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Development of a comprehensive procedure for determination of multiple body
fluids by multiplex reverse transcription-PCR
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In this study, a multiplex reverse transcription PCR-based body fluid
identification procedure was designed with 15 target genes for blood, saliva, nasal secretion,
semen, and vaginal fluid, and a reference gene for more precise, comprehensive, and objective
identification of forensically relevant body fluids. Setting the cutoff value for each target marker

was highly effective for the specific determination of targeted body fluids. Our proposed procedure
was applicable for the comprehensive and precise determination of body fluids in various types of
simulated forensic samples, even though the successful determination of the target gene of course
depends on sample condition and marker sensitivity. In conclusion, it could be a powerful and
convenient tool for multiple body fluid identification in forensic laboratories.
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Table 1.
Targetec.i Target gene Cutoff Sensitivity Minimum Specificity
body fluid value (95% Cl) (95% Cl)
Blood ALAS2 0.1 1.00 (0.91-1.00) 1.00 (0.83-1.00)
SPTB 0 0.90 (0.76-0.97) 1.00 (0.83-1.00)
0.94 (0.81-0.99)
HBB 02 1.00(0.91-1.00) (Saliva)
Saliva/nasal secretion STATH 0 0.94 (0.85-0.98) 1.00 (0.88-1.00)
Saliva HTN3 0 0.92 (0.80-0.98) 1.00 (0.83-1.00)
0.85 (0.62-0.97)
mucr 0 0.80 (0.64-0.91) (Nasal secretion)
Nasal secretion BPIFA1 0 0.76 (0.55-0.91) 1.00 (0.88-1.00)
Semen SEMG1 0.1 1.00 (0.91-1.00) 1.00 (0.83-1.00)
PRM2 0 1.00 (0.91-1.00) 1.00 (0.83-1.00)
KLK3 0.1 1.00 (0.91-1.00) 1.00 (0.83-1.00)
Vaginal fluid ESR1 0.1 0.86 (0.70-0.95) 1.00 (0.83-1.00)

MuUC4
KLK13

CYP2B7P1

SERPINB13 0

0.77 (0.60-0.90)
0.57 (0.39-0.74)
0.89 (0.73-0.97)
0.89 (0.73-0.97)

1.00 (0.83-1.00)
1.00 (0.83-1.00)
1.00 (0.83-1.00)
1.00 (0.83-1.00)




Table2

Table 2.
Sample Number of positively determined samples®
Blood Saliva/nasal Saliva Semen Vaginal fluid
Rl -
Targeted Non-targeted & Q aq = 29 ) g ¢ 238 E
body fluid " body fluid® 3 % 2 = §2 3 ¥d 5233 ¢
< %) n iy >
7] [§]
Blood5uL 3 control 3 1 3
+Saliva 5 pL 3 1 3 0 3 1
+Saliva50puL 1 0 3 3 3 2
+Semen 5 pL 2 0 3 3 3 38
+Semen50puL 1 0 3 3 3 3
Saliva5puL 3 control 3 3 2
+Blood 5 pL 3 3 3 1
+Blood 50 pL 3 2 3 2 3 0
+Semen 5 pL 3 3 0 3 3 3
+Semen 50 pL 3 3 0 3 3 3
Semen5puL 3 control 3 8 3
+Blood 5 pL 1 0 8 3 3 3 1
+Blood 50 pL 3 0 3 3 3 38
+Saliva 5 pL 0 0 o0 3 3 3
+Saliva 50 pL 3 2 3 3 83 3
Vaginal fluid 2 control 2 0 1 2 2
25 mm’ +Blood 5 pL 2 1 2 2 1 1 2 2
+Blood 30 pL 2 2 2 1.1 0 1 1
+Saliva 5 pL 0 0 o0 2 2 2 2 2
+Saliva 30 L 1 2 1 2 0 0 1 2
+Semen 5 pL 2 2 2 2 0 0 2 2
+Semen 30 pL 2 2 2 0O 0 0 0 1
Table 3
Table 3.
Body fluid marker
Ref.  Blood 24 saliva  Semen Vaginal fluid
Storage Storage
Sample period temp. - 2 a
5 %pg E gL Esg il
< F o T 5 T S g o X uw € s g g
7 (§]
Bloodstain 1 year RT 3 3 3 2 3
2 years RT 3 3 3 0 3
9.5 years RT 3 2 3 3
“Salvastan  2months  4C 3 3 - T T T
8 months RT 3 0 1 2 0
2 years RT 4 1 3 11
6 years RT 4 0 1 2 0
“Semenstain  1year | RT 3 3 TR 32 T
2 years RT 3 3 3 3 2
_ ____95years RT 3 0 L 1.3 0 _
" Vaginal fluid  15years  4C 2 2 T 21 2 2 2
stain 1.5 years RT 2 2 2 0 2 2 2
8.5 years 4°C 2 2 o 2 1 2 2
8.5 years RT 2 0 0 0 0 0 O
Dilution ratios of PCR products were optimized (1:20, 1:200, or 1:2,000) to determine the maximum number of target genes that

were not off scale.
All samples were negative for BPIFAT.
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