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Supplementary Table 1. Pearson correlations amongst key parameters of 
mitochondrial activity. 
 

 

Supplementary Figure 1. Mitochondrial measures that are not significantly altered in lymphoblasts carrying PM 
alleles of FMR1. Statistical significances shown were derived from 2-way ANOVA using the average of multiple, 
independent assays for each of the indicated number of lymphoblast cell lines. Identical conclusions concerning the 
effect of the PM allele were obtained using 2-sample t and Mann-Whitney U tests on pooled data form males and 
females. The maximum uncoupled electron transport rate (a) and its major contributor, complex I (b) showed the same 
trend as other parameters of mitochondrial activity (Results Figure 3) but this did not reach statistical significance. To 
facilitate comparisons across all measures of mitochondrial function, the results for both males and females are shown, 
but particularly for panels c-f the female sample sizes were too small to allow detection of anything but large effects of 
gender. The analysis of variance showed no significant effect of either genetic group and gender on any of these 
measures.  
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Supplementary Table 1. Pearson correlations amongst key parameters of mitochondrial activity. 

Pearson correlations amongst components of the mitochondrial respiratory activities and ATP steady state levels in control 

and PM lymphoblasts are shown. Significant correlations (p<0.05) are highlighted in red, correlations suggesting a trend that 

did not reach statistical significance (0.05<p<0.1) are highlighted in amber, while insignificant correlations (p>0.1) are 

highlighted in green. OCR=O2 consumption rate in pmol/min. Similar results were obtained using the Spearman rank 

correlation coefficient.  
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Multiple regressions 
Multiple regressions involved the indicated variables with stepwise, backward removal of variables 

with insignificant regression coefficients (p<0.05). Dummy variables were included to allow 

intercepts to differ from the controls in the PM group (“Genetic Group code”), the female cohort 

compared to the male cohort (“Gender code”) and the female cohort in the PM group compared to 

the other groups (“Gender.PM”). Variables whose names contain “PM”, “PM.slope” or “PM.Slope” 

are dummy variables providing additional slope terms for the indicated variables, thereby allowing 

the slopes for the those variables to differ in the PM group from controls. 

Regression 1. Basal respiration rates depend on AMPK activity and gender. 

 



6 
 

Regression 2. O2 consumption by ATP synthesis at Complex V depends on 
AMPK activity and gender. 
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Regression 3. The “proton leak” in PM lymphoblasts is elevated, but not 
significantly related to the gender, age, CGG expansion size, AMPK or TORC1 
activity in the participants. 
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Regression 4. Elevated “nonmitochondrial” O2 consumption in PM 
lymphoblasts can be explained by decreased TORC1 activity. 
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Regression 5. AMPK activity in PM lymphoblasts can be explained by 
decreased TORC1 activity as well as a TORC1-independent component. 
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Regression 6. TORC1 activity is reduced in PM lymphoblasts, but is also 
positively correlated with expansion size within both the control and PM 
groups. 
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Regression 7. The elevated ATP steady state levels in PM cells depend on 
AMPK activity. 
Multiple Regression       

 
X-Variables: Genetic Group Code     

 Log(CGG)      

 Log(CGG).PM.slope     

 Log(AMPK)      

 log AMPK.PM.Slope     

 Log(Basal)      

 log(Basal).PM.slope     

 log(ATP.average)     

 log(ATP.average).dummy.slope    

 Log(Nonrespiratory.average)     

 Log(Nonrespiratory.average).PM.slope    

 Log(TORC1 activity)    

 LogTORC1.PM.slope     

 Gender code      

 Gender.PM      

       
Y-Variable: ATP.average..nM.10.6cells.normalised.to.C101.   

       
Method: Backward      

       

       
Steps P R-Square Corrected    

       
Log(Basal) (-) 0.969550463 0.462391891 0.241023846    
Log(CGG).PM.slope (-) 0.958539094 0.462348522 0.262649402    
Genetic Group Code (-) 0.959123451 0.462307587 0.283076782    
Log(Nonrespiratory.average) (-) 0.920821658 0.462157934 0.302258941    
log(ATP.average) (-) 0.89417475 0.461897148 0.320291135    
Gender code (-) 0.590689739 0.457730674 0.332591599    
Log(CGG) (-) 0.519269973 0.4518495 0.3422194    
Log(Nonrespiratory.average).PM.slope (-) 0.367632883 0.4404707 0.344941308    
log(Basal).PM.slope (-) 0.313882732 0.426282581 0.344322949    
Log(TORC1 activity) (-) 0.159109738 0.398211338 0.328235912    
Log(AMPK) (-) 0.308449736 0.383344104 0.327284477    
LogTORC1.PM.slope (-) 0.149138807 0.35312974 0.310005056    
Gender.PM (-) 0.051325402 0.295510529 0.264880552    
log(ATP.average).dummy.slope (-) 0.083565351 0.247597729 0.23158917    

       

       
Summary       

 N R R-Square Std.Error   

       
normal 49 0.49759193 0.247597729 0.43474265   

corrected  0.481237125 0.23158917    

       

       
Equation       

  

 

95% 
     

 Coefficient Conf. (±) Std.Error T P  

       
Constant 0.959287979 0.140056316 0.069619474 13.77901794 4.00985E-18  

log AMPK.PM.Slope 1.842399161 0.942450347 0.468475106 3.932757869 0.000275115  

       

       
Analysis of variance       

 Sum of Squares Degrees of Freedom Mean Square F P  

       
Regression 2.923202584 1 2.923202584 15.46658446 0.000275115  
Residue 8.883055068 47 0.189001172    
Total 11.80625765 48 0.245963701    
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Regression 8. Reactive O2 species levels are reduced in PM cells, dependent 
on the CGG expansion size. 
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Lasso regressions. 
Lasso regression is a machine learning regression method that combines variable (regression 

coefficient) selection with determination of the best-fitting regression for a set of dependent (Y) 

variables (typically one) and independent (explanatory X) variables. It numerically finds the 

regression coefficients that minimize both the regression errors and the number of explanatory 

variables in a regression model. In each lasso regression (see below), a regression penalty (λ ) is 

applied to the regression coefficients, reducing them and their influence on the outcome. As a 

result, lasso regression tends to underestimate individual regression coefficients, but it is less 

sensitive than ordinary least squares regression to the effect of individual outliers. The regression 

penalties were applied over an automatically determined range of values for λ  to find the value at 

which the regression error is minimized. The plot of Mean Squared Error versus Log(λ) shows on the 

X axis the logarithm of 2000 values of the lasso regression penalty applied to regression coefficients 

and on the Y axis the mean squared error for the regression using those coefficients. At each 

successive value of λ, the data was subdivided randomly into 5 equal subsets (“folds”) and each 

subset was, in turn, put aside as a test set for cross validation, while the other 4 fractions (80% of the 

data) were used as the training set. For each of the 5 test sets in turn, the algorithm used a 

numerical minimization method to determine the combination of coefficient values producing the 

smallest error. The results for all 5 “folds” were combined to determine the best set of coefficients 

when using that value for λ.  

For each of the successive 2000 values of λ  in each lasso regression below, the mean and standard 

error of the associated least squared errors is plotted (red points with grey error bars). As the lasso 

penalty (λ) is increased, individual regression coefficients become insignificantly different from 0, so 

that the number of significant coefficients (variables) remaining in the regression becomes smaller. 

The number of significant coefficients remaining in the regression as λ increases is printed along the 

top of the plot.  The λ at which the best set of coefficients was found (λmin, producing the smallest 

error) is indicated by the left-hand, vertical dashed line on each plot. The right-hand vertical dashed 

line identifies the highest value of λ (smallest set of regression variables/coefficients) at which the 

mean squared error is within one standard error of the minimum. Accepted usage when there are 

many explanatory variables is that this value of λ (“Lambda min + 1 SEM”) identifies the smallest set 

of regression coefficients that satisfactorily fit the data. These regression coefficients are returned as 

the result, with “.” indicating those coefficients that became zero in the regression. 

Lasso regression 1. Basal OCR dependence on AMPK,TORC1, CGG, genetic 
group, age and gender. 
Lasso regression and variable selection with glmnet: 

 
[1] "Lambda min + 1 SEM:"  

 

12 x 1 sparse Matrix of class "dgCMatrix"  

                                           

(Intercept)                 399.60558  

Gender.code                  52.74094  

Gender.PM                      .        

Genetic.Group.code             .        

Log.AMPK                     38.92451  

log.AMPK.PM                    .        

Log.CGG                        .        

Log.CGG.PM                     .        

log.Patient.age                .        

log.Patient.age.PM             .       

Log.TORC1.activity             .        

LogTORC1.PM.slope              .       
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Lasso regression 2. ATP synthesis OCR dependence on AMPK,TORC1, CGG, 
genetic group, age and gender. 
 

1. Lasso regression and variable selection with glmnet: 
[1] "Lambda min + 1 SEM:" 

 

[[4]] 

12 x 1 sparse Matrix of class 

"dgCMatrix" 

 

(Intercept)                  260.56036 

Gender.code                   50.95329 

Gender.PM                       .      

Genetic.Group.Code              .      

Log.AMPK.                     22.56895 

log.AMPK.PM.Slope               .      

Log.CGG.                        .      

Log.CGG..PM.slope               .      

log.Patient.age                 .      

log.Patient.age.PM              .      

Log.TORC1.activity              .      

    LogTORC1.PM.slope               .      

Lasso regression 3. Proton leak dependence on AMPK,TORC1, CGG, genetic 
group, age and gender 
 

Lasso regression and variable selection with glmnet: 
 

[1] "Lambda min + 1 SEM:"  

 

12 x 1 sparse Matrix of class 

"dgCMatrix"  

                            

(Intercept)               65.13311  

Gender.code                 .        

Gender.PM                   .        

Genetic.Group.code          .        

Log.AMPK                    .        

Log.AMPK.PM                 .        

Log.CGG                     .        

Log.CGG.PM                  .        

Log.Patient.age             .        

Log.Patient.age.PM          .        

Log.TORC1.activity          .        

LogTORC1.PM                 .       

 

Note: In this regression the smallest mean squared error was found with only the intercept 
term remaining in the regression ie. inclusion of none of the tested explanatory variables 
improved the fit to the data. 
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Lasso regression 4. Nonmitochondrial OCR dependence on AMPK, CGG, 
TORC1, genetic group, age and gender. 
 

1. Lasso regression and variable selection with glmnet: 
 
 

[1] "Lambda min + 1 SEM:"  

 

14 x 1 sparse Matrix of class 

"dgCMatrix" 

                              

(Intercept)               76.26808  

Gender.code                 .        

Gender.PM                   .        

Genetic.Group.Code          .        

Log.AMPK.                   .        

log.AMPK.PM                 .        

Log.ATP.steady.state.       .        

Log.ATPsteady.PM            .        

Log.CGG                     .        

Log.CGG.PM                  .        

Log.Patient.age             .        

Log.Patient.age.PM          .        

Log.TORC1.activity       -24.66397  

  LogTORC1.PM                 .       

 

Lasso regression 5. AMPK activity dependence on TORC1, CGG expansion 
size, ATP steady state levels, genetic group, age and gender. 
Lasso regression and variable selection with glmnet: 

[1] "Lambda min + 1 SEM:"  

 

12 x 1 sparse Matrix of class 

"dgCMatrix"  

                               

(Intercept)              1.1498179  

Gender.code               .          

Gender.PM                 .          

Genetic.Group.Code       0.0801799  

Log.ATP.steady.state      .          

Log.ATPsteady.PM          .          

Log.CGG                   .          

Log.CGG.PM                .          

Log.Patient.age           .          

Log.Patient.age.PM        .          

Log.TORC1.activity        .          

LogTORC1.PM.slope       -0.1713293 
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Lasso regression 6. TORC1 activity dependence on AMPK, CGG, ATP levels, 
genetic group, age and gender 
 

 [1] "Lambda min + 1 SEM:" 
 

12 x 1 sparse Matrix of class 

"dgCMatrix" 

                                  

(Intercept)              0.59998770 

Gender.code              .          

Gender.PM                .          

Genetic.Group.Code      -0.01002911 

Log.AMPK.                .          

log.AMPK.PM.Slope        .          

Log.ATP.steady.state.    .          

Log.ATPsteady..PM.slope  .          

Log.CGG.                 .          

Log.CGG..PM.slope        .          

log.Patient.age          .          

log.Patient.age.PM       .        
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Lasso regression 7. Lasso multivariate regression of AMPK and TORC1 
activities against CGG expansion size. 
For this regression, two dependent (Y) variables were used : AMPK and TORC1 activities. The X 

variables were the genetic group code (allowing the intercepts to differ for the PM group), the log of 

the CGG expansion size (slope term for the log-linear regression)  and a dummy variable allowing the 

slope of the regression line to differ for the PM and control groups. In addition to the plot of mean 

squared error against Log(λ), plots of the observed versus the predicted Y values, as well as the data 

points with the calculated best fitting regression lines are shown (ie. at the λ value that minimizes 

the mean square error).  
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Lasso regression 8. ATP steady state level dependence on AMPK, TORC1, 
CGG, ATP synthesis OCR, nonmitochondrial OCR, basal OCR, genetic group, 
age and gender.    
Lasso regression and variable selection with glmnet: 

 

[1] "Lambda min + 1 SEM:" 
18 x 1 sparse Matrix of class dgCMatrix" 

                              
(Intercept)                   1.0895516 

Gender.code                    .        

Gender.PM                      .        

Genetic.Group.code             .        

Log.AMPK.                      .        

Log.AMPK.PM.slope             0.1742841 

Log.ATP.average.               .        

Log.ATP.average.PM.slope       .        

Log.Basal                      .        

Log.Basal.PM                   .        

Log.CGG                        .        

Log.CGG.PM                     .           

Log.Nonrespiratory.average     .        

    Log.Nonrespiratory.average.PM.slope    .        

   Patient.age                    .        

   Patient.age.PM                 .        

   Log.TORC1.activity             .        

   LogTORC1.PM                    . 

 

Lasso regression 9. ROS dependence on AMPK, TORC1, CGG, basal OCR, 
genetic group, age and gender.    
Lasso regression and variable selection with glmnet: 

 

[1] "Lambda min + 1 SEM:" 

[[4]] 

18 x 1 sparse Matrix of class "dgCMatrix" 

                                    
(Intercept)                   1.03408611 

Gender.code                    .          

Gender.PM                      .          

Genetic.Group.code             .          

Log.AMPK                       .          

Log.AMPK.PM.slope              .  

Log.Basal.                     .          

Log.Basal.PM                   .          

Log.CGG                        .  

Log.CGG.PM                   -0.05821033          

Patient.age                    .          

Patient.age.PM                 .               

Log.TORC1.activity             .          

       Log.TORC1.PM                   .          

 

 


