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Dentatorubral-pallidoluysian atrophy (DRPLA) is one
among an increasing number of hereditary neurode-
generative diseases determined as being caused by
unstable expansion of CAG repeats coding for poly-
glutamine stretches. To investigate the molecular
mechanisms underlying CAG repeat instability, we es-
tablished three transgenic lines each harboring a
single copy of a full-length human mutant DRPLA gene
carrying a CAG repeat expansion. These transgenic
mice exhibited an age-dependent increase (+0.31 per
year) in male transmission and an age-dependent con-
traction (–1.21 per year) in female transmission. Similar
tendencies in intergenerational instabilities were also
observed in human DRPLA parent–offspring pairs.
The intergenerational instabilities of the CAG repeats
may be interpreted as being derived from the instability
occurring during continuous cell division of spermato-
gonia in the male, and that occurring during the period
of meiotic arrest in the female. The transgenic mice

also exhibited an age-dependent increase in the de-
gree of somatic mosaicism which occurred in a cell
lineage-dependent manner, with the size range of CAG
repeats being smaller in the cerebellum than in other
tissues including the cerebrum, consistent with ob-
servations in autopsied tissues of DRPLA patients.
Thus, the transgenic mice described in this study ex-
hibited age-dependent intergenerational as well as so-
matic instabilities of expanded CAG repeats compar-
able with those observed in human DRPLA patients,
and are therefore expected to serve as good models for
investigating the molecular mechanisms of instabil-
ities of CAG repeats.

INTRODUCTION

Dentatorubral-pallidoluysian atrophy (DRPLA) is an autosomal
dominant neurodegenerative disease caused by unstable expan-
sion of CAG repeats in the DRPLA gene on chromosome
12p13.31 (1–3). Unstable expansion of CAG repeats has been
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Figure 1. Schematic diagram illustrating the structure of the transgene (DRPLA18E), positions of probe A and Neo (stippled boxes) and HindIII restriction fragments
(lines) used to identify the transgenic mice. DRPLA18E containing the entire mutant DRPLA gene was cloned by screening a cosmid genomic DNA library derived
from a DRPLA patient. The exons of the DRPLA gene are depicted by solid boxes, and exon numbers are given below the boxes. Flanking regions and introns are
depicted by lines. The restriction map for HindIII (H), BglII (B) and ClaI (C) is shown at the top of the figure. This construct includes regions flanking the DRPLA
gene (17 kb upstream and 5 kb downstream) and the SuperCos1 cosmid vector containing the SV40 promoter and neomycin gene (open box).

identified as a mutation common to eight neurodegenerative
diseases including spinal and bulbar muscular atrophy (SBMA),
Huntington’s disease (HD), spinocerebellar ataxia type 1 (SCA1),
Machado–Joseph disease (MJD), spinocerebellar ataxia type 2
(SCA2), spinocerebellar ataxia type 6 (SCA6) and spinocerebel-
lar ataxia type 7 (SCA7); many other neurodegenerative diseases
are also speculated to be caused by similar mutations (4–12).

In these diseases, the CAG repeat instability is related
intimately to various clinical and genetic features. First, inverse
correlations exist between the size of expanded CAG repeats and
the age at onset. Secondly, intergenerational increases in the sizes
of expanded CAG repeats result in genetic anticipation and
accelerated age at onset in successive generations. Thirdly, the
broad spectra of clinical presentations are a function of the size
of the expanded CAG repeats. The CAG repeat instability is
observed not only in germline cells but also in somatic cells. The
latter leads to somatic mosaicism resulting in considerable
variations in the size and range of expanded CAG repeats among
various tissues (13–17).

The DRPLA gene contains one of the most highly unstable
CAG repeats identified, with intergenerational changes of +5.81
± 0.92 and +1.25 ± 1.55 in paternal and maternal transmissions,
respectively (18). As a result of the intergenerational instability
of expanded CAG repeats, a mean acceleration of age at onset of
25.6 ± 2.4 and 14.0 ± 4.0 years per descendant has been observed
in paternal and maternal transmissions, respectively (18). On the
other hand, the involvement of somatic mosaicism in the
pathogenesis of DRPLA remains to be determined, because no
direct relationship between the degree of somatic mosaicism and
the distribution of neuropathological changes in this disease has
been established (15,16). Interestingly, it has been demonstrated
that the expanded CAG repeats in the cerebellum exhibit the
smallest degree of somatic mosaicism in HD, SCA1, MJD and
DRPLA. Furthermore, we proposed that the degree of somatic
mosaicism increases with age, on the basis of the analysis of
somatic mosaicism in autopsied brains of DRPLA patients at
various ages at death (16). These data raise the possibility that
somatic mosaicism of expanded CAG repeats changes in a cell
lineage-dependent and time-dependent manner.

Although the molecular mechanisms underlying CAG repeat
instability are not well understood, it has been demonstrated by
haplotype analysis that founder chromosomes are present in HD
(19–21), MJD (22,23), DRPLA (24) and SCA7 chromosomes

(25). The common haplotypes in HD, MJD and DRPLA are also
shared with large CAG repeats within the normal range which
represent intermediate alleles. Based on these observations,
cis-elements in the genomic structure are presumed to be
associated with CAG repeat instability. In addition, previous
studies have shown that transgenic mice carrying cDNAs with
expanded CAG repeats do not exhibit intergenerational instabil-
ity (26–28). On the other hand, intergenerational instability has
been observed in transgenic mice carrying a genomic fragment
with expanded CAG repeats (29,30). These results also suggest
that the genomic structure and the cis-elements in the genomic
DNA are prerequisites for CAG repeat instability.

With this perspective, we determined that transgenic mice
harboring an entire mutant gene including flanking regions
derived from a mutant allele would be required to investigate the
molecular mechanisms of CAG repeat instability. Generation of
such mice has, however, not been successful due to difficulties in
the cloning and introduction of the large genes for these diseases.
On the other hand, the DRPLA gene spans only 20 kb (31), and
the disease is among those such as SCA7 characterized by large
intergenerational changes (18,32–34). Thus, we determined that
the DRPLA gene was quite suitable for investigating the
molecular mechanisms of CAG repeat instability, and generated
transgenic mice harboring a single copy of a mutant DRPLA gene.

RESULTS

Intergenerational instability of CAG repeats in
transgenic mice

We cloned 24 overlapping cosmid clones by screening a cosmid
genomic DNA library constructed using the genomic DNA of a
DRPLA patient. A cosmid clone (DRPLA18E) carrying a 36 kb
genomic insert was selected for further analysis, because the
clone contained the entire mutant DRPLA gene with 78 CAG
repeats and the largest upstream region in the DRPLA gene (Fig.
1). Indeed, DRPLA18E included the genes for neuron-specific
enolase 4.6 kb upstream of the DRPLA gene and for snRNA U7
1.3 kb downstream (35). This result confirmed that DRPLA18E
contained the entire mutant DRPLA gene.

To generate transgenic mice harboring a single copy of a
full-length human mutant DRPLA gene, we used embryonic stem
(ES) cells as a route for transferring DRPLA18E. Five ES clones
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Figure 2. Mutation rates (%) per descendant in the Drm21 line. Parental ages at the time of birth of offspring are shown above, and numbers of transgenic offspring
in each subgroup are shown below the histograms. (A) In male transmission, the expansion rate increased with age from 3.8 to 13%. (B) In female transmission, the
contraction rate increased from 10 to 41%.

each carrying a single copy of the transgene were obtained from
24 independent G418-resistant clones. Further analysis with the
probe Neo which was a 1321 bp AvaI and HindIII fragment of the
SuperCos1 cosmid vector excluded the possibility of integration
of a truncated insert including the neomycin gene or additional
rearrangements (unpublished data). From these ES clones, we
generated three transgenic lines, Drm12, Drm21 and Drm22,
carrying 78, 76 and 77 CAG repeats, respectively. Although the
expression of transgenes in the brain in each of the three lines was
confirmed by RT–PCR analysis, these transgenic mice revealed
no obvious phenotype for over a year (unpublished data).

Intergenerational changes in the sizes of expanded CAG
repeats were analyzed mainly in the Drm21 line. The segregation
ratios of transgenes were 51% in both male and female
transmissions. In male transmission, expansion and contraction
of CAG repeats were observed in 6.2 and 1.4% per descendant,
respectively (n = 211). In female transmission, contraction was
observed in 27% (n = 215), while expansion was not observed at
all. The mean increases in the sizes of CAG repeats per generation
were +0.043 ± 0.020 and –0.340 ± 0.043 in male and female
transmissions, respectively. This parental bias in the intergenera-
tional changes in the sizes of CAG repeats was highly significant
(P < 0.001).

In order to investigate the effect of aging, the intergenerational
changes were compared among four subgroups classified on the
basis of parental ages at the birth of the offspring. Interestingly,
the mutation rate per descendant increased with the parental age.
In male transmission, the expansion rate increased with age from
3.8 to 13%. In contrast, in female transmission, the contraction
rate increased from 10 to 41% (Fig. 2). Furthermore, these
correlations between the intergenerational changes and parental

ages were significant in both male (rs = 0.16, P < 0.05) and female
(rs = –0.29, P < 0.001) transmissions (Fig. 3).

Intergenerational instability in DRPLA patients

To investigate if similar intergenerational instabilities underlie
transmission of the mutant DRPLA gene in DRPLA patients, we
analyzed 83 transmissions, including 56 paternal and 27 maternal
transmissions, in 56 DRPLA pedigrees (Fig. 4). The intergenera-
tional changes were +7.29 ± 0.69 (n = 56) and +1.37 ± 0.58 (n =
27) in paternal and maternal transmissions, respectively, and this
difference between paternal and maternal transmissions was
significant (P < 0.001). In paternal transmission, there was a
significant correlation between the intergenerational changes and
the paternal age (r = 0.30, P < 0.05). Furthermore, there was a
significant increase in variance at paternal ages ≥35, compared
with that at paternal ages < 35 (P < 0.005) and a similar increase
in variance was observed from paternal ages 32–39. In maternal
transmission, there was an increasing trend toward contraction of
CAG repeats (r = –0.19), but this was not significant (P = 0.338).
It should be noted, however, that contraction events were
observed exclusively in maternal transmissions, suggesting that
contraction events are phenomena highly specific to oogenesis.

Somatic mosaicism in transgenic mice

At the age of 64 weeks, genomic DNAs from various tissues were
analyzed and the sizes and ranges of the CAG repeat expansions
were determined in all three lines. Among the tissues, consider-
able variations in the size ranges of CAG repeats similarly were
observed in both male and female mice of the Drm21 line (Fig.
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Figure 3. Relationships between the intergenerational changes in the sizes of
CAG repeats and parental ages in the Drm21 line. Each value indicates the
mean ± SEM for the subgroup corresponding to that in Figure 2. Significantly
positive and inverse correlations were observed in male (rs = 0.16, P < 0.05)
(A) and female (rs = –0.29, P < 0.001) (B) transmissions, respectively. The
mean changes in the sizes of CAG repeats per year (regression coefficients)
were +0.31 and –1.21 in male and female transmissions, respectively.

5A). In the other two lines, an identical pattern was observed
reproducibly (unpublished data). Of particular note was the much
smaller size range of CAG repeats in the cerebellum compared
with the cerebrum and other somatic tissues. Similarly, a small
size range of CAG repeats was observed in the heart. To evaluate
the age-dependent changes in the sizes of CAG repeats, we
analyzed the genomic DNAs from various tissues at the age of 3
weeks. The size ranges of CAG repeats were much smaller at 3
weeks than at 64 weeks, and no tissue-specific differences were
observed in the size ranges at 3 weeks, suggesting that the degree
of somatic mosaicism of the CAG repeats increases with age. To
confirm this, the age-dependent increase in the somatic mosai-
cism of the CAG repeats was demonstrated in the tail DNAs
obtained at 3 and 64 weeks from the same mice (Fig. 5B).

Figure 4. Relationships between the intergenerational changes in the sizes of
expanded CAG repeats and parental ages in human DRPLA patients. There was
a significant correlation between the intergenerational changes in the sizes of
the expanded CAG repeats and the paternal age (r = 0.30, P < 0.05). The mean
changes in the sizes of CAG repeats per year (regression coefficients) were
+0.27 and –0.15 in paternal and maternal transmissions, respectively. Although
there was a trend toward inverse correlation between the intergenerational
changes in the sizes of expanded CAG repeats and the maternal age, it was not
significant (r = –0.19, P = 0.338).

DISCUSSION

We established three transgenic lines each harboring a single copy
of an entire human mutant DRPLA gene. These transgenic mice
exhibited a strong parental bias with respect to the intergenera-
tional changes in the sizes of CAG repeats. Furthermore, we
observed somatic mosaicism which varied among tissues in an
age-dependent manner, and the pattern was identical in the three
lines. These data suggest that the instabilities of the CAG repeats
are independent of the integration sites of the transgene.

The transgenic mice described in the present study exhibited
CAG repeat instabilities comparable with those observed in
DRPLA patients. First, these mice exhibited intergenerational
instability of CAG repeats. Secondly, there was a significant
difference in the intergenerational changes in the sizes of CAG
repeats between male and female transmissions, with the male
transmission being associated with a greater increase in the size of
CAG repeats than female transmission. Thirdly, somatic mosai-
cism of CAG repeats was demonstrated. Particularly, the size range
of CAG repeats in the cerebellum was much smaller than that in
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Figure 5. Somatic mosaicism in the Drm21 line. (A) Genescan traces of the
CAG repeats from eight tissues of male and female mice at the ages of 3 and
64 weeks. At the age of 64 weeks, the size ranges of CAG repeats were much
smaller in the cerebellum and heart compared with those in the cerebrum, liver,
kidney, ovary and tail. In contrast, the size ranges of CAG repeats were much
smaller at 3 weeks, with no tissue-specific differences in the size ranges. (B) The
age-dependent changes in the sizes of CAG repeats were also observed in the
tail DNAs obtained at 3 and 64 weeks from the same mice.

the cerebrum or other somatic tissues as determined in autopsied
brains of DRPLA patients (16). Thus, the transgenic mice
harboring a single copy of a human DRPLA gene used in this study
more closely replicate the intergenerational as well as somatic
instabilities of the expanded CAG repeats observed in human
DRPLA patients than previously described transgenic mice. In the
transgenic mice harboring a single copy of a full-length SCA1
cDNA driven by a Purkinje cell-specific promoter (36), only
contraction of the CAG repeats was observed in female trans-
mission, while expansion of the CAG repeats and somatic
mosaicism were not observed. Thus, our results emphasize the
importance of the genomic structure for the expression of CAG
repeat instabilities, especially the expansion of CAG repeats.

In the transgenic mice used in this study, there was a significant
age-dependent increase in the intergenerational changes in the sizes
of expanded CAG repeats similar to that described in one
transgenic line for HD (29). To investigate whether the age-de-
pendent increase in the intergenerational changes in the sizes of the
CAG repeats observed in the transgenic mice is also observed in
DRPLA patients, we analyzed 83 parent–offspring pairs of
DRPLA patients (56 paternal and 27 maternal transmissions) and
found a significant correlation between the intergenerational
changes in the sizes of the expanded CAG repeats and the paternal
age. Although an age-dependent increase in the degree of
anticipation has been suspected previously based on clinical
observations (37), this study is the first to demonstrate the
age-dependent increase in the intergenerational changes in the sizes
of the expanded CAG repeats in human CAG repeat diseases.

It is known that spermatogenesis continues throughout adult
life; the spermatogenesis cycles are estimated to be 42 cycles per
year in mice and 23 cycles per year in humans (38,39). As shown
in Figure 3, the linear regression fits quite well with the
age-dependent increase in the intergenerational instability of
CAG repeats in transgenic mice. Furthermore, a similar age-de-
pendent increase in the intergenerational instability of CAG
repeats was confirmed in human paternal transmission. Based on
the linear regression model and the continuous cell division
required for spermatogenesis throughout adult life, the mean
increase in the size of CAG repeats in mouse male transmission
was calculated to be +0.31 per year and +0.0073 per spermatoge-
nesis cycle. Interestingly, despite the fact that the actual sizes of
the instabilities are very small in the transgenic mice, these values
were comparable with those observed in DRPLA patients, which
were calculated to be +0.27 and +0.012, respectively, on the basis
of the aforementioned assumptions (Fig. 6). These results
strongly suggest that the difference in the actual intergenerational
changes between humans and mice is due to the different
reproductive lifespans and that a common mechanism underlies
the age-dependent increase in the sizes of CAG repeats in both
humans and mice.

In contrast to spermatogenesis, considering that oogenesis in
the mouse occurs only during fetal life and ceases at the diplotene
stage of the first meiotic prophase by 5 days after birth (40), the
aforementioned age-dependent contraction of CAG repeats is
considered to occur after the cessation of meiotic DNA repli-
cation (Fig. 6). Similar observations have been made in mice
transgenic for SCA1 and SBMA (30,36). These results strongly
suggest that contraction of the CAG repeats occurs during the
prolonged resting stage, and mechanisms such as repair of
damaged DNA or selective degeneration of the primary oocyte
with larger CAG repeats might be involved in the contraction
process. Therefore, we would need to consider two processes to
explain CAG repeat instability in female transmission: (i)
instability in successive cell division from the zygote to primary
oocyte and (ii) instability in the prolonged resting stage. Given the
age-dependent contraction of the CAG repeats in female
transmission, the latter process is considered to be involved in the
contraction of the CAG repeats in transgenic mice. Although
there is no direct evidence, one hypothesis is that successive cell
division from the zygote to the primary oocyte may result in the
expansion of CAG repeats. In human maternal transmission, an
intergenerational change in size of +1.37 ± 0.58 (n = 27) was
observed, while in the female transmission of the transgenic mice,
it was –0.36 ± 0.043 (n = 215). Since the number of cell divisions
occurring between the zygote and primary oocyte stages is much
larger in humans than in mice, this difference could account for
the slightly increased intergenerational change of the CAG
repeats observed in human maternal transmission. Interestingly,
this trend toward age-dependent contraction was also suggested
in the case of maternal transmission in DRPLA patients (Fig. 4),
although it did not reach a statistically significant level. To
explore this possibility further, a much greater number of cases
resulting from maternal transmission will be required, but this is
difficult in practice due to the low prevalence rate of DRPLA and
the relatively narrow reproductive span in female DRPLA
patients in contrast to the broad reproductive span in male
DRPLA patients.

In conclusion, the present study clearly demonstrates that
different mechanisms for CAG repeat instability are involved
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Figure 6. Gametogenesis and CAG repeat instability. The number of cell divisions required to produce a spermatozoon is much larger than that required to produce
an egg, which could account for the difference in the intergenerational instability between male and female transmissions. During spermatogenesis, spermatogonia,
as stem cells, undergo continuous cell division throughout adult life at 42 cycles per year in mice and 23 cycles per year in humans. Considering the number of cell
divisions per year, the mean changes in the sizes of CAG repeats per year were calculated to be +0.31 (+0.0073 per spermatogenesis cycle) and +0.27 (+0.012 per
spermatogenesis cycle) in Drm21 mice and DRPLA patients, respectively. In the case of oogenesis, primordial germ cells continuously divide to produce oogonia
during fetal life and give rise to the maximum populations of 2.5 × 104 (≈ 215) and 6.8 × 106 (≈ 223) in mice and humans, respectively. Up to puberty, all female germ
cells (primary oocytes) containing a tetraploid amount of DNA (4n) arrested at the diplotene stage of the first meiotic prophase are in the prolonged resting stage. Thus
the aforementioned observations suggest that age-dependent contraction of CAG repeats occurs after the cessation of meiotic DNA replication, especially during the
prolonged resting stage. In addition, expansion of CAG repeats may occur during the process of cell division taking place between the zygote and primary oocyte stages.

during spermatogenesis and oogenesis, and also that common
mechanisms are involved in humans and mice.

This study also demonstrated somatic instabilities of CAG
repeats, comparable with those observed in DRPLA patients.
First, the size range of the CAG repeats was smaller in the
cerebellum than in the cerebrum and various somatic tissues. This
observation has been well documented in HD, SCA1, MJD and
DRPLA (13–17). Since the cerebellum contains a dense popula-
tion of granule cells which are neurons, it is assumed that neurons
exhibit the lowest instability because they do not undergo cell
division and that cell division is required for the development of
somatic instabilities of CAG repeats (16). Similar phenomena
were observed in the granular layers of the cerebellar cortex and
hippocampal formation in autopsied DRPLA brains (17). Inter-
estingly, heart muscle also exhibited a small size range of CAG
repeats in the transgenic mice. The postmitotic nature of heart
muscle cells could account for this phenomenon. To confirm that
neurons show the lowest variability in CAG repeat size, direct
analysis of individual neurons would be required. Another
interesting finding of the present study is the age-dependent
increase in the degree of somatic mosaicism. As shown in Figure
5, the size ranges of CAG repeats were much larger at 64 weeks
compared with those at 3 weeks. In our previous study on somatic
mosaicism in DRPLA patients, we found that the size range of
CAG repeats exhibited a strong correlation with the age at death.
Based on these findings, we proposed the hypothesis that the

degree of somatic mosaicism increases with the patients’ age
(16). The results of our study strongly support this hypothesis.

It has been clearly demonstrated that transgenic mice harboring
a single copy of an entire human mutant DRPLA gene carrying an
expanded CAG repeat show age-dependent intergenerational as
well as somatic instabilities of CAG repeats. Since instabilities of
expanded CAG repeats in transgenic mice are comparable with
those observed in human DRPLA patients, such transgenic mice
are expected to be good models for exploring the molecular
mechanisms that underlie instabilities of CAG repeats.

MATERIALS AND METHODS

Cloning of the mutant DRPLA gene

A high molecular weight genomic DNA fragment extracted from
a lymphoblastoid cell line of a DRPLA patient with 79 CAG
repeats was partially digested with Sau3AI and size-fractionated
by pulse-field agarose gel electrophoresis. The genomic DNA
fragments ranging in size from 30 to 42 kb were purified from the
gel by electroelution, dephosphorylated by alkaline phosphatase
and ligated into the BamHI-cleaved SuperCos1 cosmid vector
(Stratagene). The ligation products were in vitro packaged using
Gigapack III gold packaging extract (Stratagene) and propagated
through Escherichia coli XL1-Blue MR. Cosmid clones carrying
the mutant DRPLA gene were isolated by colony hybridization
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using a fragment of the DRPLA cDNA as the probe (probe A in
Fig. 1), which was the 648 bp AccI–EcoRI fragment of human
DRPLA cDNA (41).

Generation of transgenic mice

A cosmid clone (DRPLA18E) containing the entire mutant
DRPLA gene with 78 CAG repeats was linearized by ClaI
digestion. Ten micrograms of the linearized cosmid DNA was
transferred into 1 × 107 ES cells (CCE) by electroporation as
described previously (42). The copy numbers of transgenes were
determined by Southern blot analysis of HindIII-digested ES cell
DNAs using probe A, followed by densitometric quantitation of
the bands derived from the transgenes compared with that of the
endogenous mouse DRPLA gene on the autoradiograms using a
Fuji Bioimaging Analyzer BAS2000. ES cells containing a single
copy of the transgene were selected and injected into C57BL/6J
blastocysts as described previously (42). Transgenic mice were
generated from chimeric founders through germlines. Each of the
hemizygous transgenic offspring, 12 male and 12 female mice,
were mated with C57BL/6J mice and the intergenerational
changes in the sizes of expanded CAG repeats were analyzed in
both male and female transmissions. Somatic mosaicism was
analyzed using genomic DNAs extracted from various tissues at
the ages of 3 and 64 weeks.

Analysis of the CAG repeat expansion

Mouse genomic DNAs were extracted from various tissues using
the QIAamp Tissue Kit (Qiagen). The CAG repeat size was
determined by PCR using previously described methods with
minor modifications (2,16). Briefly, PCR was performed in a total
volume of 30 µl containing 10 mM Tris–HCl (pH 8.4), 50 mM
KCl, 2.0 mM MgCl2, 2.0 M N,N,N-trimethylglycine, 250 µM
dNTP and 10 pmol of each primer with one primer labeled with
FAM. The PCR products were electrophoresed through denatur-
ing 6% polyacrylamide gels. The GS500 TAMRA-labeled size
standard (Perkin Elmer) and PCR products obtained by ampli-
fication of a mouse genomic DNA carrying 76 CAG repeats with
the primer labeled with TET were also run simultaneously in the
same lanes. The CAG repeat size was determined using the ABI
377 DNA sequencer and Genescan version 2.1 software.

Analysis of intergenerational changes in DRPLA
parent–offspring pairs

We analyzed 56 paternal and 27 maternal transmissions in 36 and
20 DRPLA pedigrees, respectively. The diagnosis of DRPLA
was made on the basis of molecular testing. Informed consent was
obtained from all of the subjects. The sizes of expanded CAG
repeats were determined as described previously (2,32).

Statistical analysis

Mann–Whitney U test and Spearman rank correlation analysis
were used to determine the significances of differences between
male and female transmissions and the correlations between the
intergenerational changes and parental ages, respectively. For the
analyses of correlation and variance in human subjects, Pearson’s
correlation analysis and F test were used, respectively. These
statistical analyses were performed using the SPSS version 6.01

for Windows. A P-value <0.05 was considered statistically
significant.
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