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Jin% K ), RNeasy® Mini Kit (Qiagen, & ),
Qubit™ RNA HS Assay Kit (Invitrogen, 3 [ ),
Qubit™ ssDNA Assay Kit (Invitrogen, 32 [ ) ,
HiScript I1I 1st Strand cDNA Synthesis Kit (F§ 5L i
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Table 1 Number of samples collected

Collect time Saliva Semen Vaginal secretion
2015 15 20 20
2024 15 20 20

1.1.3  FiAbH 5RNAHEHL
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Table 2 B2M housekeeping amplification system

Reagent Volume/ul Final concentration
cDNA 1
Primer-B2M (10 pmol/L) 0.8 0.8 umol/L
MgCl, solution (25 mmol/L) 1.25 3.125 mmol/L
10xMultiplex Buffer 1 1x
dNTP mixture (2.5mmol/L each) 0.65 0.162 5 mmol/L each
Multiplex DNA polymerase (5 U/pl) 0.13 0.65 U/pl
ddH,0 5.17
Total volume 10
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Table 3 The specific primer information
Gene name Type of body fluids Primer sequence Amplicon size  Fluorescent Primer
/bp labeling design reference
B2M Housekeeping F: GGCATTCCTGAAGCTGACA 121 ROX [20]
R: AAACCTGAATCTTTGGAGTACG
HTN3 Saliva F: TGTTTTTGCTTTAATCTTGGCTCT 168 HEX [21]
R: ATGCCCCGTGATTACTGAAG
STATH Saliva F: TTGGAGCTGATTCATCTGAAGAG 184 FAM Primer3
R: GCCAATCAAGCCTCAATAATCAT
Muc7 Saliva F: GTTTGTGTGCATCTGTGCACTGAGTG 197 ROX [22]
R: GCCTACAGCGTTTGTGCAGACATTTATAGG
TGM4 Semen F: TGAGAAAGGCCAGGGCG 215 HEX [22]
R: AATCGAAGCCTGTCACACTGC
KLK3-LC Semen F: CACCTGCTCGGGTGATTCTG 139 ROX [12]
R: TTTCCACTTCCGGTAATGCACCA
PRM1 Semen F: GCCAGGTACAGATGCTGTCGCAG 153 TAMRA [23]
R: TTAGTGTCTTCTACATCGCGGTCT
PRM2-LC Semen F: GGCGCAAAAGACGCTCC 104 ROX [12]
R: GCCCAGGAAGCTTAGTGCC
SEMGI Semen F: GGAAGATGACAGTGATCGT 121 ROX [24]
R: CAACTGACACCTTGATATTGG
CYP Vaginal secretion F: AGTCTACCAGGGATATGGCATG 146 FAM [25]
R: CTATCAGACACTGAGCCTCGTCC
MUC4 Vaginal secretion F: GGACCACATTTTATCAGGAA 235 TAMRA [23]
R: TAGAGAAACAGGGCATAGGA
HBDI Vaginal secretion F: AGATGGCCTCAGGTGGTAAC 170 ROX [26]
R: GTCACTCCCAGCTCACTTGC
Table 4 Multiplex fluorescent amplification system 1.3 E5EFZRZNBHR
Reagent Volume/pl Final concentration 1.3.1 EA5KRER T SRR EER 5%

cDNA
Primer-HTN3 (10 umol/L)
Primer-STATH (10 pmol/L)
Primer-MUC7 (10 umol/L)
Primer-PRM2-LC (10 pmol/L)
Primer-PRM1 (10 pmol/L)
Primer-KLK3-LC (10 pmol/L)
Primer-TGM4 (10 pmol/L)
Primer-SEMG1(10 pmol/L)
Primer-CYP (10 umol/L)
Primer-HBD1 (10 pmol/L)
Primer-MUC4 (10 pmol/L)
MgCl, solution (25 mmol/L)
10xMultiplex Buffer
dNTP mixture (2.5 mmol/L each)
Multiplex DNA polymerase (5 U/ul)
ddH,0

Total volume

1
0.04
0.05
0.07
0.03
0.04
0.05
0.06

0.1
0.05
0.3
0.5
1.25

0.65
0.13
4.68

0.04 pmol/L
0.05 pmol/L
0.07 umol/L
0.03 umol/L
0.04 pmol/L
0.05 pmol/L
0.06 pmol/L
0.1 pmol/L
0.05 pmol/L
0.3 umol/L
0.5 umol/L
3.125 mmol/L
1%
0.1625 mmol/L each
0.65 U/pl
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Fig. 1 Box plot of RFU values detected for each marker in samples from different years
(a) The statistical data of RFU values for each marker in the samples collected in 2015. (b) The statistical data of RFU values for each marker in the

samples collected in 2024. The horizontal axis of the boxplot represents the genes amplified in the composite system, and the vertical axis represents

the RFU values. The median and mean are represented by solid and dashed lines, respectively.

Table 5 The significance level of the Wilcoxon rank—sum test for each marker in samples from different years

mRNA marker Significance level (P-value)
STATH 0.221
HTN3 0.590
MUC7 0.178
TGM4 0.268
KLK3-LC 0.752
PRM1 0.155
PRM2-LC 0.296
SEMGI 0.681
CYP 0.343
HBDI 0.099
MUC4 <0.01
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Table 6 The specificity of RNA markers

mRNA marker Saliva Semen Vaginal secretion
Housekeeping B2M 30/30 40/40 40/40
Saliva HTN3 30/30 0/40 0/40
STATH 30/30 0/40 0/40
MUC7 30/30 0/40 0/40
Semen PRM?2-LC 0/30 40/40 0/40
PRM1 0/30 40/40 0/40
KLK3-LC 0/30 40/40 0/40
TGM4 0/30 40/40 0/40
SEMG1 0/30 40/40 0/40
Vaginal secretion CcYpP 0/30 0/40 40/40
HBDI 0/30 0/40 40/40
MUC4 0/30 0/40 40/40
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Fig.2 Capillary electrophoresis results of the markers in saliva (a), semen (b), and vaginal secretions (c)
The horizontal axis of each color channel represents the length of the amplified product, and the vertical axis represents the RFU value. The amplified

products of different genes are labeled (the same below).
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Table 7 The detection profile of RNA markers at various dilution levels in mixed RNA samples

Dilution multiple Saliva" Semen? Vaginal secretion”
of RNA HTN3 STATH MUC7  PRM2-LC PRMI KLK3-LC TGM4 SEMGI1 CcYp HBDI MUCH4
1 30/30 30/30 30/30 30/30 30/30 30/30 30/30 30/30 30/30 30/30 30/30
10 30/30 30/30 30/30 30/30 30/30 30/30 30/30 30/30 30/30 28/30 30/30
100 30/30 30/30 29/30 30/30 30/30 30/30 30/30 30/30 30/30 22/30 30/30
1000 30/30 30/30 29/30 30/30 30/30 30/30 30/30 30/30 30/30 7/30 24/30
10 000 30/30 30/30 30/30 30/30 30/30 29/30 2/30 20/30

UThe initial concentration of the RNA mixture in the saliva sample is 2.9 mg/L. ?The initial concentration of the RNA mixture in the semen sample

is 15 mg/L. *The initial concentration of the RNA mixture in the vaginal secretion sample is 42 mg/L.

Table 8 The detection profile of RNA markers at various dilution levels in cDNA samples

Dilution multiple Saliva Semen Vaginal secretion
of cDNA HTN3 STATH  MUC7  PRM2-LC PRMI KLK3-LC TGM4 SEMGI1 CcYpP HBDI1 MUCH4
1 30/30 30/30 30/30 40/40 40/40 40/40 40/40 40/40 40/40 40/40 40/40
10 30/30 30/30 30/30 40/40 40/40 40/40 40/40 40/40 40/40 39/40 40/40
100 30/30 30/30 30/30 40/40 40/40 40/40 40/40 40/40 40/40 34/40 38/40
1 000 30/30 30/30 30/30 40/40 40/40 39/40 38/40 39/40 40/40 21/40 33/40
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W AR S MR I SR TR R | Re ke s (A
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I FEARBIAGE K, 78BS bR — /g,
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HAWIEL, HEHSHEAL D HBDI FI MUC4 bR
G T 150 RFU (4G H R o 76K - B 50 i 4
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RAE, HBDI. MUC4 [\ K HY 5 43 5] A% 3
26.7% f153.3%.
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Table 9 Detection of RNA markers in the RNA mixed sample group

Initial RNA  concentration Saliva Semen Vaginal secretion
ratio HTN3  STATH MUC7 PRM2-LC  PRMI1 KLK3-LC TGM4  SEMGI CYP HBDI MUC4
SE:SA 1:1 30/30 30/30  30/30 30/30 30/30 30/30 30/30 30/30
10:1 30/30 30/30  30/30 30/30 30/30 30/30 30/30 30/30
100:1 30/30 30/30  27/30 30/30 30/30 30/30 30/30 30/30
SE:VS 1:1 30/30 30/30 30/30 30/30 30/30 30/30  30/30  30/30
10:1 30/30 30/30 30/30 30/30 30/30 30/30  19/30  18/30
100:1 30/30 30/30 30/30 30/30 30/30 3030 8/30  16/30
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Fig.3 The RNA concentration ratio of SE to SA is 1:1 (a) and SE to VS is 1:1 (b)

24 KERRGRMA

Sl —: —RBEEENT, LIRHEE T8
AL EN TR, YA LY T80 SR
H & bR T B RN 35 N TR A DNA 405
Ja FRRERYSEAEARTEE, ZOREE REAIK
WRBETE . 55 A fal A ST R AR . AR S50 % 44 R
RRZ I LTI . Wi S S, A58 K
da IR B ANAE B TKIE R . B R CYP2B7PI
MUC4. HBDI 5 STATH. HTN3. MUC7¥xic ¥y,

WAL E PSR S R BT I8 . 45
5 DNA AL, n] g e N iR g AR
JIEE o

M —RARIER LTS, YA E L
KX I PR b T BEREIE R ZH B URIRAF 5, ZRA
SEHG A M TE S AT RIS o AR S 9 HUR] SR
22 e, MR RITILAATROAL B | 0 R 59T
B, 13BN 4b Pros 9B A0 R KOS I . A i
TGM4 ., KLK3-LC. PRMI. PRM2-LC 5 SEMGI 5

(@ STarH (b)
140 180 220 260 300 100 140 130 220 260 300
16,000 “ 7"1 J
gL Olonct o A\ PO s s
Tohia
100 140 180 220 260 300
140 180 220 260 300 &
i i ¥ 4800
17 000 | A
)i TGM4
HIN3 KLK3-LC MUCH
100 140 180 220 260 300
140 180 220 260 300
§ £ £ f 13 000-
2400 )\
A fric]
MUCT PRM2-LC SEMGI HEDI MUCT
140 180 220 60 300 100 140 180 220 260 300
7 ooo‘ ‘\ j\ 14 0001 A f
o , l
[moi] oo [FRwzic]  [semor

Fig.4 The capillary electrophoresis results of Case 1 (a) and Case 2 (b)
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Table 10 17 candidate genes and their functional descriptions

Body fluid  Gene name Function description Reference
Housekeeping TEF Transcription elongation factor [27]
UCE Ubiquitin-binding enzyme [27]
B2M B2-microglobulin [20]
Saliva HTN3 Histatin 3, an antimicrobial peptide, aids in the bactericidal properties of saliva [21]
STATH Salivary acidic proline-rich proteins, associated with the protection of oral mucosa [22]
Mucy Mucin 7, facilitates oral hygiene by promoting the removal of bacteria, and aids in chewing, speaking, and [22]
swallowing
SMR3B Submandibular gland androgen-regulated protein 3B, possesses antimicrobial properties [22]
FDCSP  Follicular dendritic cell-derived secretion protein, which has the function of binding to B cells and is found [28]
in saliva
Semen PRM]I Protamine 1, present in sperm cells [23]
PRM?2 Protamine 2, present in sperm cells [12]
SEMG1 Semenogelin 1, present in seminal plasma [24]
TGM4 Transglutaminase 4, present in seminal plasma and prostatic fluid [22]
KLK3 Kallikrein-3, involved in semen coagulation [12]
Vaginal cYp Cytochrome P450 family proteins, with their expression products detectable in vaginal secretions [25]
secretion MUC4 Transmembrane glycoproteins, distributed in the cervical and vaginal epithelium [23]
HBDI Human B-defensin-1, possesses antimicrobial activity [26]
MYOZI Myosin Z1, potentially associated with the contractile function of vaginal smooth muscle [29]
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Abstract Objective A multiplex amplification system was constructed based on the capillary electrophoresis
platform for simultaneous detection of saliva, semen, and vaginal secretions using tissue-specific RNA markers.
The aim of this study is to identify the tissue origin of suspicious body fluid stains found at crime scenes and
determine whether the body fluid stains at the crime scene are one or several types among saliva, semen, and
vaginal secretions. Methods Thirty saliva samples, forty semen samples, and forty vaginal secretion samples
(half from 2015 and half from 2024) were collected from healthy adult volunteers. Through primer designing,
system formulation, and PCR condition optimization, a multiplex fluorescent amplification system was
constructed. The specificity, sensitivity, and detection ability for mixed samples of this system were investigated,

and it was tested using real crime scene materials. In the primer design stage, to reduce the requirements for RNA
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template quality, the amplification products were set within 80-300 bp. In the system formulation stage, dominant
and subordinate primers were mainly considered. By reducing the concentration of dominant primers and
increasing that of subordinate primers, a capillary electrophoresis spectrum with an appropriate peak height ratio
was finally obtained. Additionally, gradient experiments were designed to adjust the concentrations of PCR
reagents and PCR amplification conditions, and multiple versions of DNA amplification enzymes were optimized
to achieve the best experimental results. Results Through statistical analysis, there was no significant difference
in the capillary electrophoresis of the 3 types of body fluid samples from the two years (2015 and 2024),
demonstrating that the sample preservation method in this study can preserve samples for a relatively long time.
The composite amplification system constructed in this study exhibited high specificity for all 3 types of body
fluid, with no cross-reactions between the markers of each type of body fluid. The minimum detection thresholds
for the 3 types of body fluid reached 0.002 9, 0.001 5, and 0.42 mg/L, respectively. This system also had a high
degree of discrimination for mixed samples, especially for semen-saliva mixtures, where each body fluid marker
could still be successfully detected when the concentration ratio of semen to saliva was 100:1. Meanwhile, in the
two actual cases presented in this article, the application of this composite amplification system performed
outstandingly. Conclusion The composite amplification detection system constructed in this study can achieve
the correct screening of saliva, semen, and vaginal secretions, overcoming the problems such as low specificity
and sensitivity of marker tests and unbalanced RFU values of each marker in previous studies. The specificity and
sensitivity meet the practical work requirements, and the operation is simple. It provides an analytical and
identification method for body fluid stains in actual case and is applicable to the identification of the tissue origin
of biological evidence at crime scenes involving sexual assault, indecent assault, and other criminal acts. In the
future, more types of body fluid markers will be screened to expand the types of body fluids detected by the
system, and body fluid-specific ¢cSNP and cInDel genetic markers will be introduced to infer the sources

(individuals and types) of mixed and complex stains more accurately.
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