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Abstract

Age determination is one of the key components of forensic sci-
ence research. Accurate age judgment can provide crucial leads for
case-solving and holds significant importance. The methods used
for age determination in forensic cases, such as the bone age and
dental age estimation mainly based on morphology, the methods for
age determination from bodily fluids such as saliva and blood mainly
based on DNA methylation, however, the process is complex and the
accuracy is insufficient. In this study, saliva miRNA expression pro-
files of male population were analyzed based on massively parallel
sequencing, age-related miRNAs were screened based on massive-
ly parellel sequencing. According to our results, three miRNAs miR-
128-3p, miR-125a-5p and miR-125b-5p were down-regulated with
aging and two miRNAs miR-142-3p, miR-486-3p were up-regulated
with aging. Multiple machine learning methods were applied in the
age classification model.
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AdaBoost algorithm resulted in the highest accuracy (Precision)
of the age inference model, 66.7% samples were accurately clas-
sified. This pilot study indicated that miRNAs may provide novel
biomarkers to address the forensic challenge of saliva-based age
determination.
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Introduction

Age inference holds significant importance in forensic identifi-
cation. Commonly applied methods for age inference based on the
valuating the maturity of the skeleton, dental development. Recently,
the age estimation of trace samples, such as blood and saliva are wide-
ly focused upon by people. Saliva is a special bodily fluid secreted
by various salivary glands,as a common type of biological sample,
the collection of saliva has the advantages of being fast, simple, and
non-invasive [1], and with the rapid development of molecular biol-
ogy, various biomarkers such as RNA, DNA, and proteins in saliva
have also been utilized. Therefore, extracting extensive information
from saliva stains has the potential to significantly advance the resolu-
tion of forensic investigations. Saliva residue, often recoverable from
bite marks on a victim’s skin or traces found in more intimate areas,
can be instrumental in reconstructing the sequence of events, poten-
tially indicating the nature of a crime, such as a sexual assault [2]. Re-
cent efforts to estimate the age of saliva stains have largely centered
on DNA methylation [3,4]. Nonetheless, current DNA methylation
techniques have notable constraints, including procedural complexity
and limited accuracy, pointing to a need for the discovery of addi-
tional biomarkers to enhance the age estimation of saliva in forensic
science.

MicroRNAs (miRNAs) are endogenous, single-stranded non-cod-
ing RNAs, typically comprising 18 to 25 nucleotides, that play diverse
roles in biological function. These molecules function analogously
to transcription factors, offering benefits such as compact molecu-
lar structure, considerable stability, and tissue-specific expression
profiles. MiRNAs are capable of modulating an array of biological
mechanisms, including cell proliferation, tumorigenesis, and cellular
differentiation. This regulatory capacity implies that miRNAs may
possess inherent specificity for discerning unique molecular signa-
tures [5,6]. The previous studies showed that miRNAs were widely
expressed in saliva and may function as a promising tool for future
biomarker studies [7].

Due to the temporal nature, tissue specific expression, and sta-
bility of miRNA expression, there is a vast potential for exploration
in the field of age determination for forensic evidence [8]. Studies
by Nicole and others have shown that through fluorescent quantita-
tive PCR methods, the miRNA expression levels in peripheral blood
mononuclear cells of people of different ages were analyzed, finding
that with increasing age, miRNAs such as miR-103 exhibited a no-
ticeable downward trend [9]. Our group detected that both piRNAs
and miRNAs have potential in the age estimation. Thus, differential
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expression of miRNAs can be utilized in research for age determina-
tion methods. In this study, the age related miRNAs in healthy male
saliva were detected based on massively parellel sequencing and
the age classification model was established using machine learning
method. Our work will provide new direction of age estimation for
body fluid.

Materials and Methods

Collection of saliva samples

Eighteen saliva samples were collected from healthy male volun-
teers in Shandong province and written informed consent was ob-
tained. The Body Mass Index of the volunteers ranged from 23 to
27. There are three ages groups: 20, 35, 50. Each age group has six
samples. All experiments were carried out in accordance with the
guidelines and regulations of the Ethical Committee of Shandong
First Medical University. The committee assessed and approved the
study protocol.

MiRNA isolation and quantification

MiRNA was extracted from saliva samples using the mirVana™
PARIS™ RNA and Native Protein Purification Kit (Ambion, USA).
For saliva samples, 600 pL saliva was applied in the experiment. The
saliva was mixed with ice-cold 600 pL disruption buffer for 5 min.
Then the supernatants were transferred to a new tube and mixed with
400 pL denaturing solution at room temperature (22-24°C). RNA
was dissolved in 20%L RNase free water and the purity and quantity
of RNA were assessed using NanoDrop ND-1000 spectrophotome-
ter (Thermo Scientific, USA). RNA integrity was assessed using the
RNA Nano 6000 assay kit (Agilent, USA) of the Agilent Bioanalyzer
2100 system (Agilent Technologies, USA). The detail information of
the integrity and concentration of RNA was provided. The obtained
RNA was stored at -80°C until use.

MiRNA sequencing

Total RNA (100 ng) per sample was used as the input material
generating the small RNA library. Sequencing were performed in
two flow cells, separately. Sequencing libraries were generated us-
ing NEBNext® multiplex small RNA library prep set for [llumina®
(7300L, New England Biolabs, USA) according to the manufacturer’s
recommendations. After the 3'SR and 5" SR adaptors were ligated,
reverse transcription was performed and the index codes were add-
ed to attribute unique barcodes to each sample. Next we purified the
PCR amplifed cDNA construct using a QIAQuick PCR purifcation
kit (QIAGEN, German). Samples were loaded on the 6% poly acryl-
amide gel (Thermo Fisher, USA) and electrophoresed for 1 h at 120
V or until the blue dye reached the bottom of the gel. The 140 and
150 nucleotide bands corresponded to adapter-ligated constructs de-
rived from the 21 and 30 nucleotide RNA fragments, respectively.
Bands corresponding to 148 bp were isolated. Finally, libraries were
dissolved in 12 pL Tris-EDTA buffer. Library quality was assessed
on the Agilent Bioanalyzer 2100 system using DNA high sensitivi-
ty chips (Agilent, USA). The concentration was detected using the
KAPA library quantification kit (KAPA, USA). Library preparations
were sequenced on an Illumina Hiseq 2500 platform (Illumina, USA)
and 50-bp single-end reads were generated. From the remaining se-
quences, only those that were 15-27 bases long were retained for
further analysis because they most likely contained mature miRNA
sequences. The miRDeep2 software (MDC, Germany) was applied

to identify miRNAs. MiRDeep2 was run on the data with default op-
tions. Known miRNA inputs were from the miRBase version 21. The
miRDeep2 program was used to identify novel miRNAs in a sequenc-
ing dataset. All mapped reads were normalized to reads per million.

Data analysis

All data are presented as mean + standard error of mean. The
Kolmogorov-Smirnov test was performed to determine whether
the data were normally distributed. Two-tailed, independent sample
t-tests or variance (ANOVA) with LSD post hoc tests were used and
p<0.05 was considered as statistically significant. Statistical analysis
was performed using the statistical software program package Prism
5 (GraphPad, USA). The R packages edge R and limma were imple-
mented to analyze the differential expression of miRNA expression
levels determined from sequencing. Heatmap analysis was conducted
using Heml (Cuckoo group, China, URL: www.hemi.biocuckoo.org).

Establishment of machine learning models

For model fitting, the whole RNA dataset from the saliva samples
was applied in the establish the age classification model. Using the
dataset, Orange software (Orange, Slovenia) was applied to assess the
different models.

Results
The expression profile of miRNAs in saliva

A total of 141 miRNAs were detected based on massively parel-
lel sequencing. Compared with the 20-year-old group, 58 miRNAs
increased and 68 miRNAs decreased in the 35-year-old group. Com-
pared with the 50-year-old group, 55 miRNAs increased and 50 miR-
NAs decreased in the 35-year-old group (Figure 1).

Figure 1: The miRNAs with differences with aging.A. The volcano plot
of differentially expressed miRNAs between 20-year-old age group and
35-year-old age group. B. The volcano plot of differentially expressed
miRNAs between 35-year-old age group and 20-year-old age group. The
blue dots indicates the miRNAs is reduced and the red dots indicates the
miRNAs is increased.

The age related miRNAs in saliva

From the massive parellel sequencing results, we found that the
expression of hsa-miR-128-3p, hsa-miR-125a-5p, hsa-miR-125b-5p
was down regulated with aging, compared with the 20-year-old age
group, the expression level of each miRNA reduced 66.43%, 84.52%
and 69.42% in 50-year-old age group, while the expression of hsa-
miR-142-3p, hsa-miR-486-3p was up regulated with aging, compared
with the 20-year-old age group, the expression level of each miR-
NA increased eight point three-fold and thirteen point five-fold in
50-year-old age group(Figures 2 and 3).
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Figure 2: The heat map results showed that the expression of hsa-miR-
128-3p, hsa-miR-125a-5p, hsa-miR-125b-5p was down regulated, while
the expression of hsa-miR-142-3p, hsa-miR-486-3p was up regulated.
(S20: the saliva from the 20-year-old age group, S35: the saliva from
35-year-old age group, S50 the saliva from the 50-year-old age group).

Figure 3: The expression of hsa-miR-128-3p, hsa-miR-125a-5p, hsa-miR-
125b-5p hsa-miR-142-3p and hsa-miR-486-3p in different age group.
(n=6, *p <0.05, **p <0.01)

Age classification model based on machine learning

Using Orange software, age classification models were established
using three miRNA, hsa-miR-128-3p, hsa-miR-125a-5p, hsa-miR-
125b-5p which were negatively correlated with age (Table 1). SVM,
kNN, AdaBoost, Naive Bayes, logistic regression, and random forest
algorithms were used to evaluate the models. The results showed that
the AdaBoost algorithm resulted in the highest accuracy (Precision)
of the age inference model, 66.7% samples were accurately classi-
fied. Next are logistic regression and Naive Bayes, with accuracies of
0.621 and 0.660.

Discussion

Saliva stain have always been a significant presence in forensic
research. They encompass various aspects. Research has shown that
by detecting the ratio of residual urea concentration to amino acid

Model AUC CA F1 Precision Recall
Naive Bayes 0.745 0.611 0.613 0.621 0.611
Logistic Regression 0.759 0.667 0.660 0.660 0.667
kNN 0.576 0.444 0.459 0.483 0.444
AdaBoost 0.667 0.556 0.571 0.667 0.556
SVM 0.602 0.444 0.443 0.446 0.444
Random Forest 0.704 0.444 0.446 0.451 0.444
Table 1: The age classification model based on machine learning method.

concentration in saliva plaques, it has been found that it fluctuates
regularly over time. It can be inferred whether it occurred before or
after the case at a certain residual time, which also provides new clues
for judging the case [10]. And there is often more than one type of
plaque in crime scenes, and with the discovery of various biomarkers,
establishing a complete age inference model based on different bio-
markers has become a direction that can be continuously deepened.
And today’s DNA methylation is like this. From 1973, Vanyushin et
al. found that the overall level of DNA methylation changes with age
in rats through research [11]. To now, studies have shown that through
DNA methylation, more accurate age inference models suitable for
blood, blood stains, saliva stains, etc. can be accurately established,
but it has a significant bias in predicting muscle tissue, even exceed-
ing the age of 10 years [12]. At the same time, DNA methylation anal-
ysis has cumbersome steps and high requirements for sample quality,
which urgently requires the establishment of new age inference meth-
ods. In our previous study, we have detected piRNAs and miRNAs
have potential in age estimation in blood samples [13]. But the studies
focused on saliva age estimation using miRNAs are still lacking.

In this experiment, high-throughput sequencing, we screened for
age related differentially expressed miRNAs that can be used for sali-
va spot analysis in male samples in China. In our study, hsa-miR-128-
3p, hsa-miR-125a-5p and hsa-miR-125b-5p, were found to be down
regulated with age, two miRNAs, hsa-miR-142-3p and hsa-miR-486-
3p were up regulated with age. The age related miRNAs found in
this study also have great potential in clinical research. Studies have
shown that hsa-miR-125a-5p can serve as a potential biomarker in the
diagnosis of severe depression and bipolar disorder [14]. And hsa-
miR-128-3p can be applied in early screening of high-risk breast be-
nign tumors [15]. This pilot study first established the age classifica-
tion model in saliva using miRNAs. The shortcoming of the research
is the results has not been validated using forensic on-site samples
such as saliva stains. Moreover, this study also suffers from an issue
of insufficient sample size. In the next step of research, the sample
size will be further increased, the age inference model will be opti-
mized, and the established method will be applied in samples from
forensic cases, such as saliva stain.

Conclusion

This pilot study employs high-throughput sequencing technology
to examine the salivary miRNA expression profiles across various age
groups within the Han Chinese population. By establishing an age
estimation method predicated on salivary miRNA, it offers novel per-
spectives for tackling the complexities of age prediction in forensic
biological stain analysis.
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