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Background. The genes responsible for regulating neuro-chemical metabo-
lism are capable of influencing emotional responses. 

Objective. The goal is to determine the influence of the polymorphism of 
BDNF, HTR2A, and COMT genes on potentials evoked in response to faces 
with various emotional expressions and objects with different emotional va-
lences. 

Design. The stimuli set included 175 faces and 150 objects with neutral, 
positive, and negative emotional content. All images were unified in size and 
brightness and presented for 500 ms. The participants’ task was to determine 
the emotional content of each stimulus. Each participant’s EEG was recorded 
at 128 points and averaged in alignment with her responses. Six measures of 
ERP were recorded for each lead: three for faces with different emotional ex-
pressions, and three for objects with different emotional valences.

Results. We discovered that the BDNF and HTR2A gene polymorphism 
does not affect the visual perception of emotionally charged stimuli as re-
flected in changes of ERP. By contrast, participants in the COMT Met-Met 
group differed from participants in groups COMT Val-Met and COMT Val-
Val in that their event-related potential (ERPs) for both faces and objects were 
characterized by an increase in P300 amplitude in their frontal, temporal, and 
parietal areas, predominantly in the right hemisphere. The COMT Met-Met 
participants were less successful in differentiating stimuli by their emotional 
valence. 

Conclusion. The COMT gene mutation of the Met/Met type may lead to 
deficiencies in decision-making about the emotional valence of visual stimuli, 
as reflected in a substantial increase in the P300 response amplitude.
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Introduction
Typical research on visual processes relies on averaging individual data gathered 
from different observers in order to determine common characteristics of visual 
perception; the observed individual differences are then treated as random fluctua-
tions. However, in-depth analysis reveals that, quite often, these individual differ-
ences are really systematic and could reflect underlying mechanisms of human per-
ception and behavior. If so, studying individual differences in visual perception can 
be instrumental in understanding perception’s most profound mechanisms. Nu-
merous studies acknowledge the existence of specific individual characteristics of 
visual perception that determine different degrees of successful image recognition 
within various emotional and semantic contexts. Substantial differences among 
individuals have been observed for various levels of information processing over 
the entire spectrum of visual perception (e.g., Braddick et al., 2017; Grzeczkowski, 
Clarke, Francis, Mast, & Herzog, 2017; López-Alcón, Marín-Franch, Fernández-
Sánchez, & López-Gil, 2017; Sparrow, LaBarre, & Merrill, 2017; Witzel, O’Regan, & 
Hansmann-Roth, 2017).

Studying individual differences in cognitive processes has resulted, among oth-
er things, in a better understanding of the special role that neural mediators play in 
the functioning of brain structures; that, in turn, has attracted researchers’ atten-
tion to the issue of the influence of the genotype on the organization of cognitive 
processes (Billino, Hennig, & Gegenfurtner, 2017). Twin studies have shown that 
genetic factors underlie about 50 percent of the differences in intelligence among 
people. We hypothesized that the genotype affects the perception of emotionally 
charged stimuli, which is reflected in corresponding changes in ERP. 

In recent years, so-called genome-wide association studies (GWAS) have been 
launched, which have aimed to determine whether any specific areas of the genome 
are associated with human cognitive abilities (Deary, 2013; Deary et al., 2009; Plo-
min & Deary, 2015; Sternberg, 2012). These works did not reveal any specific genes 
that play a key role in intellectual differences. It is likely that a large number of 
genes affect a person’s cognitive abilities, but each of them can make its own specific 
contribution.

Among the genes capable of influencing this perception, we highlight the fol-
lowing: the brain-derived neurotrophic factor (BDNF), 5-hydroxytryptamine re-
ceptor 2A (HTR2A), and catechol-O-methyltransferase (COMT). These genes 
determine specific protein structures, the duration of neural mediators’ active pres-
ence in synaptic space, and synaptic plasticity.  

The BDNF gene of the neurotrophic brain factor is linked to the plasticity of 
neurons. This gene is the key component in regulating the development, differ-
entiation, and functioning of the neuron chains (Park & Poo, 2013). It plays an 
important role in the regulation of synaptic plasticity (Korte, Kang, Bonhoeffer, & 
Schuman, 1998) and the implementation of cognitive functions (Getzmann, Ga-
jewski, Hengstler, Falkenstein, & Beste, 2013; Proenca, Song, & Lee, 2016). Re-
duction in its activity leads to impaired learning ability (Bartoletti et al., 2002), 
most likely as a result of memory problems. A number of recent studies attempted 
analyses of interconnections between the BDNF gene and some characteristics of 
visual perception, specifically visual-motor adaptation (Barton et al., 2014). Some 
researchers assume that there is a link between the BDNF genotype and visual-
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spatial abilities (Alfimova et al., 2008). Also, there are some indirect indications 
that this gene could be implicated in visual recognition processes (Notaras, Hill, & 
van den Buuse, 2015). 

The HTR2A gene defines the serotonin receptors, and thus, may influence the 
individual’s emotional reactions. There are also indications that this gene’s poly-
morphism is related to dynamic characteristics of cognitive processes (Golimbet, 
Volel, Dolzhikov, Korovaitseva, & Isaeva, 2014; Sukhodol’skaya, 2016; Švob Štrac, 
Pivac, & Mück-Šeler, 2016; Zainullina, Valiullina, & Khusnutdinova, 2016).

The crucial role of the COMT gene in decomposition of catecholamines deter-
mines the length of the monoamines’ existence in synaptic space, which may affect 
specific characteristics of visual stimuli recognition and the categorization of visual 
stimuli with different emotional valences (Bunyaeva, Kovsh, Skirtach, & Il’in, 2016; 
Kovsh, 2016; Vorobyeva, Ermakov, Kovsh, & Abakumova, 2017). 

Currently there is no empirical data that would confirm connections between 
the above-mentioned genes and the individual characteristics of visual perception 
in its various stages. However, their specific contributions to neurochemical me-
tabolism may be indicative of such a connection. 

The main goal of the present study is to explore and describe how BDNF, 
HTR2A, and COMT gene polymorphism influences the visual perception of dif-
ferent emotionally charged images.

It is worth mentioning that typical studies of genes’ influence on the character-
istics of cognitive processes are conducted within the framework of genetic and/
or mental disorders (Dai et al., 2017; Fan et al., 2017; Ji et al., 2015; Lebe et al., 
2013; Sujitha et al., 2014), whereas research on the impact of genotype on indi-
vidual characteristics of cognitive processes in the general population is extremely 
limited. 

Method
Participants
Fifty-four healthy young women, all students of Southern Federal University (SFU), 
Russia, ages 18 to 22, volunteered to participate in the study. They all had normal or 
corrected-to-normal vision. 

Only women were tested, because there is evidence that the polymorphism of 
the studied genes can affect cognitive abilities of men and women in different ways 
(Harrison & Tunbridge, 2008; Tunbridge & Harrison, 2010).

The study was conducted in accordance with ethical standards consistent with 
the Code of Ethics of the World Medical Association (Declaration of Helsinki) and 
approved by the local SFU ethics committee.

Genotyping
Fifty-four participants were genotyped for the polymorphism of BDNF, HTR2A, 
and COMT genes, using samples of the buccal epithelium. Genotyping was per-
formed with the allelic discrimination technique on a Biorad CFX-96 thermocycler 
(Berkeley, California, USA). For each of the genes studied, three variants of geno-
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types were possible: major (without mutations), heterozygous (one mutant allele), 
and minor (both mutant alleles). 

EEG registration was carried out on the Neurovisor 136 encephalograph-anal-
yser from 128 monopolar registration points, using an MCScap-AC128 helmet 
equipped with a set of removable electrodes. The electrodes were positioned ac-
cording to the standard “10–10” system for EEG registration and also in some posi-
tions of the “10–5” system, with the ear-placed electrodes as referents. Registration 
control and recording of the digitalized data was implemented within the NeoRec 
v. 1.4 software package on an × 86_64-compatible personal computer with a Win-
dows 10 operating system. The EEG was registered in the 0.5–50 Hz frequency 
range with an additional filter of 50 Hz. The frequency of signal digitalization was 
1 kHz. EDFBrowser software (Teunis van Beelen) handled the conversion of event 
markers into text format.

Stimuli
As visual stimuli, we used 450 black-and-white photographic images of either hu-
man faces (natural) or objects (both real and virtual); they were evenly divided into 
three groups by their emotional valence (i.e., neutral, positive, and negative). 

The emotional valence of the objects was determined by an expert group. The 
object was assigned a certain valence if all experts (seven people) independently 
gave it the same rating (neutral, positive, or negative).

Images of human faces were selected from the following databases: Warsaw 
Set of Emotional Facial Expression Pictures (WSEFEP) (Olszanowski et al., 2015); 
MMI Facial Expression Database (Pantic, Valstar, Rademaker, & Maat, 2005); and 
Karolinska Directed Emotional Faces (KDEF) (Lundqvist, Flykt, & Öhman, 1998). 
The library of face stimuli included images of 175 models. Each was represented 
by three photographs that differed in emotional facial expression: neutral, positive, 
and negative. Thus, there were 525 images of human faces in total. 

Figure 1. Examples of the stimuli used
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All visual stimuli (objects and faces) were matched in size so that they would fit 
perfectly in a circle of 880 pixels in diameter (at an approximately 14 degree angle 
from the observer’s perspective). They were also aligned by brightness and contrast 
and presented to participants on a grey background, whose brightness of 30 cd/m2 

per square meter was equivalent to the brightness of the image itself. Figure 1 pres-
ents examples of the stimuli used.

Stimulation
The visual stimuli were administered using a tachistoscopic image presenta-
tion software package for the study of visually evoked potentials (Russian patent 
№  2015662151), which runs on an x386-compatible personal computer with an 
Ubuntu Linux 16.04 operating system. Stimuli appeared on the screen of the View-
Sonic VX2263Smhl monitor with a pixel resolution of 1920 х 1080, and the dynam-
ic contrast function was disabled for the duration of the study. Synchronization of 
EEG and the event markers was achieved by means of the TTL VGASens synchro-
nization light sensor (photodiode) installed under the trigger zone of the monitor. 
The monitor calibration was performed using a ‘ТКА-ПКМ’(02) brightness tester 
on 256 gradations of brightness.

Procedure
We used a 3 × 3 between-subjects design, with the following factors: Genotype (Val/
Val, Val/Met, Met/Met) and Emotion (negative, neutral, positive). The trials were 
grouped into two experimental blocks according to the type of stimuli (faces or 
objects). The Emotions varied randomly within a block.

Visual stimuli were presented to the study participants for 500 ms each. In Ex-
periment One, the participants’ task was to identify the emotional expressions of 
the human faces being presented. In Experiment Two, the task was repeated using 
images of objects;  the participants judged what emotional reaction each stimulus 
elicited. The participants indicated their respective decisions by pressing the des-
ignated key on the computer keyboard. The response input triggered the presenta-
tion of the next visual stimulus after a randomly selected pause within an interval 
of 500 to 1500 ms. 

Data processing and analyses 
Individual results were grouped according to the genotype of the BDNF, HTR2A, 
and COMT genes. The artefact-free EEG segments, encompassing intervals from 
100 ms before the  onset of the stimulus to 500 ms after it, were selected for subse-
quent averaging and processing. We averaged the responses to stimuli of a particu-
lar emotional valence with a minimum of 80 epochs per averaging. 

The differences between the ERP measurements were calculated as follows. The 
amplitude of the ERP of each subject for each condition was evaluated every mil-
lisecond. After averaging the responses in each group with a certain genotype, dif-
ferences in the amplitude of the compared ERPs were evaluated by the t-criterion 
(also every millisecond). To solve the problem of multiple comparisons, the Holm 
correction was used.
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It is important to keep in mind that the emotional valence of the images of ob-
jects (unlike facial expressions) was not established a priori, but was decided upon 
and determined by the study participants. All statistical analyses were carried out 
with the EEGLAB (Delorme & Makeig, 2004) software package within the Matlab 
environment.

Results
Perception of human faces with different emotional expressions 
In Experiment One, participants were to determine the emotional expression of 
human faces presented to them as target stimuli. We compared the ERP in response 
to faces with the same emotional expression between groups of participants with 
different genotypes for each of the genes under consideration. 

Figure 2. Potential maps with 300-ms latency in ERPs to faces with various emotional 
expressions among different COMT genotypes carriers.
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No statistically significant differences in participants’ responses were detected 
in groups with different genotypes of the BDNF gene or in groups with different 
genotypes of the HTR2A gene. However, groups of participants formed accord-
ing to differences in genotype of the COMT gene, showed statistically significant 
differences in their reactions to all types of emotional expression on the images of 
human faces. 

There was little difference in ERP scores between groups with genotypes Val/
Val and Val/Met of the COMT gene, but they both showed significantly differ-
ent reactions than those in the group with the Met/Met genotype. Moreover, the 
greatest differences were observed when the P300 wave formed. This is well illus-
trated in the corresponding potential maps (Figure 2). To reflect the most salient 
changes in the P300 wave specifically, these maps correspond to the latency of 300 
ms. The differences we observed manifested themselves in the increased ampli-
tude of the P300 wave in participants in the group with the Met/Met genotype of 
the COMT gene.

Figure 3 (above) shows reactions to the images of human faces with neutral and 
positive emotional expressions at the same FC6 registration point as in the COMT 
Met/Met and COMT Val/Val groups. The grey vertical stripe depicts temporal dia-
pasons within which differences in amplitude are statistically significant at p < .01. 
In both cases, P300 amplitude in the COMT Met/Met group is significantly higher 
than in the COMT Val/Val group.

Figure 4 (see below) features registration point maps that are characterized by 
statistically significant differences in the amplitude of the P300 wave in the groups 
under comparison. Red shows those positions in which we observed differences in 
response to faces with negative emotional expressions; yellow depicts registration 
points with differences in response to neutral facial expressions; and green repre-
sents registration points with differences in response to positive facial expressions. 
In the registration points marked in blue, significant differences were observed in 
response to all emotional expressions.

It is quite evident that these spatial distributions of between-group changes in 
P300 in the cortex are different across pairs of the compared groups. For example, 

Figure 3. Comparison of the ERP scores at the T8 registration point to neutral and positive 
faces among different COMT genotypes carriers. The gray vertical bar represents the time 
interval when the amplitude difference is statistically significant (p < .01)
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for the COMT Val/Met and COMT Met/Met group comparison (on the right), these 
changes were exhibited in a large area of the cortex predominantly localized in the 
frontal and temporal registration points, with a subtle tendency for a shift toward 
the right hemisphere. On the map these areas are partially overlapping. By con-
trast, for the COMT Val/Val and COMT Met/Met group comparison (on the left), 
changes in P300 were more localized in the temporal area of the right hemisphere.

In other words, this pattern of results suggests specifically that gene   mutation 
by both alleles is implicated in the visual perception of emotionally charged facial 
expressions.

 

Figure 4. Registration points with significant differences in P300 amplitude (when 
the differences have a duration of 10 ms or more) in the ERPs to faces among differ-
ent COMT genotypes carriers.
Note. On the left is the comparison between COMT Val-Val and COMT Met-Met; on the right 
is the comparison between COMT Val-Met and COMT Met-Met. The green color marks the 
points where the differences in responses to “positive” faces were found, red shows the “nega-
tive,” and yellow the “neutral” ones. The blue marks the electrodes where the reactions to all 
three types of stimuli were different.

Figure 5. Comparison of ERPs in Fz registration point to “negative” objects among different 
COMT genotypes carriers. The gray vertical bar represents the time interval when amplitude 
difference is statistically significant (p < .01).
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Visual perception of objects with different emotional valence
In Experiment Two, the participants’ task was to indicate what emotional response 
(positive, negative, or neutral – no emotional response) the target stimuli (images 
of objects) elicited in them. 

As in the pattern of results for images of human faces, mutations of genes BDNF 
and HTR2A were not associated with significant changes in the ERPs. However, a 
comparison of the reactions of those in groups with different genotypes of the gene 
revealed significant changes in P300 amplitude. Figure 5 presents, as an example, 
the ERPs in response to objects judged as eliciting negative emotions. Once again, 
in line with the findings for facial expressions, the P300 amplitude increases dra-
matically in observers with the Met/Met genotype.

The same tendency is reflected in maps of potentials (see Figure 6). 

 

Figure 6. Potential maps with 300-ms latency in ERP to objects with various emotional 
valence among different COMT genotypes carriers
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It is quite noticeable that the maps for the COMT Val/Met and COMT Val/Val 
groups (middle and right columns) differ slightly, whereas reactions in the COMT 
Met/Met group (depicted in the column on the left) are significantly different from 
the reactions in both of other groups.

The next representation (see Figure 7) features registration points for which 
differences in perception of visual stimuli (objects) with various emotional valence 
among compared groups were discovered. 

As in the experiment with facial images, there were significantly more differ-
ences in the COMT Met/Met – COMT Val/Met pairwise group comparison than 
there were in the COMT Met/Met – COMT Val/Val group comparison, and chang-
es in the P300 were found mainly in the frontal and temporal registration points. 
However, the shift to the right hemisphere is less obvious than in the above-men-
tioned. 

Thus, the study results indicate that the genotype of the COMT gene, in par-
ticular, is implicated in the visual perception of stimuli with different emotional 
valences. Despite some specific differences between the tasks in Experiments 
One and Two, their respective patterns of results were largely similar. The main 
difference between the results of these two experiments was that the mutation 
of both alleles of the COMT gene was associated with even larger changes in 
evoked potentials for images of objects (Experiment Two) than for facial ex-
pressions (Experiment One), as reflected in the significant increase in the P300 
amplitude. 

Figure 7. Registration points with significant differences in P300 amplitude (when 
the differences have a duration of 10 ms or more) in ERPs to objects among different 
COMT genotypes carriers.
Note. On the left is the comparison between COMT Val-Val and COMT Met-Met; on the 
right is the comparison between COMT Val-Met and COMT Met-Met. The green marks the 
points where the differences in responses to “positive” objects were found; red to the “nega-
tive.” and yellow to the “neutral” ones. The blue marks the leads where the reactions to all 
three types of stimuli were different.
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Discussion
A comparison of the visual processing of neutral and emotionally charged stim-
uli shows that the latter elicit higher activation of the whole array of cortical and 
subcortical regions, including the amygdala and the prefrontal and visual cortex 
(Junghöfer, Bradley, Elbert, & Lang, 2001; Ohman & Mineka, 2001; Phan, Wager, 
Taylor, & Liberzon, 2002). Studies of the impact that emotionally charged visual 
stimuli have on ERP have a long and well-documented history (e.g., Codispoti, 
Ferrari, & Bradley, 2007; Eimer & Holmes, 2007; Hajcak, MacNamara, & Olvet, 
2010; Herrmann et al., 2008; Olofsson, Nordin, Sequeira, & Polich, 2008). For that 
reason, our task was not to once again compare responses to stimuli with different 
emotional valence, but mainly to determine if polymorphism of certain genes af-
fected the specifics of observers’ perception of visual stimuli of the same emotional 
type.  

The results of both experiments (facial expressions and images of objects) were 
similar, despite a key difference in their respective tasks: perceiving clearly cate-
gorized emotional expressions (human faces) in Experiment One versus forming 
one’s own emotional response to otherwise unclassified visual images (pictures of 
objects) in Experiment Two. These different tasks, however, seemed to both evoke 
the same component of emotional empathy, indirectly indicating potential com-
monality in the respective underlying mechanisms. According to our results, in 
both cases the mutation of the COMT gene was specifically implicated in the par-
ticular ERPs. 

The question then arises as to why this gene mutation would be responsible 
for changes in observers’ reactions to emotionally charged visual stimuli. There is 
a probability that the reason is connected to the fact that the COMT gene controls 
production of the ferment responsible for dopamine decomposition. The mutation 
of both alleles of the COMT gene leads to the reduced production of that ferment, 
and thus to an increase in dopamine levels. Given that dopamine is one of the key 
neural mediators managing human emotionality, the explanation appears to bear 
sufficient plausibility.

According to one of the reviews on the topic, mutations of the COMT genes 
may result in emotional deregulation (Barzman, Geise, & Lin, 2015). Furthermore, 
these findings describe the influence of mutations of both alleles that lead to spe-
cific changes in the neural network of emotional response and regulation, which in 
turn creates a possibility of development of affective psychopathology (Montag et 
al., 2008). In fact, it may reflect some kind of genetic predisposition for non-flexi-
ble processing of affective stimuli and be a potential threat of emotional deregula-
tion (Drabant et al., 2006). For example, it has been shown that the bearers of the 
COMT Met/Met genotype manifested lower emotional stability when exposed to 
emotionally negative stimuli (Smolka et al., 2005).    

Thus, we reiterate that it is plausible to suggest involvement of a mutation in 
both alleles of the COMT gene in shaping perception and the generation of human 
emotions.

The next question we attempted to address in the current study is why these re-
lationships are primarily reflected in the P300. As some research has demonstrated, 
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P300 is very sensitive to the state of the dopaminergic brain system (Nieuwenhuis, 
Aston-Jones, & Cohen, 2005; Polich, 2007). In other words, the genotype of the 
COMT gene determines characteristics of the dopaminergic system, which in turn 
influences P300 wave formation in response to emotionally charged stimuli, ex-
actly as demonstrated in both experiments of the present study. 

Why is the increase of P300 amplitude the most characteristic response to emo-
tional stimuli in the case of the minor genotype of the COMT gene? It is customary 
to link characteristics of the P300 wave to dynamic characteristics of such complex 
cognitive processes as decision-making, planning, and voluntary attention (Gne-
zditsky, 2003). It has been established that an increase in dopamine levels in the 
prefrontal cortex accelerates cognitive processes. As a result, carriers of two mutant 
alleles of the COMT gene have a greater chance of successfully completing chal-
lenging cognitive tasks. Specifically, these carriers demonstrate higher information 
processing speed and attention capacity (Bilder et al., 2002). An increase in P300 
amplitude, as observed in the current study, might exactly reflect these cognitive 
advantages.

However, people with the COMT Met/Met genotype could be less successful 
when the cognitive activity requires a rapid attention shift from one task to another 
(Rosa, Dickinson, Apud, Weinberger, & Elvevåg, 2010). According to data reported 
in yet another study (Alfimova, Golimbet, Lebedeva, Korovaitseva, & Lezheiko, 
2014) , such people are less efficient in dealing with processing emotionally charged 
images. Thus, we must ask: What is predominantly reflected in P300 amplitude 
increase? Is it the successful completion of an experimental task, or the complexity 
of this task and the difficulty of its resolution?

The comparative analysis hints at how observers from groups with different 
genotypes of the COMT gene classified the same set of objects by emotional va-
lence (Figure 8). We recall that the objects in Experiment Two, in our judgment, 

Figure 8. Percentage ratio (Y-axis) of objects with various emotional valence 
in groups with different COMT genotypes. The red bar represents the 
“negative” objects, yellow the “neutral,” and green the “positive” ones.
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could have been split more or less equally into categories potentially perceived by 
the observers as either emotionally charged (positive or negative), or emotionally 
neutral. We observed the following pattern of results. Groups COMT Val/Val and 
COMT Val/Met classified objects very similarly: approximately 40% were perceived 
as neutral, while the rest split roughly evenly as positive and negative.

Quite a different result was recorded for the СОМТ Met/Met group: the pro-
portion of objects classified as neutral was significantly higher there.

This outcome could be indicative of an elevated difficulty in determining the 
emotional valence of objects by the observers in that group. Such an explanation 
would be in line with some previous findings that demonstrated a lower capacity 
for the verbalization of emotions and feelings in carriers of the COMT Met/Met 
genotype (e.g., Swart et al., 2011).

The study results allow us to suggest that the observed increase in P300 am-
plitude in representatives of the СОМТ Met/Met group was due to their struggle 
in differentiating emotionally charged stimuli. Indeed, it is known that, when the 
target stimulus is perceived by observers as neutral (emotionally indifferent), the 
P300 wave may not be generated. However, the more subjectively significant for the 
observer the stimulus is, the higher the P300 amplitude (Kropotov, 2010). 

Conclusion
Our study has demonstrated that the polymorphism of BDNF and HTR2A genes 
does not affect perception of images containing emotional information. By con-
trast, it also demonstrated that mutations of both alleles of the COMT gene, which 
are responsible for elevated levels of dopamine in the brain, resulted in increased 
difficulty in making decisions about the emotional valence of visual stimuli, as re-
flected in the increase of P300 amplitude in the frontal, temporal, and parietal areas 
of the cerebral cortex. When the emotional expression is perceived, the area of ERP 
changes shifts toward the right hemisphere. When the observers assess the emo-
tional valence of objects, an increase in amplitude of P300 occurs in both hemi-
spheres. 

This study was limited to only a few of the genes that could potentially influ-
ence the course of cognitive processes associated with the perception of the emo-
tional content of images. Obviously, this list is not complete, and it is necessary to 
continue the search for genes associated with cognitive functions. In addition, it is 
important to pay attention to the possible linkage of these genes, when it is a certain 
combination of their mutations that gives a certain result.
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