
Age estimation of biological stains collected in crime scenes  
represents a valuable tool for investigative purposes. Nowadays, different 
techniques are applied, i.e. the length of telomeres or changes of 
expression of certain genes, but all of them are characterized by low 
level of accuracy.  
 
DNA methylation of certain CpG sites in the genome appears a reliable 
biomarker to estimate individual age  (Bocklandt et al. 2011; Koch and 
Wagner 2011; Horvath 2013). The level of methylation of two genes 
(ELOVL2, FHL2), measured on about 500 blood samples of healthy 
individuals aged between 0 and 99 years, has been demonstrated to 
strongly correlate with chronological age (Garagnani et al. 2012).  
 
In forensics, an interesting recent study  has confirmed  the importance 
and the feasibility of ELOVL2 DNA methylation for age prediction on 
bloodstains (Zbieć-Piekarska et al. 2015). The study demonstrated that 
the age of 68.5% of individuals was correctly predicted (assuming that 
chronological age and predicted age matched ± 7 years).  

RESULTS 

DNA methylation level was measured using a MALDI-TOF mass 
spectrometry-based method (Sequenom) that measure methylation levels 
at CpG site resolution (Figure 1). 
 
 
 
 

2 different genes (ELOVL2 
and FHL2) were selected 
(Garagnani et al., 2012). 
 
 
 
 

Figure 1. Epytiper, 
Sequenom, San Diego, 

CA 

In our study,  we demonstrated that (1) using 
a mathematical approach focused on the DNA 
methylation of ELOVL2 and FHL2 genes, it is 
possible to estimate age also from biological 
stains deposited on tissue paper and stored 
from 1997.  
 
(2) Moreover we support and confirm the 
feasibility of using DNA methylation of ELOVL2 
and FHL2 gene for age estimation  on blood 
stains.  

 
Despite the limited number of samples 
(N=17), these preliminary results showed that 
in 60% of cases the methAGE is concordant 
with chronological age (considering correct a 
range of 10 yrs) and the prediction is not 
influenced by the time of storage (15 yrs ago 
or more) as reported in the recent study of 
Zbiec-Piekarska and colleagues. 
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AIM 
The aim of our study is to consider ELOVL2 and FHL2 DNA methylation 
markers for age estimation on bloodstain. We first considered 500 
blood samples (Garagnani et al. 2012) to build a multiple 
linear regression model.  We then applied this model on 17 
bloodstains deposited on tissue paper and stored from 1997 
for age estimation. 
 

We performed a multivariate regression 
analysis calculated on 500 samples already 
published (Garagnani et al. 2012), and 
considering 10 CpGs sites located in 
ELOVL2 and FHL2 genes (Figure 2).  
Regression estimate (Beta) values are 
reported in Table 1 and were included in 
the formula for methAge calculation 
(Horvath et al. 2013).  
 

methAGE 
= 

b + b1*CpG1 + b2*CpG2 + .......... +b10*CpG10 
 

Using the formula, we estimated methAGE for 
DNA extracted from bloodstains of 17 
individuals  (Figure 3) 
 

Estimate 

(Intercept) -42.5702 

ELOVL_2_CpG_9 23.7296 

ELOVL_2_CpG_10 0.235 

ELOVL_2_CpG_11.12.13.14 76.461 

ELOVL_2_CpG_15.16.17 31.6682 

ELOVL_2_CpG_18.19.20.21 -3.722 

ELOVL_2_CpG_28.29 -19.6829 

FHL2_CpG_9.10 42.0793 

FHL2_CpG_11.12 10.7639 

FHL2_CpG_13.14.15 -0.5359 

FHL2_CpG_16.17 18.3293 

Multiple R-squared:  0.8747 

p-value: < 2.2e-16 

Table 1 Multiple linear 
regression model testing 10 
CpG sites in ELOVL2, FHL2 

and age 
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Figure 2 Scatterplots with the 10 CpGs 
considered in the model. DNA methylation values 

and age are reported in y-axis and x-axis 
respectively. DNA methylation values of the cohort 
of 500 individuals considered to build the multiple 
linear regression (Garagnani et al) are indicated 

with black dots, while in red color DNA 
methylation values in bloodstain traces are 

reported. 
 

Figure 3 Scatterplot with age of the 
individual (Y-axis) and age calculated 

according to DNA methylation profile of 
ELOVL2 and FHL2 genes - methAGE (X-
axis) [R2=0.62]. In the plot the year of 
storage for each sample is indicated.  
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We then evaluated the prediction potential of 
this model for the 17 samples. The prediction 
result was considered correct if the methAGE 
matched the chronological age ± 10 years. In 
60% of cases the methAGE is concordant with 
chronological age. 
  
 


