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ABSTRACT 

The Miami Indians inhabited parts of Indiana, Illinois, Ohio, and Michigan. 

There were several tribes living in Indiana around 2,000 years ago (Sultzman 1999). 

Recently, Ball State University archeologists have discovered several burial sites near 

New Castle and Jay County. The Miami are Amerind and are predominantly lineage C, 

thus they were from the initial migrations into the Americas about 30,000 years ago 

(Stone, et al 1998). However, beyond the lineage, there is little known about individual 

Miami or the relationship between individuals. The investigation of certain restriction 

sites, or hap10types, that are unique to American Indians will allow this Miami individual 

to be further studied. With the creation of a HaeIlllibrary, this will allow for a bank 

from which the individual can be studied and then later compared to other tribes. 

Valuable and rare genetic data is saved. 

To create a library, dentin from a tooth sample will be used as a source of 

mitochondrial DNA. The DNA is isolated and then digested. PCR is then used to 

amplifY the segments of interest. Electrophoresis is used to analyze the band sizes that 

will provide information about the haplotypes. However, the dentin from the tooth did 

not provide much DNA, only 0.035 ugluL. The sample was also heavily contaminated 

by protein. The mtDNA may have been degraded over time due to the elements. The 

gels were not informative because the samples were smeared and there was not any band 

differentiation. The presence of a D-Loop could not be accurately decided. There was 

no way to determine the specifics about the individual Miami Unfortunately, nearly the 

entire sample was depleted in an effort to make a determination. Some dentin was saved 

for later analysis. 
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• LITERATURE REVIEW 

Ancient Migrations: 

Genetic and archeological evidence have shown that humans initially 

evolved in Africa and then migrated into Europe, Asia, and Australia (Ward, et al. 

1991). This occurred about 150,000 years ago. North and South America were 

the last continents populated and that occurred roughly 7,000 to 35,000 years ago 

(see Figure 1). The Bering Strait, connecting Siberia and Alaska, was 

instrumental to this migration. The American Indians descended from these 

ancient Asian and European wanderers (Stone et alI998). 

These times of migrations were concluded from the scant archaeological 

evidence. The first physical evidence discovered is from a variety of sites around 

the Americas that indicate human occupation. One site is in Monte Verde, Chili 

and dates from 33,000 years ago. However, there is no skeletal evidence from 

that site to provide DNA evidence. The earliest skeletal remains date from 

between 13,000 - 14,000 years ago (Merriweather et al2001). These were the 

Clovis Indians from where their burial procedures allowed for the better 

preservation of the remains. 

Before the usage of genetic material in investigations, archaeologists used 

language patterns to categorize the American Indians into three separate 

categories. These were the Amerind, the Na-Dene, and the Eskaleut. Using 

evidence compiled by Merriweather, et at. (2001) and other archaeologists, they 

then theorized that the language patterns were indicative of three mass migrations. 

The first migration was hypothesized to occur about 30,000 years ago by the 
~ 
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Amerind. The Amerind includes the tribes of the Pima, Maya, and the Chippewa . 

The Na-Dene followed about 15,000 years ago and includes the Maida, Apache, 

and Navajo tribes. The Eskaleut were the last to arrive, about 7,000 years ago. 

The Eskaleut include the various tnOOs of the Eskimos (Siberian, St. Lawrence, 

and Old Harbor). 

By examining the genetic evidence of Torroni, et al (1993), Wallace, et al 

(1992), and Stone, et al (1998), it is reasonable to assume that there was an initial 

mass migration of many people over a length of time. After a period of time, 

there was a seco~ smaller migration that then intermanied into other tnOOs. 

Through comparisons of the archaeological and genetic evidence, migration 

patterns and tribal boundaries were defined (Figure 2). The Amerind led the 

initial migration and the Na-Dene shortly followed. The Eskaleut were the last to 

follow because the divergence rates are more closely related to Siberians 

(Starikovskaya et alI998). 

Mj.mj Indians: 

Originally, the Miami inhabited the regions comprising Indiana, Illinois, 

and Ohio (Figure 3). They were distantly related to the Dlinois Nation. These 

fudians were grouped in more of an association rather than a confederation and 

were divided into six tribes beaded by a chief. The culture retained many links to 

the earlier Mississippian culture and is the probable descendants of the Hopewell 

people (Suhzman 1999). Religious functions were an important aspect of daily 

life. This was an agricu1tura1 society and the primary crop was white com. 
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Figure 2. 

Distribution of haplotype frequencies among the Native American populations does not 
correspond directly to the language model. This is too simple. However, the northern 
Na-Dene are comprised of mostly haplogroup A. The southern Na-Dene include a 
scattering of B, C, and D. Intermixing with the neighboring Amerind may have occurred. 
Haplotype A declines from north to south while C and D increase. There is no obvious 
distribution to B. 

(Schurr 2(00) 
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Figure 3. 

The Miami inhabited this Midwestern area from sections oflower Michigan, Ohio, 
Indiana, and Illinois. The series of rivers with its corresponding valleys were often 
important in ancient tribal life. 

(Sultzman 1999) 
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This sedentary tribe lived in summer villages in river valleys and lived in 

winter villages on the prairies. Little is known about the specific relationships 

between tribes or even how far each tribe would go to intermarry. As the Miami 

had outgrown the hunter-gathering phase, they did not travel as far or come into 

contact with as many tribes. 

The Miami have faced extinction several times throughout the past 2,000 

years. A more recent event in the 1600s, for instance, was due to the Iroquois. 

The influence of the French and. English guns caused warfare throughout the 

region. Virulent epidemics brought by contact with Europeans further caused the 

deaths of many Miami. Later, the immigration ofwbite American caused the 

demise of many animals, including the beaver, and led to starvation and loss of 

income for the Miami. 

Treaties enforced by the newly created United States of America further 

led to the downfall of the Miami tribe. Miami were forced into smaller areas of 

land and were restricted to certain hunting grounds. Trading diminished 

throughout the region and led to competition between other tribes. Eventually, 

most of the land was ceded away and only a few areas remained in Miami control 

In 1840, approximately 1,000 Miami were taken to eastern Kansas. In 1867, the 

Miami were forced out of Kansas and. sent to Oklahoma. Those that were left 

were given 6,000 acres and federal recognition. The Miami land in Indiana was 

gradually sold off to settle debts and pay taxes. By the 1930s, the Miami in 

Oklahoma and Indiana were landless. The Miami of Oklahoma were saved by 
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160 acres held in trust and thus have never lost their federal recognition. The 

Miami ofIndiana did lose their recognition and have never regained it. 

Federal recognition is most important for any tribe. This recognition 

allows for tax benefits, subsidies, and financial support. Federally recognized 

tribes are also allowed casinos and gambling as a source of income. College 

scholarships and other student aid are also readily available to those tribes. 

Reservations are protected from debt and encroaching urban development. They 

also have more freedom to practice their native rituals (Figure 4). Thus, one very 

long-term goal is that, if modern Miami can show relatedness to earlier Miami, 

genetically, maybe in the future they can regain federal recognition and associated 

benefits. 

Mitochondrial DNA: 

Wallace, et al (1992) and Miller (2001) studied the mitochondria and 

discovered the many distinguishing characteristics that have allowed for the use 

ofmtDNA in modern and ancient peoples, including ancient Indians. The 

mitochondria are present in larger numbers than the single nuclear genome. Thus, 

there is more of a sample to be obtained. The mitochondrion genome is believed 

to be primarily maternally inherited in a non-Mendalian method. The 

mitochondrion genome is extrachromosomal, closed, circular, duplex, 

superhelical DNA molecules. The human mtDNA has only 16,569 base pairs in 

length. It codes for rRNA and tRNA that are specialized for the mitochondria as 

well as codes for 13 polypeptides (Figure 5). Mutations collect at a rate lOX 
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Figure 4. 

Modem Miami Indians celebrating at their summer festival on the Oklahoma reservation. 
Onlookers observe the ritual. 

(Sultzman 1999) 
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Figure 5. 
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faster than for a nuclear genome with the mutation rate of 2.2% myr. There is no 

detectable methylation. This allows for extensive intraspecies polymorphism. 

The studies of mtDNA restriction site polymorphisms reveal that 

American Indians have four main lineages (Merriweather, et al200 1 and 1995). 

There are at least two other lineages that have not been well researched. As 

mtDNA is maternally inherited, rarely recombines, and mutates faster than 

nuclear DNA, it is an ideal material to study. There are four principles about 

mtDNA evolution that may be assumed. The first is that mtDNA mutations 

accumulate sequentially along the maternal lineages. The second principle is that 

mtDNA variation directly correlates with ethnic and geographic origins. The 

third is that all mtDNA are components of a single lineage with a variety of 

offshoots. Finally, this lineage is a young species from Africa (Miller 2001). 

Coding Regions 

The characterization of mtDNA in Native Americans has lead to the 

identification of restriction site polymorphisms which constitute the previously 

mentioned lineages. These sites are found in the coding region of the mtDNA, 

which contains the genes to code for RNA and proteins (Figure 6). 

Polymorphisms in these regions are studied by RFLP, a technique that uses a 

number of restriction enzymes to cleave certain genes at specific nucleotide 

sequence. Mutational variants as a resuh of genetic changes permit categorization 

of individuals into specific haplotypes (lineages). The lineages characterized by 

RFLP are referred to as A, B, C, and D. The minor lineages are referred to as X 

and G. Stone, et at (1998) deciphered the lineages best from her restriction 
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Figure 6. 

Mitochondrial DNA consists of2 major regions - the control region and the coding 
region. The control region, which regulates mtDNA regulation, is assessed by 
sequencing the nucleotide base pairs and comparing them between people. The coding 
region is analyzed by RFLP where restriction enzymes are used to create specific 
sequences. Mutations produce variants, or haplotypes, that are usually indicative of one 
population group. North American Indians have five major groups. 

(Schurr 2000) 
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enzyme studies. Lineage A is discerned by a Haell site gain at np 663 and lineage 

B is determined by a 9bp deletion between COll and tRNA("Lys) genes. Lineage 

C is identified by a Hinell site loss at np 13259 and lineage D is labeled by an 

AluI site loss at np 5176. Lineage X is defined by the C-T transitions at np 16223 

and 16728 of the D-Loop. Lineage G is shown by a unique variant atnp 16017C. 

This data is beneficial when studying migration times and patterns of 

Native Americans. By using sequence divergence equations, an estimate of arrival 

for each lineage can be determined. The relatedness between separate Indian 

groups can also be made as well as to ancestral relationships to modern Asian 

haplotypes. 

Control Region 

The control region, or D-Loop, is a region ofmtDNA that controls DNA 

replication (Figure 6). The D-Loop mutates at an even faster rate than the rest of 

the mtDNA genome since there are no genes in this region that permit 

evolutionary sequence changes without deleterious consequences. The faster 

mutation rate allows for unique mutations to arise among small groups. This 

region is also studied to provide more sequence differences between individuals. 

Sequencing may be manually performed or sent to labs for specializing in 

automated sequencers. Phylogenetic analysis of the sequencing data from the 

control regions can be performed to examine the subgroups of the lineages 

(Starikovskaya, et alI998). By examining small mutations, tribal relationships 

can be determined. 
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Most research performed on D-Loop sequencing has involved the study of 

sequence divergence and founder effects. Most researchers have solely examined 

the genetic radiation that occurred with the migrations into the Americas. This 

data has provided important data on the initial peopling of the Americas. 

However, there is still much to be learned. The genetic relationships within the 

tribe are as important as the relationships between tribes. Learning how a tribe 

deah with neighbors is necessary to learn about how these people lived. Many 

questions can be answered such as; did people intermarry or did they keep to 

themselves; or were they nomadic or stationary. 

Variations 

Torroni, et all993 has provided extensive research both with the D-Loop 

as well as haplotype variation. There are mtDNA variants that are continent

specific. Intensive analysis has been performed among African, European, and 

Asian populations. These provide specific genetic markers that allow for the 

tracking of population movements (Figure 7). 

Moreover, they analyzed 17 different Native American populations. It 

was concluded that the D-Loop and the lineage variations arose after Amerind 

migrations across the Bering Strait. Early in the history of the Amerind 

migration, little intertribal mixing occurred. Subsequently, however, extensive 

genetic swapping occurred. Further evidence is provided with the later study of 

the Norris Farms in west-central Illinois have supported these conclusions. There 

was a large amount of diversity found within this population. Studies of older 
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Figure 7 . 

Continent Haplogroup mtDNA variants 
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• tribes showed a single lineage with few introduced mutations. The later tribes, 

however, had more changes and a wider lineage distribution. 

DNA Extraction Techniques: 

The DNA molecules that have been preserved in ancient biological 

material is considered to be "ancient" (Brown and Brown 1992). There have been 

examples of DNA extraction from 11,000 years old bones. 50,000 to 100,000 

year old mammoths have yielded mtDNA sequences (Lindahl 1997). However, 

this is only possible if the DNA is preserved in a cold and dry environment. 

The use of soft-tissue samples to extract and then characterize DNA is 

possible. However, soft-tissue samples need to be large and in the best possible 

• condition. These samples are easily degraded because of the lack of protective 

covering. Contamination by modern sources is also more likely. The samples 

also require large amounts ofTaq polymerase to amplify sequences for study. 

The fragment sizes also have to be less than 150 bp in length since DNA 

degradation is common (Hagel berg, et al1989). This limits the degree of 

examination. Moreover, many soft-tissue samples are not often successful with 

amplification and gel electrophoresis because of the degradation and 

contamination. 

Using the more abundant remains ofbone and teeth, it is been discovered 

that DNA extraction and amplification has a greater success rate. The addition of 

BSA has also enabled PCR to work with samples that previously did not respond 

• to PCR. There are contaminants in many samples that has stopped PCR from 
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- working. The addition ofBSA has fixed that problem in most cases (Reed, 

unpublished research). Reduced amounts ofTaq polymerase may also be used as 

well as even smaller sample sizes. Well preserved ancient bone and teeth samples 

have yielded PCR amplified segments up to 600 bp (Hagelberg, et al1989). 

There are two conditions that affect the purity of DNA for bone and teeth 

samples. Research indicates that the DNA preservation is less dependent on the 

age of the specimen but rather on the burial conditions (Hagelburg, et alI989). 

Bone and teeth should be free of any fractures, chips, or exposed inner surfaces. 

The inner portion of bone and teeth are used and if exposed to external sources, 

degradation occurs due to fungal, algal, and bacterial agents. The enamel, for 

instance, protects teeth and DNA The inner portion, dentin, contains the DNA 

used in molecular research. 

Another important source of contamination of ancient DNA is the 

presence of modem DNA, such as dead skin cells, dandruff, sweat, or saliva 

(Brown and Brown 1992). These contaminants can be present on powdered 

gloves, un-sterilized equipment, and non-filtered pipet tips. This can inhibit 

successful amplification due to incorrect haplotype assignment. 

PCR Techniques; 

PCR, first developed in 1986, was a revolutionary advancement in the 

ability to amplify or copy specific regions of DNA for analysis and 

characterization (Wallace, et alI992). PCR has been used to investigatePNA . 

7,000 years old from a brain found in Little Salt Spring, FL (paabo et alI9~8)~" ' 

",::.;:r;'.r: .','" . 
.... ~ '.,. " , 
.~_~'.",', ,;~i . . ~~?"~-"-~ .~.~ .. ~~ . 
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ancient North Americans, peR is used to amplify segments longer than 250 bp 

containing certam markers (Stone, et aI. 1998). 

PCR can be used to create a library from which the ancient and 

irreplaceable DNA can be studied as described by Weiss et ai, 1994. Ancient 

DNA is digested with a restriction enzyme, Haell! for example, to produce blunt 

ends. Adaptors are ligated to these ends and then amplified. 

Whenever PCR is being performed on DNA, mistakes can occur dwing 

polymerization. Bases can be skipped, changed, and even new ones introduced. 

Higher annealing temperatures are used to decrease error. High fidelity 

polymerases, such as Red Taq polymerase (Sigma-Aldrich, St. Louis, MO) can be 

used to also improve accuracy. Repetition ofPCR from the starting template can 

be used to check for reliability. 

20 



- MATERIALS AND METHODS 

SAMPLES 

Previously, Ball State University archaeologists discovered and catalogued 

teeth from three individual burials. The first two samples, designated 12HNIA 

and 12HNIB, were both from New Castle, IN. They are approximately 2,000 

years old. The third sample, designated 12HNIO, is from Henry County at the 

White Site. This sample is also about 2,000 years old. The sites are about 10 

miles apart. The tooth 12HNIA was used for this research. Procedures for all 

aspects of DNA characterization developed by graduate student April Reed were 

used. 

DNA EXTRACTION 

The tooth sample was sterilized before it was taken to the dentist. All 

tools and other equipment were UV -radiated and sterilized prior to use. Powder 

free gloves were used at all times to ensure that DNA contamination did not 

occur. A lab coat was also worn at all times. The tooth was subjected first to a 

bleach solution (1 : 1 0) for 2 min to surface sterilize it. Then the tooth was rinsed 

with DEPC water for another 3 min. Finally, the tooth was UV radiated for 7 min 

to degrade any remaining surface DNA The tooth was transported to the dentist, 

Dr. Lambert, for drilling. The sample was drilled in a sterile environment. Latex 

gloves and a face mask were also used. The dentin was drilled and ground into a 
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fme powder. The drill was brand new and the drilling was performed in a sterile 

environment. 

DNA ISOLATION 

The DNA was isolated from the dentin using the GENECLEAN Kit for 

Ancient DNA (Bio 101, Vista, CA). The dentin was first subjected to a pre-wash 

with Proteinase K (Promega) to degrade proteins. This overnight pre-incubation 

was used to remove proteins and nucleases to increase total DNA yield. One mL 

ofDeHybernation solution A was added to the proteinase K and tooth mixture. It 

was rotated at 60 C for 2.5 h and then centrifuged at 14,000 x g for 5 min to pellet 

the particulate material There was 1.2 mL Glassmilk and 3 mL ofDeHybernation 

solution A added to the sample which was incubated at 37 C for 2 h. The sample 

was centrifuged at 5,000 x g for 1 min to pellet the Glassmilk and DNA. The 

pellet was resuspended using 0.5 mL Salton Wash # 1. The sample was 

centrifuged at 14,000 x g to remove contaminants from the Glassmilk and DNA 

mix. The mix was washed again using 0.5 mL Salton Wash #2. To guarantee a 

cleaner product, a I: 1 acetone:ethanol wash of the DNA bound to the Glassmilk 

was performed prior to the first alcohol wash. This was in addition to the Bio 101 

protocol Finally, two sequential elutions using the DNA-free Elution Solution 

were carried out. The DNA concentration was determined on a Gene Elute 

system with a 1 to 50 dilution. 
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Hae m DIGESTION 

The restriction enzyme, HaeIII (New England Biolabs), was used to create 

the hbrary. In order to perform the digest, 100 uL of DNA were added to 11.3 uL 

of lOX Buffer and 3.5 uL of Hae Ill. An excess of the restriction enzyme and an 

overnight digestion at 37 C were used to ensure complete digestion. The reaction 

was cooled on ice to hah digestion. Hae III was inactivated by incubation at 80 C 

for 20 min. 

Hae m LIGATION 

Based on prior research findings (Reed, unpublished data), it was assumed 

that there is between 1-10 ug of DNA in a 100 uL volume, or between 10-100 

ngiuL. Only half of the digested sample was used for ligation, in case an error 

was made and the experiment would have to be repeated. This remaining half 

would also allow for the creation of a HaeIII library containing D-Loop primers 

and HaeIll primers for haplotype analysis. 

To make the adaptors needed for ligation, two single-stranded, 

complementary oligonucleotides were purchased (Integrated DNA Technologies, 

Inc. Coralville, JA). One was LLSa12A (5'-pTCGAGTCGACTATATGTACC-3') 

and the other is LLSa12B (5'-pGGTACATATAGTCGACf-3'). Through 

anneally, this created double-stranded blunt-end adaptors with a three nucleotide 

overhang on one side. To avoid ligation with themselves, the adaptors were 

already phosphorylated. The double-stranded adaptors were prepared by using 

equal volumes of each single stranded primer (2 uL each). They were mixed and 
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then heated for S minutes at 80 C in a water bath and then slowly cooled to room 

temperature to permit annealing. 

Adaptors were used in excess to ensure ligation. The ligation was 

prepared using the ratio of SO uL of Hae m digested DNA to 2 uL of adaptors, 6 

uL of lOX buffer (ATP), and 2 uL ofT4 DNA Ligase (400 uluL (New England 

BioLabs». In order to assure ligation success, three samples were prepared for 

ligation following ratios of adaptors to DNA of: 1:1 (5 uL DNA), 1:2 (IS uL of 

DNA), and 1:3 (30 uL of DNA). The ligation mixtures were incubated at room 

temperature for 15 min, at 15 C for 2.5 h, and finally at 4 C for 2.S h. The ligated 

samples were then combined. 

POLYMERASE CHAIN REACTION 

PC~ using HaeJll primers annealing to the adaptors ligated into the ends 

of the fragments, is used to amplify the library. There were two samples run 

simultaneously to determine the optimum amount of DNA, either a small or large 

amount. The first sample contained 10 uL of the ligated DNA and 24.8 uL of 

PCR water. The other contained SO uL of the ligated DNA and 4.8 uL ofPCR 

water. The procedure was a hot-start PCR (Stone, et a11998) and was chosen 

because of previous unpublished research by April Reed. A Perkin Elmer 2400 

Thermal Cycler was used. The master mix contained 10 uL of lOX buffer, S.O uL 

ofMgC12, 1.0 uL ofBSA, and 3.2 uL of the primers (0.02Snm01luL) and creates 

an ideal environment for the primers to identify the segments to be amplified. 

The first master mix was run at 94 C for S min and allowed for an initial strand 
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separation without the presence of DNA polymerase. The second master mix was 

added after the 5 min at 94 C. This contained 4.0 uL ofBiolase Red Taq 

polymerase (Midwest Scientific, St. Louis, MO ) and 2.0 uL of dNTP. Master 

mixes (excluding polymerase and nucleotides) were made to ensure consistency 

between samples. Enough of the master mixes remained to later run on a gel to 

check for possible contamination. 

To the 10 uL DNA sample, 40 uL ofPCR water was added to the second 

mixture and 20 uL ofPCR water was added to the 50 uL mixture. Each sample 

thus had a total of 100 uL, which is the optimum volume for PCR. A negative 

control was included which did not contain DNA and would detect contamination 

by modem DNA The thermocycler was then set to run at 94 C for 30 s to 

separate the double strands. The next cycle was 53 C for I min to allow the 

primers to hybridize to the original DNA strands' complementary sequences. The 

third cycle was run at 72 C for 2 min allows for the DNA polymerase to incubate 

and DNA synthesis to begin. This series of cycles was run 40 times. The 

samples were then held at 72 C for 7 min and at 4 C indefinitely or until removed 

and frozen for electrophoresis. 

RE-AMPLIFICATION 

After the initial PCR reaction was completed, re-amplification of the 

HaelII library was performed to ensure greater yields of the mtDNA product. For 

each of the previous samples, 7 uL of the amplified mtDNA was used. This was 

added to a new PCR mixture. The first master mix contained 10 uL of lOX 
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buffer, 5.0 uL ofMgC12, 1.0 uL ofBSA, 3.2 uL of primers (0.025 nmoIluL), and 

27.8 uL ofPCR water. The second master mix was added after the 5 minutes at 

94 C. This contained 4.0 uL of Red Taq polymerase (BioLase), 2.0 uL ofdNTP, 

and 40 uL ofPCR water. Each new sample was 100 uL. Another negative 

control was prepared, also using the old PCR control as the base. The 

thermo cycler was set to run at 94 C for 30 s, 53 C for 1 min, and 72 C for 2 min 

for 40 cycles. He samples were then held at 72 C for 7 min and at 4 C until 

removed to the freezer. 

GEL ELECTOPHORESIS AND PHOTO DOCUMENTATION 

A 1% agarose gel was prepared by adding 0.3 g ofagarose (not SeaKem) 

to 30 mL of IX TBE Buffer. After the mixture was heated and all particles 

dissolved, 1.5 uL ofETBR was added. The solution was cast and allowed to set 

for 1 h.. The gel was covered with 5X TBE buffer. The samples were added to 

the wells and electrophoresis took place for approximately 1 h at 70 V. A 100 bp 

marker was used and was highlighted with blue dye. 

The program, ChemiImager 4400 v5.5, was used to photograph the gel 

and then analyze the results. The #2 fIlter was used with the Transilluminator UV. 

The resuhs were saved on disk as well as printed. 
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RESULTS AND DISCUSSION 

DNA ISOLATIONS 

Prior to the sterilization procedures, the sample tooth weighed 1285 mg. After the 

drilling, the tooth yielded 398 mg of powder. However, the tooth was chipped and did 

have a couple hairline fractures. This could have allowed for the DNA to be degraded. 

The integrity of the crown was not further damaged. 

The concentration of DNA was later determined on a GENE-Elute System as 

0.035 ugiuL. This is a very low concentration. The DNA to protein ratio was also 

determined as 1.23. The lower the number is to 1, the more impure the sample. This 

indicates a large amount of contamination. 

GEL ELECTROPHORESIS 

Previous studies (Reed, unpublished data) have shown that ancient DNA yields 

even after PCR are extremely poor. Thus, larger volumes were used. In this case, of 50 

uL, or 1.75 ug total of DNA was loaded. 

The gel was prepared and run with the samples amplified for the Hae!!! library 

. (Materials and Methods). The gel was run at 70V for a little over an hour. A 100 bp 

ladder was also used as a molecular weight marker and 15 uL were loaded. This would 

allow for the bands to be identified on the basis of molecular weight. 

The gels were run 4 separate times to ascertain the results. The frrst set was run 

twice with the single amplification PCR samples (Figure 8 and 9). Nothing was evident 

except for the smeared markers. Nothing was in the lanes. 
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Figure 9. 

Gel #2 
Lanes 1-8 
Lane 1- nothing 
Lane 2- nothing 
Lane 3- PeR sample 
Lane 4- marker 
Lane 5- peR sample 
Lane 6- negative control 
Lane 7- nothing 
Lane 8- nothing 
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The fIrst gel with the HaeIII library had some visual resuhs (Figure 10). The 100 bp 

ladder did separate and allowed for the markers to be constructed. The lanes, 3 and 4, 

containing the library were simply broad smears. This was expected in earlier gels 

because the previous sample represents pooled fragments. The library, however, would 

not be visible until a second amplifIcation (Weiss et al. 1994). However, the previous gel 

(Figure 10) should have worked. The second gel had slightly separated bands, but there 

was insufficient distinction (Figure 11). A 440 bp had been expected. There was also 

something unidentifIable in the negative control lane. This could be the result of lane 

spillage or contamination. 

There are several reasons why the DNA did not separate and only smears were 

seen. For instance, some ancient DNA contains an unknown agent that prohibits 

successful PCR. Even a large amount ofBSA is unhelpful. The Proteinase K is another 

suspect. The shelf life is limited and is unusable after a few months. As there was not 

date on the aliquot, I could not know for sure. Another reason is that the restriction 

enzymes were faulty and the genome was not correctly spliced. The ligation enzymes 

also could have been fauhy and could not ligase the adaptors onto the fragments. 

Another explanation is that the PCR primers were contaminated and the amplifIcation 

could not work. Modern DNA could also have contaminated the sample. This also 

would show smears and not precise banding. 
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Figure 10. 

Gel #3 
Lanes 1-5 
Lane 1- nothing 
Lane 2- control 
Lane 3- PCR sample 
Lane 4- PCR sample 
Lane 5- marker 
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Figure 11. 

Gel #3 
Lanes 1-3 
Lane 1- control 
Lane 2- peR sample 
Lane 3- marker 
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CONCLUSIONS 

This thesis has provided the lab with further information into understanding the 

techniques involved in ancient DNA extraction and amplification. The use of the 

Gene Clean Kit for Ancient DNA (Bio 101, Vista, CA) has allowed for cleaner isolation 

and better yields for researchers. The use of PCR sequencing has allowed for fragmented 

DNA or even small yields of DNA to be amplified for further study. This has allowed for 

the characterization of ancient DNA for individuals. 

As with the other studies into ancient DNA, the DNA is sometimes unable to be 

examined. Without new methods of extracting, isolating, and characterizing mtDNA, 

then the success rate will not stay constant. There was another tooth from the same site, 

but that tooth is also severely damaged. Another sample may not be able to be obtained. 

The drilling from the dentin extraction could have caused some DNA damage. 

The isolation procedure has had great success with a number of different types of 

samples. Therefore, that was not likely to be the case because there was some DNA 

present. The restriction enzymes or the ligase enzymes could have been contaminated or 

improperly constructed. New enzymes should be created when further study is 

performed. This is essential for the proper examination of the ancient DNA. The PCR 

primers may also have been faulty. Faulty primers and enzymes would create the smears 

of DNA that were shown in the gel 

Even though the results were inconclusive and unable to be sequenced, the thesis 

did have some benefits. The knowledge gained from this research as well as the future 

projects that are planned are positive steps towards the characterization of individual 

Miami Indians. This will be accomplished by the new methods being constantly explored 
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and learning from mistakes made previously. Undergraduate Chris Cummings is 

undertaking further research on another ancient Miami tooth. Eventually, a graduate 

student will undertake a larger project and combine ancient and modem data. This 

information is vital both for archaeologists striving to understand the past and the modern 

Miami who are searching for evidence supporting their federal recognition claim. 

Finally, in the name of human progress, many historical sites are being destroyed. 

Many sites are destroyed without the chance to catalogue the contents or even take 

samples for testing. These sites may include the skeletal remains ofthe ftrst humans to 

enter the Americas or more Miami teeth. Ifpeople work together to save the sites, then 

valuable information about human evolution, relationships, and history may be 

discovered. 

34 



REFERENCES CITED 

Brown, T. and Brown, K. 1992. Ancient DNA and the Archaeologist. Antiquity 66: 10-
23. 

Hagelberg, Erika & Bryan Sykes. 1989. Ancient bone DNA amplified. Nature 342: 485. 

Human mtDNA Migrations. 2001. Emroy University. 
www.gen.emory.edyIMITOMAPlWorldMigrations.pdf 

Merriweather, Andrew & Robert Ferrell. 2001. Getting to the New World: Distribution of 
Founding Lineage in Native America. www.psc.edulsciencelMeniJmerri.html 

Miller, Kenneth R. 2001: The Fire Within: The Unfolding Story of Human Mitochondrial 
DNA www.Biocrs.biomed.brown.edu.html 

Paabo, S. November 1993. Ancient DNA. Scientific American 86-92. 

Reed, A. Unpublished Data. Ball State University Biology Dept., Muncie, IN. 

Schurr. 2000. American Scientist. www.sigmaxi.org/amscilOOarticles/schurrcap2.html 

Starikovskaya, Yelena B., Rem I. Sukernik, Theodore G. Schurr, Andreas M. Kogelnik, 
& Douglas C. Wallace. 1998. mtDNA Diversity in Chukchi and Siberian 
Eskimos: Implications for the Genetic History of Ancient Beringia and the 
Peopling of the New World. American Journal of Human Genetics 63: 1473-
1491. 

Stone, Anne c., & Mark Stoneking. 1993. Ancient DNA from a pre-Columbian 
Amerindian population. American Journal of Physical Anthropolgy 92: 463-471. 

Stone, Anne C., & Mark Stoneking. 1998. mtDNA Analysis of a Prehistoric Oneota 
Population: Implications for the Peopling of the New World. American Journal of 
Human Genetics 62:1153-1170. 

Suhzman, Lee. 1999. Miami History. Miami of Indiana Website. 
w\\w.dickshovel.com. 

Torroni, Antonio, James V. Nee~ Ra'clockmiro Barrantes, Theodore G. Schurr, & 
Douglas C. Wallace. 1994. Mitochondrial DNA "clock" for the Amerinds and its 
implications for timing their entry into North America. Proc. Natl. Acad. Sci 
USA 91: 1158-1162. 

Torroni, Antonio, Theodore G. Schurr, Margaret F. Cabell, Michael D. Brown, James V. 

35 



Nee!, Merethe Larsen, David G. Smith, Carlos M. Vullo, & Douglas C. Wallace. 
1993. Asian Affinities and Continental Radiation of the Four Founding Native 
American mtDNAs. American Journal of Human Genetics 53: 563-590. 

Wallace, Douglas C. & Antonio Torroni. 1992. American Indian Prehistory as Written in 
the Mitochondrial DNA: A Review. Human Biology 64(3): 403-416. 

Ward, R.H., Barbara L. Frazier, Kerry Dew-Jager, & Svante Paabo. 1991. Extensive 
mitochondrial diversity within a single Amerindian tribe. Proc. Natl. Acad. Sci. 
88: 8720-8724. 

Weiss, G. and Haeseler, A. 1998. Inference of Population History Using a Likelihood 
Approach. Genetics 149: 1539-1546. 

36 


