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ABSTRACT
The ideal DNA isolation protocol should provide a maximum yield of 

DNA free from inhibitory compounds that can affect downstream 

applications. It also is important to minimize sample handling steps, 

as every manipulation provides an opportunity for contamination. 

Reduced sample manipulation also limits the loss of DNA through 

repeated extractions and transfers. The latter benefit becomes even 

more critical in cases where the quantity of sample (e.g., bone) 

available for DNA isolation is minimal.

Larger volumes of digestion buffer are being used to more fully 

demineralize pulverized bone samples. One way to handle the 

increased volume of crude extract is to employ ultrafiltration for 

sample concentration, buffer exchange, and removal of contaminants 

smaller than the nominal molecular weight cutoff of the device’s 

filtration membrane. These devices must be used in conjunction with 

another purification method such as organic extraction or silica 

column purification in order to sufficiently reduce co-purifying 

inhibitory compounds. Silica based columns, slurries, and resins have 

long been available for DNA isolation, but the current methodology is 

geared toward extraction of DNA from small volumes. Limited volume 

has proven to be a substantial disadvantage of applying silica-based 

extraction methods to bone-derived samples. This study describes a 

silica-based device that is large enough to process the entire volume 

of crude extract in a single step, which greatly reduces time and 

manipulation necessary to perform purification. Silica columns (Hi-

Flow columns) with a larger volume capacity have been produced 

(Protein Ark Ltd, Rotherham, UK) to effectively handle commonly 

encountered working volumes of crude DNA extract. This 

simplification of the protocol substantially reduces the number of 

handling steps and sample transfers required, as well as eliminates 

the use of hazardous compounds such as phenol and chloroform.

DNA Quantification

• Human DNA quantification (in ng/µl) was multiplied by the volume of

extract recovered to give total DNA recovery in nanograms (ng).

• Three sequential elutions were performed on Hi-Flow columns (shown

as stacked columns in Figs. 2 and 4)

• Two sequential elutions were performed on  MinElute columns (shown

as stacked columns in Figs. 2 and 4)

• Quantifiler ™ (Life Technologies Corp., Carlsbad CA) results are

shown for Bone 23, a cortical section from a humerus that had been

infiltrated by fungal growth (Fig. 2)

• Quantifiler results for Bone 25, a section form the far distal end of a

femur that had very little cortical bone, (Fig. 4)

STR Peak Heights 

• Identifiler Plus® (Life Technologies Corp., Carlsbad CA) was used for

DNA profiling

• Representative peak heights are shown from the green channel of

Identifiler Plus, which includes D3S1358, TH01, D13S317, D16S539,

and D2S1338

• The loci/alleles in each graph are ordered from smallest amplicon on

the left of the graph to largest amplicon on the right

MATERIALS AND METHODS

Bone section preparation

• Surface decontamination – 5 min. in 3% NaOCl, 4 rinses in ddH2O, 1

rinse 100% ethanol, air dry.

• Pulverization – Freezer mill 15 impacts/sec., 5 min. grind cycle

Demineralization and protein digestion

• All extractions performed with 0.5 ± 0.03 g bone powder and 3 ml of

digestion buffer

• Hi-Flow Digestion Buffer - 0.5 M EDTA, 1% sodium lauroyl sarcosinate

(sarkosyl), 100 ug/ml ProK

• Ultra4 + MinElute Digestion Buffer – 0.5 M EDTA, 0.5% sodium lauroyl

sarcosinate, 666.67 ug/ml ProK (Loreille et al.2010)

• 56° C overnight on rocking platform

Recovery/purification of DNA from crude extract

UltraFiltration

Membrane with defined pore size used to retain larger molecules; 

followed by use of MinElute® columns (Qiagen Inc., Valencia CA) for 

final cleanup.

• Amicon® Ultra4 (Millipore, Inc., Billerica, Massachusetts) – 4 ml

capacity, NMWL 30,000

Silica

DNA adsorbed to silica in high salt solution, eluted in low salt solution: 

Bind  Wash  Elute

• MinElute® columns  – 0.75 ml capacity

• Hi-Flow columns (Fig. 1) – 20 ml capacity

RESULTS AND DISCUSSION 

DNA Recovery

• The Hi-Flow columns produced DNA yields comparable to those

obtained with the Amicon Ultra4 30K columns+ the MinElute column, but

showed less inhibition as ascertained by the performance of the

Quantifiler internal positive control (data not shown).

• Bones that required longer centrifugation times in the Ultra4 device

gave poorer results overall with regard to yield and profile quality. For

example, extract from Bone 25 had to be centrifuged for 90 minutes to

reduce the volume sufficiently (Figs. 4, 5).

• A single 15 ml wash step (vs. 3 x 5 ml washes) for the Hi-Flow columns

yielded better profiling results as well as a reduction in processing time

and handling steps.
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Fig. 1 Protein Ark Hi-Flow Column

Fig. 2 – Representative quantification results. Ex: Bone 23 Fig. 3 – Representative DNA profiling results. Ex: Bone 23

Fig. 4 – Representative quantification results. Ex: Bone 25 Fig. 5 – Representative DNA profiling results. Ex: Bone 25
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Extraction Method
28 
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29 

Cycles
28 
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29 
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28 

Cycles
29 

Cycles
28 

Cycles
29 

Cycles

Hi-Flow (1x15 ml wash) 10 12 26 28 28 22

Hi-Flow (3x5 ml wash) 24 26 28 28 22 25

Ultra4 + MinElute 13 13 26 25 28 27 11 20

Ultra4 + MinElute 11 15 26 26 28 28 14 18

Table 1 – Total number of alleles amplified from extracts obtained 

using Identifiler Plus at 28 or 29 cycles

CONCLUSIONS

DNA Profile

Both methods yielded comparable number of alleles per profile (Table 1), 

except for Bone 25, which required extended centrifugation in the Ultra4 

device.

Ease of Use

Both of the methods tested required an overnight digestion step, but the 

time required to complete the extraction varied from ~2.5 hours for the 

Hi-Flow columns to ~4+ hours for the Ultra4 + MinElute method. The Hi-

Flow process also reduces the number of sample transfers and only 

requires a single device.


