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Abstract
Prepulse inhibition (PPI) of the startle response is a measure of sensorimotor gating, a process that
filters out extraneous sensory, motor and cognitive information. Humans with neurological and
psychiatric disorders, including schizophrenia, obsessive-compulsive disorder and Huntington’s
disease, exhibit a reduction in PPI. Habituation of the startle response is also disrupted in
schizophrenic patients. In order to elucidate the genes involved in sensorimotor gating, we
phenotyped 472 mice from an F2 cross between LG/J × SM/J for PPI and genotyped these mice
genome-wide using 162 single nucleotide polymorphism (SNP) markers. We used prepulse
intensity levels that were 3, 6 and 12 dB above background (PPI3, PPI6 and PPI12, respectively).
We identified a significant quantitative trait locus (QTL) on chromosome 12 for all three prepulse
intensities as well as a significant QTL for both PPI6 and PPI12 on chromosome 11. We identified
QTLs on chromosomes 7 and 17 for the startle response when sex was included as an interactive
covariate and found a QTL for habituation of the startle response on chromosome 4. We also
phenotyped 135 mice from an F34 advanced intercross line (AIL) between LG/J × SM/J for PPI
and genotyped them at more than 3000 SNP markers. Inclusions of data from the AIL mice
reduced the size of several of these QTLs to less than 5 cM. These results will be useful for
identifying genes that influence sensorimotor gaiting and show the power of AIL for fine mapping
of QTLs.
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The startle response is an involuntary contraction of muscles caused by an intense, sudden
onset stimulus. When a startling stimulus is preceded by a smaller ‘prepulse’ stimulus the
startle response is inhibited; this process is known as prepulse inhibition (PPI). PPI is used
as a measure of sensorimotor gating (Geyer et al. 2001), which is a process by which
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extraneous stimuli are filtered out to allow the brain to focus on more important stimuli and
avoid sensory overload (McGhie & Chapman 1961).

Humans with certain psychiatric and neurological disorders exhibit a reduction in PPI.
Decreased PPI is most often considered an endophenotype for schizophrenia (Braff et al.
1992, 2008), but it has also been associated with obsessive-compulsive disorder (Hoenig et
al. 2005; Swerdlow et al. 1993), Huntington’s Disease (Swerdlow et al. 1995) and bipolar
disorder (Giakoumaki et al. 2007; Perry et al. 2001). All of these disorders are associated
with a loss of gating in sensory, motor and cognitive domains and involve an impairment of
higher order cognition (Bolbecker et al. 2009). Deficits in habituation of the startle response
over the course of a single testing session have also been associated with schizophrenia
(Braff et al. 1992; Moriwaki et al. 2009).

There is strong evidence that deficits in PPI have a genetic basis. PPI deficits are more
frequent among non-affected relatives of schizophrenia patients when compared with
controls (Cadenhead et al. 2000). The heritability of PPI has been estimated to be between
32% and 58% in humans (Anokhin et al. 2003; Greenwood et al. 2007). Similarly, inbred
strains of both mice and rats have been reported to show differences in PPI (Palmer et al.
2000; Willott et al. 2003). Heritability has been estimated to be 48%, ranging from 31% to
67% among different strain crosses (Willott et al. 2003); quantitative trait loci (QTLs) have
also been reported in both species (Hitzemann et al. 2001, 2008; Joober et al. 2002; Leussis
et al. 2009; Liu et al. 2003; Palmer et al. 2003; Petryshen et al. 2005; Watanabe et al. 2007).

In this study, we tested the F2 generation of an intercross between LG/J and SM/J mice at
three prepulse intensities in order to map QTLs for PPI, startle and habituation of the startle
response. These strains were selected both because they have a large difference in PPI and
because of the availability of both recombinant inbred and advanced intercross lines (AILs)
(Ehrich et al. 2005). We also used mice from the 34th generation of an AIL between LG/J
and SM/J to fine map our QTLs. AILs are a powerful tool for fine mapping because of the
accumulation of recombinations that occur over generations. Elucidating the genes involved
in PPI, and thereby those important to sensorimotor gating, will lead to a greater
understanding of how sensory information is processed and how defects in this process can
affect neurological disorders.

Materials and methods
Animals

We tested 472 F2 mice (237 male, 235 female) derived from a cross between LG/J and SM/
J. We obtained inbred male SM/J and female LG/J mice from Jackson Labs (Bar Harbor,
ME, USA). Some of these mice were bred to produce F1 and subsequently F2 mice, while
others were used to produce inbred SM/J (n = 20) and LG/J (n = 28) mice that were
phenotyped. We also tested 135 F34 mice (56 male, 79 female) derived from a cross between
LG/J and SM/J. These mice were the progeny of F33 breeders obtained from Dr. James
Cheverud of Washington University in St. Louis. All mice were housed in cages of 2–5
same-sex individuals (most commonly 4–5), and were kept on a 12-h light–dark cycle
(lights on at 0630 h) with food and water administered ad libitum, except during behavioral
testing. Other behavioral tests were conducted on the mice prior to PPI testing; however, all
mice in this study were exposed to identical prior testing experience. All testing was
conducted in accordance with the National Institutes of Health guidelines for care and use of
laboratory animals and with the approval of the University of Chicago’s Institutional Animal
Care and Use Committee.
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PPI testing
The mice were tested over the course of 5 months between the hours of 1000 and 1730. The
age of F2 mice at testing was 89 ± 0.25 days (mean ± standard error; range was 75–99 days);
the age of F34 mice was 92 ± 0.29 days (range 83–97 days). PPI was measured using a
protocol that has been described previously (Palmer et al. 2003; Shanahan et al. 2009).
Briefly, mice were moved from the vivarium to a sound-attenuated pre-test room at least 30
min prior to the beginning of the test to allow them to acclimate to the testing room. At the
beginning of the test, mice were placed into holding cages and moved into the testing room.
Each mouse was placed into a cylindrical Plexiglas container, 5 cm in diameter, which
rested on a platform within a lighted and ventilated chamber (San Diego Instruments, San
Diego, CA, USA). The mouse’s movements were measured by a piezoelectric
accelerometer, converted to digital data and recorded on a computer. This apparatus was
calibrated in accordance with the manufacturer’s instructions before the start of each test
day.

Once in the test chamber, mice were presented with 5 min of 70 dB white noise which
persisted throughout the remainder of the test. The test consisted of the presentation of 62
trials that were a mixture of the following five types: a ‘pulse alone trial’, which consisted of
a 40-millisecond 120-dB burst, a ‘no stimulus’ trial where no stimulus was presented, and
three prepulse trials containing a 20-millisecond prepulse that was either 3, 6 or 12 dB above
the 70-dB background noise level followed 100 milliseconds later (onset to onset) by a 40-
millisecond 120-dB pulse. Trials were arranged into four consecutive blocks. The first and
fourth blocks consisted of six pulse-alone trials. Blocks two and three consisted of a mixture
of 25 of the following five trial types – six pulse-alone trials, four no stimulus trials, and five
of each prepulse trial – in a pseudorandom order. The response to each trial was recorded for
65 milliseconds after the beginning of the 120-dB stimulus, or at the beginning of the ‘no
stimulus’ trail. The intertrial interval was 9–20 seconds (average 15 seconds) throughout all
62 trials.

The startle response measure (‘startle’) was the average startle amplitude for all of the pulse-
alone trials and is expressed in arbitrary units. PPI at each intensity was calculated using the
following formula:

(1)

where SRprepulse is the average startle amplitude for prepulse trials and SRpulse is the
average startle amplitude for pulse-alone trials in the second and third testing blocks.
Habituation of the startle response (‘habituation’) was the average startle amplitude of Block
4 (six pulse-alone trials) minus the average startle amplitude of Block 1 (six pulse-alone
trials). The ‘no stimulus’ trials were used to identify technical problems but were not used to
calculate any of the phenotypes assessed in this study.

Genotyping
F2 genotyping was performed by KBioscience Ltd. (Hoddesdon, Hertfordshire, UK) using
KASPar, which is a fluorescence-based PCR assay. One hundred and sixty-two single
nucleotide polymorphisms (SNPs), selected from Petkov et al. (2004), were used as markers.
They were spaced evenly across all autosomes and the X chromosome thus establishing a
spacing of about 10 cM per marker. Genotyping of the F34 mice used a custom-designed
Illumina array to obtain more than 3000 SNPs, as described previously (Cheng et al. in
press).
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Analysis
Analyses of variance (ANOVAs) to compare the phenotypes of inbred strains and
correlations among phenotypes in the F2 mice were performed using the freely available
statistical package R (www.r-project.org). The QTL analysis of the F2 mice was analyzed
using R/qtl (Broman et al. 2003), which is a package that can be installed in R. The
‘scanone’ command was used to identify QTLs for the three prepulse trials using the
expectation maximization (EM) algorithm. A similar procedure was used to evaluate startle
and habituation. For each analysis, we estimated genome-wide significance levels by using
1000 permutations. We experimented with using sex and age as either additive or interactive
covariates. For startle, data from the inbred strains indicated an interaction between sex and
strain which led us to examine sex as an interactive covariate. Sex and age had little impact
on the results of the analyses of the other traits and were therefore not included as
covariates. We also tried to use the ‘scantwo’ command to identify epistatic relationships
between loci.

The F34 data were analyzed as previously described by Cheng et al. (in press). Because not
many AIL mice were phenotyped and genotyped in this study, we combined the F2 and AIL
data rather than analyzing the AIL data separately. Prior to combining the two datasets all
trait values were adjusted to have a mean of 0 and standard deviation of 1. This allows
combination of datasets without using an indicator variable for population (F2 or AIL;
Cheng et al. in press). Our approach uses a mixed effect model with a random term
accounting for polygenic effects and fixed terms representing QTL effects at both markers
and scanning loci between markers. A likelihood ratio test statistic was calculated at more
than 5000 loci, which densely and evenly covered the whole genome using the Haley–Knott
method (Haley & Knott 1992). Genome-wide significance thresholds were estimated by
gene dropping, which is a procedure that simulates genotypes consistent with the pedigree to
determine the distribution of the test statistic when the null hypothesis is true. Using the
results from the gene dropping procedure, we were able to define a significance threshold
that should only be exceeded 5% of the time in the absence of a true association.

Results
Inbred LG/J and SM/J mice

We assessed the effect of sex and strain (LG/J and SM/J) on startle magnitude, PPI and
habituation. First, we used a two-way ANOVA to examine the effect of these factors on the
startle response. This test showed a significant main effect of strain (F1,44 = 6.10; P <
0.001), sex (F1,44 = 18.72; P < 0.05) and a significant interaction between the two (F1,44 =
8.91; P < 0.01; Fig. 1a). We used a three-way ANOVA to assess the effect of strain, sex and
prepulse intensity (3, 6 and 12 dB) on PPI. We observed significant interactions between sex
and strain (F1,132 = 4.16; P < 0.05) and between prepulse intensity and strain (F2,132 = 8.75;
P < 0.001). Based on these interactions, we chose to examine the factors sex and strain
separately for each prepulse intensity. Strain (but not sex) was significant for all prepulse
intensities (PPI3: (F1,44 = 6.39; P < 0.05); PPI6: (F1,44 = 21.21; P < 0.001); PPI12: (F1,44 =
71.39; P < 0.001); Fig. 1b. Finally, we used a two-way ANOVA to assess the effects of sex
and strain on habituation; this test did not yield any significant results (Fig. 1c).

LG/J x SM/J F2 analysis
We used genotype and phenotype data from the F2 mice to identify QTLs for startle, PPI and
habituation.

Because there was a significant interaction between sex and strain in the inbred mice for
startle (Fig. 1a), we used a model in which sex was an interactive covariate. Using this
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approach, we identified a significant peak on the proximal end of chromosome 17
[Logarithm of odds (LOD) = 8.19; Fig. 2] near marker rs29530504 that accounts for 7.68%
of the variance. The 1.5 LOD support interval for this QTL was from 7 to 15 cM. There was
also a significant peak on chromosome 7 (LOD = 7.02; Fig. 2) near marker rs31102161.
This QTL accounts for 6.62% of the variance and has a 1.5 LOD support interval from 56 to
72 cM (Table 1).

For PPI3, we identified a significant peak on chromosome 12 (LOD = 6.70) near marker
rs29172545 that accounts for 6.33% of the phenotypic variance. For PPI6 we identified
significant peaks on chromosomes 11 (LOD = 4.25, near marker rs26967743) and 12 (LOD
= 7.65) near the QTL for PPI3. These peaks account for 4.06% and 7.19% of the phenotypic
variance, respectively. For PPI12 we identified a significant QTL on chromosome 11 (LOD
= 4.70) near the QTL for PPI6 that explained 4.48% of the variance. There was also a
significant peak on chromosome 12 (LOD = 6.73) near the peak marker for the other PPI
traits, which explained 6.36% of the variance. For all three prepulse intensities we also
observed suggestive QTLs on several other chromosomes; these results are shown in Fig. 3
and Table 1. For the QTLs on chromosome 12, the LOD curves for all three prepulse
intensities showed one peak at about 45 cM; however, the LOD curves for PPI6 and PPI12
also showed what appeared to be a second peak towards the proximal end of chromosome
12.

The similarities between the results for all three prepulse intensities are not surprising in
light of the high correlations between these traits, as shown in Table 2. Because we were not
specifically interested in the individual prepulse intensities, we used the principal
components function in R (princomp) to identify principal components for these three
variables (Table 3). The results were very similar for both the F2 and AIL mice, with the
first principal component (PC1) accounting for about 80% of the total variance.

We also examined the PPI data from the F2 mice for two-way epistatic interactions between
loci (Broman & Sen 2009). There was evidence of an additive interaction between the QTL
on chromosome 11 and the proximal and more distal QTLs on chromosome 12 for PPI6 and
PPI12, respectively, but no significant epistatic interactions were found (data not shown).
This analysis was not able to determine whether or not the two different LOD peaks on
chromosome 12 were truly independent.

For habituation, we identified a significant QTL on chromosome 4 close to marker
rs27895401 (LOD score = 4.40; Fig. 4), which accounts for 4.20% of the phenotypic
variance. The 1.5 LOD support interval for this QTL was from 15 to 43 cM (Table 1).

LG/J × SM/J AIL analysis
The analysis of data from the F2 mice identified several significant QTLs; however, the 1.5
LOD support intervals of these QTLs were generally quite large, often encompassing tens of
centiMorgans. This is a common observation for QTLs obtained using F2 crosses, but
presents a serious impediment to the identification of the underlying genes. AILs provide a
means of fine mapping QTLs and thus partially address this limitation (Darvasi & Soller
1995). When we incorporated phenotype and genotype data from 135 AIL mice into our
analysis, we were able to significantly narrow the QTLs identified using the F2 mice; these
results are shown in Fig. 5 and Table 1. Our integrated analysis took advantage of the fact
that both the F2 and the AIL mice are derived from the same two inbred strains. This
analysis was performed on a genome-wide basis; however, because the AIL mice
contributed little power, the significant QTLs closely mirrored those obtained by analyzing
the F2 mice, and so only the results from chromosomes implicated in the F2 study are
presented in Fig. 5.
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For startle, the integrated analysis of the F2 and AIL mice identified a peak on chromosome
7, which was located near SNP rs31816605 and had an LOD score of 6.05; the 1.5 LOD
support interval spanned from 54 to 65 cM. We also identified a QTL on chromosome 17
that had an LOD score of 7.25 and was located near rs29515258; this QTL had a 1.5 LOD
support interval from 8 to 14 cM.

The integrated analysis of PPI significantly narrowed the width of several QTLs. For PPI3,
we identified a significant peak on chromosome 12 (LOD = 6.78) near marker rs29219198
that had a 1.5 LOD support interval from 45 to 50 cM. Whereas the F2 analysis identified a
significant QTL for PPI6 on chromosome 11, the integrated analysis fell just short of
significance when examining PPI6 on chromosome 11. We identified two significant QTLs
for PPI6 on chromosome 12; the more proximal one had an LOD of 8.48 (near marker
rs29132070) and had a 1.5 LOD support interval from 6 to 10 cM. In addition, we also
identified a more distal QTL for PPI6 on chromosome 12 with an LOD of 6.62 and a 1.5
LOD support interval of 41–46 cM. We identified a significant peak on chromosome 11 for
PPI12 with an LOD of 5.31 that was near marker rs26922491 and had a 1.5 LOD support
interval of 39–42 cM. A QTL for PPI12 on chromosome 12 with an LOD of 7.82 that was
near rs6349472 had a 1.5 LOD interval that spanned from 42 to 46 cM. Finally, we
performed QTL mapping of PC1 using data from both the F2 and AIL mice (Fig. S1); the
results were very similar to those obtained by analyzing the individual PPI variables.

The integrated analysis of F2 and AIL mice identified a significant QTL for habituation of
the startle response on chromosome 4 with an LOD of 4.77 that was near marker
rs32621408 and had a 1.5 LOD support interval that spanned from 29 to 35 cM.

Discussion
In the present study we report a highly significant strain difference in PPI among the inbred
LG/J and SM/J mice. This is the first study to our knowledge that has conducted a QTL
screen for PPI with LG/J and SM/J mice. We used 472 mice from the F2 generation of a
cross between LG/J and SM/J and 135 LG/J and SM/J AIL mice to identify significant
QTLs for startle, PPI and habituation. We identified QTLs for startle on chromosomes 7 and
17, QTLs for PPI on both chromosomes 11 and 12 and QTLs for habituation of the startle
response on chromosome 4.

We found significant QTLs on chromosomes 7 and 17 for the acoustic startle response when
sex was treated as an interactive covariate (Fig. 2). We considered the possibility that the
interaction with sex reflected a correlation between body weight and sex; however, this
explanation is unlikely to be correct because we observed only very minor (r < 0.05)
positive correlations between body weight and startle within each sex and because the
female SM/J and LG/J have very different weights but similar startle responses (Fig. 1a).
Several other studies have found QTLs for startle (Fernandez-Teruel et al. 2002; Joober et
al. 2002; Palmer et al. 2003), but only Watanabe et al. (2007) and Leussis et al. (2009)
identified QTLs for startle on mouse chromosome 7. Watanabe et al. (2007) had a peak
around 65.9 megabases (Mb), which is likely to be different from our QTL that was located
between 103 and 115 Mb. The study by Leussis et al. (2009) found that CSS-7 had an
elevated startle response and CSS-17 had a lower startle response in comparison to B6 mice;
however, their study did not attempt to further localize these peaks.

The QTLs for PPI6 and PPI12 on chromosome 11 (Figs. 3 and 5) appear to reflect the same
locus despite the fact that the QTL for PPI6 fell just short of obtaining significance in the
integrated analysis. The SM/J allele was associated with lower PPI (Fig. 3c), consistent with
the lower PPI observed in inbred SM/J mice (Fig. 1). The integrated analysis narrowed the

Samocha et al. Page 6

Genes Brain Behav. Author manuscript; available in PMC 2013 August 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



QTL for PPI12 from 26 to 3 cM (88% reduction; Table 1), showing the utility of this
approach. Previous QTL studies using different mouse strains have identified a QTL on
chromosome 11 for PPI (Hitzemann et al. 2008; Joober et al. 2002; Leussis et al. 2009;
Watanabe et al. 2007); however, most of those QTLs were located more distally than ours.
The QTL we identified on chromosome 11 may be caused by the same alleles that cause
QTLs previously reported by Hitzemann et al. (2008) and Watanabe et al. (2007). The study
by Leussis et al. (2009) used a panel of C57BL/6J (B6) × A/J chromosome substitution
strains (CSS). The other three studies used F2 crosses between B6 and A/J (Joober et al.
2002), B6 and C3H/He (Watanabe et al. 2007) and B6 and DBA/2J (Hitzemann et al. 2008).
The A/J allele on chromosome 11 was associated with elevated levels of PPI compared with
B6 (Joober et al. 2002; Leussis et al. 2009), whereas Hitzemann et al. (2008) found that the
B6 was associated with elevated PPI over DBA/2J. Taken together, these data suggest that
the QTL we observed on chromosome 11 may or may not be because of the same alleles as
previously reported QTLs for PPI on chromosome 11.

The QTLs on chromosome 12 suggest the presence of more than one QTL for PPI (Figs. 3
and 5). All three prepulse intensities showed distal peaks that reflected lower PPI among
mice carrying the SM/J allele. In addition, a second more proximal QTL was observed for
PPI6 and PPI12. While the F2 data were unable to statistically dissociate the distal and
proximal peaks, the results from the integrated analysis provided strong support for the
existence of two separate QTLs for PPI on chromosome 12. The integrated analysis
significantly narrowed the location of the QTLs on chromosome 12, as shown in Table 1; all
analyses showed remarkable consistency in terms of the peak of the distal QTL, which was
estimated from 44 to 47 cM. The analysis of the first principal component obtained from all
three prepulse intensities was also consistent with this pattern (Fig. S1). We are not aware of
any previous studies reporting QTLs for PPI on mouse chromosome 12 (Hitzemann et al.
2008; Joober et al. 2002; Leussis et al. 2009; Palmer et al. 2003; Petryshen et al. 2005;
Watanabe et al. 2007), suggesting that this QTL is a novel finding.

We identified a QTL for habituation on chromosome 4. The SM/J allele at QTL was
associated with less habituation and showed an apparently recessive pattern of inheritance
(Fig. 4). A recent study by Leussis et al. (2009) found QTLs for habituation on
chromosomes 7 and 8, but not chromosome 4. Their measure of habituation was percent
habituation and they used different inbred strains. These differences, along with incomplete
power for smaller effect QTLs, likely explain the differences in the QTLs identified.
Interestingly, we did not identify any QTLs influencing both PPI and habituation, suggesting
that these two putative endophenotypes are genetically dissociable.

This study has several limitations. One limitation common to virtually all conventional QTL
studies is that power to detect smaller effect QTLs is limited. For example, in this study we
observed suggestive but not significant QTLs for PPI on chromosomes 7, 8 and 9 (Fig. 3); a
larger sample size might have identified additional QTLs that have smaller impacts on the
phenotype. Another common limitation of conventional QTL studies is the inability to
narrow the confidence intervals of QTL to a manageable size. We were able to significantly
improve our mapping resolution by using AIL mice, which is a notable strength of this
study; however, we were still unable to identify specific genes. Another limitation is that we
used three different prepulse intensities, but we did not vary the time between the prepulse
and the pulse stimuli; evidence from rats indicates that different strains may have different
optimal times between these two stimuli (Swerdlow et al. 2004). Therefore, the QTLs that
we identified may reflect differences in the optimal times between prepulse and pulse
stimuli.
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In summary, we identified several QTLs for startle response, PPI and habituation of the
startle response and used AIL mice to significantly narrow the 1.5-LOD support intervals for
these QTLs. These results show the potential of using even a modest number of AIL mice in
conjunction with conventional F2 studies and will facilitate the identification of the
underlying genes. Elucidation of genes that influence PPI may stimulate a deeper
understanding of the molecular mechanisms that underlie PPI and may thus enhance our
understanding of neurological and psychiatric disorders that are characterized by deficits in
sensorimotor gating.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Sex and strain differences in startle, PPI and habituation
We observed significant differences between the strains for startle and PPI; however, there
was no significant difference between the two strains for habituation. There was a
significant interaction between strain and sex for startle but not for any of the other traits.
Startle and habituation are both expressed in arbitrary units. # and * indicate differences
between the two strains with P < 0.05 and P < 0.001, respectively.
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Figure 2. Genome-wide LOD scores for startle show a significant peak on chromosomes 7 and 17
in the F2 generation when sex was treated as an interactive covariate
The effect plot of each genotype at the marker nearest to the peak LOD score (indicated with
a heavy tick mark) is shown for markers rs31102161 and rs29530504. The horizontal line
indicates the genome-wide significance threshold (P < 0.05). Startle response is in arbitrary
units.

Samocha et al. Page 12

Genes Brain Behav. Author manuscript; available in PMC 2013 August 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3. LOD scores for all three PPI intensities on chromosomes 11 and 12 based on analysis of
the F2 mice
The mean phenotype for mice with the indicated genotypes at the marker closest to the peak
LOD score for chromosomes 11 and 12 are shown in the lower right. Horizontal lines
indicate the genome-wide significance thresholds (P < 0.05).
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Figure 4. LOD scores for habituation show a significant peak on chromosome 4 in the F2
generation
The plot in the lower right shows the mean phenotype associated with each genotype at the
marker nearest to the peak LOD score. The horizontal line indicates the genome-wide
significance threshold (P < 0.05). Habituation is expressed as the difference between the first
six and the last six startle alone trials, in arbitrary units.
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Figure 5. Integrated analysis of F2 and AIL for startle, PPI and habituation
LOD scores are shown on the y-axis and genetic distance in cM is plotted on the x-axis.
Horizontal lines indicate the genome-wide significance thresholds (P < 0.05).
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Table 2

Correlation matrix between startle, PPI3, PPI6 and PPI12

Startle PPI3 PPI6 PPI12

Startle — — — —

PPI3 −0.0633 — — —

PPI6 −0.1400 0.6960* — —

PPI12 −0.1468 0.6059* 0.7831* —

*
The correlations noted with an asterisk have P values less than 1 × 10−5.
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