preserve not only inbred
strains but also genetically engineered mice [11, 15]

and wild mice [12]. There are several processes in
cryopreservation: collection of materials (sperm and
embryos), preservation of the materials in reservoirs
(straws for sperm and cryotubes for embryos), and re-
covery of the preserved materials to produce live
animals. In each process, there is the possibility of
mistaking or mishandling of the reservoir itself, the
reservoir label and mouse individuals. These would
cause genetic contaminations of mouse strains. Ge-
netic quality testing should be implemented in order to
assure genetic quality of sperm and embryos preserved
in each resource bank. We reported genetic quality
testing systems for rat cultured cells preserved in the
Japanese Cell Research Bank (BCRB) [3] and early
stage embryos of the mouse [4]. Recently, we attempted

to establish a genetic quality testing system for sperm
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cells of the mouse. In this paper, we describe the result
of preparation of crude genomic DNA from a small
number of sperm cells and that of microsatellite
genotyping using crude genomic DNA as template DNA
in PCR.

Two epididymides of a Jcl:ICR male mouse (CLEA
Japan, Tokyo, Japan) were collected in 100 pl of the
R18S3 medium [20] and were prepared in a culture
plate NUNCLON™, NUNC™, Denmark). They were
gently homogenized with forceps and the sperm cells
were suspended in the medium with tapping. Ten mi-
croliters of the sperm cell suspension was plugged in a
plastic straw. Six straws from one male mouse were
prepared and preserved in liquid nitrogen. After thaw-
ing, the sperm cell suspension was diluted in TYH
medium [21], then the number of sperm cells was
counted using a hematocytometer. Six different num-
bers of sperm cells were prepared as follows: a) 9.5 X
10%, b) 1.9 x 103, ¢) 3.8 X 10%, d) 7.6 x 10%, e) 1.52 x
10* and f) 3.04 x 10%. The number of sperm cells was
determined based on the quantity (>10 ng) of template
DNA used in a 20 pl-scale PCR and the quantity (3 pg)
of genomic DNA of one sperm cell (Fuji film, http://
www.fujifilm.co.jp/bio/nai_appli/pdf/guide_05j.pdf;
ISOGEN, http://www.nippongene.jp/pages/products/ex-
traction/isogen/gen07.html). The tubes containing the
counted sperm cells prepared as described above were
centrifuged at 15,000 rpm for 10 min to remove the
medium. Ten microliters of the lysis buffer (1 x PCR
reaction buffer containing proteinase K (PK) (Roche,
Germany) at a concentration of 0.4 pg/ul) were added
to the sperm cells. Simultaneously, 10 pl of the lysis
buffer supplemented with 0.1% (W/V) gelatin (type B)
(Sigma, St. Louis, MO, USA), 0.45% (V/V) Nonidet®
P-40 (NP-40) (NACALALI, Kyoto, Japan) and 0.45%
(V/V) Tween 20 (Sigma, SL, USA) were added to the
same numbers of the sperm cells prepared in other tubes
in order to study the effect of non-ionic detergents on
extraction of crude sperm genomic DNA [5, 18]. The
tubes containing the sperm cells were incubated at 55°C
for one hour with shaking, and then inactivation of PK
was performed at 95°C for 10 min. Five microsatellite
markers, D3Mit54, D5SMitl8, D6Mitl5, D7Mit77 and
D8Mit50, were used for microsatellite genotyping.
Their primers were purchased from Invitrogen (CA,
USA). A 20 pl-scale PCR containing 1 pl of the crude
genomic DNA extracted as described above was per-

Control NP-40/Tween20

M 1

2 3 456 7 8 910 11 12

DEMit50

Fig. 1. Effects of the non-ionic detergents, NP-40 and Tween 20,
on extraction of crude genomic DNA from mouse sperm
cells. No. sperm cells were 95 (lanes 1 and 7), 190 (lanes
2 and 8), 380 (lanes 3 and 9), 760 (lanes 4 and 10), 1,520
(lanes 5 and 11), and 3,040 (lanes 6 and 12). The PCR
products were electrophoresed on the same gel. M: DNA
size marker (¢X174 Haelll digest).

formed using a thermal cycler (Zymoreactor II, ATTO,
Tokyo, Japan) as described elsewhere [4]. Ten micro-
liters of the PCR product amplified using the crude
genomic DNA from about 2,000 sperm cells were elec-
trophoresed using a 3% agarose gel containing SYBR®
gold (Eugene, OR, USA) and the results were photo-
graphed under a transilluminator (FAS-3, TOYOBO,
Osaka, Japan). Five microliters of the PCR products
were electrophoresed using a 15% polyacrylamide gel
using an electrophoresis apparatus (ATTO, Tokyo, Ja-
pan) [14] and then the gel was stained using the silver
staining method [1].

We attempted to determine the number of sperm cells
required for microsatellite genotyping using crude sperm
genomic DNA. Figure 1 (Jeft) shows PCR products of
the D8Mit50 marker amplified using 1 pl of the crude
genomic DNA from the different number of sperm cells
treated with 10 pl of the lysis buffer (1 X PCR reaction
buffer supplemented with PK). As the number of sperm
cells increased, the density of the PCR product became
higher. The minimum number of sperm cells required
to detect one microsatellite marker was estimated to be
760 (= 7,600 x 1/10) as observed in lane 4. It is said
that the quantity of template DNA in the 20 pl-scale
PCR is 10 ng or more. Assuming that the quantity of
genomic DNA of one sperm cell is 3 pg, then 10 ng are
equivalent to about 3,300 sperm cells. As shown in
Fig. 1 (lanes 4-6), the PCR product of one microsatellite
marker was detected using 760 or more sperm cells.

We studied the effects of two non-ionic detergents,
NP-40 and Tween 20, on extraction of crude sperm
genomic DNA. As shown in Fig. 1 (right), PCR prod-
ucts (lanes 9-12) amplified using the crude genomic
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Expected size
range (bp)

122 -148
220-238

150-260
134-156

140-148

Fig. 2. Results of genotyping of five microsatellite markers per-
formed using the crude sperm genomic DNA treated with
the non-ionic detergents. PCR products electrophoresed
on a polyacrylamide gel were stained by the silver stain-
ing method. M: DNA size marker (¢X174 Haelll digest).

DNA extracted by treatment with the lysis buffer supple-
mented with two non-ionic detergents were much clearer
than those (lanes 1-6) amplified using extractions by
treatment with only the lysis buffer. These results indi-
cate that non-ionic detergents are effective for extraction
of crude sperm genomic DNA. The genotyping method
used in this study is simple, and it may be unsatisfac-
tory because of the small quantity of PCR product
compared with the PCR product amplified using ge-
nomic DNA from liver cells. Lawyer et al. reported
that the non-ionic detergents, NP-40 and Tween 20, are
effective for extraction of crude genomic DNA [5]. We
confirmed their effectiveness as shown in Fig. 1 (right).
In addition, we showed that silver staining is effective
for detecting small quantities of PCR product. In the
case of small quantities of template DNA or a small
number of sperm cells, the nested PCR may be useful
[3, 6].

We performed genotyping of five microsatellite mark-
ers using the crude sperm genomic DNA extracted by
treatment with lysis buffer supplemented with two non-
ionic detergents. The half volumes of the PCR product
used for the SYBR® gold staining were electrophoresed
and stained by the silver staining method. As shown in
Fig. 2, the PCR products of the five microsatellite mark-
ers were clearly detected and each PCR product was
observed in the range of the expected size, except a
200-bp product of D7Mit77 which may be a new allele

existing in the ICR colony.

In conclusion, microsatellite genotyping using the
crude sperm genomic DNA was successfully performed.
The volume of sperm suspension plugged in a plastic
straw is small (10 pl). However, a considerable num-
ber of sperm cells (estimated to be about 10°/ul) are
contained in the sperm suspension. Since it is desir-
able that genetic quality testing is performed using the
sperm used for in vitro fertilization, it is strongly rec-
ommended that the sperm cells remaining after in vitro
fertilization are used for microsatellite genotyping.
Accuracy and effectiveness of genotyping is important
for genetic monitoring as a genetic quality test. In the
present study, we selected five microsatellite markers
that were the same markers as those used for
microsatellite genotyping of early stage embryos. As
mentioned in a previous paper, it is the reason that they
are effective in differentiating 15 common inbred strains
of the mouse and compose a critical subset [4]. Mouse
strains have been maintained as live animals so far.
However, when the cryopreservation and in vitro fer-
tilization techniques have been developed, strain
maintenance and shipment will be performed by em-
bryos and sperm of the mouse. Therefore, it will be
necessary to perform genetic quality testing not only
for individual mice but also for embryos and sperm.
Finally, we have demonstrated that the microsatellite
genotyping method described in the present paper pro-
vides a powerful tool for genetic monitoring of sperm
cells in mouse genetic resource banks.
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