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Abstract
The fragile X premutation is a tandem CGG trinucleotide repeat expansion in the Fragile X Mental
Retardation 1 (FMR1) gene between 55 and 200 repeats in length. A CGG knock-in (CGG KI)
mouse has been developed that models the neuropathology and cognitive deficits reported in
fragile X premutation carriers. Previous studies have demonstrated that CGG KI mice have
spatiotemporal information processing deficits and impaired visuomotor function that worsen with
increasing CGG repeat length. Since skilled forelimb reaching requires integration of information
from the visual and motor systems, skilled reaching performance could identify potential
visuomotor dysfunction in CGG KI mice. To characterize motor deficits associated with the
fragile X premutation, 6 month old female CGG KI mice heterozygous for trinucleotide repeats
ranging from 70–200 CGG in length were tested for their ability to learn a skilled forelimb
reaching task. The results demonstrate that female CGG KI mice show deficits for learning a
skilled forelimb reaching task compared to wildtype littermates, and that these deficits worsen
with increasing CGG repeat lengths.
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1. Introduction
The Fragile X Mental Retardation 1 (FMR1) gene is polymorphic for the length of a CGG
trinucleotide repeat in the 5’ untranslated region (UTR). In the general population there are
fewer than 45 CGG repeats in the FMR1 gene, while in the full mutation underlying fragile
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X syndrome (FXS) there are greater than 200 CGG repeats and the FMR1 gene is
transcriptionally silenced. In the fragile X premutation there are between 55–200 CGG
repeats and increased transcription of FMR1 mRNA (Garcia-Arocena & Hagerman, 2010).

To investigate the pathological and behavioral consequences of the fragile X premutation, a
transgenic CGG knock-in (KI) mouse was developed in which the 5’ UTR containing 8
CGG repeats in the endogenous murine Fmr1 gene was replaced, via homologous
recombination, with a human Nhel-Xhol fragment containing 98 CGG repeats (Willemsen et
al., 2003). Behavioral analyses of these mice have demonstrated spatiotemporal processing
deficits (Hunsaker et al., 2009, 2010) and an early motor phenotype evaluated by a skilled
ladder walking task that was interpreted as impaired visuomotor processing (Hunsaker et al.,
2011).

To further characterize the nature of the motor performance deficits in CGG KI mice, female
CGG KI mice heterozygous for the fragile X premutation were trained on a skilled reaching
task based on work by Whishaw and colleagues (Farr & Whishaw, 2002), among others
(Buitrago et al., 2004; Hermer-Vazquez et al., 2007; Kolb & Gibb, 2010; Tennant & Jones,
2009). Female mice heterozygous for the fragile X premutation were chosen for this study
over male mice because the frequency of fragile X premutation is higher in females than
males (1:113 females vs 1:250 in males; cf., Hagerman, 2008). Additionally, there have also
been emerging reports of neurocognitive abnormalities in human females carrying the
fragile X premutation and heterozygous female CGG KI mice (Goodrich-Hunsaker et al.,
2011a,b,c; Hunsaker et al., 2010, 2011; Lachiewicz et al., 2006). The importance of studying
female premutation carriers and CGG KI mice is that the identification of subtle phenotypes
in these less affected populations may inform research into the underlying mechanisms
subserving the more profound phenotypes observed in males. A skilled forelimb reaching
task was chosen as it has been shown that reaching in peripersonal space (i.e., space within
reach of a limb) depends upon integration of visuospatial and motor information across
widespread neural circuitry involving the basal ganglia, motor and posterior parietal cortices
(Kolb & Gibb, 2010; Redish & Touretzky, 1994; Beloozerova & Sirota, 2003; Beurze et al.,
2010; Simon, 2008), superior colliculus, and cerebellum (MacKinnon et al., 1976). Each of
these structures are affected to some degree in the carriers of the fragile X premutation and
the CGG KI mouse (Adams et al., 2007; Hunsaker, et al., 2009, 2010, 2011; Keri &
Benedek, 2009, 2010; Lachiewicz et al., 2006; van Dam et al., 2005; Wenzel et al., 2010;
Willemsen et al., 2003). Furthermore, previous studies with rats using single pellet reaching
tasks demonstrate a relationship between impaired motor control and onset/severity of
neurological disease, particularly focusing on the deleterious effects of dopamine depletion
on skilled reaching performance (cf., Vergara-Aragon et al., 2003).

In the present study, CGG KI mice were trained to extend their forelimb through an opening
to grasp and retrieve a sucrose pellet. We demonstrated that heterozygous female CGG KI
mice took between 1 and 2 days longer to reach asymptotic performance on the skilled
forelimb reaching task and that the CGG KI mice failed to reach the same asymptotic level
of performance as wildtype littermates (i.e., never reached with the same level of success).
Furthermore, a CGG repeat length dosage effect was evident within the CGG KI mice: such
that mice with longer CGG repeat lengths (136–200) had a lower percentage of successful
reaches than CGG KI mice with more intermediate length CGG repeats (70–116), and took
longer to acquire the task. Furthermore, Within the CGG KI mice there was a negative
association between increasing CGG repeats and performance on the skilled reaching task.
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2. Methods and Materials
2.1. Animals

Twelve female CGG KI mice heterozygous for the fragile X premutation at 6 months of age
and 6 female wildtype mice of the same age were used as subjects for this task. All wildtype
mice were littermates with CGG KI mice included in the study. All CGG KI mice were bred
onto a congenic C57BL/6J background over greater than 12 generations from founder mice
on a mixed FVB/N×C57BL/6J background (Willemsen et al., 2003). Mice were housed in
same sex, mixed genotype groups with three or four mice per cage in a temperature and
humidity controlled vivarium on A 12 h light-dark cycle. Mice had ad libitum access to
water and were maintained at 90–95% their free feeding weight throughout experimentation.
Mouse weights did not differ among genotypes during experimentation. All experiments
were conducted during the light phase of the diurnal cycle and conformed to University of
California, Davis IACUC approved protocols.

2.2. Genotyping
As somatic instability of CGG repeats among tissues in the CGG KI mouse has been shown
to be negligible (under 10 CGG repeats across tissues; Berman & Willemsen, 2009;
Willemsen et al., 2003), genotyping was carried out upon tail snips. DNA was extracted
from mouse tails by incubating with 10 mg/mL Proteinase K (Roche Diagnostics;
Mannheim, Germany) in 300 µL lysis buffer containing 50 mM Tris-HCl, pH 7.5, 10 mM
EDTA, 150 mM NaCl, 1% SDS overnight at 55°C. One hundred µL saturated NaCl was
then added and the suspension was centrifuged. One volume of 100% ethanol was added,
gently mixed, and the DNA was pelleted by centrifugation and the supernatant discarded.
The DNA was washed and centrifuged in 500 µL 70% ethanol. The DNA was then
dissolved in 100 µL milliQ-H2O. CGG repeat lengths were determined by PCR using the
Expanded High Fidelity Plus PCR System (Roche Diagnostics). Briefly, approximately
500–700 ng of DNA was added to 50 µL of PCR mixture containing 2.0 µM/L of each
primer, 250 µM/L of each dNTP (Invitrogen; Tigart, OR), 2% dimethyl sulfoxide (Sigma-
Aldrich; St. Louis, MO), 2.5 M Betaine (Sigma- Aldrich), 5 U Expand HF buffer with mg
(7.5 µM/L). The forward primer was 5’-
GCTCAGCTCCGTTTCGGTTTCACTTCCGGT-3’ and the reverse primer was 5’-
AGCCCCGCACTTCCACCACCAGCTCCTCCA-3’. PCR steps were 10 min denaturation
at 95°C, followed by 34 cycles of 1 min denaturation at 95°C, annealing for 1 min at 65°C,
and elongation for 5 min at 75°C to end each cycle. PCR ends with a final elongation step of
10 min at 75 °C. DNA CGG repeat band sizes were determined by running DNA samples on
a 2.5% agarose gel and staining DNA with ethidium bromide (Brouwer et al., 2008a;
Hunsaker et al., 2011). For female CGG KI mice heterozygous for the fragile X premutation
there were two bands present, one corresponding to the wildtype allele (CGG repeat length
8–12), and another corresponding to the premutation allele (CGG repeat length 70–200). For
wildtype mice, only the wildtype allele was present. Genotyping was performed twice on
each animal, once using tail snips taken at weaning and again on tail snips collected at
sacrifice. In all cases the genotypes matched.

2.3. Skilled Forelimb Reaching Apparatus
The apparatus for the skilled forelimb reaching task was a transparent Plexiglas box 19.5 cm
long, 8 cm wide, and 20 cm tall. A 1-cm wide vertical window ran up the front of the box
centered along the front wall. A .2-cm thick plastic shelf (8.3 cm long and 3.8 cm wide) was
mounted 1.1 cm from the floor on the front of the box. Twenty mg banana-flavored sucrose
pellets (Bioserve Inc.; Frenchtown, NJ) could be placed in indentations spaced 1 cm away
from the window and centered on its edges such that the mouse could only reach each
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indentation with one paw and could not reach the pellets with their tongue (cf., Farr &
Whishaw, 2002).

3. Experimental Methods
3.1. Skilled Forelimb Reaching Task

3.1.1. Pretraining—Mice were food deprived to 90–95% free feeding weight and given
access to 20 mg banana flavored sucrose pellets in their home cage to habituate to the food
reward for 2 days. Throughout experimentation mice were provided sufficient food to
maintain 95% free feeding weight 30 min after experimentation each day.

3.1.2. Training—On days 3–5, mice were placed in the apparatus with sucrose pellets on
the floor and in the open window within reach of the mouse’s tongue for 30 min and allowed
to consume sucrose pellets. On days 6–10, mice were placed in the apparatus with sucrose
pellets available straight ahead immediately outside the open window for 15 min, allowing
the mouse to use their tongue to obtain the reward pellet. When mice freely ate rewards,
they moved on to task acquisition.

3.1.3. Acquisition—Prior to the first day of acquisition, mice were placed in the apparatus
with the indentations on both sides outside the window containing sucrose pellets. The mice
were allowed to reach and obtain as many rewards as possible for 15 min. The paw
preference of each mouse was determined as the paw used during the majority of individual
reaches. Starting the next day, all mice were trained against their paw preference.

Mice were placed in the apparatus for 15 min with one sucrose pellet placed on the side of
the open window such that the mouse could only obtain it with the non-preferred paw. Each
time the mouse reached, an experimenter blinded to mouse genotype recorded whether the
reach was successful or whether or not errors occurred and immediately replaced the reward
pellet when displaced. A successful reach was defined as the mouse obtaining and
consuming the food pellet. If the mouse knocked the pellet away or dropped it prior to eating
it an error was recorded. This acquisition was continued for 15 days.

3.2. Dependent Measures and Statistical Analysis
Because the fragile X premutation is present developmentally and has been shown to alter
neurodevelopmental trajectories (Cunningham et al., 2011), data were collected during
acquisition of the skilled reaching task rather than during postacquisition performance tests
as per the more common approach in brain lesion studies (cf., Farr & Whishaw, 2002).

The number of times that the mouse successfully reached and obtained a sucrose pellet
reward was collected as the dependent variable. If the mouse reached and missed/displaced
the pellet during a reach or dropped the pellet before consuming it, an error was recorded
and the pellet was immediately replaced. Qualitative observations concerning the behavior/
strategy of each mouse was also recorded by the observer. For analysis, the percentage of
reaches that were successful was calculated for each day: (% successful reaches = [number
of successful reaches / total number of reaches] * 100).

To determine whether parametric analyses of variance (ANOVA) were appropriate for the
data, tests of normality, homoscedasticity, and sphericity were performed. Once it was
determined that parametric statistics were appropriate for the data, the data were plotted and
placed into CGG repeat length groups as follows: the mice in the wildtype group all had
between 8–12 CGG repeats (mean 10 +/− .2 SEM; n=6), mice included in the Low CGG
repeat group ranged between 70–116 CGG repeats (mean 86 +/− 7; n=6), and the mice
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included in the High CGG repeat group ranged between 136–200 CGG repeats (mean 168 +/
− 12; n=6). Similar groupings were also used in previous studies of male and female CGG
KI mice (Hunsaker et al., 2010, 2011). A 3 (CGG repeat group) × 15 (Day) repeated
measures analysis of covariance (ANCOVA) was used to determine differences among the
groups for acquisition of the skilled reaching task with total number of times each mouse
reached during each session as a covariate. Similar ANOVA were used to confirm that the
total number of reaches did not differ among genotypes.

To specifically determine differences in the day the mice learned the task to asymptotic
performance levels, the data for each animal was evaluated for the point at which the
learning curved changed from being linear to curvilinear and confirmed using the change
point algorithm reported by Gallistel et al. (2004; translated into R from the original
MATLAB code). The first change point in the returned change point array corresponded to
the first point at which the learning curve statistically significantly changed (discrimination
threshold was set at logit=3: odds against = 1,000:1 or p<0.001) was chosen as the index of
learning for each mouse. This change point for each animal was then used to compare the
learning index across groups using a one way ANOVA.

Subsequent analyses were performed to further characterize all main effects, and Tukey-
HSD post hoc pairwise comparisons tests were used to characterize all significant main
effects and interactions among factors. To characterize any possible relationship of
performance on the skilled forelimb reaching task as a function of CGG repeat length in
CGG KI animals with expanded (70–200) CGG trinucleotide repeats, a Pearson’s
correlation coefficient was calculated comparing asymptotic performance (performance
averaged across days 12–15) and CGG repeat length. To control for the false discovery rate
(FDR) given the number of analyses performed on the data, p values were FDR adjusted as
outlined by Benjamini et al. (2001). All analyses were considered significant at p(adj)<.05.
Statistical analyses were performed in R 2.13.1 language and environment (R Development
Core Team, 2011).

4. Results
For all mice, data were grouped by CGG repeat length (wildtype, Low CGG, High CGG)
and analyzed across days of training using repeated measures ANCOVA with percent
successful reaches as the dependent variable, CGG repeat group as the grouping factor, and
day of training as a repeated within-subjects factor with total number of attempted reaches
during each session as a covariate. All p values have been FDR adjusted per Benjamini et al.
(2001). There was a main effect of CGG repeat length group (F(2,211)= 54.75, p(adj)<.001),
an effect for training day (F(14,211)=26.38, p(adj)<.001), and there was a significant
interaction between group and day (F(28,211)=1.69, p(adj)=.02), suggesting that the
longitudinal performance trajectory differed among CGG repeat groups. Total number of
reaches per session did not significantly contribute to skilled forelimb reaching task
acquisition (F(14, 211)=1.08, p(adj)=.30), and did not differ among CGG repeat groups
(F(28,211)=.94, p (adj)=.56; wildtype mean 46 +/− 12 (SEM) reaches per session; Low CGG
repeat group 53 +/− 19 reaches per session; High CGG repeat group 51 +/− 9 reaches per
session).

To further characterize the significant interaction, a Tukey-HSD post hoc pairwise
comparisons test demonstrated that no groups differed during days 1–6 of training (all
p(adj)>.15), on day 7–15 the wildtype group showed a greater percentage of successful
reaches than the CGG KI mouse groups (all p(adj)<.001). On day 8–15 the Low CGG group
with 70–116 CGG repeats showed a greater percentage of successful reaches than the High
CGG repeat group with 136–200 CGG repeats (all p(adj)<.01).
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Based on the results of the paired comparisons, it appears that the three groups show
differential time-courses for reaching asymptotic performance on the skilled forelimb
reaching task (Figure 1A). To evaluate differential learning rates, the day of training at
which the learning curve changed from linear to curvilinear was determined for each group,
and used to define the day of acquisition during which significant improvement in
performance had occurred. All groups showed a clear linear trend for days 1–6 of training
(all p(adj)<.01). Beginning on day 7 the learning curve for the wildtype group became
curvilinear (i.e., significant quadratic trend emerged; F(1,5)=12.04, p(adj)=.01), reflecting the
marked increase in successful reaches beginning day 7. The Low CGG group did not show a
curvilinear trend until day 8 (F(1,5)=8.25, p(adj)=.03), and the High CGG group did not
show a curvilinear trend until day 9 (F(1,5)=7.13, p(adj)=.04). A one way ANOVA
comparing the days when the trend became curvilinear across CGG groups revealed a main
effect of CGG repeat grouping (F(2,16)=39.39, p(adj)<.001). A Tukey-HSD post hoc
pairwise comparisons test revealed the wildtype group showed a curvilinear trend earlier
than the high CGG repeat group (p(adj)<.001) and low CGG repeat group (p(adj)<.01). The
low CGG repeat group showed a curvilinear trend earlier than the high CGG repeat group
(p(adj)<.01).

A confirmatory analysis of differences in the learning curve among CGG groups was
performed using a change point algorithm described by Gallistel and colleagues (2004). The
first change point in the data (corresponding to the first alteration to the learning curve at a
p<0.001 threshold) returned by the algorithm was selected for each mouse and compared
across groups: the wildtype mice showed a significant change in the slope of the learning
curve on day 7 (group mean 6.9 +/− .25 SEM), the Low CGG repeat group showed a change
in slope on day 8 (group mean 8.1 +/− .33), and the High CGG repeat group showed a
change in slope on day 9 (group mean 9.25 +/− .35), confirming the analysis using the
curvilinear trend as the measure of learning rate.

To characterize any possible relationship between CGG repeat length and performance on
the skilled forelimb reaching task in CGG KI animals with expanded CGG trinucleotide
repeats, a Pearson's correlation coefficient was calculated between CGG repeat length and
averaged performance for days 12–15 for CGG KI mice (Figure 1B). A negative association
was observed between the CGG trinucleotide repeat length and the asymptotic level of
skilled reaching performance in the CGG KI mice (wildtype mice were excluded from the
analysis to focus on expanded CGG repeat lengths unique to CGG KI mice; corr = −.63,
p(adj)=.03; R(adj)

2 =.44).

Qualitative observations collected during the reaching task suggest the CGG KI mice’s
reaching patterns differed from the wildtype mice. The wildtype mice reached with a linear
trajectory toward the reward pellet, grasped the pellet, and returned the pellet to the mouth
for consumption. The CGG KI mice, however, generally reached with a less precise,
nonlinear trajectory, specifically using a more sweeping or arcing motion to reach for the
reward pellets. Additionally, on the attempts when the CGG KI mice reached with a linear
trajectory, they appeared to close the hand either too soon or too late, generally displacing
the sucrose pellet. Both of these differences resulted in skilled reaching errors. Once the
reward was grasped by a CGG KI mouse; however, the CGG KI mice did not show any
tendency to drop the reward prior to consumption.

5. Discussion
The current experimental results provide evidence for impaired reaching abilities in CGG KI
mice that are modulated by CGG repeat length in female CGG KI mice modeling the fragile
X premutation. These data model subclinical motor features present in female carriers of the
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fragile X premutation as young as 36 years of age that show no features of FXTAS (Narcisa
et al., 2011). These female premutation carriers demonstrated impaired finger tapping used
as a measure of manual coordination in both the dominant and non dominant hands, as well
as slower reaction time with the non-dominant hand. Importantly, in the same study no gross
motor disturbances were identified. As such, the skilled reaching deficits observed in CGG
KI mice may serve as a valid behavioral biomarker for studies into progression of motor
symptoms in CGG KI mice across age or to evaluate treatment options.

The present deficits for skilled reaching in CGG KI mice suggest CGG KI mice have an
impairment along neural circuits involving the basal ganglia, motor and parietal neocortices,
cerebellum, and superior colliculus that are critical for integrating visuospatial information
with motor efferent copy to guide successful performance of a skillful reaching task (i.e., a
basal ganglia-cortical-collicular-cerebellar circuit; cf., Redish & Touretzky, 1994). This
hypothesis is supported by observations pertaining to the CGG KI mice’s reaching patterns.
Wildtype mice reached with a consistent linear trajectory toward the reward pellet, grasped
the pellet, and returned the pellet to the mouth for consumption. The CGG KI mice,
however, reached with a less precise, nonlinear trajectory, specifically using a more
sweeping or arcing motion to reach for the reward pellets. Additionally, at times the CGG
KI mice reached with a linear trajectory, but appeared to close the hand either too soon or
too late, resulting in displacing the sucrose pellet. Both of these differences resulted in
skilled reaching errors. Once the reward was grasped, however, the CGG KI mice, similar to
the wildtype mice, did not show any tendency to drop the reward prior to consumption,
suggesting intact motor function sufficient to manipulate foodstuffs. These data are
congruent with impaired visuomotor integration leading to an inability to generate, modify,
or alter initial reaching trajectories to effectively obtain the reward pellets more reliably than
ataxic or cerebellar symptoms--implicating not only functional impairments within the basal
ganglia and cerebellum, but also impairments within the parietal lobe and superior
colliculus.

Previous research has implicated the superior colliculus as a critical structure underlying
much of this visuomotor integration via reciprocal connections with the intraparietal lobule
in the parietal cortex, which has been implicated in visuospatial processing necessary to
guide skilled reaching and walking behaviors (Beloozerova & Sirota, 2003; Hikosaka et al.,
2002; Mutha et al., 2010), as well as reciprocal connectivity with the cerebellum.
Furthermore, communication between the cortex and cerebellum (via cortico-cerebellar
projections) is required for skilled motor behavior (Bays et al., 2010). Anatomically, the
superior colliculus is located in an optimal location to bridge communication between
incoming sensory input, visuospatial information, and motor output (Clower et al., 2001;
Meredith & Stein, 1986). Specifically, the superior colliculus receives projections from the
parietal cortex carrying visuospatial and somatosensory information as well as motor
efferent copy via projections from the cerebellum (Goodale et al., 1978; Sprague & Maikle,
1965). It has further been proposed reciprocal connections within the intraparietal lobule that
may be sufficient to subserve the reciprocal transfer of visuospatial and motor information
necessary to guide skilled reaching. These inputs are integrated in the superior colliculus and
feedback projections are sent back to the parietal lobes, frontal lobes (primarily the primary
motor and premotor cortices), and cerebellum to guide fine on-line corrections to ongoing
skilled motor movements (Bernier & Grafton, 2010).

It is also likely that an interaction between the basal ganglia and the rostral/parietal cortices
contribute to the observed deficits. It has been demonstrated that disruptions to the
dopaminergic system in the basal ganglia is sufficient to result in impaired skilled reaching
(Barneoud et al., 2000; Faraji & Metz, 2007; Galvan et al., 2001; Jeyasingham et al., 2001;
Melvin et al., 2005; Whishaw et al., 2007). This is important since both full mutation and
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premutation length CGG repeat expansions in the FMR1 gene disrupt dopaminergic
signaling (Ceravolo et al., 2005; Hall et al., 2006; Scaglione et al., 2008), particularly post-
synaptic signaling (Wang et al., 2008). These data suggest that the basal ganglia-cortical
interactions provide motor and visuospatial information necessary for effective visually
guided reaching (Hikosaka et al., 2002; Redish & Touretzky, 1997). In fact, basal ganglia
and cerebellum projections terminate in adjacent portions of the parietal cortex to inputs
from the superior colliculus projections (i.e., intraparietal lobule; Clower et al., 2001, 2005).

There are ample evidence for neuropathological features (e.g., intranuclear inclusion bodies
in neuronal and astroglial nuclei) in CGG KI mice along the basal ganglia-cortical-
collicular-cerebellar circuit described above (Hunsaker et al., 2009; Wenzel et al., 2010,
Willemsen et al., 2003). Intranuclear inclusions are present in the cerebellum, specifically in
the granule cell layers and Bergmann Glia, inclusions are present in neurons in the superior
colliculus at ages as young as 6 months in male and female CGG KI mice, and there are
inclusions present in neurons and astrocytes of the rostral and parietal neocortices beginning
around 6 months of age in male and female CGG KI mice. Only rarely were inclusions
found in the caudate, putamen, or globus pallidus in CGG KI mice. (Hunsaker et al., 2009;
Wenzel et al., 2010; Willemsen et al., 2003; MR Hunsaker unpublished observations).
Although intranuclear inclusion bodies are less prevalent in the brains of CGG KI mice at 6
months of age compared to 12–17 months of age, it is not correct to assume that the cell
populations are unaffected by the premutation prior to the emergence of pathological
features, as behavioral deficits have been identified in the CGG KI mousemodel as early as
2 months of age (Hunsaker et al., 2011). Despite these pathologic anatomical features being
present, in depth functional analyses of the role for these areas in cognitive function have
not been undertaken in CGG KI mice. The present experiment provides experimental
rationale toward undertaking such studies using more functional assays more fully
characterize the neurocognitive dysfunction reported in carriers of the fragile X premutation
(cf., Goodrich-Hunsaker et al., 2011a,b,c; Lachiewicz et al., 2006).

Due to the nature of the present skilled reaching task as an acquisition, rather than
performance, task the present experiment did not quantify the specific outcome measures
used by Whishaw and colleagues (Farr et al., 2002) such as the sequences of arm and hand
movements that may be able to better dissect out the relative contributions of purely motor
and cognitive contributions to task performance in CGG KI mice. More specifically, such
more sophisticated analyses would reveal whether the mice were demonstrating symptoms
congruent with motor dysmetria or else symptoms more reliably associated with general
clumsiness or ataxia. Such data would allow for more sophisticated analyses of function in
the CGG KI mouse brain, and provide a greater analogy to the measures used to quantify
motor symptoms in the human fragile X premutation, such as the CATSYS system (Narcisa,
et al., 2011).

In summary, these data provide further evidence that the female heterozygous CGG KI
mouse model of the fragile X premutation shows visuomotor processing deficits that appear
to derive from neurocognitive impairments, rather than purely motor performance
impairments. These data further suggest behavioral tasks emphasizing visuomotor
integration may be required to observe mild, prodromal motor phenotypes in carriers of the
fragile X premutation prior to the onset of any neurodegenerative processes. As such, the
skilled forelimb reaching task can be used as a translational endpoint or biomarker for future
therapeutic intervention studies.
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Highlights

CGG KI mice modeling the fragile X premutation show deficits for skilled forelimb
reaching

CGG repeat length shows a negative association with skilled reaching performance.

CGG KI mice show visuospatial and visuomotor function impairments
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Figure 1. CGG repeat length modulates skilled reaching task performance
A. During the first 6 days of learning, all mice performed similarly. After day 7, CGG KI
mice show deficits for skilled forelimb reaching compared to wildtype littermate controls
(**). Beginning on day 8, the CGG KI mice with 136–200 CGG repeats (High CGG) are
impaired relative to CGG KI mice with 70–116 CGG repeats (Low CGG) (#). ** p<.001, #
p<.01.
B. A Pearson’s correlation coefficient was calculated within CGG KI mice performance
during days 12–15 demonstrating an inverse linear association between increasing CGG
repeat length and asymptotic performance levels of the skilled reaching task (wildtype mice
were excluded from the analysis to focus on mice with expanded CGG repeat lengths; corr =
−.63, p(adj)=.03; R(adj)

2 =.44).
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