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1. INTRODUCTION 

Museum specimens are indubitably a valuable 

resource for studying diverse histological 

processes. Ancient DNA (aDNA) offers the 

potential for investigation of evolutionary 

changes over time and is enormously important 

in phylogenetic and population genetic studies 

(Bi 2013; Wandeler 2007). It also affords a rare 

insight into human history and the ambient 

world. However, museum specimens are 

difficult to analyze because they typically 

contain short fragments of denatured and often 

degraded DNA. For instance, DNA extraction is 

the first step in numerous molecular biology 

experiments, but most common DNA extraction 

methods rely on tissue degradation prior to DNA 

purification, which is less than ideal when 

handling most specimens from museums, where 

curators need to preserve material indefinitely. 

Although some museums approve the 

destructive analysis of small parts of their 

specimens, this does not apply to extremely 

valuable and unique samples.  

Numerous non-destructive DNA extraction 

methods have been developed. Initially non-

destructive methods were developed to extract 

mitochondrial DNA (mtDNA) only, as it is 

present in higher copy number in cells than 

genomic DNA (Tin 2014; Rohland 2004). 

Subsequent studies (Bolnik 2012) improved the 

method created by Rohland and Hofreiter 

(2007), which enabled amplification of nuclear 

DNA; however, only relatively short amplicons 

with approximately 250 bp (base pairs) were 

retrieved. 

Most of the non-destructive protocols developed 

to date are designed mainly for aDNA extraction 

from skeletal remains, bones and teeth (Rohland 

2004; Bolnik 2012; Rohland 2007; Hervella 

2012). Like solid tissue, DNA suitable for 

genetic studies can be retrieved from bone, 
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while simultaneously preserving the overall 

morphology of the tissue. 

In cases of soft tissues such as human organs 

and tumor tissue, most of the available methods 

for DNA extraction require tissue degradation, 

generally by means of proteinase K digestion in 

a various detergent-based buffers, followed by 

DNA purification (Yang 1997; Bonin 2010; 

Paireder 2013). 

In this article, we aimed at isolating PCR-

amplifiable DNA from soft museum specimens 

stored in liquid media by applying a non-

destructive method. We extracted DNA from 

museum specimen-related materials, including 

tissue itself, conservation fluid, and the filter 

paper used to filter conservation fluid. We 

proved that the DNA obtained from these 

materials works in PCR despite considerable 

DNA degradation. 

2. MATERIAL AND METHODS 

The study protocols were approved by ethical 

review boards at the Wroclaw Medical 

University (No: KB-475/2017). 

2.1. Contamination Controls 

DNA extraction, PCR set-up and post-PCR 

applications were carried out in a separate 

laboratory rooms. The extraction laboratory 

room was situated in a different building than 

the PCR and post-PCR lab. Disposable 

laboratory equipment was used throughout the 

analyses. Workspaces and equipment were 

decontaminated regularly. The laboratory rooms 

and laminar-flow hoods were UV irradiated for 

1 hour before each use. Extraction controls were 

performed for both filter paper and conservation 

fluid. Reagents for amplifications were frozen as 

a aliquots, and new aliquots were taken every 

time PCR was set up. The negative controls (no 

template controls NTC) were performed for 

each PCR setup. 

2.2. Blood Stain Preparation 

In affiliation with our local transfusiology unit, 

anonymized bloodstain samples of known 

ABO/RhD blood groups from Polish Caucasian 

volunteers were prepared. Blood stains collected 

from individuals were used as controls to 

validate the multiplex PCR system 

(ABO/amelogenin). Prior to the collection of 

blood samples all volunteers gave written 

consent to ABO and Rh determination, safety 

analysis, and medical usage. 

Determination of ABO was carried out using the 

classical serology method prior to analysis of 

blood samples using the molecular approaches 

(ABO/amelogenin PCR assay). The bloodstains 

were prepared by pouring fresh whole blood 

obtained from cubical veins into filter paper and 

drying at room temperature, followed by storage 

at room temperature inside paper envelopes. 

2.3. DNA Extraction using 5% Chelex 

Suspension 

Pieces approximately 2 mm2  were cut from the 

bloodstains and placed into 1.5 ml Eppendorf 

tubes, each containing 1 ml of distilled water to 

incubate at room temperature for 15 to 30  min. 

Solutions were centrifuged at 13,500 rpm for 

3 min. The supernatant was removed and 

discarded; then 180 µl of a 5% Chelex 

suspension was added to each tube with the 

bloodstain and incubated at 56°C for 20 min. 

Next, tubes were incubated for 8 min at 98°C 

and centrifuged at 13,500 rpm for 5 min.  

Extracted DNA, along with the Chelex 

suspension was stored at 4°C for up to two 

weeks.  Only the upper part of sample was used 

for PCR. 

2.4. Museum Specimens 

The collection of museum specimens came from 

the Museum Gerichtsärtzliches Institut D KCL 

Universität Breslau and was created before 

Second World War; it currently belongs to the 

Museum of the Cathedral of Forensic Medicine 

at Wroclaw Medical University, and represents 

various tissues of the human body. 

Documentation such as catalogue numbers or 

numerical assignments was completely lacking 

for the museum specimen collection. The dates 

and contents of the jars were recorded based on 

the description labels on each jar. The samples 

covered a period of over 150 years. The tissue 

samples were kept in their original jars, at room 

temperature in low light. For DNA extraction, 

aside from human tissues, the dialyzed 

conservation fluid and filter paper (Whatman 

GF/C) used for conservation fluid filtration were 

utilized. The museum conservation fluid was 

composed of water, ethanol (30%) and glycerol 

(10%). In the present study eight tissue samples, 

eight filter papers used for filtration, and 20 

samples of conservation fluid were tested. Due 

to low income of positive results for 

conservation fluid regarding long amplicons, we 

increased the number of analyzed samples to 

strengthen the power of statistic analysis. 
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2.5. Dialysis of DNA Presented in Conservation 

Fluid Samples 

The conservation fluid was filtered through GF 

Whatman filter using vacuum pump. The 

filtered conservation fluid (50 µl) was pipetted 

into Visking Dialysis Tube (membrane) with a 

diameter of 8 mm and dialyzed at 4°C in a 

magnetic stirrer for 24 h in a PCR buffer 

(100 mM Tris, 500 mM KCl, 0.1% (v/v) Tween 

20 and 2 mM magnesium chloride, adjusted to 

pH 8.35 by HCl) and for 12 h in deionized 

water; following dialysis, 4 µl of the preparation 

was added to the PCR mix prior to 

amplification. The concentration of DNA was 

measured using Qubit Fluorometer (Invitrogen). 

2.6. DNA Extraction using Nucleospin® Tissue 

Column 

A 25 mg portion of the tissue sample or 1 cm2 of 

the filter paper used for the filtration of the 

conservation fluid was cut into small pieces and 

placed into a micro-centrifuge tube, to which 

180 µl of Buffer T1 and 25 µl of Proteinase K 

solution were added. It was then vortexed and 

incubated for 90 min at 56 °C in a shaking 

incubator set at 600 rpm until complete lysis of 

the tissue has been accomplished. The next steps 

of preparation were done in accordance with the 

manufacturer’s instructions (Macherey-Nagel). 

The obtained DNA samples were frozen at -

20 °C. 

2.7. Primers Sequence and Amplification 

The sequences of the ABO primers (Jiang 2012) 

along with the fluorescent dyes are presented in 

Table 1. Two fluorescent dyes were applied 

(FAM and JOE) and labeled at the 5’ end of the 

forward primers. The obtained products ranged 

from 50 to 100 bp and did not overlap. 

A longer amplicon was added to the ABO assay 

to validate the rate of DNA degradation. The 

selected polymorphic locus was amelogenin, 

flanking a six-nucleotide deletion 

polymorphism, giving a 209 bp PCR product for 

the female and 209/215 bp for the male.  The 

sequences of amelogenin primers, along with 

fluorescent dye, are presented in Table 1. 

Table1. ABO and amelogenin amplicons and primer sequences used in this study. The amelogenin was designed 

for the study, ABO as published previously (Jiang 2012). 

Amplicons Dye Label Primer Alias Primer Sequence (5’–3’) 

O FAM 
Forward GCGGAAGGATGTCCTCGTGGTAC 

Reverse CTCGTTGAGGATGTCGATGTT 

AB JOE 
Forward ATGTGGGAAGGATGTCCTCGTGGTGA 

Reverse CTCGTTGAGGATGTCGATGTT 

AO FAM 
Forward ATTGTTCGATTTCTACTACCTGGGGGG 

Reverse TAGACCATCATGGCCTGGTGG 

B JOE 
Forward AGGACGAGGGCGATTTCTACTACA 

Reverse TAGACCATCATGGCCTGGTGG 

Amelogenin JOE 
Forward CCTCATCCTGGGCACCCTGG 

Reverse GCTTGAGGCCAACCATCAGAGC 
    

The PCR consisted of a 2 x Qiagen® Multiplex 

PCR Kit (Qiagen), 0.16 µM of each primer, and 

4 µl of DNA, and was filled up to 10 µl with 

DNase, RNase-free water (Qiagen). 

Amplification was performed using a BioRad™ 

S1000 thermal cycler under the following 

conditions: (95 °C, 15 min); (94 °C, 30 s; 63 °C, 

60 s; 72 °C, 45 s) x 30; (72 °C, 10 min); 4 °C 

indefinitely. 

2.8. Electrophoresis, Detection and Analysis 

A ROX500 Internal Size Standard was used in 

accordance with the manufacturer’s instructions 

(Applied Biosystems). The PCR product (1 µl) 

was added to 10 µl of HiDi Formamide 

containing the ROX500 Internal Size Standard. 

The samples were denatured using a GeneAmp® 

9700 (Applied BioSystems) at 95°C for 5 min 

and snap frozen at 0°C for 3 min. Samples were 

separated on an ABI Prism 3130 Genetic 

Analyzer using POP-4 Polymer. 

The product sizes obtained by multiplex-PCR 

did not overlap and were easily distinguished. 

Depending on the ABO blood group up to four 

PCR products (78 / 82 / 92 / 97 bp) were 

obtained, according to the pattern presented in 

Table 2. The B group gave two or four PCR 

products: two were seen in BB homozygotes 

(82 / 97 bp) and four in BO heterozygotes 

(78 / 82 / 92 / 97 bp). Similarly, the A group gave 

two or three PCR products: 82 and 92 bp in AA 

homozygotes and three (78 / 82 / 92 bp) in AO 

heterozygotes. The presence of two products 

(78 / 92 bp) corresponded to the O group. The 
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AB genotype was characterized by the 

acquisition of three PCR products 82, 92 and 97 

 bp in length. The products of the amelogenin 

gene were as follow: male was represented by 

two signals of 209 and 215 bp, while female was 

represented by one signal of 209 bp. The size of 

the ABO and amelogenin alleles are shown in 

Table 2. 

Table2. Sizes of the ABO and amelogenin alleles 

Amplicons Product Size 

O 78 (FAM), 92 (FAM) 

AB 82 (JOE), 92 (FAM), 97 (JOE) 

AA 82 (JOE), 92 (FAM) 

AO 78 (FAM), 82 (JOE), 92 (JOE) 

BB 82 (JOE), 97 (JOE) 

BO 78 (FAM), 82 (JOE), 92 (FAM), 97 (JOE) 

Amelogenin 209 (JOE), 215 (JOE) 
  

3. RESULTS 

3.1. Bloodstain Analysis and ABO/Amelogenin 

Assay Validation 

We expected that DNA extracted from museum 

specimens would be partially degraded; 

therefore, we decided to test extracted DNA 

using a PCR-based ABO genotyping assay 

yielding relatively small amplicons, below     

100 bp. Additionally, a longer amplicon 

(amelogenin) was amplified in multiplex PCR to 

estimate the extent of DNA degradation (that is, 

to determined whether fragments longer than 

200 bp might be amplified). 

In order to validate the PCR conditions and to 

investigate whether the ABO genotypes 

corresponded to the ABO blood groups 

determined by the serological method, modern 

bloodstain samples were used. DNA extracted 

from bloodstains was amplified and the ABO 

results compared with the blood group 

diagnosed using the serological method. In all 

tested samples, the ABO genotype corresponded 

to the ABO blood group determined via the 

classical serological method. 

Examples of electropherograms showing ABO 

alleles O, AB, BO and AO and amelogenin 

genotypes from bloodstains are presented in 

Figure 1. 

 

Figure1. Examples of electropherograms showing ABO groups The four types of ABO blood groups: [A] – 

O; [B] – AB; [C] – BO; [D] – AO; and amelogenin showing both male [A, C, D] and female [B] samples of 

bloodstain spots. Peaks represent PCR products labeled according to various fluorescent dyes (blue – FAM, 

green – JOE). Red peaks represent a size standard labeled by ROX with corresponding sizes of fragments from 

50 to 200 bp. Depending on blood groups the sizes and numbers of PCR products differ according to Table 3. 

The amelogenin marker (labeled JOE) gives two PCR products for males and one for females. 
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3.2. Museum Specimen DNA Extraction and 

Analysis 

DNA from tissues and filter papers was isolated 

using the spin column method. The filtered 

conservation fluid was dialyzed at 4°C and 

directly subjected to further analysis. Twenty-

four DNA samples (extracted from the set of 8 

museum specimens) were used for the study. 

Additionally, more, not related conservation 

fluid samples were analyzed. The mean DNA 

concentrations obtained from human tissue, 

filter papers and conservation fluids were 

20 ± 2.5  ng/μl, 5-10 ng/μl and 10 ± 3.1 ng/μl, 

respectively. 

Following the optimization of PCR conditions, 

the ABO assay was used to test the DNA 

extracted from the museum specimens. 

The whole profile of both ABO and amelogenin 

markers were obtained when DNA extracted 

from tissue and filter paper was used. Positive 

results were obtained for 90%. Similarly, the 

DNA extracted from dialyzed filtered 

conservation fluid was found to provide 

interpretable results. ABO PCR products were 

detected in 60% of the DNA extracts from 

conservation fluid, with approximately 25% 

producing full profiles for ABO and amelogenin 

(Figure 2). This result suggests that the DNA in 

conservation fluid, was more degraded than the 

DNA in tissue and filter paper, as longer PCR 

products failed to be amplified in the majority of 

cases. However, short amplicons up to 100 bp 

were successfully amplified more than half of 

the time (Table 3, Table 4).  

To prove the specificity and reproducibility of 

the extraction method from alternative 

materials, we simultaneously tested three types 

of materials derived from the same museum 

specimens: tissue, filter paper, and conservation 

fluid. The results showed the same, replicable 

PCR profile of ABO and amelogenin 

genotyping in all three types of material from 

the same museum specimen. The same, 

replicable PCR profile was obtained analyzing 

all sets of museum specimens, excluding one 

sample that yielded negative results for all three 

types of material (Figure 3, Table 4). 

Table3. The percentage of positive results obtained following DNA amplification with the use of the 

ABO/amelogenin PCR assay. 

Type of material Number Mean DNA 

concentration 

% of positive 

results for ABO 

% of positive results 

for amelogenin 

Tissue  8 20 ± 2.5 ng/μL  87,5%  87,5% 

Filter paper 8 5-10 ng/μL  87,5%  87,5% 

Conservation fluid 20 10 ± 3.1 ng/μL  62,5% 25% 

 
Figure2. Examples of electropherograms of museum specimens Figure represents two electropherograms of 

PCR products following amplification of DNA extracted from conservation fluids: [A] – AO blood group 

according to PCR products sizes and colors of fluorescent dyes and amelogenin showing male (two peaks 

labeled JOE according to Table 3); [B] – AO blood group according to PCR products sizes and colors and 

amelogenin showing female (one peak labeled JOE). 
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Table4. Results for the museum specimens and related material used for non-destructive DNA extraction 

following PCR amplification. Pos – positive profile of ABO and/or amelogenin (amel) PCR assay; Neg – 

negative profile of ABO and/or amelogenin PCR assay 

Museum 

specimen 

Description/year  Tissue Filter paper Conservation fluid 

ABO amel ABO amel ABO amel 

 

Cardiac rupture after 

hitting. 

 

Interwar period 

Pos Pos Pos Pos  Pos Neg 

 

Rupture of the aortic 

arch 

 

Beginning of XX 

century 

 

Pos Pos Pos Pos  Neg Neg 

 

Effusions of blood to 

the organs of the 

chest after hanging 

 

Interwar period 

Pos Pos Pos Pos  Pos Neg 

 

Rupture of the kidney 

with partial necrosis 

 

End of XIX century 

Pos Pos Pos Pos  Neg Neg 

 

Newborn throat 

 

 

Interwar period 

Pos Pos Pos Pos  Pos Neg 

 

A bullet present in the 

spinal cord 

 

First World War 

Neg Neg Neg Neg Neg Neg 

 

Criminal damage to 

the uterus 

 

81 years old 

Pos Pos Pos Pos  Pos Pos 

 

Hereditary tumor of 

the liver of newborn 

 

End of XIX century 

Pos Pos Pos Pos  Pos Pos 



Successful PCR using Old Conservation Museum Fluid is Possible – Preliminary Studies on the ABO 

Group Model 

 

ARC Journal of Forensic Science                                                                                                            Page | 22 

 

Figure3. Examples of electropherograms of three types of material derived from one museum specimen 

Figure represents three electropherograms obtained following DNA amplification from three different materials 

derived from one museum specimen. The same results were obtained for all three analyzed samples: the A blood 

group (AO) and amelogenin showing female (one pead labeled JOE) samples from the III-33 sample jar: [A] – 

directly from the dialyzed conservation fluid; [B] – biological tissue; [C] – filter paper. 

4. DISCUSSION 

This article demonstrates a non-destructive 

method of DNA extraction from museum 

specimens stored in liquid media. In the present 

study we successfully obtained DNA from 

museum specimens (tissue) and related 

materials (filter paper and conservation fluid) of 

sufficient quantity and quality for PCR despite 

their partial degradation. 

We decided to use the ABO blood group 

systems as a test method for two reasons. First, 

this assay has many amplicons with suitable 

sizes. Second, the method is rather difficult and, 

in our opinion, good results constitute an 

optimal prognostic factor for other applications, 

including NGS techniques. The amelogenin 

primers in the PCR assay were applied to test 

the ability to amplify longer fragments. 

Degradation of genetic material is the main 

problem that needs to be overcome when 

working with historical samples. A large body of 

literature reports a number of different 

approaches to DNA isolation from museum 

specimens in order to increase the yield and 

quality of the obtained genetic material. A 

number of conditions, including the age of the 

museum specimens as well as that of the 

preservation agent, are crucial for the quality of 

obtained DNA (Paireder 2013; Niland 2012; 

Hofreiter 2012). In present study we 

successfully obtained DNA from 100-year-old 

museum samples; this DNA subsequently 

worked well in a PCR assay, with a very high 

level of reliability. The negative aspect of the 

results described here is the relatively high level 

of degradation DNA extracted from 

conservation fluid as full profiles were obtained 

in only 25% of cases. However, short amplicons 

up to 100 bp were successfully amplified in 

more than 60% of cases. 

One issue that might interfere with this method 

is chemical contamination (mainly by ethanol 

and glycerol) of DNA from a conservation 

agent. All three DNA purification methods used 

in this study ended with purified DNA. 

Applying the column-based DNA isolation 

method enabled us to obtain ethanol- and 

glycerol-free DNA from tissue and filter paper. 

Furthermore, use of a 5% Chelex-based method, 

which relied on heating of the sample to 98 °C, 

purified the DNA via the evaporation of ethanol 

and other contaminants. The conservation fluid 

was purified by dialysis of the ethanol and 

glycerol from the solution containing the DNA. 

Extracted DNA was successfully purified, as 

proved by positive PCR results. 



Successful PCR using Old Conservation Museum Fluid is Possible – Preliminary Studies on the ABO 

Group Model 

 

ARC Journal of Forensic Science                                                                                                            Page | 23 

Museum specimens are often unique and very 

precious. Classical DNA isolation methods 

damage museum materials during the initial step 

due to tissue digestion. Therefore, alternative, 

non-destructive methods have been developed 

by numerous investigators (Rohland 2004; 

Bolnik 2012; Rohland 2007; Hervella 2012; 

Hofreiter 2012). In this study we demonstrated 

that materials related to museum specimens, 

such as the filter paper used for filtration of the 

conservation fluid and the conservation fluid 

itself, may be excellent alternative sources of 

genetic material. A similar approach was 

adopted by Shokralla et al (2010) who also 

showed that DNA could be extracted from 

conservation fluid, however, these authors 

proposed a different method of DNA extraction 

and purification. It must be pointed out that our 

museum samples were much older than 

Shokralla’s samples, which were only 10 years 

old). Furthermore, in that study positive results 

were obtained for short fragments 

(approximately 130 pb), but none at all for 

longer fragments. In addition to conservation 

fluid we used filter paper, which yielded better 

results in that we were able to amplify longer 

fragments (amelogenin was detected in almost 

90% of all samples compared to 25% positive 

results for all dialyzed conservation fluids). It is 

worth emphasizing that DNA extracted from 

filter paper used for conservation fluid filtration 

yielded the same results as DNA extracted 

directly from tissue with a rate of success of 

approximately 90%. What is more, positive 

results were obtained even for longer fragments 

i.e. over 200 bp. One sample failed in PCR, but 

the real reason for this was a bullet present in 

the sample (a spinal cord), in this case the 

negative results were obtained for both tissue 

and filter paper. Lead and other metals from the 

bullet inhibited polymerase in PCR. 

5. CONCLUSION 

In summary, we proved that DNA could be 

successfully extracted from materials related to 

museum specimens such as filter paper used for 

conservation fluid filtration or conservation 

fluid itself. DNA extracted in this way yielded 

the same, reliable results as results obtained 

from the tissue. DNA extracted from the filter 

paper seemed to work better in PCR and 

demonstrated a lower rate of degradation. In the 

authors opinion, this material might be an 

excellent source of DNA suitable for PCR, but 

the question of whether such DNA can be used 

in other applications including NGS, still needs 

to be answered.  

It is necessary to point out that this method can 

be applied only to museum specimens stored in 

liquid media; however, it is the first method to 

enable the preservation of unique tissues 

concurrently with DNA extraction. 
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