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Fig. 2. (A) Alignment of LHB sequences from various mammals. The LHB sequences from JW, NZW, and Dutch rabbits are shown in the top three rows.
A dot indicates an amino acid residue that is identical at the corresponding position in the JW sequence (top row). Dashes indicate sequence gaps inserted
by the CLUSTAL W software. The cysteine residue positions (shaded) and putative N-glycosylation sites (boxed) are highly conserved in most mammals.
(B) Homology matrix for the signal (upper-right triangle) and mature (lower-left triangle) LHB sequences of 15 diflerent animals. (C) Neighbor-joining
tree of the LHB amino acid sequences predicted for 15 different animals. Bootstrap values are shown near each node. M. Gerbil, Mongolian gerbil;
S. Hamster, Syrian hamster; C.E. Macaque, Crab-eating macaque.
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Fig. 3. Genomic sequence of the NZW rabbit LHB gene. (4) Putative TATA-box and binding sequences for GSE, Egr-1, and Ptx-1 are boxed. The -abbit
LHB gene contains three exons (shaded) and two introns. Uppercase letters indicate a coding sequence. Arrows indicate the orientations and posticsns of
the primers used for intron determination and genomic walking. (B) Schematic representation of the exon-intron structures of five mammals. Opin boxes
indicate 5'- or 3'-untranslated regions. Closed boxes indicate coding sequences. (C) Comparison of the 5'-flanking sequences of the LH gene in five INam-
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The NZW, JW, and Dutch breeds form a distinct group
in the molecular phylogenetic tree of LHB proteins
(Fig. 20), as suggested by our previous phylogenetic anal-
ysis of common glycoprotein hormone a-~subunit (Suzuki
etal, 2002) and FSHB (Noguchi etal, 2006). The
sequences of the mature rabbit and rodent LHB proteins
are highly homologous (~90%, Fig. 2B), whereas the rab-
bit and rodent signal sequences are considerably less
homologous (<65%, Fig. 2B). Thus, all three glycoprotein
subunits of rabbit LHB are phylogenetically distant from
their rodent counterparts, which supports the proposition
that the phylogeny of rabbit is peculiar (Graur et al.,
1996).

The high similarity between the LHB genomic sequences
of rabbit and other mammals suggests that transcription is
regulated similarly in both groups (Fig. 3). The rabbit geno-
mic LHB sequence (Fig. 3A), which has been deposited in
the DDBJ/EMBL/GenBank databases under Accession
No. AB234232, has an exon configuration similar to that of
other LHBs, ie., three exons and two introns (Fig. 3B). In
addition, the 5'-upstream regions of the rabbit and other
LHB genes are highly conserved (Fig. 3C). In particular,
their promoter regions contain putative binding sites for
SF-1 (gonadotroph-specific element; GSE), Egr-1, and
Ptx1. Since the binding sequences for these transcription
factors are highly conserved in rabbit and other mammals,
these factors may function in the rabbit pituitary as they do
in other mammals (Reviewed by Gajewska and Kochman,
2001).

Rabbit LH would be the best and most natural hormone
for inducing ovulation in rabbits. The LHs of sciurognath
rodents, pigs, or cats might be also superior to LH of human
origin at inducing ovulation in rabbits, based on the phylo-
genetic position of rabbits and the homology of mature
LHB proteins, although human chorionic gonadotropin
(hCQ) is easily available and, therefore, commonly used for
inducing ovulation in rabbits. Mature rabbit LHB is more
similar to mature sciurognath rodent, pig and cat LHB
(>90% similarity) than to mature human LHB (74% similar-
ity). The biological potency of LH varies considerably
among species (Reichert et al, 1973), and the B-subunit is
responsible for this variability (Pierce and Parsons, 1981).
Interestingly, rabbit LHB is not highly homologous to either
human LHB or hCG-B, in contrast to rabbit and human
FSHB, which exhibit high-level homology (Noguchi et al.,
2006). In particular, at both the 38-57 loop and the 93-100
determinant loop (Fig. 2A), which are thought to be impor-
tant for bioactivity, rabbit LHB is more similar to rodent
LHB than to human LHB or hCG. Hormone-receptor
sequences must also be taken into account, however, since
the ligand-receptor interaction is critical for hormone func-

tion; sequence analysis of the rabbit LH receptor will aid in
clarifying these issues. Our determination of the genomic
and cDNA sequences of the LH B-subunit in the rabbit
should aid development of improved superovulation tech-
nology for the rabbit.
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Abstract

To understand the molecular basis of the rabbit’s efficient superovulation, we determined the cDNA sequence of the follicle-stimulat-
ing hormone (FSH) B-subunit precursor protein using a combination of 5'- and 3’-rapid amplification of cDNA ends (RACE) with
pituitary cDNA libraries of the Japanese White rabbit and compared it with those of other mammals. RACE experiments detected
at least three transcripts for the FSHp precursor protein in the libraries. The transcripts had lengths of 437, 1621, and 1767 bp, from the
5'-end to the poly(A) site. The shortest and mid-length transcripts had the putative polyadenylation signal sequence AATAAA at nucleo-
tides 436 and 1601, respectively, whereas the longest form had an ATTAAA sequence at nucleotide 1745 of the cDNA sequence. These
transcripts are likely to be polyadenylation variants of one large transcript because they share the same coding sequence for the precursor
protein (130 amino acid residues in length). However, only a few shortest variants seem to be formed because the shortest variants were
not detected by Northern blot analysis. Phylogenetic analysis of the deduced amino acid sequence indicates that the rabbit is phylogenet-
ically closer to humans than to the other mammals, suggesting that an FSH preparation from human sources would be superior as a
follicle stimulant for the induction of superovulation.
© 2006 Elsevier Inc. All rights reserved.

Keywords: ¢cDNA; FSHE; Phylogeny; Rabbit

1. Introduction

The induction of superovulation using gonadotropin
treatments is a basic technique for manipulating embryos in
laboratory animals. To understand the molecular basis of
this technique, we have examined and compared the cDNA
sequences of the pituitary gonadotropin subunits in several
animals: the o-subunits in seven laboratory animals
(Suzuki et al., 2002), and the B-subunits in Mongolian ger-
bil (Koura et al,, 2004) and mastomys (Takano et al., 2004).
In this study, we determined and characterized the cDNA
and deduced amino acid sequences of the rabbit follicle-
stimulating hormone (FSH) B-subunit precursor protein in

" Corresponding author. Fax: +81 72 641 9857.
E-mail address: osuzuki@nibio.go.jp (O. Suzuki).

0016-6480/$ - see front matter © 2006 Elsevier Inc. All rights reserved.
d0i:10.1016/j.ygeen.2006.01.001

rabbit. The goal was to find better ways of inducing ovarian
follicular growth in female rabbits. We also performed a
phylogenetic analysis of the deduced protein sequence. This
paper discusses the possibility of using sequence informa-
tion as a criterion for selecting gonadotropins for rabbit
superovulation.

2. Materials and methods
2.1. RNA extraction, RT-PCR, and sequencing

We determined the full sequence of FSHB ¢cDNA in Japanese White
rabbit using a combination of 5’- and 3'-rapid amplification of cDNA
ends (RACE), followed by direct sequencing of the RACE products. We
used a SMART RACE ¢cDNA amplification kit (BD Biosciences Clon-
tech, Palo Alto, CA) for 5'-RACE. We used a different system for the 3/~
RACE (described below) because our preliminary experiments revealed
that, in this particular situation, the results were insufficient. Total RNA
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was extracted from rabbit pituitary tissues (Funakoshi, Tokyo, Japan)
using an RNeasy Mini kit (Qiagen, Hilden, Germany). A cDNA library
for the 5'-RACE was prepared from the total RNA by reverse transcrip-
tion with Superscript I1 (Invitrogen, Carlsbad, CA) according to the kit
protocol. A cDNA library for the 3'-RACE was prepared from the total
RNA by reverse transcription with Superscript III (Invitrogen) and an
oligo(dT) primer (AAC TGG AAG AAT TCG CGG CCG CAG GAA
TTT TTT TTT TTT TTT TTT) at 50 °C for 90 min. The RACE reactions
were performed using these libraries, a DNA polymerase mixture (Hot-
StarTaq Master Mix, Qiagen), an adaptor primer (the universal primer
mix included in the kit or the primer AAC TGG AAG AAT TCG CGG
CCG CAG GAA for 5'- or 3'-RACE, respectively), and gene-specific
primers. PCR amplifications were performed using a Hybaid PCR Express
thermal cycler (Thermo Electron K K., Tokyo, Japan) as follows: 94 °C for
15 min (denaturation and enzyme activation) and 40 cycles at 94 °C for 2 s
and 68 °C for 5min. To determine the 3'-end, nested PCR amplifications
for primer walking were performed using the primary 3'-RACE products
(diluted 1:50), 2 DNA polymerase mixture, nested adaptor primer (CTG
GAA GAA TTC GCG GCC GCA GGA ATT), and gene-specific primers
under the following conditions: 94 °C for 15min; 40 cycles at 94 °C for
10s, 60°C for 10s, and 72°C for 1 min; and 72°C for 10min. Fig. 1B
shows the positions of the gene-specific primers used in the RACE reac-
tions. First, 5'-RACE was conducted with primer 5Fp (TTC CTT CAT
TTC ACT GAA GGA GCA GTA). Following this, primer walking was
performed in 3'-RACE reactions with a total of five primers: 3Fpl (T AC

CTT CAA GGA GCT GGT GTA CGA), 3Fp2 (TGG CAG AGG GGG
AGT TCC AGG AAT TGA), 3Fp3 (GGG CTT CAA GAG CAG GGC
CAG AAA CCT), 3Fp4 (CCT GAG CTC GGA TTT TCC AAG CCC
TTC A), and 3Fp5 (GGA GGA AGG AAA TTG CTG CTT TCT AAG).
The primer 5Fp was designed from the mouse FSHP sequence
(NP_032071 from GenBank) using Primer3 software (Rozen and Skalet-
sky, 1998), after which the newly determined partial sequences were used
to design the other primers using Primer3. Additional primers were used to
confirm the accuracy of the sequence. The RACE products were gel-puri-
fied and sequenced directly using a DYEnamic ET Terminator Cycle
sequencing kit (Amersham Biosciences, Piscataway, NJ) with a DNA
sequencer (RISA384, Shimadzu Biotech, Kyoto, Japan). Full sequences
were obtained by combining overlapping sequences of 5'- and 3"-RACE
products. The appearance of SMART II oligo- and putative poly(A)
sequences, respectively, determined the 5'- and 3'-ends of the cDNA
sequences in the RACE products.

2.2. Northern blot analysis

Northern blot analysis was performed using NorthernMax-Gly Kit
(Ambion, Austin, TX) with 10 ng of pituitary total RNA and biotinylated
RNA size markers (BrightStar Biotinylated RNA Millennium Markers,
Ambion). Biotinylated DNA probes, 404-base-long, were generated by
RT-PCR with primers S1 (GGC TTC AGT CTA CAG TTT TCC CCA
GAC) and R404 (CCC CAG GCC TCG TAC AGT GCA GTC AGT; see

C
ggcttcagtctacagtttt¢cccagadaaggcagcccaccacaggccaggATGAAGTCTG 60
M K s V 4
TCCAGTITTGTTTCCTTTTCTGTTGCTGGAAAGCAATCTGCTGCAGTAGCTGTGAGCTGA 120
Q FCFL FCCUWZEXKATILICSCSSCETILT 24
CCAACATCACCATTGCAGTGGAGARAGAGGAGTGCCGTTTCTGCATAAGCATCAATACCA 180
N I T I AV EXKEETGCRUPFTCTI S ‘T N T T 44
CCTGGTGTTCCGGCTACTGCTACACTAGGGATCTTGTTTATAAGGACCCAGCAAGGCCCE 240
3Fp1 W ¢ SsS 6 Y CYTRDILV Y KXKDUPARTPN 64
Pl ACATCCAGARGATATGTACCTTCAAGGAGCTGGTGTACGAGACAGTGAGGGTGCCTGECT 300
I Q K I CT ¥ KEILV Y ETV R v P G C 84
GTGCTCACCATGCAGACTCCCTGTACACATACCCAGTGGCCACTGAATGTCACTGCGGCA 360
RA04 A HHADSLYTY®PVATETCH cC 6 N 104

3Fp3

(base)
« 2000
<« 1500

ek « 1000 3Fp5

+ « 500

ACTGTGACAGTGACAGC§CTGACTGCACTGTACGAGGCCTGGGGCCCAGCTACTGCTCCT 420
5Fp ¢ D $ b S TDCTVRGILGU?P S ¥ C S F 124
TOGGTGARATGAAAGEATARAaagagtggacatttcagactacctactcatgtttgtgt 480
G E M X E Stop 129
3E gtgtgcectgtgccaggetgcaaaccactgggecaggagatcatcagaccccaacaatee 540
p2
ctgctctactggcagagggggagtEccaggaaﬁtg?gatcactgggccagaatgctgtca 600
ccattctgtectgtactcottagtetgettetgtaagttttattaagtettaactcaacte 660
ttgagtgttttgctctccagtaatcttagaaattctatcaggcaaacccgcttcataggg 720
acaaggatctgtaggcccagaggtaggaaatgatagtgggaacgagtgaaagaacgaaat 780
gcagcacagtattctgctagactccggggcttcaagagcagggccagaaacctcttcatg 840
aatgtatcctcagggcccagcacttttcctggaacctagtgaggaactcaacatggcttc 900
cttaaggaaaagtaagattaaaaacatagaggatgggaacacactgaaagaaatgtttga 960
pt agatggctqacgaggctgtctttccagtctatggaagtaggggcatcacttagactqtgc 1020
| ccetectctgagacacagggcattcagacaggatgtgtgtectcagaaageccaagtigaga 1080
3Fp4 tggcagagagtgagacctgagctcggattttccaagcccttEagtgaatggcaaaagcaa 1140
gaaatgttaatacaggactatggacattaacccgtatctatttgtcactttaaagaaatt 1200
gatcagatgttattaggctcctgcaaaactccttttgggcatgaggaaaaaaattatatc 1260
aacctgtactctccaggttctattcctttggagagaggggatattaggaaatcagtttga 1320
aagcagtttcagcaacttaatacatttgtaacttatctagaaatatgtttatétaaagaa 1380
ataggtcttttagaaaaaattagctaggaggaaggaaattgetgetttcetaagatecttt 1440
ctatttgttttetttgtigtatattcatgttetetetcaaatgtataatttttccataag 1500
gtattgaaagtatttcatgagttgagtcttttaaagatgttaaccttcagttatatactt 1560
gtttcacatattgtttaaattatttaaatcttattttttthataaapatattagtcatgt 1620

gggtcattgatttgtattgtttcaaatacagataacttacatgtgtacatttataaaatt 1680
agtagaaaacaaaatataatactttgtgcttctgcaaatatcacctgcatggtcttttgg 1740
aaatihttaagkatattcttgtatttctaaa 1770

Fig. 1. (A) The products of rapid amplification of cDNA ends (RACE) were resolved on 2% agarose gels, stained with ethidium bromide, and photo-
graphed under UV illumination. Note three distinct bands in the 3'-RACE product lane. Lane M, size markers. (B) Northern blot analysis (lanes 2 and 3)
of follicle-stimulation hormone (FSHP) transcripts. One distinct band of ~1.8 kb is visible, whereas an expected shortest band (~0.6 kb) is not detectable.
Lane 1, Electrophoretic gel stained with ethidium bromide; lane 2, pituitary total RNA; lane 3, RNA markers. (C) The FSHB cDNA and deduced amino
acid sequences (in bold face). Lowercase letters indicate both 5'- and 3'-untranslated regions, and uppercase letters indicate a coding sequence. Putative
polyadenylation signal sequences are boxed, and putative polyadenylation sites are underlined. Arrows indicate primer positions (S1, R404, 5Fp, 3Fpl,
3Fp2, 3Fp3, 3Fp4, and 3Fp5). The cDNA sequence has been listed in GenBank under Accession No. AY614704.
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Fig. 1C for primer locations) and labeled using LabellT biotinylation kit
(Mirus Bio, Madison, WI). After overnight hybridization at 42°C, the
hybridization signals and size markers were detected by chemilumines-
cence using BrightStar BioDetect Kit (Ambion) and photographed using a
CCD camera (LAS-3000, Fuji Photo Film, Tokyo, Japan).

2.3. Molecular phylogeneric analysis

Additional mammalian FSHJ protein sequences were retrieved from
GenBank as follows (accession numbers are shown in parentheses): mouse
(NP_032071), rat (P18427), pig (P01228), cattle (NP_776485), sheep
(P01227), horse (P01226), human (P01225), Mongolian gerbils
(AAQB3633), mastomys (AAR21602), guinea pig (Q9JK.69), and Djungar-
ian hamster (Phodopus sungorus; Q9QYBO). The amino acid sequences of
these species and the rabbit sequence were aligned using Clustal W
(Thompson et al,, 1994). A neighbor-joining tree containing the FSHp
protein sequences of 10 species (the Djungarian hamster was omitted

because AF106914 was a partial sequence) was constructed using MEGA3
software (Kumar et al., 2004), based on the Jones-Taylor-Thormton (JTT)
matrix model (Jones et al,, 1992).

3. Results and discussion

Fig. 1C shows the full-length FSHS cDNA sequence
based on RACE products (Fig. 1A). The RACE experi-
ments detected at least three transcripts for the FSHp pre-

* cursor protein in the rabbit pituitary cDNA library. These

transcripts had lengths of 457, 1621, and 1767 bp, from the
5'-end to the poly(A) site. The shortest and mid-length
transcripts had the putative polyadenylation signal
sequence AATAAA at nucleotides 436 and 1601, respec-
tively, whereas the longest form had an ATTAAA sequence

A Rabbit ~MKSVQFCFL FCCWKAICCS SCELT‘PITIA VEKEECRFCI SINTTWCSGY CYTRDLVYKD PARPNIQKIC [ 70}
Human ~e TL..Foe tiieea. N ..... R O [P T O K...T. [ 70]
Horse T eeetanas cesens V..N ... [ ¢ N N AN S T. [ 70]
Pig B PR, N ..., eodeT [P A P At it ot T. { 70]
Cattle e sdeeen aaan R....R ..... T RO ¢ DR R P Al caviine. Re e T. [ 70]
Sheep et e e e R....R ..... T PR S R 7 4. [ 70]
Mouse M..LI.L.I. .W..R....H ..... S i deaden Al. it s T..V. [ 70}
Rat M. I.L.I. LW.LR.V..H ..... 2 ! (R B it e T..V. { 701
Mastomys M...I.L.I. LW..R....H ..... S T.eeinwnene wafeaaden - T..V. [ 701
M.Gexbil -.....L.L. LW..R....R ..... o ee oot v cdBAL . e i T..V. [ 70}
D.Hamster -..LI.L.I. .W..R. QGewoufiodfer cnieiiiis odolde. - T.... [ 701
Rabbit TFKELVYETV RVPGCAHHAD SLYTYPVATE CHCGNCDSDS TDCTVRGLGP SYCSFGEMKE [130]

Human = ...ttt it iiiaite taaeanaan Q F [130]
Horse @ .......... Koveooonon v, A KNG e o D... [130]
Pig e Ketteenne vameiiean anen Kevvrr tnvmninnnn cunnn S.... [130]
Cattle  .......... Koot iiier tiiienennn SSKL L e e R.I.. [130}
Sheep .......... Kot oot iiiiiiiias cean R SDIR [130]
Mouse = ......i.... . T . Koo i cien S.... {130]
Rat ......... I . Lo...R.S. ciiviinan. T Y [130]
Mastomys ......... I L....R.S. (.o, S N S.... [130]
M.Gerbil .......... . Lo.e..s S. Fevuinvunn SKevlHe tiiiiiinns i, [130]
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Fig. 2. (A) Alignment of various mammals’ follicle-stimulating hormone (FSH ) precursor protein sequences. The mouse, rat, and mastomys belong to the
subfamily Murinae, the Mongolian gerbil (M. Gerbil) to Gerbillinae, and the Djungarian hamster (D. Hamster) to Cricetinae. A dot indicates an amino
acid residue identical to the corresponding site in the rabbit sequence (top row). Dashes in the sequences indicate gaps inserted by Clustal W software. An
asterisk (x) indicates the end of the currently available partial sequence for the Djungarian hamster. The half-cysteine residue positions (shaded) and puta-
tive N-glycosylation sites (boxed) are well conserved in all mammals. (B) An unrooted neighbor-joining tree with aligned FSHP precursor protein

sequences constructed using MEGA3 based on the JTT matrix model.
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at nucleotide 1745 of the cDNA sequence. It is likely that
these transcripts are polyadenylation variants from one
large transcript because they share the same coding
sequence for the precursor protein (130 amino acid residues
in length). However, only a few smallest variants seem to be
formed because the smallest variants were not detected by
Northern blot analysis (Fig. 1B). Multiple FSHB mRNA
species have also been found in humans; four mRNA spe-
cies are transcribed using one alternate splicing site and two
polyadenylation sites (Jameson et al, 1988). In bovines
(Maurer and Beck, 1986) and rats (Gharib et al,, 1989), only
a single mRNA species is transcribed. Interestingly, the
stop codon of rabbit FSHP was located inside one of the
polyadenylation sites as that of the human FSHS, indicat-
ing a further similarity between the two sequences. The
mid-length and longest forms of rabbit FSHf c¢DNA each
have a long 3’-untranslated region (UTR) common to
other mammals, whereas all three rabbit FSHB cDNAs
have a 5'-UTR (50 bp in length) that is shorter than that in
most rodents (>60bp) and domestic animals (>70 bp) and
Jonger than that in chickens (44 bp, Shen-and Yu, 2002).

The alignment of the deduced amino acid sequences
indicates an overall similarity between FSH B-subunit pre-
cursor proteins in rabbits and other mammals (>85%,
Fig. 2A). The positions of the half-cysteine residue and the
putative N-glycosylation site were well conserved in rabbit
compared with those in other mammals. Interestingly, the
rabbit FSHP amino acid sequence contains a CSGYC
sequence at the same position in which most mammals
(except rats) have the unique B-subunit sequence CAGYC,
which researchers consider to be a key structure for binding
to common a-subunits (Gharib et al, 1990). The rabbit
CSGYC sequence is similar to sequences in birds (chicken:
Shen and Yu, 2002; quail: Kikuchi etal, 1998; ostrich:
Koide et al,, 1996) and amphibians (bullfrog: Hayashi et al.,
1992; Japanese toad: Komoike and Ishii, 2003), suggesting
that rabbits have an evolutional proximity to birds and
amphibians. However, the second residue does not seem to
be functionally important, as rat FSHp contains a different
residue (CEGYC) in the corresponding position (Gharib
etal, 1989). The phylogenetic analysis of the protein
(Fig. 2B) indicated that rabbits occupy a position phyloge-
netically intermediate between rodents and ruminants. In
particular, rabbits appear to be more similar to humans
than to the other mammals used in this analysis. These
results support the theory that rabbits are phylogenetically
more similar to primates than to rodents (Graur et al,,
1996).

Researchers induce superovulation in rabbits using injec-
tions of FSH or eCG in combination with hCG. There is still
no agreement as to whether FSH or eCG should be used.
Multiple injections of FSH may result in more embryos than
would a single injection of eCG (Hirabayashi et al., 2000),
and eCG may also induce chromosomal abnormality
(Fujimoto et al,, 1974) and decrease the number of blasto-
meres in the blastocyst (Carney and Foote, 1990). Tsiligianni
et al. (2004) have countered that eCG is superior because

repeated administration of FSH and hCG may cause various
problems, such as increased hemorrhagic and cystic follicles.
When a choice of follicle growth stimulant is based on the
similarity to endogenous hormones, the overall similarity of
rabbit FSH to the FSH of other mammals indicates that
most commercially available FSH preparations would be
suitable; a FSH preparation from human origins, such as
human menopausal gonadotropins (hMG), might be a better
choice because of its greater homology (Fig. 2B). Research
has shown that administration of hMG in rabbits induces a
superovulatory response superior to the response from FSH
injections (Kanayama etal, 1995). Human recombinant
FSH is now commercially available; it could become a com-
monly used superovulation agent because this type of prepa-
ration prevents the common problem of LH activity, which
often occurs when researchers use a naturally extracted
preparation.

In summary, we determined the cDNA sequences of the
FSH pB-subunit in rabbit. This information should provide
a molecular basis for improving superovulation technology
in the rabbit.
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MOLECULAR REPRODUCTION AND DEVELOPMENT

Efficient Production of Intersubspecific
Hybrid Mice and Embryonic Stem Cells by
Intracytoplasmic Sperm Injection
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ABSTRACT Recently, mice and embryonic
stem (ES) cells with allelic polymorphisms have
been used extensively in the field of genetics and
developmental biology. In this study, we examined
whether intersubspecific hybrid mice and ES cells
with these genotypes can be efficiently produced by
intracytoplasmic sperm injection (ICSI). Frozen-thawed
spermatozoa from wild-derived strains, JF1 (Mus
musculus molossinus), MSM (M. m. molossinus), HMI
(M. m. castaneus), and SWN (M. m. spp.), were
directly injected into mature oocytes from laboratory
mice ([C57BL/6 x DBA2IF1; M. m. domesticus). The
in vitro and in vivo developmental capacity of F1 embryos
was not significantly different among the groups
(P> 0.05), and term offspring were efficiently obtained
in all groups (27%-34% of transferred embryos).
However, the mean body and placental weights
of the offspring differed significantly with genotype
(P< 5 x 10719), with the HMI hybrid greatest in both
body and placental weights. In an application study
using these F1 offspring, we analyzed their mitochondrial
DNA using intersubspecific polymorphisms and found
the consistent disappearance of sperm mitochondrial
DNA in the F1 progeny. In a second series of
experiments, we generated F1 blastocysts by injecting
MSM spermatozoa into C57BL/6 oocytes and used them
to generate hybrid ES cell lines. The ES cell lines were
established at a high efficiency (9 lines from 20
blastocysts) and their allelic polymorphisms were con-
firmed. Thus, ICSI using cryopreserved spermatozoa
allows the efficient and immediate production of a
number of F1 hybrid mice and ES cell lines, which can
be used for polymorphic analysis of mouse genetics.
Mol. Reprod. Dev. © 2007 Wiley-Liss, Inc.

Key Words: |CSl; mitochondrial DNA; placenta;
polymorphism; ES cells

INTRODUCTION

Intracytoplasmic sperm injection (ICSI) can bypass
the process of sperm penetration of the cumulus cells

© 2007 WILEY-LISS, INC.

and zona pellucida, and the process of fusion with the
oolemma. ICSI was first introduced as an alternative
assisted-reproduction technique in experiments with
hamsters, and has subsequently advanced our under-
standing of the early events of fertilization (Yanagima-
chi, 2005; Ogura et al., 2005). This approach is now
one of the most successful methods for achieving
fertilization in severe cases of human male infertility.
In laboratory species, including mice, ICSI has
been used frequently for research purposes and the
conservation of genetic resources (Ogura et al., 2001;
Hirabayashi et al., 2002; Yamauchi et al., 2002; Ogonuki
etal., 2003a,b; Ogonuki et al., 2005). When spermatozoa
are unable to fertilize cocytes because of spontaneous
mutations or gene modifications, experiments with ICSI
(but not in vitro fertilization [IVF]) ensure the ability of
the sperm genome to support embryonic development
(Yanagimachi et al., 2004). The technique can also be
advantageous in conventional IVF when mouse sper-
matozoa have been cryopreserved for genetic resource
banking, because frozen-thawed mouse spermatozoa
are occasionally unable to fertilize oocytes because of
damage to the sperm plasma membrane (Szczygiel et al.,
2002; Nishizono et al., 2004).

Interspecific or intersubspecific F1 hybrid mice are
invaluable research material in mouse genetics, espe-
cially for genetic and gene expression analysis using
polymorphisms between the parents. However, the
production of F1 offspring by natural mating or conven-
tional IVF is not always efficient or practicable, so it is
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