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Abstract 

Auditory detection thresholds for certain frequencies of both amplitude modulated (AM) 

and frequency modulated (FM) dynamic auditory stimuli are associated with reading in typically 

developing and dyslexic readers.  We present the first behavioral and molecular genetic 

characterization of these two auditory traits. Two extant extended family datasets were given 

reading tasks and psychoacoustic tasks to determine FM 2 Hz and AM 20 Hz sensitivity 

thresholds.  Univariate heritabilities were significant for both AM (h2=0.20) and FM (h2=0.29).  

Bayesian posterior probability of linkage (PPL) analysis found loci for AM (12q, PPL=81%) and 

FM (10p, PPL=32%; 20q, PPL=65%).  Bivariate heritability analyses revealed that FM is 

genetically correlated with reading, while AM was not. Bivariate PPL analysis indicates that FM 

loci (10p, 20q) are not also associated with reading. 

 

Keywords (5-6):  dynamic auditory sensitivity, AM processing, FM processing, heritability, 

language, reading



 

Introduction 

Phonological awareness, an individual’s ability to recognize differences in speech 

sounds, is an important component of language and reading development (Barker et al. 2013) 

Phonemes are unique components of a spoken language. Distinct phonemes can be similar 

sounding but differ in some acoustic feature and are dependent upon their acoustic environment.   

For example, words such as ‘pad’ and ‘pat’ differ because of the final consonants “d” and “t”; 

one is a voiced consonant where the vocal chords vibrate, and the other is voiceless where they 

vocal chords do not vibrate.  A failure to develop adequate phonological processing skills can 

impede typical language development or typical reading development, or both.    

Impaired sensitivity to acoustic changes in the speech signal may lead to poorly specified 

phoneme representations for spoken language with downstream effects on the phonological 

representations and syllabic transitions that are necessary for reading (Boets et al. 2011;  

Poelmans et al. 2011).  The theory is that if readers perceive basic acoustic cues poorly, the result 

will be inaccurate perception of speech sounds that necessarily map poorly onto the visual 

symbols (letters) for reading (Law et al. 2014;  McAnally and Stein 1996). Studies on the 

development of reading and reading disability or dyslexia, also support a theory known as the 

auditory deficit hypotheses of reading (Boets et al. 2011). This putative deficit includes 

processing of slower amplitude modulated (AM) and frequency (FM) modulated sounds that are 

important for human speech perception.  There is controversy surrounding the precise nature of 

reported auditory impairments in dyslexia.  For example, it is not known whether measured 

deficits are related to low-level sensory processing, or reflect a more generalized difference in 

brain function; and there is a lack of evidence to support claims of causality. Despite this, 

findings of statistically significant relationships between AM and FM sensitivity and reading 



 

ability are relatively consistent (Hamalainen et al. 2013).  For a recent review of the differences 

in stimuli, methodological techniques and the potential interference of cognition and attention 

dependence on the tasks see de Wit et al. (2016). 

Increased AM and FM thresholds negatively correlate with reading scores in individuals 

with dyslexia and in the general population.  Specifically, FM 2 Hz and AM 20 Hz thresholds 

predict nonword reading performance (Talcott et al. 2003;  Talcott et al. 2000;  Witton et al. 

2002).  The link between auditory perception and reading has been demonstrated in previous 

studies showing a correlation between phonological processing and reading, thus indicating a 

potential role for sound perception for written language (Hodgson 1993). Several studies, 

including those that included children at risk for dyslexia due to family history, report significant 

associations between either AM or FM modulations and specific skills associated with reading 

development (Boets et al. 2007).  Specifically, AM perception tasks, though varying in exact 

parameters and sometimes referred to as “rise time” in the literature, have been associated with 

phonological awareness, syllable detection and non-word reading (Goswami et al. 2002;  

Hamalainen et al. 2013;  Law et al. 2014). Likewise, increased FM thresholds have predicted 

reduced non-word and single word reading performance (Talcott et al. 2003;  Talcott et al. 2000;  

Witton et al. 2002). 

Given that numerous studies of reading traits have shown a substantial familial risk and a 

large genetic variance component (Boets et al. 2011;  Carroll et al. 2014;  Peterson and 

Pennington 2015), it is possible that AM and FM thresholds traits are likewise genetic.  If AM 

and/or FM were genetic, it would still be possible for them to be genetically independent of 

reading, and this can be tested with genetic correlations, i.e., correlations using only the genetic 

variance.  Here, we present the first study on the genetics of AM and FM processing thresholds 



 

at specific frequencies previously shown to be associated with reading (Witton et al. 2002).  We 

were specifically interested in characterizing the genetic basis of how perceptual thresholds for 

the FM and AM frequencies relate to phonological decoding tasks (i.e., nonword reading; 

“words” that obey the rules of English but are not real words such as ‘shreated’) and single word 

reading.  As these traits are related to phonological decoding in both persons with and without 

dyslexia, we propose that individual differences in AM and FM detection thresholds are not 

unique to a subgroup of persons with dyslexia.  Rather, reading-associated AM/FM thresholds 

are heritable traits associated with phonologically-based ability, to include individuals either with 

or without phonological decoding problems. 

In this study, two different family cohorts were used to explore genetic heritabilities for 

amplitude and frequency modulations in individuals with and without language and reading 

impairments.   A disorder known as specific language impairment (SLI) is diagnosed in children 

who fail to develop normal language without comorbid conditions such as intellectual disability 

or hearing loss (Li and Bartlett 2012). SLI and dyslexia are defined on distinct domains; 

however, the two disorders commonly co-occur, and both are associated with phonological 

processing deficits (Bishop and Snowling 2004;  Catts et al. 2005;  McArthur et al. 2000;  Ramus 

et al. 2013).  SLI is commonly studied in conjunction with dyslexia; studies suggest that the 

etiologies of autism spectrum disorder (ASD) and SLI partially overlap with regard to genetic 

risk for language difficulties (Bartlett et al. 2014;  Marshall and van der Lely 2009;  Newbury et 

al. 2014;  Ramus et al. 2013). 

Though our family sets were originally ascertained to study spoken language 

impairments, in previous work we have shown that our findings mirror results from two lines of 

research.  First, our heritability estimates of reading measures are very close to those estimated in 



 

twins, suggesting that using families in lieu of twins is not problematic for estimating heritability 

(Logan et al. 2011).  Second, our heritability estimates are very close to those estimated from 

both population-based samples and samples ascertained for reading disability.  This indicates 

that using samples selected for a non-dyslexia diagnosis does not imply different underlying 

genetics for spoken and written language (Bartlett et al. 2012).  Given the suitability of the 

sample, we sought to analyze the genetic relationships between FM 2 Hz and AM 20 Hz auditory 

traits and two reading traits by partitioning total variance into genetic and environmental 

variance components. With regard to AM and FM processing, the term “environment” can be 

thought to include experience-dependent development or plasticity. The establishment of genetic 

components led us to identify molecular genetic loci via molecular genetic linkage analysis for 

these dynamic auditory perception traits. 

Subjects and Methods 

Subjects   

The sample consisted of two sets of families that have been described elsewhere (Bartlett 

et al. 2012;  Bartlett et al. 2014;  Logan et al. 2011).  The first sample consists a subset of a 

sample used for a series of studies on specific language impairment (SLI) genetics (Bartlett et al. 

2004;  Logan et al. 2011). We ascertained these families for one SLI proband and at least one 

additional family member with a language impairment.  Here we present analysis on three large 

extended SLI pedigrees that were enrolled after the AM/FM tasks became available (i.e., it was 

not possible to test all families).  A total of 111 subjects had reading and auditory data with each 

pedigree having sample sizes of 48, 26 and 36, respectively including a total of 14 language 

impaired individuals and 41 reading impaired persons. 



 

The second sample is part of the New Jersey Language and Autism Genetics Study 

(NJLAGS) consisting of 51 families ascertained for both SLI and Autism, a complex 

neurodevelopmental disorder consisting of social interaction impairment with repetitive 

behavioral tendencies or narrow interests (Szatmari et al. 2007).  Families were ascertained for 

the presence of both an autism proband and at least one other person in the family with a 

diagnosis of SLI and no less than five participants (affected and unaffected) per family (mean 

6.9, SD 2.8, range 5–20). Family members received 22 standardized subtest measures of 

language and intelligence with additional reading measures.  The final samples was comprised of 

a total of 234 subjects with at least some quantitative language phenotypic data, including 27 

persons with ASD, 55 with SLI, and 152 unaffected. Subjects gave informed consent conforming 

to the guidelines for treatment of human subjects governed by the Institutional Review Board at 

Rutgers University.  We have previously established (Bartlett et al. 2014); (2012) that for most 

cognitive traits, the quantitative genetics of these pedigrees is fully consistent with pedigrees 

from the general population and also similar to families selected for specific language 

impairment (Logan et al. 2011).  

We note that unlike a twin study, where each family contributes one pair of family 

members for analysis, extended pedigrees include many more relative pairs per family, and these 

relative pairs are of different types and not exclusive.  For example, a parent is part of a relative 

pair with each child, as well as with each of that parent’s biological parents, their siblings, their 

aunts and uncles.  Also note that many relationship pairs share genetics but not a common 

environment (e.g., cousin pairs).  Given the ability to estimate non-shared environment, the 

extended family design can be used to estimate heritability, i.e. genetics alone, instead of just 



 

familiality, i.e., genetics and share environment confounded, as would be the case using solely 

nuclear families. 

Measures  

Given previous research that found significant unique nonword reading variance 

predicted by AM 20 Hz and FM 2 Hz (Talcott et al. 2003), we evaluated thresholds at these 

modulation rates, using the same method as in Witton et al. (2002).  Stimuli were 1000-ms pure 

tones with a carrier frequency of 500 Hz, to which either a 20-Hz sinusoidal amplitude 

modulation (AM task) or a 2-Hz sinusoidal frequency modulation (FM task) was applied. The 

depth of modulation was varied as the dependent measure. Thresholds were determined through 

software that presents pairs of stimuli in a two-alternative forced-choice paradigm, with one 

unmodulated stimulus and one modulated stimulus in random order, separated by a 500-ms silent 

inter-stimulus interval. Subjects were asked to identify which stimulus was the modulated one.  

The depth of modulation was determined by an adaptive, weighted 1-up, 1-down staircase 

method (Kaernbach).  Initial stimulus modulation depth was well above detection threshold, and 

was decreased by a factor of -1db on every correct response and increased by a factor of +3db for 

every incorrect answer. The procedure was terminated after 10 ‘reversals’ (points where the 

response trajectory switched from correct to incorrect answers, or vice-versa).  The geometric 

mean of the last 8 reversals was taken as threshold. A small percentage of random trials were 

presented with suprathreshold stimuli to assess attention to the task.  The families also received 

single word reading (Word Identification) and single non-word reading (Word Attack) tasks from 

the Woodcock Reading Mastery Tests ((Woodcock 1997).  We combined the two reading 

measures into a latent trait using the R (R Core Team 2013) structural equation modeling in 



 

pedigrees package strum version 0.6.2 (Morris and Song 2015) as described in (Song et al. 

2015).   

Statistical Analysis  

Univariate heritabilities and bivariate genetic correlations were modeled with the 

Sequential Oligogenic Linkage Analysis Routines (SOLAR) package v4.3.1  (Almasy and 

Blangero 1998) as described previously (Bartlett et al. 2012;  Logan et al. 2011).  Briefly, the 

phenotypic variance is decomposed into components by regressing against the kinship matrix to 

estimate the genetic component of the variance and an identity matrix to estimate the individual 

environmental component. The kinship matrix specifies the degree of genetic relatedness of 

every pair of subjects in the study. Constraining the genetic variance component to zero 

corresponds to the null hypothesis of no genetic effect. Twice the difference in likelihoods 

between the constrained model and the full model yields the standard maximum likelihood ratio 

test statistic (Almasy and Blangero 1998).  In our study, we applied the P<.05 threshold for 

statistical significance. 

Covariates that were tested for significance in the model included age, age2, PIQ, sex and 

ASD status.  The distributions of the AM and FM traits were leptokurtotic with variance less 

than 1, both of which can be problematic for SOLAR as determined by the package authors 

(SOLAR 2003).  We applied a log-power transformation with an offset constant to avoid 

negative numbers and multiplied by a constant to avoid variance below 1 as follows: 

௧௥௔௡௦௙௢௥௠௘ௗݐ݅ܽݎܶ ൌ 10	൫ඥlogଵ଴ሺܶݐ݅ܽݎሻ ൅ 3൯ 

After transformation, both traits had kurtosis < 2.  

In order to identify molecular genetic loci for reading and dynamic auditory traits, we 

conducted linkage analysis using KELVIN (Vieland et al. 2011), a genetic modeling platform we 

have applied previously in these families (Bartlett et al. 2004;  Bartlett et al. 2002;  Bartlett et al. 



 

2014;  Simmons et al. 2010).  KELVIN provides several statistical metrics to quantify the 

evidence for linkage along the genome, and here we chose the posterior probability of linkage, or 

PPL (Vieland 1998).  This method was chosen since it is easy to combine data across datasets, as 

we do here with our two family sets.  The advantage to performing (essentially) a Bayesian 

meta-analysis across the two datasets comes from the way the PPL handles heterogeneity.  The 

PPL has been shown to retain greater power for finding linkage with heterogeneous datasets than 

seen when using a single pooled analysis in which all of the data is analyzed as a single large 

dataset (Vieland et al. 2001).  Therefore, the two sample sets were analyzed separately and then 

pooled together using Bayesian sequential updating as previously described (Bartlett et al. 2005).  

As described previously (Bartlett et al. ;  Bartlett et al. 2002), the prior probability of linkage is 

2% (Elston and Lange 1975;  Morton 1955) based on theoretical calculations.  Posterior 

probabilities greater than this number indicate positive evidence for linkage.  In order for 

positive linkage evidence to meet genome-wide standards for declaring a linkage, we apply the 

value of 30% based on our previous work (Bartlett et al. 2002).   

The bivariate PPL is a straightforward extension of the quantitative PPL in Bartlett & 

Vieland (2007) to bivariate traits.  The key extension occurs in the likelihood function for 

generating LOD scores (see the subsection “The likelihood function for the QT-PPL” in Bartlett 

& Vieland 2007).  The core of the pedigree likelihood is Lሺ۵|܆ሻ, letting G represent the 

genotypic data for a given pedigree and X the trait data.  For univariate linkage, Lሺx୧, g୧ሻ is 

defined as γሺX ൌ x୧|ߤ௝, ௝ߪ
ଶሻ, where ߛ is the probability density function (pdf) of the desired 

distribution, i indexes the individual, j indexes the three possible trait genotypes at a two-allele 

locus, AA, Aa, aa; and ߤ௝ and	ߪ௝
ଶ are the genotypic mean and variance for the jth genotype, 

respectively.  As implemented in Kelvin, ߛ is the standard normal distribution, though the 



 

assumption of normality is not strong (Bartlett & Vieland 2007; Vieland et al 2008).  The 

bivariate PPL replaces ߛ with the standard bivariate normal distribution.  This extension requires 

integration of the additional means and variances and the correlation between the two traits 

attributable to the test locus.  Integration then proceeds the same as Equation 2 of (Bartlett & 

Vieland 2007).   

Results 

We first calculated baseline Pearson correlation coefficients between the two auditory 

traits (AM and FM =0.45, P<.05) and each of the two auditory traits with reading (AM-reading 

=0.19,  P<.05; FM-reading =0.30, P<.05).  We note family datasets do have the subtle 

complexity that genetic relationships imply partial non-independence across participants.  This 

non-independence, while a violation of the Pearson correlation assumptions, may or may not 

have detrimental effects on the estimation.  To assess if our whole family correlations were 

appropriate, we repeated the analysis by only using data from founders (persons in the dataset 

with no parental data such as grandparents at the top of the pedigree and persons that married 

into the family).  In all cases, the correlations were significant, though slightly lower (AM and 

FM =0.35, P<.05; AM-reading =0.13,  P<.05; FM-reading =0.26, P<.05). 

Heritability was measured jointly with both datasets. As shown in Table 1, heritability for 

the dynamic auditory traits, both AM and FM, were significant.  While studies show dynamic 

auditory traits and reading traits are phenotypically correlated, here we assessed if additive 

genetics at least partially mediates that relationship as measured by genetic correlation. We 

therefore conducted bivariate variance component analyses to assess the degree of genetic 

correlation versus environmental correlation (or both) for both AM and FM. Both AM and FM 

thresholds show a significant environmental correlation but are not genetically correlated.  



 

Univariate heritability for reading was significant (Table 1) as expected.  We next 

assessed the genetic and environmental correlation of the AM and FM tasks with reading.  FM 

and reading presented with a genetic correlation (P<.05) but without a corresponding 

environment correlation (P>.05).  In contrast, the AM task is environmentally correlated with 

reading and instead has no genetic correlation with reading.  

Linkage Analysis 

We evaluated the genome for linkage with the two auditory phenotypes.  For auditory 

traits that are genetically correlated with reading, this would also potentially identify novel 

reading loci. Genome-wide posterior probability of linkage analyses of both AM 20 Hz and FM 

2 Hz are summarized in Figure 1.  There were three peaks that met our genome-wide criteria for 

declaring linkage, with no overlap in results between the two traits.  FM 2 Hz provides evidence 

of linkage on chromosome 20 with a maximum PPL of 65% and also on chromosome 10 with a 

PPL of 33%.  AM 20 Hz provides evidence of linkage on chromosome 12 with a PPL of 51%.   

Additional details on these peaks are provided in Table 2. 

Bivariate PPL of the auditory traits analyzed jointly with reading traits for linkage was 

conducted to determine if the two FM 2 Hz loci were also related to reading. No bivariate PPL 

peaks met our significance criteria.  

Discussion 

We presented the first genetic analysis to investigate the relationship between reading-

associated dynamic auditory thresholds and reading ability in extended families. The results 

demonstrate significant univariate genetic variance for both measured AM and FM traits.  

Despite both traits being correlated and both traits having a genetic component, their correlation 

is mediated only through the environment.  The AM trait showed an environmental correlation 



 

for reading, but not a genetic correlation, while FM showed the opposite trend whereby its 

correlation with reading was only through genetics.  Genome-wide analysis further implicated 

two chromosomal regions for the FM trait, neither of which also corresponded to reading 

according to bivariate PPL analysis.  Our data suggest that FM processing may offer important 

insights into the wider reading phenotype as well as the global speed of sound processing but 

may not be a suitable trait for finding additional novel reading loci.  

After determining what proportion of variance in dynamic auditory thresholds is 

attributed to genetic factors versus environmental factors, we were interested in gene mapping 

the dynamic auditory thresholds, in their own right and also as an avenue towards finding 

additional genes for reading impairment.  Based on the success of our first task, where 

heritability analysis does indicate a genetic correlation between FM and reading, we proposed 

that gene mapping FM 2 Hz threshold was a possible way to map novel reading loci.  However, 

bivariate analysis on chromosomes 10 and 20 do not support this hypothesis.  Bivariate 

heritability analysis indicated that FM 2 Hz is genetically correlated with reading impairment, 

accounting for much of the significant phenotypic correlation between the FM and reading 

(Talcott et al. 1999). Given that FM threshold and reading ability appear to have common 

genetics, we believed that FM processing may be a suitable trait for mapping genes related to 

reading ability, and so PPL analysis was conducted. The FM 2 HZ PPL loci on chromosomes 10 

and 20 have not been associated with dyslexia and reading previously and were thought to be 

possible novel areas of interest for reading genetics. Bivariate PPL indicated that this was not the 

case and that these loci are not significantly associated with reading. It is more likely that the 

genetic correlation between FM and reading is being driven by polygenic factors not captured by 

a linkage signal.   



 

We found the correlation between our AM and FM tasks was only environmental in 

nature, with no genetic component. This environmental correlation indicates that co-experience 

for sounds with AM and FM drives the phenotypic correlation in families.  The lack of a genetic 

correlation shows that genes are not responsible for the observed trait similarity.  Additionally, 

the environmental correlation of AM 20 Hz and reading ability indicates that the similarity 

between these two measures is driven mostly by a common set of environmental experiences, not 

shared genetics.  Finding environmental drivers of AM and reading correlations is without 

obvious precedent in the literature.  Yet, finding malleable environmental variables could 

provide insight into treatments for reading impairments. 

In order to ensure the auditory trait data used in the variance component analysis were 

normally distributed, a condition needed for valid p-values, we performed a log-power 

transformation of the trait data to reduce excess kurtosis.  Without the transformation the 

parameter estimates for univariate heritability were essentially the same, though the genetic 

correlations were greatly reduced, rendering them non-significant.  It is well appreciated that the 

choice of scale can affect genetic interpretations.  In the present study, the scale does matter, as 

the test of heritability and genetic correlations would be potentially invalid without the 

transformation.  Additional work outside the scope of the present study would be needed to 

evaluate this particular non-normal distribution and its effect on type-I error.  It will be important 

for future researchers to note our transformation when developing genetic models of these traits, 

in order to ensure comparable results. 

One caveat to our data is the way the families were ascertained.  One set of families was 

ascertained to have two persons with language impairment (Bartlett et al. 2002) while the other 

required one person with ASD and a separate person with language impairment (Bartlett et al. 



 

2012).  Though a large sample of families from the general population would be considered the 

ideal data for understanding individual differences in auditory traits, the use of families 

ascertained for a different purpose can also informative if an ascertainment correction is applied, 

as was performed in this study.  Ascertainment corrections have long been applied to variance 

component analyses of complex traits (Beaty and Liang 1987;  Boehnke and Lange 1984;  

Spence et al. 1977), though the practice has also been subject to debate (Burton 2002;  Burton et 

al. 2000;  Epstein 2002;  Glidden 2002;  Glidden and Liang 2002).  Taken together, its safe to 

assert that ascertainment correction methods are available, but they should not to be applied 

without caution.  We have used ascertainment correction on these samples previously when 

studying language, reading and related traits, and obtained a high degree of consistency with 

previously published studies using population based and ascertained data.  There are no other 

genetic datasets on AM and FM processing for us to validate against, so while it is reasonable to 

conclude that our estimates are appropriately derived, further data from other studies are needed. 

Our datasets lack a measure of sustained attention, which would be a helpful covariate to 

remove measurement error and perhaps allow us to stratify the sample or to remove subjects with 

attention deficits.  We note two important factors when considering the role of attention in our 

samples.  One, these families do have extensive family history data with information on 

comorbid psychiatric diagnoses including attention deficits disorder and we do not find any 

declared cases.  Two, these samples were ascertained for language impairments, which is not 

highly comorbid for attention deficits in stark contrast to dyslexia datasets.  These factors 

suggest that attention is not confounding our results though other datasets will be needed to 

verify this point. 



 

The behavioral and molecular genetics of auditory processing traits is still developing and 

any potential genetically mediated associations with reading have yet to be fully demonstrated.  

We presented the first attempt to link the two domains using genetics, and while it is clear that 

genetics does play a role in AM and FM tasks related to reading, the use of these traits as an 

endophenotypes for mapping reading genetics remains to be demonstrated. 
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Figure 1. Posterior Probability of Linkage Analysis for Dynamic Auditory Traits in families 

with Autism Spectrum Disorder and Specific Language Impairment.  

PPL linkage of AM 20 Hz and FM 2 Hz for NJLAGS and SLI subsets sequentially updated 

together. One peak on chromosome 12 for AM 20 Hz, one peak on chromosome 10 for FM 2 Hz, 

and one peak on chromosome 20 for FM 2 Hz reached significance in which PPL exceeded 30%. 
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Table 1.  Heritability of latent reading trait and two dynamic auditory traits in families with 

Autism Spectrum Disorder (ASD) and Specific Language Impairment (SLI) 

 
 Univariatea Environmental Correlationb Genetic Correlationc

 h2 SE p-value E SE p-value G SE p-value
AM (20 Hz) 0.197 0.093 0.0129       
FM (2 Hz) 0.294 0.120 0.0005       
AM,FM    -0.285 0.101 1x10-8 0.298 0.344 0.996 
          
Reading 0.742 0.089 5x10-10       
AM, Reading    -0.298 0.095 0.003 -0.402 0.386 0.190 
FM, Reading    0.062 0.175 0.248 0.354 0.194 1x10-4 
 
aUnivariate heritability analysis indicated that each of traits in the study have significant degree 
of heritability  
b Defines as residual correlation that is not due to shared genetics 
cA p-value <.05  implies that the two traits in question have shared genetic etiology to some 
degree 



 

Table 2.  Peak linkage regions separated by subset 

NJLAGS  SLI  Sequentially Updated
Chromosome  cM  PPL  PPL  PPL 

10  15  0.3309  0.014 0.240 

10  19  0.4131  0.015 0.325 
10  20  0.1199  0.015 0.084 
20  20  0.4780  0.016 0.404 
20  26  0.7087  0.016 0.645 
20  29  0.4232  0.016 0.361 
12  63  0.3497  0.070 0.678 
12  64  0.5149  0.070 0.808 
12  66  0.3471  0.060 0.636 

 

PPL peak regions for NJLAGS begin when PPL reaches significance (PPL > .30) and end when 

PPL falls below .30. Comparisons of PPL peaks were based off of NJLAGS peak locations given 

SLI did not display significant peaks. Note that sequentially updated PPL showed decreased 

peaks for FM on both chromosomes, suggesting NJLAGS is driving the linkage signal seen for 

FM. 
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