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Abstract 

This study assessed the performance of five different DNA extraction methods for the recovery of 

DNA from bone: ChargeSwitch® gDNA Plant Kit, DNA IQTM System Kit, DNeasy® Blood & Tissue Kit, 

PrepFiler® BTA Forensic DNA Extraction Kit and phenol-chloroform-isoamyl alcohol. DNA was 

extracted from pig rib and femur bones that was fresh, had undergone surface decomposition for 

three months, and had undergone surface decomposition for one year. Extracted DNA was analyzed 

using real-time PCR and amplification of an in-house PCR multiplex that assessed the quality and 

quantity of DNA and for the presence of inhibitors. 

The phenol-chloroform-based method consistently yielded the highest amounts of DNA and DNA IQ 

the lowest; however, all methods produced relatively high yields of DNA from both pig rib and femur 

samples that could be amplified without any detected inhibition. 

The data demonstrate that with reasonable quality bone samples any of the tested methods can 

isolate DNA that can be successfully analyzed. The effective use of internal PCR controls is also 

demonstrated. 

 

1. Introduction 

Bone samples represent one of the most challenging sample types for forensic genetics. The hard 

nature of bones necessitates extra steps compared to the cellular material and soft tissues, and 

additional challenges can present in the form of PCR inhibitors that can co-extract with DNA. 

A body of work has demonstrated the advantages of demineralization when extracting DNA from 

bone samples that have been exposed to environmental insult, and often contain low amounts of 

highly degraded DNA [1]. However, the extra processes involved in demineralization add to the time 

and cost of processing samples, and in many cases, when working with samples that are in a 

relatively good condition, are unnecessary. 

 

2. Materials and Methods 

2.1 Samples and Preparation 

Pig bone (femur and rib) were used in this study as a model for human bones. They were recovered 

from animals exposed to the environment for 0, 3 and 12 months at the University of Central 
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Lancashire’s TRACES facility (Taphonomic Research in Anthropology: Centre for Experimental 

Studies) (UK). 

Where relevant soft tissue/marrow and algae/bacteria on the bone was removed using scalpels, 

dental burrs, and abrasive paper; the bones were then soaked in 5% sodium hypochlorite for 15 min, 

rinsed with water and air-dried. Portions of each bone weighing between 1 g and 2 g were prepared 

and pulverized under liquid nitrogen.  

2.2 DNA extraction 

Samples were extracted using ChargeSwitch® gDNA Plant Kit (Thermo Fisher Scientific), DNA IQTM 

System Kit (Promega), DNeasy® Blood & Tissue Kit (Qiagen), PrepFiler® BTA Forensic DNA Extraction 

Kit (Thermo Fisher Scientific) and a conventional phenol-chloroform method, according to the 

manufacturer’s instructions and published methods [2]. Approximately 250 mg of pulverized bone 

was used for each sample. The lysis step was carried out on 50 mg and was repeated five times for 

each sample. Lysed samples were pooled and concentrated using an Amicon 30 KDa filtration unit 

(Merck Millipore) before DNA extraction. Extractions were carried out in triplicate and the final 

elution volume was set at 100 µl in each extraction. 

2.3 DNA Quantification and Amplification 

The extracted DNA samples were quantified with GoTaq® qPCR Master Mix (Promega) amplifying a 

70 bp target using Applied Biosystems® 7500 Real-Time System. Primers used were designed to 

amplify both human and porcine DNA: F-5′-CCTCAAAGTCATGGGCAGC-3′ and R: 5′-

GACTCTCCAGGTCAGTAGG-3′. The standard DNA dilution series was made using control DNA 9947A 

(Thermo Fisher Scientific).  

Reactions comprised 6.25 µl 2x GoTaq® qPCR Master Mix, 4.75 µl H2O, 0.50 µl primers and 1.00 µl 

template DNA. The thermal cycler conditions were: 95 °C for 2 min, followed by 40 cycles of 95 °C for 

15 s and 60 °C for 1 min. 

The DNA concentration for each sample was estimated in ng/µl. All DNA extracts were amplified 

using an in-house multiplex (4-plex & Internal Amplification Controls) [3]. 

 

3. Results and discussion 

A total of 30 extractions were undertaken for each of the three timepoints, with each condition 

tested in triplicate. DNA could be recovered from all pig bones with all methods, however, clear 

differences existed between the methods in terms of the quantity of DNA recovered (Figure 1). 

Phenol-chloroform-isoamyl alcohol extraction method consistently performed better than other 

extraction methods in terms of quantity of DNA extracted; this was followed by ChargeSwitch® 

gDNA Plant Kit, DNeasy® Blood & Tissue Kit, PrepFiler® BTA Forensic DNA Extraction Kit and the DNA 

IQ™ System Kit. The results for time zero were very similar to the 3-month time point shown below. 
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Figure 1: Boxplots showing the recovery of DNA extracted from rib and femur bones recovered from a) animals 

that had been exposed to the environment for 3 months, and b) animals that had been exposed to the 

environment for 1 year. 250 mg of starting material were used. CS.: ChargeSwitch, DNA: DNA IQ, DNe: DNeasy, 

PC: Phenol-chloroform, PF: PrepFiler. Each sample type and method were repeated three times. 

 

Despite the varying amounts of DNA extracted, amplification was successful for all DNA extracts, 

with fragments amplified between 70 bp to 384 bp; no inhibition was detected in any of the extracts 

(Figure 2). Inhibition may present more of a problem when processing buried bone, which, 

depending on the characteristics of the soil, is more likely to accumulate PCR inhibitors. 

 

Figure 2: Example of an electropherogram generated from extracted DNA of rib bone samples recovered from 

an animal that had been exposed to the environment for 1 year. The blue peaks correspond to fragments of 70 

bp, 194 bp, 305 bp and 384 bp. In addition, two internal amplification controls (IACs) of 90 bp and 410 bp, 

were included and can be seen as red peaks – both IAC fragments have amplified which indicates that no PCR 

inhibitors are present. 
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4. Conclusions 

The data presented illustrates that several methods are suitable for recovering DNA from bone that 

is not highly degraded. With such samples demineralization is not necessary, allowing quicker 

processing of samples in comparison to methods that incorporate demineralization or total 

demineralization. The samples used in this study were aged for up to one year and therefore further 

work is required to evaluate the suitability of not incorporating a demineralization step in samples 

that show higher levels of degradation. 
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