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Supplementary Notes:

Tune deafness and congenital amusia:  The symptoms of tune deafness have been recognized for many years, as a form of apperceptive auditory agnosia, a canonical central auditory processing disorder[1].
Since the 1940s, large scale studies have ascertained members of this population using the Distorted Tunes Test (DTT)[2] – an instrument designed to measure a core deficit of this disorder – subjects’ inability to recognize deviations in melodic structure.  Since that time, the DTT has been repeatedly validated and used to establish the prevalence of this phenotype in a number of different groups, which together comprise over 4000 individuals

Recently, a comparable phenotype has been defined using a standardized psychoacoustic test battery (the Montreal Battery of Evaluation of Amusa). Using this instrument, symptomatic individuals have been shown to have deficits in fine grained pitch discrimination, pitch contour and interval recognition, as well as rhythm discrimination, all presenting in the context of normal hearing and normal auditory memory [3,4].
We have also evaluated measures of central auditory processing in a group of TD subjects ascertained using the DTT[5]. These studies have revealed a number of similarities with features described in congental amusia, but due to differences in ascertainment and details of the auditory tests employed, it is unclear at this point whether or not the phenotypes described by our two groups are identical. It will be important in the future to use both the MBAE and the DTT and associated test batteries in the same cohort of subjects in order to establish this.  


Estimates of prevalence also differ between the two groups.  In the cohorts identified using the MBAE, prevalence is estimated at approximately 4% [6] (consistent with original estimates using the DTT).  Our own estimate derives from a random sampling of 1218 subjects. The distribution of scores on the DTT was continuous in this population, however subjects scoring below the10th percentile have clear and reproducible symptoms.  After removing individuals with impaired hearing and other confounding factors, our experience suggest that individuals affected specifically with TD constitute  approximately 2% of the general population.

Electrophysiological studies in amusia:  There have been no previous studies evaluating electrophysiological responses to melodic deviations in tune deaf subjects.  However, EEG/ERP methods have been used to estimate responses to infrequent pitch deviant tones (designed to elicit an MMN) or in auditory classification tasks (designed to elicit the P300) in patients with symptoms of amusia following stroke.  Both the MMN[7] and P300 [8] were attenuated in these brain damaged individuals.  

A single study has investigated electrophysiological responses to acoustic stimuli in patients with congenital amusia (not secondary to stroke) [9].  This study used a formal oddball paradigm, in which subjects monitored monotonic tone sequences for pitch changes and indicated the presence of deviant targets when these were detected.  The authors reported abnormal right-lateralized N2-P3 responses to large pitch changes in amusic subjects.
MMN, P300, attention and consciousness:  While both the MMN and the P300 are indices of change detection, they have each been associated with different cognitive or neuropsychological features.  One of the principal differences between these responses is their susceptibility to modulation by attention[10].
The MMN is frequently characterized as preattentional or automatic [10] and it can be elicited in the absence of vigilance, without overt attention paid to target stimuli.  On the other hand, in the typical P300 paradigm, a higher amplitude response is generally evoked when subjects are monitoring a stimulus train in order to detect a target. While there are differences between the P300a and b in this context (the P3a response may be more automatic, P3b more readily task-modulated) both components are modulated by attention.
Attentional modulation of the evoked responses may not be relevant in the present study, in which subjects were not instructed to monitor the melodic sequences to detect the presence of deviant stimuli.  If we had expected, but not seen, a P300 under these circumstances, the absence of the response might well have represented a confound secondary to these task features.  Since we observed a P300 response, even though the chances of detecting this may have been minimized in the absence of vigilance, this indicates that the response represents a clear reaction to deviant stimuli, even in the absence of attention (and, as we argue in these subjects, in the absence of conscious awareness).  It will be interesting to see if the P300 response we observed can indeed be modulated by attention in characteristic ways.

Because of their contrasting relationships to attention, it has sometimes been assumed that the MMN and P300 are similarly related to conscious perception.  Thus, the preattentional MMN might operate outside of conscious awareness, while the P300 reflects conscious processing of deviant stimuli. This interpretation likely inaccurate; while attention is closely associated to consciousness, they are not equivalent.

In fact, the MMN is exquisitely sensitive to normal physiological fluctuations in consciousness[11] it disappears during coma, and has been used as a tool to detect minimally preserved consciousness and effectively predict recovery [12]. On the other hand, the P300 may actually persist under these conditions, [13] suggesting that the P300, while it is modulated by attention, does not reflect conscious perception.  Indeed, it has been argued that the P300 represents an automatic and unconscious change detection mechanism [14,15].
Sources of the AEP, MMN and P300:  Sources of the long-latency components of the AEP are thought to be multi-focal, generated in unimodal auditory areas.  The generators of the MMN may differ from those of the AEP [10] although some studies have suggested that the MMN may actually represent delayed, stimulus-specific alteration of AEP components themselves[16]. Nevertheless, it is clear that the sources of the MMN are located principally in the unimodal auditory cortex[17]; although secondary sources may also include projections areas in the mid-ventrolateral prefrontal cortex[18].
A consistent body of evidence suggests that sources of the P3a are located lateral prefrontal areas, while the P3b may have multiple sources, including the inferior parietal lobe in the region of the supramarginal gyrus, and the superior and posterior parietal (and adjacent cingulate) cortex[19].
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