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THE NATURE OF GENETIC VARIATION LIKED TO AUDITORY PERCEPTUAL ACCURACY DEVIATIONS AND EMOTIONAL EXITATIONS BETWEEN HEALTHY AND DIAGNOSED PEOPLE

Kari Suoniemi, Ph.D.

A question interested researchers in all fields of science is human capacity to learn and remember new things. The question of what is hereditary in human behaviour has always been debated. Piaget (1950) resisted the notion of an inborn logic. He describes the lawful development of the child’s logic functions, but he considers this lawfulness to be the only possible development and the consequence of the undifferentiated increase of neurons in the cortex of the brain. His thought was that logical thinking was more an acquired conscious ability than a consequence of the genes potentiality. Against this opinion stand many linguists, among others Chomsky. He suggests that language and thinking are innate functions of the human mind and that they follow an innate logic (Sloboda 1986, 12). Thus the logical thinking is not created by the Man but his genes, which have programmed his brain to function according to certain rules. Many researchers presume that newborns have genetic ability to detect the stress and prosody of the speech (Fernald 1984;Jusczyk and Bertoncini 1988). Especially the first representatives of the gestalt psychology claim that these basic properties of perception are inherent (Koffka 1935).

The psychological and neurobiological mechanism of distinct genes that could explain why some people are more talented than others is not yet known. After all people can do a great deal of different demanding cognitive and motor tasks even without noticing that they have a special talent.  Maybe the different talents are best seen as a group of different motor and perception skills where genetic inclination and developing memory are important devices. Inclination could be thus a potential ability to action in general but to learn some distinct mental, emotional or physical sensory skill too. 

Gordon suggests seven musical thinking aptitudes, which are based on the abilities to recall a tune, write or read notes or image an auditory tune in one’s mind. He is of the opinion that recall of the tonal and rhythm characteristic takes place in music aptitude, whereas memory for details takes place in music achievement (Gordon 1987, 15). These abilities can be exercised based on the notion that the higher one’s music aptitude, the higher the music achievement can be in the advanced stages of audiation and in all seven types of audiation (Gordon 1987, 13). Audiation  (auditory imagination ability) from written musical score is an interesting ability or talent which is achieved to some extent by practising but there are people who have this talent without any practice. A person who has this ability can hear a melody in his or her mind by seeing a score. It is not known whether there is an additional association sensory track between seeing and hearing systems, which can make this phenomenon possible. A try to explain this talent may relate to two overlapping areas of the cortex i.e. secondary auditory areas 42 and 22 that include Wernicke’s speech center for the comprehension of speech (Kahle et.al.,1993, 356). Thus the ability to hear pitches of the tones by looking at the score can relate to the imagination ability to connect the inner thinking mechanism of tones and speech prosody of the vocal fold vibration. However, this kind of musical thinking ability is a good example of the neural sensory deviation that may link to the distinct gene variation.

It is apparent that both the inner degree of musicality and the developing capacity to percept, think and experience the details of the musical structures are under control of neurodevelopmental maturation. However it is not known how much exercising can improve the pitch perception accuracy abilities. I have found that most of my students have learned to tone their guitar after few weeks but some students need a year or even more. A research (n=391) of musical accuracy perception abilities suggests that musicality is normally distributed between people (Suoniemi 2008, 91; Suoniemi 2009). The scores obtained by Bentley’s musicality test were divided into three perception accuracy and memory categories based on the score distribution as follows: 

A.High accurate perception and memory ability (48 – 60 scores), 27.9% of people

B. Medium accurate perception and memory ability (38 – 47 scores), 45.3% of people

C. Low accurate perception and memory ability (1 – 37 scores), 26.9% of people

Perception abilities displayed significant distribution between low and high accurate perception and memory ability categories. Does this mean that 26.9% of people are quite unmusical? That may be the case. However, we can state a question:”How many percents of the low and high category deviation differences can be explained by sensory functioning variation contributed to gene mutations or lack of musical learning exposure?” A try to explain perceptual differences linked to musical thinking processes in the hearing system is to study subtle and severe perceptual sensory deviations and emotional excitations contributed to genetic variations between healthy and diagnosed people. Although, it is obvious that variation in musical pitch recognition differences due to heritable features cannot be tested by conventional audiologic methods. Addition it is apparent that gene mutations with nonsyndromic sensory deviations are difficult to be diagnosed. 

Resent concept is that most number of the sensory deficits are caused by deterioration of the hair cells in cochlea. For example mutations in three nonmucle myosins cause deafness. These are myosins- VIIa, associated with the actin in hair cell processes: myosins-Ib, which is probably adjusts tension on the tip links, and myosin-VI, which is essential for the formations of normal cilia (Ganong 2005, 183). These sensory deficits can deteriorate the hearing system but there are several lifelong disabilities that can prevent individuals developing basic musical skills. A study of 49 published cases of amusia was made by McDonough (1973), who found that of those patients who had deficits in music function 65% had deficits in language function. “Amusia” is a collective term pertaining to the loss or impairment of musical capacity that may vary as a consequence of disease. Henschen (1920) adopted a simple classification as a basis for his analysis: motor impairments such as loss of ability to sing, write musical notation or play an instrument and sensory impairments such as musical deafness, recognition familiar music or to read musical notation. Deficits in the pitch perception ability have also been referred to as congenital amusia, note-deafness, dysmelodia, tune deafness, or music agnosia (Jones et.al. 2009). Present genetic research of normal and pathological people has shown that distinct chromosome and gene locations can be related to auditory perceptual sensory capacities. 

Preimplantation genetic diagnosis (PGD) may be available for families in which the sensory impairments or deafness causing mutations have been identified. For example approximately 98% of individuals with the chromosomal locus 13q11-q12 of the DFNB1 locus have two identifiable GJB2 mutations, which are homozygous for the c.35delG point mutations (Scott et all 1998). Hearing loss and deafness (DFNB1) is characterized by congenital, non-progressive, mild (26- 40 dB)-to-profound (90 dB) measured by decibels (dB) and low (<500Hz) to high (<2000 Hz) measured by hertz (Hz) sensorineural hearing impairment. Mutation has large phenotypic variability with mild to profound. This variability is hypothesized to reflect the effect of modifier genes and /or environmental factors that lead to incomplete penetrance and variable expression (Nadeau 2001). It is estimated that the products of 100 or more genes are essential for normal hearing, and deafness loci have been described in all but five of the 24 human chromosomes (Ganong 2005, 183).

Auditory diseases can deteriorate musical abilities in general but for example persons who are autistic or have Williams Syndrome are often musically talented including quite often the sense of the perfect pitch. Persons with autism do not display perceptual abnormalities that impair music processing in congenital amusia, or impaired perception of chords, pitch intervals or contours in comparison to matched controls (Gregersen et all, 2001). Williams syndrome is defined by the hemizygous deletion of approximately 17 – 19 genes on chromosome 7 (band 7q11.23) between the polymorphic markers D7S1816 and D7S489B including the gene for elastin and representing 1.6 – 2 million missing base pairs (Francke 1999; Frangiskakis et al.,1995). Persons with WS are highly verbal and sociable, but lack common sense and normal height of the intelligence. There also appears to be hyperacusis, phonophobia, a love for music and cases of absolute pitch, cardiovascular problems, such as supravalvular aortic stenosis and transient hypercalcaemia. A research used fMRI to examine the neural basis of auditory processing of music and noise in WS patients and age matched controls showed that WS participants processed music by exhibiting more variable and diffuse activation than control subjects, recruiting subregions of the amygdala, cerebellum, and brain stem. WS participants had greater activation in the right amygdala and control subjects in the temporal lobes (Levitin et.al., 2003).    

Williams syndrome is an example of severe multi-systemic dysfunctions that change and deviate cognitive, mental and physical auditory nervous systems. The distorted mental affects of WS persons such as hyperacusis, phonophopia or increased love for music connected to strong excitation of subregions of amygdala may be a consequence of distorted neural sensory system linked to psychosomatic body affects of sound.  Empirical observations have showed that electrical stimulation of amygdala can induce fear but other psychosomatic body affections too. Listening to music also is observed to launch psychosomatic body emotions such as shivers down the spine, sense of hallucination, constricting of throat, tears, racing heart, sweating, sexual arousal or stomach sensation and specially the excitation of pleasure have measured in the self-reported psychosomatic studies (Sloboda 1991; Suoniemi 2008). It is likely that these psychosomatic emotions or body reactions are not based on reasoning processes of musical structures i.e. association areas of the cortex (STG) and frontal lobe activations but rather are primary unconscious or semiconscious body state “alarms” that can be processed in a fast and direct track from the medial geniculate to the amygdala. Yet these emotional affects come to conscious because of their strong physical body effects. The genetic research of these emotional body state “alarms” can be good candidates of music’s evolutional origins in an ancient society. It is likely that WS persons experience especially strong psychosomatic affects that is controlled by hypothalamus and right amygdala. 
A research studied the genetic locations and polymorphims contributed to heritability of the musical perception abilities of healthy people. In a genome-wide musical aptitude study of 15 Finnish families displayed 48% heritability for the combined test scores. Significant evidence of linkage was obtained on chromosome 4q22 (LOD 3.33) and suggestive at 8q13-21 (LOD 2.29) with combined music test scores, using variance component linkage analyses. A positive LOD score of 1.69 was shown at 18q, a region previously linked to dyslexia (DYX6) using combined music test scores. Results showed genetic contribution to musical aptitude that was likely to be regulated by several predisposing genes or variants (Pulli, Karma, Norio, Sistonen, Göring and Järvelä 2008). Molecular genetic studies of the human argine vasopressin 1a (AVPR1a), oxytocin (OXTR), serotonin (SLC6A4), catecol-O-methyltranferase (COMT), dopamine D2 (DRD2) and tyrosine hydroxylase 1 (TPH1) receptors role of these neuropeptides related to social behavior of dance, eating rituals, sexual behavior and musicality are suggested (Israel et.a.2008; Ukkola et.al.2009). 

Although the degree of musicality is an individual phenomenon its genetic studies have stressed the importance of music’s social origins and functions. However, empirical data on social and musical skills and deficits in autism and Williams syndrome do not support the notion of contrasting social phenotypes (Heaton and Allen 2009). In general, emotional experiences are acquired by listening and associating music to communication experiences that are linked to intelligence and anticipation mechanism of the musical structures and styles. The meanings of the social emotional attachment launched by musical excitation can differ markedly between original people but also between male and female (Suoniemi 2008; Notrh 2000; Saarikallio and Erkkilä 2007). 
Arginine vasopressin hormone is secreted by the posterior pituitary gland and its principal physiologic effects are the retention of water by the kidney and homeostasis of blood pressure. Vasopressin-secreting neurons are also found in suprachiasmatic nuclei and vasopressin and oxytocin are located in the endings of neurons that project from the paraventricular nuclei to the brainstem and spinal cord (Ganong 2005, 243). These neuropeptides are central in human body for example oxytocin acts on the breasts, uterus and ovary, but how they are chemically linked to social communication affections such as musical listening experiences? For example self-reports of the sexual excitation by music listening don’t support any stronger connection between musical excitation and sexual arousals (Sloboda 1991; Suoniemi 2008). As well self-reports have displayed that majority of people like to listen to their favorite music in order to manipulate their mood states (North 2000; Saarikallio and Erkkilä 2007). Because vasopressin and oxytocin are typical neuronal hormones of the posterior pituitary, they can be sensitive most of the time and respond many kinds of sensory stimulation. Dopamine, serotonin and norepinephrine are a part of neurohormonal systems in the brain stem that are known to play important role in maintaining the level of excitation of the cerebral cortex, thus leading to an “awake” mind (Gyton and Hall 2000, 679). 
Congenital sensory deafness can be caused only one or some mutations of the distinct genes but because auditory sound impulses pass by various routes from cochlea to the inferior colliculi the centers for auditory reflexes, and via the medial geniculate body in the thalamus to the auditory cortex, it is likely that several subjective mental and sensory differences can exists. For example a hypothesis suggests that neural substrates of sound perception and production are connected by the arcuate fasciculus that can have reduced fiber volume, decreased myelination along the tract direction, or abnormal development of fiber projections (Loui, Alsop and Schlaug 2009). Thus, the cause of deafness can be genetic mutation leading abnormal neuronal migration and structural connectivity. Genetic regulations seems to work like a theory of controlled body chaos forming and repairing human individuals, which look like different and whose motor, emotional and sensory abilities are developed differently. Does this mean as well that the sensory accuracy deviations of musicality and different musical emotional experiences by individual persons are linked to different gene regulated polymorphisms? If musicality is normally distributed phenomenon of population it would be natural that we have neuronal differences, which are a part of subject’s personality. Thus, it is obvious that 17% of the normal population (Cutty et al.,2005) that have self-identified to be as tone deaf can be in the range of normal distribution. It is quite unlikely that deviations of the low and the high musicality perception and memory abilities are a mental talent controlled only a few genes but groups of several chromosomes and genes, which control distributed sensory and cognitive instincts, motor and learning processes. It is obvious that musicality is part of mental mind, which is firmly linked to autonomous nervous system, individual emotional excitations and imagination capabilities.
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