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Contamination is one of the most troublesome aspects of ancient DNA 

analysis. Resulting from the ease with which samples may be contaminated, 

decontaminating ancient remains has become a necessary step in ancient DNA 

analysis. Unfortunately, there have been no controlled studies of the efficacy of 

current decontamination techniques. 

This study examined a variety of chemicals to test their effectiveness at 

removing DNA within solution. Bleach, being the most effective chemical 

destroyer of DNA, was subsequently tested in a controlled experiment using an 

artificial DNA fragment for contamination and an ancient animal proxy. Results 

indicated that submersion in 100% household bleach for 5 to 10 minutes was the 

most efficient technique for removing contaminant DNA on ancient bone 

surfaces. However, this treatment may not adequately decontaminate heavily 

and deeply contaminated bone samples since 100% bleach could not remove 

contaminant DNA that has been soaked into bone, even after 20 minutes of 

exposure. 
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Generic terms: 

100bp LadderTM 
(I nvitrogen) 

3% Hz02 

10% Bleach 

100•‹/~ Bleach 

Artifact 

Base pair 

DNA AwayTM 
(Molecular Bioproducts) 

ddH2O 

dsDNA 

Endogenous 

Exogenous DNA 

The 100bp DNA Ladder is designed for sizing double- 
stranded DNA from 100 to 1,50Obp, with each band 
indicating 1 OObps. 

3% Hydrogen peroxide 

Diluted full strength commercially available household 
bleach to lo%, i.e. I mlll Oml H20 

Full strength commercially available household bleach 

Something that is not typical of the actual substance, 
but a result from a process 

Two nitrogenous (purine or pyrimidine) bases (adenine 
and thymine or guanine and cytosine) held together by 
weak hydrogen bonds. Two strands of DNA are held 
together in the shape of a double helix by the bonds 
between base pairs. The number of base pairs is often 
used as a measure of length of a DNA segment, for 
example 500 bp. 

To join by creating covalent bonds (of adjacent chains 
of a polymer or protein). 

Commercial product used to eliminate DNA 
contamination from work surfaces and equipment 

Double-distilled water 

Double-stranded DNA 

Part of the internal environment of a living organism. 

DNA originating outside an organism that has been 
introduced into the organism. 

HCI Hydrochloric acid 



Mass LadderTM 
(Invitrogen) 

NaOH 

Normality (N) 

Polymerase Chain 
Reaction (PCR) 

Primer 

Designed for estimating the mass (quantity) of 
unknown DNA samples 

Sodium hydroxide 

A unit of concentration expressed as equivalents per 
litre. 

A powerful method for amplifying specific DNA 
segments which exploits certain features of DNA 
replication. For instance, replication requires a primer 
and specificity is determined by the sequence and size 
of the primer. The method amplifies specific DNA 
segments by cycles of template denaturation; primer 
addition; primer annealing and replication using 
thermostable DNA polymerase. The degree of 
amplification achieved is set at a theoretical maximum 
of 2N, where N is the number of cycles, e.g. 20 cycles 
gives a theoretical 1048576-fold amplification. In 
addition to primers and DNA polymerase, PCR 
reactions must contain template DNA (the DNA to be 
amplified) and the DNA "building blocks", 
deoxynucleotide triphosphates (dNTPs, which include 
dATP, dTTP, dGTP, and dCTP). 

A short sequence (of RNA or DNA) from which DNA 
replication initiates and the enzyme adds additional 
monomeric subunits to (dNTPS). 

Ultraviolet radiation Electromagnetic radiation in the region of 200 to 400 
(UV) nm. 

vlv 

wlv 

Volume-to-Volume ratio: Describes the concentration 
of a substance in a mixture or solution. Thus, 2% vlv 
means that the volume of the substance is 2% of the 
total volume of the solution or mixture 

Weight to Volume ratio: Describes the concentration of 
a substance in a mixture or solution. 



Thesis Specific 
Terms: 

Blank Extraction 
Control 

Negative PCR 
Control 

Target DNA 

Artificially created DNA fragment for contamination and 
quantitative purposes 

Lysis buffer solution that has no bone powder added. 
This control is used to indicate contamination in the 
extraction and purification processes in the laboratory. 

PCR reaction in which no DNA template is added. This 
control is used to indicate contamination of the 
reagents and materials in use in the PCR setup 
laboratory. 

The DNA sought after, the animal DNA within the bone 

xii 



CHAPTER 1 : INTRODUCTION 

Ancient DNA (aDNA) has allowed archaeologists to answer fundamental 

questions regarding disease (Zink et a/. 2005, Zink et a/. 2004, Zink et a/. 2003, 

Mays et a/. 2001, Zink et a/. 2001, Taylor et a/. 1996, Faerman et a/. 2000, Haas 

et a/. 2000, Braun et a/. 1998, Drancourt et a/. 1998, Raoult et a/. 2000), human 

evolution (Krings et a/. 1997, Ovchinnikov et a/. 2000, Adcock et a/. 2001, Cooper 

et a/. 2001, Serre et a/. 2004, Scholz et a/. 2000), species identification (Yang et 

a/. 2004, Barnes et a/. 2000, Newman et a/. 2002, Fleischer et a/. 2000, Barnes 

et a/. 1998), and animal and plant domestication (Freitas et a/. 2003). However, 

the analysis of ancient DNA is still fraught with technical difficulties revolving 

around the minute amounts of preserved DNA, its fragmentary condition and the 

real risk of contamination. Contamination is a threat to any ancient DNA project 

because modern DNA will overwhelm the degraded ancient DNA during 

amplification, potentially leading researchers to make false claims about positive 

results. Ensuing from the likelihood of contaminant DNA being responsible for 

many results in the early 1990s, calls resounded throughout the field for proving 

the authenticity of extracted DNA (Paabo. 1989, Austin et a/. 1997). 

Consequently, many authentication criteria were published to prevent 

contamination from entering a sample within the laboratory setting and to prove 

the legitimacy of results (Poinar. 2003, Cooper and Poinar. 2000, Paabo et a/. 

2004). However, even with the vigilant use of these authentication protocols, 



samples may still be contaminated prior to entering the lab, and we must rely 

upon decontamination techniques to remove this exogenous contaminant DNA. 

However, little discussion has revolved around how to remove contamination 

present on bone samples effectively. 

I I Contamination 

Contamination can be defined as any molecule of DNA that is similar to 

the target molecule of DNA (Yang and Watt. 2005). Contamination is the 

greatest threat to any ancient DNA study due to the hypersensitivity of the 

Polymerase Chain Reaction (PCR) (Yang et a/. 2003). This is because PCR is a 

means by which large amounts of DNA product may be amplified from as little as 

a single cell (Innis. 1990). When working with ancient DNA, potential modern 

contaminant DNA often outnumbers the target DNA. Therefore, in order to 

authenticate the results of an ancient DNA study we must first exclude the 

possibility of contamination (Poinar. 2003) 

Despite the fact that almost all sources of contaminant DNA are 

theoretically avoidable or controllable, contamination occurs readily (Hummel. 

2003). How often and how much contamination arises is dependant upon 

whether analyses can detect it and the steps taken in the lab to avoid it. 

However, no matter how rigorous the steps taken to minimize contamination in 

the laboratory, results may not be authentic if the contamination within a sample 

cannot be detected or removed. 



1 .I .I Contamination Sources 

Numerous sources of contamination must be taken into consideration 

when designing an ancient DNA study. The source of contamination, however, 

will depend upon the research subject. For example when working on ancient 

human remains, contamination can come from modern human DNA or other 

human remains that one may be using as a reference. Yet when working with 

animal remains as long as the study is carefully designed one need not worry 

about human contamination. 

PCR product carry-over is likely the most detrimental type of 

contamination. PCR product carry-over results from the introduction of 

amplification products at a pre-PCR analysis step. PCR products can contain up 

to l o q 2  - 1 oq5 amplified DNA molecules in as little as a 50pl reaction (Kwok and 

Higuchi. 1989). Upon opening of the PCR tube, aerosol droplets can easily 

escape attaching themselves to any material. These particles are effortlessly 

transported on clothing, shoes or through ventilation systems, back to the pre- 

PCR laboratory. When compared to l g  of an ancient sample which may only 

contain 1 o5 - I o6 copies of DNA template (Handt et a/. 1996, Cooper et a/. 2001 ) 

the introduction of even one droplet of aerosol PCR product, which can contain a 

thousand times more DNA, can quite clearly overwhelm the authentic sample 

(Willerslev and Cooper. 2005). 

Contamination by human DNA is another common type of contamination 

encountered when working with ancient human remains because human DNA is 

ever-present in the environment. Human contamination may be introduced into 

the laboratory in two different manners: through the purchase of contaminated 

3 



reagents, tubes and tools used in the laboratory (Hummel. 2003); and through 

human handling of samples prior to, or during analysis. The latter source can 

readily occur when archaeologists or researchers who possess DNA markers 

similar to the target, sweat, breathe on, handle or wash the ancient human 

samples (Serre et a/. 2004, Cooper. 1997). 

Further contamination can occur during morphological examination of 

ancient remains prior to DNA analyses, for example, samples that have been a 

part of a teaching collection, reference collection or stored in a museum. Cross- 

sample contamination may occur when samples are placed in close proximity, 

(i.e., stored in the same bag or drawer) but can also occur in the laboratory 

during any step in the pre-PCR process. 

Contamination is not of great concern in work with modern DNA, because 

modern target DNA is usually plentiful and intact. However, in the study of 

ancient DNA, contamination is a major difficulty because the recoverable ancient 

DNA, if any, consists of low copy number, degraded template. Ancient DNA is 

subject to many taphonomic factors within the burial environment, which causes 

the molecules to breakdown via hydrolysis and oxidation (Lindahl. 1993), leaving 

only small fragments of DNA available for PCR amplification. Small fragments of 

DNA (1 00 - 500bp) will likely survive for no more than 10,000 years, or perhaps 

up to a maximum 100,000 years in permafrost areas (Poinar et a/. 1996, 

Willerslev and Cooper. 2005). While claims have been made of plant and 

bacterial DNA recovery from ice core samples of upwards of 100,000 years 

(Willerslev et a/. 2004), the authentication of these results has not been 



substantiated. Although time is a factor in the preservation of DNA, of greater 

importance are temperature, humidity and microbial activity (Lindahl. 1993, 

Hofreiter et a/. 2001 ); these such taphonomic influencing processes were often 

not taken into account in early ancient DNA studies, resulting in unrepeatable 

experiments and spurious results. 

1 .I .2 Contamination in Ancient DNA Studies 

In the beginning of ancient DNA as a field, hopes were elevated that the 

theoretical time limits of preserved DNA would be high. The first studies of 

ancient DNA focused on well-preserved remains from the skin of animals and 

mummified human tissue (Higuchi et a/. 1984, Paabo. 1985, Paabo. 1989). 

Unfortunately, difficulties were associated with the molecular cloning of this DNA, 

and its fragmented, damaged nature did not allow for reproducible results (Paabo 

etal. 2004). Further, cloning resulted in artifacts and false sequences, and 

phylogenetic analyses were problematic (Hagelberg. 1993). Although these 

studies might have demonstrated that DNA was preserved in these samples, 

most of the recovered DNA originated from microbial sources. 

With the invention of PCR in the late 1980's (Mullis. 1990) came the 

routine amplification of genetic material from even a single molecule. One of the 

drawbacks of the technique's sensitivity within ancient DNA studies was the 

potential for contamination from modern DNA sources. Additionally, with 

amplification came the threat of contamination from previously amplified PCR 

products. Consequently, false positive results stemming from laboratory 

contamination became much more likely. 



Astounding and highly publicized early studies claiming the preservation of 

million-year-old DNA are now refuted, including: studies describing the recovery 

of DNA from dinosaur bones (Woodward et a/. 1994); fossil plants (Soltis et a/. 

1992, Golenberg. 1991 ); and amber-entombed insects (Cano et a/. 1992b, Cano 

et a/. 1992a, Poinar et a/. 1993, DeSalle. 1994). These results were discredited 

in the early 1990's, some due to human and microbial contamination (Hedges 

and Schweitzer. 1995, Zischler et a/. 1995, Gutierrez and Marin. 1998) and 

others because the results could not be reproduced (Sidow et a/. 1991, Austin et 

a/. 1997, Olsen and Hassanin. 2003). As a result, a cloud of suspicion was cast 

on the integrity of the field of ancient DNA. 

Resulting from this period of scepticism, rampant publishing ensued, with 

numerous papers discussing at length both contamination controls and criteria 

for authenticating sequences (Poinar. 2003, Cooper and Poinar. 2000, Paabo et 

a/. 2004, Austin et a/. 1997, Montiel et a/. 2001, Pruvost and Geigl. 2004, 

Spencer and Howe. 2004, Hummel et a/. 1999, Yang et a/. 1997b, Richards et a/. 

1995, Hofreiter et a/. 2001 , MacHugh et a/. 2000, Stoneking. 1995, Beraud- 

Colomb et a/. 1995, Paabo et a/. 1989, Cano. 1996). These criteria continue to 

evolve as the science progresses; however, most efforts have focused on the 

detection of contamination rather than the removal of it. 

Due to the vast amount of extant human DNA found in the environment, 

the problems associated with the authenticity of ancient human DNA are far more 

serious than those of ancient faunal and plant remains. The results of many 

studies have been questioned due to the lack of independent replication (Adcock 



et a/. 2001, Cooper et a/. 2001, Gill et a/. 1994, Knight et a/. 2004) or the evident 

contamination within samples (Handt et a/. 1994). Contamination is in fact so 

prevalent in studies involving human remains, that even those that can claim 

authentic sequences still encounter contamination on some level (Krings et a/. 

1997, Ovchinnikov et a/. 2000, Serre et a/. 2004, Yang et a/. 2003, Hofreiter et a/. 

2001, Kolman and Tuross. 2000, Garcia-Bour et a/. 2004, Vernesi et a/. 2004, 

Handt et a/. 1996, Wandeler et a/. 2003, Alonso et a/. 2001, Melton and Nelson. 

2001, Cipollaro et a/. 1999, Stone and Stoneking. 1999). Despite the problems in 

performing ancient DNA analysis using human remains, there are still multitudes 

of archaeological, paleoanthropological and forensic questions that can only be 

addressed through this technique, including questions regarding disease, kinship 

relationships, human evolution, population genetics and forensic questions of 

identity. Therefore, efforts directed at controlling and removing contamination in 

ancient DNA studies are exceedingly important. 

I .I .3 Contamination Controls and Authentication 

Two approaches were taken by members of the ancient DNA community 

to address concerns of authenticity of ancient DNA sequences: first to outline 

protocols for the prevention and minimization of contamination and secondly, to 

list criteria that should be used to authenticate sequences. Criteria such as the 

use of blank and negative controls, separation of pre and post PCR work, 

wearing of protective clothing and use of disposable reagents and lab materials 

are now standard protocols. 



Avoidance of PCR carry-over contamination must be undertaken vigilantly 

and laboratories should be designed with geographically separate pre-PCR and 

post-PCR work areas. Further, personnel should only be moving on a daily basis 

from ancient to modern labs or pre-PCR to post-PCR workspaces. Other simple 

precautions such as equipping the labs with positive air pressure and cleaning 

regularly with bleach and ultraviolet light (UV) irradiation are also effective if 

rigorously maintained (Willerslev and Cooper. 2005). 

Several protocols have been devised to reduce the risk of contamination 

from consumables (Hummel. 2003). Included are the use of UV irradiation and 

DNase on equipment and supplies (Eshleman and Smith. 2001). Other protocols 

include extensive cleaning of tools for prolonged periods with a variety of 

techniques including UV for 72 hours and 50% bleach for 48 hours (Willerslev 

and Cooper. 2005). 

In the field during excavation of remains, contamination can be reduced 

and avoided by wearing, masks, gloves (although it is not always reasonable for 

field crew to do this in sweltering heat) and by carefully containing the sample in 

a clean bag, using clean tools (Yang and Watt. 2005). If ancient DNA analysis is 

a part of a study, development of clean collection protocols are critical to help 

avoid contamination. 

In the lab the possibility of cross-sample contamination can be minimized, 

by strictly enforcing the separate handling of each sample i.e., changing gloves 

between samples, cleaning of all tools that come into direct contact with each 



sample (saw), not touching the inside of reaction tubes and changing the 

aerosol-tight pipette tips between samples. 

Criteria revolving around DNA sequence analysis contend that results 

must make phylogenetic sense, behave in the right molecular way, and results 

must be reproducible on three levels: from the different extracts, different 

amplifications and independently in a separate laboratory (Poinar. 2003, Cooper 

and Poinar. 2000). As well, results should be cloned to determine the extent of 

polymerase miscoding due to damage and as a check on the level of 

contamination within a source. Unfortunately, the latter criteria, which can 

elucidate results, are often ignored due to logistical difficulties and worries 

regarding costs and intra-lab contamination. 

Blank extraction and negative PCR controls have been touted as sufficient 

indicators of all types of contamination (Poinar. 2003, Cooper and Poinar. 2000). 

However, it has been shown that even those studies in which blank and negative 

controls are clean are not necessarily contaminant free due to a carrier effect 

(Kolman and Tuross. 2000, Handt et a/. 1994). This phenomenon is not well 

documented or explained in the literature. Handt et a/ (1 994) describe the carrier 

effect as a process by which sugar or microbial DNA binds to a very low level of 

contaminating DNA releasing it from its adsorbed state on plastic-ware allowing 

the product to become available as PCR template. Alternatively, Kolman and 

Tuross (2000) described the carrier effect as a situation in which two types of 

DNA, (exogenous and endogenous), are needed to increase the DNA 

concentration to a critical level for PCR amplification. If the DNA concentration 



within the sample is high enough, the target and exogenous DNA then begin to 

compete for reagents during amplification (Kolman and Tuross. 2000). The 

carrier effect as described by Kolman and Tuross is less often an issue in ancient 

DNA studies since well-designed primers should preclude the amplification of 

exogenous DNA (e.g., microbial). Although this phenomenon is not well 

understood, it is clear that the contamination was derived prior to the bone 

samples entering the laboratory. 

Sample contamination is much more difficult to detect than systematic 

contamination stemming from the laboratory reagents or personnel, and it is 

particularly problematic in studies of ancient human remains (Serre et a/. 2004). 

Sample contamination does not always invade every sample (i.e., systematic 

contamination) but has a tendency to affect one sample and not others. 

Moreover, it is difficult to distinguish between contamination and authentic 

sequences, as it is possible that bone samples excavated and curated from 

different sources are likely to produce different sequences (Cooper. 1997). Even 

more problematic is the likelihood that samples curated in museums have been 

handled on numerous occasions over time resulting in contaminant DNA 

behaving like authentic ancient DNA (Willerslev and Cooper. 2005) making the 

criteria of an inverse relationship between amplification strength and fragment 

length irrelevant (Handt et a/. 1994). Further, a heavily contaminated sample is 

also problematic as repeat amplifications and extractions will likely show the 

same sequence. To resolve these issues independent replications should be 



undertaken using different elements from the same individual i.e. a bone and a 

tooth. 

The evaluation of DNA preservation can also provide useful information 

about the likelihood of DNA retrievability. The first technique for this evaluation is 

to look for other biomolecules as predictors for DNA preservation. The use of 

amino acid racemization (Poinar et a/. 1996), flash pyrolysis (Poinar and 

Stankiewicz. 1999) and thermal aging (Smith et a/. 2003) have been advanced 

as methods for testing preservation potential. Unfortunately, many of these 

methods are expensive and not entirely reliable; for example, there is little 

agreement over the suitable threshold of amino acid racemization (Serre et a/. 

2004, Poinar et a/. 1996, Schmitz et a/. 2002) and the Neanderthal type 

specimen, which contained authentic DNA, fell outside the proposed range for 

successful DNA recovery (Krings et a/. 1997). Amplifying DNA from other 

associated faunal remains can also be used as an alternative means to predict 

the survival of ancient DNA. 

It is clear that contamination within an ancient DNA laboratory has been 

adequately recognized and some guidelines and protocols have been proposed 

to avoid and detect the contamination. However, there seems to be a loophole in 

this process. If the samples have been previously contaminated, they can make 

these in-lab contamination controls meaningless. Therefore, efforts must be in 

place to deal with these previously contaminated remains in ancient DNA 

studies. 



1.2 Decontamination 

1.2.1 Decontamination Methods 

Ancient DNA researchers have to assume that samples are contaminated 

in some way before they enter the laboratory. For this reason, decontamination 

techniques are a necessity to increase the likelihood that only authentic ancient 

DNA is amplified during PCR. Currently there are numerous techniques used in 

laboratories to decontaminate bone samples. The currently available 

decontamination methods include the physical removal of bone surfaces, the 

chemical destruction of contaminant DNA, UV irradiation of surface contaminant 

DNA and a combination of methods. 

From a survey of 106 ancient DNA studies from peer-reviewed journals 

focusing on recovering DNA from ancient bone or tooth samples, it became clear 

that the most common technique used to decontaminate samples was through 

the physical removal of the sample surface, with 79 of 106 studies examined 

using some type of physical method (Appendix 1 ). In particular, the use of a 

dremel, drill or shot-blasting are the most common physical surface removal 

techniques with 28 studies using these methods The next most common 

physical techniques were the use of scalpel blades, sandpaper, and brushes, 

respectively. Chemical methods were the next most prevalent techniques in use 

with 37 studies using some variety of chemical for decontamination through 

rinsing or wiping. Of the chemicals used, bleach was the most common with 31 

of the 37 studies using this chemical. Twenty-seven studies undertook 

decontamination with the aid of UV irradiation. 



Of the 106 studies surveyed, 56 undertook decontamination using only 

one technique, 45 studies used a combination of techniques, and five did not use 

any decontamination method (Figure 1 .I). 

One Method Combination of No Decontamination 
Methods 

Figure 1.1 Graph representing the decontamination techniques surveyed in 106 
published ancient DNA studies (See appendix). 

The use of a physical method and bleach, or a physical method and UV 

were employed in combination in eight studies respectively (Figure 1.2). The use 

of other decontamination combinations took place in 16 studies, while a physical 

technique, bleach and UV, were employed in seven studies each. 





1.2.2 Physical Decontamination 

The use of physical contaminant removal techniques follow a common- 

sense approach, as it is logical that the removal of outer surface bone will leave 

cleaner bone underneath. Physical removal can be accomplished in a variety of 

ways: with a scalpel blade, sandpaper, dremel tool or sandblasting. However, 

there could potentially be many difficulties associated with the physical removal 

techniques. It is difficult to determine how much of the surface should be 

removed in order to eliminate all contaminant DNA, simply because samples vary 

in size and shape and therefore vary in the amount of surface bone that can be 

removed. Out of necessity, decisions concerning bone removal quantities must 

be made on a case-by-case basis; for example, it is easier to remove a large 

quantity of surface bone when a large sample is used but you cannot follow the 

same procedure for a very small sample. There may also be other concerns with 

physical methods, for example, sandpaper may allow for contaminant DNA 

present in the bone powder to be pushed into the interior of a bone sample, while 

sandblasting and dremel tools may produce aerosols that could cause sample 

cross-contamination. 

1.2.3 Chemical Decontamination 

Chemical decontamination methods are based on the assumption that 

some chemicals may break down DNA molecules. For example, hydrochloric 

acid (HCI) works through the process of hydrolysis, depurinating DNA, rendering 

the DNA unsuitable for PCR amplification (Savage and Plaut. 1958). As was 



noted above the use of bleach is the most common technique to remove 

contaminant DNA from the bone surface. 

Household bleach contains the active chemical ingredient sodium 

hypochlorite in concentrations of 5.25 - 6%. Hypochlorites (-OCI) have long 

been shown to be an effective antibacterial agent; they are very microbicidal 

(Hidalgo et a/. 2002) causing bacterial cell death within seconds of exposure 

(Albrich et a/. 1981). Sodium hypochlorite is a strong oxidizing agent and when 

introduced to DNA at varying concentrations can cause base modifications and 

the manufacture of chlorinated base products (Hawkins and Davies. 2002, 

Hayatsu et a/. 1971, Ohnishi et a/. 2002, Prutz. 1998, Whiteman et a/. 1997). In 

particular, it has been shown that pyrimidines are more susceptible than purines 

to oxidative damage by hypochlorite (Whiteman et a/. 1999, Whiteman et a/. 

2002). It has also been demonstrated that widespread denaturation of double- 

stranded DNA occurs upon treatment with hypochlorous acid resulting from the 

loss of hydrogen bonding (Prutz. 1998, Hawkins et a/. 2003, Prutz. 1996). These 

lesions produced by oxidation can cause a loss of structure, which can be 

reduced further into base fragments (Lindahl. 1993). Prince and Andrus (1992) 

found that treatment of DNA (free-floating in solution) with 2.5% Clorox (vlv) 

caused "extensive nicking of DNA indicated by slower mobility of the DNA 

through the gel. It was also concluded that 10% Clorox eliminated amplification 

of a DNA fragment as small as 76bp after 5 minutes of treatment. Based on this 

information, questions of safety to the already degraded ancient DNA housed 

within skeletal remains are inevitable. 



Bleach has been used as a bone-decontaminating agent for many years 

(Ginther and Issel-Tarver et a/. 1992, Rosenbaum and Egan et a/. 1997). 

However, the concentration and exposure time vary between studies. Prince and 

Andrus' 1992 study demonstrated that 10% bleach (assuming wlv or " 0.6% 

NaOCI) was quite effective at destroying DNA in solution, even more so than 

1.33N HCI. However, Richards et ars (1 993) study established that bone 

submerged in 10% bleach was not as effective as shotblasting the bones surface 

to remove contamination, stating that "bleach may be useful in treating less well- 

preserved remains in which contamination may have penetrated the pores of the 

bone" (295). Later Kolman and Tuross subjected powdered bone for 2 minutes 

to 20% bleach (wlv) followed by extensive washing with double distilled water. 

The results of this study illustrated that although this treatment reduced the 

amount of contaminant DNA amplified it did not completely eliminate it (Kolman 

and Tuross 2000). 

A recent study was published with the intent of determining an efficient 

method for decontaminating maggot crops intended for DNA analysis (Linville 

and Wells 2002). Results of this study demonstrated that 20% bleach was more 

effective than H20 or DNase treatment, and did not interfere with PCR 

amplification or analysis of crop content mtDNA. 

While these studies provide valuable information regarding the usefulness 

of bleach as a DNA eradicator, two of the four studies have not addressed the 

needs of researchers who primarily study ancient DNA. Neither of the studies by 

Linville and Wells (2002) or Prince and Andrus (1992) looked at bone or tooth 



samples, leaving questions of how these concentrations react with bone tissues 

and the DNA housed within it. The other studies, while focusing on hard tissues, 

did not test higher concentrations of bleach or lengthy periods due to the 

understandable fear of destroying the DNA within the bone. Based on the 

evidence that the contaminant DNA was reduced but not totally removed it could 

logically be inferred that a stronger concentration or longer exposure time might 

eliminate the contamination. Clearly, previous studies also indicate that there 

might be a difference in terms of chemical decontamination reactions in solution 

and in bone tissues. 

1.2.4 UV Irradiation Decontamination 

UV radiation can cross-link DNA templates making them unsuitable for 

PCR amplification. UV is typically split into three intervals based upon 

wavelengths: UVA (320-400 nm), UVB (280-320 nm) and UVC (200-280 nm) (Ke 

et a/. 2005). Ultraviolet light causes excitation of orbital electrons, raising them to 

higher energy levels (Nias. 1998). UVC rays never reach the earth as oxygen 

and nitrogen absorb it in the atmosphere creating ozone. Typical UV 

manufactured bulbs radiate at 254 nm or 300 nm, and fall into the UVC and UVB 

categories respectively. Studies have shown that intracellular biomolecules 

strongly absorb UVC light, which induces DNA damage and mutation (Ke etal. 

2005, Sakar and Sommer. 1990). 

Exposure of DNA to UV radiation generates predominately cyclobutane 

pyrimidine dimers and (6-4) photoproducts (Choi and Pfeifer. 2005, Cadet et al. 

2005). The dimeric photoproducts are formed by adjacent pyrimidines, 



particularly thymine bases, through both UVB and UVC exposure resulting in 

unusable templates for PCR (Ravanat et a/. 2001, Ou et a/. 1991). UV has also 

been shown to create inter-strand and protein-DNA cross-links (Douki et a/. 

2003, Smith. 1964, Hall and Ballantyne. 2004). 

Sakar and Sommer, who exposed varying quantities of DNA to different 

wavelengths for various amounts of time, undertook one of the first studies of UV 

as a decontamination technique for laboratory reagents (Sakar and Sommer. 

1990). They concluded that UV was most effective at the 254nm wavelength, 

and would prevent amplification of up to 30ng of human factor 1X complementary 

DNA. Additionally, it was noted that UV did not affect either the Taq polymerase 

or the primers (Sakar and Sommer. 1990). Ou et a/. (1 991 ) did further work 

characterizing the effects of UV on HIV proviral DNA. From this study, it was 

clear that the distance of the sample from the UV bulb was very important, with 

reduced distances resulting in a greater reduction of amplification products. As 

was noted above, this was attributed to the formation of thymine dimers (Ou et a/. 

1991). Interestingly, the study also concluded that UV irradiation did indeed affect 

the Taq and primers. The authors further recommended the use of UV to 

irradiate benchtops, reaction tubes and racks to reduce false positive results. 

More recently, Hall and Ballantyne (2004) characterized UVC-induced 

damage in bloodstains and commented on the forensic implications of this 

damage. This study investigated the effects of UV on DNA in a number of 

forms: bloodstains, naked DNA in solution and naked dehydrated DNA. Results 

of this study showed that naked DNA in solution, when exposed to UV, began to 
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exhibit migration retardation during electrophoresis when compared to the 

marker. The authors claimed this to be indicatory of inter- or intra-strand DNA 

cross-links. Although after one hour of exposure, high molecular weight DNA 

was still observed during electrophoresis, the authors noted double-strand 

breakage increased over time, until the sample appeared to be totally damaged 

after 48 hours. Additionally, single strand breaks increased dramatically after 16 

minutes of exposure to UV resulting in a complete lack of retrievable DNA 

profiles. Bloodstains revealed a different pattern, in that even after 102 hours of 

exposure to UV; the electrophoresis gel still displayed high molecular weight, 

non-degraded double-stranded DNA. Although, single-strand breakage did occur 

in the dried bloodstains after four hours, DNA damage required a much longer 

exposure time then when compared to the naked DNA in solution. With respect 

to the dehydrated naked DNA, results indicated that the DNA did not start to 

degrade until after 1 hour of exposure with complete degradation not occurring 

until 48 hours of exposure. The naked, dehydrated DNA was capable of 

producing a full nine loci STR up to 12 hours of exposure, but complete loss of 

amplification occurred after 24 hours. This study indicated that dehydration or 

dryness of DNA afforded some protection against the effect of UV irradiation. As 

a result of the effects of UV light on DNA illustrated by these studies, it was 

hypothesized that UV light would be an appropriate decontamination method for 

PCR laboratories and reagents. 

Additional studies have examined the use of UV for reagent 

decontamination and have produced conflicting results (Fox et a/. 1991, Ou et a/. 



1991 ). As illustrated above there is conflict revolving around whether UV 

damages primers or Taq polymerase enzyme. Other conflicts refer to the effect 

UV has on shorter amplicons: i.e. some studies show amplification is eliminated 

while others do not (Sakar and Sommer. 1990, Dwyer and Saksena. 1992, Belak 

and Ballagipordany. 1993, Fox et a/. 1991 ). 

Note here that all studies that have examined the effects of UV on DNA 

with respect specifically to decontamination have done so using DNA in solution. 

As illustrated above dry DNA is protected from UVC rays. This will have 

implications for the use of UV as a decontamination technique for bone and teeth 

samples as well as laboratory workspaces, as these surfaces are mainly dry 

when exposed to UV. This can only lead to one conclusion: DNA within bone will 

be protected against UV rays. Further, DNA on the surface of dry bone will be 

less susceptible to the effects of UV, implying that exposure time should be 

increased to see any viable removal of contaminant DNA. Study to clarify the 

effects of UV on bone DNA and its surface contaminants is essential. 

Although there are a number of ways that bone samples can be 

decontaminated, there is still much information needed in order to understand the 

limitations and applicability of each individual method. Physical methods are 

most common throughout the field, and can be effective in removing 

contamination on the surface of bone samples but not that which has penetrated 

the bone tissue. The use of chemical methods could deal with contamination 

more effectively inside the bone, but these methods are clearly not as prevalent 

in the literature. This may be due to the concern that the damage that these 



chemicals cause may be detrimental to the sought-after authentic DNA. The use 

of UV irradiation appears to stem from its use in modern laboratories for reagent 

and laboratory microbial decontamination. Regrettably, this method has not 

been tested on bone samples and the effects on the DNA housed within the bone 

are not yet known. As a result, there are no conclusive data for ancient DNA 

researchers to apply in the decision making process. Consequently, there is no 

consensus in the field as to which method (or methods) should be used. 

Systematic study of the various decontamination techniques is necessary to 

elucidate the effectiveness and destructiveness of each method. 

1.3 Objectives 

With this being said, five initial objectives were developed for this study, 

which were designed to systematically evaluate current decontamination 

methods. 

1. To systematically evaluate the destructiveness of a number of 

chemicals on DNA. DNA in solution will be exposed to a number of currently 

used chemical decontaminators, and the destructiveness of the chemicals will be 

evaluated based on visualization of presence or absence of DNA samples on 

electrophoresis gel. Expectations are that some chemicals will be more 

destructive than others, to the DNA in solution, and that there will be damage to 

the DNA sequence itself. 

Physical removal methods will not be tested in this study for one main 

reason: these techniques are very difficult to control and test. It is unknown how 



much bone should be removed to be sure that the contamination is gone for a 

particular bone sample. The answer out of necessity is determined case by 

case; for example, it is easier to remove a large quantity of surface bone when a 

large sample is used but you cannot follow the same procedure for a very small 

sample. The use of these contaminant removal techniques follow a common 

sense approach, as it is logical that the removal of outer surface bone will leave 

cleaner bone underneath. With that in mind, we suggest that the removal of the 

surface with a physical method be undertaken prior to the use of other 

decontamination techniques as an added precaution. 

2. To use an animal model to avoid human contamination. Human 

DNA is ubiquitous throughout the environment. To avoid this major source of 

contamination from the environment as well as from the researcher an animal 

model will be used. The animal chosen will be of certain antiquity to mimic 

ancient DNA analysis as well as in a good state of preservation to help ensure 

that DNA will likely be preserved. It is expected that the use of the animal model 

will not be problematic but will further aid in the recovery of authentic DNA. 

3. To use an artificially created DNA fragment to quantify the amount 

of contamination on bone samples. An artificial DNA fragment will be created 

that resembles the chosen animal model but differs from anything in nature. This 

will be done so that the chosen primer set will amplify both fragments and will 

ensure that the contamination can be tracked and monitored. The use of this 

artificial DNA is expected to allow for ease of contamination as well as the ability 

to track and monitor it. 



4. To simulate different contamination levels. Samples will be 

subjected to varying amounts of contamination under two different scenarios: 

soaking and handling. This will be done to determine the limits of the 

decontamination techniques. These scenarios have been chosen as they 

represent the spectrum of possible contamination situations with handling being 

a more realistic, light contaminant case and soaking being the worst possible 

case. It is expected that if a decontamination technique can remove the 

contaminant DNA under the worst-case scenario of soaking then under the light 

case the contaminant will also be removed. 

5. To determine the optimal conditions of decontamination. Upon 

determination of the best chemical for decontamination, the optimal conditions for 

this method will be determined. This will be determined to understand the limits 

of the method and be sure of the most effective exposure. This will be done by 

testing the chosen best method under different conditions such as length of 

exposure and chemical concentration. A difference in the amount of time and 

concentration necessary to fully decontaminate bone samples is expected. 



CHAPTER 2: METHODS AND MATERIALS 

2.1 Evaluation of Chemicals for DNA Destruction 

As a preliminary evaluation, various chemicals were tested on DNA in 

solution to investigate their potential for DNA destruction. This step was 

performed under the reasoning that if these chemicals were unable to destroy the 

DNA in solution then it would be much more difficult for them to eliminate 

contaminant DNA in bones. Based on the results of this initial experiment, the 

chemical that destroyed DNA most readily would then be applied to bone 

samples in subsequent experiments. 

The chemicals tested in these experiments include 1 N HCI, 1 N NaOH, 

10% CloroxTM bleach, 100% CloroxTM bleach, 3% H202 and DNA AwayTM. These 

chemicals were evaluated because they have been used as chemical 

decontaminants in published research: I N  HCI (Bathurst and Barta. 2004, Yang 

et a/. 2004, Wiechmann and Grupe. 2005), 1 N NaOH (Bathurst and Barta. 2004, 

Yang et a/. 2004) and bleach (Zink et a/. 2005, Cobb. 2002, Gilbert et a/. 2005, 

Lalueza-Fox et a/. 2003). (See appendix A for a detailed list of references and 

the decontamination chemicals used). DNA AwayTM was included in the 

experiment because it is commonly used in laboratories to decontaminate 

surfaces (h t tp : / /www.mbp inc .com/Store /p roduc tpd f~O5.pd f ) .  

Though 3% hydrogen peroxide has not been used as a chemical decontaminator 

in ancient DNA studies, it has been linked to DNA damage and cell death (Daroui 



and Desai et a/. 2004, Hagensee and Moses. 1986) and was therefore included 

in the study to test its potential as a new decontamination method. 

These experiments were undertaken using three different sources of 

DNA in solution: I ) PCR products approximately 125 bp in length; 2) 100 BP 

LadderTM (Invitrogen) containing 1 ~g 11.11 of DNA; and 3) Low Mass LadderTM 

(Invitrogen) containing approximately 270ng 11.11 of DNA. Five 1.11 of PCR product, 

21.11 of 100bp Ladder (2vg) or 21.11 Low Mass Ladder (235ng) were added to six 

1.5 ml Eppendorf tubes. Equal amounts of each of the chemicals, 2 or 5@, 

were added to each tube respectively and mixed together for between 30 

seconds and 1 minute. The solutions were then mixed with pre-stain solution 

containing Blue Juice (Invitrogen, Carlsbad, CA) and SYBR GreenTM (Clare 

Chemical Research Co.USA ), loaded into a 2% agarose gel for visualization and 

run at 100 volts for 30 minutes. 

To ensure that the DNA staining chemical, SYBR GreenTM I, accurately 

reflected the amount and quality of the DNA visualized on the gel, a number of 

verification procedures were performed. If no DNA was visualized on the 

electrophoresis gel, the samples were run on a second gel stained with a more 

sensitive product, SYBR GoldTM that was applied to the entire gel after 

electrophoresis. If DNA was still unobservable in the lanes, the sample was 

purified using the QiaquickTM MinElute Nucleotide Purification kit (Qiagen, Hilden, 

Germany), as a means of removing the decontaminant chemical prior to staining 

and electrophoresis. 



Tests designed to neutralize the effects of bleach were also performed, for 

two reasons: first to ensure that the bleach would not unduly affect the gel stain, 

and second to test whether the effects of the bleach on the DNA could be 

neutralized. The chemical sodium sulphite (Na2S03) was used for this purpose 

(Environmental Protection Service. 1985) and created a redox reaction. Sodium 

sulphite was first applied to the DNA samples to ensure that it had no effect on 

the DNA itself. When no effect was determined, bleach and sodium sulphite were 

added to DNA samples separately. After one minute of exposure to the DNA, 

equimolar concentrations (0.7M) of either sodium sulphite or bleach were added 

to the samples to nullify the effects of the initial chemical added. 

2.2 Detailed DNA Design and Selection 

2.2.1 Primer Design 

Since the experiment was initially designed using elk as the ancient 

animal proxy, four sets of species-specific unique primers were designed to 

amplify elk mitochondria1 DNA (mtDNA). It was particularly important that the 

primers not amplify human DNA to eliminate human DNA as a source of possible 

contamination. The fours sets of primers were tested for optimal amplification 

capacity using previously amplified ancient elk DNA, and the most efficient 

primer set was chosen for use in this study. Whale primers were similarly 

designed in another separate study. The whale and elk primers used in this study 

can be found in Table 2.1. 



Table 2.1 Primers used for PCR amplifications 

Primer Sequence (5'-3') 

F22 (F) - Whale CCACCATCAGCACCCAAAGC 

R258 (R) - Whale TGCTCGTGGTGTARATAATTGAATG 

P I  Amplicon 

(144bp Elk D-LOOP) 

(1 30bp ArtDNA) 

Note: Both sets of primers amplify fragments of the Dloop. F is for the forward and R for 
the reverse primer. All primers were created by hand and ordered from InvitrogenTM. The 
primers were of desalted purity at a scale of 10 N. 

2.2.2 Artificial DNA (ArtDNA) Design 

The design of the artificial contaminant DNA required the fulfilment of a 

number of criteria. The contaminant sequence needed to be similar to the elk 

reference sequence particularly in the 5' and 3' ends so that the set of elk 

primers would amplify both sequences. The contaminant sequence also needed 

to be shorter than the elk reference so it would be possible to discern the two 

amplicons through visualization of an electrophoresis gel. However, the artificial 

DNA could be no shorter than 100 bps as it would be lost in the 

extraction/purification process when using Yang et al.'s (1 998) extraction 

method. In addition to the size difference between the fragments, restriction 

enzyme cutting sites that do not exist in the target elk DNA were inserted to 

facilitate differentiation between the two sequences. Due to technical 

restrictions, the contaminant DNA needed to be designed as two single-stranded 

oligonucleotides that could later be joined and extended to form a double- 

stranded fragment. 



Based on the aforementioned criteria, two oligonucleotides (See Figure 

2.1), 79 and 80bps in length respectively, were created to resemble the original 

study subject, elk, and amplify using the elk primer set, producing an amplicon 14 

bp shorter than the target elk sequence. The two single-stranded 

oligonucleotides were combined together to form a 130bp double-stranded 

fragment of DNA. The two single-stranded oligonucleotides had thirty 

complimentary bases, to ensure they would bind to each other (but not to the 

authentic elk). These thirty base pairs were randomly created by use of an online 

random sequence maker (http://www.cbio.psu.edu/sms/rand dna.html). The 30 

base pairs were created in this way so that they would not prime or bind to the 

target elk DNA creating hybrid sequences or secondary structures. As a third 

safe guard against the creation of hybrids, the G/C content of the 30 bps was 

designed to be approximately 57%, increasing the Tm to 77•‹C. The elevated Tm 

would increase the specificity of PCR, annealing the two fragments only to each 

other (Mullis. 1990). 

As an extra precaution, two enzyme restriction sites not included within 

the authentic elk sequence were created. This allowed for clear visual 

verification of amplicons without the need for sequencing. The sites Eco RI 

(G'AAT-C) and Hindlll (A'AGCT-T) at bases 52 and 62 respectively were 

inserted within the 30 complementary base pairs (see Figure 2.2). 
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Figure 2.2 Differences between elk DNA and ArtDNA shown in illustration form. 

2.2.3 Stovetop PCR 

The two single-stranded artificial nucleotides were joined and extended to 

form a double-stranded fragment using 'stovetop PCR'. To avoid potential PCR 

contamination caused by using the PCR machine to synthesize double-stranded 

artificial DNA, a different approach was used in another DNA laboratory. A heat 

block and ice generated the temperatures needed to simulate a single cycle PCR 

reaction. A tube containing typical reaction components, including 1X Buffer 

(Applied Biosystems, Ca., USA), 2mM MgCI2, 0.2mM dNTPs, 1.0 mglml BSA, 

and 1.25 U AmpliTaq GoldTM (Applied Biosystems, Ca., USA) less the primers, 

plus the addition of 0.3 pM each oligonucleotide (F and R ArtDNA, 15pmol) was 

used to create double-stranded DNA. The tube was incubated in a heat block at 

approximately 94•‹C for 17 minutes and then cooled rapidly in a freezer for 30 

seconds. Having anticipated lower efficiency of this stovetop PCR method, the 



initial cycle was followed by 10 additional cycles of heating to 94•‹C followed by 

rapid cooling. 

2.3 Selection of Bone Samples for Testing 

Many factors needed to be taken into consideration when choosing bone 

samples for this study. First, the samples chosen were preferably in a good state 

of preservation. This allowed for a more even surface for contamination in the 

hope that the contamination would be absorbed as equally as possible by each 

sample. Second, cortical bone samples were chosen over very spongy bone, 

based on the assumption that the contaminant would more deeply penetrate 

cancellous bone, resulting in skewed results. Third, the bone samples chosen 

could not be too hard as they may be very difficult to contaminate and process. 

Fourth, the bone samples chosen needed to be of a certain antiquity to mimic 

ancient DNA scenarios, but also to have sufficient amounts of preserved DNA 

available. 

Elk (Wapiti - Cen/us elaphus canadensis) was chosen as the original 

species of study. The elk specimens used in this study were excavated from Fort 

d'Epinette (HaRc 27), a lgth century fur trade fort near Fort St. John, British 

Columbia, in 1975 and 1976 under the supervision of Dr. Knut Fladmark of 

Simon Fraser University. With the choice made regarding which animal to use, 

the next decision was which element to use. Although, long bones would have 

been appropriate for use at the start, the available elements were damaged and 

fractured, appearing to be in a worse state of morphological preservation than 

other elements. Ribs would have been an equally good element for use in this 
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study; however, distinguishing between moose, elk and deer ribs is problematic. 

Previous species identification of the collection had been undertaken through 

morphological methods, and several elk vertebrae had been identified. Further 

comparison was done to confirm the species identification, and as a result, 

vertebrae were the chosen element. 

Elk vertebrae are large elements with a long protruding spinous process. 

It was with the thought that the spinous process would be an adequate specimen 

for contamination. Further, they were relatively large bones that allowed for 

numerous manipulations. These elements, although mainly composed of spongy 

bone, still contained cortical material. These elements also were not too hard 

which would allow for ease of contamination and subsequent processing. Lastly, 

these elements were of certain antiquity, 100 - 150 years old, which would allow 

for simulation of an ancient DNA situation while allowing for likely amplification of 

DNA. The spinous process of elk vertebrae were cut, using a handsaw, into 

pieces approximately 1 cm by 3 cm weighing approximately 1 gram each (See 

Figure 2.3). 





efficiently ground into a fine powder, additionally impeding the extraction of the 

authentic DNA. Due to these limitations with the elk bone, the decision was 

made to change the species used in the model. 

As a substitute it was determined that, a more practical sample would be 

whale bone. On many whale elements, the cortical portions of the spongy bone 

are quite thick. In addition, although cortical in nature, whale bone is still quite 

light and easy to process. Overall, the whale bone surface was more 

homogeneous and the cortical bone was easier to grind into consistently sized 

powder. However, one result of changing species was the fact that competitive 

PCR could not be utilized to quantify the concentration of ArtDNA to use to 

contaminate the bone. 

The whale bone sample used in this study was excavated from the site 

Ts'ishaa (DfSi 16) on Benson Island, part of the Broken Island Group in Barkley 

Sound, and dates to 500 +I- 60 BP (Monks and McMillan et a/. 2001). This 

sample was in a good state of preservation and has previously shown positive 

amplification in another project. More importantly, this particular whale bone was 

DNA identified as Grey Whale (Eschrichtius robustus) in a previous study. 

Mitochondria1 DNA sequences from this particular bone represent a unique DNA 

sequence that was not observed in any other Grey whale bones within that same 

project. Using a handsaw, the whale bone was cut into 16 equal pieces each 

weighing 0.35-0.379 (Figure 2.4). 





methods used was successful at removing all the contaminant DNA. Using this 

technique, bone samples that were contaminated, and then decontaminated 

were subsequently soaked in water. The water was then included in a PCR 

reaction and amplified to test for the presence of the artificial DNA. If the artificial 

DNA was amplified, the decontamination was deemed incomplete. However, if 

no ArtDNA was amplified, the decontamination might be successful and the bone 

sample was processed for extraction to confirm the outcome. 

In each sample set, two controls were included: one sample was excluded 

from contamination while another was excluded from decontamination. The 

former served as a comparative sample control while the latter was used to 

indicate successful contamination. Elk samples were initially decontaminated via 

immersion in 50% bleach (approximately 2.65% NaOCI) for 5 minutes. Further 

tests examined both 50% and 100% bleach for five and ten minutes respectively. 

These preliminary tests examined DNA eluted from the bone samples with water 

(Table 2.2). In additional tests, DNA was extracted from samples that were 

exposed to 100% bleach for 30 seconds, 1.5, 3, 5, 10, 15 and 20 minutes, 

respectively (Ta ble 2.3). 



Table 2.2 Summary of elk bone sample bleach treatments that were examined via 
elution 

Note: v indicates exposure time tested. % indicates the concentration of the bleach used 
for decontamination. 1 0 ' ~  is the concentration of the ArtDNA solution used to 
contaminate the bone samples. 

2.4.2 Whale 

Twenty-eight whale bone samples were processed in total. Overall, 21 

samples were contaminated with 1 o4 X ArtDNA: 14 samples (two sample sets) by 

handling and seven (one set) by soaking. Two samples from each set were 

excluded from contamination and decontamination for comparison purposes. 

Seven samples were contaminated by soaking in the contaminant solution for 5- 

10 minutes and the other fourteen by handling extensively with contaminated 

gloved hands. These samples were then left overnight to dry. Four samples 

from each set were immersed in bleach for 1, 5, 10 and 20 minutes (Table 2.3), 

and rinsed in ddH20 for 10 minutes. One sample from each set was rinsed only 

in ddH20, one sample from each set was soaked in ddH20 and UV irradiated for 

30 minutes on all sides of the bone, and as a positive control for contamination, 

the remaining samples were left untreated. 



Table 2.3 Summary of the bleach treatment for both elk and whale bone samples 

Note: v indicates exposure time tested. % indicates the concentration of the bleach used 
for decontamination. 104x is the concentration of the ArtDNA solution used to 
contaminate the bone samples. 

Exposure Time To Bleach 

A further test was performed to determine the upper limits of recovery of 

ancient DNA from 100% bleach treated bones. This was undertaken in much the 

same manner as previous experiments; however, the bone samples were not 

contaminated. Four bone samples weighing between 0.35 and 0.37 grams each 

were soaked in 100% bleach for 1 hour, 3 hours, 6 hours and 24 hours, 

respectively. The samples were removed from the bleach solution and rinsed in 

ddH20 for 10 minutes and left to dry. Once dry, the samples were then 

processed for PCR amplification. 

Blank and negative PCR controls serve an important function in an 

ancient DNA study. A blank extraction control is one in which no bone powder is 

added to the lysis buffer and this control follows the other samples throughout the 

process and is indicatory of contamination in the extraction and purification 

processes. A negative PCR control is a reaction where no DNA extract has been 

added. This should indicate whether reagents or protocols at the PCR setup 

stage introduce contaminants. If either sample appears negative after PCR 

amplification, this indicates that unexpected or systematic contamination is not 

10 
minutes 

v 
v 

nla 
v 

Whale 
100% 

Elk 
100% 

present in that setup. However if either control shows positive amplification this 

1 
minute 

v 
v 

nla 
v 

Touched 
Soaked 
Touched 
Soaked 

15 
minutes 

nla 
nla 
nla 
v 

5 
minutes 

v 
v 

nla 
v 

20 
minutes 

v 
v 

nla 
v 



indicates that unexpected contamination has taken place. Experiments that 

result in either control showing positive amplification cannot be trusted and 

should be eliminated from the study. This is common practice in the field of 

ancient DNA as each sample in the experiment cannot be trusted because 

contamination has found its way into the reaction. This protocol was followed in 

this study. 

2.5 DNA Extraction, Amplification and Visualization 

2.5.1 DNA Extraction 

A modified silica-spin column technique (Yang et a/. 1998) was used to 

extract DNA from the bone samples. The bone samples, once dry, were ground 

into fine powders using both a vice, and a mortar and pestle. The powders were 

incubated overnight with 3-5ml (dependant upon the amount of bone powder i.e. 

1 ml of bone powder with 3ml of lysis buffer) of lysis buffer (0.5M EDTA, pH 8.0, 

0.5% SDS with O.5mglml proteinase K) in a rotating hybridization oven at 50•‹C 

(not 55" because the lid of the plasticware used becomes loose and can cause 

leakage). After centrifugation (5500 RPM for 20 minutes) to separate the bone 

powder from the lysis solution, 1.5 - 2.0ml of supernatant was transferred to an 

AmiconTM Ultra-4 Centrifugal Filter Devices (30KD - 4ml) (Millipore, Billerica, 

MA., USA) and centrifuged at 5500 RPM for between 40 minutes to an hour for 

DNA concentration to the 100p1 volume or below. Approximately 100p1 of the 

concentrated DNA supernatant from each sample was passed through 

QIAquickTM (Qiagen) columns for DNA purification (Yang et a/. 1998). This 

supernatant was combined with five volumes of PB buffer. The resulting 600p1 of 



solution was then centrifuged at approximately 10,000 RPM for 60 seconds. 

After centrifugation, the membrane was washed twice with 400pl of PE buffer 

(containing ethanol) and centrifuged again (10,000 RPM, 60 seconds). These 

two steps wash away salts that will interfere with enzymatic reactions. After 

centrifugation 100pl of EB buffer ( I  OmM Tris-CI, pH 8.5) was added to each 

column, incubated at 70•‹C for 5 minutes and then centrifuged (10,000 RPM, 60 

seconds). This step was repeated for a second time resulting in 200pl of DNA 

being eluted from the column for PCR amplification. 

2.5.2 PCR Amplification 

PCR amplification was performed using a Mastercycler Personal 

Thermocycler TM (Eppendorf, Hamburg, Germany) in a 30pl reaction volume 

containing 1 X Buffer (Applied Biosystems, Ca., USA), 2mM MgCI2, 0.2mM 

dNTPs, 1.0 mglml BSA, 0.3pM each primer, 3pl DNA sample and 1.25 U 

AmpliTaq GoldTM (Applied Biosystems, Ca., USA). PCR was run for 35-40 

cycles at 95•‹C for 30 seconds, 55•‹C for 30 seconds, and 70•‹C for 30 seconds. 

Initial denaturation and activation of the enzyme took place at 95•‹C for 12 

minutes and final elongation took place for 7 minutes at 72". 

2.5.3 Electrophoresis and Sequencing 

Five pl of PCR product was separated by electrophoresis on a 2% high- 

resolution agarose gel. Amplified DNA was visualized using SYBR Green ITM 

(Clare Chemical Research, Co., USA) and samples with visible bands as 

observed on the gel were purified and sent for direct sequencing to MOBlX 



Laboratory at McMaster University in Hamilton, Ontario, Canada. Sequencing 

took place through use of ABI BigDye terminator chemistry and ABIPRISMB 

31 00 Genetic Analyzers. 

2.5.4 Restriction Enzyme Digestion 

Restriction enzyme digestion took place using the Hindlll restriction 

enzyme (InVitrogen) and 2.5~1 of PCR product; 0.5U of enzyme was added to 

1Opi of 1X ~ ~ a c t @ 2  buffer for each sample. Upon addition of PCR product, the 

tube was incubated at 37•‹C for one hour, according to the manufacturers' 

specifications. The digested product was then visualized on a 2% agarose gel. 

2.6 Evaluation of Decontamination Techniques Effectiveness 

Decontamination techniques were evaluated by four methods. The first 

method was through visualization of amplicons on agarose gel. This was done 

by visually assessing presence or absence of the expected amplicons. 

Secondly, the removal of the contaminant was assessed using restriction 

enzyme digestion of the ArtDNA. If the amplicon band was digested resulting in 

two bands on the gel, this represented the additional presence of contaminant 

DNA and therefore the decontamination method was determined to have failed. 

Thirdly, to be sure that the contaminant, ArtDNA was indeed not present in 

extracted DNA, the number of PCR cycles was increased. After this increase, if 

the ArtDNA amplicon was still not present the decontamination was determined 

to have been completely and successfully accomplished. As a fourth measure of 

the decontamination technique's effectiveness, the samples were sent for direct 



sequencing. This was intended to determine if there was any damage done to 

the either of the amplicons because of the decontamination process. As a further 

verification, all touched whale extractions were repeated once and all 

amplifications were repeated numerous times. 



CHAPTER 3: RESULTS 

3.1 Artificial DNA Concentration 

The ArtDNA was created according to the criteria set forth in the previous 

section. The amount of ArtDNA applied to samples was determined by use of a 

competitive PCR approach. This approach looked at the concentrations at which 

each fragment, elk and ArtDNA, would begin to compete for reagents. From 

these experiments it was determined that the original solution of the ArtDNA 

needed to be diluted approximately 10000X to be preferentially amplified; below 

this level the elk DNA would overwhelm the ArtDNA, preventing its amplification. 

As dilution of the ArtDNA 1 OOOOX was the lowest concentration to amplify, 

various concentrations of ArtDNA were applied to bone samples in the first 

stages of experiments. 

3.2 Evaluation of DNA Destruction by Chemicals 

Upon exposure to DNA in solution for short periods of time (30 seconds - 

1 minute), it became clear that bleach was the best chemical destroyer of DNA. 

In one minute, 1 N HCI and 1 N NaOH appeared to damage and denature the 

DNA, while both 10% and 100% bleach completely eradicated the DNA in 

solution (Figure 3.1). Further 3% H202 and DNA AwayTM appeared to have little 

to no effect upon the DNA in solution. 













Table 3.1 Results of the elk experiments excluding those showing visible signs of 
unintentional contamination 

Elution 
ArtDNA Bleach 

Concentration Concentration 
Time in ArtDNA 
Bleach Amp. 

5 minutes I 1 

5 minutes 7 minutes 

5 minutes 1 
30 

seconds 
1 

1.5 
minutes 

I 

3 minutes 1 
5 minutes 1 

10 
minutes 1 

5 minutes 

minutes 

minutes 

minutes 
1 minute 1 2 
5 minutes 1 2 

lo / 2 
minutes 

minutes 2 
Note: The number in brackets in the first column indicates the number of extractions 
performed. ST = Original synthesized ArtDNA solution. Elution is the bone sample soaked 
in water with the water PCR amplified. Extracted is DNA extracted from the pulverized 
bone samples. The column titled ArtDNA Amp. indicates the number of times that the 
contaminant ArtDNA was amplified. 



It is clear that some elk samples indicated removal of the contaminant 

while others, exposed to the same concentration of bleach, for the same time 

period, still amplified the contaminant. This unexpected inconsistency may be 

due to uneven contamination or uneven decontamination which was assumed to 

be caused by the non-homogeneous elk bone texture. However, overall an 

inability to remove the soaked in contamination was revealed. 

Positive amplification of ArtDNA in blank and PCR negative controls also 

appeared on the electrophoresis gels produced from some of the initial PCR 

setups in elk experiments. As the decontamination techniques used in this study 

deal with contamination that is already present on bone samples, the method did 

not prevent this unexpected contamination from taking place. Although the 

results of the experiments which included contaminated blanks and negative 

were not incorporated in the study, they demonstrated how easily contamination 

could take place even with artificially designed and controlled contamination in a 

dedicated lab facility. Extra precautions were taken in subsequent elk and whale 

experiments, resulting in the absence of such unexpected contamination. 

Whale bone samples soaked in ArtDNA solution and decontaminated with 

100% bleach for up to 20 minutes still showed strong amplification of the 

contaminant DNA (see figure 3.5). Samples soaked in ArtDNA and exposed only 

to UV demonstrated a reduction in the amount of amplified contaminant when 

compared to the positive control, but not its eradication. A different pattern was 

seen in the samples that were handled with, rather than soaked in, the 

contaminant DNA. Unlike the soaked samples, 100% bleach removed all 



amplifiable contaminant DNA in all four timed experiments of surface 

contaminated samples. In the initial experiment, the ArtDNA was not amplifiable 

after as little as one-minute exposure to 100% bleach. However, in a repeated 

extraction, minimal contamination was amplified after one minute of bleach 

exposure (data not shown), though amplification was not evident after exposure 

for 5, 10 or 20 minutes. As in the soaking experiments, UV irradiation did not 

eliminate the amplification of contaminant DNA from handled samples, although 

amplification strength was reduced. Water was incapable of contaminant 

removal in both the soaking and handling experiments. Those samples not 

treated with bleach (i.e., samples treated with UV and water only) resulted in 

weaker amplification of whale and a stronger presence of ArtDNA when 

compared to bleach treated samples. The positive whale control sample, left 

completely untreated by any contamination or decontamination method never 

resulted in amplification of either whale or ArtDNA (Figure 3.5). In experiments 

using whale bone, 100% bleach removed contamination from 92% touched 

samples, while in 0% of the soaked samples could contamination be removed 

from the bone (Table 3.2). 

Results also indicated that the authentic whale DNA was still amplifiable 

after 20 minutes of exposure to 10O0/0 bleach. Surprisingly, whale DNA in 

samples treated with 100% bleach for any length of time was also observed to be 

more readily amplified than those not treated with bleach (Figure 3.6). Further, 

the negative and blanks appeared clear of contamination occurring from 

laboratory reagents or human error (Figure 3.6). 







amplification of any product. This pattern as shown (Table 3.3) was also 

repeated from different extractions of whale bone. 

Table 3.3 Summary of recovery and amplification of target ancient DNA after 100% 
bleach treatment of various lengths of time. 

- 

I Elk I 1 1 4 1 5 minutes I 4 

Species 

I Elk I 1 1 4 1 10 minutes I 4 
I Elk 1 1 1 4 1 15 minutes I 4 

Extraction 

I Elk I 1 1 4 1 20 minutes 1 4 
I Whale I 3 1 5 1 1 minute I 5 

# 
Amps. 

I Whale I 1 I 1 I 1 hour I 1 

Time in 
Bleach 

Whale 
Whale 
Whale 

Ancient DNA 
Amplified 

Note: The number in the second column indicates the number of extractions performed. 

The amplified PCR products from all handled samples were purified and 

sent for direct sequencing using the whale primers, while the PCR products of 

the soaked samples were purified and sent for sequencing with the ArtDNA 

primer. The soaked whale samples were not sequenced using the whale primer 

because it was felt that it was unlikely that they would offer any further 

information regarding destruction to DNA. Upon receipt, sequence analysis was 

carried out through visual editing, and multiple alignments were created using 

ClustalW (Thompson, et a/. 1994), through BioEdit 

(www.mbio.ncsu.edu/BioEdit/bioedit.html). As expected, for samples prepared 

3 
3 
3 

Whale 
Whale 
Whale 
Total 

5 
5 
5 

1 
1 

1 

5 minutes 
10 minutes 
20 minutes 

1 
1 
1 

40 

5 
5 
5 

3 hours 
6 hours 
24 hours 

1 
1 
1 

40 



from the same whale individual, all whale amplicon sequences matched each 

other exactly and were correctly identified as Grey whale (Eschrichtius robustus). 

All ArtDNA amplicon sequences matched each other as well as the original 

created sequence. All sequences were of similar quality and were clear of 

background noise. 



CHAPTER 4: 

4.1 DNA Selection 

There were a number of criteria that were involved in the design and 

selection of the DNA marker used to contaminate bone samples in this study. 

The use of an animal model as opposed to a human model was important in 

order to rule out contamination introduced at unknown times by unknown 

individuals. This also lessened the concern about researchers contributing to the 

contamination problem. Further, as human remains of any antiquity are valuable 

materials, the use of them for such a project raised ethical concerns. 

Controlling and monitoring the contamination throughout this project was 

also of utmost interest. As a result, the creation of a fragment of DNA that 

resembled a natural entity, yet not found in the environment was necessary. The 

use of restriction enzyme sites as well as randomly synthesized fragments not 

only fulfilled this need but also allowed for ease of ArtDNA identification after 

amplification. 

Competitive PCR was used to determine the amount of contaminant DNA 

that was to be applied to bone samples in order to simulate contamination in an 

ancient DNA study. This was done by assessing the amplification strength of the 

two fragments when they were added to the PCR reaction in different 

concentrations. This allowed for visualization of the point at which one fragment 

out competed the other during amplification. This method was appropriate when 



the subjects of the study were elk, as the two DNA fragments allowed for co- 

amplification, and competed against each other. 

Unfortunately, it was necessary to change the species of the animal model 

due to technical problems. Obviously, one drawback of changing the study 

animal from elk to whale was that competitive PCR could no longer be used as a 

technique to determine how much contamination to apply to bone samples. 

Consequently, it was decided that no matter how much DNA was preserved in 

the whale bone samples, the amount of contaminant determined from the 

competitive PCR experiments would likely be sufficient. This is due to the fact 

that ancient DNA would be out-competed by modern undamaged DNA no matter 

how much of either was present in the samples. 

Along with the lack of competitive PCR, came an inability to use one 

primer set for amplification of both ArtDNA and the animal DNA. The latter 

problem was overcome by the use of two primer sets: a whale primer set that did 

not amplify the artificial DNA and the elklArt set that did not amplify the whale 

DNA. Although the ArtDNA and authentic target did not have to compete for 

amplification within a single PCR reaction, this new technique did allow for clear 

verification of both contaminant and authentic DNA amplification. 

4.2 Bone Selection 

Bone sample selection appears to have been one of the most important 

steps in the design of a project of this nature. The fulfilment of the criteria set out 

in a previous section regarding bone preservation, homogeneity, and antiquity 



were necessary for success of the design and completion of this project. At the 

beginning of this project, both elk and whale were suggested as possible 

subjects for the animal proxy as both were readily available. However, because 

of concerns regarding the use of a marine mammal as opposed to a terrestrial 

mammal Elk was the original chosen animal proxy. Unfortunately, because of 

the limitations involved with the elk bone, whale was substituted as the animal 

proxy. 

There has been little study regarding how contamination affects different 

bone samples and the correlation, if any, between different types of bone and the 

amount of contamination present (Gilbert et a/. 2005). The elk experiments in 

this study demonstrated that not all bones may absorb contamination evenly, and 

that contamination may vary significantly between samples. 

The particular specimen of whale that was incorporated into this project 

had been successfully analyzed previously in the ancient DNA laboratory for 

another project. As whales are extremely large marine mammals, single 

elements are often quite large, with substantial portions of cortical bone, resulting 

in sizeable homogeneous bone samples for contamination experimentation. As 

was noted before, concerns were raised regarding the use of a marine mammal 

for this type of study. As an adaptation to life in water, whale bone is typically 

more porous, (less dense) than terrestrial mammal bone (Pabst and Rommel et 

a/. 1999), a characteristic which could unduly affect the amount of contamination 

the bone may take up when handled, and particularly when soaked. The results 

of this study seem to indicate that fortunately, this does not seem to be the case 



with the handled samples, since surface contamination was easily removed with 

bleach. However, some of the soaked samples still appeared to contain a 

significant amount of ArtDNA even after longer exposure to bleach (See Figure 

3.5, Sample S4). Further study needs to be undertaken to determine the 

relationship between contamination and bone porosity. 

The issues revolving around contamination and bone sample selection 

also raises concerns regarding project design. This study demonstrated that elk 

bones were not able to reveal any repeatable pattern in terms of contamination 

and decontamination while whale bones clearly demonstrate a recognizable and 

repeatable pattern. The results of this study, though preliminary, seem to 

indicate that the effects of contamination are variable between bone type, 

element and species; ancient DNA researchers should acknowledge this 

variability and design their project accordingly, in order to monitor and counteract 

potential inconsistencies of contamination. 

4.3 Evaluation of Chemicals for DNA Destruction 

The results of the first set of experiments in this study indicated that 

bleach was the most effective chemical in destroying DNA in solution. However, 

the effectiveness of bleach was affected by the concentration of DNA contained 

in the solution. When higher concentrations of DNA were used, a higher 

concentration of bleach, or a longer exposure time was also necessary to destroy 

the DNA. Although other chemical methods appeared to be ineffective or 

inefficient at destroying the DNA in solution, this does not mean that they are not 

capable of doing so. 1 N HCI is a very strong acid, which is known to hydrolyse 
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DNA (Savage and Plaut. 1958). The results of this experiment are likely due to 

the length of time with which the DNA was exposed to this chemical; thirty 

seconds or 1 minute may not be a sufficient time period to effectively depurinate 

and denature the DNA. The same is likely true for the other chemicals 

examined, particularly NaOH and 3% hydrogen peroxide. The commercial 

product examined in these tests, DNA AwayTM (Molecular Bioproducts Inc.) 

appeared to have no effect upon the DNA in solution. However, this does not 

indicate that the product is ineffective on surfaces or dry DNA, which according to 

the manufacturer's specifications, is the intended use of the product 

(http:llwww.mbpinc.com/Store/productpdf~~echReport~205.pdf). 

4.4 Staining Chemicals for Evaluating DNA Destruction 

Bleach was determined to be the best chemical for use in the destruction 

of DNA. However, three concerns resulted from this series of experiments when 

SYBR Green was used to pre-stain the bleach-treated DNA: I )  was SYBR 

GreenIGold affected by bleach in concentrations greater that 10%; 2) can we 

neutralize the effects of bleach in the samples to be sure that its effects were 

completely stopped prior to staining; and 3) is SYBR Green sensitive enough to 

reveal remnant DNA? The first concern was examined by purifying a DNA 

sample that was bleached, and visualizing the sample on a gel, as well as by 

after-staining (rather than pre-staining) an electrophoresis gel loaded with 

bleached DNA samples. No DNA was visualized on the gel in either experiment, 

suggesting that bleach was indeed destroying the DNA and not merely counter- 

acting the effects of the SYBR green. The second concern, whether the effects of 



bleach could be neutralized, was tested using sodium sulphite (Na2S03) a 

chemical commonly used in water treatment (Environmental Protection Service. 

1985). Experiments were first run to see whether this chemical would affect the 

DNA greatly and if it would indeed neutralize the bleach. It was shown clearly on 

the gel that 10% bleach could eradicate the mass ladder within 1 minute (Figure 

3.3.) however, when Na2S03 was added to bleach prior to being added to the 

DNA, the mass ladder was still present. Clearly, the bleach could be neutralized 

by sodium sulphite. The third concern, the sensitivity of the stain, was addressed 

by substituting with SYBR GoldTM, a staining chemical that is sensitive to less 

than 100pg of double-stranded DNA (dsDNA). When this stain was used, it was 

assumed that a lack of DNA visualized on the gel meant that no DNA was 

present in the sample. In sum, the study indicated that SYBR Green ITM staining 

was both effective and sensitive enough to visualize bleach-treated DNA on the 

agarose gel. 

4.5 Contamination 

The method used here for creating an artificial source of DNA that could 

be monitored throughout the laboratory was very successful. The use of an 

artificially designed fragment of DNA has previously been used to quantify the 

number of templates in ancient DNA studies through use of competitive PCR 

(Marota, etal. 2002, Jehaes, et a/. 2001) and it can also be used to design 

contaminant DNA. Future studies in this lab could attempt to use this fragment 

as a marker for systematic laboratory contamination by checking reagents, 

amplifications and surfaces for its presence. The technique used for the creation 



of a fragment that mimics contamination of a specific entity could also be used in 

other studies because the number of safeguards incorporated within the 

fragment allows for ease of identification. 

One potential problem however could arise from the synthesis of the 

double-stranded DNA: carry-over contamination. This was counteracted by strict 

control over the travel of PCR products. As stated earlier, movement of 

personnel or PCR products from the post PCR laboratory to the extraction lab is 

under no circumstances allowed. The reason for this is that as has been noted 

PCR products can cause detrimental contamination to a study. This is further 

exemplified by the fact that laboratory areas must be geographically separated to 

prevent this. In this experiment, the creation of the double-stranded fragment of 

ArtDNA was performed in a neutral area and primers were excluded from the 

reaction; this allowed for only the joining and extension of the two strands and 

not the exponential amplification of them. 

The techniques used for contamination of bone samples appeared to have 

been successful based on the appearance of ArtDNA in amplifications where 

both negative and blank extractions were clear. Although, the possibility always 

exists that some samples were not contaminated as much as others, because all 

of the whale samples were soaked in the same solution they should contain 

similar amounts of contaminant DNA. Accordingly, all of the whale samples that 

were soaked revealed contaminant DNA upon amplification (Figure 3.5). For the 

samples that were handled, there is a real possibility that some samples could 

have been contaminated more than others. However, it seems unlikely that only 



the samples untreated with bleach were successfully contaminated with ArtDNA 

through handling, particularly because these bone samples were picked 

randomly after contamination for each process. Further, it seems highly 

improbable that only the samples that were treated with bleach would not contain 

any amplifiable ArtDNA in repeated extractions and amplifications. Nevertheless, 

this study has illustrated that the use of these two techniques, i.e., blank 

extractions, and negative controls, are suitable and effective for tracking 

systematic contamination. 

Another important question to consider is the amount of contamination 

used. Unfortunately, there is currently no knowledge regarding the amount of 

contamination that is actually deposited on bone via touching even with a known 

quantity of DNA applied to the bone. The quantity used here may in fact be an 

excessive amount of contamination; however, if this is the case, the outlook for 

decontamination may be quite good, as even this unreasonably high amount of 

contamination was eradicated from bone surfaces. However, as we can see 

from the results of the soaking study, the problem of deeply imbedded 

contaminant DNA still exists. It is believed that the technique used for 

contaminating the bone samples was effective (both in handling and soaking) 

and could be used again for other studies. 

4.6 Decontamination 

This study has demonstrated that the use of 100% household bleach is 

the most effective decontamination chemical available for destroying surface 

contaminant DNA. However, it is also clear from this study that when a sample 
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has been soaked in a contaminant DNA, even this concentration of bleach for 

upwards of 20 minutes will not remove the contaminant. Further, the presence of 

only ArtDNA in some of the elk extractions illustrates that exogenous modern 

contaminant DNA can clearly out-compete the authentic ancient DNA within 

bone. This observation indicates that when attempting to examine ancient DNA, 

we must take all possible precautions to remove contamination prior to 

extraction. We must treat all samples as if they are contaminated because you 

can never be sure that the sample is contaminant free. 

The bone samples exposed to UV rays were not clean of ArtDNA. As had 

been stated UV cross-links DNA when in solution, however apparently this takes 

a much longer time when dry (Hall and Ballantyne. 2004). Although this study is 

not the first to use UV as a technique for decontamination of bone samples, it 

clearly demonstrates that UV is ineffective at removinglinactivating contaminant 

DNA after 30 minutes of exposure on all sides of the bone. The bone samples 

were wet when exposed to UV to help create a suitable environment for the 

reaction to occur. However, irradiation was not completely effective as the 

ArtDNA was clearly amplifiable. Studies examining bone DNA and the effects of 

UV are clearly lacking in the literature, however many laboratories use this 

technique, whether alone or in combination, for decontamination. Further 

examination of how bone DNA and UV react, as well as the conditions under 

which UV irradiation is successful and the appropriate time needed for effective 

decontamination are required. 



The soaking experiments illustrated a situation where contaminant DNA 

can penetrate deeply into bone. Unfortunately, this type of contamination could 

not be removed by exposure to 100% bleach for up to 20 minutes. This raises 

some serious issues for studies that use remains that have been collected prior 

to the advent of ancient DNA studies. This is because many excavations take 

place under less than clean conditions. Many archaeologists wash bone 

fragments in dirty water, which for human remains, could mean that they are 

deeply contaminated by a variety of DNA sources. Bleach, apparently even after 

20 minutes of exposure is not able to remove this type of contamination. Many 

factors may be involved in the process of soaked in contamination, including the 

porosity of bone samples and the nature of the relationship between DNA and 

bone mineral; these variables must be further explored. If the results from this 

study are any indication of the likelihood of removing this type of contamination, 

then clearly there needs to be further exploration into removing deeply invading 

contaminant DNA. 

Due to the duration of exposure of bone to a high concentration of bleach, 

questions of safety to the DNA housed within skeletal remains were raised. To 

address this issue, experiments were performed that exposed non-contaminated 

samples to 100% bleach for varying periods of time. The results of these tests 

clearly indicate that although the template number may be reduced, positive 

amplification of ancient samples still occurs not only after 20 minutes of treatment 

with 100% bleach but up to 24 hours after. This indicates that the bone mineral 

must serve a protective function for the DNA housed inside it. There is little 



known about this mechanism, but it has been hypothesized that DNA binds to the 

mineral hydroxyapatite (Okazaki et a/. 2001). The idea of bone mineral as a 

protective barrier is also supported by the data that the samples soaked in the 

contaminant solution positively amplified contaminant DNA even after 20 minutes 

in 100% bleach, while the DNA in solution, without the protection of bone mineral 

was eradicated by exposure to similar durations and concentrations of bleach. 

The results suggest that even the ArtDNA may be protected in a similar manner 

by the bone mineral or that uneven decontamination has taken place due to bone 

porosity though further study of this phenomenon is needed. 

Contaminant DNA on the surface of bones however is clearly not 

protected in the same manner as either the soaked ArtDNA or the authentic DNA 

within the bone. Contaminant DNA that lay naked upon the surface of bone 

samples appears to be readily eliminated after approximately one minute of 

exposure to 100% bleach. Repeated extraction however, displayed that a weak 

band of ArtDNA amplified after one-minute exposure to bleach (data not shown). 

This discrepancy is likely due to two possibilities: the randomness of the 

contamination application and/or the stochastic nature of PCR amplification of 

low copy samples. These results indicate the necessity of repeated extractions 

and the use of at least 5 minutes of bleach for decontamination. 

Sequencing results were expected to demonstrate that high 

concentrations of bleach for varying lengths of exposure would indeed cause 

damage to the authentic DNA housed inside the bone, as indicated by the 

varying levels of PCR amplification. However this was not the case, all 



sequences were identical, indicating that little damage was being caused through 

base pair modification. It is now believed that it is not the final sequence that 

shows the damage but the net effective template that is available for PCR 

amplification. For example, let us say that a piece of bone begins with 20 

complete template strands. After decontamination with 100% bleach for 1 minute 

three strands are nicked and broken leaving 17 net effective templates for PCR 

amplification. It would be logical to assume that this would get worse as 

exposure time increases causing only five net effective template strands left for 

PCR amplification. This would in turn not result in modified sequences at all 

because those five net effective template strands are still ample models for PCR 

amplification. The only time this effect would be visible is when amplifying at a 

high cycle number with extremely low original template number or in clones of 

PCR products. 

Recently, Kemp and Smith (2005) published online the first systematic 

study of bleach as a surface contaminant remover using human bone. The study' 

contaminated Native American bone samples via handling by the author for 

approximately 30 minutes. The results of the current study are consistent with 

those in Kemp and Smiths study. Their data show that the high concentration of 

bleach (50% - 100%) is adequate to remove surface contamination in all tested 

samples. This result is also observed here. It is clear that in this study the use of 

an animal model, controlled amounts of contamination and more sensitive 

staining chemicals have helped to address issues more effectively. For example 

to ensure that low amounts of amplifiable contaminant DNA left after treatment 



could still be visualized, this study used SYBR Green ITM and SYBR GoldTM 

which are much more sensitive than ethidium bromide(Jin et a/. 1994, 

Schneeberger et a/. 1995). Although our soaked tests may "exaggerate" the real 

amount of contamination, it clearly points to the possibility that the heavily and 

deeply contaminated bone samples might not be easily decontaminated by 

bleach for 10 minutes. More research is needed to determine if a longer time in, 

or stronger concentration of sodium hypochlorite should be used to remove the 

contamination. 

From this study, it is recommended that bone samples first have the 

surface removed through abrasion then each sample should be soaked in 100% 

household bleach for 5 - 10 minutes, with the exposure time determined by the 

state of bone preservation, and the probable amount of contamination. This is 

recommended for several reasons. Although quite clearly most of the 

contaminant DNA has been eliminated after one minute of exposure to 100% 

bleach we feel that 5 minutes is a more realistic and manageable time frame to 

work within, particularly when processing many samples. Secondly, although 10 

minutes could be considered quite a lengthy exposure, it still falls well within the 

time limits for recovery of authentic DNA and if the samples are heavily 

contaminated a long time of exposure may be necessary to remove all the 

contaminant DNA. Unfortunately, there is no clear-cut answer regarding 

decontamination. Nevertheless, it is important to be sure that the method used is 

effective enough to retrieve authentic results. The use of a rigorous 

decontamination technique does not preclude researchers who are studying 



ancient DNA from following standards of authentication (see Cooper and Poinar. 

2000, Paabo etal. 2004). The knowledge gained through testing 

decontamination techniques can allow for more confidence that ancient DNA 

results are authentic, but is not cause to abandon previous criteria for 

authentication. Ancient DNA researchers still need to hold results to the 

standards that have been previously put forth. 

4.7 Bleach and Removal of PCR Inhibitors 

Additionally, it was observed that when 100% bleach was used for any 

amount of time stronger amplification of authentic DNA was seen (Figure 3.5). 

Based on band strength comparison to those samples that were not treated at all 

or those not treated with bleach it is suggested that bleach performs a second 

function, as an inhibition remover. This was tested by a few means; first, the 

extracts were spiked with known amounts of human DNA and second extra Taq 

enzyme was added to increase PCR amplification efficiency. The first 

experiment revealed that those samples untreated by bleach were indeed 

suffering from some inhibition (some samples more than others). The second 

experiment confirmed this result as all samples amplified more strongly and even 

a sample that had never been previously amplified showed a strong band. 

Inhibition is a part of every ancient DNA extract, and may originate from a 

variety of sources including Maillard reaction products of altered carbohydrates 

(Brown and Brown. 1992) products found in soil: fulvic and humic acids, tannins 

and metal ions (Tuross. 1994, Hanni et al. 1995), DNA itself due to damage 

(Paabo et a/. 2004, Pusch et a/. 1998), bacterial DNA (Paabo. 1989), and 



collagen I, (Scholz et a/. 1998), may also cause PCR inhibition. Inhibitors affect 

the efficiency of the Taq polymerase enzyme, producing only faint bands or no 

bands during electrophoresis (Hummel. 2003). Ancient DNA extracts are 

plagued by the fact that if we do not purify the DNA, and sometimes even if we 

do, the resulting extract will be a brownish colour (Paabo. 1990, Yang et a/. 

1997). If this colour is not removed via purification and extraction procedures, 

the likelihood is that amplification will not occur. During our extraction process, it 

was noted that those samples that were bleached all resulted in a much lighter 

colour following hybridization in lysis buffer. This is possibly evidence of inhibitor 

removal. Other techniques have been used to combat inhibition including the 

use of Bovine Serum Albumin (BSA) in the PCR reaction (Cooper. 1994), 

addition of more enzyme or dilution of extract (Brown and Brown. 1992), Chelex 

purification (DelRio et a/. 1996) and silca-spin column purification (Yang et a/. 

1997). It is hypothesized here, that the stronger amplification observed is the 

result of a variety of possibilities. These include the removal or elimination of 

bacterial and fungal DNA, the elimination of chemicals that are leached into the 

bone via burial allowing for a clear view of the ancient DNA, the breakdown of the 

bone mineral including collagen, or a combination of these, allowing more DNA 

to be released. Further study of this phenomenon needs to be undertaken to 

determine what exactly is taking place. 



CHAPTER 5: CONCLUSIONS 

This study has illustrated an effective way to evaluate decontamination 

techniques. It has demonstrated that using an animal bone model and ArtDNA 

we can thoroughly appraise decontamination methods. An animal model 

eliminates the omnipresent human contamination in the environment and allows 

for clearer evaluation of the technique's capabilities. The use of an artificially 

created DNA fragment that closely resembles an existing species but does not 

exist in nature allows for clear control and manipulation of that fragment. 

Stemming from this are clearer observations regarding the effectiveness of 

decontamination techniques. 

This study has determined that the use of 100% bleach for duration of 

between 5 and 10 minutes should be the most effective decontamination 

technique available as it is a cost-effective and relatively easy procedure to 

undertake. The length of time however is up to the researchers' discretion and 

should be determined based on the amount of probable contamination and the 

morphological preservation of the sample. This rigorous protocol was not 

determined to be of great detriment to the authentic DNA housed within the bone 

even after 24 hours of exposure. 

In this study, the use of 100% bleach was actually observed to have 

increased the DNA yield after PCR amplification, probably due to the removal of 



inhibitors. Further studies need to be undertaken to examine the interaction 

between bleach and bone to determine what is actually occurring. 

There is much to be gained by the understanding and optimization of 

decontamination procedures. We are more able to be confident in the 

authenticity of ancient DNA results because we can be surer that we have 

eliminated surface contamination. Additionally we can eliminate extra steps that 

may allow for the introduction of other contamination. Further, we may gain a 

better understanding of the interaction between bone mineral and the DNA within 

it. 
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