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Abstract

A cornerstone technique in the study of hearirthasAuditory Brainstem Response (ABR), an
electrophysiologic technique that can be usedqsatitative measure of hearing function. Previous
studies have published databases of baseline ABRHblds for mouse strains, providing a valuable
resource for the study of baseline hearing funciiot genetic mapping of hearing traits in micethia
study, we further expand upon the existing litematay characterizing the baseline ABR charactessif
100 inbred mouse strains, 47 of which are newlyattarized for hearing function. We identify seler
distinct patterns of baseline hearing deficits pralide potential avenues for further investigation
Additionally, we characterize the sensitivity oéthame 100 strains to noise exposure using perinanen
thresholds shifts, identifying several distincttpats of noise-sensitivity. The resulting dataviies a
new resource for studying hearing loss and noissiséty in mice.

Keywords. Hearing loss; noise; mouse; inbred strain

1 Introduction

Hearing loss is the most common sensory impairtimetite world and is estimated to affect more
than 278 million individuals of all ages, causimgngficant reduction in quality of life and socia@@mic
impairment[1].

Over the past several decades, human studies sdraaeural hearing loss (SNHL) have made
abundantly clear that many forms of hearing losspss a strong genetic contribution. There are
approximately 67 genes that have been found tdtiiesuon-syndromic hearing loss (NSHL) that affact
broad range of components within the Organ of G}ti Likewise, twin studies of noise-induced
hearing loss (NIHL) indicate that approximately 36%the disorder is heritable and candidate gene
studies have identified a small number of potemMi&lL susceptibility genes [2—6]. Age-related hegri
impairment (ARHI) shows a clear familial aggregatithe National Academy of Science—National
Research Council (NAS—NRC) aging twin panel studly éstimated the heritability of ARHI to be
approximately 61% [7].

Despite the remarkable progress in our understgrafialinical hearing loss, human studies are
met with several obstacles such as limited stesisfiower, difficulties in reproducibility, diffidties in
controlling environmental factors such as noiseosype and ototoxic medications, and the considerabl
task of organizing large observational studies.eMiovide a useful complementary platform to thegt
of hearing loss. Given the existence of deafnesside, similarity between mouse and human innes,ear
genetic homology between mice and humans, and thecoiar tools afforded by a model organism,
mice have proven invaluable in the study of thestity and molecular pathogenesis of hearing loss.

An important technique in hearing research, thetarydbrainstem response (ABR) is a widely
used electrophysiological technique that utilizessptone bursts of varying frequency to stimulag t
auditory pathway and detects the resulting activitgharacteristic waveforms that serve as a giaive
measure of hearing function. A particularly us&fBR metric is hearing threshold, which is deteredn
by subjecting an individual to increasing interesitof noise stimuli until the characteristic ABR
waveform is detected. Several large scale stundies characterized ABR thresholds across different
strains of mice, providing a valuable resourceriterstrain comparisons of hearing function andegen
mapping of hearing traits. A study by Zheng aniieagues [8] reported the ABR thresholds of 80
classic inbred mouse strains, 35 of which displasggting degrees and onsets of hearing loss. Anothe
study by Willott and colleagues reported the ABRe#holds and spiral ganglia morphologies for 25
recombinant inbred (RI) BXD strains [9]. Lastlyswdy by Johnson and colleagues utilized the ABR
phenotypes of another set of BXD strains to idgritiEahl8 locus, elucidating its role in hearing loss and
characterizing its epistasis with another key mepldss gen€dh23 [10].

While the database for baseline hearing traitgghawn impressively, there are still many strains
yet to be characterized that could provide usefudi@ts for hearing loss. In this study, we perforraed
superficial screening study of baseline hearingfion in 100 inbred strains of mice, 47 of whiclvéa
never been studied for hearing traits. We charizetd the baseline hearing function of these 100rst



74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

using ABR and identified several distinct patteof®aseline hearing impairment. Additionally, we
characterized the sensitivity of the same 100rstran noise-exposure through the use of permanent
threshold shifts (PTS) and identified several didtforms of noise sensitivity, providing new phimic
data and potential models for future investigatbbaseline hearing impairment and NIHL.

2 Materialsand Methods
2.1 Animal Resear ch Ethics and Handling

This study was carried out in strict accordancé Wit recommendations of the American
Association for Laboratory Animal Sciences (AALA&)d the EU Directive 2010/63/EU for animal
experiments. The protocol and all studies perfarorethe mice were approved by the University of
Southern California Institutional Animal Care anddlCommittee (Permit Number: 12033) and the
Department of Animal Resources.

Animals were housed with ambient noise not excegtfiat of normal air conditioning. All
technigues were performed on mice under intrapegdbanesthesia (ketamine 80mg/kg body weight and
xylazine 16mg/kg body weight) and all efforts werade to minimize suffering.

2.2 Noise Exposure

6 week old mice were exposed for 2 hours to octarel noise (OBN) with a center frequency of
10 kHz using a method adapted from Kujawa and hilzer[11]. Mice were placed in a circular % inch
wire-mesh exposure cage with four shaped compattaend were able to move about within the
compartment. The cage was placed in a MAC-1 souadfghamber designed by Industrial Acoustics
(IAC, Bronx, NY) and the sound chamber was linethwsiound-proofing acoustical foam to minimize
reflections. Noise recordings were played with atéo FT17H Tweeter Speaker built into the top ef th
sound chamber. The damaging noise was measurmessabe sound chamber with a B&K sound level
meter and adjusted to an intensity of 108 dB SRh wivariation of 1.5 dB across the cage.

2.3 Audiometric Equipment and Assessment of ABR Thresholds

For inclusion in the study, data from at leastehmembers of each strain was required (with the
exception of strain AXB10/PgnJ). The number of n@galuated per strain is listed in Supplemental
Table 1. Mice 5-8 weeks of age were chosen aspitimal age for evaluation to avoid confounding of
data from ARHI. Only female mice were evaluatedigsificant gender differences in hearing loss are
known to exist [12].

All ABRs were performed inside a MAC-1 sound-prebimber designed by Industrial
Acoustics (IAC, Bronx, NY) to eliminate both enyimmental and electrical noise. Auditory stimuli eer
generated with a data acquisition board from Natfitmstruments (National Instruments Corporation,
Austin, Texas) and were delivered using an IntefligHearing Systems speaker (Intelligent Hearing
Systems, Miami, Florida) attached to an 8—in. large that was inserted into the ear canal with doun
pressure measured by a condenser microphone.leStastieel electrodes were placed subcutaneously at
the vertex of the head and the right mastoid wigincaind electrode at the base of the tail. Body
temperature was maintained throughout the procestueeheating pad kept at body temperature and an
artificial tear ointment was applied to the eyes.

Auditory signals were presented to the right edy as tone pips with a rise and a fall time of 0.5
msec and a total duration of 5 msec at the freqasrk; 8, 12, 16, 24, and 32 kHz. Tone pips were
delivered below threshold and then increased iB fhdrements up to 100 dB SPL. Signals were
presented at a rate of 30/second. They were gamt amplifier and then to a sound transducer from
Intelligent Hearing Systems. Physiologic responsei® recorded with a 20,000 analog-to-digital rate
and sent to an 8 channel 150-gain AC/DC headbostterdonto a secondary Synamps signal amplifier
of 2500 gain before analysis. Responses wereditesith a 0.3 to 3 kHz pass-band. 512 waveforms
were averaged for each stimulus intensity. Heattingsholds were determined by visual inspection of
ABR waveforms and defined as the minimum interaityhich a wave 1 complex could be
distinguished. Post-noise exposure thresholds exakiated by the same method 2 weeks post exposure.
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ABR Peak Analysis Software Version 0.9.0.2 ©Copiytig007 Speech and Hearing Bioscience and
Technology was used to analyze ABR waveforms athetiahkine thresholds.

2.4 Determination of Basdline Hearing Patterns

Mean ABR thresholds of each strain were gradeddwerity relative to the corresponding mean
thresholds of CBA/J mice at the same test freqesncBimilar to the strategy employed by Zhend et a
[8], strains with mean baseline thresholds mora thatandard deviations greater than the corre$pgnd
CBA/J baseline mean at a given frequency were odiegl as hearing-impaired at that frequency, and
any strain with hearing impairment at any frequeweg considered to be an overall hearing-impaired
strain. Cutoffs were determined as follows: 78(&tB 4 kHz), 62 dB (for 8 kHz), 43 dB (for 12k HZ)2
dB (for 16 kHz), 36 dB (for 24 kHz), and 44 dB (&2 kHz). Hearing impaired strains were further
graded at each frequency as mildly, moderatelgewerely impaired if the strain mean was <20 dB, 20
40dB, or >40 dB above the cutoff at that frequemegpectively. To exclude the possibility of mielélar
pathology, absolute wave latencies were reviewedlea® latencies become prolonged in conductive
hearing loss [13].

2.6 Determination of PTS and Noise-Sensitivity Patterns

PTS was derived from the difference between thenmpeat-exposure threshold and mean
baseline threshold for each strain. Strains witB€20 at all frequencies were considered noisesteai
whereas strains with P20 at any frequency were considered noise-sensifiveutoff of 20dB was
determined based on usage by prior studies [14 NIBjse-sensitivities at each frequency were furthe
categorized as mild (Z®TS<30dB), moderate (39TS<40dB), or severe40dB).

3 Results
3.1 Establishing Baseline Hearing Thresholds

To assess the 100 inbred strains for baselinerggAmction, ABR thresholds for each strain
were determined prior to noise exposure (Suppleahd@iable 1). Strains were categorized at each test
frequency as normal hearing, mildly impaired, matidy impaired or severely impaired using the idbre
strain CBA/J as an internal reference for normakimg as described in the methods [16-18].

Several distinct patterns of hearing loss were gmiahigh-frequency hearing loss, high-and
low-frequency hearing loss, flat hearing loss, aatth-type hearing loss (Figure 1). The vast niigjof
strains (49 strains) fell into the high-frequen@ating loss group in which hearing loss was most
pronounced in the 24-32 kHz range. This group faetber broken down into mild, moderate, and severe
high-frequency impairment. Normal hearing strairse the second largest group, comprising 36 strain
Four strains exhibited combined high and low-fregpyeimpairment with deficits at 4 kHz and 32 kHz.
Flat loss strains (7) had deficits of similar magdée across all frequencies. Notch-type straipséd
steeply sloping peak deficits in intermediate frengies of 16 kHz and/or 24 kHz. No strains were
identified with isolated low-frequency hearing inmpaent. For clarity of interpretation, the baseli
hearing data is replotted in alphabetical ordeSupplemental Figure 1, with fewer strains per grapth
standard error included.

3.2 Sensitivity to Noise Exposure

In addition to baseline hearing function, we albaracterized the sensitivity of the same 100
strains to acoustic insult (Supplemental TableStyains were exposed to damaging levels of nbise t
reevaluated two weeks later by ABR for post-expeshresholds. PTS values were then calculated from
the difference between pre-noise-exposure (baskéndang threshold) and post-noise-exposure mean
thresholds. Strains were categorized at eaclirezgiency as either noise-resistant (PTS<20) @enoi
sensitive (PTS20), and noise-sensitive thresholds were furthirgoaized as mildly, moderately, or
severely sensitive as described in the methods.

Several discernable patterns of noise-sensitivégevapparent: noise-resistant, high-frequency
sensitivity, broad-frequency sensitivity, multimbdansitivity, middle-frequency sensitivity, nottype
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sensitivity, and progressively sloping sensitiijgure 2 and Supplemental Figure 2). The 9 broadl
sensitive strains exhibited PTS across multipleseontive frequencies, such as BALB/cByJ which had
moderate-to-severe PTS across all frequencies.4Btiains with high-frequency sensitivity
demonstrated peak PTS at 24 kHz and 32 kHz. Tere 30 strains with middle-frequency sensitivity,
comprising the largest group and demonstrating pdek at consecutive frequencies of 12 and 16 kHz.
This group was further broken down into mild, mader and severe middle-frequency sensitivity. The
strains categorized as notch-type sensitive ealibited peak PTS at a single isolated frequenay; fo
example BXD42/TyJ was severely sensitive at 12 kttzresistant at all other frequencies. Multimodal
sensitivity strains exhibited peak PTS of similaagnitude at two or more non-consecutive frequencies
such as FVB/nJ which had peak PTS at 12 and 24 Ragressive-sloping sensitivity strains
demonstrated progressively greater noise-sengitiith higher frequencies; for example, BXA16/PgnJ
had mild PTS in the 12 and 16 kHz range but modd?aiS in the 24 and 32 kHz range. 14 noise-
resistant strains showed minimal PTS at all fregigsntested. No strains with isolated low-frequyenc
noise-sensitivity were identified.

Notably, the majority of strains demonstrated thodd shifts within the dynamic range of testing
(0-100 dB SPL). However, several strains hadpatific frequencies, such severe baseline hearing
deficits that categorization of subsequent PTSoiserresistant or sensitive according to our sjsateas
not reliable. For example, NOD/ShiLtJ had basetimean thresholds of 85.8, 93.3, and 92.5 dB SPL and
PTS values of 10.8, 3.3, and 5.0 dB at test frecjesrof 16, 24, and 32 kHz, respectively. Thes8 PT
values met our technical criteria for resistanceviere a product of significant baseline deficither
than “true” noise resistance. As noted by Linlgtaapossible explanation for this phenomenon is a
“ceiling effect”, in which there are a limited nuerbof damage-susceptible elements in the inneraedr,
the more elements that are already damaged fram gauses, the fewer elements remain to be damaged
by further noise exposure [19]. In total, sixtstnains were excluded from noise-sensitivity-patter
categorization. However, the data for these sriistill provided (Supplemental Table 1 and
Supplemental Figure 2).

3.3 Basdine hearing impair ment and noise sensitivity

Prior studies have demonstrated that preexistinglSiduces subsequent threshold shifts from
noise exposure [19-21], a trend which we also eleskeduring our phenotyping of noise-sensitivitys A
noted above, this is likely partly due to the egjleffect, which becomes progressively more releaan
thresholds near the upper limit of testing.

Given the above observation, we felt it importaniticlude a plot of PTS as a function of
baseline ABR threshold to aid the interpretatiomaise-sensitivity with consideration for seveiity
baseline hearing deficit. Strains were plotted &sction of baseline ABR threshold and post-noise
exposure PTS at each of the test frequencies fr82kHz (Figure 3 and Supplemental Figures 3-7).
The 16 kHz plot was selected for Figure 3 becausdé&havior at this frequency was most represgatati
of behavior at other test frequencies; howevetts@b other test frequencies are included in the
Supplemental Material.

4 Discussion

Our focus was to expand upon the existing hearmamnptype literature by characterizing
baseline hearing in 47 strains not present initbeature. Additionally, no group has publishedjascale
phenotypic data of noise-sensitivity in mice. Thhe noise-sensitivity data presented in thisystud
provides a new resource for the study of NIHL.

4.1 Choice of Strains

Our lab studies the genetics of common forms ofihgdoss in mice, including age-related and
noise-induced hearing loss. The 100 mouse stugied in this study were selected from the Hybrid
Mouse Diversity Panel (HMDP), which is a libraryinbred mouse strains designed for use with
Genome-Wide-Association Studies (GWAS) [22]. THdDP is a powerful resource for dissecting the
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genetic variation underlying common traits andas/gred to detect genetic variation responsibleor
little as 5% of the phenotypic variance [23]. T3ecommon inbred strains and 70 recombinant strains
that comprise the HMDP provide high statistical po@nd mapping resolution [24]. In particular, the
recombinant inbred strains, which include AXB, BX@XD, BXH, and CXB, are derived from pairwise
crosses of classical inbred strains; their inclusiothe HMDP significantly increases the statatic
power to detect single-nucleotide polymorphismsFSNassociated with complex traits [25]. We
recently published a genome-wide association stitiigzing the HMDP to identify NADPH oxidase3
(Nox3) as a NIHL susceptibility gene [26]. In this maaript, we present the complete 100 strain panel
of baseline ABR threshold phenotypes and noiseitsgtysphenotypes with the hope that this data wil
facilitate future investigations in hearing reséarc

Many inbred mouse strains possess distinct biotbgiaits that make them useful models for
human diseases; such traits are also a conveneaarigrof studying relationships between hearing loss
and other disease processes. For example, NZB&BithINZW/LacJ, which were identified as noise-
resistant in our study, are both models of autoimendisorders [27] and may provide a useful platform
for studying the role of autoimmunity in the devmieent of or resistance against NIHL. C3H/HeJ mice
have reduced reactive-oxygen-species (ROS) geoeratid cellular immunity, making them highly
susceptible to gram-negative bacterial challengé [Iterestingly, this deleterious trait may peov
advantageous in regard to hearing loss as we fibehthis strain as noise-resistant. This findsngports
the notion that oxidative stress plays a role imliaing hair cell damage during hearing loss [2B].BR
and I/LnJ both lack a corpus callosum, which cargtaierve projections from the primary and secondary
auditory cortices; these strains interestingly slbvergent noise-sensitivity phenotypes with therfer
being severely noise sensitive and the latter bedige resistant.

In addition to unique biological traits, the genetiversity provided by the HMDP allows for the
study of genetic background effects on allelic pemee and expressivity. Several of the HMDP strai
possess thedh23™ allele, which leads to progressive hearing lossaniable timing and severity
depending on the genetic background. The recombinbred strains in particular provide a useful
model for dissecting such effects because of therdgeneity of their genetic makeup, which is dedliv
from various crosses of classical inbred strainspection of different recombinant strains witk th
Cdh23*" allele sharingommon progenitors may reveal divergent phenotgipesarise from subtle
differences in genetic background. For example hibaring loss phenotypes of the BXD strains, which
are derived from C57BL/6J and DBA/2J crosses, lee:n shown to vary substantially in onset,
progression, and severity; this variation is deteeth in part by the number of AHL genes inheritexirf
each progenitor strain and by genetic backgroufedsf[9]. Thus, the strains and phenotypic data
included in our panel provide a useful platformfimther identification of modifying genes in haagi
loss. Moreover, as previously noted by Zheng.6Jalgenetic background can confound analysis of
hearing experiments or behavioral tests which ealjearing for experimental output, so the
characteristic baseline hearing ability and noé&esgivity for a given strain are important consatsns
in any experimental design relying on hearing foruaate interpretation of results.

4.2 Patterns of basdline hearing impair ment and noise-sensitivity

Audiometric patterns of hearing loss have a lorsgony in both clinical studies and animal
models, and different patterns have been showeflect distinct underlying pathophysiological
mechanisms [30,31]. A classic example is the audidc pattern of ARHI. Characterized by flat
hearing loss of similar magnitude across low freqies and progressively more severe loss at higher
frequencies, ARHI arises from a gradual loss ofethdocochlear potential (EP) over time and the
differential response of the basal and apical postiof the cochlea to this loss of EP [30,32-3Jther
classic examples include the audiometric profileNIblL and toxin-induced hearing loss, which ardhbo
characterized by a notch of well-defined hearirgglat high frequencies and arise from damage to the
cochlear amplifier [38—40]. Thus, the distinct mundetric patterns of hearing loss and noise-seityiti
described in this study may provide further insiighd the mechanisms underlying hearing loss.
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Indeed, much progress has already been made irdregéne complex pathophysiology of
hearing loss, particularly the role of geneticéie Tole of heredity in hearing loss is supportedigy
strain-specificity of hearing impairment patternsribred mouse strains [29,41,42]. For examplééir
phenotypic profiling of common inbred strains, Zpeat al. observed frequency-specific impairment
patterns unique to certain strains, noting thatri€ke have a specific hearing impairment at 16 kHz
whereas C57BR/cdJ and C57L/J mice are least impairthat frequency [8]. Targeted gene deletion
studies have further delineated the genetic arldlaetomponents important for normal development
and function of the auditory system. Li et al. dastrated that deletion of the gelxguaporind (AQP4)
on a CD1 background causes broad-frequency heanpajrment, which they attribute to the inabilitfy o
epithelial cells of the organ of Corti to adaptamye potassium fluxes during mechano-electricaign
transduction [43]. Young mice with defectsHarhl1, a mouse homolog for the Drosophila BarH
homeobox genes, develop a distinct low-frequeneyihg loss at 4 kHz that progresses to higher
frequency hearing loss with age; hearing loss tatee with progressive OHC degeneration that beafins
the cochlear apex and spreads to the base [44jel@®nental abnormalities of the inner ear andreént
auditory pathways may also account for distinctgrats of hearing impairmencng4 [45]andBdnf [46]
each have distinct developmental gradients in eachiair cells along the longitudinal axis of orgén
Corti. Dysfunction in these genes and others loithtion-specific developmental roles could giserio
distinct patterns of hearing loss.

Similarly, noise-sensitivity can demonstrate distipatterns. We recently demonstrated that
mice possessingox3 mutant allele have relatively normal baseline imgglbut demonstrate a selective
vulnerability to noise-induced hearing loss at &dsed on data from ABR studies and distortion
product otoacoustic emissions; this audiometrimphge was reflected by a decrease in synaptionibb
at the corresponding tonotopic location in the te&lf26]. Thus, further study of the HMDP straamsl
noise sensitivities provided in this study may edvather genes accounting for the distinct pattefns
noise sensitivity observed here.

4.3 Relationship between baseline hearing function and PTS

As previously mentioned, past studies have dematestithat preexisting SNHL reduces
subsequent threshold shifts from noise exposure1]9 a trend which we also observed during our
phenotyping of noise-sensitivity. As Lin et alt@oa possible explanation for this phenomenon is a
“ceiling effect.” According to this explanatiomere are a limited number of damage-susceptible
elements in the inner ear; the more elements tealeeady damaged from prior exposures or from
inherited defects as in this study, the fewer elgseemain to be damaged by further noise exposure
[19]. A prime substrate for hearing loss is theldear amplifier and its major components: the ohter
cells (OHC) and the stria vascularis. The cochdaaplifier is an anatomically and physiologically
complex organ critical for the sensitivity and foeqcy-specificity of hearing [47], and dysfunctiofithe
cochlear amplifier will significantly impact thefenctions [38,48-50]. In the case of the inbrediss
used in our study, inherited differences in cochéeaplifier function may account for baseline défdn
hearing that will limit further threshold shifts iasponse to noise-exposure, although other fanturs
addressed in our experimental design may be indahgewell.

An alternative theory is that there may be an aqgpivysiological process that, in response to
preexisting SNHL, may function to reduce subsegaeantistic trauma. Prior studies have demonstrated
the effects of acoustic “toughening”, in which m@nditioning with moderate-level acoustic stimubas
reduce damage from later exposure to the samelasratihigh intensity [19,21,51,52], although the
protective effects of such pre-exposure are tramsidotably, these studies are focused on noise as
means of pre-conditioning, whereas in this stuay‘tource” of preconditioning would be preexisting
deficits due to genetic differences, a topic foicktthere is little study to date.

4.4 Limitations
Noise vulnerability changes as a function of agehghat young humans and animals are
particularly sensitive to acoustic insult. In mitgs sensitivity period (alternatively known at
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“critical period” or “early window") peaks around@®weeks then gradually diminishes to permanent
adult levels around 4 months [53]. Our study z#itl 5-8 week old mice to avoid confounding by ARHI,
but it must be noted that younger and older ageggahould be viewed as mechanistically distinct
models and that our ‘early window’ noise-sensitiviésults are most appropriately used with this
consideration in mind.

Moreover, the noise exposure conditions used mghidy were subject to variation in several
parameters that are important to consider. Famele it has been shown that hypothermia (30°C) is
protective for NIHL while hyperthermia (40°C) exduates NIHL [54]. To reduce possible confounding
artifacts from fluctuating body temperature, theenivere left awake during the exposure. Additilynal
as the presence of solid materials within the exposage can block transmission of sound wavesg mic
were housed in a pie-shaped wire-mesh exposurewigtgéour compartments using a circular design to
ensure equivalent SPLs between mice. The mice sesrarated to minimize huddling that might reduce
sound transmission. % inch wire mesh was usethécage body to allow mouse waste to drop away
from the animals. We selected the Fostex FT17HetareSpeaker due to the low variation (+ 3 dB)}sn i
frequency response curve, but there were still oidlable variations inherent to the equipment that a
worthy of mention.

Lastly, it should be noted that this work impligiteferences a noise level-versus-PTS function
that may change if we altered the set age, nois, ler frequency of noise exposure. We do notkno
the shape of this function or iffhow the shapeesviith strain or age, which is an important liiia to
bear in mind. However, this caveat is presenhinremise exposure study and due to the limitation o
resources and time, we chose to expand upon tearadsby including more strains.

5 Conclusions

In this study, we report the results of a supeaafistreening study of baseline hearing ability and
noise sensitivity in 100 inbred mouse strains, #&lich have never been characterized for hearaitst
We report the baseline ABR thresholds for thesest@ins and identify several distinct patterns of
baseline hearing impairment. Secondly, we rep@tibise vulnerability of these same 100 strains as
measured by PTS and identify several distinct pattef noise-sensitivity. Lastly, we make the ctete
phenotypic dataset available for general use. ddtia establishes a new resource for the studyHf N
in mice and adds 47 newly characterized straitisd@xisting baseline hearing literature.
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FigureLegends

Figurel. Inbred strains of mice show distinct patter ns of hearing impair ment.

Baseline hearing for each strain is shown in audimgformat, with mean ABR threshold (in dB SPL)
plotted as a function of auditory stimulus freque(io kHz). The following patterns of baseline Hegr
function were observedA) normal hearing strains [AXB1/PgnJ, AXB10/PgnJ, A2d8PgnJ,
AXB6/PgnJ, AXB8/PgnJ, BALB/CJ, BTBR_T_tf/J, BXA1ZRJ, BXA14/PgnJ, BXD13/TyJ,
BXD28/TyJ, BXD31/TyJ, BXD74/RwwJ, BXH14/TyJ, BXHZ2R¢cI, BXHA/TyJd, BXH7/TyJ,
BXH9/TyJ, C3H/HeJ, C57BL/6J, CBA/J, CXB1/ByJ, CXBHIAJ, CXB12/HiAJ, CXB2/TyJ, FVB/nJ,
KK/HIJ, MRL/MpL, NON/ShiLtJ, NZB/BinJ, NZW/LacJ, P11, Rllls/J, SJL/J, SM/J, SWR/IB) mild
severity high-frequency hearing loss strains [AKXk1TyJ, AXB12/PgnJ, BALB/CbyJ, BXA1/PgnJ,
BXA16/PgnJ, BXA4/PgnJ, BXA7/PgnJ, BXD1/TyJ, BXD140; BXD15/TyJ, BXD18/TyJ, BXD5/TyJ,
BXD6/TyJ, BXD70/RwwJ, BXD75/RwwJ, BXH10/TyJ, BXH6§T, BXH8/TyJ, C58 /J, CXB13/HiAJ,
LG/J, SEA/GnJ](C) moderate severity high-frequency hearing lossrstfd 29X1/SvJ, AXB13/PgnJ,
BXD11/TyJ, BXD2/TyJ, BXD29/TyJ, BXD34/TyJ, BXD50/Rmd, BXD55/RwwJ, BXD73/RwwJ,
BXD8/TyJ, BXD84/RwwJ, BXD9/TyJ, BXH19/TyJ, C57BLK&/CXB9/HiAJ],(D) severe high-
frequency hearing loss strains [AXB15/PgnJ, AXBT#/P, AXB19a/PgnJ, AXB19b/PgnJ, AXB5/PgnJ,
BXA25/PgnJ, BXD12/TyJ, BXD20/TyJ, BXD32/TyJ, DBA/2WMA/MyJ, NOD/ShiLtJ],(E) flat-
frequency hearing loss strains, gRjl high and low frequency hearing loss strains [AKRS7L/J,

I/LnJ, LP/J] indicated by solid shapes/lines antthdype hearing loss strains [BXD21/TyJ, BXD38/TyJ
BXD42/TyJ, CE/J] indicated by clear shapes/dotieels.

Figure2. Inbred strains of mice show distinct patter ns of noise sensitivity.

Noise sensitivity for each inbred mouse strairejgesented by PTS values, which are shown in
audiogram format. PTS values (in dB) are plotted #&unction of auditory stimulus frequency (in kRHz
The following patterns of noise-sensitivity weresebved(A) noise resistant [AXB24/PgnJ, BXA1/PgnJ,
BXA13/PgnJ, BXA24/PgnJ, BXD31/TyJ, BXD84/RwwJ, BXA§J, BXH7/TyJ, C3H/HeJ, I/LnJ,
NZB/BinJ, NZW/LacJ, SJL/J, SM/JB) high-frequency sensitivitfC-D) broad-frequency sensitivity,
(E) multiple peak sensitivity(F) mild severity middle-frequency sensitivif{G-H) moderate severity
middle-frequency sensitivity] -L ) severe middle-frequency sensitivi{i¥)-N) notch-type sensitivity, and
(O-P) sloping sensitivity. The 16 strains that wereegatized as having a “ceiling effect” as descrilved
the text were not included in this figure but areluded in Supplemental Figure 2.

Figure 3. Noise sensitivity vs basdine hearing at 16 kHz stimulus frequency.
For each strain, the permanent threshold shiftevedB) is plotted against the baseline hearingstiokel
(dB SPL) at a stimulus frequency of 16 kHz. Ath#t names are abbreviated for figure clarity.

Supporting Information L egends

Supplementary Table 1. Basdine Hearing Function and Noise-Sensitivitiesfor 100 HMDP Strains.
Mean ABR thresholds in dB SPL both before (PRE) aftet (POST) noise exposure at the stimulus
frequencies listed (4, 8, 12, 16, 24, and 32 KHe)shown with corresponding standard deviations) (SD
and sample sizes (N) tested in each condition.r&@Measeline hearing pattern is also shown foheac
strain. PTS values in dB are shown at the stiminecgiencies listed (4, 8, 12, 16, 24, and 32 Kilahg
with the overall noise-sensitivity pattern. Classinbred strains and recombinant inbred strdhse]

are listed in alphabetical order. Grades of hearmgairment and grades of noise-sensitivity ardciiegd
by the following color scheme: mild (green), moder@range), severe (red). “Data not collectedt (no
assessed) indicates that no hearing data was tedllatthat particular frequency. Grey-coloreddsox
indicate that PTS calculations at that particulagfiency were excluded due to either absent PREVPOS
data or due to presence of a ceiling effect desdrib the methods.

Supplemental Figure 1. Baseline hearing function of inbred mouse strains.
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Baseline hearing function for each of the 100 idbr@use strains prior to noise exposure is shown in
audiogram format. Strains are arranged in alplediairder. Error bars +/- 1 SE.

Supplemental Figure 2. Noise sensitivity of inbred mouse strains.

Noise sensitivity for each of the 100 inbred mostsains is represented by permanent thresholdshift
(dB) shown in audiogram format as a function ofiturg stimulus frequency (in kHz), with fewer sinai
per graph to improve clarity. Strains are arrangeglphabetical order. Included are the 16 strain
categorized as having a “ceiling effect”, in whizdiseline thresholds were near the upper limitsifrtg
such that interpretation of subsequently calcul®€8 values was difficult. Strain A/J was excluded
entirely from PTS calculations because baselineégavas completely absent. Frequencies affecyed b
a ceiling effect are denoted by *.

Supplemental Figure 3. Noise sensitivity vs baseline hearing at 4 kHz stimulus frequency.
For each strain, the permanent threshold shiftevedB) is plotted against the baseline hearingstiotel
(dB SPL) at a stimulus frequency of 4 kHz. Alleditrnames are abbreviated for figure clarity.

Supplemental Figure 4. Noise sensitivity vs baseline hearing at 8 kHz stimulus frequency.
For each strain, the permanent threshold shiftevedB) is plotted against the baseline hearingstiokel
(dB SPL) at a stimulus frequency of 8 kHz. Alledsitrnames are abbreviated for figure clarity.

Supplemental Figure 5. Noise sensitivity vs baseline hearing at 12 kHz stimulus frequency.
For each strain, the permanent threshold shiftevedB) is plotted against the baseline hearingstiokel
(dB SPL) at a stimulus frequency of 12 kHz. Atk#t names are abbreviated for figure clarity.

Supplemental Figure 6. Noise sensitivity vs baseline hearing at 24 kHz stimulus frequency.
For each strain, the permanent threshold shiftev&B) is plotted against the baseline hearingstiokel
(dB SPL) at a stimulus frequency of 24 kHz. Ath#t names are abbreviated for figure clarity.

Supplemental Figure 7. Noise sensitivity vs baseline hearing at 32 kHz stimulus frequency.
For each strain, the permanent threshold shiftevedB) is plotted against the baseline hearingstiotel
(dB SPL) at a stimulus frequency of 32 kHz. Ath#t names are abbreviated for figure clarity.
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L ar ge-scale Phenotyping of Noise-lnduced Hearing Lossin 100 Strains of Mice: Highlights

*  We conducted a superficial screening study for hearing function in 100 inbred strains of
mice.

e Several distinct patterns of baseline hearing impairment are observed, and possible
avenues of research are discussed.

» We also characterize the sensitivity of the same 100 strains to damaging levels of noise.

» Several distinct patterns of noise-sensitivity are observed, and possible avenues of research
are discussed.

* The combined dataset is made available for general use.



