Supplementary Method

Task Procedures 

1. Smooth Eye Pursuit 

The smooth eye pursuit task has been described in a previous report (Smyrnis et al. 2007). After a calibration procedure (horizontal saccadic eye movements to targets at 5 and 10 degrees amplitude from center position) the subject was instructed to follow a target (white cross 0.5 x 0.5 degrees) that was moving horizontally at constant speed (triangular pattern of motion). The amplitude of the moving target was +/- 10 degrees from the center of the screen. The target started moving at the speed of 10deg/sec. After completion of five cycles the target increased speed and the subject continued tracking at 20deg/sec then at 30deg/sec. There was no stop between changes in target speed. At the end of this task, named the closed loop pursuit task, the target stopped at the far left position for 2 seconds. Then the target started moving again at 10deg/sec for another five cycles. After the first cycle of this pursuit the target could suddenly disappear at particular locations either at the center or at the left or at the right of the screen for 500ms and then reappear. The subject was told that he should continue to follow the target that was “hiding” behind a mask. Five mask periods occurred during the last four cycles of this pursuit task that was named the open loop pursuit task.   
2. Saccade 


Only 1100 individuals of the total sample performed the saccade task. The same calibration procedure was used as for the pursuit task. In the saccade task the subject fixated a target that could appear either at the center of the screen or at a peripheral position located at horizontal positions 2°-8° from the center.  After a variable period of 1-2 sec a second target appeared either to the left or to the right of the first target and the subject made a saccade to the second target and hold the eyes at this position for 1.5 sec. After yet another 1 sec where the screen was empty a new target appeared. Each subject performed 90 saccade trials.

3. Antisaccade 
Details of the antisaccade task procedure are described in previous report (Smyrnis et al. 2002). After the same calibration procedure the antisaccade task trials began with the appearance of a central fixation target. After a variable period of 1-2 sec, the central target was extinguished and an identical target appeared randomly at a peripheral location (2-10 degrees) either to the left or to the right. The subject was instructed to make an eye movement as quickly as possible to the opposite direction from that of the peripheral target location and hold that position until the central fixation target reappeared 1.5 sec later. Each subject completed a block of 90 experimental trials. An additional few trials were administered to familiarize the subjects with the task.
4. Fixation

Details of the fixation task procedure and measurement are described in a previous report (Smyrnis et al. 2004). After the initial calibration procedure one of three different fixation tasks of 50 seconds duration each was presented. The fixation tasks were presented in a random order within the other oculomotor tasks. In the “visual fixation undistracted” task the subject was instructed to simply fixate a visual target on the center of the computer monitor. In the “visual fixation distracted” task the subject was asked to fixate again a central target and ignore targets that might appear to the right or the left. Four distracting targets (two small, 0.3 x 0.3 degrees white crosses and two large, 1 x 1 degrees white crosses) were each presented at a randomly selected location to the right or left of the center fixation target for a duration of 500 ms, at random intervals during the 50s fixation period. Finally in the no target fixation task the subject was asked to keep his eyes fixating in the primary position (straight ahead) and avoid making eye movements. 

Eye Movement Parameter Measurement
1. Smooth Eye Pursuit
 A PC program was used to calculate the root mean square error between the eye position and the target position record in the closed loop pursuit task at each target speed (10 deg/sec, 20deg/sec, and 30deg/sec). The root mean square error is a global measure of pursuit accuracy and increases with increasing dissimilarity between the eye position and the target position. Root mean square error measurements were the eye position signal had saturated for more than 10% of the total signal duration and the top 2.5% of root mean square error scores at each target speed that were considered as extremely low quality pursuit signals were excluded from further analysis. An interactive PC program was used for detection and exclusion of artifacts, detection and measurement of saccades and measurement of pursuit gain from the eye movement record (Smyrnis et al. 2007). The program selected a center window of 133 ms. Excluding artifacts and saccades the remaining pure pursuit segments were used to measure gain (mean eye velocity by target velocity).  Then for each individual at each target speed (10 deg/sec, 20 deg/sec, 30 deg/sec) the median pursuit gain was computed from all gain measurements at this speed. Finally the frequency of the detected saccades for each 133ms pursuit window was computed and a median saccade frequency for each subject and each target speed was estimated. The gain and saccade frequency at each target speed for a particular subject were considered valid if they were derived from at least 3 clean pursuit periods (out of the total 10 periods available for each target speed).
In an effort to reduce the number of oculomotor variables that would be tested

for their relation to the genotype variables in the original exploratory analysis using the allele load regression model, we extracted a single factor for each one of the 3 pursuit measures (RMSE, gain, saccade frequency) (Smyrnis et al 2009b). We used factor analysis to extract the common variance between different variables. The rational for its use was that if pursuit performance was indeed related to genetic variability between subjects this effect should be more pronounced by excluding other sources of variability such as the intrasubject variability related to the different measures at different speeds. The specific effects of target speed were then assessed if the original analysis using the factor score resulted in a significant effect. A principal component analysis (performed using the STATISTICA 7.0 software) was used to extract a single factor combining the 3 RMSE variables (one for each target speed). The factor explained 70.7% of the common variance for the 3 variables. The same analysis was performed for the 3 gain variables (one for each target speed), and the factor explained 72.1% of the common variance. Finally, a factor combining the 3 saccade frequency variables of smooth eye pursuit explained 46% of the common variance. The 3 factor scores were used in the analysis instead of the individual scores for each speed.
2. Saccade-Antisaccade

Another version of the same interactive PC analysis program that was used for the analysis of pursuit was also used for analysis of the saccade and antisaccade tasks (Smyrnis et al. 2002). The program detected the onset and the end of the first saccadic eye movement after the target appearance. Trials with artifacts (blinks, etc) in the analysis period extending from 100 ms before the appearance of the peripheral target to the end of the first saccade as well as trials where an eye movement occurred in the 100 ms period before the appearance of the peripheral target were excluded. In addition, saccades with a latency that was not within the window of 80-400ms and antisaccades with a latency that was not within the window of 80-600ms were also excluded from further analysis. Subjects that performed less than 40 valid saccade or antisaccade trials based on these criteria were excluded from the analysis (about 1% of the population that performed the saccade task and 3.5% of the population that performed the antisaccade task). 

For each subject the median latency of saccades and antisaccades and the corresponding coefficient of variation of this latency were computed. The coefficient of variation was the inter-quartile difference divided by the median. For the saccade task the amplitude gain was also computed which was the amplitude of the first saccade towards the target divided by the target amplitude. The percentage of antisaccade errors was also estimated for each subject. An error was defined as a movement in the direction of the peripheral target after its presentation followed by a corrective movement (in the direction opposite of the target), which occurred almost always (in over 99% of the error trials). The distribution of percentage of errors was normalized via an arcsine transformation for percentages, which was used for all subsequent analyses. Additionally in the antisaccade task the median latency and its coefficient of variation were computed for error prosaccades and the correction antisaccade that followed an error. 

3. Fixation
The same interactive PC program was used for analyzing the eye movement records in the fixation tasks (Smyrnis et al. 2004). The blinks and artifacts were subtracted from the period of 50 sec and the remainder time was the total time in the task. If the fixation time after artifact rejection was less than 10% of the total time the subject was excluded from further analysis. The program then marked the saccades and calculated for each fixation task the frequency of saccades that was the number of saccadic eye movements that were larger than 0.5 degrees divided by the total time in the task.
For each of the 3 fixation tasks, the saccade frequency was measured for each subject at each 1 of the 3 fixation tasks (see Supplementary methods). These 3 variables were combined in one factor explaining 70.7% of their common variance. This factor was used in the analysis of the relation of fixation to the SNPs instead of the saccade frequency separately for each fixation task.
Bootstrap and Permutation
All significant effects in the exploratory allele load regression analysis were confirmed using 2 nonparametric procedures, a bootstrap and a permutation test.

Let us suppose that the allele load regression analysis showed a significant t test for the b of one particular SNP and primary oculomotor variable. In the bootstrap procedure, a new sample with the same number of subjects was drawn at random with replacement from the group of individuals having 0 copies of the rare allele. The same procedure was used to draw a new sample of individuals having 1 copy of the rare allele and again for individuals having 2 copies. This new bootstrap sample was then used to run an allele load regression of the form shown in formula 1, and the regression b coefficient was computed. The bootstrap procedure was repeated for 1.000.000 times resulting in a distribution of bootstrap b values. The percentile where b = 0 was computed on this distribution. Let us suppose then that the allele load regression b for the original data as was computed in model (1) was positive, and this percentile was lower than the fifth percentile of the bootstrap distribution of b. This would mean that the process of randomly resampling the original populations of individuals with 0, 1, and 2 copies of the rare allele of the SNP would result by chance in a relation with a regression b that would be 0 or lower than 0 with a P value below .05. This is equivalent to a t-test testing the null hypothesis that the original regression b value is significantly larger from 0 at the 0.05 level. In the case where the original allele load regression b was negative, the 95th percentile was used as the cutoff in the distribution of bootstrap b.

In the permutation procedure, a new sample of the same number of subjects was drawn by randomly shuffling the data and assigning a new value of the oculomotor variable to each subject. The result of this process was that a random value of the oculomotor variable was assigned to each original allele load value. Then, the same regression model (1) as was used for the original data was computed for the permutated data, and the process was repeated 1.000.000 times to result in a permutation distribution of b values. The percentile corresponding to the original regression b was computed on this distribution. Let us suppose then that the allele load regression b for the original data was positive, and this percentile was higher than the 95th percentile. This would mean that the process of randomly shuffling the original data would result by chance to a regression with b equal to or higher than the original regression b with a P value below .05. This is again equivalent to a t test testing the null hypothesis that the original regression b value is significantly larger than 0 at the 0.05 level. In the case where the original regression b would be negative, the fifth percentile of the permutation b distribution was used as the cutoff.

Structural equation modelling 
The STATISTICA 7.0 (StatSoft Inc., 1984-2001) software was used for this analysis. The module for model estimation used an iterative process that minimized a Maximum Wishart Likelihood (ML) discrepancy function. Two criteria for convergence of the iteration process were used, the maximum residual cosine criterion, and the relative function change criterion. The default values for these criteria were used that are pre-selected in the “Structural Equation Modeling” module of STATISTICA 7.0. 
To assess the goodness of fit of the resulting model we used the following measures: Goodness of Fit Index (GFI), Adjusted Goodness of Fit Index (AGFI), Normed Fit Index (NFI) and Root Mean Square Error of Approximation (RMSEA). The GFI, AGFI and NFI goodness of fit measures indicate good models for values higher than 0.90. RMSEA values approaching 0.05 or less have been proposed as indicative of reasonable fit between model and data. To compare models we used the following theoretic information measures: the Akaike information criterion (AIC), the Bayes Information Criterion (BIC) and the Browne-Cudeck Criterion (BCC). Lower values of these theoretic measures indicate better models.
