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Abstract

Introduction: Human identifi cation is one of the major fi elds in forensic odontology especially when 
the dental remains are the only available evidence to individual identifi cation. In this context DNA analysis 
in teeth pulp remains the most accurate and reliable method for identifi cation, whereas RNA is less used 
for forensic purpose because it is generally considered a quickly degradable molecule. Recently some 
studies report that another excellent source of nucleic acids is the dental calculus or tartar.

Method: Therefore to assess the RNA stability over time, we investigated 40 saliva-derived microRNAs 
(miRNAs), in archeological and modern tartar samples by classic PCR followed by quantitative PCR. 

Result: Three miRNAs were not present in both ancient and modern tartar samples, while 10 out 
of 37 miRNAs had signifi cant different levels in ancient than modern samples. Nine miRNAs were 
down-regulated and only one was up-regulated. Since these different levels were not induced by 
gum infl ammation and were independent to guanine-cytosine content in miRNA sequences, used as 
degradation biomarker, we hypothesized as a possible cause the different eating habits between ancient 
and modern populations. This hypothesis is also supported by recent studies that demonstrate an close 
relationship between nutrients and changes in miRNA expression in healthy individuals.

Conclusion: Overall data show that miRNAs are more stable than other RNA types in ancient tartar 
and this could enlarge the possibility of their practical use for forensic purpose and bioarchaeological 
researches although to better understand the variability of some miRNA levels between ancient and 
modern populations requires further investigation.
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Introduction

Forensic odontology, a branch of Forensic sciences, is 
important in the identifi cation of the dead person. In the last 
years this scientifi c discipline has assumed an increasingly 
important role in personal identifi cation also supported by 
recent advances in the knowledge and techniques of molecular 
biology [1]. Generally the forensic odontology examines injuries 
to jaws, teeth, and oral soft tissues, however in cases of body 
carbonization, blast injuries or mass disasters situations [2], 
the teeth, the most indestructible components of the human 
body, could be the only mean of identifi cation of an otherwise 

unrecognizable body [3,4]. It is also known that dental pulp 
and dentin are better sources of DNA than skeleton bones and 
although DNA undergoes progressive fragmentation through 
autolytic and bacterial enzymes, the sequence of information 
is still present in its fragments [5]. Another excellent source 
of nucleic acids is the dental calculus, also known as tartar, 
that shows more abundant and less contaminated DNA as 
compared to that extracted from dentin [6]. Several studies 
have investigated human and bacterial DNA in archaeological 
dental calculus but few systematic studies have been performed 
on RNA because this molecule is generally considered fragile 
and it is readily degraded than DNA in body decomposition 
[7]. However a recent archeological study has identifi ed and 
analyzed microRNAs (miRNAs), small non-coding RNAs, in 
human specimens thus showing that these small molecules 
could survive long-term post-mortem [8].

miRNAs are small RNA molecules of 20-23 nucleotides 
long that are involved in many biological functions and their 
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abnormal levels in biological fl uids, including saliva, have 
been used as possible biomarkers in various human diseases, 
including tumors [9].

The molecules present in tartar matrix are those contained 
in the saliva and in order to investigate miRNA stability in 
this biological matrix during a long period of conservation 
under unfavorable conditions like burial we have analyzed 
and compared miRNA expression in archeological and modern 
tartar samples. Forty saliva-derived miRNAs found highly 
expressed in healthy subjects were chosen from literature data 
and analyzed in our study [10-12].

Since that miRNAs represent a minor fraction of the total 
RNA [13] and the success of RNA analysis is also affected by the 
laboratory methods with which it is processed, we expected to 
fi nd very low amounts of miRNAs in the tartar samples and 
therefore the use of a highly sensitive detection technique 
was needed. Comparing 12 different commercially methods 
for miRNA analysis, Mestdagh et al. have indicated that the 
sensitivity was very much technology-related qPCR especially 
when a sample contained low miRNA levels [14]. In addition, 
the RT-qPCR method was also used in a previous study to 
analyzed miRNA profi ling in highly degraded RNA extracted 
from archeological specimens [10]. Therefore we have applied 
in our study a sensitive PCR-based method consisting of 
two phases: a pre-amplifi ed reverse-transcribed cDNA (RT-
preAmpPCR) followed by quantitative real-time PCR (qPCR) 
assay.

Materials and Methods

Modern and ancient dental calculus manipulation and 
RNA extraction

Archeological tartar samples were obtained from 20 
individuals recovered from 11 different Puglia burial sites (Figure 
1). All individuals covered a period extending from 9th century BC 
to 15th century AD. We selected human remains buried in graves 
rather than in the soil because the state of skeleton preservation 
was very high. In addition, anthropological evaluation did 
not show signs of bone alterations due to diseases. Sex, age 
and dating of the time of death were evaluated by standard 
anthropological instruments and morphological characteristics 
were performed according to methods of Beck [15]. The age 
of individuals was of 39.7 ± 15.3 years (mean ± SD), 15 were 
males and 5 females. List and characteristics of selected human 
remains are provided in table 1.

Modern tartar samples were obtained from 30 healthy 
volunteers undergoing a dental examination at a private clinic 
of oral medicine and periodontology of Bari (Puglia, Italy). 
This group was composed of 16 females and 14 males with 
an average age of 49.1 ± 12.3 years (mean ± SD). All subjects 
reported no systemic diseases and dental specialists observed 
no signs of oral diseases.

All tartar samples were removed in sterile conditions by 
curette and placed in sterile tube. The pulverization of the 
samples was carried out in a clean room facility of Department 
of Anthropology, University of Bari and to avoid contamination 
standard criteria described by Kirsanow and Burger were 

observed [16]. In brief, the tartar samples were subjected to 
UV irradiation (254 nm) to eliminate surface contamination, 
submerged in a sterile container (petri dish) containing 
molecular grade bleach (4% fi nal dilution) for 5 min and then 
rinsed with ethanol (90%) for 3 min to remove traces of bleach. 
Afterwards the samples were pulverized in liquid nitrogen by 
mortar and pestle and the powder was transferred to a sterile 
tube avoiding cross-contamination between ancient and 
modern samples. In order to monitor a possible external DNA/
RNA contamination, a series of control tubes contained DNAse/
RNAse free water instead of tartar powder were included during 
sample collection and manipulation.

The permission to remove ancient tartar from human 
remains was obtained from Sovrintendenza dei Beni Culturali 
of Puglia (Italy), while modern tartar samples were extracted 
from teeth of healthy volunteers after obtaining informed 
consent.

Figure 1: Map of Italy. The larger map shows the sites where the human remains 
were uncovered.

Table 1: List of selected human remains.

N NAME SITE SEX PERIOD (century)

1 TRNICCt1.1 Trani male 9th-8th BC

2 TRNICCt1.2 Trani male 9th-8th BC

3 TRNICCt2 Trani male 9th-8th BC

4 AT Taranto male 5th BC

5 BSG1041 Canosa male 3th BC

6 BSG1042 Canosa male 3th BC

7 CONV.DeGiosa Conversano female 3th BC

8 VIE14 Vieste female 3th BC

9 VIE28 Vieste male 3th AD

10 SG126 Lucera male 6th AD

11 SG41 Lucera male 6th AD

12 PRMON1/BindA Monopoli male 6th AD

13 VEN12 Venosa male 6th AD

14 SG124 Lucera male 6th AD

15 CSP108 Canosa female 7th AD

16 CSP65 Canosa male 7th AD

17 CSM26 Casamassima female 10th AD

18 CSM30 Casamassima female 10th AD

19 Prmon4SC Monopoli male 11th AD

20 CAST98T6 Conversano male 13th AD
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Tubes with tartar powder, as well as control tubes, were 
transported to Molecular Biology lab of Castellana Grotte (BA) 
for miRNA analysis. Since a PCR laboratory workfl ow should 
be designed to prevent external contaminations, such as qPCR 
products and cross-contamination between samples [17], 
the setting up of a suitable qPCR-facility is always needed 
to perform forensic procedure or medical diagnostic assays. 
Therefore to minimize the risk of contamination, the tartar 
RNA extraction and next amplifi cation were set up following 
general guidelines previously described [18].

After UV radiation overnight, 30 mg of powder were 
subjected to RNA extraction with phenol-chloroform solution 
(TRIzol reagent, Thermo Fisher Scientifi c, Rodano (MI), Italy), 
followed by use of miRNeasy mini kit (Qiagen, Milan, Italy) 
to eliminate any PCR inhibitors present in tartar matrix. All 
procedures of RNA extraction were performed according 
to manufacturers’ instructions. Total RNA was quantifi ed 
by two different methods, spectrophotometric (A260/280) 
and fl uorimetric (Qubit device, Thermo Scientifi c) methods 
to obtain an accurate value of total RNA. The total RNA was 
expressed as ng/30mg of tartar powder. In order to evaluate 
human RNA in total RNA, the bacterial RNA was isolated 
by MICROBEnrich kit (Thermo Fisher Scientifi c). The 
MICROBEnrich kit is based on hybridization of poly (A)-tails 
of human 18S and 28S rRNA that constitute 80–90% of total 
cellular RNAs. However, ancient human RNA is commonly 
fragmented and part of 18S and 28S rRNA may not be extracted 
by MICROBEnrich kit for the loss of the poly (A)-end and be 
present in eluate. Therefore, in order to evaluate the loss of 
human RNA by using this kit, the rRNA levels were analyzed by 
18S and 28S rRNA Control kits (Eurogentec, Seraing, Belgium) 
in both retained and eluted fractions. To detect the rRNA levels, 
two PCR steps: RT-preAmpPCR followed by qPCR step. This PCR 
method is explained later in miRNA evaluation. To normalize 
rRNA expression profi ling, Copy number standard curve kit 
(Primerdesign Ltd, Chandler’s Ford, UK) was used following 
the manufacturer’s instructions. Finally, total human RNA was 
expressed as pg/ng of total RNA.

PCR method and miRNA evaluation

The miRNA levels were evaluated by a RT-PCR method. 
After reverse-transcription, cDNA was amplifi ed by two 
successive PCR runs, also called nested-PCR, to increase the 
method sensitivity. The nested-PCR was composed of a classic 
preAmpPCR for 5 cycles followed by qPCR step for 40 cycles. 
Both PCR steps with minor changes in the procedures were 
described previously [19,20]. In brief, aliquots of total tartar 
RNA (30pg) were reverse-transcribed in 20 μl by miRCURY 
LNA RT Kit (Exiqon-Qiagen) in accordance to manufacturer’ 
instructions. Two out of 20μl was diluted with 158 μl of DNase 
and RNase-free water and 4μl were then pre-amplifi ed in 50 μl 
for 5 cycles by preAmpPCR (classic PCR) and 5 μl of preAmpPCR 
product were then subjected to qPCR using SsoAdvanced 
Universal SYBR Green Supermix (Bio-Rad, Milan, Italy) 
according to manufacturer’s instructions. The same primers 
for each miRNA were used for both PCR steps. The primers 
were formed with Locked Nucleic Acid (LNA) (Exiqon-Qiagen) 

technology based on the use of chemically modifi ed primers 
that allowed a high affi nity hybridization between primers and 
miRNA target.

No-template controls (control tubes) were inserted between 
two PCR phases to exclude the cross-contamination risk.

To improve the PCR specifi city, the annealing temperature 
during PCR assay was carried out at 65°C instead of 60°C as 
previously described [20]. To avoid false positive results in 
qPCR analysis, Cq values ≥ 35 cycles were arbitrarily discarded. 
Each qPCR was run in triplicate to ensure consistency and 
reproducibility of the results, while miRNA levels were 
evaluated with the following formula: log (2-ΔCq), where ΔCq = 
Cq miRNA target – Cq U6, where U6 snRNA, non-coding small nuclear 
RNA, was used as reference.

Since the amplifi cation process consisted of two steps, a 
critical factor in the accuracy of the analysis could be a different 
PCR effi ciency, expressed by the following formula: E = 10(-1/

slope), between the two PCR phases. 

To monitor PCR effi ciency we used UniSp6 template (cat. 
n. YP00203954, Exiqon-Qiagen) in preliminary experiments. 
Serial dilutions of UniSp6 (10.0, 1.0, 0.01 and 0.001 fmol) were 
separately subjected to qPCR (35 cycles) and preAmpPCR 
(5 cycles) followed by qPCR (30 cycles), respectively. The Cq 
values were plotted against the log of the UniSp6 dilutions and 
linear regressions were performed from which the mean E was 
derived. The average value of E was 98% for qPCR and 96% 
for preAmpPCR followed by qPCR. In order to evaluate tartar 
miRNA recovery, the same UniSp6 concentrations described 
above were added separately to a fi x tartar powder and, 
after extraction and RT phase, were subjected to preAmpPCR 
followed by qPCR.

To monitor miRNA degradation, we analyzed the guanine-
cytosine (GC) content in miRNA sequences because it is known 
that miRNAs with low GC content are more degraded than GC-
rich miRNAs [21], while 28S:18S rRNA ratio, another biomarker 
for RNA integrity, was excluded because some authors have 
shown that this ratio could be affected by cell aging [22]. The 
miRNA sequences are reported in table 2.

The microorganisms present in tartar matrix are 
contaminants that could alter the miRNA levels. However, 
a recent archaeological study did not fi nd a relationship 
between bacterial genome and human miRNA sequences [10]. 
Furthermore a limited number of miRNAs or miRNA-like RNAs 
have been discovered in the microorganisms today [23] and the 
tartar is less vulnerable to contamination by non-human DNA 
than bone or dentine samples [24]. For all these reasons the 
bacteria were not considered as miRNA contaminants in our 
study.

Statistical analysis

The miRNA levels were expressed as median and 
interquartile range (IQR) and their differences between modern 
and ancient tartar samples were evaluated by non-parametric 
Mann-Whitney test. The correlation between miRNA levels, 
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expressed as means, and their CG content was evaluated by 
Pearson’s correlation.

All statistical analyses were performed by GraphPad Prism 
software version 5.0 (GraphPad software, Inc., La Jolla, CA, 
U.S.A.) and p value < 0.05 was considered signifi cant.

Results

RNA content in modern and ancient dental calculus

The total RNA amount recovered from tartar samples was 
signifi cant different between modern and ancient samples 
with values of 4.6 ± 2.8 and 2.4 ± 1.6 ng RNA/30mg of tartar 
(means ± SD, p = 0.042), respectively.

Human 18S and 28S rRNA concentrations were 4.3 ± 3.0 and 
1.1 ± 0.9 pg/ng total RNA (means ± SD, p = 0.031) in modern 
and ancient samples, respectively. In particular the 18S rRNA 
fragmentation fi nd in eluate fractions ranged from 30.4% to 
57.3% (median 45.4%) in ancient samples and from 20.7% to 
38.1% (median 29.8%) in modern samples. Similar DNA loss 
were found by Kemp et al. in aged and degraded biological 
samples [25].

miRNA expression

A good recovery was obtained by using synthetic UniSp6. 
The recovery value was 82.5% ± 4.6% (mean ± SD) and 80.0% ± 
5.7% (mean ± SD) in modern and ancient samples, respectively. 
All control tubes used to monitor the contamination showed no 
PCR products.

After amplifi cation process miR-125a-5p, miR-195-5p and 
miR-212-5p were not detected in both sample groups. The 
same results were obtained when saliva samples of 10 out of 
30 healthy volunteers, chosen at random, were analyzed to 
confi rm the absence of three saliva-derived miRNAs in the 
tartar samples (data not shown) [26].

Thirty-seven miRNAs were present in all tartar samples 
and their levels were normalized by U6 RNA reference that did 
not shown appreciable fl uctuations among tartar samples in 
both tartar groups.

Ten out of 37 miRNAs showed signifi cant different levels 
between two sample groups of which 9 miRNAs were decreased 
and one miRNA, miR-16-3p, increased in ancient tartar 
samples as compared to modern ones (Figure 2).

A positive correlation was observed between GC content and 
miRNA levels when ancient or modern samples were analyzed 
separately (Figure 3a,b). This suggests that miRNAs with 
higher GC content also show higher miRNA levels confi rming 
the results described by Keller et al. in archaeological human 
specimens [10]. To test whether this behavior was the same for 
9 decreased miRNAs in ancient tartar as compared to modern 
ones, we have compared these miRNAs between two tartar 
groups. The analysis showed that lower miRNA expression in 
ancient samples was not associated to lower GC content (red 
points in fi gure 3a).

Discussion

The major area of activity of forensic odontology is the 
identifi cation of human beings and this is more so in case of 
natural or man-made disasters. In all these cases the most 
resistant human tissues are the teeth that survive to several 

Table 2: List of mature microRNAs (miRNAs) selected for this study.

N miRNA Sequence
Accession 
number*

1 hsa-let-7a-5p UGAGGUAGUAGGUUGUAUAGUU MIMAT0000062

2 hsa-let-7i-5p UGAGGUAGUAGUUUGUGCUGUU MIMAT0000415

3 hsa-let-7f-2-3p CUAUACAGUCUACUGUCUUUCC MIMAT0004487

4 hsa-miR-16-1-3p CCAGUAUUAACUGUGCUGCUGA MIMAT0004489

5 hsa-miR-16-5p UAGCAGCACGUAAAUAUUGGCG MIMAT0000069

6 hsa-miR-17-3p ACUGCAGUGAAGGCACUUGUAG MIMAT0000071

7 hsa-miR-17-5p CAAAGUGCUUACAGUGCAGGUAG MIMAT0000070

8 hsa-miR-19b-3p UGUGCAAAUCCAUGCAAAACUGA MIMAT0000074

9 hsa-miR-20a-5p UAAAGUGCUUAUAGUGCAGGUAG MIMAT0000075

10 hsa-miR-22-3p AAGCUGCCAGUUGAAGAACUGU MIMAT0000077

11 hsa-miR-24-3p UGGCUCAGUUCAGCAGGAACAG MIMAT0000080

12 hsa-miR-26a-5p UUCAAGUAAUCCAGGAUAGGCU MIMAT0000082

13 hsa-miR-29a-3p UAGCACCAUCUGAAAUCGGUUA MIMAT0000086

14 hsa-miR-30a-3p CUUUCAGUCGGAUGUUUGCAGC MIMAT0000088

15 hsa-miR-30b-3p CUGGGAGGUGGAUGUUUACUUC MIMAT0004589

16 hsa-miR-30d-3p CUUUCAGUCAGAUGUUUGCUGC MIMAT0004551

17 hsa-miR-30e-3p CUUUCAGUCGGAUGUUUACAGC MIMAT0000693

18 hsa-miR-92a-3p UAUUGCACUUGUCCCGGCCUGU MIMAT0000092

19 hsa-miR-96-3p AAUCAUGUGCAGUGCCAAUAUG MIMAT0004510

20 hsa-miR-106a-5p AAAAGUGCUUACAGUGCAGGUAG MIMAT0000103

21  hsa-miR-125a-5p ACAGGUGAGGUUCUUGGGAGCC MIMAT0000443

22 hsa-miR-135b-3p AUGUAGGGCUAAAAGCCAUGGG MIMAT0004698

23 hsa-miR-141-3p UAACACUGUCUGGUAAAGAUGG MIMAT0000432

24 hsa-miR-145-3p  GGAUUCCUGGAAAUACUGUUCU MIMAT0004601

25 hsa-miR-146a-3p CCUCUGAAAUUCAGUUCUUCAG MIMAT0004608

26 hsa-miR-182-3p UGGUUCUAGACUUGCCAACUA MIMAT0000260

27 hsa-miR-191-3p GCUGCGCUUGGAUUUCGUCCCC MIMAT0001618

28 hsa-miR-191-5p CAACGGAAUCCCAAAAGCAGCUG MIMAT0000440

29 hsa-miR-193b-3p AACUGGCCCUCAAAGUCCCGCU MIMAT0002819

30 hsa-miR-195-5p UAGCAGCACAGAAAUAUUGGC MIMAT0000461

31 hsa-miR-200c-3p UAAUACUGCCGGGUAAUGAUGGA MIMAT0000617

32 hsa-miR-203a-3p GUGAAAUGUUUAGGACCACUAG MIMAT0000264

33 hsa-miR-212-5p ACCUUGGCUCUAGACUGCUUACU MIMAT0022695

34 hsa-miR-302d-3p UAAGUGCUUCCAUGUUUGAGUGU MIMAT0000718

35 hsa-miR-381-3p UAUACAAGGGCAAGCUCUCUGU MIMAT0000736

36 hsa-miR-431-3p CAGGUCGUCUUGCAGGGCUUCU MIMAT0004757

37 hsa-miR-450b-5p UUUUGCAAUAUGUUCCUGAAUA MIMAT0004909

38 hsa-miR-622 ACAGUCUGCUGAGGUUGGAGC MIMAT0003291

39 hsa-miR-658 GGCGGAGGGAAGUAGGUCCGUUGGU MIMAT0003336

40 hsa-miR-760 CGGCUCUGGGUCUGUGGGGA MIMAT0004957

*microRNA database: www.miRBase.org.
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traumatic forces [27]. Among various methods employed in 
forensic odontology include also the analysis of teeth DNA that 
it is generally highly fragmented and present only in minute 
amounts [28]. Other biomarkers, such as RNAs, have also 
been proposed and employed in forensic science [29-31] and, 
in addition, with advances in molecular biological techniques, 

novel approaches based on miRNA profi ling have been 
developed for a possible forensic application [32]. For example, 
the circulating miRNAs have been considered as potential tool 
for identifi cation of sex [33], body fl uids [34,35] or organ tissue 
types [36].

Since recent investigations on archeological dental calculus 
have demonstrated that this structure contains well preserved 
saliva-derived biomolecules for extended periods of time [37], 
we have evaluated the long-term stability of miRNAs in tartar 
matrix comparing 40 saliva-derived miRNAs in archaeological 
and non-archaeological tartar samples.

After RT-PCR analysis, 3 out of 40 miRNAs were not 
detected in both ancient and modern samples, as well as in 
saliva samples of 10 out of 30 healthy volunteers chosen at 
random. An explanation of this phenomenon could be the 
lack of expression of these three miRNAs in both ancient and 
modern Puglia population since the choice of 40 miRNAs was 
based on literature data that have considered heterogeneous 
populations by race and geographical area. Few studies have 
considered the miRNA profi les in multiethnic populations. 
Huang et al. have found different expression of 33 miRNA in two 
HapMap lymphoblastoid cell lines representing non-African 
and African populations, respectively [38], and more recently 
Rawlings-Goss et al. have identifi ed several miRNA genetic 
variants among African, Asian and European populations [39]. 
However additional investigations are needed on this topic.

Ten of remaining 37 miRNAs had different levels between 
two tartar sample groups. In particular 9 miRNAs were down-
regulated while only one was up-regulated in ancient samples 
than modern ones. There may be several explanations for the 
observed discrepancies in our fi ndings.

First, decreased miRNA levels in ancient tartar could be 
explained by degradation due to long-time of conservation in 
tartar matrix, however we found no correlation between GC 
content, used as biomarker of degradation, and miRNA levels. 
Second, it is known that miRNAs play key role in the loss of 
periodontal tissue integrity and an alternative hypothesis of the 
miRNA dysregulation could be the presence of the periodontal 
diseases in ancient individuals [40]. Recent studies have shown 
that miR-30b-3p, let-7i-5p, miR-125a-5p and miR-203c-3p 
were down-regulated, while miR-146a-3p, miR-20a-3p and 
miR-20a-5p were up-regulated in gum infl ammation [41,42]. 
The same miRNAs have been analyzed in tartar samples by 
us, but no statistically signifi cant differences between ancient 
and modern samples were found. Therefore, other plausible 
reasons could explain this phenomenon.

In the last years some studies have examined diet-miRNA 
interplay showing that some food components or dietary 
preferences may modulate serum miRNA profi les that in turn 
infl uence several biological processes [43]. For example, Ryu 
et al. have revealed that circulating miR-92a expression was 
positively infl uenced by abnormal dietary zinc levels in blood 
[44]. In agreement with these results, in a recent archeological 
study we found that high zinc levels in bone samples of a subject 
lived in the 14th century in Canosa (Puglia) were positively 

Figure 2: Relative microRNA (miRNA) levels in ancient (A) and modern (M) tartar 
samples.
The miRNA levels are expressed as log (2-∆Cq), where ∆Cq = Cq miRNA target - Cq U6.
The graph shows medians and inter-quartile range (box and whiskers).
Nonparametric Mann-Whitney test was used with *p < 0.05; **p < 0.01, ***p < 0.001.

Figure 3: Relation between microRNA (miRNA) concentrations and guanine-
cytosine (GC) content in their sequences.
Comparison between 37 miRNAs and GC content in their sequences in 20 ancient 
(a) and 30 modern tartar (b).
miRNA levels are expressed as median of log (2-∆Cq) values, while GC content, used 
as degradation biomarker, in percentage. Standard deviations reported in Figure 2 
have been omitted here to obtain a clearer image.
Ancient and modern tartar samples show a positive Pearson’s correlation when 
these two groups were analyzed separately. However, a relationship between 
decreased levels of 9 miRNAs in ancient than modern samples and their GC 
content did not found (red points in Figure 3a).
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associated to high miR-92a levels in tartar samples [45]. 
Consequently, it is possible hypothesize that changes of the 
miRNA expression in ancient samples could be due to dietary 
shifts between ancient and modern populations. However, at 
present, limited information is available on the infl uence of 
specifi c food on the change of miRNA expression in human as 
well as it is still diffi cult today to have meaningful information 
about diet habits in ancient Puglia populations [46]. Therefore, 
it is necessary to focus on developing a gradual strategy for 
identifying specifi c miRNAs for different dietary compounds or 
eating habits.

Conclusion

Our study suggests that it is possible to recover well preserved 
miRNAs in the tartar matrix increasing the sustainability of 
dental calculus research. Although the cause of different levels 
of some miRNAs between ancient and modern tartar samples 
has not been explained because it is infl uenced by several 
factors, our fi ndings show that tartar matrix is a barrier that 
protects the miRNAs from several sources of degradation such 
as water, enzymes and microorganism for extended periods 
of time. Therefore the analysis of the saliva-derived miRNAs 
in dental calculus could provide further valuable information 
to establish postmortem individual identifi cation of unknown 
human remains, especially for unidentifi ed subjects following 
mass calamities, fi re or explosions of which the teeth are 
the only human tissue available for analysis. It must also 
be underlined that our study is a pilot study and in future 
further investigations are needed to establish if miRNA-based 
identifi cation procedures in tartar samples are a reliable source.
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