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Abstract
Fragile X, an inheritable form of mental retardation, is caused by the inactivation of a gene on the X
chromosome, FMR1 which codes for an RNA binding protein, Fragile X Mental Retardation Protein.
Loss of this protein is associated with reduced complexities of neuronal dendrites and alterations in
spine morphology in a number of cortical brain regions, and these deficits may underlie the cognitive
impairment observed in fragile X patients. Among the many symptoms of fragile X are altered motor
functions, although the neuronal basis for these remains unclear. In this study we investigated whether
knockout of Fmr1 in the mouse model of fragile X altered dendrite morphology in developing spinal
cord motor neurons. We find that Fmr1 knockout leads to modest alterations in the distribution of
dendritic arbor across the span of the motor neuron dendritic tree in two week and four week old
mice, compared to wild-type controls, consistent with slower rates of extension and abnormal pruning
of intermediate dendritic segments. These studies suggest that some motor deficits in fragile X
patients may be due to abnormal maturation of dendritic patterning within spinal motor neurons, and
suggest that strategies aimed at preventing motor impairment in fragile X patients may be targeted
at motor functions during early development.

Fragile X syndrome is the most prevalent heritable cause of genetic mental retardation,
affecting approximately 1 in 4,000 males and 1 in 8,000 females (Bagni and Greenough,
2005; Garber et al, 2006). The disease is caused by an expansion of a CGG repeat (>200 repeats)
within the untranslated region of the FMR1 gene, encoding the Fragile X Mental Retardation
Protein (FMRP), resulting in methylation and silencing of the gene (Sutcliffe et al., 1992).
While the intellectual impairment observed in patients with fragile X syndrome is usually the
most debilitating symptom, the syndrome represents a constellation of symptoms which
include hyperactivity and autistic behaviors, movement disorders, and a variety of physical
features such as large ears, elongated face, hyperextensible joints, and macroorchidism (Jin
and Warren, 2003; Hagerman and Hagerman, 2004; Restivo et al., 2005; Schneider et al.,
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2008); together these symptoms suggest that FMRP has widespread importance in
development.

FMRP is an RNA binding protein which in neurons appears to be important in localized
dendritic translation of various proteins (Bagni and Greenough, 2005; Garber et al., 2006;
Zalfa et al., 2006), although the specific targets of FMRP are as yet unclear. A model for the
function of FMRP (Bagni and Greenough, 2005) involves its translocation to the nucleus via
a nuclear localization signal, where it is complexed with ribonucleoproteins, mRNAs and
various other proteins, prior to active transport to neuronal dendrites. FMRP appears to
suppress synthesis of a number of proteins involved in dendrite plasticity, candidates for which
include some glutamate receptor subunits, and several proteins associated with synapse
function, structure and plasticity (Brown et al., 2001; Miyashiro et al., 2003). Accordingly,
loss of FMRP in humans (Hinton et al., 1991; Irwin et al., 2001) and in a mouse model (Comery
et al., 1997; Nimchinsky et al., 2001; Irwin et al., 2002; Grossman et al., 2006) is associated
with morphological changes in neocortical dendritic spines, structures that receive the majority
of afferent synaptic input within cortical neurons, and which undergo substantial remodeling
during development (Harris, 1999; Dunaevsky et al., 1999). Since dendritic morphology is a
determinant of neuronal firing patterns (Purves and Hume, 1981; Schaefer et al., 2003; Vetter
et al., 2001), changes in FMRP expression in fragile X may influence activity within neural
networks on a large scale.

While cognitive deficits represent a major focus for therapeutic intervention in fragile X, FMRP
is transcribed widely in the developing nervous system, including the spinal cord (Hanzlijk et
al., 1993), and it is likely that the loss of FMRP has important implications for other regions
of the nervous system. Similar to neurons within other regions of the developing central nervous
system, motor neurons of the spinal cord undergo wide-scale refinement of dendritic arbor
during the postnatal period, via an activity-dependent mechanism involving activation of
glutamate receptors (Kalb, 1994; Hebbeler et al., 2002; Inglis et al., 1998). Notably, infants
with fragile X have been observed to make more simplified, repetitive movements, indicative
of subtle deficits in motor functions (Baranek, 1999; Hagerman and Hagerman, 2004; Baranek
et al., 2005). Recently, further evidence for the importance of FMRP in motor function has
arisen through the identification of a separate syndrome, in which patients display
progressively worsening ataxia, intention tremor, peripheral neuropathy, parkinsonism and
dementia (Hagerman and Hagerman, 2004; Amiri et al., 2008). This syndrome, known as
Fragile X Associated Tremor/Ataxia Syndrome (FXTAS), results from a premutation in which
the region of CGG repeats is expanded (50-200 repeats) but not silenced, resulting in an
apparently toxic gain-of-function of FMRP (Amiri et al., 2008). Patients with FXTAS are
reported to have slower motor neuron conduction velocities than controls (Soontarapornchai
et al., 2008), suggesting that motor neuron pathology may be a key component of FXTAS.
Thus, expression of FMRP at an appropriate level appears to be critical for the development
and maintenance of normal motor functions, and motor circuitry is an important target for
therapies aimed at ameliorating the symptoms of FMR1-related syndromes.

Since FMRP appears to be involved in maturation of dendritic morphology elsewhere in the
central nervous system, we investigated whether FMRP was required for the normal maturation
of motor neuron dendritic arbor during the postnatal period. Using Fmr1 knockout mice, we
find that the absence of FMRP leads to discrete alterations in the morphology of motor neuron
dendrites. Our results suggest that FMRP participates in the maturation of motor circuitry
during the postnatal period, and suggests a possible locus for clinical intervention in children
with fragile X.
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EXPERIMENTAL PROCEDURES
Animals

All procedures involving animals were performed according to protocols approved by the
Tulane University Institutional Animal Care and Use Committee, and were in compliance with
the National Institutes of Health Guide for the Care and Use of Laboratory Animals. Breeding
pairs of Fmr1 knockout (FVB.129P2-Fmr1tm1Cgr/J strain; Comery et al., 1997) and congenic
wild-type mice were obtained from Jackson Laboratories (Bar Harbor, ME), and housed in
climate controlled conditions on a 12/12 hour light/dark cycle, with unlimited access to food
and water. Since motor neuron dendrites undergo substantial activity-dependent refinement of
motor neuron arbor during the postnatal period (Kalb, 1994; Hebbeler et al., 2002; Inglis et al.,
1998; Inglis et al., 2000), detailed morphological studies were performed in neurons collected
from litters at 14 and 28 days of age (P14 and P28). Pups were collected at P14 and P28,
anesthetized deeply with pentobarbital, and sacrificed by intracardiac perfusion fixation with
0.1M phosphate buffered saline (PBS), followed by 4% paraformaldehyde dissolved in PBS
(PFA). Following half an hour, the spinal cord and attached ventral roots were dissected from
the spinal column, and maintained in PFA for approximately 1 week.

DiI labeling and imaging of spinal motor neurons
Motor neurons of the ventral spinal cord were labeled with the lipophilic fluorescent dye, DiI
(Molecular Probes, Eugene, OR), applied to the ventral roots via a microelectrode, as described
previously (Inglis et al., 1998). The ventral roots contain axons of the motor neurons, allowing
diffusion of DiI throughout the cell membrane of motor neurons, delineating the cell body,
axon and dendritic trees (Figure 1). Following application of DiI, spinal cords were incubated
at 37°C for two to four weeks. Spinal cords were then sectioned on a vibratome at 80μm, and
wet-mounted onto glass slides. Fluorescent-labeled motor neurons were visualized
microscopically (Axiovert 200M; Carl Zeiss, Thornwood, NY), with a 594 nm filter at a 20X
objective. Images of each neuron were taken sequentially along the Z-axis with 1.95 μm
between each frame, using Axiovision software (Zeiss). Motor neurons were drawn from at
least 5 animals per genotype.

Morphological Analyses
Z-stacks of labeled motor neurons were traced using a digitized camera lucida system
(Neurolucida, MBI Biosciences, Colchester, VT) (Fig. 1), in order to make detailed
measurements of several parameters indicative of dendrite complexity and length. From each
neuron, we calculated the number of primary dendrites per cell, the number of branch-points
and branch tips, the total amount of dendrite per cell, and the average segment length. Together,
these parameters provide a good indication of the extent and complexity of dendritic arbor
(Inglis et al., 1998; Prithviraj et al., 2008).

We also investigated whether there were discrete alterations in arbor that were limited to a
particular part of the tree, using two methods: first, to determine whether there were intrinsic
alterations in the geometry of dendrites, we measured the dendritic arbor of each cell according
to the branch order. For these analyses, a primary dendrite emanates directly from the cell body;
once it bifurcates, two secondary dendrites are formed, and so on. The number of segments of
each branch order, the total arbor of each branch order, and the average segment length per
branch order were calculated for each cell. Second, to determine whether there were spatial
alterations in regions of the dendritic tree, we performed Sholl analyses, in which we measured
the total length and the number of branch points within concentric 20μm radii extending
outward from the cell body. Comparisons were made between genotypes within each age
group.
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Statistics
All statistics were performed using Statview 5 (SAS). For Sholl analyses, and analyses of
neurons by branch order, groupwise comparisons were made using Repeated Measures
Analysis of Variance (ANOVA). Post-hoc comparisons between groups were made using
Scheffé’s F test. All other statistical comparisons were performed using Student’s t-test (two-
tailed, unpaired).

RESULTS
As with previous studies (Inglis et al., 1998; Inglis et al., 2000), labeling the ventral roots of
the spinal cord with DiI allowed us to delineate the entire dendritic tree of motor neurons within
the ventral horn, including fine dendritic processes, permitting unambiguous measurements of
dendrite morphology. Within P14 animals, we were able to label fewer cells than within the
older age group (Tables 1 and 2); this is likely a function of the difficulty in fixation of immature
tissues, due to the relatively low abundance of surface proteins within the spinal cord at this
age (Hockfield et al., 1990), leading to diffuse labeling with DiI; and smaller numbers of easily
identifiable neurons within these tissue samples. Despite differences in the ability to fix tissues
within different age groups, there were no differences in the ability to label wild-type and
Fmr1 knockout mice within each age group.

In agreement with previous studies (Kalb, 1994), we found that the length and complexity of
dendritic arbor in motor neurons from wild-type mice were greater at P14 compared with P28
(Tables 1 and 2), suggesting that dendritic arbor undergoes pruning over the course of postnatal
development. Examination of camera lucida images of motor neurons drawn from P14 and
P28 mice did not reveal gross differences between dendritic morphologies of wild-type and
Fmr1 knockout mice (Figure 2). Likewise, statistical comparisons of dendritic parameters
calculated per cell and compared across age-matched genotypes revealed no differences in
dendritic arbor within the parameters employed. Thus, in both P14 (Table 1) and P28 mice
(Table 2), the total amount of dendrite, and the complexity of dendrites (as measured by
numbers of branch-points) remained unaltered in Fmr1 knockout animals, compared to age-
matched controls, when neurons are compared using cell totals.

When neurons from P14 animals were analyzed using methods to examine the distribution of
dendritic arbor, however, we observed modest differences in the distribution of dendritic arbor
between wild-type and Fmr1 knockout animals. We first analysed neurons by their branch
order, because these analyses provide information about the intrinsic geometry of the dendrite
and how arbor is distributed across the span of the dendritic tree. When dendrites were analyzed
according to branch order, we observed that, although there was no overall difference in amount
of arbor between groups (F7,147 = 1.612; p = 0.963), arbor was distributed differently between
genotypes (Group × Order interaction, F7,147 = 2.857; p=0.008). This difference in distribution
is due specifically to a reduced length of dendritic arbor found in third order branches in the
neurons in Fmr1 knockout mice (Figure 3), compared to wild-type controls (p=0.02, Scheffé
post-hoc test). The redistribution of length according to branch order was not accompanied by
numbers of segments at this order (F7,147 = 1.050; p=0.399), suggesting that intermediate
branch segments were not less numerous, but were shorter, in Fmr1 knockout mice. These
results suggest that the lack of Fmr1 may inhibit elongation of branch segments that usually
extend during dendrite development. In contrast to the results observed at P14, there were no
differences in distribution of the amount of dendritic arbor (Group × Order, F7,364=77.44;
p=0.948), or the number of segments of each order (F7,364=112.2; p=0.356) in neurons from
P28 animals (Figure 3). Of interest, the amount of dendritic arbor decreases over time in wild-
type animals, such that neurons taken from P14 mice have greater amounts of arbor within
interstitial segments than P28 mice (Figure 3A and B). In contrast, the amount of dendritic
arbor in Fmr1 knockout mice appears to remain constant over the postnatal period; thus, the
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transient differences in the distribution of dendritic arbor between knockouts and wild-types
is likely to be due to the lack of normal outgrowth and pruning that has been shown to exist in
motor neurons during the postnatal developmental period (Kalb, 1994).

To provide information regarding the spatial distribution of neuronal dendrites, neurons from
wild-type and Fmr1 knockout mice were further analyzed using Sholl analyses; these analyses
measure the amount of arbor and the number of branch-points in concentric radial bins of
20μm outwards from the cell body. In neurons from P14 animals, we observed a significant
Group × Radius effect (F19,380=1.889; p=0.014) when comparing total arbor within the two
genotypes across the radial distance from the cell body, such that neurons from Fmr1 knockout
animals displayed less arbor at radial distances of between 100 and 240μm from the cell body
(Figure 4). The reduction in dendritic arbor at this distance is most likely due to the lower
amounts of arbor found in third order dendrites, as reported above. While these results are
statistically similar, however, we observed a large inter-subject variability between cell
dendrites at this age; for example, wild-type neurons displayed between 500 and 3400 μm of
total arbor, whereas knockout cells were measured to have between 600 and 2400 μm of total
dendritic arbor; since P14 represents a period in which growth and retraction of dendritic arbor
is highly dynamic, we interpret these data with some caution regarding significance.

When similar Sholl analyses were performed on P28 wild-type and knockout animals, we
observed that neurons of Fmr1 knockout mice had significantly greater amounts of arbor
(F19,931=2.282; p=0.005) at between 80 and 160μm from the cell body (Figure 4). This
redistribution of dendritic arbor was accompanied by a significant redistribution in the number
of branch-points within each radial bin (F19,931=2.122; p=0.001), so that greater numbers of
branch-points were situated closer to the cell body in Fmr1 knockout mice, compared with
wild-type controls. Again, the amount of arbor in the dendrites of P28 wild-type mice was
lower than those of P14 mice, whereas the amount of arbor in neurons from knockout mice
remained similar between P14 and P28. These results suggest that Fmr1 knockout is associated
with deficient pruning mechanisms, such that arbor that would normally be lost during the
postnatal period is maintained, leading to abnormal redistribution of dendritic length within
intermediate segments. Together, these findings imply that whereas dendritic complexity as a
whole does not change with respect to the presence or absence of FMRP, loss of FMRP is
associated with abnormalities in the spatial distribution of dendritic arbor of motor neurons;
and further, that these abnormalities develop over the course of the postnatal period. These
observations suggest that FMRP may be an important contributor to the maturation of motor
neuron morphology during the critical developmental period in which activity-dependent
development is known to shape mature dendritic architecture (Kalb, 1994;Inglis et al., 2000).

DISCUSSION
During normal development, the number of branch-points in spinal motor neurons is normally
about maximal in the second postnatal week, and over the ensuing two weeks, activity-
dependent rearrangement of dendritic arbor occurs such that many branch segments are
eliminated, whereas others are elongated (Kalb, 1994). Our main findings are that the lack of
FMRP alters dendrite morphology of spinal motor neurons in a discrete but significant manner,
such that at two weeks of age, the absence of FMRP is associated with a reduction in the length
of intermediate branch segments, compared with neurons from wild-type animals. In contrast,
while the amount of dendritic arbor decreased in motor neurons from wild-type animals over
the postnatal period, the extent of the dendritic tree in neurons from Fmr1 knockout animals
does not appear to change. Indeed, at 28 days, motor neurons of Fmr1 knockout animals were
observed to have greater amounts of dendritic arbor close to the cell body, and in an increase
in the number of branch-points. Together these observations suggest that FMRP is required

Thomas et al. Page 5

Int J Dev Neurosci. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



for maturation of the normal motor neuron phenotype, and that in the absence of FMRP, normal
dendritic extension and pruning is deficient.

Our results are in accordance with studies of other regions in the central nervous system which
imply that loss of FMRP results in changes in dendritic morphology that are characteristic of
immature neurons. For example, dendritic spines are more numerous in the cortex of fragile x
patients (Hinton et al., 1991; Irwin et al., 2001) and of Fmr1 knockout mice (Comery et al.,
1997; Nimchinsky et al., 2001). The long, thin nature of spines in the absence of FMRP is
characteristic of immature spines and filopodia, which are normally replaced during
development by shorter and stubbier spines (Harris, 1999; Dunaevsky et al., 1999; Yuste and
Bonhoeffer, 2004). The presence of immature-looking spines in Fmr1 knockout mice has been
reported to be transient, corresponding to the time-course for normal synaptogenesis
(Nimchinsky et al., 2001), and implying that the time-course for maturation of spines and
synapses is delayed in the absence of FMRP. While most researchers have focused on spine
density and morphology, recent evidence suggests that alterations in dendrite complexity are
also a feature of neurons in the absence of FMRP. For example, neurons from the visual cortex
in Fmr1 knockout mice are reported to have fewer branch segments than wild-type mice
(Restivo et al., 2005), although a similar study did not report altered dendritic morphology
(Irwin et al., 2002), possibly due to strain differences and retinal degeneration associated with
the FVB strain (discussed in Restivo et al., 2005). Other investigators have demonstrated that
the number and length of neurites is reduced in both the fmr1 knockout mouse and in tissue
from a human Fragile X embryo, suggesting an early role for Fragile X in determining dendrite
morphology (Castrén et al., 2005). It is possible that loss of dendritic segments in cortical
neurons of Fmr1 knockout mice is due to failure of spine maturation, since filopodial
protrusions have been suggested to represent precursors to dendritic branches (Niell et al.,
2004). Alternatively, reductions in synaptic density due to reduced numbers of mature spines
may result in loss of dendritic segments through an activity-dependent mechanism (Katz and
Shatz, 1996); since the pattern of dendrites determines the firing patterns of a neuron, (Purves
and Hume, 1981; Schaefer et al., 2003; Vetter et al., 2001), alterations in the distribution of
dendritic arbor as a result of the loss of FMRP may have profound effects on network properties
within neuronal circuitry. Unlike cortical pyramidal neurons, motor neurons of the spinal cord
are aspiny, and therefore changes in the number of synaptic contacts are more likely to be
manifest as alterations in the length of the dendritic shaft. Thus, the alterations in dendrite
morphology we observed in motor neurons from Fmr1 knockout mice may be predictive of
altered synaptic connectivity and network activity. In this regard, our results are significant, in
that they indicate that the effect of Fmr1 knockout is not solely limited to dendritic spines.

While the current study focused on the morphology of motor neurons in the absence of FMRP,
our results also have important implications for patients with FXTAS, a syndrome which
features progressive neurological impairment of late onset, including loss of motor functions
and the emergence of neuropathy (Amiri et al., 2008). This syndrome appears in carriers of a
fragile X “pre-mutation” in which moderately increased numbers (100-200) of CAG repeats
are not silenced, but instead are thought to lead to a toxic gain-of-function of FMRP (Hagerman
and Hagerman, 2004). In pre-mutation carriers, FMR1 mRNAs have been shown to be elevated
(Tassone et al., 2000), possibly leading to sequestration of RNA-binding proteins, and
consequent disruption of normal translational mechanisms within the nucleus (Amiri et al.,
2008; Ranum and Cooper, 2006). FMRP has been shown to interact with the protein “survival
of motor neuron” (SMN), a protein essential for assembly of RNA splicing machinery (Piazzon
et al., 2008), and the absence of which causes motor neuron degeneration. Thus, normal levels
of FMRP would appear to be required for maintaining motor function throughout the life of
patients.
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How might FMRP mediate normal maturation of dendrite morphology in developing motor
neurons? While the precise targets of FMRP are unknown in this regard, it is likely that this
process involves activation of glutamate receptors. Recently, it has been shown that loss of
FMRP accentuates the cellular effects of Group 1 metabotropic glutamate receptors (mGluR1/
mGluR5; Huber et al., 2002), and enhances long-term depression (LTD), a synaptic plasticity
mediated partly by internalization of ionotropic glutamate receptors (Snyder et al., 2001). For
these reasons, drugs that block Group 1 mGluRs are potential therapeutic candidates for
patients with fragile X (Catania et al., 2007). Glutamate receptor activity has been shown in
many neuronal systems to mediate outgrowth and refinement of dendritic arbor during a key
developmental period (Cramer and Sur, 1995; Katz and Shatz, 1996; Cline, 2001; Wong and
Ghosh, 2002). In motor neurons, activation of both AMPA (Inglis et al., 2002; Prithviraj et al.,
2008) and NMDA glutamate receptor subtypes (Kalb, 1994; Hebbeler et al., 2002; Inglis et
al., 1998) is critical for normal maturation of dendrite complexity and length. In this regard, it
is interesting to note that reduced levels of GluR1 are found in the cortex of Fmr1 knockout
mice (Li et al, 2002). It is possible, therefore, that disrupted glutamatergic receptor firing results
in abnormal activity-dependent maintenance or elimination of dendritic segments during the
developmental critical period in motor neurons, resulting in immature dendrite morphology.
In this scenario, excessive activation of Group 1 mGluRs may lead to alterations in dendrite
reorganization during development via reduced activation of glutamate receptors and their
intracellular counterparts.

Our results have important implications for the treatment of children with fragile X. In a recent
study, it has been shown that rearing animals in an enriched environment overcomes
morphological abnormalities of cortical dendrites in FMR1 knockout mice, and promotes
behavioral recovery of function (Restivo et al., 2005). Since the dendrites of motor neurons
undergo refinement only within a critical period of postnatal development, the window for
preventing abnormalities in motor neuron morphology – and consequently in activity
throughout motor networks – may be limited. In this light, promoting complex motor activity
during the postnatal period, combined with pharmacological intervention, may prove useful in
preventing long-term motor deficits in fragile X patients.
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A-Amino-3-Hydroxy-5-Methyl-4-Isoxazolepropionic Acid

ANOVA  
Analysis of Variance

DiI  
1,1’-dioctadecyl-3,3,3’,3’- tetramethylindocarbocyanine perchlorate

FMR1  
Fragile X mental retardation 1 [Homo Sapiens]

Fmr1  
Fragile X mental retardation 1 [Mus Musculus]

FMRP  
Fragile X mental retardation protein

FXTAS  
Fragile X-associated tremor/ataxia syndrome

mGluR  
metabotropic glutamate receptor

NMDA  
N-methyl-D-aspartate

p14, p28  
postnatal day 14, postnatal day 28

SMN  
survival of motor neuron protein
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Figure 1.
The fluorescent dye DiI delineates neuronal morphology of motor neurons in the ventral spinal
cord. Neurons were labeled via application of DiI to the ventral roots. Note that fine terminal
dendrites can be easily defined within these neurons (inset). Scale bar represents 40μm; inset
is 4X main image.
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Figure 2.
Representative digitized camera lucida images of neurons from (A) wild-type and (B) Fmr1
knockout mice at postnatal day 14; and (C) wild-type and (D) knockout mice at postnatal day
28. No gross abnormal morphological differences were observed between neurons within these
genotypes. Scale bar represents 40μm.
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Figure 3.
Line graphs illustrating the total amount of arbor (A-B) as a function of branch order, and the
total number of dendritic segments (C-D) of each branch order, of p14 and p28 animals.
Unfilled circles represent wild-type neurons (n=7 for p14 neurons; n=21 for p28 neurons);
filled circles represent neurons from Fmr1 knockout animals (n=15 and 32 for p14 and p28
neurons respectively). Data are presented as average ± s.e.m. ANOVA revealed significant
differences in distribution (Group × Radius) of dendritic arbor for p14 (A), but not for p28
animals (B), and found no differences in the numbers of branch segments of each order for
each group (C-D).
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Figure 4.
Line graphs illustrating the total amount of arbor (A-B) and total numbers of dendritic segments
(C-D) as a function of radial distance from the cell body (Sholl analyses), in p14 and p28
animals. Unfilled circles represent wild-type neurons (n=7 for p14 neurons; n=21 for p28
neurons); filled circles represent neurons from Fmr1 knockout animals (n=15 and 32 for p14
and p28 neurons respectively). Data are presented as average ± s.e.m. ANOVA (Group ×
Radius) revealed significantly less arbor distributed close to the cell body in p14 Fmr1
knockout animals, and significantly greater amounts of dendritic arbor in p28 knockout
animals, compared with wild-type controls. Branch-points were not distributed differently
among groups.

Thomas et al. Page 14

Int J Dev Neurosci. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Thomas et al. Page 15

Table 1
Comparisons of key architectural parameters of spinal motor neurons in 14 day old wild-type and Fmr1 knockout mice

Dendrite Parameter Wildtype Fmr1 knockout t, p
Number of Primary Dendrites 5.3 ± 0.264 5.2 ± 0.34 t = -0.667; p = 0.512
Number of Branch Points 9.4 ± 1.19 9.7 ± 1.01 t = 0.148; p = 0.884
Number of Branch Tips 15.1 ± 1.92 15.1 ± 1.05 t = -0.038; p = 0.970
Total dendritic arbor (μm) 1767 ± 364 1390 ± 116 t = -1.270; p = 0.218
Average segment length (μm) 65 ± 8.2 57 ± 4 t = -0.912; p = 0.512
Values represent mean ± s.e.m. of 7 neurons from wild-type mice, and 16 neurons from Fmr1 knockout mice. No significant differences were observed
between treatment groups with any parameter indicated (Student’s t-test).
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Table 2
Comparisons of key architectural parameters of spinal motor neurons in 28 day old wild-type and Fmr1 knockout mice

Dendrite Parameter Wildtype Fmr1 knockout t, p
Number of Primary Dendrites 5.3 ± 0.3 5.4 ± 0.3 t = 0.075; p = 0.940
Number of Branch Points 6.2 ± 0.8 8.3 ± 1.0 t = 0.146; p = 0.149
Number of Branch Tips 11.6 ± 0.9 13.7 ± 1.1 t = 1.339; p = 0.186
Total dendritic arbor (μm) 1397 ± 139 1601 ± 125 t = 1.063; p = 0.293
Average segment length (μm) 80 ± 5 75 ± 4 t = -0.708; p = 0.482
Values represent mean ± s.e.m. of 21 neurons from wild-type mice, and 33 neurons from Fmr1 knockout mice. No significant differences were observed
between treatment groups with any parameter indicated (Student’s t-test).
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