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  Body fluid identification can provide information linking sample donors 

with actual criminal acts 

 
 
 

Forensic Body Fluid Identification 

Kayser M and de Kniff P, Nat Rev Genet (2011) 
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Sijen T, Forensic Sci Int Genet (2015) 

Body Fluids and Tissues at a Crime Scene 
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Epigenetic modification 

miRNA 

How Specialization Achieved 

Functional Protein 

mRNA 

DNA 



Ramsköld D, et al., PLoS Comput Biol (2009) 

RNA Expression across Tissues 

 RNA expression varies depending 
on the type of tissues, and may 
change with environment or 
physical state 



Body Fluid Specific mRNA Markers  

ISFG workshop by Ballantyne J (2015) 

(1999) 



 
 

Epigenetic Variation across Tissues 

Unsupervised clustering of average beta 
values in normal human tissues. 
Christensen et al. PLoS Genet (2009) 

 Epigenetic profiles are specific to tissue, age, and environmental 
factors 
 
 

 

 DNA methylation 

 Histone modification 

Blood 
(Adult) 

Blood 
(Infant) 



Not until 2011! 

DNA Methylation-Based Body Fluid ID 



Depends 
On Markers? 

Sijen T, Forensic Sci Int Genet (2015) 

Forensic Body Fluid Typing 



What is an Epigenome? 
 

 DNA methylation 

 Histone modification 

http://learn.genetics.utah.edu/content/epigenetics/intro/  

Methyl tag  Acetyl tag 

http://learn.genetics.utah.edu/content/epigenetics/intro/


Gene Control by the Epigenome 

http://learn.genetics.utah.edu/content/epigenetics/control/  

http://learn.genetics.utah.edu/content/epigenetics/control/


DNA Methylation 

 DNA methylation is the addition of a methyl group to the DNA base 
cytosine followed by a guanine (5' CpG 3') 

Cytosine 5-Methyl Cytosine 

5’CAGCTCTTCAGGGGCGAAGAGCAGGAACCGGAGCTACCTGAAGAGCGCG
GCTTTCCCCGGCTCTTCGGGCTGTGGAGGCTGCGGGCTCGCGCTTGTTCCG
GGACAGGGGCGTGGCGCCTGCT 3’ 



Analysis of DNA Methylation 

UpG 
PCR 

CpG 

Met 

Array (e.g. HumanMethylation450) 
Cloning and sequencing 
Single base extension (SBE) 
Methylation (allele)-specific PCR 
Next Generation Sequencing 

Sodium Bisulfite Treatment 

CpG TpG 

CpG CpG 

Met 



Human Methylaion450 BeadChip Array  
 12 blood, 12 saliva, 12 semen, 

3 vaginal fluid and 3 menstrual 
blood (GSE59505) 

 Candidate marker selection 
 Body fluid-specific hyper or 

hypo-methylation with a low 
standard deviation in the 
same type of body fluid 
 Complete methylation or 

non-methylation in other 
types of body fluids 



Comparison of Body Fluids 
Comparisona  Cut-offb No. of CpGs  

1 
  
  
  
  
  
  
  
  
  

SE vs. BL Abs (delta_mean) ≥ 0.3, fdr. P < 0.05 64,079 

SE vs. SA Abs (delta_mean) ≥ 0.3, fdr. P < 0.05 64,305 

SE vs. VF Abs (delta_mean) ≥ 0.3, fdr. P < 0.05 54,062 

SE vs. MB Abs (delta_mean) ≥ 0.3, fdr. P < 0.05 45,310 

BL vs. SA Abs (delta_mean) ≥ 0.3, raw P < 0.05 9,100 

BL vs. VF Abs (delta_mean) ≥ 0.3, raw P < 0.05 442 

BL vs. MB Abs (delta_mean) ≥ 0.3, raw P < 0.05 556 

SA vs. VF Abs (delta_mean) ≥ 0.3, raw P < 0.05 620 

SA vs. MB Abs (delta_mean) ≥ 0.3, raw P < 0.05 371 

VF vs. MB Abs (delta_mean) ≥ 0.2, raw P < 0.05 0 

2 
  
  
  

SE vs. (BL, SA, VF, MB) Abs (delta_mean) ≥ 0.5, fdr. P < 0.05 20,542 

BL vs. (SA, VF, MB) Abs (delta_mean) ≥ 0.3, raw P < 0.05 4,252 

SA vs. (BL, VF, MB) Abs (delta_mean) ≥ 0.3, raw P < 0.05 2,771 

(VF, MB) vs. (BL, SA) Abs (delta_mean) ≥ 0.2, raw P < 0.05 604 

aBL, SA, SE, MB and VF represent blood, saliva, semen, menstrual blood and vaginal fluid, respectively 
bAbs (delta_mean) represents the discrepancy in the mean values of average β-scores between a certain type of body fluid 
and the other type of body fluids 



Selection of Body Fluid-Specific CpGs 

VF1 VF2 SA1 

SE1 SE2 BL1 BL3* 

    Mean beta values ± SD Genome build_37 

Marker Target ID SE (n=12) BL (n=12) VF (n=3) MB (n=3) SA (n=11) Chr Map info. Gene symbol 

SE1 cg17610929 0.92 ± 0.06  0.02 ± 0.01  0.03 ± 0.01  0.02 ± 0.01  0.03 ± 0.02  2  220379044 ACCN4;ASIC4 

SE2 cg26763284 0.90 ± 0.07  0.02 ± 0.01  0.02 ± 0.00  0.02 ± 0.00  0.02 ± 0.00  8  145018185 PLEC;MIR661 

BL1 cg06379435 0.08 ± 0.03  0.40 ± 0.05  0.05 ± 0.01  0.07 ± 0.03  0.04 ± 0.01  19  3344273 

BL3* cg08792630 0.10 ± 0.02  0.32 ± 0.02  0.07 ± 0.01  0.09 ± 0.02  0.10 ± 0.02  6  108883909 FOXO3 

VF1 cg09765089 0.06 ± 0.04  0.09 ± 0.03  0.35 ± 0.14 0.37 ± 0.19  0.06 ± 0.03  7  27291346 

VF2 cg26079753 0.07 ± 0.03  0.09 ± 0.02  0.39 ± 0.21  0.39 ± 0.24  0.07 ± 0.02  12  54355528 HOTAIR 

SA1 cg09652652 0.02 ± 0.01  0.02 ± 0.00  0.03 ± 0.00 0.03 ± 0.01 0.49 ± 0.17  3  194408845 FAM43A 

Lee HY et al., Forensic Sci Int Genet (2015), *Park JL et al., Forensic Sci Int Genet (2014)  



Semen Blood 

Validation of Body Fluid-Specificity 

 Monoplex SBE reaction using bisulfite-converted DNA  

                G intensity  
             (G+A) intensity %methyl =                               × 100  



Validation of Body Fluid-Specificity 

Vaginal fluid-Menstrual blood 

Y Y Y Y Y Y 

Saliva 

Y Y Y Y Y Y 



Multiplex SBE for 7 CpG Markers 

Blood 

Vaginal Fluid 

Saliva 

Semen 

Menstrual Blood_1 

SE1 SE2 BL1 BL3 VF1 VF2 SA1 

Menstrual Blood_2 

Jung SE et al., Electrophoresis, in press 



Body Fluid Specificity of Selected CpGs 

SE1 SE2 BL1 

VF1 VF2 SA1 

BL3 

Lee HY et al., Forensic Sci Int Genet (2015), Lee HY et al., Forensic Sci Int Genet (2016)  



A Collaborative Exercise by 7 Labs 

Part Samples  
Required 

experiments 

1 
Purified SBE(single-base extension) reaction product 
   6 samples : for each cell type, single source samples,  
              cell type indicated 

Capillary 
electrophoresis 

2 

Bisulfite converted DNA 
   5 samples : for each cell type, single source samples,  
              cell type indicated  
   2 samples : single source samples, unspecified cell type  
    1 sample : mixture of two body fluids, unspecified cell type  

Multiplex PCR 
Multiplex SBE           
Capillary 
electrophoresis 

3 

Genomic DNA 
   5 samples : for each cell type, single source samples,  
              cell type indicated  
   2 samples : single source samples, unspecified cell type  
    1 sample : mixture of two body fluids, unspecified cell type  

Bisulfite 
conversion 
Multiplex PCR 
Multiplex SBE                      
Capillary 
electrophoresis 

4 

Body fluid swabs 
   4 samples : for each cell type, single source samples,  
              cell type indicated  
    1 sample : mixture of two body fluids, cell type indicated   
   2 samples : single source samples, unspecified cell type  
    1 sample : mixture of body fluids, unspecified cell type  

DNA extraction 
DNA 
quantification         
Bisulfite 
conversion 
Multiplex PCR 
Multiplex SBE                      
Capillary 
electrophoresis 

 Overview of the samples and experiments  

Jung SE et al., Electrophoresis, in press 



CE of a Purified SBE Product 



Multiplex on Bisulfite Converted DNA 

*(Un) indicates samples provided with unspecified body fluid origin 



Bisulfite Conversion of Genomic DNA 

*(Un) indicates samples provided with unspecified body fluid origin 



DNA Extraction from Body Fluid Samples 

*(Un) indicates samples provided with unspecified body fluid origin 



Body Fluid Swab Test (Lab 2) 

SE 

BL 

VF 

SA 

SE + VF 

Swab1 (Un) 

*Data interpretation 
Swab 1: SE 
Swab 2: MB 
Swab 3: SE + BL +SA 

SE 
VF or MB 
SE + BL +SA 

Swab2 (Un) 

Swab3 (Un) 



Comparison of VF and MB 

Comparisona  Cut-offb No. of CpGs  

3 
 
  

MB day 1 vs. VF Abs (delta_mean) ≥ 0.3, P < 0.05, sd < 0.1 165 

MB day 2 vs. VF Abs (delta_mean) ≥ 0.3, P < 0.05, sd < 0.1 31 
MB day 3 vs. VF Abs (delta_mean) ≥ 0.2, P < 0.05, sd < 0.1 15 

 3 vaginal fluids and 3 of each menstrual bloods obtained from the 1st, 2nd 
and 3rd days of menstrual bleeding (GSE77283) 



Multiplex SBE for 9 CpG Markers 

Lee HY et al., Forensic Sci Int Genet (2016) 



Multiplex SBE for 9 CpG Markers 

Lee HY et al., Forensic Sci Int Genet (2016) 

*Menstrual blood was collected from a sanitary pad (method 1) or from the inside of the vagina (method 2) using sterilized 
cotton swabs.  



 Methylation profiles vary with menstrual cycle and sample collection 
methods 

DNA Methylation in Menstrual Bloods 

*Menstrual blood was collected from a sanitary pad (method 1) or from the inside of the vagina (method 2) using sterilized 
cotton swabs. D1, D2, D3, D4 and D5 represent the first, second, third, fourth, and fifth day of menstrual bleeding, respectively. 

Lee HY et al., Forensic Sci Int Genet (2016) 



Casework Samples: Mixture Analysis 

 Positive for semen and saliva  
 STR results of 2 men’s mixed profile 

Male 1 

Male 2 



Resolved! 

Sijen T, Forensic Sci Int Genet (2015) 

Current Forensic Body Fluid Typing 



Age Prediction with DNA Methylation 

MAD from chronological 
age = 3.9 years 

Zbieć-Piekarska et al. Forensic Sci Int Genet (2015) 

ELOVL2 
C1orf132 
TRIM59 
KLF14 
FHL2 

TTC7B 
NOX4 
cg12837463 

Blood Semen 

MAD = 5.2 years 

Lee et al. Forensic Sci Int Genet (2015) 



DNA Methylation Profiling in Forensics 

 DNA methylation has only recently come into focus in the forensic 
field, but its applicability is being highly estimated among an 
increasing number of forensic investigators 

 Just like epigenetics to genetics, DNA methylation analyses are 
expected to add more informative layers to the forensic genetic 
analyses of the evidence materials 
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