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ABSTRACT

DNA ISOLATION AND ANALYSIS FROM SKELETAL REMAINS: BEVALUATING THE
UTILITY OF SOIL DNA EXTRACTION KITS

By
Lisa Hebda

DNA identification of human remains is often nexa@y in missing person cases or when
decedents are unidentified owing to severe decomiposind skeletonization. Although current
DNA extraction and analysis practices are oftercassful, instances of polymerase chain
reaction (PCR) inhibition are frequently encountemeespecially from buried skeletal remains. In
the research presented, the utility of soil DNAasion kits in skeletal DNA analysis was
evaluated and compared to standard skeletal DNvaexn techniques. Mitochondrial
(mtDNA) and nuclear DNA yields from buried bovireniora were compared among extraction
methods and across lengths of burial. The alofityach technique to remove PCR inhibitors
associated with buried skeletal remains (i.e. iealachloride, collagen, humic acid) was also
evaluated. Finally, the extraction methods weséet on ancient and modern human skeletal
remains, and mtDNA haplogroup markers and a powdfdhe control region were sequenced.
Soil DNA isolation kits were successfully used xract skeletal DNA at quantities similar to
standard extraction methods, and calcium chlomikeraumic acid did not result in PCR
inhibition when using the soil DNA isolation kitshereas collagen sometimes did. Concordant
control region sequences were obtained from moslegtetal remains among soil kits and
standard extraction methods, although extractsiakat skeletal remains did not consistently
produce concordant haplotypes. Based on the atmwaearisons, soil DNA isolation kits were
determined to be a viable extraction techniqueskadetal remains that resulted in positive

identification of a decedent while quickening thxéraction process.
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INTRODUCTION

Identification of the deceased is a major goalder enforcement, medical examiners,
and others in the field of forensic science. I thited States, medical examiner and coroner
offices document approximately 4,400 unidentified¢eddents annually, 1,000 of which remain
unidentified after one year (Hickman et al. 200F)om the view of law enforcement, timely
identification is important because knowing thenitity of the decedent helps to ascertain if a
crime occurred and to create a case against acudparthermore, it is necessary for the
decedent’s family to be notified as soon as possblthat they can begin the grieving process
and make postmortem plans.

Various techniques are used to identify human resaaConventional methods include
visual identification by relatives of the decedenfingerprint comparison. However, if the
fingerprints of the decedent are not on file watvlenforcement or if the individual is
unrecognizable, such as when the postmortem intisni@ng or when the remains are burned,
another manner of identification is needed. Dewelg a biological profile of a decedent
anthropologically is one identification method usdtken remains are skeletonized. Biological
profiles, generated by forensic anthropologistsluide estimates of age, sex, ancestry, and
stature (SWGANTH 2010). These characteristicsbsanompared with missing person reports
from the surrounding area to aid in a tentativanidieation. If an identity is presumed, positive
identification can be made by comparing postmort&gietal or dental radiographs to
antemortem records (Mann and Fatteh 1968, Prettysareet 2001). Similarly, evidence of
trauma or orthopedic implants can assist identifaceby comparing the forensic

anthropologist’s analysis to antemortem medicabmés (Simpson et al. 2007). The above



identification methods, while useful, are not ale@ayccessful, especially when dental and

medical records are unavailable.

DNA Identification

DNA analysis is often performed if other identificem methods render indeterminate or
unsuccessful results. Cells contain two typesADnuclear and mitochondrial (mtDNA).
Each type has a different cellular location, copynber, and physical structure. The nucleus
contains two copies of linear DNA, one receivedrfreach parent. Because nuclear DNA
consists of a unique nucleotide sequence for eatitiidual, excluding identical twins,
identifications can be made with confidence. Mitoiedria contain circular DNA that is
inherited maternally (Giles et al. 1980); therefdhe same mtDNA sequence is shared among
all maternal relatives of an individual (e.g. ilgis, mother, grandmother). Human cells can
have hundreds of mitochondria (Robin and Wong 19883h containing an average of 4 — 5
MtDNA copies (Satoh and Kuroiwa 1991), resultingigreater mtDNA copy number per cell
than the single copy regions of nuclear DNA thatamalyzed for forensic identification.
Despite the difference in copy number, both tydd3MA can be used to make positive
identifications.

The regions of nuclear DNA examined today in forerdentifications are termed short
tandem repeats (STRs). Identifications by STRyamaktan be made by comparing a reference
DNA sample from the person of interest (e.g. chee&b or blood) to the STR profile obtained
from the evidentiary item. When making an iden#tion of a decedent, a DNA sample from a
parent or child is most useful as a reference satptause they share half of their genetic

material with the decedent. Although mtDNA is natque to an individual, it is useful for



identification if nuclear DNA analysis is not pdsis. DNA degrades after death, which is
accelerated when human remains are exposed to ¢@mditions, such as damp environments
(Graw et al. 2000) or the heat of a fire (Cattaeeal. 1999). Nuclear DNA is particularly
susceptible to degradation, which is a reason whagnialysis from skeletal remains often fails;
however, mtDNA analysis is often more successfus&yeral reasons. First, as detailed above,
mMtDNA has a higher copy number per cell, which éases the amount of target material
present. Second, mtDNA may be less susceptildegoadation by exonucleases—enzymes that
cleave DNA at the end of the strand—due to itsutancstructure. Finally, the cellular location

of mtDNA inside the mitochondrion seems to protefiom degradation (Foran 2006).

Likewise, mtDNA analysis can be useful when ita$ possible to obtain a DNA
reference sample of the decedent or a close rejaigituation that makes positive identification
using nuclear DNA difficult or impossible. WhenDMNA analysis is performed, a sample from
any member of the decedent’s maternal lineageswpport or refute a presumed identification.
Figure 1 illustrates a map of the human mtDNA geepimcluding the control region, which has
high sequence variability among individuals (Aquadnd Greenberg 1983). Areas with the
greatest variability within the control region aeemed hypervariable regions and are analyzed
to make an identification. The nucleotide sequsifce. order of A, C, G, and Ts) of the
hypervariable regions are determined for an evidgnDNA sample and are compared to the
revised Cambridge reference sequence (rCRS): seewersion of the first mtDNA genome
sequenced, derived from a European individual (Awdret al. 1999). Polymorphisms are noted
when a nucleotide from evidentiary DNA differs frahe rCRS, as shown in Figure 2. The

combination of polymorphisms from a DNA sample de§ an individual's haplotype, which is



the same for maternal relatives. Therefore, hgpes from a decedent and a potential maternal

relative can be compared to support a presumedifidation.

HV | HV I

- -
™ -

“~. Control region .-~

non-coding
tRNA genes
rRNA genes

protein genes

ONOC

Figure 1. Map of the Human mtDNA Genome

Adapted from Hagelberg (2003). The white coloing¢ates non-coding DNA, while DNA
coding for tRNA, rRNA, and proteins is shown in@ol Within the control region,
hypervariable regions | and Il (HV | and HV lI) afistrated in grey. DNA sequences of HV |
and HV Il are obtained and compared to a refer&MA sample in order to make a forensic
identification of a decedent. For interpretatidnihe@ references to color in this and all other
figures, the reader is referred to the electroerson of this thesis.
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AACAAACCTACCCACCCTTAACAGTACATAGTACATAAAGCCATTTACCGTACATA

Figure 2. Polymorphisms in the mtDNA Control Regio

The DNA sequence shown is a portion of HV | (162806335 bp). The top sequence is the
rCRS, while the bottom is an evidentiary DNA sampMucleotides that are the same as the
rCRS are indicated by a “.”, while any polymorphssare denoted by the nucleotide listed. The
haplotype of this evidentiary DNA sample is 1629186304 C.

mtDNA Haplogroups

mtDNA haplotypes that are derived from a common RADancestor, indicated by
sharing a characteristic polymorphism, are ternmagaldgroups (Torroni et al. 2006). Originally,
haplogroups were identified by variation in mtDNéstriction enzyme digestion patterns.
Single nucleotide polymorphisms (SNPs) have alemlilvcumented for haplogroups (i.e. single
base mutations specific to each haplogroup). @ehni@plogroups correlate with ancestral roots
in various geographical regions: Africa (Chenlell@95), Asia (Ballinger et al. 1992), and
Europe (Torroni et al. 1996). Haplogroups have aksen used to document ancient human
migration patterns (Torroni et al. 1994a, Bonatid &alzano 1997, Perego et al. 2009); a map of
human migrations is shown in Figure 3. HaplogrofipB, C, and D are present in Native
Americans (Wallace et al. 1985) and Asians (Ba#ingt al. 1992), but have not been
documented in Africans or Caucasians, supportiegtibory that Native Americans were

migrants of Asian descent.



H, U, X Z A, C, D [po_a" A*, D*

L3M|

N

Figure 3. Haplogroup Map of Human Migration

Adapted from Genealogy by Genetics, Ltd., FamilgeTDNA (2004). Available at:
http://www.worldfamilies.net/reference_mtDNA. Aws indicate direction of human migration.
Note that Native American haplogroups A — D origgtafrom individuals that migrated from
Asia, while haplogroup X is present in both Eurapée North America.

Torroni et al. (1994b) reported four Caucasian dbgyaups (H, 1, J, and K) from
individuals in the United States and Canada; aoitkii Caucasian haplogroups discovered in
Sweden, Finland, and Italy include T, U, V, W, aa{Torroni et al. 1996). However,
haplogroup X, characterized by a T at position §35 hot specific to Caucasians, since it has
also been documented in northern Native Americgruladions (e.g. 25% of the Ojibwa, 15% of
the Sioux, and 7% of the Navajo; Brown et al. 199€8pre recently, SNPs have been identified
that can divide haplogroups into subhaplogroupse{Reet al. 2004, Brandstéatter et al. 2006).
For instance, the analysis of mtDNA SNPs providether discrimination of haplogroup X,
since the SNPs 16213 A and 200 G were only presdraplogroup X individuals of Native

American, not European, descent (Brown et al. 199@ple 1 lists the restriction enzyme site



polymorphisms and SNPs associated with the Natmerican/Asian haplogroups studied in

this research.

Table 1. Diagnostic Native American Haplogroup Pgimorphisms

Adapted from www.mitomap.org. Available at:
http://www.mitomap.org/bin/view.pl/MITOMAP/HaplogupMarkers. Nucleotide positions for
restriction enzyme sites represent the first basleeorecognition sequence in the top strand, not
the actual cut site. “+” indicates a restrictiorzgme site gain, while “-” indicates a loss.
Nucleotides to the left of the arrows are from GRS, while the polymorphic nucleotide is to
the right of the arrow. HV | motifs are all tratish mutations, unless otherwise indicated.
Nucleotides enclosed in brackets, following “delfe part of a deletion.

Haplogroup Diagré(;szt)i/(;nlzessittr(iaction Diagnostic SNP HV | Motif
A +663 Hadll 663 A>G 123?3:1166239602’
c s e | 2T
D -5176Alul 5178 C3A 16223, 16362
X none 6371 C>T 1%33;’1166217889’

mtDNA Casework

In forensics, mtDNA haplogroup analysis is usefutletermining the maternal ancestry
of an individual. For instance, when skeletal reteare encountered by chance, such as when a
contractor digs on a plot of land, ancestral infation is needed, since investigators must
determine if criminal activity may have occurrefl.convenient way of doing this is by
identifying the remains as Native American—suggesthat the individual was buried long
ago—or non-Native American, indicating that it immadern skeleton and a crime may have been

committed. Further, ancestral determination isessary so that remains are repatriated to the



corresponding tribe if they are of Native Americargin. Shunn (2005) used mtDNA
haplogroup analysis to classify individuals burad-ort Michilimackinac (1743 — 1781 AD) as
Native American or non-Native American. Althoudpat study was not forensic in nature, it
illustrates successful mtDNA haplogroup analysiska#letal remains.

DNA identifications of victims of war and mass disar are likely the most challenging
forensic cases, because the number of remainsilgttbe efficiently and correctly documented,
analyzed, and identified can reach thousands (kestlal. 2004, Deng et al. 2005, Edson 2007).
Other identification methods are not feasible wiemains are commingled or when complete
skeletons are not recovered. However, DNA analgsisable in these cases and has been used
to make positive identifications. For example, the&known Soldier of the Vietham War could
not be identified by anthropological examinatiorbgr‘blood typing analysis” of hair from the
inside of a flight suit found with the remains (UZpartment of Defense 1998), but when
mMtDNA from the remains was compared to referenogpses from seven potential families of
the decedent, the Unknown Soldier was identifieBiest Lt. Michael J. Blassie (Holland and
Parsons 1999).

The ongoing effort to identify the victims of thedd Trade Center terrorist attack on
September 11, 2001 provides another example innADIA analysis has been essential for
identification. About 3,000 victims and 20,000qes of commingled remains needed
identification (Biesecker et al. 2005). Such fragtation of remains necessitates DNA analysis,
since it is the only method that can potentiallycasate each fragment of bone to an individual
and provide families of the victims with the cofreemains. Nuclear and mtDNA analyses, or a
combination of DNA and other identification methpdsere used for the majority of 9/11

victims who have been identified: 879 and 571peesively (Shaler and Bode 2011). As of



June 2010, 59% of those reported missing—1,626nset-have been identified (Shaler and
Bode 2011); however, Biesecker et al. noted in 26@5numerous individuals remain

unidentified due to DNA degradation or lack of refece samples.

Polymerase Chain Reaction Inhibition

The polymerase chain reaction (PCR), a technigueldped by Mullis et al. (1986), is
used to amplify specific regions of DNA, resultimgbillions of copies of the region of interest.
In forensics, PCR is important because it allowsADgMofiles to be obtained from minimal
starting material, including epithelial cells frdimefly handled objects (van Oorschot and Jones
1997) and DNA in ancient bone (Hagelberg et al.9)98owever, DNA amplification may be
unsuccessful due to the presence of substancestidere with PCR, termed PCR inhibitors.
Biological fluids and other forensic evidence avarses of PCR inhibitors, which may co-
extract during DNA isolation. Some documented R@#bitors include hematin (Akane et al.
1994), indigo dye (Larkin and Harbison 1999), uii¢han et al. 1991), and melanin (Yoshii et
al. 1994).

The organic and inorganic portions of bone are stsgces of PCR inhibitors. The
major components of bone are hydroxyapatite andgeah. Hydroxyapatite, an inorganic
complex of calcium phosphate, constitutes 62 — 66%one (Bigi et al. 1997), 37% of which is
calcium (Field et al. 1974). Calcium ions inhibiNA amplification by a mechanism that is
hypothesized to be competitive inhibition, whereathcium competes with magnesium, a
cofactor necessary for Taq DNA polymerase’s enzigaattivity (Bickley et al. 1996, Opel et
al. 2010). Furthermore, hydroxyapatite is knowiited DNA (Martinson 1973), which could

potentially inhibit PCR. Collagen, another PCRiloior, constitutes 90 — 96% of the organic



matrix of bone (Rogers et al. 1952). Figure 4 dispcollagen’s highly organized protein
structure. Three amino acid chains come togethfartn a triple helix; the individual helices
assemble into microfibrils, which are grouped ifiboils and fibers (Rho et al. 1998). Collagen
binds DNA and presumably inhibits PCR by affecting processivity of Tag DNA polymerase

(Scholz et al. 1998, Opel et al. 2010).

Collagen Fibers

S

Collagen B"%

Microfibril

Figure 4. Structural Organization of Collagen

Taken from Sigma-Aldrich Co., LLC. Available abttp://www.sigmaaldrich.com/life-
science/metabolomics/enzyme-explorer/learning-cisttactural-proteins/collagen.html.
Collagen has a highly organized protein structcoasisting of three peptide chains that form a
helix, with numerous helices forming microfibrilghich are organized into fibrils and fibers.

In addition to components of bone, skeletal remanesexposed to PCR inhibitors when
they come in contact with soil and plant matepalticularly when remains are buried. Humic
substances—humic acid, fulvic acid, and humin—aramex organic compounds present in
soil that originate from the decomposition of plant animal matter (MacCarthy 2001).
Classification of humic substances is based om fi¢isolubility in aqueous solution. Fulvic
acids are soluble at any pH, whereas humic ac&lsmaly soluble when the pH is greater than 2,

and humin is insoluble in water at any pH (Alla@DB). Since humic and fulvic acids are
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soluble in aqueous solutions and have been showmitnit PCR (Tebbe and Vahjen 1993,
Tuross 1994), they are a concern when extracting Bbim buried skeletal material. The
mechanisms of humic and fulvic acid inhibition arelear. Kreader (1996) suggested that
fulvic acid inhibits PCR by binding Tag DNA polynase. It has been proposed that humic acid
may bind DNA and limit its availability for the PGbtocess (Opel et al. 2010), or bind Taq

DNA polymerase’s active site (Sutlovic et al. 2008)umic acid is of concern when analyzing
buried skeletal remains because it seeps intogasilévan Klinken and Hedges 1995) and is
present in soil that contaminates the powder obthfrom drilling or grinding bone. An
additional PCR inhibitor associated with soil isric acid (Kontanis and Reed 2006), which is
prevalent in plant material. Tannic acid has etewtgative oxygen atoms that may inhibit Taq

DNA polymerase by chelating magnesium ions (Opal.€2010).

Assessing PCR Inhibition

If PCR amplification fails, there are two potehttauses. First, DNA is degraded or not
present in the extract. Alternatively, PCR inlobstare preventing DNA amplification. An easy
way to differentiate the two is by ‘spiking’ a PG&action with high quality DNA that should
amplify. If the DNA extract contains PCR inhibisothe high quality DNA will have little or no
amplification, whereas if the spiked DNA succedgfamplifies then the initial negative result is
due to a lack of DNA. Although useful, spiking P@ctions is a step in DNA analysis that
requires additional time and costs; therefores itat an ideal way to assess PCR inhibition in a
forensic laboratory.

Methods have been developed to simultaneously a8%@R inhibition while quantifying

DNA. Quantitative PCR (gPCR), first described hgulthi et al. (1993), is a technique used to
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qguantify DNA and is routine in forensic DNA analysiAmplification of target DNA is
measured after each PCR cycle via fluorescentlglémbDNA probes that anneal to target DNA
and fluoresce at a specific wavelength. The gP@Rputer software sets a fluorescence
threshold, indicated by a horizontal line on thehfcation chart (Figure 5), and determines

when each sample reached this amount of fluorescehlse number of PCR cycles required for

a sample to cross the threshold is known as thie tyeshold (¢ value (Figure 5). £values

are proportional to the amount of starting DNA ireaction. As initial DNA concentration

increases, fewer cycles are necessary to readluthhescence threshold.

400 Threshold to determine;C

value:
471.40

200 RFU |

Relative Fluorescent Units (RFU)
o
o

0 5 10 15 20 25 30 35
Cycle

Figure 5. G Value Determination
The x-axis is PCR cycle number, and the y-axigl@tive fluorescent units (RFU). The
fluorescence threshold, determined by the softwarde horizontal green line indicated by the

arrow. The gvalues for each of the curves are determined tfenctycle at which each crosses
the threshold. Evalues of the curves depicted range from approteéind 7 to 29.
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DNA samples of known concentrations are included gqiPCR run in order to create a

standard curve of DNA quantity vst @Galue, as demonstrated in Figure 6. The&ues of

evidentiary DNA samples are plotted on the standarde, and DNA concentrations are
calculated by reading the corresponding value erxthxis. A synthetic oligonucleotide termed

an internal PCR control (IPC) may also be inclutegPCR in order to detect PCR inhibition.
The IPC is at the same concentration in every i@acto G values are the same for all reactions
(Figure 7). If there is no amplification of tard@NA, successful amplification of the IPC

indicates that no target DNA exists, however if fR€ does not amplify or amplifies poorly,

then PCR is inhibited (Figure 8).
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Figure 6. qPCR Standard Curve

The x-axis is a logarithmic scale of DNA quantitynanograms (ng). The y-axis is thev@lue.
A serial dilution of stock DNA of known concentratiis made, and duplicates of each dilution
are typically included for any qPCR run. As DNAncentration increases, it takes fewer cycles

to reach the fluorescence threshold, hence theedserin €value.
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Figure 7. qPCR IPC Curves

The x-axis is cycle number, and the y-axis is RAWUe threshold to determing @alues is
indicated by the arrow. Curves depicted indicatldication of the IPC in each reaction, and if

no inhibition exists, the Gralues are the same for every reaction. In tkesrgle, each IPCC

value falls between approximately cycles 31 andrgficating that PCR amplification is
occurring with no indication of inhibition.
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Figure 8. IPC Curve Indicating PCR Inhibition

The x-axis is cycle number, and the y-axis is RAWUe threshold to determing @alues is
indicated by the solid arrow. The IPC curves destigd by the dashed arrow demonstrate no
amplification because they do not pass the fluenese threshold. These PCR reactions are
inhibited, suggesting that PCR inhibitors are pneégethe DNA extracts.
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DNA Isolation and Purification

DNA extraction protocols from skeletal remainsyatdely, but three commonly-used
approaches include organic (Kurosaki et al. 19@8eille et al. 2007), silica-based (Nelson and
Melton 2007, Kim et al. 2008, Lee et al. 2010, Agner al. 2012), and salting-out (Cattaneo et
al. 1995, Coticone et al. 2010) methods. During@anic extraction, a tissue digestion buffer
containing a detergent, a buffering agent, andedating agent, and proteinase K are added to
the sample and incubated at 56°C to lyse cellsl¢B@012). Next, phenol is added, mixed, and
the organic and agueous phases are separatedtbfugation. Lipids, proteins, and similar
cellular components move to the organic phase eAnDNA remains in the aqueous phase. The
aqueous layer is isolated and combined with chéwrof and the phases are separated again.
The aqueous layer may contain water-soluble PCRitohs such as humic acid and calcium,
which is a limitation of this method.

However, organic extraction is often coupled wilkther purification techniques,
including DNA precipitation (Kurosaki et al. 1998almar et al. 2000) or the use of centrifugal
filter columns (Yang et al. 1998, Loreille et a0, Rohland and Hofreiter 2007, Rucinski et al.
2012). Centrifugal filters purify DNA by retainingin the filter, while small contaminants pass
through. Depending on the molecular weight linfithe filter, PCR inhibitors can also remain
in the retentate. For instance, collagen obtafred bone was retained using a 30 kilodalton
(kDa) filter (Jarkov et al. 2007), although thisymet be of concern since collagen is
theoretically removed during organic extraction tlués solubility in the organic phase. On the
other hand, humic acid is soluble in the aqueoysrland has been retained using filters with
molecular weight limits up to 100 kDa (Lobartiniadt 1997), suggesting that organic extraction

may be ineffective at removing humic substances.
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An extraction method that removes PCR inhibitord isolates DNA without using
hazardous organic solvents was developed by Bo@h €t990). This method used a salt
solution and silica particles to extract DNA fromnhan serum and urine. Silica binds DNA
under high salt conditions, via the mechanism degdim Figure 9. Positively-charged ions from
a chaotropic salt, such as sodium, bind to nedstsiearged oxygen atoms of silica, forming an
“lonic bridge” that allows negatively-charged DN& bind to the silica. The silica is washed
several times to remove proteins and other comgeneiuding PCR inhibitors. Addition of a
low salt solution causes water molecules to assowidh silica and break the ionic bridge,

eluting DNA from the silica (Melzak et al. 1996).

Cation
Bridge DNA
H-0 { ?-/
: —O™"Na " O=—pP-0O
'?—C}‘H'\/ O.  Base
O O.‘.’Sugﬁr
x_o-Ht,f’ | ;
| s E—D_HU'O'—EF"G'
Siicall O T, M— > silica Oy, 28
o o8
OH | _ |
_ ‘ —O"Na*"O=P-0O~
—OHL ) E{ZL__ H;a*:ae
e ~Sugar
':__'::}-HT"’I I:%}
j—{}'Nc*D'—ﬁ“—O'
D—

Figure 9. A Proposed Mechanism of Silica Binding NA

Taken from Qbiogene, Inc. Available at:
http://www.gbiogene.com/products/geneclean/genackeeerview.shtml. Under high salt
conditions, cations bind to silica, forming a beddpat allows negatively-charged DNA to bind
to negatively-charged silica. After addition dbav salt solution, water molecules reassociate
with silica, eluting DNA.
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Miller et al. (1988) described an extraction metheined salting-out, which was used to
remove proteins and isolate DNA from blood. Sghout extractions consist of incubating a
sample in a tissue digestion buffer, followed bggnpitation of proteins via addition of a
saturated salt solution. Centrifugation is usesggarate the supernatant containing DNA from
the protein pellet. Precipitation by salting-caitdependent on the hydrophobicity of proteins
(Scopes 1994). In an aqueous solution, protemsisually folded in a manner that minimizes
the exposure of hydrophobic amino acids. Undehn bajt conditions, the hydrophobic regions
become exposed and proteins aggregate, resultipgaipitation (Shih et al. 1992, Scopes
1994).

Numerous variations and modifications of the abexteaction techniques have been
reported in both the forensic science literaturat{@eo et al. 1995, Loreille et al. 2007, Nelson
and Melton 2007, Coticone et al. 2010, Lee et@L02 Amory et al. 2012, Dukes et al. 2012,
Rucinski et al. 2012) as well as in the literatoneancient skeletal DNA (Kurosaki et al. 1993,
Yang et al. 1998, Kalmar et al. 2000, Rohland apottéiter 2007, Kim et al. 2008). The main
results of these studies are summarized in TabMde that this is not a comprehensive list of
all skeletal DNA extraction procedures; rathers ineant to demonstrate some of the variation

that exists.
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Table 2. Summary of Published Skeletal DNA Extraebn Methods

Il

Reference gz;lgfgls DNA Extraction Protocol(s) Measures Results
Human Demineralization of bone using Short-VNTR genotypes
remains EDTA, obtained for every individua
Kurosaki etal  from Japan| Phenol/chloroform/isoamyl e Short-VNTR When DNA amplification
(1993) st 5th alcohol extraction, ethanol amplification from bone failed, genotypes
1 - precipitation of DNA, glass were obtained from a tooth ¢
century powder purification additional bone
No amplification from
Fresh several bones using
pone. | Sodum acetate precipiatonof, | S reciration of
Catziggg)et ° |r_|eL:nrr<':1{;1rr1]s 3 precipitation of DNA DNA. . g::lcf(\:essful amplification
and 9 ’ Phenol/chloroform extraction, amplification from sodium acetate
ethanol precipitation of DNA O .
months precipitation of proteins and
postmortem isopropanol precipitation of
DNA
Demineralization of bone using A&ﬂg:ﬁﬁ:grofuosr'gg
EDTA, phenol/chloroform gxtraction column
extraction, column concentration concentra’tion and silica
Demineralization of bone using o
U g EDTA Dhenolchoom | e |+ et aon
Yang et al. ' extraction, column u henol/chlorof
(1998) = 5,000 concentration, silica column DNA. . phenol/chiorotorm extracts
years o amplification when silica column was not
purification
postmortem used

Demineralization of bone using
EDTA, proteinase K digest
applied directly to concentratior
column and/or silica column

Amplification when
proteinase K digests were
added to concentration

column and/or silica column
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Table 2 (cont'd)

[72)

N

-

DNA precipitated from
supernatant of bone powder g&r:iﬁféeur;;Dl\lsﬁdsii?rlljence
e Human remains| digest using sodium acetate acetate/ethan%l recinitatior
Kalmé from Hungarian| and ethanol precip
almar et al. Demi lizati th e MtDNA of DNA
(2000) cemetery, LP - e'mlnEelga}rl'ia lonh ot bone sequencing No amplification using
15th century ;f]':r?()l /chlorbform phenol/chloroform exf[rgcti_or
extraction, isopropanol and isopropanol precipitatio
precipitation of DNA of DNA
Phenol/chloroform
extraction, column Completely dissolving bone
_ o Human remains concentration e PCR of powder significantly
Loreille et al. 14 — 100 vears Bone powder completely MtDNA increased DNA recovery
(2007) ostmort eym dissolved using EDTA, e STR from degraded remains and
P phenol/chloroform/isoamyl  amplification increased number of STR
alcohol extraction, column alleles obtained
concentration
Human remains At least partial mtDNA
(law sequences for ~83% of case
Nelson and enforcement e MDNA Multiple attempts to extract
Melton . e Silica extraction : DNA from burned bone
(2007) |dent|f_|cat|_on sequencing failed
and historical o .
cases) I—!lstorlcal cases less likely tc
yield full mtDNA sequences

£S

D
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Table 2 (cont'd)

(@)

\

]

No significant difference
. o between DNA yields of the
Demineralization of bone method with the highest
uf]g]r?ollzlc?h-ll-?r’oform DNA recovery (paramagneti
P ; silica-based kit) and any
extraction, column
e Cave bear - other method
Rohland and remains concenration Optimization of the
. e Silica-based kit extractions e qPCR of : s
Hofreiter Pleistocene age P tic silica-baseq {DNA demineralization/silica
(2007) (over 20,000 k_?rarpagtr_]e Ic stlica-base m extraction increased DNA
years old) DI extrac 'If)n . b yields 2-fold
e'mlnEelga}rl'iatlplln ot bone Addition of detergents did
using & ; stica not improve DNA yields
extraction; further "
T . Addition of EDTA and
optimization of this method proteinase K increased DNA
yields
Demineralization of bone The majority of bones
e Human remains . . yielded amplifiable mtDNA
) using EDTA, silica . I~ .
that previously . e MtDNA using silica extraction, and 4
: : extraction . :
Kim et al failed to yield Demi lizati b amplification of 9 bones had Amelogenin
(2008) ' amplifiable usnm'nééﬁia;ﬁiré; ON€ 1 ¢ Nuclear DNA amplification
DNA, 500 — extrzgction i(;n exchange amplification All bones had mtDNA and
3,300 years ' 9 (Amelogenin) Amelogenin amplification
columns, column . -~ .
postmortem : using silica extraction and
concentration ion exchange columns
Ultrasonic treatment, e STR
sodium chloride amplification Successful extraction of
Coticone et al] ¢ Pig bones precipitation of proteins, (human) DNA using acoustic energy
(2010) e Human bones ethanol precipitation of o Amplification Full STR profiles from
DNA, silica bead of one STR human bone
purification locus (pig)
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Table 2 (cont'd)

Low genomic DNA recovery

Genomic o
Silica-based kits DNA recovery I(—|<| 5hlc/(()))ncentration of humid
e Human remains Bone powder completely in presence ac?d hindered DNA
Lee et al. from the Korean dissolved using EDTA, and absence uantification
(2010) silica-based kits of PCR 9 , _
War inhibitors Completely dissolving bone
STR powder increased number of
amplification STR alleles
Bone powder completely Completely dissolving bone
* Ea(r%aa:/r?tree?nains dissolved using EDTA, PCR of powder improved quality of
Amorv et al of individuals column concentration, guclear DNA STR profiles and quantity of]
(20y12) ' deceased silica column purification STR DNA recovered
Silica-based kit extraction e L Protocol including dissolving
between 1992 ith dificati amplification full d
and 1999 with some modifications, was successfully automate
column concentration on the QlAcube platform
« Unidentified Optimization of reaction Complete STR profile
hUMan remains volume, digest solutions, Nuclear DNA recovered from bone
Dukes et al. recovered in and incubation time for an|  quantification extracted with optimized
(2012) 2000. 2006. and automatable silica-coated STR method; partial profile when
unkn(’)wn détes paramagnetic bead amplification using a protocol previously
extraction published by the authors
Silica-based kit extraction, Greater DNA recovery with
e Exhumed column concentration Nuclear DNA phenol/chloroform extraction
Rucinski et all  human remains De_mlnerallzatlon of bone quantification Complete STR profiles using
(2012) buried 6 — 118 using EDTA, STR phenol/chloroform
phenol/chloroform/isoamy e extraction; fewer alleles
months amplification

alcohol extraction, column

concentration

using silica-based kit
extraction
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As demonstrated by the variations in Table 2, tier® consensus on an optimal DNA
isolation method for skeletal remains. Rucinskale{2012) reported that a silica-based kit
recovered approximately six-fold less DNA from sltal remains than organic extraction. Silica
kits also resulted in low genomic DNA recovery:-281% of DNA input (Lee et al. 2010).
However, other authors have demonstrated that aubIBA or STR profiles can be obtained
from skeletal DNA extracted using silica-based prhoes (Yang et al. 1998, Kim et al. 2008,
Lee et al. 2010, Amory et al. 2012, Dukes et aL.2)0 Conflicting results were also reported
from organic extractions of skeletal remains. Sauihors successfully typed DNA from
skeletal remains using organic extraction (Loresll@l. 2007, Rucinski et al. 2012), while others
demonstrated that organic extraction of bone didesult in nuclear (Cattaneo et al. 1995) or
mitochondrial DNA (Kalmar et al. 2000) amplificatio PCR inhibition was also found from
organic extractions of skeletal remains (Yang 1898, Rucinski et al. 2012). Salting-out has
been shown to recover amplifiable nuclear DNA frskrletal remains (Coticone et al. 2010)
and to result in greater mtDNA sequencing sucdess organic extraction (Kalmar et al. 2000).
Due to the disagreement on an optimal skeletal @Xthaction technique, there is a need to
develop and/or optimize a method that maximizek B3HA recovery and PCR inhibitor

removal.

Soil DNA Isolation Kits

Buried skeletal remains come into contact with,s®i{posing them to humic substances
that inhibit PCR. Numerous manufacturers produtsedesigned to remove humic substances
and to isolate DNA from soll, since it is perfornfed various research purposes: measuring

microbial biodiversity (Fierer and Jackson 2008gessing microbial community changes in
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response to soil management practices (Crecclab 2004), and discrimination among soil
types for forensic purposes (Heath and Saunder®, 2@tz and Foran 2010). However,
published research using soil DNA extraction kitssblate DNA from skeletal remains does not
exist. Given that soil DNA extraction kit protosatontain steps similar to those used in skeletal
DNA extraction (e.g. the use of a silica columrpaotein precipitation followed by DNA
precipitation), it seems that soil kits could bapted to extract skeletal DNA.

Similar to the skeletal DNA extraction methods dethabove, the ability of each soil
DNA isolation kit to recover DNA and remove PCRilmitors varies. Dineen et al. (2010)
compared six soil DNA purification kits by spikitigree soil types (sand, sandy clay, and sandy

loam) with various amounts &acillus cereud-strain spores, extracting DNA, and quantifying

nuclear DNA via gPCR. A FastDI\%ASPIN kit had the highest yield from all soil types
™

however, this kit and SoilMaster DNA kit extracts of loam showed PCR inhibition, as

indicated by an increase i @lues of the IPC, and they required dilutiondoccessful

e ®. ® _ . .
guantification. Conversely, PowerSoiDNA and E.Z.N.A. Soil DNA kit extracts from loam

contained amplifiable DNA, with little or no PCRhibition. Although the two kits recovered

less nuclear DNA than the FastD%ASPIN kit, they effectively removed PCR inhibitovgich

is an important consideration when selecting araebn method.

Whitehouse and Hottel (2007) also compared soil DddAation kits for the recovery of
bacterial DNA and removal of PCR inhibitors. Mplé soil types (clay, silt loam, potting soil)
were spiked with various concentrations éfrancisella tularensigulture, DNA was extracted

using each kit, ang. tularensisDNA was quantified by gqPCR. PCR inhibitors wermozed
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effectively using each soil DNA isolation kit. Wineoils were spiked with the lowest

™
concentration oF. tularensis DNA was recovered from all soil types using atraClean kit

™
and from silt loam using a SoilMasterkit. However, when normalized per gram of sofuh

™ ™
the UltraClean and PowerMax Kkits recovered the moBt tularensisDNA, indicating that

these kits are advantageous for maximizing DNAdyiel

Study Aims

A wide variety of DNA extraction methods are us@dDNA analysis of skeletal
remains, with no agreement on an optimal technidugthermore, these methods have not
completely eliminated PCR inhibition encounterecewlprocessing skeletal remains. Soil DNA
isolation kits have been designed to remove PCRitoins present in soil, and since buried
skeletal remains come in contact with these inbibjtsoil DNA isolation kits have the potential
to improve DNA recovery and analysis from buriechaéns.

In the research presented here, the utility of BBIA isolation kits for extracting PCR
inhibitor-free DNA from soiled bones was examinadd the quantity of DNA recovered was

compared to standard DNA extraction methods. Kt@aetion methods used included a

™
Power80ﬁ® DNA Isolation kit, a SoilMaster DNA Extraction kit, a QlAamp DNA

Investigator kit, and organic extraction. DNA wsslated from segments of fresh cow femora
buried for one week to eight months using eachaeiitn method, followed by quantification of
nuclear and mitochondrial DNAs. The extractionmoefs’ efficiency of PCR inhibitor removal

was assessed by addition of known inhibitors aasediwith buried skeletal remains to each
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extraction and evaluating the success of mtDNA #roation. Finally, DNA from human
skeletal remains was extracted using each technaouaiemtDNA was amplified and sequenced.
Numerous human bones were tested, including fefnomaan unidentified decedent, a femur
discovered on Beaver Island in Lake Michigan, amdent skeletal remains recovered from
caves in Belize dating from 700 to 900 AD. Overtile research presented was a methodical
analysis of the ability of both standard skeletBlAextraction techniques and soil DNA

isolation kits to recover DNA from skeletal remaarsd to remove PCR inhibitors.
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MATERIALS AND METHODS

Bovine Skeletal Remains
Preparation and Burial

Segments of fresh femora from mature Holsteinydzoms were provided by the
Michigan State University (MSU) Meats Laboratoxcess soft tissue was removed using a
scalpel, and the bones were stored at -20°C umtihb The segments were buried in fertile
garden soil in Williamston, Ml at a depth of 6 —ihZor various lengths of time. Burial dates

are shown in Table 3, which ranged from August 2@18&pril 2013.

Table 3. Burial Dates of Bovine Femora
Segments were buried for various lengths of tingevaere identified by time (1W, 1M, 2M, 4M,
8M) and replicate number (1, 2, 3, 4).

Bone Identifier | Date Buried | Date Retrieved Number .Of

Days Buried
1wW-1
1W-2
1W-3
1wW-4
1M-1
1M-2
1M-3
1M-4
2M-1
2M-2
2M-3
2M-4
4M-1
4M-2
4M-3
4M-4
8M-1
8M-2
8M-3
8M-4

10/25/2012 11/1/2012 7

10/25/2012 11/25/2012 31

8/22/2012 10/21/2012 60

8/22/2012 12/16/2012 116

8/22/2012 4/7/2013 228
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Drilling Bones
Bones were drilled in a UV hood, which was cleamwitthi 70% ethanol and UV

irradiated for 5 min prior to and between drillingeemovable drill bit components were soaked

™
in 10% bleach for 10 min, rinsed with water, and lPddiated in a Spectrolinker XL-1500

UV Crosslinker (Spectronics Corporation, WestbiNy) on each side for 5 min (~2.5 J/%}n

prior to use and between drillings. Other suppicesirilling bones, including a Dremel 395

. ® . -
MultiPro ~ rotary tool (Robert Bosch Tool Corporation, Mo&mbspect, IL), weighing paper

(VWR International, LLC, Radnor, PA), and 1.5 mLanuicentrifuge tubes were UV irradiated
on each side for 5 min.

Upon unearthing the bovine bones, loose soil wawked by tapping them on a hard
surface or using a scalpel. The top layer of #@regn the outside of the bone was sanded down
with a drill bit to remove surface contaminants.7/84 in cobalt drill bit (RIGID, Elyria, OH)
was used to drill small holes into the bone. Drglcontinued until approximately 400
milligrams (mg) of bone powder was collected onexe of weighing paper. The powder was
subsequently homogenized via gentle agitation..5AmL microcentrifuge tube was weighed on
a PB153-S precision balance (Mettler-Toledo, LLGlutnbus, OH), and approximately 100 mg
of the homogenized powder was added to the tulbés Was performed for each of the four

extraction methods. Tubes with bone powder wenedtat -20°C until extraction.

27



DNA Extraction

Four methods were used to extract DNA from bonedsw a PowerSo(Fﬁ DNA
™
Isolation Kit (MO BIO Laboratories, Inc., Carlsb&@A), a SoilMaster DNA Extraction Kit

. ® _. . . . .
(Epicentre Biotechnologies, Madison, WI), a QlAamp DNA Invgstor Kit (QIAGEN,

Germantown, MD), and an organic extraction. Retbkmks were created for each extraction.

DNA extracts were stored at -20°C.

PowerSoﬁ® Extraction

. . - ® .
The POWGI’SO(I? kit contains patented Inhibitor Removal Technologg remove humic

substances and uses a silica spin filter to is@&té. All tubes and columns were UV

irradiated on each side for 5 min, while solutigrese not. The manufacturer’s protocol was
used with the following modifications. Approximbtd 00 mg of bone powder was added to the
PowerBead tubes for digestion, which were incubateétD’C for 1 h instead of vortexing for 10
min. The entire supernatant was transferred teva2xmL collection tube following the
incubation with Solution C2. DNA was eluted by adfd75 pL of TE (10 mM Tris—pH 7.5; 1
mM EDTA) warmed to 55°C to the center of the filleembranes and centrifuging for 30 sec at

10,000 x g. The elution was repeated a second tirhe extracts were concentrated using 30

kDa Amicon Ultra-0.5 mL Centrifugal Filters (Millipore Corpation, Billerica, MA). Prior to
. . ® :
use, 5 pL of salmonid DNA (1 pg/uL) and 495 pL & Were added to Amiconfilters, which

were centrifuged at 14,000 x g for 10 min. Flowetigh was discarded, and the Power%oil
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® : : ,
extracts were added to the Amicofilters and centrifuged for 5 min at 14,000 xThe filters

. . . ® : .
were inverted into new Amicontubes and centrifuged for 3 min at 1,000 x g titecd

retentates.

™
SoilMaster Extraction

™
The SoilMaster kit protocol involves a hot detergent lysis, sajtiout protein

precipitation, resin-filled column chromatographpd DNA precipitation using spermidine. All
tubes and columns were UV irradiated on each sidé min, while the reagents were not. The
manufacturer’s protocol was used with 100 mg ofébpowder input, with slight modifications.
Tubes containing bone powder and solution forlgsis were incubated at 70°C. Entire

supernatants were transferred to new 1.5 mL micttodege tubes following incubation. Pellets

. . . ® .
were vacuum-dried for 15 min using a Maxim& Plus Vacuum Pump (Thermo Fisher

Scientific Inc., Waltham, MA) and resuspended inu250f TE (provided in kit; 10 mM Tris—

pH 7.5, 1 mM EDTA).

QIAamp DNA Investigator Extraction

The DNA Investigator kit protocol incorporatesat detergent lysis and isolates DNA
using silica spin filters. Tubes, columns, andisohs were UV irradiated on each side for 5
min. Extractions were performed according to ttenuaiacturer’s protocol for isolation of total
DNA from bones and teeth, including the use ofieaRNA, with the following elution

modification. Buffer ATE (20 puL) was added to ttenter of the membranes, which were
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incubated at room temperature for 5 min prior totgigation. The elution was repeated two

times, for a total of three elutions.

Organic Extraction

All tubes, columns, and solutions, except for pirtise K and organic solvents, were UV
irradiated on each side for 5 min. Five hundredraiiters of digestion buffer (20 mM Tris—pH
7.5; 50 mM EDTA,; 0.1% SDS) and 5 pL of proteinas€@R pg/uL) were added to the 1.5 mL
microcentrifuge tubes with bone powder, which wesgexed and incubated overnight at 56°C.
An equal volume (50QL) of phenol was added to the tubes, followed byesanig for 15 sec
and centrifuging for 5 min at maximum speed. Theaedus layers were transferred to new 1.5
mL microcentrifuge tubes, to which 500 pL of chiimmon was added. Tubes were vortexed for

15 sec and centrifuged for 5 min at maximum spddtk aqueous layers were transferred to 30

. ® . . .
kDa Amicon filters (pre-treated with salmonid DNA as descdiladove) and centrifuged for

10 min at 14,000 x g. Flow-through was discardeud the columns were washed with 300 pL
of TE and centrifuged for 10 min at 14,000 x govi<through was discarded, and the TE wash
was repeated. Flow-through was discarded, anquB0df low TE (10 mM Tris—pH 7.5; 0.1

mM EDTA) was added to the columns, which were d¢trged for 10 min at 14,000 x g.

. . .® . :
Columns were inverted into new Amicortiubes and centrifuged for 3 min at 1,000 x g tikeco

retentates.
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Quantitative PCR

Extract volumes were measured immediately priddA quantification. Amplification
was performed on an iCycler thermal cycler (Bio-Rabtoratories, Hercules, CA) and
fluorescence detected with an iQ5 multi-color ri@le PCR detection system (Bio-Rad
Laboratories). Sequences of primers and probelssged in Table 4. Bovine primers and the
probe targeting the mitochondridllPase &ene were designed using Primer3 software (Rozen
and Skaletsky 2000), based on Bastauruscomplete mitochondrial DNA sequence obtained
from the National Center for Biotechnology Informoat (2005, BLAST Accession NC_006853).
Primers and the probe targeting the bovine nudedanocortin-1-ReceptofMC1R) gene, as
well as IPC primers, probe, and template, weregthesi by Lindquist et al. (2011). Primers and
probes were ordered from Sigma-Aldrich (St. LoM€)) or Integrated DNA Technologies
(Coralville, IA). Bovine DNA standards were credtga serial dilution of stock DNA from cow
muscle that was quantified with a DU-520 UV-Visildpectrophotometer (Beckman Coulter
Inc., Brea, CA). A serial dilution in low TE wit20 pg/mL glycogen yielded eight DNA

standards with concentrations of 50, 16.67, 5.585,10.62, 0.21, 0.069, and 0.023 ng/uL.
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Table 4. Primer and Probe Sequences for gPCR

. Amplicon
Primer Name Sequence Length
F ATPase 8 5'-CAA AAC ACC CCT TGA GAA ACA-3'
R ATPase 8 5-AGG GTT ACG AGA GGG AGA CC-3 88 bp
5-6FAM-CCT CTT TTA TTA CCC
ATPase robe CTG TAA TTT T-BHQ1-3
EMCLR 5-AAT AAA TCA TAA ACC AGC
CTG CTC TTC ATC AC-3'
5-AAT AAA TCA TAA AGC TAT
RMCIR GAA GAG GCC AAC GA-3’ 77bp
MCLROMObE 5-6FAM-CAC AAG GTC ATC CTG
P CTG TGC C-MGBNFQ-3’
FIPC 5'-AAG CGT GAT ATT GCT CTT TCG TAT AG-3’
R IPC 5'-ACA TAG CGA CAG ATT ACA ACA TTA GTA TTG-3’
IPC probe 5-VIC-TAC CAT GGC AAT GCT-MGBNFQ-3' 77 bp
5-AAG CGT GAT ATT GCT CTT TCG TAT AGT TAC
IPC template | CAT GGC AAT GCT TAG AAC AAT ACT AAT GTT GTA

ATC TGT CGC TAT GT-3'

gPCR reactions were set up in 0.2 mL opticallachat-capped PCR strips (USA

Scientific ', Ocala, FL) in a 15 pL volume. Concentrationgngfedients were based on

™
Lindquist et al. (2011), with slight modificationgjPCR reactions consisted of: 7.5 pL of iQ

Supermix (Bio-Rad Laboratories), 600 M\ Pase &r MC1Rforward primer, 600 nM\TPase

8 or MC1Rreverse primer, 250 nMTPase &r MC1Rprobe, 1 uM IPC forward primer, 1 uM

IPC reverse primer, 250 nM IPC probe, 1 pL of wogkconcentration of IPC template DNA

(2:1 billion dilution of 100 uM stock), 0.625 unid$ Tag DNA Polymerase (5 U/uL; Syzygy,

Grand Rapids, MI), 1.325 uL of deionized water, aripL of DNA extract or bovine DNA
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standard. Bovine DNA standards were run in duf@iéar each reaction. Cycling parameters

were: 10 min at 95°C, followed by 40 cycles ofsEs at 95°C and 1 min at 60°C.

™
A standard curve was created by i® Optical System Software and was used to

calculate DNA concentration of the samples. Ireotd compare the quantity of DNA
recovered by each of the extraction methods, paagr(pg) of DNA recovered per mg of bone
powder was calculated. qPCR concentration (pgigds multiplied by extract volume (uL) and

divided by mass of bone powder (mg) to yield a gafupg of DNA/mg of bone powder.

Efficiency of Removing PCR Inhibitors
PCR Inhibitor Preparation

Calcium chloride dihydrate (J.T. Baker, AvantorfBanance Materials, Center Valley,
PA) was prepared at the following concentrationslisgolving in deionized water: 50 mM, 100
mM, 200 mM, 0.5 M, 1 M, and 2 M. Humic acid (Alkesar, Ward Hill, MA) was dissolved in

deionized water, with final concentrations of 1@uig 100 ng/puL, 1 pg/pL, and 10 pg/uL.

Collagen Type | (Sigma-Aldrich) was dissolved withnstant agitation in 10 mM NaR@pH

3.0), neutralized with 5 M NaOH until pH 7.0 waacbed, and additional 10 mM Nap@as

added to yield a final concentration of 10 pg/uL.

Determination of Inhibitory Concentrations of POfhibitors

PCR inhibition was assessed by spiking reactioris lavine DNA and amplifying a 126

bp region of the bovine mitochondridlPase &ene, using primers designed by Kusama et al.
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(2004). However, upon comparisonBos taurusntDNA sequence (accession NC_006853,

Table 5), the reverse primer sequence was modieshown in Table 6.

Table 5. Kusama et al. (2004) BovinATPase 8 Primer Sequences
Underlined nucleotides indicate locations of fordvand reverse primers. Note the discrepancy
in the bolded nucleotides of the reverse primermaned to the mtDNA sequence.

Bos taurusATPase 8 | 8101 ttgagagccatatactctccttggtgacatgccgcaactagaaacgtgactgac

sequence 8161 _aatgatcttatcaatattcitrpctttttatcatctttcaactaaaagtticaaaaca
(accession 8221 caacttttatcacaatccagaactgacaccaacaaaaatzitmsraccccttg
NC_006853) 8281 _a@jasacaaaatgaacgaaaatttatttacctcttttattacccctgtagttitag
Forward primer 5-ACAATG ATCTTATCAATATTICTTG-3
Reverse primer SCCT TCAAGG GGT GTTTTG TTT TAA-3’

Table 6. Primer Sequences for Spiked PCR Reactions

Primer Name Sequence Amplicon Length
F ATPase 8 5-ACA ATG ATC TTATCAATATTC TTG-3’
R ATPase 8 5-TTC TCAAGG GGT GTTTTG TTT TAA-3’ 126 bp
F 256 5'-CAC AGC CAC TTT CCA CAC AG-3
R 484 5'-TGA GAT TAG TAG TAT GGG AG-3’ 229bp

Ten microliter PCR reactions with calcium chlorimrehumic acid included: 1 pL of

GeneAMP 10x PCR Buffer Il (Applied Biosystems, Gadd, CA), 1 pL of 25 mM MgGl

(Applied Biosystems), 0.2 pL of AmpliTaq Gg?dDNA Polymerase (5 U/uL, Applied

Biosystems), 2 uM RTPase &rimer, 2 uM RATPase rimer, 0.2 mM deoxynucleotide 5'-

triphosphates (ANTPs), 1 pL of a 1:100 dilutiorboine DNA from cow muscle, 1 pL of the
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inhibitor solution, and 3 pL of deionized watemil&d PCR reactions with collagen used

primers F 256 and R 484, targeting HV 1l of humalbMA (Table 6). The PCR reactions

consisted of: 1 pL of GeneAMP 10x PCR Buffer 1|1l of 25 mM MgCp, 0.2 pL of

AmpliTaq GolciFD DNA Polymerase, 2 uM F 256, 2 uM R 484, 0.2 mM @dT1 pL of a 1:20

dilution of human DNA extracted from a buccal swall various volumes of the 10 pg/uL
collagen solution and deionized water to bringfthal collagen concentration to 1, 2, or 5
pHao/puL. Positive controls included extra deionizneder in place of inhibitor solutions. PCR
cycling conditions consisted of: 94°C for 10 nfinijowed by 38 cycles of 94°C for 30 sec, 55°C
for 1 min, and 72°C for 30 sec, with a final exfensat 72°C for 5 min. Inhibition was assessed
via gel electrophoresis. Five microliters of PQRducts were run on a 4% agarose gel and
stained with ethidium bromide (Sigma-Aldrich). &&lere photographed with an Olympus C-

4000 Zoom digital camera (Olympus, Center ValleX).P

Addition of PCR Inhibitors to Extractions

The volumes of calcium chloride and humic acid adideeach of the four extraction
methods resulted in final extracts with the follagiconcentrations, assuming that none of the
inhibitor was removed: 0.5, 1, and 2 M (calciunhocide); 10, 100, and 1,000 ng/uL (humic
acid). For collagen, the volume of the 10 pg/pdcktadded resulted in final extracts at the
following concentrations: 2.5, 5, and 12.5 pg/flhe inhibitor solutions were added to tubes at
the beginning of each extraction, using the exiwagbrotocols described above. DNA extracts

were stored at -20°C.
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PCR reactions assessing inhibition were as detalbede for calcium chloride and humic

acid, using 1 pL of each extract. Collagen PCRtreas included 1.5 puL of GeneAMP 10x

PCR Buffer Il, 1.5 pL of 25 mM Mgl 0.2 uL of AmpliTaq Gol? DNA Polymerase, 2 uM F

256 primer, 2 UM R 484 primer, 0.2 mM dNTPs, 1.5qila 1:20 dilution of human DNA
extracted from a buccal swab, and 6 pL of the gelleextract. Positive controls included 6 pL
of deionized water in place of inhibitor extra€tinal concentrations in PCR for the inhibitors
were: 50, 100, and 200 mM (calcium chloride); @, dnd 100 ng/pL (humic acid); 1, 2, and 5

pno/uL (collagen). PCR cycling and gel electropbmavere conducted as detailed above.

Alleviating Collagen Inhibition

Numerous modifications were made to the soil DE@&ation kit protocols in order to

. . . ® .
examine their effect on removing collagen. The @&wil  digestion was performed for 1 hr as

above, 1 hr with the addition of 5 pL of protein&end overnight with the addition of 5 pL of

™
proteinase K. The SoilMasterincubation was performed for 10 min as above,, hhd

overnight. Two sets of PCR reactions were sebugssess inhibition. The first was a 15 pL
reaction as detailed above for collagen. The stamiuded the same reagent concentrations,
but also included 100 ng/uL of bovine serum albu(B8A; Thermo Fisher Scientific Inc.), and
DNA used for spiking was 0.75 pL of a 1:10 dilutioihhuman DNA extracted from a buccal

swab. PCR cycling conditions were as detailed abov
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Human Skeletal Remains

™
Optimization of SoilMaster Protocol

Bone powder from bovine bone 1M-3 was homogenizetisaibjected to different

™
incubation and precipitation procedures for thdNbaster extraction. Fifty milligrams of

homogenized powder was incubated at 65°C for 1Q wiiie another 50 mg was incubated
overnight. The flow-through from the resin-filledlumn was split evenly to undergo either the
kit's precipitation protocol or a sodium acetate#etol precipitation. One-tenth volume of 3M
sodium acetate, 1/20 volume of glycogen (20 pug/phgl two volumes of 95% ethanol were
added for the modified extraction. Tubes wereesat and centrifuged at maximum speed for
10 min. The supernatant was removed using a pipetid pellets were washed with 180 pL of

70% ethanol. Tubes were centrifuged at maximuredpa 4 min, and supernatants were

. . .®
removed. The 70% ethanol wash was repeated. t$elre vacuum-dried with a MaximaC

Plus Vacuum Pump for 15 min. Pellets were resudgebin 25 pL of low TE. DNA was

guantified using the bovine mtDNA gPCR assay aaildet above.

Human Skeletal Samples

Table 7 summarizes the human skeletal remains zewlyRight and left femora of an
unidentified decedent, thought to belong to anvialdial last seen in August 2011, and a femur
discovered on Beaver Island in Lake Michigan, ptodédlg of Native American origin, were
provided by the MSU Forensic Anthropology LaborgtoAncient human skeletal remains were
supplied by Dr. Gabriel Wrobel of the MSU DepartmehAnthropology. These included

numerous femora and tibiae recovered from the file&el (JRH) and Actun Kabul (AKB) caves
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in Belize, dating from 700 to 900 AD, which areibeéd to be of Maya origin. Anthropological
analysis determined that several bones may origjiinaim the same individual; these

relationships are noted in Table 7.

Table 7. Summary of Human Skeletal Remains

Human skeletal remains analyzed included numeronssrecovered from the Je'reftheel (JRH)
and Actun Kabul (AKB) caves in Belize, presumabiyvtaya origin, in addition to modern
remains from an unidentified decedent (bones 141&)d Bones presumably originating from
the same individual are indicated in the last calum

Number Description Type of Bone| Associated Bones
1 JRH Feature 5, Lot 19, Bone 19 Femur -
2 JRH Feature 5, Lot 108 Femur -

3 AKB 11-1-10 Tibia 4

4 AKB 11-1-10 Tibia 3

5 JRH 9-5-10 Feature 11 Tibia shaft 6,12
6 JRH 9-5-10 Feature 11 Tibia shaft 5,12
7 AKB 11-2-5 Tibia segment 8

8 AKB 11-2-5 Femur 7

9 AKB 11-0-49 Femur -

10 JRH 07-7-10 Feature 7 Femur shaft -
11 JRH 05-1-4 Feature 1 Tibia shaft -
12 JRH 05-11-1 Feature 11 Femur shaft 56
13 Beaver Island Femur -

14 Unidentified decedent Femur 15
15 Unidentified decedent Femur 14

Drilling Bones and DNA Extraction

Human skeletal remains were superficially cleangtroshing with a 1% Liqui-Nox

solution (Alconox, Inc., White Plains, NY) and ning with water. Bones were dried, and then
sanded and drilled as detailed above; howevern290f bone powder was obtained and

homogenized. Extractions were performed on apprately 50 mg of bone powder using the

same protocols as for bovine bones, with the falhgwnodifications. Amicon columns were
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pre-treated with 10 pg of total RNA from Baker'sage (Alfa Aesar) and 499 uL of TE. The

™
SoilMaster incubation was performed at 65°C, and the kit's®Ddtecipitation step was

replaced with the sodium acetate/ethanol precipitatetailed above.

Quantitative PCR

Nuclear DNA was quantified from skeletal DNA extiof the unidentified decedent

(bones 14 and 15) using a Quanti%elrluman DNA Quantification Kit (Life Technologies

. . o ®
Corporation, Carlsbad, CA). gPCR reactions folldwlee Quantifiler Kits User's Manual

(2012); however, the volume was scaled down fromuR%0 15 puL. Amplification was

performed on an iCycler thermal cycler, and fluocezge was detected with an iQ5 multi-color

real-time PCR detection system. PCR cycling pataraavere as detailed in the Quanthgi?er

Kits User’'s Manual.

DNA was guantified from extracts of ancient boBes6 using an assay targeting Alu
short interspersed elements. DNA standards of knaamcentration were made by a serial ten-
fold dilution of SRM 2372 Human DNA Quantificati®@tandard (NIST, Gaithersburg, MD)
using low TE with 20 pg/mL glycogen, resulting indl concentrations of 2 ng/uL — 0.2 fg/uL.

Alu primer and probe sequences were obtained frackl&s and Buel (2005). qPCR reactions

™
consisted of: 7.5 pL of iQ Supermix, optimal Alu primer and probe concentragi determined

by Jackson (2006), 2 pL of deionized water, and. bjuDNA extract, standard DNA, or
deionized water (negative control). PCR cyclingapaeters were 3 min at 95°C, and 50 cycles

of 15 sec at 95°C and 1 min at 60°C.
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Haplogroup SNP and HV | Amplification

DNAs extracted from select ancient bones and tlev&elsland femur (bone 13) were
amplified with primers targeting mtDNA SNPs chaeaidtic of haplogroups A, B, C, D, and X.
Haplogroup primers were designed using Primer3vso#, except for primers L 5129, H 5190,
L 14440, and H 14591, whose sequences were obtaimadSmith et al. (2000). Sequences of

haplogroup primers are listed in Table 8. Haplagramplifications consisted of: 1 pL of
GeneAMP 10x PCR Buffer Il, 1 pL of 25 mM Mg£;10.2 pL of AmpliTaq Golg DNA
Polymerase, 2 uM forward primer, 2 uM reverse priri2 mM dNTPs, and DNA and
deionized water to a final volume of 10 uL. PCRIing conditions were as detailed above for

inhibitor experiments. If amplification was posdi(assessed via gel electrophoresis), PCR

products were re-amplified in a 30 uL reaction,sisting of: 3 uL of GeneAMP 10x PCR

Buffer Il, 3 pL of 25 mM MgCp, 0.6 puL of AmpliTaq Gol? DNA Polymerase, 2 uM forward

primer, 2 uM reverse primer, 0.2 mM dNTPs, 14 pldeibnized water, and 1 pL of PCR
product. PCR cycling conditions were: 94°C formid, 10 — 20 cycles of 94°C for 30 sec,

55°C for 5 sec, and 72°C for 30 sec, and a fintdresion at 72°C for 5 min.
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Table 8. Haplogroup Primer Sequences used with Huam Skeletal Remains

Primer Haplogroup Sequence Amplicon
Name Length
F 569 A 5'-CCC CCA CAG TTT ATG TAG CTT-3’ 185 bp
R 753 5-TGT TCC TTT TGA TCG TGG TG-3'

F 8175 5 5-CTG AAA TCT GTG GAG CAA ACC-3’ 199 bp
R 8373 5-TGG GGC ATT TCA CTG TAA AGA-3’ undeleted

F 13170 5-ATG CTT AGG CGC TAT CAC CA-3’

R 13370 ¢ 5-GAC CCG GAG CAC ATA AAT AG-3 201 bp
F 5007 5 5'-GCA TAC TCC TCA ATT ACC CAC A-3’ 310 bp
R 5325 5-TGA TGG TGG CTA TGA TGG TG-3’

L 5129 5 5'-CTA CTA CCG CAT TCC TAC TAC TCA AC-3’ 108 bp
H 5190 5-GGG TGG ATG GAA TTA AGG GTG T-3’

L 14440 « 5'-CTG ACC CCC ATG CCT CAG GA-3’ 162 bp

H 14591 5-CTA AGC CTT CTC CTATTT ATG G-3'

F 6229 « 5-TCC TAC TCC TGC TCG CAT CT-3’ 227 bp
R 6455 5'-GAA GAG GGG CGT TTG GTA TT-3'

HV | was amplified from skeletal extracts usingnpers F 16057 and R 16322 (Table 9).
Ten microliter PCR reactions consisted of the segagent concentrations as detailed above for
haplogroup SNP amplification; however, 100 ng/uB&A was included. PCR cycling
conditions were as detailed above for 10 uL reastidf amplification was positive, 20 uL of

deionized water was added to the PCR productsyaimdorporated primers and dNTPs were

removed using Diffinity RapidTips (Diffinity Genomics, Inc., West Henrietta, NY). RC
products were re-amplified in a 30 pL reaction with same reagent concentrations as described
above for haplogroup SNP amplification, again ugig ng/ul of BSA, and 1 — 4 pL of purified

PCR product. PCR cycling conditions were as dadlaalbove for 30 pL reactions. Extracts that

failed to amplify with HV | primers after repeatattempts, including dilution of the extracts,
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were tested for PCR inhibition by setting up PCRgsindiluted extract and spiking with 1 puL

of a 1:20 dilution of DNA extracted from a buccalad.

Table 9. Primer Sequences for HV | Amplification fom Human Skeletal Remains
Primer F 16057 begins at position 16056; however ariginal nomenclature is used here.

Primer Name Sequence Amplicon Length
F 16057 5'-AAG TAT TGA CTC ACC CAT CA-3’ 265 b
R 16322 5-TGG CTT TAT GTA CTATGT AC-3 P
DNA Sequencing

Thirty microliter PCR reactions were purified withffinity RapidTips®. Sequencing
reactions were based on either Big%y‘éerminator v3.1 Cycle Sequencing Kit (Applied
Biosystems) or BDX64 (MCLAB, South San Franciscé,) @rotocols. BigDyg) reactions
consisted of 2.7 pL of BigD)C/%Terminator Ready Reaction Mix (Applied Biosystenisy uL
of BigDye® Sequencing Buffer (Applied Biosystems), 2 uM pripaad 5 pL of PCR product
and deionized water. BDX64 reactions included B [AR of BigDye® Terminator Ready

: . . . ® .
Reaction Mix, 0.875 uL of BDX64 enhancing buffer@QMAB), 1.5 pL of BigDye Sequencing

Buffer, 2 uM primer, and 6.5 pL of PCR product a®ibnized water. PCR cycling conditions

: ® : o : o o
for BigDye reactions were 96 C for 1 min, and 25 cycles oC9#r 10 sec, 50 C for 5 sec,

and 60°C for 4 min, while those for BDX64 reactiavsre 96°C for 3 min, followed by 30

cycles of 96°C for 10 sec, 50°C for 5 sec, and 0T min.
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DNAs were precipitated by adding 1/10 volume of 8dlium acetate, 1/10 volume of
100 mM EDTA, 1/20 volume of glycogen (20 ug/puL)d&8b pL of 95% ethanol to the 10 pL
sequencing reaction products. Tubes were vortarddccentrifuged at maximum speed for 10
min. Supernatants were removed using a pipettemedrded, and pellets were washed with
180 pL of 70% ethanol. Tubes were centrifuged @atimum speed for 4 min. Supernatants

were removed with a pipette, and the wash was tege&ellets were vacuum-dried using a

. ® : : . M
Maxima C Plus Vacuum Pump for 15 min. Pellets were mgsaded in 10 pL of Hi-Di

Formamide (Applied Biosystems) and electrophoresed 3500 Genetic Analyzer (Applied
Biosystems). Electrophoresis parameters are list@dble 10. Sequences were analyzed using
Sequencing Analysis v5.4 (Applied Biosystems) dighad to the rCRS using BioEdit

Sequence Alignment Editor v7.0.9.0 (Hall 1999).

Table 10. Capillary Electrophoresis Parameters foSequencing Products

Two electrophoresis protocols were used, baseti@fenhgth of the DNA fragment being
sequenced. Fragments longer than 300 bp includedtanded run time (1400 sec) and pre-run
time (90 sec).

Eragment Oven Run Run Pre-run | Pre-run | Injection | Injection
Le% th Temperature | Time | Voltage | Time | Voltage Time Voltage
k () | (seq)| (kv) | (seq) | (v) | (seq) | (kV)

Less than

300 bp 60 1020 19.5 60 18 8 1.6
Greater

than 300 60 1400 19.5 90 18 8 1.6

bp
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Statistical Tests

Statistics were conducted using R version 2.18 hatural logarithmic transformation
was performed on both the nuclear and mtDNA quiaatibn data from bovine bones. A linear
mixed model, depicted in Figure 10, was fit to ttasformed data. The models included
extraction method and length of burial as fixeddes, interaction between extraction method
and length of burial as a fixed factor, and borentdier as a random factor. Assumptions for
ANOVA (normal distribution of residuals with equadriance) were checked using a Shapiro-
Wilk test and Levene’s test. The nuclear DNA gifenation model included a term to specify
unequal variances of residuals grouped by lengtiuaal (Figure 10), and nuclear DNA vyields
from 8M bones were removed for statistical compuengssince all extracts, except for one, failed
to amplify. An ANOVA was performed on each modebetermine which fixed factors had a
statistically significant effect on DNA recoverfairwise comparisons between mean mtDNA
yields for extraction methods and lengths of busiate determined using the Tukey method.
Pairwise comparisons between mean nuclear DNA giildextraction methods within each
length of burial, and between lengths of buriahiviteach extraction method were made using

the ‘multcomp’ package in R. Statistical significe was determined for all tests at p < 0.05.
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a) mtDNA linear mixed model

y = 1 + Method + Time + Method*Time + Bone 1De+

b) Nuclear linear mixed model

y = 1 + Method + Time + Method*Time + Bone ID + Ul Time Variance #

Figure 10. Linear Mixed Models Fit to mtDNA and Nwlear DNA Yields of Bovine Bones
Both models explain the DNA gquantification (y) bgind mean (u), the individual bone
segment as a random factor (Bone ID), residual étypand the following fixed factors:
extraction method (Method), length of burial (Timahd interaction between extraction method
and length of burial (Method*Time). The nucleardabalso specifies unequal variance of
residuals grouped by length of burial (Unequal TMagiance).
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RESULTS

MtDNA Quantification of Buried Cow Femora Extracts

™
The mtDNA yields from Powersg?l, SoilMaster , organic, and Qiagen extracts of

buried bovine femora are listed individually in Applix Tables Al — A4, respectively. Yields
normalized by bone mass (pg/mg) are listed in TalhleSeveral trends are apparent from the
mtDNA quantification results. First, as the lengfrburial increased, the DNA yield tended to
decrease. An exception was the organic extractitaones buried for 4 months, with a mean of
39.94 pg/mg, which was an increase from the meahdoes buried for 2 months (9.39 pg/mg);
however, this can be explained by bone 4M-2 thdtdraunusually high yield of 151.44 pg/mg.
Other bones buried for 4 months had lower yieldsttihe 9.39 pg/mg average from bones
buried 2 months: 4.85, 1.17, and 2.28 pg/mg. Kwebone 4M-2 generated the highest yield
of bones buried 4 months for each extraction methmalicating that the high DNA quantity

from organic extraction (151.44 pg/mg) was reliabi®cond, organic extraction had the highest

DNA recovery for the majority of buried bones, inding those buried for 1 week (205.04

™
pg/mg), 1 month (20.84 pg/mg), and 4 months (3p@#ng), whereas the SoilMaster

extraction had the highest mean yield for thoséeldl2 months (14.39 pg/mg) and 8 months

(1.81 pg/mg). qPCR IPC curves did not indicate R@fbition (Appendix Figures Al and A2).
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Table 11. mtDNA Yields from Buried Cow Femora

Bone identifiers are listed in the first columrlW, 1M, 2M, 4M, and 8M” indicate length of
burial in weeks or months, and “1 — 4” denote faaplicate femoral segments. DNA guantities
are reported as pg of DNA per mg of bone powdeealVDNA quantities (n = 4) for each
method and length of burial are bolded.

Bone Identifier PowerSoiI® SOi|MasterTM Organic Qiagen
1W-1 57.26 251.42 286.43 89.87
1W-2 31.79 429.07 350.96 78.32
1W-3 8.98 33.67 37.85 2.73
1W-4 3.31 102.48 144.91 14.34
Mean 25.33 204.16 205.04 46.31
1M-1 0.79 4.89 5.97 0.00
1M-2 17.13 5.21 32.19 0.67
1M-3 25.37 27.53 30.16 2.60
1M-4 3.89 44.97 15.05 12.68
Mean 11.79 20.65 20.84 3.99
2M-1 1.28 2.33 3.36 0.00
2M-2 0.77 0.45 0.52 0.41
2M-3 1.30 0.21 2.75 3.57
2M-4 5.92 54.56 30.91 19.48
Mean 2.32 14.39 9.39 5.86
4M-1 3.00 3.56 4.85 2.42
4M-2 12.69 16.32 151.44 9.22
4M-3 0.80 0.77 1.17 0.82
4M-4 1.96 0.80 2.28 2.15
Mean 4.61 5.36 39.94 3.65
8M-1 2.84 2.56 1.51 1.05
8M-2 0.91 4.23 2.22 1.39
8M-3 0.73 0.11 0.69 0.56
8M-4 0.00 0.34 0.89 0.00
Mean 1.12 1.81 1.33 0.75
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ANOVA of the linear mixed model fit to the natutab-transformed mtDNA yields
indicated that they differed significantly acrosagth of burial (p = 0.0045) and across
extraction method (p < 0.001); however, they ditdiffer significantly based on the extraction
method/length of burial interaction (p = 0.1260)eans of the raw mtDNA vyields for each
extraction method are depicted in Figure 11. Ragwomparisons of the transformed mtDNA

yields between extraction methods are shown inreig@. Organic extraction recovered

significantly more mtDNA than PowerSCCR?iland Qiagen (p = 0.00197, p < 0.001), but not than
™ ™
SoilMaster (p =0.78067). SoilMaster recovered significantly more mtDNA than Qiagen (p

= 0.00509), but not PowerS%)il(p =0.19647). Powersé@lland Qiagen means were not

significantly different (p = 0.90516).
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Figure 11. Mean mtDNA Yields of Extraction Methods
The x-axis lists extraction method, while the ysaisi the mean mtDNA yield from bovine bones
™

in pg of DNA/mg of bone powder. Organic and Soif#éa mean yields were roughly equal

and were substantially higher than those of thed?SwiI® and Qiagen Kkits.
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Figure 12. Pairwise Comparisons of mtDNA Yields bdeveen Extraction Methods
The x-axis lists extraction method, while the ysaisi the mean transformed mtDNA yield from
bovine bones in pg of DNA/mg of bone powder. Melhthat have the same letter did not have
a significant difference in mtDNA vyields, while rheds with different letters were statistically
different. Organic extraction recovered signifidgmore mtDNA than Powersg?l and

™
Qiagen. SoilMaster had a significantly higher mean than Qiagen. Nio#¢ transformation of
the raw data altered the relationship of the Powidaqr@Sand Qiagen means, wherein the

transformed Powersg?l mean became higher than the Qiagen mean.
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Means of the raw mtDNA yields across burial lengté depicted in Figure 13. Pairwise
comparisons of transformed mtDNA yields betweemgtles of burial are shown in Figure 14.
The mean yield of bones buried for 1 week was miificantly greater than those buried 1
month (p = 0.22154). However, bones buried 1 weeka higher mean compared to all other
lengths of burial: 2 months (p = 0.00507), 4 mer(ih= 0.03279), and 8 months (p < 0.001).

All other pairwise comparisons between lengthswfdd were not significantly different.
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Figure 13. Mean mtDNA Yields of Bones Buried for mcreasing Periods of Time

The x-axis lists length of burial in weeks or mantivhile the y-axis is the mean mtDNA vyield
from bovine bones in pg of DNA/mg of bone powd&here was a considerable decrease in
mtDNA yield between 1 week and 1 month, while yselcom bones buried 1 month — 8 months
were roughly equal.
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Figure 14. Pairwise Comparisons of mtDNA Yields b&een Lengths of Burial
The x-axis is number of weeks or months bovine bamere buried, while the y-axis is the mean

transformed mtDNA quantification in pg of DNA/mg lbbne powder. Burial lengths that have
the same letter did not have a significant diffeeei mtDNA vyields, while those with different
letters were statistically different. Bones buried1 week had a higher mean than those buried
2, 4, or 8 months. Note that an artifact of tlem&formation resulted in the mean of bones buried
8 months to become negative.

Nuclear DNA Quantification of Buried Cow Femora Exftracts

™
The nuclear DNA quantification results for PoweirgoSoilMaster , organic, and

Qiagen extractions are listed individually in AppenTables A5 — A8, respectively, and a
summary of nuclear DNA vyields is shown in Table B4 length of burial increased, the DNA
guantity generally decreased. An exception wasrtean yield of organic extracts of bones

buried 4 months (84.02 pg/mg), which was highen timat of those buried for 2 months (68.08

52



pg/mg). This can be explained by the higher DN&ld/from bone 4M-2 (333.23 pg/mg)
compared to the others buried 4 months (1.13, 0d,0.66 pg/mg), which artificially increased
the mean. It should be noted that, like the mtDN#Ads, bone 4M-2 produced the highest
nuclear yield of bones buried 4 months across eeeinaction method. Another exception to the
decreased yield over time was the mean of the Qiaeg&action of bones buried for 1 month
(16.37 pg/mg) compared to means from those buried2hs and 4 months (35.27 and 18.84
pg/mg). This is likely due to bone 1M-3, which gtied as 0 pg/mg from two separate gPCR
runs, while there were no bones that had a 0 pgield in the 2 or 4 month burial groups.
Removing the 0 pg/mg data point resulted in a nté&1.83 pg/mg, which better fit the trend of
decreased DNA yield over time.

Organic extraction had the highest nuclear DNA vecp for the majority of lengths of

burial: 1 week (9,520.45 pg/mg), 1 month (80.72m, 2 months (68.08 pg/mg), and 4

™
months (84.02 pg/mg). SoilMasterextractions resulted in the second highest yietdbnes

buried for 1 week (6,445.37 pg/mg), 1 month (66@8ng), 2 months (52.04 pg/mg), and 4
months (23.74 pg/mg), and the highest yield fordsoouried 8 months (2.26 pg/mg). qPCR IPC

curves did not indicate PCR inhibition (Appendigtiies A3 and A4).
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Table 12. Nuclear DNA Yields from Buried Cow Femoa

Bone identifiers are listed in the first columrlW, 1M, 2M, 4M, and 8M” indicate length of
burial in weeks or months, and “1 — 4” denote faaplicate femoral segments. DNA quantities
are pg of DNA per mg of bone powder. Mean DNA diies (n = 4) for each method and

length of burial are bolded.

™

Bone Identifier PowerSoiI® SoilMaster Organic Qiagen
1W-1 440.53 3,867.11 10,216.50 636.92
1W-2 405.52 19,698.14 22,757.65 576.83
1W-3 26.19 463.17 1,636.06 43.02
1W-4 24.71 1,753.07 3,471.60 150.90
Mean 224.24 6,445.37 9,520.45 351.92
1M-1 10.53 17.19 8.29 21.74
1M-2 38.97 17.63 79.06 39.38
1M-3 8.58 17.50 11.01 0.00
1M-4 0.45 214.60 224.47 4.36
Mean 14.63 66.73 80.71 16.37
2M-1 2.59 17.53 3.59 6.27
2M-2 7.51 6.65 1.69 42.17
2M-3 16.49 17.45 1.94 6.80
2M-4 16.03 166.51 265.08 85.84
Mean 10.66 52.04 68.08 35.27
4M-1 16.98 34.36 1.13 12.34
4M-2 17.09 41.66 333.23 57.18
4M-3 6.43 6.02 1.07 4.37
4M-4 0.78 12.92 0.66 1.45
Mean 10.32 23.74 84.02 18.84
8M-1 0.00 0.00 0.00 0.00
8M-2 0.00 9.03 0.00 0.00
8M-3 0.00 0.00 0.00 0.00
8M-4 0.00 0.00 0.00 0.00
Mean 0.00 2.26 0.00 0.00
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Means of the nuclear DNA yields for each combirmatb extraction method and length
of burial are shown in Figure 15. ANOVA of thedar mixed model fit to the natural log-
transformed nuclear DNA yields indicated that tddfered significantly by length of burial (p =
0.0008) and by extraction method (p < 0.0001); h@wethere was also a significant effect of
the interaction between extraction method and fengburial (p < 0.001). Pairwise
comparisons between extraction methods within glsilength of burial, and comparisons
between lengths of burial within each extractiorthod are shown in Figures 16 and 17,

respectively. Organic extraction recovered sigatfitly more nuclear DNA from bones buried 1

week than did Qiagen and Powergo(p < 0.001, p <0.001), but the organic mean vas n
™ ™

significantly higher than SoilMaster (p = 0.403). Similarly, the SoilMasterkit recovered

more nuclear DNA from bones buried 1 week thanQreggen and PowerS(CJ@lIextractions (p<

®, : . : . :
0.001, p < 0.001). PowerSoiland Qiagen nuclear DNA yields did not differ frewones buried

1 week (p = 0.424). All pairwise comparisons betwextraction methods within the other time

points—1, 2, and 4 months—did not differ signifidgn
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Figure 15. Mean Nuclear DNA Yields of Extraction Methods across Length of Burial
The x-axis is length of burial in weeks or montijle the y-axis is mean nuclear DNA yield
from bovine bones in pg of DNA/mg of bone powdBlote the sharp decline in nuclear DNA
yields from 1 week to 1 month.
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Figure 16. Pairwise Comparisons of Nuclear DNA Yids between Extraction Methods

The x-axis is length of burial in weeks or montivkjle the y-axis is mean transformed nuclear
DNA vyield from bovine bones in pg of DNA/mg of bopewder. Significant differences
between extraction methods within each length ofabare noted by different letters. Bones
buried for 8 months were not included in statidtezanparisons because the majority of data
points were 0 pg/mg, which did not allow for meayfiin comparisons between methods.
Organic extraction had a higher nuclear DNA yietzhi bones buried 1 week than Qiagen and

®
Power80ﬁ® extractions. The SoﬂMastermean was also higher than Qiagen and PowerSaoill
for bones buried 1 week.
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Bones buried for 1 week had a significantly higimean nuclear DNA yield than those

™
buried 1 month from organic, SoilMaster and Qiagen extractions (p < 0.01, p <0.01, ard p

0.0371, respectively), but not from Powergthraction (p = 0.3585). Mean yields from bones

™
buried 1 week were significantly higher than thbaeed 2 months for organic and SoilMaster

. .® ,
extractions (p < 0.01, p < 0.01), but not for PdB@@l and Qiagen (p = 0.2215, p = 0.2648).

Bones buried for 1 week had a higher mean tharethosed 4 months from organic,

™

SoilMaster , and Qiagen extractions (p < 0.01, p < 0.01, ard@427, respectively), but not

from PowerSoﬁg extraction (p = 0.1478). There were no signiftqaairwise differences in

nuclear DNA yields from bones buried for 1, 2, andnths within any extraction method.
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Figure 17. Pairwise Comparisons of Nuclear DNA Yids between Lengths of Burial

The x-axis is extraction method, while the y-asisriean transformed nuclear DNA yield from
bovine bones in pg of DNA/mg of bone powder. Sigant differences between lengths of
burial within each extraction method are noted iffgent letters. Bones buried for 8 months
were not included in statistical comparisons beeaearly all values were 0 pg/mg.TMBones

buried for 1 week had a higher yield than thosedolut month for organic, SoilMaster, and
Qiagen extractions. The mean yield from bonesdouti week was also higher than those buried
™

2 months for organic and SoilMasterextractions, and it was higher than the meanrab#ths
™

for organic, SoilMaster , and Qiagen extractions.
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Efficiency of Removing PCR Inhibitors

Table 13 depicts concentrations of each PCR irdriltlitat resulted in inhibition.
Calcium chloride was inhibitory at the higher comications tested (50, 100, and 200 mM), and
partial inhibition was apparent at lower concemtra (5, 10, and 20 mM). Humic acid and
collagen were inhibitory at all concentrationseesfl, 10, 100, and 1,000 ng/uL; 1, 2, and 5
png/uLl). Three inhibitory concentrations were stdddor each PCR inhibitor and used in
subsequent experiments: calcium chloride (50, 468,200 mM), humic acid (1, 10, and 100

ng/uL), and collagen (1, 2, and 5 pg/uL).

Table 13. Evaluation of PCR Inhibition at VariousInhibitor Concentrations

Several concentrations of PCR inhibitors were tettedetermine if the concentration was
inhibitory to PCR. Values listed were the finahcentration in the PCR reaction. “-” indicates
PCR was inhibited (no amplification). “+/-” inditegs that partial inhibition occurred, wherein
the DNA band was fainter than that of the positigatrol.

Calcium

. 5mM 10 mM 20 mM 50 mM 100 mM | 200 mM
chloride

+/- +/- +/- - - -

Humic acid 1 ng/uL 10 ng/puL | 100 ng/pL| 1,000 ng/uL

Collagen 1 pg/pL 2 pug/pL 5 pg/pL

PCR inhibition results when calcium chloride, huraoid, or collagen were added to
extractions are shown in Figures 18, 19, and Zpaetively. Amplification was successful at
every concentration of calcium chloride for eactrastion method (Figure 18). At the lowest

concentrations of humic acid (1 and 10 ng/uL)eatraction methods resulted in amplification.
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However, at the highest concentration (100 ng/tg,organic and Qiagen PCR reactions were
inhibited, while the soil DNA isolation kits resett in amplification (Figure 19). PCR reactions

of organic and Qiagen extractions were not inhtbaeany concentration of collagen, whereas

™
SoilMaster PCR reactions were inhibited at all concentratioAs1 pg/uL of collagen,

Power80ﬁ® PCR reactions had amplification, but inhibitiorcoed at 2 and 5 pg/pL (Figure

20). Further experiments with the soil DNA isabatikits indicated that lengthening the

™
proteinase K incubation to 1 hr or overnight in 8@lMaster protocol did not alleviate
collagen PCR inhibition. Similarly, when proteieas was added and/or the digestion was

lengthened in the PowerSoiprotocol, all PCR reactions were still inhibitedowever, when

PCR was repeated in the presence of 100 ng/uL &f B&plification was successful from all

™
PowerSoﬁFD extracts, although all SoilMasterextracts were still inhibited (Figure 21).
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PowerSo® SoilMaster

50 mM 100 mM 200 mM 50 mM 100 mM 200 m|

Organic Qiagen
50 mM 100mM  200mM 50 mM 100mM 200 mi

Figure 18. Ability of Extraction Methods to Overcame Calcium PCR Inhibition

Extraction method and concentration of calcium gteare shown above each lane. E
extraction method was capable of removing calcihiorae at every concentration, as indica
by successful amplification of the bovine DNA udedspiking.
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PowerSo® SoilMaster

1ng/uL 10 ng/pL 100 ng/puL 1 ng/pL rdgulL 100 ng/u

Organic Qiagen
1ng/uL 10 ng/uL 100 ng/pL 1 ng/pL  rd@ul 100 ng/p

Figure 19. Ability of Extraction Methods to Overcome Humic Acid PCR Inhibition
Extraction method and concentration of humic acgdshhown above each lane. The soil D
isolation kits were capable of removing humic aaiévery concentration, as indicated
sucessful amplification of the spiked bovine DNA. @nic and Qiagen extractions resulte
successful amplification at the lower concentratiohhumic acid (1 and 10 ng/uL), but P
was inhibited at 100 ng/pL of humic ac



| . ™
PowerSo® SoilMaster
lpg/ul  2pg/pLl Spg/pl 1pg/ul 2 pg/pl S pg/pL

Organi Qiagen
lpg/ul  2pg/pLl Spg/pl 1pg/ul 2 pg/pl S pg/pL

Figure 20. Ability of Extraction Methods to Overcome CollagenPCR Inhibition
Extraction method and concentration of collageniadecated above each lanThe PowerSo??
kit removed collagen at the lowest concentratisnndicated by amplification of the spil

human DNA. Higher concentrations resulted in P@iRbition using the PowerS:~ kit. The

™
SoilMaster kit was incapable of removing collagen, wtorganic and Qiagen extractio

removed clagen at every concentratit
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a) PowerSoif

1 hr, no proteinase K 1 hr, proteinase K overnight, proteinase K

1 2 5 1 2 5 1 2 5

b) SoilMaster

10 min hd overnight

1 2 5 1 2 5 1 2 5

Figure 21. Effect of Bovine Serum Albumin on Collgen PCR Inhibition using Soil DNA
Isolation Kits

(a) Spiked PCR reactions when collagen was addé’d\lscerSoﬁ@ extractions. (b) Spiked PCR

™
reactions when collagen was added to SoilMastextractions. The modified extraction

protocol (length of digestion and use of proteindyes indicated above each lane, as are the
concentrations of collagen in pg/pL. BSA aIIevdatmeIagen PCR inhibition from all

PowerSoﬁ® extracts, whereas all SoﬂMasterextracts were still inhibited.
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Human Skeletal Remains

™
SoilMaster Kit Optimization

™
MtDNA yields from a bovine bone using variatiorishe SoilMaster extraction are

listed in Table 14. The 10 min incubation resuitedigher DNA yields than overnight

incubation, and the modified sodium acetate/ethpregipitation increased DNA recovery

™
compared to the SoilMasterkit precipitation. The highest yield was produdesm a

combination of a 10 min incubation and sodium aeé&tthanol precipitation (27.70 pg/mg), and

™
this protocol was used for subsequent SoilMastektractions from human skeletal remains.

™

Table 14. mtDNA Yields from SoilMaster Protocol Optimization

DNA vyields are in pg of DNA per mg of bone powderh bone 1M-3. The combination of
incubation time and precipitation that generatedhighest yield was 10 min and sodium
acetate/ethanol precipitation.

Incubation Precipitation MIDNA quantification
(pg/mg)
10 min kit 8.23
10 min sodium acetate/ethanol 27.70
overnight kit 0.62
overnight | sodium acetate/ethanpl 2.84

Quantitative PCR
Nuclear DNA yields from extracts of modern skelethains (bones 14 and 15) are

listed in Table 15. None of the extraction methaovered enough nuclear DNA to meet the

recommended 1 ng input in the AmpFIS@f’HUentlfller PCR Amplification Kit User Guide
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(2012) for successful STR analysis. The Qiagenekibvered 0 pg/mg from both bones.

™
PowerSoﬁFD and SoilMaster extractions yielded 9.78 and 2.25 pg/mg from bbhewhile they

did not recover nuclear DNA from bone 15. Orgatraction was the only method that

recovered nuclear DNA from both bones: 6.65 a@6 pg/mg (bones 14 and 15, respectively).

™
DNA quantification results for the Alu gPCR ass&yganic and SoilMaster extracts of

Maya bones 3 — 6 are shown in Table 16. Extrddi®oes 3 and 4 contained 0 — 9.21 fg/uL of

DNA,; however, the negative control also quantifiedhe same range (1.57 fg/uL). Organic and

™
SoilMaster extracts of bones 5 and 6 contained O fg/uL of DNA

Table 15. Nuclear DNA Yields from Modern SkeletaRemains

DNA quantities are in pg of DNA per mg of bone p@rnd Amounts of nuclear DNA recovered
from bones 14 and 15 were insufficient for STR gsial Organic extraction recovered DNA
from both femora, whereas the other methods reeoMBNA from only bone 14, or in the case
of the Qiagen kit, no nuclear DNA was recoveredrfreither bone.

™ . .
Bone Number PowerSoiI® SoilMaster Organic Qiagen
14 9.78 2.25 6.65 0
15 0 0 2.26 0
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Table 16. Alu gPCR Results for Ancient Skeletal Reains
™

“O” and “S” represent organic and SoilMasteextracts. DNA quantities were determined
based on comparison to DNA standards ranging frexg/@L to 0.2 fg/uL. Note that the
skeletal samples contained 0 — 9.21 fg/uL of DNAich is not much higher than the DNA
guantity detected in the negative control of dedediwater (1.57 fg/uL).

Bone Extract DNA Quantification (fg/uL)

30 9.21
3S 8.53
40 1.59
4S 0
50 0
5S 0
60 0
6S 0

Negative control 1.57

Haplogroup Analysis
Haplogroup results are summarized in Table 17.eBdnhand 2 did not have SNPs

indicative of haplogroups A, B, C, or D. Bone 3swcluded as haplogroup A from the

™
SoilMaster extract, while bone 4 failed to amplify with hagtoup A primers. Bone 5 was

™
negative for haplogroup A from the SoilMasteextract, although the organic extract had an

ambiguous result, wherein sequence indicated titattucleotides A and G were present at site

™
663. Bone 6 was excluded as haplogroup A fromrgaroc extract, and the SoilMaster
™
extract failed to amplify. Sequence from a Soilkdas extract of bone 9 excluded it as

haplogroup A. Bone 12 was negative for haplogradpmm organic and Powersg%lextracts.
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Bone 13 was excluded as haplogroups A, B, C, IX foom an organic extract. A Qiagen

extract of bone 13 also produced a negative haplgmA result.

Table 17. Haplogroup Analysis of Ancient SkeletaRemains
™

‘07", “S”, “P”, and “Q” indicate organic, SoilMaster, PowerSoiﬁ@, and Qiagen extracts.
Shaded cells represent haplogroups that were sigtte “n/a” signifies that no amplification

occurred or DNA sequence was indecipherable dpeado resolution. “negative” indicates that

the haplogroup-specific SNP was not present irDiN& sequence. The presence of both the
rCRS nucleotide and the haplogroup SNP is desidreg€ambiguous.”

Bone Haplogroup | Haplogroup | Haplogroup | Haplogroup | Haplogroup
Extract A B C D X

10 negative negative negative negative

20 negative negative negative negative

30 n/a

3S negative

40 n/a

4S n/a

50 ambiguous

5S negative

60 negative

6S n/a

7S n/a

9S negative

120 negative

12 S n/a

12 P negative

12 Q n/a

130 negative negative negative negative negativ

13S n/a

13P n/a

13Q negative
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HV | Haplotypes
HV | polymorphisms from DNA extracts of bones 15-dre listed in Appendix Table
A9, while a summary of concordance among sequestatasned from each bone is shown in

Table 18. Haplotypes from bones 1 — 3 were notaatant within each bone. The

™
SoilMaster extract of bone 4 generated a sequence with ferelifces from the rCRS;

however, no amplification occurred with the otheiracts. PowerSoGﬁ and Qiagen extracts of

™
bone 5 generated a concordant haplotype, but til&ter and organic extracts had two

: . ®.
different haplotypes. Concordant sequences foe liowere obtained from PowerSoiand

™
Qiagen extracts, while the SoilMasteextract produced a different sequence. No se@senc

from bone 7 were concordant with each other. Repeattempts to amplify DNA from bone 8

™
failed. Sequence was obtained from the SoilMastextract of bone 9, but it could not be

confirmed from other extracts. Poweré@oiind organic extracts of bone 10 had a concordant

haplotype. Sequences obtained from bone 11 wereoncordant. The haplotype obtained

from a Qiagen extract of bone 12 could not be coréd by other extracts. Poweré%'ﬂmd

™
organic extracts of bone 13 were concordant, wBd#Master and Qiagen extracts generated

two different haplotypes. Sequences obtained fbrextracts of bones 14 and 15 were
concordant within each bone and between them. r&iga illustrates the DNA sequences

obtained from bones 14 and 15, each containingdhgnorphisms 16134 T and 16234 T.
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Table 18. Concordance of HV | Haplotypes of Human I&letal Remains

“n/a” indicates no amplification or sequence thaswot interpretable. “C” designates extracts
that generated concordant haplotypes from the $ame. “NC” indicates that the sequence
obtained was not concordant to other sequencesmetdtirom the bone. If sequence was

generated from only one extraction method, it mgleated as “uninformative,” since
polymorphisms could not be confirmed from otherasts.

NEr?lrE)eer PowerSoil® | SoilMaster | Organic Qiagen
1 NC n/a NC NC
2 NC n/a NC NC
3 n/a NC NC NC
4 n/a uninformative n/a n/a
5 C NC NC C
6 C NC n/a C
7 NC NC NC n/a
8 n/a n/a n/a n/a
9 n/a uninformative n/a n/a
10 C NC C n/a
11 NC NC n/a NC
12 n/a n/a n/a uninformativ
13 C NC C NC
14 C C C C
15 C C C C

e
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Figure 22. HV | Sequences from Modern Skeletal Reamns (Bones 14 and 15)

(a) A portion (16125 — 16145 bp) of HV | from borlesand 15, femora of an unidentified

decedent. (b) A portion (16225 — 16245 bp) of Hvom bones 14 and 15. “O”, “S”, “P”, and
™

“Q” represent organic, SoilMaster, PowerSoi@, and Qiagen extractions of each bone, while

“F” and “R” indicate sequences obtained from prignerl6057 and R 16322. Complete
concordance was found among sequences obtaineds@ibmNA isolation kit extractions and
standard DNA extraction methods for modern skeletalains. Complete concordance was also
found between both femora. The HV | haplotypehd tndividual was 16134 T, 16234 T.

PCR Inhibition
™
A roughly equal percentage of PowergoiBOiIMaster , organic, and Qiagen extracts
failed to amplify with HV | primers after repeatattempts (samples indicated by “n/a” in Table

™
18). Spiking PCR of undiluted extracts indicatiedttthe SoilMaster extract of bone 1 was the

only sample that was inhibited, while all othersg@®ated amplification of the DNA used for

spiking.
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DISCUSSION

DNA identification of decedents is essential inamges when remains are highly
decomposed or skeletonized and other identificanethods are not possible, or when results
are indeterminate. DNA analysis of skeletal rema&ian be compromised due to the presence of
PCR inhibitors in both bone and the material thatremains come into contact with (e.g., soill
and plant matter). An optimal DNA extraction terjue for skeletal remains would
simultaneously remove PCR inhibitors and maximid&ADrecovery. A wide variety of DNA
extraction protocols are used with skeletal remdionsvever, PCR inhibition has not been
completely eliminated. Therefore, there is a neddrther investigate best techniques for DNA
isolation from bone.

Numerous commercial DNA extraction kits have beesighed to obtain DNA from
various substrates, such as buccal swabs, bloagdbbae, feces, and soil. Soil DNA isolation
kits, typically used in microbial DNA analyses, lahe ability to remove PCR-inhibitory humic
substances. The aims of this study were to evahlhat utility of soil DNA isolation kits to
extract DNA from bone and remove PCR inhibitors] emsubsequently compare the
performance of these kits to standard skeletal @X#action procedures. The findings of this
research indicate that soil DNA isolation kits ¢enused to successfully extract amplifiable
DNA from skeletal material and that their perforroanms equivalent to currently used
techniques.

Preliminary work, in which bone powder for eachragtion was obtained from different
holes drilled on the same bovine femoral segmentaled that areas within a segment were not

always similar in DNA quantity. DNA yields fromgaven bone showed inconsistencies across
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extraction methods. For instance, it might be etguéthat the bone segment that was the richest
source of DNA using a particular DNA extraction ihmed would generate the highest yields
among all extraction methods; however, this wasim®tase (data not shown). Instead, several
femur sections had the highest mtDNA yields using (@r more) extraction methods, but

generated the lowest yield using a different eximacmethod, which is counterintuitive. For

™

example, bone 1M-2 had the highest yields usingrigg POWGFSOCIRP, and SoilMaster

extractions, but generated the lowest yield amargmonth bones from Qiagen extractions.
This indicates that DNA quantities in bone powdetamed from separate drillings was not
equal, hindering valid comparison of extractiorhteques. Other skeletal DNA researchers
created bone powder through homogenization usliigrader, grinder, or other technique prior
to comparison of extraction procedures (Fishel.et23, Davoren et al. 2007, Loreille et al.
2007, Lee et al. 2010, Amory et al. 2012), whichulddhelp alleviate the problem of bones not
generating consistent DNA quantities among exinasti Because entire bones or bone
fragments were not homogenized in this researetastdetermined that a bone needed to be
drilled and the resultant powder homogenized bed@®ibuting it for each extraction method to
ensure equivalent quantity and quality of DNA input

It was also noted that some extracts produced Didlly that appeared atypical.
Homogenized powder from bones 1W-1 and 1W-2 geeeématusually high nuclear DNA yields
from all extractions, which may have resulted fribva presence of soft tissue in bone powder
obtained during drilling. The majority of softdise was removed prior to burial of bones,
although some did remain, which may not have dexgtdfore the bones were unearthed. The
cleanest area of the bone without soft tissue waded and drilled, but occasionally an area of

soft tissue needed to be sanded away, as wastrberies buried for one week. Further
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examination of bone 1W-3, which had the lowest eacDNA yield of those buried for one
week, revealed that less soft tissue remained caeda others, suggesting that yields from one
week bones may be artificially high due to the pnee of soft tissue. Alternatively, bones
buried for one week were fresher than the otheebdested, so they may simply be a richer
source of DNA. This could be investigated by coetglly defleshing the bones buried one week
(currently stored at -20°C), re-drilling them, agxtracting and quantifying DNA.

Bone 4M-2 also had an unusually high DNA vyield cangal to other bones buried for
four months, most notably from organic extractiout this was likely not a result of soft tissue
since most of it had decomposed by that time.eldstthe high yield could result from
irregularity in the DNA content of bone. Others/baeported variable DNA profiling success
rates based on the type of bone analyzed, andiatsspual DNA quantities in different regions of
bone. Edson et al. (2004) noted that, of the lomges, weight-bearing bones such as femora
and tibiae were most successful for mtDNA sequeapaihile metatarsals and ribs also
generated sequence in 80% of skeletal remains. BiN#ysis from World Trade Center victims
was more successful with lower limbs, especialiglae, and less so with upper limbs, bones
from the central axis of the skeleton, and the H&&dhdorff et al. 2009). In general, denser
bone tends to correlate with a higher DNA typingcass rate (MiloS et al. 2007, Misner et al.
2009), and since different areas of the same bangein density (Atkinson et al. 1962), each
cow femoral segment was likely unequal in DNA qutgintSegments 2M-2, 2M-4, 4M-2, and
8M-3 spanned both the diaphysis and metaphysisedfeimur, indicated by a widening at one
end of the segment, while other segments origin@bed the diaphysis. Interestingly, the high
relative DNA yields of 2M-4 and 4M-2, and low yisldf 2M-2 and 8M-3 may correlate with

what region of the segment was drilled; 2M-4 and2Mere drilled near the metaphyseal end,
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while the diaphyseal region of 2M-2 and 8M-3 wallett. Longitudinal bone growth occurs at
the ends of long bones by deposition of new bomeden the epiphyseal cartilage and end of
the diaphysis, as well as between the epiphysisadiallar cartilage (Bisgard and Bisgard
1935). Therefore, bone located closer to epipHysdates would be relatively newer than
diaphyseal bone and may be a richer source of DM&naguchi and Yamaguchi (1986)
measured DNA content in weanling rat femoral dighgnd epiphysis and found a higher DNA
guantity in the epiphysis (avg. 40 — 45 mg/g) tdaphysis (avg. 15 — 20 mg/g). Yamaguchi et
al. (2003) also reported higher DNA quantities frorataphyseal (avg. 2.5 — 3 mg/g) than
diaphyseal (avg. 1 — 1.5 mg/g) regions of rat faanorhese authors extracted and quantified
DNA using methods atypical of forensic caseword. (isodium hydroxide extraction and
spectrophotometry of the color reaction between 4 indole) and used fresh bone, making
it difficult to extrapolate these findings to instes of skeletal remains buried for long periods of
time. However, it does necessitate further re$ethrat evaluates the difference in DNA content
within a bone (diaphysis, epiphysis, and metaphydfiDNA quantities also vary in skeletal
remains with long postmortem intervals dependingvbat region is sampled, then this is
problematic when comparative studies are perfornidek region of bone that powder originates
from—whether obtained by drilling, removing a fragmh and grinding/blending it, or other
methods—would be a confounding factor that affether variables examined in the study.
Therefore, comparisons made between bone typeactégh methods, or other variables should
be performed on the same region of bone.

Overall, nuclear and mtDNA recoveries from bureesv femora were not significantly

. Lo ™ : : ®, .
different between organic and SoilMasteextractions or between Qiagen and PowerShkits,

which suggests that soil DNA isolation kits recogguivalent amounts of DNA from bone as
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standard DNA extraction methods. Interestinglg, silica-based kits (Qiagen and Power%))il

recovered significantly less DNA from buried bohart did the other methods, with one

™
exception. The PowerSgDiImtDNA yield was not significantly lower than theiBlaster

yield. Rucinski et al. (2012) reported lower nael®NA yields from exhumed skeletal remains
buried an average of 37 months using a modifietbpad of the silica-based Qiagen Blood Maxi
Kit than organic extraction (avg. 7.57 and 44.3ngéspectively). However, Davoren et al.
(2007), who published the modified silica protoBuaicinski et al. (2012) used, found higher
nuclear DNA yields using the silica kit from skeletemains of individuals killed during armed
conflicts between 1992 and 1995 (avg. 1.94 ng/g) thrganic extraction (avg. 0.68 ng/g). This
discrepancy could be explained by differences enpttotocols for centrifugal filter concentration
of organic extracts or by different DNA quantificat kits used. However, the major difference
was that Rucinski et al. (2012) demineralized boowder, whereas Davoren et al. (2007) did
not include demineralization (discussed below)cdntrast, Rohland and Hofreiter (2007)
reported no statistical difference in DNA recoveBgm bone using numerous silica-based Kits
and an organic extraction; however, the yieldsedwidely both within and among extraction
methods. The authors examined remains over 2@¢@8G old and quantified mtDNA, which is
not an ideal comparison to skeletal DNA extractioethods for forensic purposes. The results
from Rucinski et al. (2012) and Davoren et al. (200sing recently deceased individuals were
more applicable to forensic casework and to the BidAds from bovine bones presented in this
research. Based on these studies, silica extractexovered less DNA than demineralization
coupled with organic extraction. When demineraicrawas not performed, silica kits

recovered more DNA than organic extraction, a figdihat was opposite of the current study.
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Low DNA recovery using silica-based kits in theremt research may have resulted from
various factors, such as insufficient cell lysi?y/not binding to the silica membranes, or DNA
failing to elute from the membrane. In order fddMto bind to silica, sufficient concentration
of a chaotropic salt must be present, in additooa buffer for maintaining the pH (Melzak et al.
1996). Rohland and Hofreiter (2007) reported thHDNA yields from a silica-based extraction
of ancient bone were dependent on the pH of théifignsolution, wherein pH 4 resulted in the
highest recovery, and lower yields were obtainedmtie pH was 6 or 8. Similarly, Melzak et
al. (1996) demonstrated that DNA bound silica neftiently at pH 3 — 5, and binding was less
efficient at pH 6 — 8. The pH of binding solutiBaffer AL used in the Rucinski et al. (2012)
and Davoren et al. (2007) studies, as well as agén extractions in the current study, is not

disclosed by the manufacturer. However, Bufferwads determined to be at pH 7 using pH

paper. Similarly, the pH of binding solution Cérn the PowerSo(ﬁ kit is not disclosed but

was determined to be 5 — 6. Bone powder may hav&amed organic acids from exposure to
soil; therefore, pH was tested after addition aff fsom a buried bone to determine if it
decreased the pH. No change was observed in ptHese may be less than optimal binding
conditions based on the previous findings (Melzakl.€1996, Rohland and Hofreiter 2007). On

the other hand, quality control of silica-based kitely includes optimization of all solutions,

including their pH. For instance, the QIAqu%«Spin Handbook (2012) states that the optimal
pH for binding DNA to QIAquick silica membranesléss than or equal to 7.5, and a pH
indicator is included in the binding buffer thataciyes color when the pH exceeds 7.5. Although

this was not the Qiagen kit used in this researdhepreviously mentioned studies comparing

silica and organic extractions, it suggests thatufecturers do determine the optimal pH for
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their binding solutions. The optimal pH for Qiadanding buffer may be higher than those
determined by Melzak et al. (1996) and RohlandHofiteiter (2007) since those studies
incorporated silica particles, not a column witkilca membrane, and it is unclear what other
proprietary additives are in the binding solutioh&its that may alter optimal pH. Therefore,
optimizing the pH of binding solutions from commailailica-based kits is not necessary,
although when DNA quantity is limited, it is wortlonsidering.

After DNA binds to silica, it must be eluted effeetly, or DNA recovery will be
reduced. Hebda et al. (in press) recovered DN feach of four 20 pL elutions of Qiagen
DNA Investigator silica columns, while the QlIAamNB Investigator Handbook (2010)

recommends only performing one elution. In theenirstudy, three 20 pL elutions were

performed using the Qiagen kit instead of the sijition. Similarly, the PowerS(gilDNA

Isolation Kit Instruction Manual (2013) recommeradsingle 100 uL elution. The Powerg%il

elution used here was based on work done in a bimogy laboratory at MSU, where
researchers found that two elutions using 75 pLEBfvarmed to 55°C increased DNA recovery

(Dr. Tom Schmidt, personal communications). Destriese optimized elutions, the

PowerSoﬁFD and Qiagen kits still generated significantly loVi@NA yields from buried bovine
bones.
Further comparison of silica-based kit DNA yieldghose from other methods revealed

that the silica kits’ performance was more in hmiéh the other methods as bones were buried

for longer periods of time. Organic extraction,igfhgenerated the highest nuclear DNA vyields,

recovered 42.5, 5.5, 6.4, and 8.1-fold more nudl¥¢A than the PowerSé@ll kit from bones
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buried one week, one month, two months, and fourth®) respectively, and 27.1, 4.9, 1.9, and
4.5-fold more than the Qiagen kit from the samedsonThe apparent increase in the silica kits’

efficiency with longer burial, or decrease in thkey methods’ efficiencies, may be due to the

™
limited binding capacity of the silica membranénlike organic or SoilMaster extractions,

: . . ® ..
which are not constrained by the amount of DNA thasolated, the PowerSoilsilica column

binds up to 20 ug of DNA (MO BIO Laboratories, 12010), and the Qiagen kit yields up to 3
pg of eluted DNA (QIAGEN 2013). The highest totadld of nuclear DNA—1.93 ug

(Appendix Table A7)—came from an organic extrachohe 1W-2. This value is below the
binding capacities of the silica columns; therefareeems that either the actual binding capacity
is lower than reported, resulting in DNA being losthe flow-through, or a large amount of
DNA bound to the silica was not eluted. These @dnd tested by binding a known amount of
DNA to silica columns, retaining and concentratihg flow-through, performing several

elutions that are collected separately, and quangfDNA from the flow-through and eluates.

If DNA is detected in the flow-through, it suppott® limited binding capacity hypothesis. If
DNA is present in eluates beyond the recommendatbeuof elutions, then it seems that DNA
loss occurs from inefficient elution. It is alsogsible that both scenarios occur, as they are not

mutually exclusive.

™
Alternatively, the organic and SoilMasterextractions could be decreasing in their

efficiency of recovering DNA from bones buried fonger lengths of time. For instance, it has
been shown that when back extraction is performgihg organic extraction, wherein the
phenol phase is combined with agueous solutiorpaiades are separated a second time,

additional DNA is recovered that was residing ie gfhenol layer (Webb and Knapp 1990).
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Therefore, it is plausible that lower molecular gigiDNA from bones buried longer entered the
organic phase and resulted in decreased recovesynply lower quantities of DNA present in
those bones resulted in a greater percentage of IDBKAIN the organic phase.

Another observation from the DNA quantificationuks was the rapid degradation of
DNA between one week and one month of burial. rAdEath, endogenous enzymes and
microorganisms decompose tissues (Vass 2001)tiresil DNA degradation in tissues within
hours or days postmortem (Bér et al. 1988). Exogetbacteria in soil are also capable of
degrading DNA (Antheunisse 1972). Johnson and$-€&902) reported that nuclear DNA from
porcine liver and kidney was thoroughly fragmentgthout identifiable nuclei via single-cell
gel electrophoresis by three hours postmortem. d¥ew the rate of nuclear DNA degradation
was organ-dependent, as nuclei were discernild&atetal muscle from 3 to 56 hours
postmortem, and DNA fragmentation increased grdgldalkring that time. DNA in bone also
degrades in a time-dependent manner. Hochmeistér(@991) documented DNA degradation
in femora of decedents (12 hours postmortem) stdgjeo various environmental conditions for
three months, including outdoors in the summer .(&amperature 25°C), wrapped in plastic
outdoors, submerged in a river and maintained a 2&nd buried in soil. The control group of
femora was kept at -70°C. Average DNA recoverpaies buried in soil relative to the control
group was the lowest at 0.4% (50 ng/g), while bgrlased outdoors resulted in an average
DNA recovery of 7.1% (900 ng/g). Kaiser et al.@8Dreported an increase in DNA
fragmentation from human bones buried 1 to 34 yeettse same environmental conditions (a
cemetery in Munich), which was assessed by amatitia of various sized PCR products.
Amplification of a 763 bp region of nuclear DNA wsisccessful from remains up to 8 years

postmortem, while a 150 bp fragment was amplifrednf all bones except two: 30 and 200+
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years postmortem. These results differ from tHoaad in this study, where nuclear DNA was
not detected in bone buried for 8 months based@PCGR assay; however, the nuclear target was
a single copy gene, whereas Kaiser et al. (200@)iaed a multicopy nuclear geng-actin).

The burial environment could also explain thiseliéince. Misner et al. (2009) found a wide
range of skeletal weathering and DNA degradatiorenfains that were recovered from the
Voegtly Cemetery in northern Pittsburgh, PennsylwamBecause these remains experienced the
same temperatures, soil type, and precipitatioalseWisner et al. (2009) proposed that the
DNA differences were heavily impacted by environtaémicro-habitats. Given that
environmental conditions and microbial communitias fluctuate within the same geographic
area, it is very likely that they differed substally between the Kaiser et al. (2008) study and
this research, wherein bovine bones were buriglr@ct contact with fertile top soil, which may
have accelerated nuclear DNA degradation.

It is interesting that degradation between one va®kone month was more pronounced
in nuclear DNA than mtDNA. This may have resultiexn cellular location, which has a large
influence on DNA degradation. Foran (2006) shotired nuclear DNA degraded faster than
MtDNA in whole tissues, but when tissues were haenaed, mtDNA degraded as fast or faster
than nuclear DNA. The mitochondrion itself mayteat DNA from degradation, while the
nuclear membrane breaks down and exposes nucleart®Nucleases in the cell and
environmental factors that accelerate degradatgieadman et al. (2006) found that nuclear
DNA was more susceptible to degradation from mamerahan mtDNA. Fresh porcine ribs
were treated using various maceration techniquésiaolear and mtDNAs were amplified. A
set of ribs was manually defleshed using a scageal control, which did not impede nuclear or

mtDNA amplification. Conversely, no nuclear DNA swacovered from bones processed with
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10% bleach, EDTA/papain solution, or detergentismdcarbonate solution followed by a
degreasing solution. mtDNA amplification was swssfel when any of the maceration
techniques were employed, indicating that nuclddAvas more susceptible to degradation
from the treatments than mtDNA. Rennick et alO&0reported similar results, wherein nuclear
DNA amplification from skeletal remains (severaleke postmortem) was unsuccessful when
three maceration techniques were used: boiling foours in either water, a 3% bleach solution,
or detergent/carbonate solution. However, mtDNA amplified in all cases, and
detergent/carbonate solution was least detrimémtaNA. These results mirror what was found
in this study with buried bones, wherein nuclearAlEvels decreased significantly between one
week and one month of burial, with little to no lear DNA detected after eight months. In
contrast, mtDNA was present in bones after eightttmoof burial. A decrease in mtDNA levels
between one week and one month of burial was gigarant, although the difference was not
statistically significant. Since mtDNA is protedtby the mitochondrial membrane, it was likely
better shielded from environmental factors tharlearcONA, potentially explaining the sharper
decrease in nuclear DNA between one week and oméhmdé-urther research investigating
nuclear and mtDNA degradation in bone between #yeod burial and one month by including
more sampling points would be worthwhile to betfexsp the rate of DNA degradation. It
would also be interesting to examine degradatioareyrbones buried in various soil types to
study the effects of texture (clay, silt, sand)¢mbial communities, pH, organic content, and
mineral content on the rate of degradation.

An aspect of skeletal DNA extraction that was natreined in the current study is

demineralizing the bone powder. This is usuallyi@ged by incubating it in a high

. . . . . + .
concentration EDTA solution, which chelates divaleations such as 8a and partially or
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completely dissolves the powder. Salamon et 80%2 reported that DNA is present in crystal
aggregates in bone; therefore, as demineralizatieaks down the mineral matrix it presumably
releases any DNA residing there. This hypothessuipported by several studies that
demonstrated increased DNA yields when deminetadizavas used. Loreille et al. (2007) of
the Armed Forces DNA Identification Laboratory (ARDfound that dissolving bone powder
significantly increased mtDNA yields and the numbeBSTR alleles generated from degraded
skeletal remains, based on an organic extract8pecifically, the total demineralization
protocol increased DNA recovery approximately 5fobmpared to the protocol without
demineralization using 0.6 — 1.21 g of bone powdeut. Similarly, Amory et al. (2012)
obtained equivalent or greater nuclear DNA yield80% of bones tested using silica-based kits
when 0.5 g of bone powder was completely deminagdlthan when 2 g of the same
homogenized bone powder was partially demineralized

Conversely, Fisher et al. (1993), also of AFDILyifid that demineralization resulted in
lower DNA yields compared to non-demineralized bfmay. 20 pug/g and 40 ug/g,

respectively). However, their demineralization udgd several EDTA washes, wherein the

2t .
supernatant was tested for the presence of @ad discarded. These washes could have

resulted in DNA loss, and significant quantitiedDMA have indeed been detected in EDTA
wash solution (Loreille et al. 2007). The studiest determined demineralization increased
DNA vyield did not use washes; rather, a high cotregion of EDTA was a component of the
lysis buffer, presumably eliminating DNA loss digithe demineralization procedure. The
organic extraction used in the current study, whigtperformed the other techniques in
recovering DNA, included 50 mM EDTA in the digestibuffer, which was the same EDTA

concentration of digestion buffers in the protoaod$ including demineralization implemented
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by Loreille et al. (2007) and Amory et al. (2012)is unknown whether the extraction kits used
in the current study contain EDTA in the digestsmiutions, but even if EDTA was present, the
short incubation times (10 minutes and 1 hour) wsi¢hl the soil DNA isolation kits were too
brief for substantial demineralization to occur.

Evaluation of the PCR inhibitor removal ability thie four DNA extraction techniques

revealed that each removed PCR-inhibitory concéatra of calcium chloride efficiently. This

2% . . . .
makes sense as the charge and size of @How it to be easily removed during extraction.

+
First, EDTA in the digestion buffer used during amgc extraction chelates %a(as mentioned

above, it is unclear whether EDTA exists in digastsolutions used in the kits, as manufacturers

+
only denote the presence of organic and inorgaalis)s Second, (,Za is much smaller than
: . . . ® .
collagen or humic acid molecules. Washes of theasand Amicon columns are effective at
desalting solutions (PowerSoiIDNA Isolation Kit Instruction Manual 2010, Amicagitra-0.5

. . . . 2+ . .. . .
Centrifugal Filter Devices User Guide 2011); herangy Ca initially contained in the

extractions passed through the columns. Calciums &e also small enough to be held up in the

™
pores of Sephadex G-100 beads in the SoilMastat columns, which have a molecular weight

limit of 100 kDa (GE Healthcare Life Sciences 201Zhus, no extraction method was
disadvantageous for overcoming calcium PCR intabiti
On the other hand, the four extraction methods wetequally efficient at overcoming

collagen inhibition. Soil DNA isolation kits wetess effective than a Qiagen kit, which is

surprising considering that the Powerg{)olidit includes silica spin filters like the Qiagei, kand
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™
the SoilMaster protocol involves a protein precipitation step.ifhibitor experiments, the

amount of collagen added to extractions resulted &y and 5 pg/uL of collagen in PCR,

™
assuming that none was removed during extracfidre SoilMaster kit did not effectively

remove collagen and resulted in PCR inhibitionllat@centrations. Eilert and Foran (2009)

found collagen to be inhibitory in PCR at 1 pg/plgeeater, but it was not inhibitory at 0.5

™
pHa/uL; therefore, the SoilMasterkit likely removed less than half, if any, of tbellagen

present in extractions. The protein precipitastep should theoretically remove proteins from

solution. Published protocols for isolating typeollagen consist of salting-out precipitations

™ ™
like that employed in the SoilMasterprotocol; however, the SoilMasterkit uses ammonium

acetate, whereas others used sodium chloride (8talk 1972, Nagai and Suzuki 2000,
Kittiphattanabawon et al. 2005), ammonium sulfdMegsent et al. 1998), or a combination of
both (Nalinanon et al. 2011). Collagen that dit precipitate during salting-out was unlikely to
be removed using the Sephadex G-100-filled columentd its size. The collagen tripeptide is
approximately 300 kDa (Zhang et al. 2006), whilke 8ephadex pore size prevents molecules
greater than 100 kDa from entering the beads. regactraction removes proteins and lipids
using organic solvents, which is likely why collaggas removed effectively. The silica-based

extractions also removed collagen efficiently tlglowvashes of the DNA bound to the column;

however, the Powersg%l kit was less efficient than the Qiagen kit. Timay be due to the

single wash of the column in the Powergqﬂrotocol compared to three washes in the Qiagen

kit protocol.
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The fact that lengthening the digestion step fal\&ster and POWGI’SOCIR? extractions

did not improve collagen removal suggests thastieater incubation relative to the standard

methods does not explain the soil kits’ inferiorfpemances. Addition of proteinase K to the

Power80ﬁ® digestion also did not improve results; howevelagen is fairly resistant to

proteolysis due to extensive cross-linking (Holland001), which may indicate that proteinase
K is not an effective protease for digesting catlag Li (2009) compared a proteinase K
digestion protocol with a protocol incorporatingltboollagenase and proteinase K digestion.
The author found that collagenase treatment wadetoimental to STR analysis, and it
increased DNA yield from homogenized bone powdarlgegwo-fold compared to treatment
with proteinase K alone (avg. 35 pg/g vs. 20 pg/)e increase in DNA yield from collagenase
treatment is hypothesized to stem from the releéselditional DNA embedded in the protein
matrix of bone after cleavage of the collagen fimke (Li 2009). Given this, collagenase
digestion may be useful in DNA extraction from sial remains to increase DNA yields and
minimize PCR inhibition by cleavage of collagen.

The extraction methods also differed in their @ffemess in removing humic acid. Itis
not surprising that PCR inhibition did not occuremhhumic acid was added to soil DNA

isolation kits because they are specifically desthto remove humic substances. The

™
PowerSoﬁFD kit contains two reagents that precipitate humigssances, while the SoilMaster

kit's Sephadex column removes them. In contraSR Bf organic and Qiagen extracts was
inhibited at 100 ng/pL of humic acid, indicatingthhese standard extraction methods are
incapable of removing high concentrations of huatitl. Because humic substances have a

similar molecular weight and charge to DNA (Hold&94), copurification of humics with DNA
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often occurs. Humic acid was not removed durirgaoic extraction since it is soluble in the

aqueous phase. Purification using 30 kDa Amcl?:tﬁhers may have removed humic acid

molecules less than 30 kDa in size, although hwawids larger than 30 kDa have been
documented (Lobartini et al. 1997, Harry et al. 99@nd these larger molecules were likely
retained during filtration. Organic extracts reég from addition of low concentrations of
humic acid were not discolored; however, slightdisration was present at the highest
concentration. Harry et al. (1999) found that huatids remained in the eluate after DNA
purification using a silica membrane, which thegpwsed was due to humic acid directly
binding to the silica or forming a complex with DIN#hich then bound to the silica. At the
lower concentrations of humic acid, the Qiagenaetion was effective at removing humic acid,
resulting in extracts that were not discolored.th& highest concentration however, some humic
acid may have adhered to the silica column aneélwith DNA, as these extracts were also
discolored.

Although experiments adding known inhibitors toragtions resulted in PCR inhibition,
DNA analysis of human skeletal remains revealet RIGR inhibition was infrequent. All

extraction methods removed any PCR inhibitors prieisethe femora of the recently deceased

™
individual effectively since DNA amplified succegby. On the other hand, some SoilMaster

extracts from ancient remains required dilutionsafimplification and appeared slightly
discolored, suggesting the presence of PCR inmghit®ilutions were not necessary when the
other extraction techniques were used, and thasaats were not discolored. When ancient

DNA did not amplify despite repeated dilutions,ate@ns with the undiluted extracts were

™
spiked with high quality DNA to assess PCR inhdbiti This revealed that one SoilMaster
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extract was inhibited, whereas extracts using theranethods were not. Given these results,

PowerSoiP, Qiagen, and organic extractions were superiograbving PCR inhibitors present

™
in ancient skeletal material than a SoilMastékit. Dineen et al. (2010) also encountered PCR

™
inhibition when using a SoilMaster kit. Extracts of loam were diluted ten-fold toesgome

PCR inhibition indicated by the gPCR IPC. The auhproposed that the inhibition was due to

humic substances because loam had the highestioarient (8.5%) of all soils tested.

™
However, in the research presented here, the Ssitia kit was found to be efficient at

removing humic acid, and the Maya remains appearbé quite clean, therefore it is unclear

™
what PCR inhibitor(s) were present in the SoilMastextracts. Despite PCR inhibition from

™
SoilMaster extracts of ancient bone, the lack of inhibitiooni PowerSoll extracts of ancient

and modern bone accentuates the utility of soil ObtAation kits to handle PCR inhibitors
associated with skeletal remains. It would berggeng to examine the frequency of PCR
inhibition when using each extraction method on Aaorskeletal remains that are in less than
pristine condition and have previously demonstratédition.

DNA extracts of modern human skeletal remains ubotf the standard methods and
soil DNA isolation kits produced HV | sequencesttivare used to positively identify a decedent
(approximately two years postmortem). Given thigieghniques generated concordant HV |
sequences of the decedent, there does not appeaiatolear advantage of one technique over

another when skeletal remains are relatively frddbwever, the silica-based kits (i.e.

PowerSoﬁFD and Qiagen) are not ideal for maximizing DNA reexy owing to the low DNA
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recovery from relatively fresh bone detailed abo®@. advantage to the soil DNA isolation kits
was the quicker extraction time (approximately 2 toours), while the standard methods

included an overnight incubation in addition ta2thours needed for extraction. Therefore,

™
given the above considerations, the SoilMast&it seems to be most useful for forensic

identification because it provided accurate resulie maximizing DNA recovery and reducing
turnaround time.

Conversely, extracts of ancient skeletal remaatsfew instances of HV | concordance,
making it difficult to compare the various DNA exttion methods. Ideally, DNA analysis of
ancient skeletal remains is performed on multigieds known to originate from the same

skeleton to ensure concordance. Rennick (200%)rodad sets of three separate bones derived

o o . . . th
from the same individuals buried in the Kamenigaulus in Albania (I;] — 6 century BC),

which assisted with confirmation that the mtDNA ledypes obtained actually originated from
skeletal DNA. Unfortunately, the ancient skele&hains analyzed in this research originated
from caves in which they were commingled, makindgjficult to confidently obtain multiple
bones from the same individual. However, cert@inds analyzed may have originated from the
same person based on anthropological analysis. p@ason of HV | haplotypes indicated that
bones 3 and 4—right and left tibiae that were ofilsir length—were not from the same
individual. Bones 5 and 6, right and left tibihatt were similar in length, were potentially from
the same person as extracts of both containedagpletlype 16126 C, while bone 12, a femur
possibly associated with the tibiae, did not appeariginate from the same individual. A
relationship between bones 7 and 8, a tibia andifehscovered next to each other, could not be

established due to failed DNA amplification fromnieoS.
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The ancient DNA haplotypes obtained in this studyeaxnot generally concordant among
different extractions of the same bone, highligiptinat replication of results is essential in
ancient DNA analysis in order to ensure that DNAusances originated from the bone itself. As
such, guidelines have been developed among ariagiAtresearchers to ensure authenticity of
results, including the use of negative controlpraducible results from multiple extractions
and/or PCR, and isolation of work areas (CooperRwidar 2000). Even when researchers
follow recommendations, Paabo et al. (2004) advisatlthis does not guarantee ancient DNA
results are accurate. For instance, a 30,000¢ldanoth originating from a bear in China
reproducibly generated human DNA sequences whemepsitargeting the mtDNA control
region were used, and cloning of the PCR produstsaled the presence of 20 different human
sequences (Hofreiter et al. 2001). Clearly, andi#A analysis requires methodical laboratory
procedures to avoid modern DNA contamination as agefeplication to enhance the
authenticity of results.

Genetic haplogroup determination can be used ¢éngtinen the notion that DNA
sequences obtained are from ancient bone, espaaaases when the haplogroups of analysts
are different than that of the bone. Various aamegion polymorphisms that tend to correlate
with haplogroups can be examined. Torroni etl&98) found that certain HV | polymorphisms
were consistent with specific Native American/Askaplogroups of modern subjects. In their
study, all haplogroup A individuals had polymorphg16290 T and 16319 A, which were not
present in haplogroup B, C, or D individuals. Hpadlymorphisms among Native Americans
that were indicative of haplogroup B included 16188nd 16217 C, but 16189 C was seen in
one haplogroup A individual and 16217 C was nos@nein all haplogroup B individuals.

16298 C and 16327 T were specific to haplogroupltBpugh 16298 C was not present in all
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haplogroup C individuals. The authors did not fifd | polymorphisms specific to haplogroup
D.

Due to primer positioning, the 16319 A polymorphisauld not be determined from the
ancient skeletal remains in this study; howeveR9D6T was present in extracts from bones 3, 5,
6, 7, 9, and 13, meaning these remains are padigrtaplogroup A. Bones 1, 3,5, 6, 7,9, 11,
12, and 13 could also belong to haplogroup B dubdgresence of 16189 C. No HV |
polymorphisms pointed to haplogroup C. Before gisirese HV | polymorphisms to assign
haplogroups, it is important to note that someheht have been documented in non-Native
American/Asian populations. 16189 C and 16298 @&weesent in British Caucasians (Piercy
et al. 1993) and other Europeans (Torroni et @8).9and 16189 C has also been found in
African Americans (Budowle et al. 1999). Therefdhese polymorphisms are not absolutely
diagnostic for haplogroups, but since certain arespresent in all or most haplogroup A, B, or
C individuals, their presence provides some sudpomvhat haplogroups remains most likely
belong to.

Haplogroups A, B, C, and D have previously beerudmnted in ancient and
contemporary Maya populations (Torroni et al. 1942rriwether et al. 1997, Gonzéalez-Oliver
et al. 2001). Haplogroups A and B were most peavah contemporary and ancient Maya from
the Yucatan Peninsula of Mexico. Haplogroups A Brbmposed 84% and 4% of ancient
Maya analyzed by Gonzalez-Oliver et al. (2001) ah®% and 22.2% of contemporary Maya
sampled by Torroni et al. (1992). Haplogroups A Bnwere absent in ancient Maya from
Copan, Honduras; rather, haplogroups C and D west prevalent: 89% and 11%, respectively
(Merriwether et al. 1997). The sample size of Megther et al. (1997) was small (n = 9), so the

high prevalence of haplogroup C is less reliabdmtthe percentage of haplogroup A individuals
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from Gonzalez-Oliver et al. (2001) and Torroni et(%992), which had sample sizes of 25 and
27, respectively. The contrast in haplogroup fesgues in ancient Maya could also be due to
the different geographical populations sampled (kexs. Honduras). The higher percentage
of haplogroup B in modern Maya sampled by Torrdrale(1992) compared to ancient Maya of
roughly the same geographic region could be exgthby lack of random sampling. The
authors noted that their sample was limited dubéaemoteness of the village and relatedness
of the inhabitants; most individuals in the villagere related at least at the second cousin level.
This is problematic because all maternal relatsrese the same mtDNA and hence the same
MtDNA haplogroup, resulting in haplogroup frequesdhat may deviate from those
documented in ancient Maya.

Despite this, haplogroup A is predominant amongtiNand Central American Amerinds
(Torroni et al. 1993); therefore, haplogroup anialys the ancient Maya remains in this study
focused mainly on haplogroup A. No positive assignts to haplogroups A, B, C, D, or X were
made from the ancient remains, although bone btesnpially haplogroup A, as nucleotides
consistent with both the rCRS and the haplogroup $idre present at position 663. Note that
numerous bones were only tested for the haplogfo8pIP, leaving the possibility that they are
haplogroup B, C, D, or X. Another individual inetiMSU Forensic Biology Laboratory is
currently continuing the haplogroup analysis ofsthekeletal remains, which should help to
resolve whether the mtDNA haplotypes produced oatgd from the skeletal material.

Another factor that hindered ancient DNA analysaswhat reference DNA samples from
all individuals who handled the remains were unlab#é. Thus, contamination could not be
ruled out as the reason that Native American/Akmpiogroups could not be confirmed and that

little concordance existed among HV | haplotypElewever, if contamination occurred due to
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handling bones or from laboratory personnel, tiensame haplotypes would be expected in

multiple extracts of a bone, which was not appavétit any of the ancient material.

™
Interestingly, the SoilMaster kit generated sequences that were not concordémbter

extraction methods, which potentially means thatkit was contaminated. Further, the same

™
control region polymorphisms were present in SogMa extracts from bones 3, 5, 6, 7, and 9

(Appendix Table A9), a trend that was not appawveétit other extraction methods. If the kit was

™
contaminated, the SoilMasterreagent blank would have DNA amplification, whutd not

occur in the current study. Despite this, contatiam is still a concern since the soil DNA
isolation kits are not designed for human DNA psex) and the production quality control
procedures are likely different that those of kiésigned for forensic use. Solutions used in the
soil DNA isolation kits were not UV irradiated d@snas not known whether this treatment would
negatively affect the proprietary ingredients iarthh meaning that if DNA did contaminate the
solutions, it was not destroyed prior to extractidio eradicate this problem, any negative effect
of UV irradiation on each solution could be testatividually, and pending the results, solutions
that are not negatively affected should be UV iiatetl before extraction.

Factors besides the ability to extract amplifiaDMA that may influence the choice of

™
extraction method are cost, ease of use, and tlBaeh SoilMaster extraction costs

approximately $4, while a Qiagen DNA Investigatrtraction is slightly more expensive. A

[ . ) . ® .
PowerSoﬁFD extraction costs around $5, but with the additiodmlicon™ column concentration

step used in this study, it is closer to $8. Aeottirawback of the PowerSoikit is that the
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protocol is not user-friendly and contaminatiomisoncern. At one point, the 2 mL tube is filled
almost completely with solution, so if this kitts be implemented for forensic purposes, tubes
that accommodate a larger volume should be usathdfrmore, the silica columns must be
manually removed from tubes numerous times, whaalot ideal when extracting DNA from

forensic samples, especially if contamination-geresmtDNA analysis will be conducted. On

™
the other hand, the SoilMasterextraction is easy to execute, although therenaneerous long

incubations and/or centrifugations that create dtwe for the laboratory analyst. Despite
these drawbacks, samples can be digested andtextthe same day when soil DNA isolation
kits are used, which is not true of the standarthods. The Qiagen kit protocol, which is also
user-friendly, suggests an overnight incubatiorCitWA extraction from bone, and an overnight
digestion was also used for organic extractionwelieer, the effect of shorter digestion times on
DNA recovery was not tested for either organic ag@n extractions, so it is possible that those
extractions could be reduced to a single day praeedithout adversely affecting DNA yields.

Based solely on cost, ease of use, time requinethéoprotocols employed in this research, and

™
DNA vyields, the SoilMaster kit is the most cost-effective and efficient extran method

among those examined in this study.
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CONCLUSION

Based on the research presented here, soil DN&tiiso kits can act as effective tools
for purifying DNA from modern skeletal remains. ede kits produced DNA yields from buried
skeletal remains equivalent to standard skeletah@ktraction techniques without using an
overnight incubation step, thus speeding up thege® of DNA extraction. However, DNA
recovery was significantly lower when silica-ba&#d were used. Low DNA recovery is a
concern that impacts choice of extraction methodrwminimal amounts of DNA are likely
present in evidentiary items, including degradesletkl remains. Extraction methods also
varied in their ability to overcome PCR inhibitilnom inhibitors associated with skeletal
remains. Despite these differences, the extractiethods tested were equally effective when
they were implemented to identify a modern decetltenugh mtDNA analysis. Comparison of
the techniques for use in ancient DNA extractionldmot be made due to inconsistencies in

DNA haplotypes, which were not confirmed to origen&om skeletal DNA by haplogroup

analysis. However, PowerSoil Qiagen, and organic extractions removed PCR itangoin

™
ancient bone more effectively than a SoilMastedit. DNA contamination of the soil DNA

isolation kits during manufacturing is a concemcsithey are not intended for human DNA

™
applications, and possible contamination was detkict the SoilMaster extracts of ancient

skeletal remains. Overall, the techniques inshusly that resulted in maximal DNA recovery,

minimal PCR inhibition, and successful sequencingntibNA from modern skeletal remains

™
were organic and SoilMasterextractions.
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Table A1. mtDNA Quantification of PowerSoi@ Extracts of Buried Bovine Bones

Bone identifiers are listed in the first columrlW, 1M, 2M, 4M, and 8M” indicate length of
burial in weeks or months, and “1 — 4” denote faaplicate femoral segments. Volume of
PowerSoi? extract, as well as mg of bone powder, was consitie order to normalize DNA
yields. Normalized values are reported as pg oApEr mg of bone powder.

Bone PowerSoiI® Extract Total DNA Bone Total D_NA
Identifier Quantification Volume Recovered Powder Normalized
(pg/uL) (WL) (P9) Input (mg) (pg/mg)
1W-1 160.00 34.0 5440.00 95 57.26
1W-2 89.80 30.8 2765.84 87 31.79
1W-3 25.50 33.8 861.90 96 8.98
1W-4 11.20 30.4 340.48 103 3.31
1M-1 2.52 32.6 82.15 104 0.79
1M-2 45.60 33.8 1,541.28 90 17.13
1M-3 65.80 37.4 2,460.92 97 25.37
1M-4 10.60 33.4 354.04 91 3.89
2M-1 3.56 33.0 117.48 92 1.28
2M-2 1.96 37.2 72.91 95 0.77
2M-3 3.02 38.0 114.76 88 1.30
2M-4 17.10 34.6 591.66 100 5.92
4M-1 12.00 29.0 348.00 116 3.00
4M-2 39.60 33.0 1,306.80 103 12.69
4M-3 2.68 31.4 84.15 105 0.80
4M-4 6.60 31.4 207.24 106 1.96
8M-1 10.10 27.6 278.76 98 2.84
8M-2 2.85 30.4 86.64 95 0.91
8M-3 1.86 33.6 62.50 86 0.73
8M-4 0.00 30.2 0.00 84 0.00
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Table A2. mtDNA Quantification of SoilMaster Extracts of Buried Bovine Bones
Bone identifiers are listed in the first columrlW, 1M, 2M, 4M, and 8M” indicate length of
burial in weeks or months, and “1 — 4” denote faaplicate femoral segments. Volume of
™

SoilMaster extract, as well as mg of bone powder, was consitie order to normalize DNA
yields. Normalized values are reported as pg oApEr mg of bone powder.

Bone SoiIMasterTM Extract Total DNA Bone Total D_NA
Identifier Quantification Volume Recovered Powder Normalized
(pg/uL) (WL) (P9) Input (mg) (pg/mg)
1W-1 967.00 23.4 22,627.80 90 251.42
1W-2 1,500.00 24.6 36,900.00 86 429.07
1W-3 119.00 23.2 2,760.80 82 33.67
1W-4 282.00 29.8 8,403.60 82 102.48
1M-1 19.60 25.2 493.92 101 4.89
1M-2 20.40 25.8 526.32 101 5.21
1M-3 108.00 26.0 2,808.00 102 27.53
1M-4 142.00 26.6 3,777.20 84 44.97
2M-1 8.22 25.8 212.08 91 2.33
2M-2 1.90 25.6 48.64 107 0.45
2M-3 0.88 26.2 23.00 109 0.21
2M-4 198.00 24.8 4,910.40 90 54.56
4M-1 16.60 20.8 345.28 97 3.56
4M-2 53.40 27.2 1,452.48 89 16.32
4M-3 3.47 25.0 86.75 112 0.77
4M-4 3.73 22.6 84.30 106 0.80
8M-1 11.90 22.4 266.56 104 2.56
8M-2 18.70 22.4 418.88 99 4.23
8M-3 0.50 22.6 11.21 105 0.11
8M-4 1.71 21.8 37.28 109 0.34




Table A3. mtDNA Quantification of Organic Extracts of Buried Bovine Bones

Bone identifiers are listed in the first columrilW, 1M, 2M, 4M, and 8M” indicate length of
burial in weeks or months, and “1 — 4” denote faplicate femoral segments. Volume of
organic extract, as well as mg of bone powder, eemsidered in order to normalize DNA

yields. Normalized values are reported as pg oApEr mg of bone powder.

Bone Orga.mic' Extract Total DNA Bone Total D_NA
Identifier Quantification Volume Recovered Powder Normalized
(pg/uL) (BL) (P9) Input (mg) (pg/mg)
1W-1 1,490.00 19.8 29,502.00 103 286.43
1W-2 1,320.00 22.6 29,832.00 85 350.96
1W-3 160.00 22.0 3,520.00 93 37.85
1W-4 448.00 26.2 11,737.60 81 14491
1M-1 20.30 29.4 596.82 100 5.97
1M-2 144.00 22.8 3,283.20 102 32.19
1M-3 128.00 23.8 3,046.40 101 30.16
1M-4 49.80 26.6 1,324.68 88 15.05
2M-1 16.00 20.4 326.40 97 3.36
2M-2 2.39 22.8 54.49 105 0.52
2M-3 11.90 22.4 266.56 97 2.75
2M-4 138.00 22.4 3,091.20 100 30.91
4M-1 23.20 18.6 431.52 89 4.85
4M-2 625.00 25.2 15,750.00 104 151.44
4M-3 7.37 16.8 123.82 106 1.17
4M-4 9.48 22.4 212.35 93 2.28
8M-1 7.78 20.8 161.82 107 1.51
8M-2 11.00 21.0 231.00 104 2.22
8M-3 3.48 19.4 67.51 98 0.69
8M-4 3.29 21.0 69.09 78 0.89
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Table A4. mtDNA Quantification of Qiagen Extractsof Buried Bovine Bones

Bone identifiers are listed in the first columrilW, 1M, 2M, 4M, and 8M” indicate length of
burial in weeks or months, and “1 — 4” denote faplicate femoral segments. Volume of
Qiagen extract, as well as mg of bone powder, wasidered in order to normalize DNA vyields.
Normalized values are reported as pg of DNA peroifrigpne powder.

Bone Qiggen. Extract Total DNA Bone Total D_NA
Identifier Quantification Volume Recovered Powder Normalized
(pg/uL) (BL) (P9) Input (mg) (pg/mg)
1W-1 145.00 56.4 8,178.00 91 89.87
1W-2 114.00 58.4 6,657.60 85 78.32
1W-3 4.84 58.0 280.72 103 2.73
1w-4 20.20 58.2 1,175.64 82 14.34
1M-1 0.00 59.0 0.00 102 0.00
1M-2 1.17 57.8 67.63 101 0.67
1M-3 4.52 58.6 264.87 102 2.60
1M-4 19.00 57.4 1,090.60 86 12.68
2M-1 0.00 57.0 0.00 104 0.00
2M-2 0.73 56.0 40.94 100 0.41
2M-3 5.23 58.0 303.34 85 3.57
2M-4 32.90 59.2 1,947.68 100 19.48
41M-1 3.77 56.5 213.01 88 2.42
4M-2 16.80 56.0 940.80 102 9.22
4M-3 1.59 54.4 86.50 106 0.82
4M-4 3.81 53.0 201.93 94 2.15
8M-1 1.83 56.2 102.85 98 1.05
8M-2 2.60 54.6 141.96 102 1.39
8M-3 1.01 54.8 55.35 98 0.56
8M-4 0.00 56.0 0.00 81 0.00
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Figure A1. mtDNA gPCR IPC Curves of 1W, 1M, 2M, am 4M Bovine Bones

The x-axis is PCR cycle number, and y-axis is afibigmic scale of RFU. The IPC amplified in alirgales at a similar Gvalue,
indicating that no PCR inhibition occurred.

102



103

33403

102

101

PCR Base Line Subtracted Curve Fit RFU

o L

0 5 10 15 20
PCR Cycle Number

100

Figure A2. mtDNA gPCR IPC Curves of 8M Bovine Bone

The x-axis is PCR cycle number, and y-axis is atibigmic scale of RFU. The IPC amplified in alhgales at a similar Cralue,
indicating that no PCR inhibition occurred.
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Table A5. Nuclear Quantification of PowerSoﬁ{> Extracts of Buried Bovine Bones
Bone identifiers are listed in the first columrlW, 1M, 2M, 4M, and 8M” indicate length of
burial in weeks or months, and “1 — 4” denote faaplicate femoral segments. Volume of

PowerSoi? extract, as well as mg of bone powder, was consitie order to normalize DNA

yields. Normalized values are reported as pg oApEr mg of bone powder.

Bone PowerSoiI® Extract Total DNA Bone Total D_NA
Identifier Quantification Volume Recovered Powder Normalized
(pg/uL) (WL) (P9) Input (mg) (pg/mg)
1W-1 1,350.00 31.0 41,850.00 95 440.53
1W-2 1,200.00 29.4 35,280.00 87 405.52
1W-3 82.70 30.4 2,514.08 96 26.19
1W-4 101.00 25.2 2,545.20 103 24.71
1M-1 35.10 31.2 1,095.1 104 10.53
1M-2 111.00 31.6 3,507.6 90 38.97
1M-3 23.00 36.2 832.6 97 8.58
1M-4 1.17 34.8 40.72 91 0.45
2M-1 7.50 31.8 238.50 92 2.59
2M-2 19.60 36.4 713.44 95 7.51
2M-3 39.00 37.2 1,450.80 88 16.49
2M-4 51.70 31.0 1,602.70 100 16.03
4M-1 67.90 29.0 1,969.10 116 16.98
4M-2 55.70 31.6 1,760.12 103 17.09
4M-3 22.50 30.0 675.00 105 6.43
4M-4 2.76 29.8 82.25 106 0.78
8M-1 0.00 27.6 0.00 98 0.00
8M-2 0.00 30.4 0.00 95 0.00
8M-3 0.00 33.6 0.00 86 0.00
8M-4 0.00 30.2 0.00 84 0.00
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Table A6. Nuclear DNA Quantification of SoilMaster Extracts of Buried Bovine Bones
Bone identifiers are listed in the first columrlW, 1M, 2M, 4M, and 8M” indicate length of
burial in weeks or months, and “1 — 4” denote faaplicate femoral segments. Volume of
™
SoilMaster extract, as well as mg of bone powder, was consitie order to normalize DNA
yields. Normalized values are reported as pg oApEr mg of bone powder.

Bone SoiIMasterTM Extract Total DNA Bone Total D_NA
Identifier Quantification Volume Recovered Powder Normalized
(pg/uL) (WL) (P9) Input (mg) (pg/mg)
1W-1 15,400.00 22.6 348,040.00 90 3,867.11
1W-2 74,300.00 22.8 1,694,040.00 86 19,698.14
1W-3 2,110.00 18.0 37,980.00 82 463.17
1W-4 6,040.00 23.8 143,752.00 82 1,753.07
1M-1 80.40 21.6 1,736.64 101 17.19
1M-2 74.20 24.0 1,780.80 101 17.63
1M-3 75.00 23.8 1,785.00 102 17.50
1M-4 777.00 23.2 18,026.40 84 214.60
2M-1 71.20 22.4 1,594.88 91 17.53
2M-2 31.20 22.8 711.36 107 6.65
2M-3 84.90 22.4 1,901.76 109 17.45
2M-4 892.00 16.8 14,985.60 90 166.51
4M-1 165.00 20.2 3,333.00 97 34.36
4M-2 180.00 20.6 3,708.00 89 41.66
4M-3 34.40 19.6 674.24 112 6.02
4AM-4 67.80 20.2 1,369.56 106 12.92
8M-1 0.00 22.4 0.00 104 0.00
8M-2 39.90 22.4 893.76 99 9.03
8M-3 0.00 22.6 0.00 105 0.00
8M-4 0.00 21.8 0.00 109 0.00
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Table A7. Nuclear DNA Quantification of Organic Exracts of Buried Bovine Bones
Bone identifiers are listed in the first columrilW, 1M, 2M, 4M, and 8M” indicate length of
burial in weeks or months, and “1 — 4” denote faplicate femoral segments. Volume of
organic extract, as well as mg of bone powder, eemsidered in order to normalize DNA

yields. Normalized values are reported as pg oApEr mg of bone powder.

Bone Orga.mic' Extract Total DNA Bone Total D_NA
Identifier Quantification Volume Recovered Powder Normalized
(pg/uL) (BL) (P9) Input (mg) (pg/mg)
1W-1 61,900.00 17.0 1,052,300.00 103 10,216.50
1W-2 104,000.00 18.6 1,934,400.00 85 22,757.65
1W-3 7,110.00 21.4 152,154.00 93 1,636.06
1W-4 14,800.00 19.0 281,200.00 81 3,471.60
1M-1 48.20 17.2 829.04 100 8.29
1M-2 448.00 18.0 8,064.00 102 79.06
1M-3 54.00 20.6 1,112.40 101 11.01
1M-4 837.00 23.6 19,753.20 88 224.47
2M-1 18.90 18.4 347.76 97 3.59
2M-2 9.17 19.4 177.90 105 1.69
2M-3 8.48 22.2 188.26 97 1.94
2M-4 1,410.00 18.8 26,508.00 100 265.08
4M-1 6.07 16.6 100.76 89 1.13
4M-2 1,520.00 22.8 34,656.00 104 333.23
4M-3 6.03 18.8 113.36 106 1.07
4M-4 2.75 22.2 61.05 93 0.66
8M-1 0.00 20.8 0.00 107 0.00
8M-2 0.00 21.0 0.00 104 0.00
8M-3 0.00 194 0.00 98 0.00
8M-4 0.00 21.0 0.00 78 0.00




Table A8. Nuclear DNA Quantification of Qiagen Extacts of Buried Bovine Bones
Bone identifiers are listed in the first columrilW, 1M, 2M, 4M, and 8M” indicate length of
burial in weeks or months, and “1 — 4” denote faplicate femoral segments. Volume of

Qiagen extract, as well as mg of bone powder, wasidered in order to normalize DNA vyields.

Normalized values are reported as pg of DNA peroifrigpne powder.

Bone Qiggen' Extract Total DNA Bone Total D_NA
Identifier Quantification Volume Recovered Powder Normalized
(pg/uL) (BL) (P9) Input (mg) (pg/mg)
1W-1 1,150.00 50.4 57,960.00 91 636.92
1W-2 898.00 54.6 49,030.80 85 576.83
1W-3 79.70 55.6 4,431.32 103 43.02
1W-4 230.00 53.8 12,374.00 82 150.90
1M-1 39.60 56.0 2,217.60 102 21.74
1M-2 75.90 52.4 3,977.16 101 39.38
1M-3 0.00 54.2 0.00 102 0.00
1M-4 6.92 54.2 375.06 86 4.36
2M-1 12.30 53.0 651.90 104 6.27
2M-2 78.10 54.0 4,217.40 100 42.17
2M-3 10.10 57.2 577.72 85 6.80
2M-4 171.00 50.2 8,584.20 100 85.84
4M-1 20.80 52.2 1,085.76 88 12.34
4M-2 108.00 54.0 5,832.00 102 57.18
4M-3 9.20 50.4 463.68 106 4.37
4M-4 2.73 50.0 136.50 94 1.45
8M-1 0.00 56.2 0.00 98 0.00
8M-2 0.00 54.6 0.00 102 0.00
8M-3 0.00 54.8 0.00 98 0.00
8M-4 0.00 56.0 0.00 81 0.00
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Figure A3. Nuclear gPCR IPC Curves of 1W, 1M, 2Mand 4M Bovine Bones

The x-axis is PCR cycle number, and y-axis is afibigmic scale of RFU. The IPC amplified in alirgales at a similar Gvalue,
indicating that no PCR inhibition occurred.
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Figure A4. Nuclear qPCR IPC Curves of 8M Bovine Boes

The x-axis is PCR cycle number, and y-axis is afibigmic scale of RFU. The IPC amplified in alirgales at a similar Gvalue,
indicating that no PCR inhibition occurred.
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Table A9. HV | Polymorphisms from Human Skeletal Remains

Shaded cells represent sequences that were contardang extraction methods within a bone.
“n/a” represents no amplification or sequence olgdithat was of poor quality. “.1” and “.2”
denote nucleotide insertions, while a positiondakd by “del” was a deletion. Sequences with
no differences from the rCRS were noted by “rCR8”designated a polymorphism that fell
within the primer sequence.

Bone 1 Bone 2 Bone 3 Bone 4 Bone 5 Bone €
16154 C
® 1%1753(:(/; 16145 A
PowerSoil 16189 T/C 16176 G n/a n/a 16126 C | 16126 T/C
16193.1 C 162231
16234 T
16070 A/C*
16095 C/T
16149 A/C
_ ™ 16189 C 16189 C 16175 A/IC
SoilMaster n/a n/a rCRS 16193 del
16290 T 16290 T 16189 C
16265 A/C
16290 T
16293 A/C
16086 C
16145 A 16148 T 16164 A/IG
Organic 16176 G | 16126 C| 16223 T n/a 16179 C/T n/a
16223 T 16259 T 16248 C/T
16278 T
16189 C
Qiagen rCRS 16248 T| 16193.1 C| nl/a 1;5((3)519;36C(/:T 16126 C
16193.2C
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Table A9 (cont'd)

Bone 7 Bone 8 Bone 9 Bone 10 Bone 11 Bone [12
16189 C
PowerSoil® | rCRS n/a n/a 16126 C | 16193.1C| nla
16193.2 C
16005 /T | 16126 C
16103 A/T | 16132 A/G
_ ™ | 16189 C 16168 T | 16126 T/C
SoilMaster | 7gpgotT | Ma | 16104CITI G505 | qesecT| MR
16189 C
L6000 T | 16199 T/G
16278 T
16189 C
Organic 11221292&/2 n/a n/a 16126 C n/a n/a
16230 AT
16063 T/G*
16078 A/G
16086 C
16098 A/G
16129 A
16187 T
Qiagen n/a n/a n/a n/a 16189 C 16189 C
16199 T/G | 16193.1 C
16223 T
16241 AIG
16278 T
16284 G
16293 G
16294 T
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Table A9 (cont'd)

Bone 13 Bone 14 Bone 15
® 16134 T | 16134T
PowerSoil 'CRS | 16234T | 16234 T
_ ™ | 16223T | 16134T | 16134T
SoilMaster 16255 G/A| 16234 T | 16234T
. 16134 T | 16134 T
Organic (GRS 16234 T | 16234 T
Oiagen 16189 C | 16134T | 16134T
9 16290 T | 16234T | 16234T
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