Online Methods

Subjects

With the exception of the F1 and F2 populations (described below), subjects were adult male C57BL/6J (B6) and 129S1/SvImJ (S1) mice obtained from The Jackson Laboratory (Bar Harbor, ME, USA) at least 8-weeks old at the time of testing.  Mice were group-housed by strain in a temperature (72 ± 5 °F) and humidity (45 ± 15%) controlled vivarium under a 12 hour light/dark cycle (lights on 0600 h).  The number of mice used in each experiment is given in the figure legends.  All experimental procedures were approved by the NIAAA Animal Care and Use Committee and followed the NIH guidelines outlined in ‘Using Animals in Intramural Research’ and the local Animal Care and Use Committees.
Fear conditioning and extinction testing

Fear and extinction were tested as previously described.  Fear conditioning was conducted on day 1 in Context A: a 27 x 27 x 11 cm chamber with a transparent front and rear-facing walls, opaque metal-plated side walls, and a metal rod floor, cleaned with a 79.5% water/19.5% ethanol/1% vanilla-extract solution to provide a distinctive olfactory cue.  After a 180-second baseline period, mice received 3 pairings of a 30-second, 75 dB, white noise [conditioned stimulus (CS)] and 2-second, 0.6 mA scrambled footshock [unconditioned stimulus (US)], in which the US was presented during the last 2 seconds of the CS.  After the final pairing, there was a 120-second no-stimulus period before mice were returned to the home cage.1


Extinction acquisition was tested on day 2 in Context B: either a 20 cm diameter Plexiglas cylinder with black/white-checkered walls, solid-Plexiglas opaque floor, or a 27 x 27 x 11 cm chamber with white Plexiglas walls and floor, that were cleaned with a 99% water/ 1% acetic acid solution and located in a different room from Context A.  After a 180-second baseline period, mice received 50 x CS presentations.
On day 3, extinction retrieval was tested in Context B.  Following a 180-second baseline period, mice received 3 or 5 x CS presentations (5 second inter-stimulus interval).  In some experiments, fear renewal was tested, 4-5 hours after retrieval, by repeating the extinction retrieval procedure, but in Context A.

Throughout, stimulus presentation was controlled by the Med Associates VideoFreeze system (Med Associates, Burlington, VT, USA).  Freezing, scored automatically by the system or manually every 5 seconds (as no visible movement except that required for breathing), was measured as an index of fear2

, and converted to a percentage [(number of freezing observations/total number of observations) x 100].

Strain differences in extinction

B6 and S1 mice were compared for fear and extinction using the procedures described above.

F2 population generation and phenotyping
A population of 129SB6F1/J and B6129SF1/J hybrid mice (n=43) were generated from 10 B6 and S1 breeding pairs (5 S1 dams, 6 B6 dams).  These mice are henceforth referred to as F1 mice.  Sixteen F1 x F1 breeding pairs were used to generate a F2 population from 39 separate litters.  A total of 371 F2 mice were tested for fear and extinction using the procedures described above.

At the completion of testing, DNA from all F2 mice was processed from tail biopsies at the Cancer Animal Models Core Facility at Emory University School of Medicine (Atlanta, GA, USA).  Briefly, samples were lysed overnight in standard proteinase K buffer and then purified by bead extraction using the QIAGEN Biorobot M48 system (QIAGEN Inc., Valenica, CA, USA).  DNA samples were re-suspended and DNA concentration determined by picogreen analysis (SpectraMax XPS, Molecular Devices, Sunnyvale, CA, USA).  Purified DNA samples were analyzed with the Illumina Mouse Medium Density Linkage Panel (Illumina, San Diego, CA, USA) using the standard protocol provided by the company.  Briefly, 250 ng of purified DNA was subjugated to analysis and then loaded onto 32 sample beadchips.  Beadchips were assayed on the Illumina Beadarray reader, and then analyzed using the software provided by the company.  The resultant data were manually corrected for implausible recombinations, poor clustering of alleles, and other evidence of bad marker performance.  Of the 1449 SNPs on the marker panel, 880 were genetically informative (i.e., differed between the parental strains).  Of these, 778 gave the expected call with parental control DNA.  Two samples were repeated in independent experiments to confirm >99% identity of allele calls between analytical runs.  The genotypes were examined with a crossover count and individuals with none or greater than 75 crossovers were dropped from the analysis due to likely unreliable genotyping.
QTL mapping of fear and extinction traits
QTL mapping was performed using R/qtl3

.  Suggestive and significant interactions were assessed with 250 permutations and then included in a multiple-QTL model.3

 on 4 behavioral traits: 1) fear retrieval (freezing on the first trial-block of extinction acquisition), 2) extinction acquisition (change in freezing from the first to last extinction trial-block), 3) extinction retrieval (difference in freezing on extinction retrieval relative to the first trial-block of extinction training), and 4) fear renewal (difference in freezing on fear renewal relative to extinction retrieval).  A main-effects (single locus) scan was first applied to find main effects.  Each single-locus scan was subject to 1,000 permutations using the Haley-Knott regression method to determine the suggestive main-effects loci (P<.63) and the significant main-effects loci (P<.05).  A pairwise QTL scan was performed to detect additive and interacting loci, including sex co-factors, using the recommended thresholds 
Effects of developmental cross-fostering on extinction
Separate cohorts of B6 and S1 mice were cross-fostered at 3 different developmental time points (prenatal, postnatal, post-weaning) and tested for fear and extinction in adulthood (at least 8 weeks of age) (for schematic of the experimental design, see Figure 2a-c).

For prenatal cross-fostering, donor B6 and S1 females were intraperitoneally injected with 5 IU of pregnant mare serum gonadotropin and, 48 hours later, with 5 IU human chorionic gonadotropin.  The donor females were then immediately mated to either a B6 or S1 stud male.  The morning after donor females had been mated (determined by checking for vaginal plugs), oviducts were removed and egg clutches extracted for overnight incubation on fertilization dishes.  In parallel, pregnancy was stimulated in recipient females by mating with vasectomized males.  Two-cell embryos were identified on the fertilization dish.  Approximately 20 embryos were implanted into the oviducts of the pseudopregnant recipient females for gestation and subsequent birth.
For postnatal cross-fostering, B6 and S1 mice were bred from 8 B6xB6 and 6 S1xS1 breeding pairs.  On the day of birth (P0), pups were cross-fostered to either a B6 or S1 dam.

For post-weaning cross-fostering, male B6 and S1 mice were obtained from The Jackson Laboratory and pair-housed at 3 weeks of age (as previously described4
) with either a B6 or S1 cage-mate.
Quantification of BLA perineuronal nets
Adult B6 and S1 mice were terminally anesthetized with ketamine/xylazine and transcardially perfused with ice cold 4% paraformaldehyde in phosphate buffer for overnight post-fixing at 4°C.  Perineuronal nets were visualized via immunocytochemistry, using previously described methods5


 ADDIN EN.CITE , 6
.  Fifty μm coronal sections were cut using a vibratome (Leica VT100S, Buffalo Grove IL, USA) in 0.1 M phosphate buffer and incubated in 0.8% sodium borohydride for 30 minutes.  Sections were rinsed in PBS and blocked for 2 hours in a solution containing 0.2% Triton-X, 10% normal goat serum and 3% bovine serum albumin.  Sections were then rinsed and incubated overnight at 4°C with a mouse parvalbumin (PV) antibody (1:1000, cat# 235, Swant, Marly, Switzerland) in PBS containing 0.2% Triton-X, 1% normal goat serum.  On the following day, sections were re-rinsed and incubated for 1 hour at room temperature in goat anti-mouse TRITC (1:1000, cat# 6786, Abcam, Cambridge, MA, USA).  Sections were rinsed and then incubated overnight at 4°C with biotin conjugated lectin wisteria floribunda agglutinin (WFA) (1:400, cat# B-1355, Vector Labs, Burlingame, CA, USA).  The next day, sections were re-rinsed and incubated in streptavidin FITC (1:100, cat# 21224, Thermo Fisher Scientific, Waltham, MA, USA) for 1 hour at room temperature, then re-rinsed, mounted and cover slipped with Hard Set Vectashield mounting media (Vector Labs).

WFA stained sections were imaged at 10X using an Olympus BX-41 fluorescent microscope (Olympus, Center Valley, PA, USA) or a Zeiss LSM 700 confocal microscope (Carl Zeiss Microscopy, Thornwood, NY, USA) under a 10X/1.2 N.A. and 63X/1.4 objective (obtaining z-stack of at least 7 consecutive images per section).  Fluorescence of FITC (green) and TRITC (red) dyes was imaged using filter configurations for sequential excitation/imaging via 488 nm and 555 nm channels.  WFA and PV immunoreactive neurons were counted, blind to experimental group, using a minimum of 5 sections per hemisphere per mouse at anterior-posterior -1.4, -1.5, -1.6, and -1.7 mm to bregma.


Brain sections from a separate cohort of S1 and B6 mice, aged either P14, P17, 10 weeks, or 12 months, were processed and imaged in the same manner, but with the following regions analyzed in addition to the BLA: infralimbic cortex (anterior-posterior 1.3 to -1.7 mm to bregma), prelimbic cortex (anterior-posterior 1.8 to -2.2 mm to bregma) and CA1, CA3 and dentate gyrus (anterior-posterior -1.9 to -2.3 mm to bregma).

Images were then processed using ImageJ software (National Institutes of Health, Bethesda, MA, USA) and counted manually or with the aid of a program customized for automated PNN counting7

.  A cell with detectable PV immunoreactivity above background level was considered as PV-positive (PV+), and a cell with the soma clearly surrounded with PNNs was considered as PNN-positive (PNN+).  The number of cells of each type were averaged across sections for each mouse to generate a percentage of PV+ cells expressing PNN.
Degradation of BLA perineuronal nets
Perineuronal nets in the BLA of adult S1 mice were degraded by local infusion of chondroitinase ABC (ChABC), using methods previously described for B6 mice5
.  Under isoflurane anesthesia, 26-gauge guide cannulas (Plastics One, Roanoke, VA, USA) were bilaterally targeted at the BLA (-1.2 anterior-posterior, ±3.2 medial-lateral and -4.0 mm dorsal-ventral to bregma) and held in place with dental cement.  Mice were given a 7-day recovery period during which dummy cannulas were regularly checked to prevent blocking and habituate mice to handling of the cannulas.

One day prior to fear conditioning (following the experimental design adopted in prior studies5

), mice received bilateral intra-BLA infusion (0.2 μL per hemisphere) of vehicle or ChABC (10 units in 55.6 μL PBS, Sigma-Aldrich, St. Louis, MO, USA) via bilateral 33-gauge injectors (Plastics One) that were lowered 1 mm below the guide cannula and connected to a syringe pump (Harvard Apparatus PHD 22/2000, Holliston, Massachusetts, USA) delivering fluid at a rate of 0.1 μL per minute.  Injectors were left in place for at least 1 additional minute to ensure diffusion.  Beginning the following day, mice underwent fear and extinction testing as described above.  On completion of testing, mice were perfused with 4% paraformaldehyde.  Fifty μm coronal sections were cut on a Leica VT100S vibratome, stained with cresyl violet and examined under an Olympus BX-41 microscope to verify cannula placement.
Juvenile S1 phenotyping 
S1 mice were bred in-house tested at P16 for fear and extinction as above, with the exception that there were 6 x CS-US pairings during fear conditioning, based previous studies showing a higher number of pairings is necessary to generate robust fear in B6 mice at this same age5

.

BLA expression of genes located within the extinction QTL
B6 and S1 mice underwent testing as above including a 50 x CS extinction retrieval test (=extinction).  A second set of mice underwent the same procedure but received context exposure only on the ‘extinction acquisition’ test (=fear).  A third set received equivalent CS presentations as the extinction group but did not experience the US during conditioning (=unconditioned).  The 3 sets were tested in a counterbalanced manner and sacrificed via rapid cervical dislocation and decapitation immediately after extinction retrieval.  The BLA was dissected on ice using a 1 mm micropunch and stored in RNAlater at -20ºC.
Purified DNA samples were analyzed using the Illumina Murine Medium Density Linkage Panel, via the protocol provided by the company, at the Center for Genomic Analysis at Yale University School of Medicine (New Haven, CT, USA), as previously described8

.  Purified RNA was processed on Illumina Mouse WG-6 v2.0 BeadArrays. Probeset signals (i.e., transcript levels) were extracted with the Beadarray software following the default quality control parameters and batch-normalized.  Gene expression analysis was restricted to genes encoded within the boundaries of the extinction retrieval QTL identified on chromosome 3.  Where multiple probes were present for a gene, the probe with the highest interquartile range was used, resulting in expression data for 161 unique genes (representing around half of those present in the QTL interval).  Extinction-related gene expression was determined by comparing the extinction group with the fear group, and fear-related expression by comparing the fear and unconditioned groups.

Verification of extinction-related BLA Ppid expression

To verify the finding from the gene expression dataset that BLA Ppid expression was altered after extinction in S1 mice (see Results), an independent cohort of mice was tested for fear and extinction and then sacrificed, using the same procedures described above.  The BLA was dissected using a micropunch and stored in RNAlater at -20°C until RNA extraction.  Total RNA was isolated with RNeasy kit (Qiagen, Germantown, MD, USA) followed by DNase I treatment (Invitrogen, Grand Island, NY, USA) to eliminate DNA, and purify RNA.  Reverse transcription was performed with 0.1 µg of total RNA using the Iscript cDNA synthesis kit (Bio-Rad, Hercules, CA, USA) and a Bio-Rad C1000 thermal cycler.  Ppid gene expression (cat# QT00167433/lot#170390290 and cat# QT01772918/lot# 187479733, Qiagen) was quantified with QuantiTect Primer Assay and Power SYBR Green PCR master mix (Applied Biosystems, Grand Island, NY, USA) using a StepOnePlus Real-Time qPCR instrument (Applied Biosystems) and normalized to the housekeeping gene, glyceraldehyde 3-phosphate dehydrogenase (Gapdh) (cat# QT01658692/lot# 176907735, Qiagen) using the QuantiTect Primer Assay.

Ppid distribution in BLA
S1 mice were terminally anesthetized with ketamine/xylazine and transcardially perfused with ice cold 4% paraformaldehyde in phosphate buffer for overnight post-fixing at 4°C.  Fifty μm coronal sections were cut on a Leica VT100S vibratome in 0.1 M phosphate buffer and incubated in 0.8% sodium borohydride for 30 minutes.  Sections were rinsed in PBS and blocked for 2 hours in a solution containing 0.2% Triton-X, 10% normal goat serum and 3% bovine serum albumin.  Sections were then rinsed and incubated overnight at 4°C with rabbit anti-Ppid antibody (1:200, cat# PA3-022, Thermo Fisher Scientific) in PBS containing 0.2% Triton-X, 1% normal goat serum.  On the following day, sections were re-rinsed and incubated for 2 hours at room temperature in anti-rabbit Alexa488 (1:1000, cat# 150077, Abcam).  Sections were then re-rinsed, mounted and cover slipped with Hard Set Vectashield mounting media (Vector Labs).  Images were obtained using a Zeiss LSM 700 confocal microscope under a 10X/1.2 N.A. and 63X/1.4 objective.  Fluorescence was imaged using the FITC filter configurations with excitation at 488 nm.
Ppid localization in BLA principal neurons and interneurons
S1 mice were sacrificed and brains frozen in 2-methyl butane on dry ice and stored at -80°C.  Brains were placed in a cryostat (HM500 OM, Microm International GmbH, Walldorf, Germany) chamber to equilibrate for 2 hours at -20°C.  Sixteen μm sections containing the BLA were collected and mounted directly onto Super Frost Plus slides (Fisher Scientific, Pittsburgh, PA, USA) and kept at -20°C before being transferred to a slide rack in a staining jar of 10% buffered formalin solution pre-chilled to 4°C for fixation, according to the manufacturer’s protocol.  After fixation for 20 minutes, the slides were rinsed twice in PBS for 1 minute each, and then were dehydrated in an ethanol dilution series (50%, 70% and 100% x2).  The fixed slides were stored in fresh 100% ethanol overnight at -20°C.

The following day, the samples were processed with the RNAscope
Strain comparison of BLA Ppid expression

Levels of Ppid mRNA expression in the BLA were compared between B6 and S1 mice, using real-time qPCR as described above.  Levels of Ppid protein expression in the BLA were compared between B6 and S1 mice, using western blot analysis from whole cell preparations as described previously
Bidirectional virus-mediated manipulation of BLA Ppid


Lentiviral shRNA vectors were cloned and packaged (Dharmacon, GE Life Sciences, Lafayette, CO, USA) to either knockdown (cat# SH-008888-0510) (control virus: cat# S-005000-01) or overexpress (cat# OHS5899-202618555) (control virus: cat# OHS5833).  Using stereotaxic surgery, as described above, viral vectors (~0.75 µl/side) were bilaterally injected into the BLA (-1.40 mm anterior-posterior, ±3.20 mm mediolateral, -4.90 mm dorsoventral) over 10 minutes using a NeuroS, 7001, 1 µl syringe (Hamilton, Reno, NV, USA) connected to a UMP3 UltraMicroPump and SYS-Micro4 Controller (both from World Precision Instruments, Sarasota, FL, USA).  The needle was left in place for a further 5 minutes to ensure diffusion.  Mice were tested for fear and extinction, beginning at least 4 weeks later.

To verify virus efficacy following testing, brains were removed and the BLA was dissected on ice using a micropunch and stored in RNAlater at -20°C until RNA extraction and cDNA synthesis to measure Ppid mRNA using real-time qPCR, as described above.
To exclude virus-induced apoptosis, BLA sections were processed for deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) labeling using an In Situ Cell Death Detection Kit (Roche), according to the manufacturer’s instructions.  Mice were sacrificed, brains were removed, frozen in 2-methyl butane on dry ice and 20 µm coronal sections were cut on a cryostat.  Frozen sections were fixed in 4% paraformaldehyde for 20 minutes at room temperature, washed for 30 minutes in PBS, then permeabilized for 2 minutes in 0.1% Triton X-100 and 0.1% sodium citrate on ice and incubated in a humidified atmosphere with the TUNEL mixture for 1 hour at 37°C in the dark.  To induce DNA damage and TUNEL staining, as a positive reference, a subset of sections were treated with 30 U/ml DNAse I recombinant (Roche) in 50 mM Tris-HCl (pH 7.5) and 1 mg/ml BSA for 10 minutes at room temperature.  Another set were treated with the Label solution (without the terminal transferase) to provide a negative reference.  Slides were cover slipped with Vectashield fluorescent mounting medium with DAPI (H-1500, Vector Labs) and images obtained with a LSM 700 Zeiss (Model, Carl Zeiss Microscopy, Thornwood, NY, USA) confocal microscope under a Plan-Apochromat 20x/0.8 M27 objective.
In vivo BLA single-unit recordings


Using stereotaxic surgery, S1 mice were bilaterally infused with the Ppid overexpressing lentivirus or a control virus, as described above.  During the same surgery, a microelectrode array (Innovative Neurophysiology, Durham, NC, USA) was unilaterally implanted in the BLA.  The array contained 16 x 35 µm-diameter tungsten microelectrodes arranged into 2 rows of 8 (150 µm spacing between microelectrodes within a row, 200 µm spacing between rows).  Rows were positioned lengthwise anterior to posterior (coordinates for center of array: -1.70/-1.80 anterior-posterior, +3.35/-3.05 medial-lateral and -4.50 dorsal-ventral to bregma).  Arrays located outside of the BLA (as determined by histology, see below) were excluded from the analysis.  Mice were tested for fear and extinction, beginning at least 4 weeks later.

Single-unit responses to the CS were recorded during conditioning and extinction testing, using a Multichannel Acquisition Processor (Omniplex, Plexon Inc, Dallas, TX, USA), as previously described14

 were defined as units exhibiting a significantly higher firing rate during one of more 100-milisecond post-CS time bin, as compared to the unit’s average firing rate during the 250-milisecond pre-CS period.  The activity of CS-related units was Z-score normalized to the average activity during the pre-CS baseline.
.  Extracellular waveforms exceeding a set voltage threshold were digitized at 40 kHz, and manually sorted using principal component analysis of spike clusters and visual inspection of waveforms and inter-spike intervals (Offline Sorter, Plexon Inc., Dallas TX, USA).  Unit activity was timestamped to the 250-milisecond periods pre- and post-CS.  Spike and timestamp information was integrated and analyzed using NeuroExplorer (NEX Technologies, Littleton, MA, USA).  CS-related units
On completion of testing, array placement was verified by passing 40 µA current through the electrodes for 1 second using a current stimulator (S48 Square Pulse Stimulator, Grass Technologies, West Warwick, RI, USA) to electrolytically lesion the site of the electrode tips.  Mice were terminally anesthetized with ketamine/xylazine and transcardially perfused with ice cold 4% paraformaldehyde in phosphate buffer for overnight post-fixing at 4°C.  Brains were removed and 50 µm sagittal sections were cut on a Leica VT100S vibratome, slide-mounted and stained for acetylcholinesterase for 2-3 hours.  Briefly, stained sections were dehydrated at increasing concentrations of EtOH (50, 70, 95, and 100%) and xylene, for 3 minutes at each concentration.  Slides were then coverslipped with permount and left in room temperature to dry before examination with the aid of an Olympus BX41 microscope.

Ppid and GR co-localization in BLA

Immunohistochemistry.  S1 mice were terminally anesthetized with ketamine/xylazine and transcardially perfused with ice cold 4% paraformaldehyde in phosphate buffer for overnight post-fixation at 4°C.  Fifty μm coronal sections were cut using a Leica VT100S vibratome in 0.1 M phosphate buffer and incubated in 0.8% sodium borohydride for 30 minutes.  Sections were rinsed in PBS and blocked for 2 hours in a solution containing 0.2% Triton-X, 10% normal goat serum and 2% bovine serum albumin.  Next, sections were rinsed and incubated overnight at 4°C with rabbit anti-Ppid antibody (1:100, cat# PA3-022, Thermo Fisher Scientific) and mouse GR (3D5) antibody (1:25, cat# sc56851, Santa Cruz, Dallas, TX, USA) in PBS containing 0.2% Triton-X, 1% normal goat serum, 0.1% sodium azide.  On the following day, sections were re-rinsed and incubated for 2 hours at room temperature in goat anti-mouse Texas red conjugated affinity purified IgG antibody (1:1000, cat# GWB-5096B8, Genway Biotec, San Diego, CA, USA) and goat anti-rabbit Alexa488 (1:1000, cat# 150077, AbCam).  Sections were then re-rinsed, mounted and cover slipped with Hard Set Vectashield mounting media (Vector Labs).  Images were taken using a Zeiss Model LSM 700 confocal microscope under Plan-Apochromat 20x/0.8 M27 and Plan-Apochromat 63x/1.40 Oil DIC objectives.

Western blot.  S1 mice were sacrificed and brains flash-frozen.  The BLA from 5 mice was dissected on ice using a 1 mm micropunch, then pooled and homogenized on ice (~ 20 mg tissue in 100 µl buffer) by sonication in 50 mM Tris buffer, pH 7.2 containing buffer containing 6 mM MgCl2, 1 mM EDTA, 10% (weight/volume) sucrose, and protease inhibitor cocktail (Roche, Indianapolis, IN, USA).  Homogenate was centrifuged at 2000xg for 5 minutes at 4°C, and pellet and supernatant used to prepare nuclear and cytosolic fractions, respectively, as previously described
Protein concentrations were determined by Bradford Method using bovine serum albumin as a standard.  Samples were processed for immunoprecipitation with mouse GR antibody (FiGR) (~2 µg, cat# sc-12763, Santa Cruz antibody Dallas, TX, USA) using Dynabeads Protein G (cat# 10007D, Life Technologies, Carlsbad, CA, USA).  Samples were first incubated with the Dynabeads for 20 minutes at room temperature with end-over-end mixing.  Beads with antibody was separated by removing the supernatant using a magnet (DynaMag™-2, cat# 12321D, Life technologies), washed and incubated with the nuclear and cytosolic fractions for 20 minutes at room temperature with end-over-end mixing.  The complex was separated using the magnet, washed 3X, suspended in elution buffer and mixed (1:1) with Laemmli sample buffer and β-Mercaptoethanol, and then denatured by incubating for 10 minutes at 70°C.

Samples (input and immunoprecipitated) (~2.5 µg cytosolic fraction per well, and ~5 µg nuclear fraction per well) were analyzed as explained above.
Strain comparison of BLA GR expression

Levels of GR mRNA expression in the BLA were compared between B6 and S1 mice, using real-time qPCR (cat# QT00160349/lot#185843618, Qiagen), as described above.  Levels of GR protein expression in the BLA were compared between B6 and S1 mice, using western blot analysis from whole cell preparations as described above by using the following antibodies: rabbit GR antibody (M20) (1:200, cat# sc-1004, Santa Cruz, predicted molecular weight 95/90 kDa), mouse beta Actin antibody (1:5000, cat # ab8226, Abcam) for primary antibodies and anti-Rabbit IgG HRP (1:1000, cat# 18-8817-33, Rockland Limerick, PA, USA) and anti-Mouse IgG HRP (1:1000, cat# 18-8816-33, Rockland Limerick, PA, USA) for secondary antibodies.

GR agonist effects on extinction
S1 and B6 mice were tested for fear and extinction, using the same procedures described above but with either 1 mg of the GR agonist, dexamethasone, or vehicle (1:1:18 DMSO:Tween80:Saline) intraperitoneally injected (10 mL volume per kg body weight) 35 minutes prior to extinction training (dose based on prior studies in rats
Ppid overexpression effects on BLA expression of GR and Hsp90 co-chaperones
Levels of GR mRNA expression in the BLA were compared between S1 mice overexpressing BLA-Ppid and controls, via real-time qPCR as above.  The same tissue was also analyzed for Fkbp4 (FK506 binding protein 4) (cat# QT00116585/lot#19378447, Qiagen), Fkbp5 (FK506 binding protein 5) (cat# QT00166390/lot#170390291, Qiagen), Hspa1b (heat shock protein 1B) (cat# QT01750000/lot#193784445, Qiagen), Stip1 (stress-induced phosphoprotein 1) (cat# QT01042552/lot#193784456, Qiagen), and Bag1 (BLC2-associated athanaogene) (cat# QT00091546/lot#193784446, Qiagen).

GR antagonist effects on Ppid regulation of extinction

Using stereotaxic surgery, S1 mice were bilaterally infused with the Ppid overexpressing lentivirus or a control virus, as described above.  Mice were tested for fear and extinction, beginning at least 4 weeks later, as above but with either 20 mg of the GR antagonist, RU-486 (mifepristone), or vehicle (1:1:18 DMSO:Tween80:Saline) intraperitoneally injected (10 mL volume per kg body weight) 35 minutes prior to extinction training (dose based on prior studies of extinction in rats
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Supplemental Figures

Figure S1: QTL results for fear and extinction traits.  (a) F2 mice showed decreased freezing across extinction trial-blocks (t(368)=23.78, P<.01) and on retrieval, relative to extinction trial-block 1 (t(368)=13.76, P<.01).  Graphical illustrations of trait definitions: fear retrieval = freezing during the first trial-block of extinction acquisition, extinction acquisition = change in freezing from the first to last trial-block of extinction acquisition, extinction retrieval = difference in freezing on extinction retrieval relative to the first trial-block of extinction training, and fear renewal = difference in freezing on the extinction renewal test relative to extinction retrieval.  (b) Distribution of F2 scores for fear retrieval.  (c) Distribution of F2 scores for extinction acquisition.  (d) QTL results for extinction acquisition.  (e) QTL results for fear renewal.  (f) Distribution of F2 scores for fear renewal.  Con=conditioning, Ext=extinction, Ret=retrieval, Ren=renewal.  Data in a are means ± SEM.  n=371 F2 mice.

Figure S2: Genetic correlations between fear and extinction traits.  (a) Scatterplot of fear retrieval and extinction acquisition scores in the F2 population (Pearson’s correlation: p<.50).  (b) Scatterplot of fear retrieval and extinction acquisition scores in the F2 population, separated as a function of genotype of the SNP marker (rs13477224) found at the peak of the chromosome 3 (extinction-related) QTL.  (c) Scatterplot of fear retrieval and extinction retrieval scores in the F2 population (Pearson’s correlation: p<.43).  (d) Scatterplot of fear retrieval and extinction retrieval scores, separated as a function of genotype of the SNP marker (rs13477224) found at the peak of the chromosome 3 (extinction-related) QTL.  (e) Scatterplot of extinction acquisition and extinction retrieval scores in the F2 population (Pearson’s correlation: p<.37).  (f) Scatterplot of extinction acquisition and extinction retrieval scores, separated as a function of genotype of the SNP marker (rs13477224) found at the peak of the chromosome 3 (extinction-related) QTL.  Data in individual scores from n=371 F2 mice.

Figure S3: Impaired extinction in juvenile S1 mice.  Juvenile (P16 at conditioning, P17 at extinction acquisition, P18 at extinction retrieval) S1 mice showed no change in freezing on across extinction trial-blocks and no reduction in freezing on extinction retrieval.  Data are means ± SEM.  n=18
Figure S4: Strain differences in PV-positive neurons expressing PNNs.  (a) Representative images of WFA-labelled PNNs around PV-positive BLA neurons in 10 week-old B6 and S1 mice.  Across four ages examined, S1 mice showed an overall higher percentage of PV-positive BLA neurons expressing PNNs, relative to B6 mice (strain effect: F1,3=5.46, P<.05, age effect: F1,3=5.13, P<.05, strain x age effect: P>.05, n=72 sections from n=3 mice per strain per age).  Note, the percentage of PV-positive BLA neurons expressing PNNs at P14 was derived from a very low number of WFA-labeled cells detected at this age (average of 2 cells at P14, versus an average of 11 at the other ages).  (b) Representative images of WFA-labelled PNNs around PV-positive IL and PL neurons in 10 week-old B6 and S1 mice.  Strains did not differ in the percentage of PV-positive either IL (strain effect: P>.05, age effect: F1,3=6.05, P<.05, strain x age effect: P>.05, n=72 sections from n=3 mice per strain per age) or PL (strain effect: P>.05, age effect: F1,3=13.52, P<.01, strain x age effect: P>.05, n=72 sections from n=3 mice per strain per age) neurons expressing PNNs.  (c) Representative images of WFA-labelled PNNs around PV-positive CA1, CA3 and DG hippocampal neurons in 10 week-old B6 and S1 mice.  Strains did not differ in the percentage of PV-positive either CA1 (strain effect: P>.05, age effect: P>.05, strain x age effect: P>.05, n=72 sections from n=3 mice per strain per age), CA3 (strain effect: P>.05, age effect: F1,3=3.51, P<.05, strain x age effect: P>.05, n=72 sections from n=3 mice per strain per age), or DG (strain effect: P>.05, age effect: F1,3=7.20, P<.01, strain x age effect: P>.05, n=72 sections from n=3 mice per strain per age) neurons expressing PNNs.  *P<.05 S1 versus B6.  Data are means ± SEM.

Figure S5: Representative images of negative and positive control probes used in fluorescence in situ hybridization.  For each brain used to visualize Ppid co-expression with Slc17a7 and Gad1 (depicted in Figure 3g,h), sections were processed as either a negative control to confirm the absence of background labeling on each channel using a bacterial mRNA (DapB of Bacillus subtilis strain; 3-plex Negative Control Probe, Cat #320871) (a), or a positive control to confirm the ability to detect the presence of labeling on each channel, using 3 housekeeping genes: Ubc (ubiquitin C), Ppib (peptidylprolyl isomerase B) and Polr2a (RNA polymerase II subunit A) (b).  DAPI is shown in blue.
Figure S6: Effects of systemic dexamethasone on extinction in B6 mice.  B6 mice showed decreased freezing across extinction trial-blocks 
 irrespective of whether they received pre-extinction training administration of the GR agonist, dexamethasone (Dex) or vehicle (Veh).  The treatment groups did not differ in freezing.  Data are means ±SEM.  n=14 per group

Figure S7: Absence of virus-induced apoptosis.  TUNEL-labeled BLA-containing sections from S1 mice infected with a Ppid-overexpressing viral-vector showing no evidence of apoptosis (left panel).  Sections treated with (center panel) or without (right panel) 30 U/ml DNAse I recombinant to induce DNA damage and TUNEL staining – representing positive and negative references, respectively.

Figure S8: Strain differences in BLA Ppid and GR protein expression.  (a) BLA Ppid protein expression was significantly lower (t(12)=3.56, P<.01, n=7) in S1, compared to B6, mice.  (b) BLA GR protein expression was not different between the two strains.  Data in a are means ± SEM.   **P<.05 S1 versus B6. n=7 per strain.
Figure S9: Ppid and GR protein co-expression in the BLA of S1 mice.  BLA cytosolic (lanes 2, 4, 6, 8, 10) and nuclear (lanes 3, 5, 7, 9, 11) fractions blotted for GR(M-20) (a) and Ppid (b) polyclonal rabbit antibodies.  Immunoprecipitation with GR(FIGR) monoclonal mouse antibody showing elevated GR molecular weight (dashed box).  Unbound flow-through (lanes 6-7), beads with antibody flow-through (lanes 8-9) and beads after denaturation (lanes 10-11, shown as a control). (lane 1 is the protein standards for molecular weights (kD)) Samples were pooled from n=5 mice. 
Figure S10: Estimates of electrode array placements in BLA.  In vivo recording electrodes in BLA in viral overexpressing (OE) (filled circles) and control (Ctrl) (empty circles) groups (coronal sections from -1.22 to -2.06 mm AP to Bregma).
Figure S11: Summary of the results of gene expression and viral manipulation experiments.  Under basal, untested conditions, S1 mice have abnormally low BLA Ppid, as compare to B6 mice.  Extinction upregulates BLA Ppid in S1, not B6, mice but levels remain subthreshold and extinction remains impaired.  Virus-mediated knockdown results in very low BLA Ppid levels and an incubation of fear in S1 mice, and produces low BLA Ppid levels and impaired extinction in B6 mice.  Virus-mediated overexpression increases BLA Ppid levels to suprathreshold levels sufficient to rescue extinction in S1 mice.
Figure S12: An heuristic model of the role of BLA Ppid in extinction-impaired (S1) and extinction-intact (B6) mouse strains.  We suggest that S1 mice have a lower basal set-point for BLA Ppid, from which there is an extinction-induced upregulation that remains below a threshold needed to prevent persistent fear after extinction training, i.e., impaired extinction memory formation.  Reducing Ppid levels further, via viral-knockdown, unmasks a protective influence of extinction-induced Ppid upregulation, leading to fear incubation.  Conversely, augmenting Ppid levels above a functional threshold, via viral-overexpression, rescues extinction in S1 mice.  From a higher basal set-point, B6 mice exhibit good extinction memory formation and extinction testing does not alter Ppid expression.  However, by reducing Ppid levels below threshold, extinction is disrupted in B6 mice.
Table S1: QTL results for fear and extinction traits.  **P<.01 genome-wide significance
	Chromosome

(SNP marker)
	LOD peak

(**P<.01)
	Peak (95% confidence interval, Mb)
	% Phenotypic variance
	Number of genes

	

	Fear retrieval

	1 (rs3674655)
	4.5 ** 
	119.2 (69.0-171.2)
	5.6
	~825

	11 (rs3711357)
	2.8
	61.3 (3.5-73.1)
	3.5
	~856

	

	Extinction acquisition

	4 (rs6324470)
	3.9
	105.7 (38.3-129.4)
	4.9
	~775

	8 (rs3656875)
	2.8
	70.7 (33.0-98.5)
	3.6
	~534

	11 (rs13480854)
	3.2
	7.5 (3.5-40.1)
	4.0
	~236

	

	Extinction retrieval

	3 (rs13477224)
	4.6 **
	81.2 (77.1-93.1)
	5.7
	~427

	

	Fear renewal

	5 (rs13478501)
	2.7
	124.2 (4.5-150.4)
	3.4
	~1331

	10 (rs13480579)
	2.6
	35.9 (20.0-74.1)
	3.3
	~609

	16 (rs4165467)
	2.6
	25.4 (6.2-82.8)
	3.3
	

~581


Table S2: Significant BLA gene expression fold-changes following fear and extinction.  Data are Mb (start site) and mean fold-change (red=increased, blue=decrease) (n=12 mice per strain and group).  *P<.05 fear versus unconditioned controls, #P<.05 extinction versus fear
	
	
	B6
	S1

	Gene
	Start site
	Fear
	Extinction
	Fear
	Extinction

	Ppid
	79591388
	0.57*
	0.22
	-0.47*
	0.60#

	Etfdh
	79603787
	0.20*
	0.01
	-0.17
	0.11

	Isg20l2
	87930313
	0.19*
	0.05
	-0.12
	0.07

	Efna4
	89333392
	0.05*
	-0.08
	0.05
	0.01

	Pglyrp4
	90726905
	0.05*
	-0.07#
	-0.06
	0.06

	Sprr2k
	92432581
	0.05*
	-0.04#
	0.02
	0.01

	Iqgap3
	88082050
	0.04*
	0.00
	0.02
	0.03#

	Shc1
	89421620
	-0.45*
	-0.13
	0.50*
	-0.38#

	Ints3
	90391379
	-0.26*
	0.02
	0.09
	-0.34#

	Slc25a44
	88410493
	-0.23*
	-0.10
	0.09
	-0.35#

	Ube2q1
	89773608
	-0.22*
	0.05
	0.13
	-0.06

	Gatad2b
	90341653
	-0.12*
	-0.04
	0.02
	-0.12

	Pear1
	87749096
	-0.05*
	0.04
	-0.02
	-0.01

	Muc1
	89229055
	-0.04*
	0.03
	0.00
	-0.01

	Sprr3
	92456501
	-0.04*
	0.02
	0.00
	0.01

	Fcrl5
	87435781
	0.02
	-0.03#
	-0.05
	0.01

	S100a1
	90511033
	0.55
	-0.27
	0.80*
	-0.38

	4933434E20Rik
	90052816
	0.40
	-0.35
	0.79*
	-0.31

	Snapin
	90488025
	0.21
	0.00
	-0.70*
	0.43#

	Gria2
	80684935
	0.25
	0.32
	-0.54*
	0.35

	2810403A07Rik
	88685793
	0.13
	0.14
	-0.42*
	0.18

	Gucy1a3
	82092426
	-0.09
	0.26
	-0.39*
	0.24

	Npy2r
	82538382
	-0.01
	-0.12
	-0.19*
	0.11

	Hapln2
	88021749
	-0.01
	0.00
	-0.18*
	0.06

	0610031J06Rik
	88325022
	0.08
	0.05
	-0.15*
	-0.06

	Rab13
	90220816
	0.00
	0.05
	-0.07*
	0.01

	Tlr2
	83836271
	0.04
	-0.01
	-0.06*
	0.00

	Sprr1a
	92483953
	0.00
	0.00
	-0.04*
	0.01

	Plrg1
	83055537
	0.17
	-0.06
	-0.16
	0.39#

	Apoa1bp
	88056522
	-0.34
	-0.04
	0.26
	-0.47#

	Dclk2
	86786149
	-0.30
	0.06
	0.19
	-0.33#

	Hdgf
	87906320
	-0.32
	-0.11
	0.19
	-0.32#

	Ubqln4
	88553715
	-0.22
	-0.04
	0.35
	-0.30#

	Arhgef2
	88621105
	-0.11
	0.01
	0.07
	-0.24#

	Efna1
	89271729
	-0.03
	0.01
	0.07
	-0.07#

	Fgg
	83007895
	-0.05
	0.01
	0.04
	-0.04#


Table S3: Non-significant BLA gene expression fold-changes following fear and extinction.  Data are Mb (start site) and mean fold-change (n=12 mice per strain and group) sorted by start site location.
	
	
	B6
	S1

	Gene
	Start site
	Fear
	Extinction
	Fear
	Extinction

	Trim46
	89234176
	-0.13
	0.13
	0.13
	-0.17

	Sprr1b
	92436808
	0.01
	0.00
	0.00
	0.00

	Rxfp1
	79644715
	0.00
	-0.01
	0.00
	0.00

	Tmem144
	79813152
	-0.03
	0.03
	0.04
	-0.03

	Glrb
	80843598
	-0.04
	0.09
	0.10
	-0.04

	Pdgfc
	81036415
	-0.03
	-0.02
	-0.19
	0.19

	Ctso
	81932615
	-0.01
	-0.07
	0.05
	0.02

	Tdo2
	81958413
	0.02
	-0.07
	0.02
	-0.01

	Gucy1b3
	82032003
	0.42
	0.10
	-0.29
	0.27

	Lrat
	82892581
	0.01
	-0.01
	0.00
	0.01

	Fga
	83026152
	0.01
	0.00
	0.04
	-0.01

	Fgb
	83042304
	0.00
	-0.03
	0.03
	-0.04

	Sfrp2
	83766320
	0.01
	-0.04
	-0.02
	-0.01

	D930015E06Rik
	83898286
	-0.33
	-0.02
	0.16
	-0.25

	Mnd1
	84087933
	-0.06
	0.03
	0.07
	0.02

	Trim2
	84160438
	-0.18
	0.07
	-0.19
	-0.07

	Tigd4
	84593573
	-0.02
	0.00
	0.05
	0.04

	Tmem154
	84666191
	0.01
	-0.02
	0.03
	-0.02

	Fbxw7
	84864144
	-0.12
	0.13
	0.01
	0.12

	Dear1
	84965055
	-0.01
	-0.01
	0.05
	-0.06

	Glt28d2
	85869845
	0.02
	-0.03
	-0.03
	-0.05

	Sh3d19
	86084433
	0.01
	0.02
	0.01
	0.02

	Lrba
	86224689
	-0.04
	-0.14
	0.15
	-0.05

	Mab21l2
	86545580
	-0.05
	-0.22
	0.19
	-0.06

	Cd1d2
	86986585
	-0.02
	0.00
	0.02
	0.01

	Cd1d1
	86995835
	-0.07
	-0.02
	0.01
	0.06

	Cd5l
	87357880
	0.01
	-0.02
	0.04
	-0.01

	Fcrl1
	87376386
	-0.01
	0.02
	-0.01
	0.01

	Insrr
	87796950
	0.01
	0.01
	0.02
	-0.02

	Sh2d2a
	87846754
	-0.03
	0.02
	0.01
	0.02

	Prcc
	87858902
	0.00
	-0.02
	0.19
	-0.10

	Mrpl24
	87919543
	0.42
	-0.08
	0.01
	0.32

	Crabp2
	87948692
	0.05
	-0.01
	0.04
	0.09

	Nes
	87971092
	0.00
	0.01
	0.06
	0.02

	Bcan
	87987530
	0.00
	0.08
	-0.08
	-0.15

	Gpatch4
	88043107
	0.06
	0.04
	-0.04
	0.03

	Ttc24
	88069409
	-0.03
	-0.02
	0.03
	0.02

	Mef2d
	88142394
	-0.02
	-0.04
	-0.02
	0.02

	Rhbg
	88242873
	0.00
	0.01
	0.02
	0.00

	Cct3
	88297134
	-0.07
	0.06
	-0.11
	-0.16

	Tmem79
	88328652
	-0.03
	-0.13
	0.05
	-0.01

	Smg5
	88336259
	0.03
	0.00
	-0.07
	0.02

	Paqr6
	88364588
	-0.06
	0.04
	0.10
	0.00

	Bglap2
	88377735
	0.05
	-0.10
	0.09
	-0.02

	Pmf1
	88394142
	0.00
	-0.01
	0.00
	-0.01

	Sema4a
	88435961
	-0.07
	0.16
	-0.01
	-0.02

	Lmna
	88483204
	-0.41
	0.06
	0.34
	-0.20

	Mex3a
	88532394
	0.01
	-0.02
	0.15
	-0.03

	Rab25
	88542028
	-0.02
	-0.01
	0.01
	0.03

	Ssr2
	88579670
	-0.06
	0.03
	-0.05
	-0.24

	Rxfp4
	88651897
	-0.03
	0.03
	0.01
	0.00

	Rit1
	88716853
	-0.07
	-0.24
	0.35
	-0.14

	Syt11
	88744700
	-0.05
	0.06
	-0.04
	0.00

	Msto1
	88909615
	-0.05
	-0.02
	-0.08
	0.01

	Dap3
	88920802
	-0.32
	-0.03
	0.33
	-0.35

	Ash1l
	88965811
	-0.05
	0.04
	-0.01
	-0.01

	Rusc1
	89083978
	-0.18
	-0.03
	0.29
	-0.27

	Fdps
	89093587
	-0.13
	-0.11
	0.42
	-0.40

	Pklr
	89136141
	0.01
	0.02
	0.24
	0.08

	Hcn3
	89146774
	-0.13
	-0.17
	0.20
	-0.10

	Clk2
	89164804
	0.05
	0.06
	-0.12
	0.01

	Scamp3
	89177484
	-0.02
	0.08
	-0.10
	0.05

	Gba
	89202939
	-0.08
	-0.04
	0.00
	-0.03

	Mtx1
	89209080
	-0.13
	-0.06
	-0.02
	-0.14

	Thbs3
	89215186
	0.08
	0.04
	-0.04
	0.03

	Kirrel
	87078591
	0.00
	-0.01
	0.00
	0.03*

	Krtcap2
	89246437
	-0.05
	-0.19
	0.07
	-0.10

	Efna3
	89314950
	-0.02
	-0.02
	0.07
	-0.01

	Adam15
	89339639
	-0.37
	0.14
	0.23
	-0.38

	Lenep
	89401895
	-0.02
	0.01
	-0.01
	-0.03

	Flad1
	89402672
	-0.06
	-0.17
	-0.07
	-0.09

	Cks1b
	89415471
	0.04
	-0.01
	0.03
	-0.02

	Pmvk
	89459570
	0.04
	0.04
	-0.04
	0.04

	Kcnn3
	89520163
	-0.03
	0.04
	-0.01
	0.00

	Adar
	89730717
	-0.40
	0.09
	0.09
	-0.23

	Chrnb2
	89753447
	-0.12
	0.10
	-0.03
	-0.17

	She
	89831369
	-0.08
	0.05
	0.06
	-0.06

	Il6ra
	89869323
	-0.01
	0.02
	0.04
	0.00

	Hax1
	89995445
	0.03
	0.00
	0.22
	0.03

	Ubap2l
	90000287
	-0.24
	-0.12
	0.29
	-0.31

	Tpm3
	90072650
	0.04
	-0.10
	-0.05
	0.12

	Jtb
	90231596
	-0.26
	-0.15
	0.22
	-0.32

	Creb3l4
	90237499
	0.02
	-0.01
	-0.01
	0.03

	Slc39a1
	90248191
	-0.02
	0.00
	-0.03
	-0.05

	Npr1
	90450591
	-0.14
	0.04
	-0.01
	0.01

	Ilf2
	90476200
	0.02
	-0.07
	0.13
	-0.18

	S100a13
	90514434
	0.81
	0.11
	-0.69
	0.80

	S100a14
	90526848
	-0.06
	0.06
	0.03
	-0.02

	S100a16
	90541222
	-0.03
	-0.01
	0.05
	-0.03

	S100a3
	90600214
	0.04
	-0.04
	-0.02
	0.04

	S100a4
	90603769
	-0.12
	0.04
	-0.06
	0.01

	S100a5
	90608521
	0.01
	0.03
	0.00
	-0.01

	S100a6
	90612893
	0.24
	0.16
	-0.20
	0.21

	S100a7a
	90654301
	-0.03
	0.00
	0.21
	0.05

	S100a8
	90669070
	0.09
	-0.14
	0.07
	0.56

	S100a9
	90692629
	0.02
	-0.06
	0.11
	0.02

	Pglyrp3
	92014582
	-0.01
	-0.01
	-0.01
	-0.01

	Lor
	92080270
	-0.22
	0.17
	-0.11
	-0.05

	Sprr2b
	92316704
	0.00
	0.02
	0.02
	-0.04

	Sprr2d
	92339139
	0.03
	0.01
	-0.05
	0.01

	Sprr2e
	92352142
	-0.01
	0.00
	0.03
	-0.01

	Sprr2f
	92365186
	-0.10
	0.08
	0.10
	-0.06

	Sprr2g
	92373914
	-0.02
	-0.06*
	0.06
	-0.04

	Sprr2h
	92385684
	-0.01
	0.00
	-0.02
	0.02

	Sprr2i
	92407990
	0.00
	0.00
	0.02
	0.00

	Sprr4
	92500262
	-0.09
	0.09
	0.15
	0.00

	Ivl
	92570899
	-0.01
	0.00
	-0.04
	0.08

	Smcp
	92583865
	0.01
	-0.01
	-0.06
	0.08

	Lce1a1
	92646531
	0.00
	-0.03
	0.08
	-0.01

	Lce1b
	92655649
	0.01
	-0.02
	-0.01
	0.02

	Lce1a2
	92668612
	0.00
	0.02
	-0.03
	0.02

	Lce1c
	92679246
	0.02
	-0.08
	0.00
	0.02

	Lce1d
	92685498
	0.00
	-0.01
	0.01
	-0.01

	Lce1e
	92707399
	0.03
	0.04
	0.23
	0.01

	Lce1f
	92718695
	0.05
	-0.03
	0.34
	-0.01

	Lce1g
	92750150
	-0.03
	0.01
	0.07
	0.00

	Lce1h
	92763214
	0.02
	-0.01
	-0.02
	0.03

	Lce1i
	92777209
	0.00
	-0.01
	-0.03
	0.04

	Lce1l
	92849948
	-0.03
	0.00
	0.05
	0.09

	Lce3a
	92925286
	0.00
	-0.04
	0.01
	0.01

	Lce3b
	92932978
	-0.04
	0.01
	0.00
	-0.05

	Lce3c
	92944485
	-0.05
	0.00
	0.01
	0.03

	Lce3f
	92992225
	0.01
	-0.02
	0.04
	0.01

	Crct1
	93014204
	-0.08
	0.10
	0.01
	0.02

	Lce1m
	93017806
	0.01
	-0.09
	0.16
	0.02


Table S4: SNPs and other genetic variants in the S1 strain, as compared to B6 (modified from www.sanger.ac.uk/sanger/Mouse_SnpViewer)
	Position
	dbSNP
	B6
	S1
	SNP description

	79591342
	rs49574513
	A
	G*
	non_coding_exon_variant nc_transcript_variant upstream_gene_variant

	79592624
	-
	G
	T*
	nc_transcript_variant upstream_gene_variant

	79592666
	rs213582152
	T
	A*
	nc_transcript_variant upstream_gene_variant

	79592831
	rs49928184
	T
	G*
	nc_transcript_variant upstream_gene_variant

	79592899
	rs31003666
	G
	A*
	nc_transcript_variant upstream_gene_variant

	79593954
	rs230756956
	G
	A*
	nc_transcript_variant upstream_gene_variant

	79594326
	rs31089169
	A
	G*
	nc_transcript_variant upstream_gene_variant

	79595067
	rs252497217
	G
	A*
	nc_transcript_variant upstream_gene_variant

	79595068
	rs217474184
	A
	C*
	nc_transcript_variant upstream_gene_variant

	79595110
	rs31242348
	G
	A*
	nc_transcript_variant upstream_gene_variant

	79595642
	rs224341755
	T
	C*
	non_coding_exon_variant nc_transcript_variant upstream_gene_variant downstream_gene_variant

	79596685
	rs31373933
	G
	C*
	non_coding_exon_variant nc_transcript_variant upstream_gene_variant downstream_gene_variant

	79596880
	rs212334796
	G
	A*
	non_coding_exon_variant nc_transcript_variant upstream_gene_variant downstream_gene_variant

	79598092
	rs31388025
	A
	T*
	non_coding_exon_variant nc_transcript_variant upstream_gene_variant downstream_gene_variant

	79598407
	rs31245652
	A
	G*
	nc_transcript_variant upstream_gene_variant downstream_gene_variant

	79600930
	rs31740877
	T
	G*
	nc_transcript_variant downstream_gene_variant

	79601594
	rs31244666
	T
	A*
	nc_transcript_variant downstream_gene_variant

	79602622
	rs31035873
	C
	T*
	nc_transcript_variant downstream_gene_variant


	Position
	dbSNP
	B6
	S1
	Insertion/deletion description

	79592091
	-
	G
	GT*
	nc_transcript_variant upstream_gene_variant feature_elongation

	79593264
	-
	T
	TTA*
	nc_transcript_variant upstream_gene_variant feature_elongation

	79595044
	rs218647913
	CCACAGGGAGGAGGGCTAGGGGCGA
	C*
	nc_transcript_variant upstream_gene_variant feature_truncation

	79598043
	rs253916691
	CTTTTTT
	CTTTTT*
	non_coding_exon_variant nc_transcript_variant upstream_gene_variant downstream_gene_variant

	79599829
	-
	A
	AATTAT*
	nc_transcript_variant downstream_gene_variant feature_elongation

	79600415
	rs227639380
	ATT
	AT*
	nc_transcript_variant downstream_gene_variant

	79602042
	rs265437942
	ATTTT
	ATTT*
	nc_transcript_variant downstream_gene_variant
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