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Bootstrap, Multiple Linear Regression (MLR) and Response Surface 

Methodology (RSM) are a collection of statistical tools and techniques for 

analyzing data from various fields. Combining this idea was very useful for 

the modeling with an advanced analysis and possibly could be an alternative 

method for modeling options in applied statistics scope. Merging these 

methods was capable to handle the case of small sample size and limited data. 

This report supplied a comprehensive modeling of genomic deoxyribonucleic 

acid (gDNA) yield and concentration with age, A260/280 ratio and A260/230 

ratio as independent variables using advanced statistical tools. This obtained 

model could be used as a noteworthy reference in genotyping and genetic 

epidemiological studies. The DNA yield and concentration was estimated 

through the Multiple Linear Regression Analysis (MLRA). Overall results 

showed that age, A260/280 and A260/230 ratios play an important role in 

predicting the DNA yield and concentration. 

 
                   Copy Right, IJAR, 2016. All rights reserved.

Introduction: -  

Epidemiologists are increasingly trying to supplement observational data with biological material, including 

deoxyribonucleic acid (DNA). Extracted genomic DNA from different biological samples is widely used especially 

for mutation detection (El-Fadaly et al., 2016), DNA profiling (Vieira-Silva et al., 2015), diseases diagnosis (Liu et 

al., 2014) and genotyping (Chou et al., 2004; Schubert et al., 2006).  

 

The standard nucleic acid quantitation method is ultraviolet (UV) spectrophotometry. The purity of the 

extracted DNA is usually confirmed by the UV spectrophotometer and calculated as the 260/280 OD ratio and 260/230 

OD ratio. The ratio of absorbance at 260 nm and 280 nm was used to assess protein contamination while the ratio of 

absorbance at 260 nm and 230 nm was used to assess phenols, aromatic compounds, peptides and carbohydrates 

contamination (Nicklas & Buel, 2003). Both spectrophotometric measurements are included as standards for DNA 

quality assessment in molecular study (Di Pietro et al., 2011).  

 

A 260/280 nm ratio above 1.8 is considered as standard for pure DNA (Psifidi et al., 2010). Meanwhile, the 

most desirable 260/230 nm ratio result is above 2.0 (Arif et al., 2010; Psifidi et al., 2010). Contamination of nucleic 

acid solutions makes spectrophotometric quantitation inaccurate. Falsely elevated DNA concentration could occur 

due to proteins, RNA, and chaotropic salts contamination (Haque et al., 2003). Meanwhile, falsely elevated 

A260/A280 and A260/A230 purity ratios could be resulted from buffer salts, such as Trisaminomethane (Tris), 

ethylenediaminetetraacetic acid (EDTA), and guanidine isothiocyanate contaminations (Wilfinger et al., 1997). 

 

The DNA yield was affected by the age of an individual (Richardson et al., 2006; Caboux et al., 2012). Thus, 

we developed a DNA modeling based on age, A260/280 and A260/230 ratios using Bootstrap, Multiple Linear 
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Regression (MLR) and Response Surface Methodology (RSM). This paper provides a reference in estimated the DNA 

yield and concentration with age, A260/280 and A260/230 ratios as predictors. 

 

Materials and Methods: - 
Sample size for multiple regression analysis were calculated by using G*power with effect size = 0.15,   0.05, power 

of the study = 0.85 and number of predictor were 2. The minimum sample size required is 76 respondents. Namely 

variables are as in Table 1. Figure 1. showed the flow chart of regression method for contour plot and 3D modeling 

procedure for genomic DNA.  

 

Table 1. Description of data 

Num. Code  Explanation of user variables 

1. Age 

1 

2 

3 

4 

Age of blood donors  

(20-29 years old) 

(30-39 years old) 

(40-49 years old) 

(50 years old) 

2. A260/280 ratio Indicator for DNA purity  

3. A260/230 ratio Indicator for DNA purity 

 

 

Data Collection 

End Process

Regression Method for 

  Contour Plot and 3D 

Modeling Procedure for 

Genomic DNA 

Interpret The Output 

Writing Algorithm

Performing Multiple 

Regression and 

Contour Plot Using 

Original Data

 
 

Figure 1. Flow of the modeling analysis procedure 

 

Data Blood; 

input Age Concentration Yield Ratio_260280 Ratio_260230;                                                                                                             

cards;                                                                                                                                   

1 49.53 1.89 2.27 

1 65.38 1.87 2.75 

1 32.28 1.91 2.37 

1 27.27 1.89 2.40 

1 26.33 1.92 2.54 

4 56.34 1.89 2.33 

1 40.34 1.88 2.38 

7 50.25 1.88 2.37 

3 35.00 1.87 2.48 

1 46.21 1.89 2.53 

1 26.27 1.90 2.90 

4 39.72 1.85 2.35 
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1 26.64 1.87 2.60 

2 21.57 1.95 2.63 

1 35.60 1.91 2.44 

2 22.14 1.89 2.42 

1 48.67 1.86 2.39 

1 54.70 1.87 2.40 

3 23.52 1.86 2.46 

;                                                                                                                                        

run;   

ods rtf file ='robdunc0.rtf' style = journal;      

 

/*ADDING BOOTSTRAPPING ALGORITHM TO THE METHOD */ 

 

Title "Performing bootstrap with case resampling";                                                                                      

Proc surveyselect data=blood out=boot1 method=urssamprate=1 outhits rep=1;                                                           

run;                                                                                                                                    

 

/*PRINT OUT DATA FROM BOOTSTRAPT METHOD */ 

Data=boot1;                                                                                                                             

proc print data=boot1;                                                                                                                  

run;                                                                                                                                    

 

ods graphics on; 

procrobustreg method=ltsfwls data=boot1; 

model Yield = Age Ratio_260280  / diagnostics itprint ; 

output out=resids out=robout r=residual weight=weight outlier=outlier sr=stdres; 

run; 

ods graphics off;  

 

procrobustreg method=ltsfwls data=boot1; 

model Concentration = Age Ratio_260280 / diagnostics itprint ; 

output out=resids out=robout r=residual weight=weight outlier=outlier sr=stdres; 

run; 

ods graphics off;  

 

/* PLOTS = (SURFACE)*/                                                                                                                     

ods graphics on;                                                                                                                         

procrsreg data = blood plots = (surface);                                                                                                   

model Yield = Age Ratio_260280 /lackfit;                                                                                                    

run;                                                                                                                                     

ods graphics off;                                                                                                                        

 

/* SURFACE(3D)*/                                                                                                                         

ods graphics on;                                                                                                                         

procrsreg data = blood plots = surface(3D);                                                                                                 

model Concentration = Age Ratio_260280/lackfit;                                                                                                    

run;                                                                                                                                     

ods graphics off; 

ods rtf close;                                                                                                                           

run;               
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Results and Discussion: -  
 

Table 2. Parameter estimates for final model 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate Standard Error 95% Confidence Limits Chi-Square Pr > ChiSq 

Intercept 1 0.0011 0.0011 -0.0010 0.0032 1.04 0.3071 

Concentration 1 0.2000 0.0000 0.2000 0.2000 1.2359 <.0001 

Scale 0 0.0026      

Dependent variable: Yield 

 

Simple linear regression 

Model1: ionConcentrat2000.00.0011 = Yield   

 

Table 2. Showed the result of the regression modeling. The DNA concentration was a significant contribution to the 

DNA yield. 

 

Table 3. Parameter estimates for final model 

 Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate Standard Error 95% Confidence Limits Chi-Square Pr > ChiSq 

Intercept 1 1921.039 492.1807 956.3822 2885.695 15.23 <.0001 

Ratio_260280 1 -845.771 265.8706 -1366.87 -324.674 10.12 0.0015 

Ratio_260230 1 -54.7521   27.1165 -107.899 -1.6047   4.08 0.0435 

Scale 0  42.2863      

Dependent variable: Concentration 

 

Multiple linear regression 

Model2: io_26023054.7521Rat-80Ratio_2602845.771-1921.039 = ionConcentrat  

 

Table 3. Showed the result of the regression modeling. The A260/280 ratio ;-845.771( 1  ;265.8706Se

)0.0015p was a significant contribution to the DNA concentration. While A260/230 ratio ;-54.7521( 2 

;27.1165Se )0.0435p was also a significant contribution to the DNA concentration. 

 

 
 

Figure 2. Response contour for yield with design points  
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The counter and surface plots indicate the highest value of yield (genomic DNA extract) was obtained when the 

reading of A260/280 ratio was low and the reading of A260/230 ratio was high (Figure 2). This area appears at the 

lower right corner of the plot. In addition, the shape of the response surface shows general idea of A260/280 ratio 

response at different setting of the A260/230 ratio reading. 

 

 
 

Figure 3. Response surface for concentration 

 

The three-dimension plot (3-D) showed the behavior of reading A260/280 ratio with the reading of A260/230 ratio 

(Figure 3). The highest concentration appears when the A260/230 ratio was high and the reading of A260/280 ratio 

was low.  
 

Table 4. Parameter estimates for final model 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate Standard Error 95% Confidence Limits Chi-Square Pr > ChiSq 

Intercept 1 1.7895 0.0361 1.7188 1.8602 2460.12 <0.0001 

Age 1 -0.0104 0.0042 -0.0186 -0.0022 6.22 0.0126 

Ratio_260280 1 0.0492 0.0140 0.0217 0.0767 12.29 0.0005 

Scale 0 0.0146      

Dependent variable: Yield 

 

Multiple linear regression 

Model3: 80Ratio_26020492.0Age0104.01.7895 = Yield   

 

Table 4. Showed the result of regression modeling. The A260/280 ratio ;0492.0( 2  ;0.0140Se )0.0005p was 

a significant contribution to the DNA yield. Age ;-0.0104( 1  ;0.0042Se )0.0126p also was a significant 

contribution to the DNA yield. 
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Table 5. Parameter estimates for final model 

Analysis of Maximum Likelihood Estimates 

Parameter DF Estimate Standard Error 95% Confidence Limits Chi-Square Pr > ChiSq 

Intercept 1 112.9941 12.2993 88.8879 137.1004 84.40 <0.0001 

Age 1 -4.6571 1.5880 -7.7695 -1.5447 8.60 0.0034 

Ratio_260280 1 -27.8635 4.8240 -37.3184 -18.4087 33.36 <0.0001 

Scale 0 6.4658      

Dependent variable: Concentration 

 

Multiple linear regression  

Model4: 80Ratio_260227.8635Age6571.4112.9941 =ionConcentrat   

 

Table 5. Showed the result of regression modeling. The A260/280 ratio ;-27.8635( 2  ;4.8240Se )0.0001p was 

a significant contribution to the DNA concentration. Age ;-4.6571( 1  ;1.5880Se )0.0034p also was a 

significant contribution to the DNA concentration. 

 

 
 

Figure 4. Response contour for yield with design points 

 

The counter and surface plots indicate that high value of yield (genomic DNA extract) was obtained when the number 

of age decrease and the reading of A260/280 ratio increase (Figure 4). This area appears at the bottom right corner of 

the plot. In addition, the shape of the response surface gives a general idea of response age at various setting of reading 

A260/280 ratio. 
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Figure 5. Response surface for concentration 

 

The three-dimension plot (3-D) showed the behavior of reading A260/280 ratio with the reading of age (Figure 5). 

The concentration was affected by the A260/280 ratio and age. This (3-D) plot showed that the concentration was 

increased when the A260/280 ratio and the number of age were increased. 

 

Summary and Conclusion: - 
DNA modeling was performed where age, A260/280 and A260/230 ratios affects the DNA yield and concentration. 

DNA yield was directly proportional to DNA concentration. The higher the concentration, the higher the yield. 

According to the Nano drop measurement, good-quality DNA will haveA260/A280 ratio of 1.8-2.0 and A260/A230 

ratio of greater than 2.0 (Arif et al., 2010; Psifidi et al., 2010). The study by Erkelleryuksel et al., (1992) found a 

statistically significant in leukocyte count from birth to adults. While, Richardson et al., (2006) found that age group 

20-50 years old produced higher DNA yield as compared to age above 50 years old. This study found that DNA yield 

was affected by the age. Thus, this study emphasizes on regression modeling for modeling of age, A260/280 and 

A260/230 ratios on DNA yield and concentration using Multiple Linear Regression (MLR), Bootstrap and Response 

Surface Methodology (RSM). In addition, it provides comprehensive information and general idea of how the curve 

of the dependent variables moves with the two independent variables. 
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