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METHODS FOR RAPID FORENSIC ANALYSIS OF 
MITOCHONDRIAL DNA 

FIELD OF THE INVENTION 

0001. This invention relates to the field of mitochondrial 
DNA analysis. The invention enables rapid and accurate 
forensic analysis by using mass spectrometry to characterize 
informative regions of mitochondrial DNA. 

BACKGROUND OF THE INVENTION 

0002 Mitochondrial DNA (mtDNA) is found in eukary 
otes and differs from nuclear DNA in its location, its 
Sequence, its quantity in the cell, and its mode of inheritance. 
The nucleus of the cell contains two sets of 23 chromo 
Somes, one paternal Set and one maternal Set. However, cells 
may contain hundreds to thousands of mitochondria, each of 
which may contain several copies of mtDNA. Nuclear DNA 
has many more bases than mtDNA, but mtDNA is present in 
many more copies than nuclear DNA. This characteristic of 
mtDNA is useful in situations where the amount of DNA in 
a sample is very limited. Typical sources of DNA recovered 
from crime Scenes include hair, bones, teeth, and body fluids 
Such as Saliva, Semen, and blood. 
0003. In humans, mitochondrial DNA is inherited strictly 
from the mother (Case J.T. and Wallace, D.C., Somatic Cell 
Genetics, 1981, 7, 103-108; Giles, R. E. et al. Proc. Natl. 
Acad. Sci. 1980, 77, 6715-6719; Hutchison, C. A. et al. 
Nature, 1974, 251, 536-538). Thus, the mtDNA sequences 
obtained from maternally related individuals, Such as a 
brother and a Sister or a mother and a daughter, will exactly 
match each other in the absence of a mutation. This char 
acteristic of mtDNA is advantageous in missing perSons 
cases as reference mtDNA samples can be Supplied by any 
maternal relative of the missing individual (Ginther, C. et al. 
Nature Genetics, 1992, 2, 135-138; Holland, M. M. et al. 
Journal of Forensic Sciences, 1993, 38,542-553; Stoneking, 
M. et al. American Journal of Human Genetics, 1991, 48, 
370-382). 
0004. The human mtDNA genome is approximately 
16,569 bases in length and has two general regions: the 
coding region and the control region. The coding region is 
responsible for the production of various biological mol 
ecules involved in the process of energy production in the 
cell and includes about 37 genes (22 transfer RNAS, 2 
ribosomal RNAS, and 13 peptides), with very little inter 
genic Sequence and no introns. The control region is respon 
sible for regulation of the mtDNA molecule. Two regions of 
mtDNA within the control region have been found to be 
highly polymorphic, or variable, within the human popula 
tion (Greenberg, B. D. et al. Gene, 1983, 21, 33-49). These 
two regions are termed “hypervariable Region I” (HV1), 
which has an approximate length of 342 base pairs (bp), and 
“hypervariable Region II” (HV2), which has an approximate 
length of 268 bp. Forensic mtDNA examinations are per 
formed using these two regions because of the high degree 
of variability found among individuals. 
0005 There exists a need for rapid identification of 
humans wherein human remains and/or biological Samples 
are analyzed. Such remains or Samples may be associated 
with war-related casualties, aircraft crashes, and acts of 
terrorism, for example. Analysis of mtDNA enables a rule 
in/rule-out identification process for persons for whom DNA 
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profiles from a maternal relative are available. Human 
identification by analysis of mtDNA can also be applied to 
human remains and/or biological Samples obtained from 
crime Scenes. 

0006 The process of human identification is a common 
objective of forensics investigations. AS used herein, “foren 
Sics' is the Study of evidence discovered at a crime or 
accident Scene and used in a court of law. “Forensic Science' 
is any Science used for the purposes of the law, in particular 
the criminal justice System, and therefore provides impartial 
Scientific evidence for use in the courts of law, and in a 
criminal investigation and trial. Forensic Science is a mul 
tidisciplinary Subject, drawing principally from chemistry 
and biology, but also from physics, geology, psychology and 
Social Science, for example. 
0007 Forensic scientists generally use two highly vari 
able regions of human mtDNA for analysis. These regions 
are designated “hypervariable regions 1 and 2' (HV1 and 
HV2 which contain 341 and 267 base pairs respectively). 
These hyperVariable regions, or portions thereof, provide 
one non-limiting example of mitochondrial DNA identifying 
amplicons. 

0008. A typical mtDNA analysis begins when total 
genomic DNA is extracted from biological material, Such as 
a tooth, blood Sample, or hair. The polymerase chain reac 
tion (PCR) is then used to amplify, or create many copies of, 
the two hyperVariable portions of the non-coding region of 
the mtDNA molecule, using flanking primers. Care is taken 
to eliminate the introduction of exogenous DNA during both 
the extraction and amplification StepS via methods Such as 
the use of pre-packaged Sterile equipment and reagents, 
aeroSol-resistant barrier pipette tips, gloves, masks, and lab 
coats, Separation of pre- and post-amplification areas in the 
lab using dedicated reagents for each, ultraViolet irradiation 
of equipment, and autoclaving of tubes and reagent StockS. 
In casework, questioned Samples are always processed 
before known Samples and they are processed in different 
laboratory rooms. When adequate amounts of PCR product 
are amplified to provide all the necessary information about 
the two hyperVariable regions, Sequencing reactions are 
performed. These chemical reactions use each PCR product 
as a template to create a new complementary Strand of DNA 
in which Some of the nucleotide residues that make up the 
DNA sequence are labeled with dye. The strands created in 
this stage are then Separated according to Size by an auto 
mated Sequencing machine that uses a laser to “read” the 
Sequence, or order, of the nucleotide bases. Where possible, 
the Sequences of both hyperVariable regions are determined 
on both strands of the double-stranded DNA molecule, with 
Sufficient redundancy to confirm the nucleotide Substitutions 
that characterize that particular Sample. At least two forensic 
analysts independently assemble the Sequence and then 
compare it to a Standard, commonly used, reference 
Sequence. The entire proceSS is then repeated with a known 
Sample, Such as blood or Saliva collected from a known 
individual. The sequences from both samples, about 780 
bases long each, are compared to determine if they match. 
The analysts assess the results of the analysis and determine 
if any portions of it need to be repeated. Finally, in the event 
of an inclusion or match, the SWGDAM mtDNA database, 
which is maintained by the FBI, is searched for the mito 
chondrial Sequence that has been observed for the Samples. 
The analysts can then report the number of observations of 



US 2005/0266411A1 

this type based on the nucleotide positions that have been 
read. A written report can be provided to the Submitting 
agency. 

0009. Approximately 610 bp of mtDNA are currently 
Sequenced in forensic mtDNA analysis. Recording and 
comparing mtDNA sequences would be difficult and poten 
tially confusing if all of the bases were listed. Thus, mtDNA 
Sequence information is recorded by listing only the differ 
ences with respect to a reference DNA sequence. By con 
vention, human mtDNA sequences are described using the 
first complete published mtDNA sequence as a reference 
(Anderson, S. et al., Nature, 1981, 290, 457-465). This 
Sequence is commonly referred to as the AnderSon Sequence. 
It is also called the Cambridge reference Sequence or the 
Oxford Sequence. Each base pair in this sequence is assigned 
a number. Deviations from this reference Sequence are 
recorded as the number of the position demonstrating a 
difference and a letter designation of the different base. For 
example, a transition from A to G at Position 263 would be 
recorded as 263 G. If deletions or insertions of bases are 
present in the mtDNA, these differences are denoted as well. 
0010. In the United States, there are seven laboratories 
currently conducting forensic mtDNA examinations: the 
FBI Laboratory; Laboratory Corporation of America (Lab 
Corp) in Research Triangle Park, North Carolina; Mitotyp 
ing Technologies in State College, Pennsylvania; the Bode 
Technology Group (BTG) in Springfield, Virginia; the 
Armed Forces DNA Identification Laboratory (AFDIL) in 
Rockville, Md., BioSynthesis, Inc. in Lewisville, Texas; and 
Reliagene in New Orleans, La. 
0.011 Mitochondrial DNA analyses have been admitted 
in criminal proceedings from these laboratories in the fol 
lowing states as of April 1999: Alabama, Arkansas, Florida, 
Indiana, Illinois, Maryland, Michigan, New Mexico, North 
Carolina, Pennsylvania, South Carolina, Tennessee, Texas, 
and Washington. Mitochondrial DNA has also been admitted 
and used in criminal trials in Australia, the United Kingdom, 
and Several other European countries. 
0012 Since 1996, the number of individuals performing 
mitochondrial DNA analysis at the FBI Laboratory has 
grown from 4 to 12, with more perSonnel expected in the 
near future. Over 150 mitochondrial DNA cases have been 
completed by the FBI Laboratory as of March 1999, and 
dozens more await analysis. Forensic courses are being 
taught by the FBI Laboratory perSonnel and other groups to 
educate forensic Scientists in the procedures and interpreta 
tion of mtDNA sequencing. More and more individuals are 
learning about the value of mtDNA sequencing for obtaining 
useful information from evidentiary Samples that are Small, 
degraded, or both. Mitochondrial DNA sequencing is 
becoming known not only as an exclusionary tool but also 
as a complementary technique for use with other human 
identification procedures. Mitochondrial DNA analysis will 
continue to be a powerful tool for law enforcement officials 
in the years to come as other applications are developed, 
validated, and applied to forensic evidence. 
0013 Presently, the forensic analysis of mtDNA is rig 
orous and labor-intensive. Currently, only 1-2 cases per 
month per analyst can be performed. Several molecular 
biological techniques are combined to obtain a mtDNA 
Sequence from a Sample. The Steps of the mtDNA analysis 
proceSS include primary visual analysis, Sample preparation, 
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DNA extraction, polymerase chain reaction (PCR) amplifi 
cation, post-amplification quantification of the DNA, auto 
mated DNA sequencing, and data analysis. Another com 
plicating factor in the forensic analysis of mtDNA is the 
occurrence of heteroplasmy wherein the pool of mtDNAS in 
a given cell is heterogeneous due to mutations in individual 
mtDNAS. There are two forms of heteroplasmy found in 
mtDNA. Sequence heteroplasmy (also known as point het 
eroplasmy) is the occurrence of more than one base at a 
particular position or positions in the mtDNA sequence. 
Length heteroplasmy is the occurrence of more than one 
length of a stretch of the same base in a mtDNA sequence 
as a result of insertion of nucleotide residues. 

0014 Heteroplasmy is a problem for forensic investiga 
tors Since a Sample from a crime Scene can differ from a 
Sample from a Suspect by one base pair and this difference 
may be interpreted as Sufficient evidence to eliminate that 
individual as the Suspect. Hair Samples from a single indi 
vidual can contain heteroplasmic mutations at vastly differ 
ent concentrations and even the root and shaft of a Single 
hair can differ. The detection methods currently available to 
molecular biologists cannot detect low levels of hetero 
plasmy. Furthermore, if present, length heteroplasmy will 
adversely affect Sequencing runs by resulting in an out-of 
frame Sequence that cannot be interpreted. 
0015 Mass spectrometry provides detailed information 
about the molecules being analyzed, including high mass 
accuracy. It is also a process that can be easily automated. 
0016 Several groups have described detection of PCR 
products using high resolution electrospray ionization-Fou 
rier transform-ion cyclotron resonance mass spectrometry 
(ESI-FT-ICR MS). Accurate measurement of exact mass 
combined with knowledge of the number of at least one 
nucleotide allowed calculation of the total base composition 
for PCR duplex products of approximately 100 base pairs. 
(Aaserud et al., J. Am. Soc. Mass Spec, 1996, 7, 1266-1269; 
Muddiman et al., Anal. Chem., 1997, 69, 1543-1549; Wun 
Schel et al., Anal. Chem., 1998, 70, 1203–1207; Muddiman 
et al., Rev. Anal. Chem., 1998, 17, 1-68). Electrospray 
ionization-Fourier transform-ion cyclotron resistance (ESI 
FT-ICR) MS may be used to determine the mass of double 
stranded, 500 base-pair PCR products via the average 
molecular mass (Hurst et al., Rapid Commun. MaSS Spec. 
1996, 10, 377-382). The use of matrix-assisted laser des 
orption ionization-time of flight (MALDI-TOF) mass spec 
trometry for characterization of PCR products has been 
described. (Muddiman et al., Rapid Commun. Mass Spec, 
1999, 13, 1201-1204). However, the degradation of DNAS 
over about 75 nucleotides observed with MALDI limited the 
utility of this method. 
0017 U.S. Pat. No. 5,849,492 reports a method for 
retrieval of phylogenetically informative DNA sequences 
which comprise Searching for a highly divergent Segment of 
genomic DNA Surrounded by two highly conserved Seg 
ments, designing the universal primers for PCR amplifica 
tion of the highly divergent region, amplifying the genomic 
DNA by PCR technique using universal primers, and then 
Sequencing the gene to determine the identity of the organ 
S. 

0018 U.S. Pat. No. 5,965,363 reports methods for 
Screening nucleic acids for polymorphisms by analyzing 
amplified target nucleic acids using mass spectrometric 
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techniques and to procedures for improving mass resolution 
and mass accuracy of these methods. 
0019 WO 99/14375 reports methods, PCR primers and 
kits for use in analyzing preselected DNA tandem nucleotide 
repeat alleles by mass spectrometry. 
0020 WO 98/12355 reports methods of determining the 
mass of a target nucleic acid by mass spectrometric analysis, 
by cleaving the target nucleic acid to reduce its length, 
making the target Single-Stranded and using MS to deter 
mine the mass of the Single-Stranded shortened target. Also 
reported are methods of preparing a double-Stranded target 
nucleic acid for MS analysis comprising amplification of the 
target nucleic acid, binding one of the Strands to a Solid 
Support, releasing the Second Strand and then releasing the 
first strand which is then analyzed by MS. Kits for target 
nucleic acid preparation are also reported. 
0021 PCT WO97/33000 reports methods for detecting 
mutations in a target nucleic acid by nonrandomly fragment 
ing the target into a set of Single-Stranded nonrandom length 
fragments and determining their masses by MS. 
0022 U.S. Pat. No. 5,605,798 reports a fast and highly 
accurate mass spectrometer-based process for detecting the 
presence of a particular nucleic acid in a biological Sample 
for diagnostic purposes. 
0023 WO 98/20166 reports processes for determining 
the Sequence of a particular target nucleic acid by mass 
spectrometry. Processes for detecting a target nucleic acid 
present in a biological Sample by PCR amplification and 
mass Spectrometry detection are disclosed, as are methods 
for detecting a target nucleic acid in a Sample by amplifying 
the target with primers that contain restriction sites and tags, 
extending and cleaving the amplified nucleic acid, and 
detecting the presence of extended product, wherein the 
presence of a DNA fragment of a mass different from 
wild-type is indicative of a mutation. Methods of Sequencing 
a nucleic acid via mass spectrometry methods are also 
described. 

0024) WO 97/37041, WO 99/31278 and U.S. Pat. No. 
5,547,835 report methods of Sequencing nucleic acids using 
mass spectrometry. U.S. Pat. Nos. 5,622.824, 5,872,003 and 
5,691,141 report methods, Systems and kits for exonuclease 
mediated mass Spectrometric Sequencing. 
0.025 There is a need for a mitochondrial DNA forensic 
analysis which is both specific and rapid, and in which no 
nucleic acid Sequencing is required. The present invention 
addresses this need, among others. 

SUMMARY OF THE INVENTION 

0026. The present invention is directed to methods of 
forensic analysis of mitochondrial DNA comprising: ampli 
fying a Segment of mitochondrial DNA containing a plural 
ity of restriction Sites and flanked by a pair of primers to 
produce an amplification product, digesting the amplifica 
tion product with a plurality of restriction enzymes to 
produce a plurality of restriction digest products, determin 
ing the molecular mass of each member of the plurality of 
restriction digest products, generating a fragment coverage 
map from the molecular masses and comparing the fragment 
coverage map with a plurality of theoretical fragment cov 
erage maps contained in a database Stored on a computer 
readable medium. 
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0027. The present invention is also directed to primer pair 
compositions used to amplify mitochondrial DNA for the 
forensic method and to isolated mitochondrial DNA ampli 
cons obtained by amplification of mitochondrial DNA with 
the primer pair compositions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 is a schematic diagram of base composition 
determination using nucleotide analog "tags' to determine 
base compositions. 
0029 FIG. 2 shows the deconvoluted mass spectra of a 
Bacillus anthracis region with and without the mass tag 
phosphorothioate A (A*). The two spectra differ in that the 
measured molecular weight of the mass tag-containing 
Sequence is greater than that of the unmodified Sequence. 
0030 FIG. 3 indicates the process of mtDNA analysis. 
After amplification by PCR (210), the PCR products were 
subjected to restriction digests (220) with RsaI for HV1 and 
a combination of HpaII, HpyCH41V, PacI and Eael for HV2 
in order to obtain amplicon Segments Suitable for analysis by 
FTICR-MS (240). The data were processed to obtain mass 
data for each amplicon Segment (250) which were then 
compared to the masses calculated for theoretical digests 
from the FBI mtDNA database by a scoring scheme (260). 
0031 FIG. 4 is a comparison of two mass spectra which 
indicates that the use of exO(-) pful polymerase prevents 
addition of non-templated adenosine residues and results in 
a strong signal, relative to the use of the commonly used 
Amplitaq gold polymerase. 

0032 FIG. 5 indicates that gel electrophoresis confirms 
that exO(-) pful polymerase is equally effective as a standard 
polymerase in amplification of mtDNA obtained from blood, 
fingernail and Saliva Samples. 
0033 FIG. 6 exhibits two plots that indicate positions of 
cleavage of human mtDNA obtained with different panels of 
restriction endonucleases. The modified panel wherein EaeI 
and PacI are replaced with Hae|II and HpyCH4IV respec 
tively, results in better spacing of conserved restriction sites. 
0034 FIG. 7 is an agarose gel electrophoresis photo 
confirming the activity of restriction endonucleases: Eae, 
HpyCH4IV, HpyCH4IV, HpaII, PacI and HaeIII on Hv2 
amplicon from a mtDNA preparation obtained from a blood 
sample (Seracare N31773). 
0035 FIG. 8 is an agarose gel electrophoresis photo 
confirming that the primerS designed to amplify the 12 
non-control regions (Regions R1-R12) produce amplicons 
of the expected sizes. 
0036 FIG. 9 is an agarose gel electrophoresis photo 
indicating the sensitivity of the Hv1 and Hv2 primer pairs 
assessed against DNA isolated from human blood. A PCR 
product is detectable down to between 160 pg and 1.6 ng for 
both HV1 and HV2 primer pairs. 
0037 FIG. 10 is an agarose gel electrophoresis photo 
indicating that PCR products are obtained for each of the 36 
samples described in Example 13 when amplified with HV1 
primerS. 

DESCRIPTION OF EMBODIMENTS 

0038. The present invention provides, inter alia, methods 
for forensic analysis of mitochondrial DNA. A region of 
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mitochondrial DNA which contains on or more restriction 
Sites is Selected to provide optimal distinguishing capability 
which enables forensic conclusions to be drawn. A relational 
database of known mitochondrial DNA sequences is then 
populated with the results of theoretical restriction digestion 
reactions. One or more primer pairs are then Selected to 
amplify the region of mitochondrial DNA and amplification 
product is digested with one or more restriction enzymes 
which are chosen to yield restriction fragments of up to 
about 150 base pairs that are amenable to molecular mass 
analysis. The molecular masses of all of the restriction 
fragments are then measured and the results are compared 
with the results calculated for the theoretical restriction 
digestions of all of the entries in the relational database. The 
results of the comparison enable a forensic conclusion to be 
drawn. 

0039. In one embodiment, more than one region can be 
analyzed to draw a forensic conclusion via a triangulation 
Strategy. For example, it is possible that analysis of one 
region of DNA obtained from a crime scene yields several 
possible matches to entries in a relational database. In this 
case, depending on the objective of the individual forensic 
analysis, it may be advantageous to carry out one or more 
additional analyses of different mtDNA regions. Examples 
of such mtDNA regions include, but are not limited to a 
portion of, HV1, HV2, R1, R2, R3, R4, R5, R6, R7, R8, R9, 
R10, R1 and R12 (coordinates for each of these defined 
regions, relative to the AnderSon Sequence are given in 
Table 2). Thus, in this embodiment, any combination of two 
or more regions of mtDNA are used to provide optimal 
distinguishing capability and provide an improved confi 
dence level for the forensic analysis. 
0040. In another embodiment, the relational database of 
known mitochondrial DNA sequences is populated with 
base compositions of the theoretical restriction fragments 
obtained from theoretical digestion of each member of the 
database. Then the base compositions of each of the restric 
tion fragments of the experimentally determined molecular 
masses are determined. The analysis may then end with a 
comparison of the experimentally determined base compo 
Sitions with the base compositions of the theoretical diges 
tions of each member of the database So that at least one base 
composition match or lack of a base composition match 
provides a forensic conclusion. 
0041. In another embodiment, one or more restriction 
enzymes which are chosen to yield restriction fragments of 
up to about 50 base pairs, of up to about 100 base pairs, of 
up to about 150 base pairs, of up to about 200 base pairs, or 
of up to about 250 base pairs that are amenable to molecular 
mass analysis. 

0042. In another embodiment, the molecular masses of 
all or most (i.e., about 75%, about 80%, about 90% about 
99% or every fragment minus one fragment) of the restric 
tion fragments are then measured and the results are com 
pared with the results calculated for the theoretical restric 
tion digestions of all of the entries in the relational database. 
0043. In some embodiments, the amplifying step is 
accomplished by using the polymerase chain reaction and a 
polymerase chain reaction is catalyzed by a polymerase 
enzyme whose function is modified relative to a native 
polymerase. In Some embodiments the modified polymerase 
enzyme is exO(-) Pfu polymerase which catalyzes the addi 
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tion of nucleotide residues to Staggered restriction digest 
products to convert the Staggered digest products to blunt 
ended digest products. 
0044 Although the use of PCR is suitable, other nucleic 
acid amplification techniques may also be used, including 
ligase chain reaction (LCR) and Strand displacement ampli 
fication (SDA). 
0.045 Mass spectrometry (MS)-based detection of PCR 
products provides a means for determination of BCS which 
has Several advantages. MS is intrinsically a parallel detec 
tion Scheme without the need for radioactive or fluorescent 
labels, Since every amplification product is identified by its 
molecular mass. The current State of the art in mass Spec 
trometry is Such that less than femtomole quantities of 
material can be readily analyzed to afford information about 
the molecular contents of the Sample. An accurate assess 
ment of the molecular mass of the material can be quickly 
obtained, irrespective of whether the molecular weight of the 
Sample is Several hundred, or in excess of one hundred 
thousand atomic mass units (amu) or Daltons. Intact 
molecular ions can be generated from amplification products 
using one of a variety of ionization techniques to convert the 
Sample to gas phase. These ionization methods include, but 
are not limited to, electrospray ionization (ES), matrix 
assisted laser desorption ionization (MALDI) and fast atom 
bombardment (FAB). For example, MALDI of nucleic 
acids, along with examples of matrices for use in MALDI of 
nucleic acids, are described in WO 98/54751. The accurate 
measurement of molecular mass for large DNAS is limited 
by the adduction of cations from the PCR reaction to each 
Strand, resolution of the isotopic peaks from natural abun 
dance C and 'N isotopes, and assignment of the charge 
State for any ion. The cations are removed by in-line dialysis 
using a flow-through chip that brings the Solution containing 
the PCR products into contact with a Solution containing 
ammonium acetate in the presence of an electric field 
gradient orthogonal to the flow. The latter two problems are 
addressed by operating with a resolving power of >100,000 
and by incorporating isotopically depleted nucleotide triph 
osphates into the DNA. The resolving power of the instru 
ment is also a consideration. At a resolving power of 10,000, 
the modeled signal from the M-14H+" charge state of an 
84mer PCR product is poorly characterized and assignment 
of the charge State or exact mass is impossible. At a 
resolving power of 33,000, the peaks from the individual 
isotopic components are visible. At a resolving power of 
100,000, the isotopic peaks are resolved to the baseline and 
assignment of the charge State for the ion is Straightforward. 
The IC, N-depleted triphosphates are obtained, for 
example, by growing microorganisms on depleted media 
and harvesting the nucleotides (Batey et al., Nucl. Acids 
Res., 1992, 20, 4515-4523). 
0046 While mass measurements of intact nucleic acid 
regions are believed to be adequate, tandem mass spectrom 
etry (MS") techniques may provide more definitive infor 
mation pertaining to molecular identity or Sequence. Tandem 
MS involves the coupled use of two or more stages of mass 
analysis where both the Separation and detection StepS are 
based on mass spectrometry. The first Stage is used to Select 
an ion or component of a Sample from which further 
structural information is to be obtained. The selected ion is 
then fragmented using, e.g., blackbody irradiation, infrared 
multiphoton dissociation, or collisional activation. For 
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example, ions generated by electrospray ionization (ESI) 
can be fragmented using IR multiphoton dissociation. This 
activation leads to dissociation of glycosidic bonds and the 
phosphate backbone, producing two Series of fragment ions, 
called the W-Series (having an intact 3' terminus and a 5' 
phosphate following internal cleavage) and the C-Base 
Series (having an intact 5' terminus and a 3" furan). 
0047 The second stage of mass analysis is then used to 
detect and measure the mass of these resulting fragments of 
productions. Such ion Selection followed by fragmentation 
routines can be performed multiple times So as to essentially 
completely dissect the molecular Sequence of a Sample. 
0.048 If there are two or more targets of similar molecular 
mass, or if a single amplification reaction results in a product 
which has the same mass as two or more reference Stan 
dards, they can be distinguished by using mass-modifying 
“tags.” In this embodiment of the invention, a nucleotide 
analog or “tag” is incorporated during amplification (e.g., a 
5-(trifluoromethyl) deoxythymidine triphosphate) which has 
a different molecular weight than the unmodified base So as 
to improve distinction of masses. Such tags are described in, 
for example, PCT WO97/33000, which is incorporated 
herein by reference in its entirety. This further limits the 
number of possible base compositions consistent with any 
mass. For example, 5-(trifluoromethyl)deoxythymidine 
triphosphate can be used in place of dTTP in a Separate 
nucleic acid amplification reaction. Measurement of the 
mass shift between a conventional amplification product and 
the tagged product is used to quantitate the number of 
thymidine nucleotides in each of the Single Strands. Because 
the Strands are complementary, the number of adenosine 
nucleotides in each Strand is also determined. 

0049. In another amplification reaction, the number of G 
and C residues in each Strand is determined using, for 
example, the cytidine analog 5-methylcytosine (5-meC) or 
5prolynylcytosine propyne C. The combination of the A/T 
reaction and G/C reaction, followed by molecular weight 
determination, provides a unique base composition. This 
method is Summarized in FIG. 1 and Table 1. 

TABLE 1. 

Total Base 
aSS info 

Double strand Single strand this this 
Mass tag sequence Sequence strand strand 

T.mass T*ACGT:ACGT: T8 ACGT:ACGT: 3x 3T 

(T* -T) = x AT*GCAT*GCA 

AT*GCAT*GCA 2x 2T 
C.mass TAC*GTAC*GT TAC*GTAC*GT 2x 2C 

(C* - C) = y ATGC*ATGC*A 
ATGC*ATGCA 2x 2C 

0050. The mass tag phosphorothioate A (A*) was used to 
distinguish a Bacillus anthracis cluster. The B. anthracis 
(AGCT) had an average MW of 14072.26, and the B. 
anthracis (AAGCT) had an average molecular 
weight of 14281.11 and the phosphorothioate A had an 
average molecular weight of +1.6.06 as determined by ESI 
TOF MS. The deconvoluted spectra are shown in FIG. 2. 
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0051. In another example, assume the measured molecu 
lar masses of each strand are 30,000.115Da and 31,000.115 
Da respectively, and the measured number of dT and dA 
residues are (30.28) and (28.30). If the molecular mass is 
accurate to 100 ppm, there are 7 possible combinations of 
dG+dC possible for each strand. However, if the measured 
molecular mass is accurate to 10 ppm, there are only 2 
combinations of dG+dC, and at 1 ppm accuracy there is only 
one possible base composition for each Strand. 
0052 Signals from the mass spectrometer may be input 
to a maximum-likelihood detection and classification algo 
rithm Such as is widely used in radar Signal processing. 
Processing may end with a Bayesian classifier using log 
likelihood ratioS developed from the observed signals and 
average background levels. Background Signal Strengths are 
estimated and used along with the matched filters to form 
Signatures which are then Subtracted the maximum likeli 
hood process is applied to this “cleaned up' data in a similar 
manner employing matched filters and a running-Sum esti 
mate of the noise-covariance for the cleaned up data. 
0053. In some embodiments, the mitochondrial DNA 
analyzed is human mitochondrial DNA obtained from 
human Saliva, hair, blood, or nail. In other embodiments, the 
DNA analyzed can be obtained from an animal, a fungus, a 
parasite or a protozoan. 
0054 The present invention also comprises primer pairs 
which are designed to bind to highly conserved Sequence 
regions mitochondrial DNA that flank an intervening vari 
able region Such as the variable Sections found within 
regions HV1, HV2, R1, R2, R3, R4, R5, R6, R7, R8, R9, 
R10, R11 and R12 and yield amplification products which 
ideally provide enough variability to provide a forensic 
conclusion, and which are amenable to molecular mass 
analysis. By the term “highly conserved,” it is meant that the 
sequence regions exhibit from about 80 to 100%, or from 
about 90 to 100%, or from about 95 to 100% identity, or 
from about 80 to 99%, or from about 90 to 99%, or from 
about 95 to 99% identity. The molecular mass of a given 
amplification product provides a means of drawing a foren 

Total Total 
Base base base 
info comp. comp. 
other Top Bottom 
strand strand strand 

3A 3T 3A 
2A 2T 
2C 2G 
2G 2C 

2A 
2G 

2G 

sic conclusion due to the variability of the variable region. 
Thus, design of primers involves Selection of a variable 
section with optimal variability in the mtDNA of different 
individuals. 

0055. In some embodiments, each member of the pair has 
at least 70%, at least 80%, at least 90%, at least 95%, or at 
least 99% sequence identity with the sequence of the cor 
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responding member of any one or more of the following 
primer pair sequences: SEQ ID NOs: 8:9, 10:11, 12:13, 
12:14, 12:15, 16:17, 18:19, 20:21, 22:23, 24:25, 26:27, 
28:29, 30:31, 32:33, 34:35, 36:37, 38:39, 40:41, 42:43, 
44:45, 42:46, 47:48, 18:49, 50:51, 22:52, 53:54, 55:56, 
57:29, 58:31, 59:60, 61:62, 63:39, 40:64, 65:66, 67:68, 
69:70, 12:68, 12:70, 67:15, 71:70, 69:15, and 69:68. 
0056. In some embodiments, the region of mitochondrial 
DNA comprises HV1, each member of the primer pair has 
at least 70% sequence identity with the sequence of the 
corresponding member of any one of the following primer 
pair sequences: SEQ ID NOs: 12:13, 12:14, 12:15, 16: 17, 
42:43, 42:46, 67:68, 69:70, 12:68, 12:70, 67:15, 71:70, 
69:15, or 69:68, and the restriction enzyme is RsaI. 
0057. In some embodiments, the region of mitochondrial 
DNA comprises HV2, each member of the primer pair has 
at least 70% sequence identity with the sequence of the 
corresponding member of any one of the following primer 
pair sequences: SEQ ID NOs: 8:9, 10:11, 16:17, or 65:66, 
and the at least one restriction enzyme is Hae|II, HpaII, 
MfeI, or SspI, or HpaII, HpyCH4IV, PacI, or Eael. 
0.058. In some embodiments, the region of mitochondrial 
DNA comprises region R1, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of any one of the following primer 
pair sequences: SEQ ID NOs: 18:19 and 18:49, at least one 
restriction enzyme is Dde, Mse, Hae|II, or MboI. 
0059. In some embodiments, the region of mitochondrial 
DNA comprises region R2, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of any one of the following primer 
pair sequences: SEQ ID NOS: 20:21 and 50:51, and at least 
one restriction enzyme is Dde, Hae|II, Mbol, or Mse. 
0060. In some embodiments, the region of mitochondrial 
DNA comprises region R3, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of any one of the following primer 
pair sequences: SEQ ID NOS: 22:23 and 22:52, and at least 
one restriction enzyme is Dde, Mse, MboI, or BanI. 
0061. In some embodiments, the region of mitochondrial 
DNA comprises region R4, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of any one of the following primer 
pair sequences: SEQ ID NOS: 24:25 and 53:54, and at least 
one restriction enzyme is Dde, HpyCH41V, Mse, or 
Hae. 

0.062. In some embodiments, the region of mitochondrial 
DNA comprises region R5, each member of Said primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of any one of the following primer 
pair sequences: SEQ ID NOS: 26:27 and 55:56, and at least 
one restriction enzyme is AluI, BfaI, or Mse. 
0.063. In some embodiments, the region of mitochondrial 
DNA comprises region R6, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of any one of the following primer 
pair sequences: SEQ ID NOS: 28:29 and 57:29, and at least 
one restriction enzyme is DdeI, Hae|II, MboI, Mse, or RsaI. 
0064. In some embodiments, the region of mitochondrial 
DNA comprises region R7, each member of Said primer pair 
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has at least 70% sequence identity with the sequence of the 
corresponding member of any one of the following primer 
pair sequences: SEQ ID NOs: 30:31 and 58:31, and at least 
one restriction enzyme is Dde, HpaII, Hae|II, or Mse. 

0065. In some embodiments, the region of mitochondrial 
DNA comprises region R8, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of any one of the following primer 
pair sequences: SEQ ID NOs: 32:33 and 59:60, and at least 
one restriction enzyme is BfaI, DdeI, EcoRI, or MboI. 

0066. In some embodiments, the region of mitochondrial 
DNA comprises region R9, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of the following primer pair 
sequences: SEQ ID NOS. 34:35, and at least one restriction 
enzyme is BfaI, DdeI, HpaII, HpyCH4IV, or MboI. 

0067. In some embodiments, the region of mitochondrial 
DNA comprises region R10, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of the following primer pair 
sequences: SEQ ID NOS. 34:35, and at least one restriction 
enzyme is Bfa, HpaII, or MboI. 

0068. In some embodiments, the region of mitochondrial 
DNA comprises region R10, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of the following primer pair 
sequences: SEQ ID NOs: 36:37 and 61:62, and at least one 
restriction enzyme is Bfal, HpaII, or MboI. 

0069. In some embodiments, the region of mitochondrial 
DNA comprises region R11, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of the following primer pair 
sequences: SEQ ID NOs: 38:39 and 63:39, and at least one 
restriction enzyme is Bfal, DdeI, HpyCH4V, or MboI. 

0070. In some embodiments, the region of mitochondrial 
DNA compriseS region R12, each member of the primer pair 
has at least 70% sequence identity with the sequence of the 
corresponding member of the following primer pair 
sequences: SEQ ID NOs: 40:41 and 40:64, and at least one 
restriction enzyme is Bfal, DdeI, or Mse. 
0071 Ideally, primer hybridization sites are highly con 
served in order to facilitate the hybridization of the primer. 
In cases where primer hybridization is less efficient due to 
lower levels of conservation of Sequence, the primers of the 
present invention can be chemically modified to improve the 
efficiency of hybridization. For example, because any varia 
tion (due to codon wobble in the 3' position) in these 
conserved regions among Species is likely to occur in the 
third position of a DNA triplet, oligonucleotide primers can 
be designed Such that the nucleotide corresponding to this 
position is a base which can bind to more than one nucle 
otide, referred to herein as a “universal base.” For example, 
under this “wobble” pairing, inosine (I) binds to U, C or A; 
guanine (G) binds to U or C, and uridine (U) binds to U or 
C. Other examples of universal bases include nitroindoles 
Such as 5-nitroindole or 3-nitropyrrole (Loakes et al., 
Nucleosides and Nucleotides, 1995, 14, 1001-1003), the 
degenerate nucleotides dP or dK (Hill et al.), an acyclic 
nucleoside analog containing 5-nitroindazole (Van Aerschot 
et al., Nucleosides and Nucleotides, 1995, 14, 1053-1056) or 
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the purine analog 1-(2-deoxy-f-D-ribofuranosyl)-imida 
Zole-4-carboxamide (Sala et al., Nucl. Acids Res., 1996, 24, 
3302-3306). 
0.072 In another embodiment of the invention, to com 
pensate for the somewhat weaker binding by the “wobble” 
base, the oligonucleotide primers are designed Such that the 
first and Second positions of each triplet are occupied by 
nucleotide analogs which bind with greater affinity than the 
unmodified nucleotide. Examples of these analogs include, 
but are not limited to, 2,6-diaminopurine which binds to 
thymine, propyne T (5-propynyluridine) which binds to 
adenine and propyne C (5-propynylcytidine) and phenox 
azines, including G-clamp, which binds to G. Propynylated 
pyrimidines are described in U.S. Pat. Nos. 5,645,985, 
5.830,653 and 5,484,908, each of which is commonly 
owned and incorporated herein by reference in its entirety. 
Propynylated primers are claimed in U.S. Ser. No. 10/294, 
203 which is also commonly owned and incorporated herein 
by reference in entirety. Phenoxazines are described in U.S. 
Pat. Nos. 5,502,177, 5,763,588, and 6,005,096, each of 
which is incorporated herein by reference in its entirety. 
G-clamps are described in U.S. Pat. Nos. 6,007,992 and 
6,028,183, each of which is incorporated herein by reference 
in its entirety. Thus, In other embodiments, the primer pair 
has at least one modified nucleobase Such as 5-propynylcy 
tidine or 5-propynyluridine. 
0073. The present invention also comprises isolated 
mitochondrial DNA amplicons which are produced by the 
process of amplification of a sample of mitochondrial DNA 
with any of the above-mentioned primerS. 
0.074. While the present invention has been described 
with Specificity in accordance with certain of its embodi 
ments, the following examples Serve only to illustrate the 
invention and are not intended to limit the same. 

EXAMPLES 

Example 1 

Nucleic Acid Isolation and Amplification 
0075 General Genomic DNA Sample Prep Protocol: 
Raw samples were filtered using Supor-200 0.2 um mem 
brane syringe filters (VWR International). Samples were 
transferred to 1.5 ml eppendorf tubes pre-filled with 0.45g 
of 0.7 mm Zirconia beads followed by the addition of 350 
ul of ATL buffer (Qiagen, Valencia, Calif.). The samples 
were Subjected to bead beating for 10 minutes at a frequency 
of 19 1/s in a Retsch Vibration Mill (Retsch). After centrifu 
gation, Samples were transferred to an S-block plate 
(Qiagen, Valencia, Calif.) and DNA isolation was completed 
with a BioRobot 8000 nucleic acid isolation robot (Qiagen, 
Valencia, Calif.). 
0076) Isolation of Blood DNA-Blood DNA was iso 
lated using an MDX Biorobot according to according to the 
manufacturer's recommended procedure (Isolation of blood 
DNA on Qiagen QIAamp(R DNA Blood BioRobot(R) MDX 
Kit, Qiagen, Valencia, Calif.) 
0077. Isolation of Buccal Swab DNA-Since the manu 
facturer does not Support a full robotic Swab protocol, the 
blood DNA isolation protocol was employed after each Swab 
was first Suspended in 400 ml PBS+400 ml Qiagen AL 
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buffer+20 ul Qiagen Protease solution in 14 ml round 
bottom falcon tubes, which were then loaded into the tube 
holders on the MDX robot. 

0078 Isolation of DNA from Nails and Hairs- The fol 
lowing procedure employs a Qiagen DNeasy(E) tissue kit and 
represents a modification of the manufacturer's Suggested 
procedure: hairs or nails were cut into Small Segments with 
Sterile Scissors or razorblades and placed in a centrifuge tube 
to which was added 1 ml of Sonication wash buffer (10 mM 
TRIS-Cl, pH 8.0+10 mM EDTA+0.5% Tween-20. The solu 
tion was Sonicated for 20 minutes to dislodge debris and then 
washed 2x with 1 ml ultrapure double deionized water 
before addition of 100 ul of Buffer X1 (10 mM TRIS-Cl, ph 
8.0+10 mM EDTA-100 mM. NaCl-40 mM DTT2% SDS 
250:g/ml Qiagen proteinase K). The sample was then incu 
bated at 55 C. for 1-2 hours, after which 200 ul of Qiagen 
AL buffer and 210 ul isopropanol were added and the 
Solution was mixed by Vortexing. The Sample was then 
added to a Qiagen DNeasy mini Spin column placed in a 2 
ml collection tube and centrifuged for 1 min at 6000 g (8000 
rpm). Collection tube and flow-through were discarded. The 
Spin column was transferred to a new collection tube and 
500 ul of buffer AW2 was added before centrifuging for 3 
min. at 20,000 g (14,000 rpm) to dry the membrane. For 
elution, 50-100 ul of buffer AE was pipetted directly onto the 
DNeasy membrane and eluted by centrifugation (6000 
g-8000 rpm) after incubation at room temperature for 1 min. 
0079 Amplification by PCR-An exemplary PCR pro 
cedure for amplification of mitochondrial DNA is the fol 
lowing: A50 til total volume reaction mixture contained IX 
GenAmp(R) PCR buffer II (Applied Biosystems)-10 mM 
TRIS-Cl, pH 8.3 and 50 mM KCl, 1.5 mM MgCl, 400 mM 
betaine, 200 uM of each dNTP (Stratagene 200415), 250 nM 
of each primer, and 2.5-5 units of Pfu exo(-) polymerase 
Gold (Stratagene 600163) and at least 50 pg of template 
DNA. All PCR solution mixing was performed under a 
HEPA-filtered positive pressure PCR hood. An example of 
a programmable PCR cycling profile is as follows: 95 C. for 
10 minutes, followed by 8 cycles of 95° C. for 20 sec, 62 
C. for 20 sec, and 72 C. for 30 sec-wherein the 62 C. 
annealing Step is decreased by 1 C. on each Successive 
cycle of the 8 cycles, followed by 28 cycles of 95°C. for 20 
sec, 55° C. for 20 sec, and 72° C. for 30 sec, followed by 
holding at 4 C. Development and optimization of PCR 
reactions is routine to one with ordinary skill in the art and 
can be accomplished without undue experimentation. 

Example 2 

Digestion of Amplicons with Restriction Enzymes 

0080 Reaction Conditions. The standard restriction 
digest reaction conditions outlined herein are applicable to 
all panels of restriction enzymes. The PCR reaction mixture 
is diluted into 2xNEB buffer 1+BSA and 1 ul of each 
enzyme per 50 ul of reaction mixture is added. The mixture 
is incubated at 37° C. for 1 hour followed by 72° C. for 15 
minutes. Restriction digest enzyme panels for HV1, HV2 
and twelve additional regions of mitochondrial DNA are 
indicated in Table 2. 
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TABLE 2 

mtDNA Regions. Coordinates and Restriction Enzyme Digest Panels 

mtDNA REGION 

HV1 (highly variable 
control region 1) 
HV2 (highly variable 
control region 2) 

REGION R1 (COX2, 
Intergenic spacer, tRNA 
LYS, ATP6) 
REGION R2 (ND5) 
REGION R3 (ND6 tRNA-Glu, 
CYTB) 
REGION R4 (COX3, tRNA 
Gly, ND3) 
REGION R5 (ND4L. ND4) 
REGION R6 (CYTB, tRNA 
Thr, tRNA-Pro) 
REGION R7 (ND5, ND6) 

COORDINATES RELATIVE 
TO THE ANDERSON 

SEQUENCE (SEQ ID NO: 72) 
16050-16410 

29-429 

8162-8992 

12438-131.89 
14629-15414 

9435-9461 

10753-115OO 
15378-16OO6 

13424-142O6 

RESTRICTION 
ENZYME PANEL 

RsaI 

HaeIII HpaII MfeISspI 
O 

HpaII, HpyCH4IV, PacI and 
Eae 
Dde Mse Hae Mbo 

Dde Hae Mbo Mse 
Dde Mse Mbo Ban 

DdeI HpyCH4IV MseI HaeIII 

Alu BfaIMse 
Dde Hae Mbo Mse Risa 

DdeI HpaII HaeIII MseI 
BfaIDde EcoRI Mbo 
BfaI DdeI HpaII HpyCH4IV 

BfaI HpaII MboI 
BfaI DdeI HpyCH4V MboI 
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REGION R8 (ND1) 3452-4210 
REGION R9 (COX2, 7734-8493 
Intergenic spacer, tRNA- Mbo 
Lys, ATP6) 
REGION R10 (COX1) 6309-7058 
REGION R11 (COX2, 7644-8371 
Intergenic spacer, tRNA 
Lys, ATP6) 
REGION R12 (16S rRNA; 2626-3377 
ND1) 

Example 3 

Nucleic Acid Purification 

0081 Procedure for Semi-Automated Purification of a 
PCR Mixture Using Commercially Available Zip Tips(R)- 
As Described by Jiang and Hofstadler (Y. Jiang and S. A. 
Hofstadler Anal. Biochem. 2003, 316, 50-57) an amplified 
nucleic acid mixture can be purified by commercially avail 
able pipette tips containing anion eXchange resin. For pre 
treatment of ZipTips(R AX (Millipore Corp. Bedford, 
Mass.), the following steps were programmed to be per 
formed by an EvolutionTM P3 liquid handler (PerkinElmer) 
with fluids being drawn from stock solutions in individual 
wells of a 96-well plate (Marshall Bioscience): loading of a 
rack of ZipTips(RAX; washing of ZipTips(RAX with 15 ul of 
10% NHOH/50% methanol; washing of ZipTips(RAX with 
15 ul of water 8 times; washing of ZipTips(R AX with 15 ul 
of 100 mM NHOAc. 
0082) For purification of a PCR mixture, 20 ul of crude 
PCR product was transferred to individual wells of a MJ 
Research plate using a BioHit (Helsinki, Finland) multi 
channel pipette. Individual wells of a 96-well plate were 
filled with 300 ul of 40 mM NHHCO. Individual wells of 
a 96-well plate were filled with 300 ul of 20% methanol. An 
MJ research plate was filled with 10 ul of 4% NHOH. Two 
reservoirs were filled with deionized water. All plates and 
reservoirs were placed on the deck of the Evolution P3 (EP3) 
(Perkin-Elmer, Boston, Mass.) pipetting Station in pre-ar 
ranged order. The following Steps were programmed to be 
performed by an Evolution P3 pipetting Station: aspiration of 
20 ul of air into the EP3 P50 head; loading of a pre-treated 
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rack of ZipTips(RAX into the EP3 P50 head; dispensation of 
the 20 ul NHHCO from the ZipTips(R AX; loading of the 
PCR product into the ZipTips(RAX by aspiration/dispensa 
tion of the PCR solution 18 times; washing of the ZipTips(R) 
AX containing bound nucleic acids with 15 ul of 40 mM 
NH, HCO, 8 times; washing of the ZipTips® AX containing 
bound nucleic acids with 15 ul of 20% methanol 24 times; 
elution of the purified nucleic acids from the ZipTips(R AX 
by aspiration/dispensation with 15 ul of 4% NHOH 18 
times. For final preparation for analysis by ESI-MS, each 
sample was diluted 1:1 by volume with 70% methanol 
containing 50 mM piperidine and 50 mM imidazole. 
0083) Procedure for Semi-Automated Purification of a 
PCR mixture with Solution Capture- The following proce 
dure is disclosed in a U.S. Patent application filed on May 
12, 2004, (Attorney Docket No. IBIS0026-100): for pre 
treatment of ProPacoR WAX weak anion exchange resin, the 
following Steps were performed in bulk: Sequential washing 
three times (10:1 volume ratio of buffer to resin) with each 
of the following solutions: (1) 1.0 M formic acid/50% 
methanol, (2) 20% methanol, (3) 10% NHOH, (4) 20% 
methanol, (5) 40 mM NHHCO, and (6) 100 mM NHOAc. 
The resin is stored in 20 mM NHOAc/50% methanol at 4 
C. 

0084 Corning 384-well glass fiber filter plates were 
pre-treated with two rinses of 250 ul NHOH and two rinses 
of 100 ul NHHCO. 
0085 For binding of the PCR product nucleic acids to the 
resin, the following Steps were programmed to be performed 
by the EvolutionTM P3 liquid handler: addition of 0.05 to 10 
All of pre-treated ProPacoR WAX weak anion exchange resin 
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(30 ul of a 1:60 dilution) to a 50 lul PCR reaction mixture (80 
ul total volume) in a 96-well plate; mixing of the solution by 
aspiration/dispensation for 2.5 minutes, and transfer of the 
solution to a pre-treated Corning 384-well glass fiber filter 
plate. This Step was followed by centrifugation to remove 
liquid from the resin and is performed manually, or under the 
control of a robotic arm. 

0.086 The resin containing nucleic acids was then washed 
by rinsing three times with 200ul of 100 mM NHOAc, 200 
ul of 40 mM NHHCO with removal of buffer by centrifu 
gation for about 15 Seconds followed by rinsing three times 
with 20% methanol for about 15 seconds. The final rinse was 
followed by an extended centrifugation step (1-2 minutes). 
0.087 Elution of the nucleic acids from the resin was 
accomplished by addition of 40 ul elution/electrospray 
buffer (25 mM piperidine/25 mM imidazole/35% methanol 
and 50 nM of an internal standard oligonucleotide for 
calibration of mass spectrometry signals) followed by elu 
tion from the 384-well filter plate into a 384-well catch plate 
by centrifugation. The eluted nucleic acids in this condition 
were amenable to analysis by ESI-MS. The time required for 
purification of Samples in a single 96-well plate using a 
liquid handler is approximately five minutes. 

Example 4 

Mass Spectrometry 

0088. The mass spectrometer used is a Bruker Daltonics 
(Billerica, Mass.) Apex II 70e electrospray ionization Fou 
rier transform ion cyclotron resonance mass spectrometer 
(ESI-FTICR-MS) that employs an actively shielded 7 Tesla 
Superconducting magnet. All aspects of pulse Sequence 
control and data acquisition were performed on a 1.1 GHZ 
Pentium II data station running Bruker's Xmass software. 20 
till Sample aliquots were extracted directly from 96-well 
microtiter plates using a CTC HTS PAL autosampler (LEAP 
Technologies, Carrboro, N.C.) triggered by the data Station. 
Samples were injected directly into the ESI source at a flow 
rate of 75 u/hr. Ions were formed via electrospray ioniza 
tion in a modified Analytica (Branford, Conn.) Source 
employing an off axis, grounded electrospray probe posi 
tioned ca. 1.5 cm from the metalized terminus of a glass 
deSolvation capillary. The atmospheric preSSure end of the 
glass capillary is biased at 6000 V relative to the ESI needle 
during data acquisition. A counter-current flow of dry N/O. 
was employed to assist in the desolvation process. Ions were 
accumulated in an external ion reservoir comprised of an 
rf-only hexapole, a skimmer cone, and an auxiliary gate 
electrode, prior to injection into the trapped ion cell where 
they were mass analyzed. 
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0089 Spectral acquisition was performed in the continu 
ous duty cycle mode whereby ions were accumulated in the 
hexapole ion reservoir Simultaneously with ion detection in 
the trapped ion cell. Following a 1.2 ms transfer event, in 
which ions were transferred to the trapped ion cell, the ions 
were Subjected to a 1.6 ms chirp excitation corresponding to 
8000-500 m/z. Data was acquired over an m/z range of 
500-5000 (IM data points over a 225 KHz bandwidth). Each 
Spectrum was the result of co-adding 32 transients. Tran 
Sients were Zero-filled once prior to the magnitude mode 
Fourier transform and post calibration using the internal 
mass standard. The ICR-2LS software package (G. A. 
Anderson, J. E. Bruce (Pacific Northwest National Labora 
tory, Richland, Wash., 1995) was used to deconvolute the 
mass spectra and calculate the mass of the monoisotopic 
Species using an "averaging fitting routine (M. W. Senko, 
S.C. Beu, F. W. McLafferty, J. Am. Soc. Mass Spectrom. 
1995, 6, 229) modified for DNA. Using this approach, 
monoisotopic molecular weights were calculated. 

Example 5 

Primer Pairs for Amplification of Informative 
Regions of Mitochondrial DNA 

0090 Conventional forensic mitochondrial DNA analy 
sis typically involves amplification and Sequencing of the 
two hyperVariable regions within the non-coding control 
region known as HV1 and HV2. The present invention 
comprises primer pairs for amplification of informative 
regions within HV1 and HV2 (SEQ ID NOs: 8-17, 42-48 
and 65-71 in Table 3). Additional individual discriminating 
power has been obtained by the selection for analysis of 12 
additional non-control regions (Regions R1-R12) from 
which informative amplification products of approximately 
630-840 bp each can be obtained using additional primer 
pairs (SEQ ID NOs: 18-41 and 49-70 in Table 3). The 
primers listed below in Table 3 are generally 10-50 nucle 
otides in length, 15-35 nucleotides in length, or 18-30 
nucleotides in length. 

0091 By convention, human mtDNA sequences are 
described using the first complete and published mtDNA 
Sequence as a reference (Anderson, S. et al., Nature, 1981, 
290,457-465). This sequence is commonly referred to as the 
AnderSon Sequence. Primer pair names on Table 3 indicate 
the mtDNA amplicon coordinates with reference to the 
Anderson mtDNA sequence: GenBank Accession No. 
NC 001807.3 (SEQID NO: 72). For example, primer pairs 
8:9 produce an amplicon which corresponds to positions 
76-353 of the Anderson sequence. 

TABLE 3 

Primer Pairs for Analysis of mtDNA 

FORWARD REWERSE 

FORWARD SEQ ID REVERSE SEQ ID 
PRIMER PAIR NAME mtDNA REGION AMPLIFIED PRIMER SEQUENCE NO PRIMER SEQUENCE NO 

HMTHW2 ANDRSN 7 REGION HW2 to acgc gatago att 8 tggtttggcagag 9 
6 353 TMOD gCg atgtgtttalagt 

HMTHW2 ANDRSN 2 REGION HW2 totcacgggagctict 10 totgttaaaagtg 11 
9 429 TMOD cc atgc cataccgc.ca 
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Example 6 

Analysis of 10 Blinded DNA Samples 
0092. Ten different blinded samples of human DNA 
provided by the FBI were subjected to rapid mtDNA analy 
sis by the method of the present invention according to the 
process illustrated in FIG. 3. After amplification of human 
mtDNA by PCR (210), the PCR products were subjected to 
restriction digestion (220) with Rsal for HV1 and a combi 
nation of HpaII, HpyCH4IV, PacI and Eael for HV2 in order 
to obtain amplicon Segments Suitable for analysis by mass 
spectrometry (230). The data were processed to obtain mass 
data for each amplicon fragment (240) from which a "frag 
ment coverage map' was generated (an example of a frag 
ment coverage map is shown in FIG. 3-represented as a 
Series of horizontal bars beneath the mass spectrum). The 
fragment coverage map was then compared, using a Scoring 
Scheme to fragment coverage maps calculated for theoretical 
digests from mtDNA sequences in the FBI mtDNA database 
(250). 
0093. A group of 10 blinded DNA samples was provided 
by the FBI. HV1 and HV2 primer pairs were selected from 
a Sequence alignment created by translating the FBI's foren 
sic mtDNA database back into full Sequences via compari 
Son to the AnderSon reference, then Selecting primers within 
the full representation core of the alignment and restriction 
enzymes that will cleave the 280 and 292 bp PCR products 
into mass Spectrometry-compatible fragments. Primer pairs 
selected for amplification of HV1 segments were SEQ ID 
NOs: 12:14 and 42:43. Primer pairs selected for amplifica 
tion of HV2 segments were SEQ ID NOs: 8:9 and 44:45 
(Table 3). PCR amplification was carried out as indicated in 
Example 1, with the exception that 2 mM MgCl, was 
included instead of 1.5 mM MgCl, and that 4 units of 
Amplitaq Gold(E) polymerase (Applied BioSystems) was 
included instead of 2.5 units of Pfu exO(-) polymerase. 3 ul 
of FBI DNA sample were included in the reaction. Thermal 
cycler parameters were as follows: 96° C. for 10 min., 
followed by 45 cycles of the following: 96° C. for 30 sec, 
54 C. for 30 sec., and 72 C. for 30 sec., after which the 
reaction was kept at 72 C. for 5 minutes. 
0094. Theoretical digestions of the 2754 unambiguous 
unique Sequences contained within the 4840 FBI Sequence 
entries (there are 399 sequences in the FBI database which 
contain at least one ambiguous base call within the amplified 
regions, leading to 4441 unambiguous Sequences, 2754 of 
which are unique), with all possible products resulting from 
incomplete digestion, were performed and fragment Start 
and end coordinates, base composition, mass, and end 
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chemistry were Stored in a data Structure for Subsequent 
fragment pattern reconstruction. A deconvolved list of 
monoisotopic exact mass determinations from ICR-2LS 
was determined for each restriction digestion for each 
blinded Sample. For each Sample, expected digestion frag 
ment masses were matched to observed masses with a 
threshold of t4 ppm for each database entry (1 ppm match 
error is defined as a difference between observed and 
expected mass equal to one millionth of the expected mass). 
0095 To evaluate the ability of a single-pass MS-based 
assay to exclude known database entries as having base 
compositions that are different than that of an unknown 
Sample, a Scoring System was devised that, for a given input 
Sample, assigns each database Sequence a Score relative to 
the highest Scoring Sequence. To evaluate whether base 
composition of mtDNA fragments can achieve a discrimi 
nation power approaching that of Sequencing, the ten 
blinded samples of human DNA from the FBI were ana 
lyzed. The overall consistency of the observed digestion 
products with the expected fragment pattern for each of the 
4840 database entries was Scored using the Sum of four 
values: 1.) The total number of observed masses accounted 
for in the expected fragment list, 2.) The percentage of 
expected fragments observed for a complete digestion 3.) A 
“floating percentage' of expected fragments matched, where 
matches to incomplete digestion fragments were Scored 72 
percentage point and the total number of expected fragments 
was incremented by % for each observed incomplete diges 
tion fragment, and 4.) The percentage of sequence positions 
accounted for by matches with observed masses. Scores for 
the HV1 and HV2 regions were summed to produce a total 
Score for each entry. Database entries were Sorted by high 
Score and assigned a final Score as a percentage of the top 
Score. An arbitrary (but conservative) scoring threshold of 
80% of the top score was set to produce a very conservative 
lower bound on the percentage of database entries that could 
be excluded as consistent with each Sample. 

0096] Without knowing the true sequence of the initial 
ten Samples and allowing for slight experimental variations 
in restriction digestions and mass spectrometry, comparison 
to a large collection of database entries enabled exclusion of 
a vast majority of entries in the database. Table 4 shows an 
example of the scoring output for one sample (Sample 4) and 
Summarizes the exclusion percentages for each of the 
blinded Samples for a set of reactions run Side-by-Side on a 
single day. The HV1 and HV2 regions of each sample were 
Sequenced following the analysis described in this work for 
final verification. Table 4 Summaries the overall results of 
this exercise for this preliminary data analysis. 

TABLE 4 

Scoring of FBI Sample 3 Against the FBI Mitochondrial DNA Database 

Number of % of % of Floating 
Database Entry Sequences Sequence Fragment Fragment Match Cumulative % Match 

Row Title Represented Covered Covered Covered Score Score Score 

1 AUTCAU.000066USA. 6 99.655 51.04 63.18 32.5 333.89 1OO 
CAU.000389 USACAU. 
000572|USA.CAU,000841 
US 

ACAU.001074|USA.CAU. 
OO1211 
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Scoring of FBI Sample 3 Against the FBI Mitochondrial DNA Database 

Number of % of % of 
Database Entry Sequences Sequence Fragment 

Row Title Represented Covered Covered 

2 USACAU.OOO101 1. 90.92 47.02 
3 USACAU.OOO783 1. 90.75 44.79 
4 USACAU.OOO130 1. 88.18 46.53 
5 USA.CAU.000142 1. 88.18 46.53 
6 FRACAU,000O87|GRC. 7 92.765 42.71 
CAU.000032 USA.CAU. 
000425USA.CAU.000483 
USACAU.000772|USA. 
CAU.001067 USA.CAU. 
OO11.68 

44 USA.HS.OOO672 1. 84.52 40.555 
45 FRACAU.000108 USA. 2 92.055 33.035 

CAU.OOO890 
46 USACAU.000361|USA. 2 92.055 33.035 

CAU.OO1184 
47 USACAU.001378 USA. 2 92.055 33.035 

CAU.OO1382 
48 CHN.A.S.N.OOO443 1. 88.525 34.O3 
49 USA.CAU.000548 1. 83.385 39.58 
50 USA.CAU.000814 1. 83.385 39.58 
51 USACAU.000338|USA. 3 99.655 24.7 

CAU.00058OIUSA. 
CAU.OO1139 

27SO USAAFROOO947 1. 2O.205 O 
2751 USAAFROOO558 1. 8.735 5.555 
2752 SKEAFROOO107 1. 5.495 8.335 
2753 USAAFROOO440 1. 5.495 8.335 
2754 EGYAFROOOO21 1. 11.475 O 

0097 Table 4 illustrates the example of scoring sample 3 
against the mtDNA database of 4441 entries (4840 original 
FBI mtDNA entries minus the 399 sequences containing 
ambiguous base calls). The total combined score for the 
HV1 and HV2 regions is shown in the column entitled 
“cumulative Score'. All entries are given a Score relative to 
the highest cumulative Score in the column “% max Score'. 
Database entry titles are in the column “DB entries.” 
Sequences whose HV1 and HV2. PCR products are identical 
are grouped into bins, with entry titles Separated by Vertical 
lines. The cut-off point for this exercise was defined as 80% 
of the top cumulative score. The two bins that define this 
boundary are rows 47 and 48. The total number of database 
entries that fall below this threshold is 4347, or 97.9%. 

0098. Identification codes used in Table 4 are from the 
mtDNA population database (Miller KW Budowle B. Croat. 
Med. J 2001, 42(3), 315-27). AFR: African; CAU: Cauca 
sian; ASN: Asian; CHN: Chinese; HIS: Hispanic; AUT: 
Austrian; EGY: Egypt; FRA: France; GRC: Greece; SKE: 
Sierra Leone. 

Example 7 

Optimization of Amplification Conditions and 
Reagents for Efficient Data Processing and Pattern 

Matching 

0099 Forensic analysis of human mtDNA by mass spec 
trometry presents a number of challenges. First, PCR ampli 
fication reactions may result in non-templated additions of 

Floating 
Fragment Match Cumulative % Match 
Covered Score Score Score 

57.005 24.5 3OO.38 89.9638 
56.37 27 298.08 89.2749 
56.68 27.5 296.92 88.9275 
56.68 27.5 296.92 88.9275 
51.86 25 295.95 88.637 

46.43 18 268.15 80.3109 
42.22 17.5 267.68 80.17O 

42.22 17.5 267.68 80.17O 

42.22 17.5 267.68 80.17O 

43.135 22 267.11 79.9994 
47.795 21 266.93 79.945.5 
47.795 21 266.93 79.945.5 
36.37 17 265.71 79.58O 

4.285 3 43.41 13.OO13 
1O 6 34.58 10.3567 
8.335 2 29.66 8.88317 
8.335 2 29.66 8.88317 
1515 1. 23.95 7.17302 

adenosine to the 3'-end of the template. When this occurs, 
mass Spectrum Signals become mixed and detection Sensi 
tivity is lowered. Second, the process of carrying out Several 
purification Steps to convert a PCR amplification mixture to 
appropriate Specific buffer conditions required for Specific 
restriction digests results in Significant Sample loSS. Lastly, 
a significant Subset of useful restriction endonuclease 
enzymes yield double-Stranded digest products with Stag 
gered ends. This occurrence has the effect of complicating 
the process of restriction pattern analysis and limits the 
choice of restriction endonucleases to those that only gen 
erate blunt-ended digestion products. 

0100. These complications have been solved by the use 
of exO(-) Pfu polymerase (Stratagene, La Jolla, Calif.), a 
3'-5' exonuclease-deleted Pfu polymerase. The mass spectra 
of FIG. 4 indicate that the use of exo(-) Pfu polymerase 
prevents the addition of non-templated adenosine residues 
and 3'-end deletions which are normally observed when 
Standard pful polymerases are used. The resulting product 
exhibited a strong Signal in the mass spectrum. On the other 
hand, use of the commonly used Amplitaq gold polymerase 
(Applied Biosystems) did not circumvent this problem 
(FIG. 4). An additional advantage obtained through the use 
of exo(-) Pfu polymerase is that there is no need for 
purification of the PCR product. The PCR product mixture 
can be easily modified with appropriate restriction enzyme 
activating buffer which is also compatible with the exo(-) 
Pfu polymerase. 



US 2005/0266411A1 

0101. A further additional advantage obtained from the 
avoidance of a purification procedure is that exO(-) Pfu 
polymerase remains viable throughout the Subsequent 
restriction digest process and this remaining polymerase 
activity can be used to add leftover dNTPs to convert 
Staggered restriction products to blunt-ended products by 
filling in the “missing nucleotide residues. 
0102) Thus, crude PCR products are directly subjected to 
the restriction digestion process, minimizing time, Sample 
handling and potential contamination. FIG. 5 indicates that 
exO(-) Pfu polymerase is effective for consistent amplifica 
tion of mtDNA obtained from blood, fingernail and saliva 
samples. PCR conditions for this experiment were as fol 
lows: A 50 ul reaction volume contained the following: 10 
mM TRIS-HCl, 50 mM KC1, MgCl2, 200 uM deoxynucle 
otide triphosphates, 400 mM betaine, 200 nM primers, 4 
units of Amplitaq GoldTM or 5 units exo(-) Pfu polymerase 
and mtDNA template and was subjected to incubation at 95 
C. for 10 minutes first, then 35 cycles of the following 
thermal sequence: 95° C. for 20 seconds, 52° C. for 20 
seconds, 72 C. for 30 seconds. Following the 35 cycles, the 
reaction was incubated at 72 C. for 4 minutes. 

0103) To take advantage of the modified function of the 
exO(-) Pfu polymerase, the experimental method was modi 
fied as follows: upon completion of amplification of 
mtDNA, restriction endonucleases were added to the ampli 
fication mixture which was then incubated for 1 hour at 37 
C. The temperature of the mixture was then raised to 37 C. 
for 15 minutes to activate the exo(-) Pfu polymerase and 
enable the addition of nucleotides to Staggered ends to 
produce the blunt ends which facilitate pattern analysis. 

0104. As discussed above, the ability of exo(-) Pfu 
polymerase provides the means of expanding the number of 
restriction endonucleases that are compatible with the 
present method and Simplifying data processing by Simpli 
fying restriction digest patterns. Shown in FIG. 6 is the 
result of a comparison of digest patterns obtained when the 
originally chosen restriction enzymes Eael and PacI are 
replaced with Hae|II and HpyCH4V. The pattern obtained 
using the newly chosen enzymes clearly results in a restric 
tion digest pattern with better spacing of conserved restric 
tion sites which facilitates analysis. Shown in FIG. 7 is the 
result of a gel electrophoresis analysis of the products of 
restriction digests. In this experiment a HV2 amplicon from 
a human mtDNA sample designated Seracare N31773. The 
mtDNA sample was amplified with Amplitaq Gold in 50 ul 
reaction volumes where 25 ul of PCR reaction was diluted 
up to 50 ul in: IX NEB restriction buffer #1, 10 mM 
Bis-TRIS Propane-HCl, 10 mM MgCl, 1 mM DTT pH 7.0 
(at 25° C), 1xNEB BSA and (separately) 100 mg/ul in 1 ul 
volumes of each enzyme as follows: Eae: 3 units; 
HpyCH41V: 10 units; HpyCH4V: 5 units; HpaII: 10 units; 
PacI: 10 units; and Hae|II: 10 units. The mixtures were 
incubated for 1 hour at 37 C. before analysis in 4% agarose 
gel. 

0105 Restriction endonucleases Mfe and SspI are both 
useful alternatives to HpyCH4V and HpyCH41V respec 
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tively, because they cleave at Similar positions and cost 
significantly less than HpyCH4V and HpyCH41V. 

Example 8 

Validation of Mitochondrial DNA Analysis Method: 
Analysis of Human Cheek Swab mtDNA Samples 

and Comparison with the mtDNA Population 
Database 

0106 Cheek Swabs were obtained from 16 volunteer 
donors. Genomic DNA was isolated from the cheek Swabs 
on a Qiagen MDX robot according to procedures outlined in 
Example 1. Final elution volumes were 160 ul for each well. 
2 til template was used in each PCR reaction which was run 
according to Example 1 except that the following cycling 
parameters were used: 95 C. for 10 minutes followed by 45 
cycles of 95°C. for 20 sec, 52° C. for 20 sec and 72° C. for 
30 sec, followed by holding at 72 C. for 4 minutes. Primer 
pairs used for HV1 were SEQ ID NOs: 12:15 and for HV2, 
SEO ID NOS: 8:9. 

0107 PCR products (not shown) were digested with RsaI 
(HV1) or HaeIII, HpaII, HpyCH41V, and HpyCH4V (HV2) 
according to the procedure outlined in Example 2. 

0.108 Restriction digests were performed in duplicate 
with each duplicate Swab, followed by mass determination 
of the amplicon fragments by maSS Spectrometry as 
described in Example 3. Samples were qualitatively Scored 
for HV1 and HV2 against each unique database entry by the 
Sum of: 

0109 a) the percentage of expected fragments 
observed in the mass spectrum; 

0110 b) the percentage of Sequence positions cov 
ered by matched masses; and 

0111 c) the total number of observed mass peaks 
accounted for by matches to theoretical digest frag 
mentS. 

0112 Table 5 shows that, for the majority of the 16 
Samples, the ethnic designation of the majority of top 
scoring entries from the FBI database coincide with the 
ethnic background of the donor. In general, mtDNA 
Sequence data cannot be used to reliably associate a Sample 
to the ethnic background of the donor, because the mito 
chondria follow the maternal line exclusively and ethnic 
mixing in populations increases as the general population 
becomes increasingly genetically integrated. However, as an 
overall assessment of the preliminary matching and Scoring 
System, this association Served well, because at the time of 
this evaluation, mtDNA samples had not been Sequenced. 
Two outliers in the association of donor ethnic background 
and major ethnic backgrounds of top database Scores were 
Samples 2 and 16. Sample 2 was an African-American male 
with top database scores all designated “USA.CAU.XXX”. 
Upon inquiry, it was learned that this donor has a Caucasian 
mother. Because mtDNA is inherited maternally, the result 
appears Valid. 
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Results of Cheek Swab Comparison to the mtDNA Population Database 

Number % of % of 
Full of DB % of database database 
pattern entries database below below 
match in with below 95% of 90% of 
mtDNA highest highest highest highest 

Donor database SCOe SCOe SCOe SCOe 

1 USAAFROOO975 1. 99.979 99.979 99.959 
2 USACAU.OOO191 3 99.938 99.731 99.153 

USACAU.OO1303 
USACAU.OO1041 

3 None 1. 99.979 99.938 99.917 
4 AUTCAU.OOOO8O 22 99.545 98.12 96.777 

AUTCAU.OOOO90 
AUTCAU.OOOO99 
FRACAU.OOOO41 
18 more . . . 

5 None 13 99.731 99.731 99.587 

6 None 1. 99.979 99.793 99.442 
7 None 1. 99.979 99.959 99.628 
8 None 1. 99.979 99.876 99.793 
9 USACAU.OOOO31 1. 99.979 99.979 99.979 
1O USACAU.OOO303 2 99.959 98.285 96.364 

USACAU.OOO969 
11 None 2 99.959 99.959 99.835 
12 USACAU.OOO113 1. 99.979 99.897 99.07 
13 CHN.ASN.OOO374 12 99.752 99.442 98.243 

CHN.ASN.OOO411 
USA.335.OOO122 
GRCCAU.OOOOO7 
9 others 

14 USACAU.OOO297 1. 99.979 99.979 99.917 
15 None 1. 99.979 99.959 98.037 

16 AUTCAU.OOOO96 12 99.752 99.669 98.863 
AUTCAU.OOO1OO 
GRC. CAU.OOOO11 
USACAU.OOO604 
4 others 

0113 Identification codes used in Table 5 are from the 
mtDNA population database (Miller K W. Budowle B. 
Croat. Med. J 2001, 42(3), 315-27). AFR: African; CAU: 
Caucasian; ASN: Asian; CHN: Chinese; HIS: Hispanic; 
AUT: Austrian; GRC: Greece. Code 335 (USA. 335) in the 
donor 13 entry refers to the U.S. territory of Guam. 

Example 9: Expanding Discriminating Power of the 
Mitochondrial DNA Analysis by Examination of 

Regions Outside of HV1 and HV2 

0114. Twelve regions of human mtDNA (referred to as 
R1-R12) were Selected for investigation based upon a rela 
tively large number of differences between individual entries 
in 524 non-control-region human mitochondrial Sequences 
obtained from Mitokor, Inc. (San Diego, Calif.). The initial 
twelve primer pairs (see Table 3-SEQ ID NOs: 18:19, 
20:21, 22:23, 26:27, 28:29, 30:31, 32:33, 34:35, 36:37, 
38:39, and 40:41) were tested upon ~1.6 ng of human 
blood-derived DNA (Seracare blood sample N31773) which 
was isolated as indicated in Example 1. 

0115 The PCR protocol and cycling conditions are as 
described in Example 1 with the exception that 4 U of 

% of % of 
database database 
below below 
85% of 80% of Ethnicity 
highest highest closest Donor 
SCOe score match Ethnicity 

99.917 99.917 AFR Af. Amer. 
96.O54 92.169 CAU Af. Amer. 

With 
Cauc. 
Mother 

99.566 98.905 CHN Chinese 
89.628 83.657 17 CAU Caucasian 

4 HIS 
2 AFR 

98.678 97.417 12 CAU Caucasian 
1 AFR 

97.438 94.38 CAU Caucasian 
96.529 94.587 ASN Chinese 
98.244 96.157 CAU Caucasian 
99.256 98.574 CAU Caucasian 
87.934 78.616 CAU Caucasian 

99.814 99.36 ASN Chinese 
98.099 92.149 CAU Caucasian 
89.917 84.091 5 CAU Caucasian 

3 ASN 
3 AFR 
1335 

99.649 95.806 CAU Caucasian 
92.417 86.59 ASN Indian 

(India) 
95.971 84.7737 CAU Indian 

(India) 

Amplitaq Gold polymerase (Applied BioSystems, Foster 
City, Calif.) was used. The results of the reactions are shown 
in FIG.8 which indicates that reproducible amplicons were 
obtained for all twelve non-control regions investigated. 
0116. Initial digestions with enzyme panels outlined in 
Example 2 were employed, and coverage maps were 
assembled by matching observed masses at +4 ppm error to 
all sequences existing in the database as of Sep. 8, 2003-524 
Mitokor-obtained sequences and 444 mtDNA genomes from 
GenBank. 

0117 The total number of unique sequences found within 
968 predicted amplicon sequences from Mitokor and Gen 
Bank for each of the 12 non-control region primer pairs 
shows that the greatest number of different Sequences is 
found within regions R1, R3, R6, R7 and R9 (Table 6). 
When amplicon Sequences are concatenated together as 
collinear sequences, the combination of R1, R3, R6 and R7 
comes out on top, with 508 unique base count Signatures out 
of 968 sequences predicted for the combination R1+R3+ 
R6+R7 compared to 475 unique signatures predicted for the 
combination R1+R3+R9+R7. It was thus decided that 
regions R1, R3, R6 and R7 provide the best discriminating 
power. The numbers of unique Sequences for each of these 
regions are denoted by an asterisk in Table 6. 
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Final Choices of Primers Optimized for Characterization of Non-Control Mitochondrial 
DNA Regions 

RESTRICTION FORWARD REVERSE NO. OF UNIOUE NO. OF 
mtDNAREGION ENZYME SEO ID SEO ID BASE UNIOUE 

REGION AMPLIFIED PANEL NO: NO: COMPOSITIONS SEOUENCES 

R1 COX2: DdeIMse 18 49 182 204* 
Intergenic Hae Mbo 
spacer; tRNA 
Lys; ATP6 

R2 ND5 Dde Hae 2O 21 106 32 
Mbo Mise 

R3 ND6, tRNA-Glu; DdeIMse 22 52 135 70: 
CYTB Mbo 

Ban 
R4 COX3; tRNA-Gly; DdeI 24 25 94 32 

ND3 HpyCH4IV 
Mise Hae 

R5 ND4L. ND4 Alu Bfa 26 27 107 3O 
Mise 

R6 CYTB; tRNA-Thr; DdeI HaeIII 57 29 118 43* 
tRNA-Pro Mbo Mise 

RsaI 
R7 ND5; ND6 DdeI HpaII 58 31 137 74: 

Hae Mise 
R8 ND1 BfaIDde 32 33 88 22 

EcoRI 
Mbo 

R9 COX2: BfaIDde 34 35 118 45 
Intergenic HpaII 
spacer; tRNA- HpyCH4IV 
Lys; ATP6 Mbo 

R1O COX1 BfaI HpaII 36 37 81 O9 
Mbo 

R11 COX2: BfaIDde 38 39 113 36 
Intergenic HpyCH4V 
spacer; tRNA- Mbo 
Lys; ATP6 

R12 16S rRNA; ND1 BfaIDde 40 43 65 79 
Mise 

0118. The 12 regions were evaluated informatically by 
considering the total number of unique Sequences in each 
region out of a database of 968 sequences, 524 of which 
were obtained from Mitokor, Inc, and 444 of which are 
human mitochondrial genomes obtained from GenBank. 
Coordinates are given in terms of the AnderSon Sequence 
(SEQ ID NO: 72). The number of unique base count 
Signatures was determined by theoretical digestion of each 
of the 968 database Sequences with the indicated enzymes. 

Example 10 

Sensitivity Assessed With Quantified Human Blood 
DNA 

0119) To measure sensitivity against total human 
genomic DNA, a preparation of DNA derived from whole 
human blood (Seracare blood sample N31774) was obtained 
using the procedure of Example 1. A Stock of blood-derived 
DNA was quantitated to 1.6+0.06 ng/ul using the average of 
five independent concentration measurements taken with the 
Molecular Probes Pico Green(E) Assay P-7589. 10-fold serial 
dilutions of human DNA were tested in PCR reactions 
according to Example 1 using the primer pairs of SEQ ID 
NOs: 12:15 (HV1) and SEQ ID NOs: 65:66 (HV2), starting 
with 1.6 ng/reaction and diluting to extinction (as a set of 
stock dilutions in double deionized HO) down to a calcu 

lated concentration of 160 Zg/reaction (10 orders of magni 
tude dilution). No carrier DNA was used in these reactions. 
0120 FIG. 9 shows clear PCR product detection down to 
1.6 pg/reaction for both HV1 and HV2 primer pairs, with 
possible Stochastic detection of a faint product at 160 fg 
input template. It is typically estimated that a Single human 
cell has approximately 3.3 billion base pairs-48, or 6.6 
billion total bases, which corresponds roughly to approxi 
mately 6-7 pg total DNA per cell. This suggests PCR 
detection of mtDNA targets down to single-cell or sub 
cellular levels. 

0121. After digesting HV1 amplicons with RsaI, and 
HV2 amplicons with HaeIII, HpaII, HpyCH41V and 
HpyCH4V, a full profile was recovered for HV2 with 16 pg 
input template, and for HV1 with 160 pg input template. 
Subsequent experiments have demonstrated full profile 
recovery for HV1 down to at about 50 pg input template 
concentration with human DNA from the same source. This 
represents an estimated 8 to 10 cells worth of DNA. 

Example 11 
Characterization of Mitochondrial DNA From 
Human Hair and Specificity of HV1 and HV1 

Primer Pairs in the Presence of Non-Human DNA 

0122) To test our ability to detect mitochondrial DNA 
from human hair shafts, and the Specificity of our control 



US 2005/0266411A1 

region primer targets in the presence of non-human mam 
malian DNA, DNA was extracted from washed human hair 
shafts (8, 4, 2, 1 and 1 cm), washed hamster, dog, and cat 
hair (4-6 cm) and washed human (2-3 cm) plus hamster, dog 
or cat hair (4-6 cm) present together in the same tube, 
according to the protocol outlined in Example 1. Hairs were 
taken by cutting with Scissors, rather than pulling to avoid 
including a hair root in the reactions. PCR reactions were 
carried out using the primer pairs of SEQ ID NOs: 12:15 
(HV1) and SEQ ID NOs: 65:66 (HV2) with PCR conditions 
as outlined in Example 1. Duplicate PCR reactions, dem 
onstrated the presence of a PCR product of the expected size 
in the presence of human hair-derived DNA, but not in the 
negative controls (identical reactions, but with double deion 
ized H2O Substituted for template) or with hamster, dog, or 
cat hair alone. 

0123. When these PCR were digested with RsaI (HV1) 
and HaeIII, HpaII, HpyCH41V, and HpyCH4V (HV2) as 
described in Example 2, a profile of base compositions 
matching Ibis internal blinded sample CS0022 was found for 
products amplified in the presence of animal hair and for 
human hair alone down to 2 cm. 

Example 12 

Characterization of Mitochondrial DNA Isolated 
Four Non-Invasive Tissues (Cheek Swab, Hair, 
Fingernail and Saliva) from Three Independent 
Donors: Analysis for Consistency in Processed 

Mass Spectrometry Data 

0.124. In this experiment, DNA was isolated from 3 
pooled hairs of ~2-3 cm length each from 3 donors (desig 
nated “F”, “M” and “J”) according to procedures outlined in 
Example 1. DNA from Several (3-5) pooled small fingernail 
clippings was isolated from the same three donor according 
to Example 1 with the exception that there was no Sonication 
Step prior to DNA isolation, as this Step was added at a later 
time. DNA from ~0.5 ml saliva was isolated from the same 
three donors according to Example 1. These three donors 
were also part of the 16-donor cheek Swab panel described 
in Example 8, and processed data from cheek Swabs repre 
Senting these donors existed before this experiment and was 
used for comparison to the three new tissue Samplings. 
0.125 PCR reactions were performed using 1 ul of tem 
plate from each of the four Sample preparations for each of 
the three donors according to Example 1 using primer pair 
SEQ ID NOs: 12:15 (HV1) and SEQ ID NOs: 8:9 (HV2). 
Restriction digestions were performed according to 
Example 2. To determine a truth base for each Sample for 
this experiment, PCR reactions performed with primer pair 
SEQ ID NOs: 12:15 (HV1) and SEQ ID NOs: 8:9 (HV2) 
were purified with a QIAQuick PCR purification kit (accord 
ing to Qiagen kit recommendations) and Sequenced at Ret 
rogen (San Diego). 
0.126 Digestion results for the original cheek Swab-de 
rived products were first compared to the Sequences deter 
mined for cheek-Swab-derived amplicons for consistency. 
After confirming consistency between the determined 
Sequence and the mass Spectrometry derived fragment pro 
file, the ability to qualitatively exclude each of the Samples 
from the other two was evaluated by matching the processed 
mass data for the cheek Swab-derived Samples from each of 
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the donors to theoretical digestions from the PCR-derived 
Sequences corresponding to the other two donors. 
0127 Processed mass spectrometry data for samples 
derived from the four different tissue Sources were then 
compared to the cheek-Swab-derived Sequence for each 
donor individually and found to be consistent across the four 
tissue types, with the exception that the HV2 length hetero 
plasmy observed in HV2 of both sample “M” and sample “J” 
was observed in only three of the four tissue samples. The 
length heteroplasmy was not observed in the hair-derived 
sample for either “M” or “J”. 

Example 13 

Validation of Mitochondrial DNA Analysis Process 
on Saliva Samples from 36 Volunteer Donors 

0128. In this validation experiment, 1 ul of each of the 36 
Ibis samples (CS0001-CS0036) was PCR amplified in dupli 
cate using each of the final primer pairs shown in Table 6 on 
two different days (four reactions were performed on each 
Sample) using the cycling parameters in indicated in 
Example 1. FIG. 10 shows one set of the 36 sample PCR 
reactions for the HV1 region. After PCR, 25 ul of each 
reaction were digested in 50 ul restriction digestion reactions 
as described in Example 2. Samples from each of the 12 
PCR plates were then Subjected to mass spectrometry and 
processed with the ICR-2LS software to produce monoiso 
topic neutral masses. Each set of mass data was Scanned 
against the database individually at +4 ppm matching thresh 
old, allowing for the possibility of a 1-dalton error on each 
mass determination. 

0129. One potential issue with the deconvolution from 
raw mass spectrometry data to exact mass determination is 
the potential for the algorithm that fits a theoretical isotopic 
distribution to an observed distribution can occasionally 
predict the best fit with the distribution shifted by exactly 
one Dalton to the right or to the left of the true distribution, 
resulting in a mass determination that is exactly one Dalton 
off. This is not a Serious issue when using mass data to Verify 
consistency with a known Sequence, because the expected 
base composition is known and two independent measure 
ments are made on each double Stranded fragment where 
each Strand (top and bottom) is linked to the other in a highly 
constrained manner because of base complementarity. When 
using deconvolved numerical masses to make de novo base 
composition predictions, however, this must be dealt with 
properly to ensure a proper interpretation of match data. For 
example, the mass difference between an internal C and an 
internal T in a DNA sequence is -14.9997 Daltons. The 
mass difference between an internal 'G' and an internal A 
is 15.9949 Daltons. 

0.130. Because of this, the mass difference between two 
strands of DNA that differ exactly by CT+G A is 0.9952 
Daltons. Likewise, the reverse, T C+A G is a difference of 
-0.9952 Daltons. 

0131 For this reason, all of the matching to the database 
is performed assuming this as a possibility on every Strand. 
However, when two masses match perfectly to two comple 
mentary base compositions at <10 ppm error (we generally 
use a threshold of 5 ppm or less) both masses would 
Simultaneously require a 1-dalton error, and both would be 
required to have the error shifted in the same direction, to 
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match a base composition fitting the above Scenario. To 
avoid the rare occurrence of this situation, replicate reactions 
are required to ensure reproducible results for a profile 
analysis. 

0.132. After scanning the database to generate a list of all 
possible fragment matches for each mass at +4 ppm thresh 
old and allowing a precise--1 Dalton error on every mass, an 
automatic filter was applied that assumes that a pair of 
perfect matches to a complementary pair of base composi 
tions overrides a match requiring a 1-dalton shift in the same 
direction on both Strands (as described in the above para 
graph). A second filter was applied to completely filter out 
ambiguous fragments where one mass actually did exhibit a 
one-Dalton shift error. This is easily Spotted in an automated 
fashion, because two masses will only match a complemen 
tary Set of base compositions with high precision if one of 
them is shifted by exactly 1 Dalton under this scenario. This 
can present ambiguity, however, because there is no de novo 
way to tell which mass has the error. Replicate reactions are 
relied upon to resolve this type of ambiguity (alternatively, 
a profile can be Scanned with ambiguity in an “either-or 
mode with little or no effect on the actual match result if 
enough fragments are present in a profile, much like using 
an R to represent A or G, or an 'N' to represent any 
nucleotide). 
0133. The last step is to create a composite profile from 
the combination of pre-filtered matches in each reaction 
Scenario. To do this, all of the unfiltered masses from each 
of the replicates in each reaction Scenario (e.g., one reaction 
scenario would be HV1 PCR product digested with Rsal) 
were combined into one data Set and used again against the 
entire database to regenerate a single composite profile. This 
operation provides the benefit of increasing Sensitivity in 
that a fragment lost in one reaction can be picked up in 
another, and can help prevent ambiguous base composition 
assignments. The final Step is to filter any ambiguous 

assignments from the composite profile before comparing 
profiles or Scanning the database with a profile. Even in the 
very unlikely case that masses representing both Strands of 
a fragment were Dalton-shifted in the Same direction, the 
Same fragment in a replicate reaction should disagree, which 
is the precautionary purpose of the final filtering Step. 

0134) Table 7 summarizes the results of the database 
Scans using the Six-region profiles. It should be noted here 
that there was considerably more noise in the larger non 
control-region spectra than the spectra for the HV1 and HV2 
regions. Although it did not detract from the ability to match 
the proper donor Signature, it did produce more than desired 
ambiguity in data processing. The level of noise in this data 
set also did not cause a problem in the ability to differentiate 
samples from each other by at least one SNP, with the 
exception of samples CS0004, CS0025 and CS0032. Inter 
estingly, one SNP in R1 differentiates CS0004 and CS0025 
(which appear to a very common mtDNA type when HV1 
and HV2 are matched to the database), which was detected 
only in the CS0025 profile. Therefore, CS0004 and CS0025 
could not be resolved from each other by direct comparison 
(see next section), CS0004 hits equally to CS0004 and 
CS0025 in the database scan, and CS0025 appears to dif 
ferentiate from CS0004 in a database scan (due to the fact 
that the profile is being compared to the known CS0004 
Sequence in the latter case, rather than the experimentally 
determined base composition profile that has a missing 
fragment). Two incorrect base compositions were predicted 
in CS0018 that were corrected by analysis of a duplicate set 
of restriction digestions. One incorrect base composition 
was predicted in each of samples CS0006, CS0011 and 
CS0026, each of which was likewise corrected by analysis 
of a duplicate Set of restriction digestions. This did not 
change the top database hit (Table 7), nor does it change the 
ability of CS0001-CS0036 to be differentiated from 
CS0018, CSO006, CSO011, or CSO026. 

TABLE 7 

Overview of Validation Results 

% NO. OF NO. OF MATCHED SECOND BEST% NO. OFID WITH 
BEST DATABASE FRAGMENTS MATCHING REFERENCE FRAGMENTS SECOND BEST 

SAMPLE MATCH MATCH HIGHEST% POSITIONS MATCHED FRAGMENTS MATCHED 

CSOOO1 CSOOO1 1OO 1. 2.942 90 2 
CSOOO2 CSOOO2 1OO 1. 3356 95.3 2 
CSOOO3 CSOOO3 1OO 1. 3294 90.7 2 
CSOOO4 CSOOO4 1OO 6 2879 97.3 14 

CSOO25 
CSOO32 
gi17985669 
gi13272808 
gi7985.543 

CSOOOS CSOOOS 1OO 1. 3190 95.1 12 
CSOOO6 CSOOO6 97.5 3O88 92.5 2 
CSOOO6 CSOOO6 1OO 3198 95 2 
Re-anal. 
CSOOO7 CSOOOf 1OO 1. 2940 87.2 11 
CSOOO8 CSOOO8 1OO 1. 3251 95.2 2 
CSOOO9 CSOOO9 1OO 1. 26.17 89.2 6 
CSOO1O CSOO1O 1OO 2 3205 97.6 8 

gi32692659 
CSOO11 CSOO11 97.7 1. 3O86 90.7 5 
CSOO11 CSOO11 1OO 1. 3028 92.7 5 
Re-anal. 
CSOO12 CSOO12 1OO 1. 3193 92.7 2 
CSOO13 CSOO13 1OO 1. 3O16 87.5 4 
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TABLE 7-continued 

Overview of Validation Results 

% NO OF NO. OF MATCHED SECOND BEST% NO. OFID WITH 
BEST DATABASE FRAGMENTS MATCHING REFERENCE FRAGMENTS SECOND BEST 

SAMPLE MATCH MATCH HIGHEST% POSITIONS MATCHED FRAGMENTS MATCHED 

CSOO14 CSOO14 OO 3O17 92.5 1. 
CSOO15 CSOO15 OO 3378 95.3 1. 
CSOO16 CSOO16 OO 2915 94.7 1. 
CSOO17 CSOO17 OO 3229 92.9 3 
CSOO18 CSOO18 94.9 2629 89.7 1. 
CSOO18 CSOO18 OO 2691 94.4 1. 
Re-anal. 
CSOO19 CSOO19 OO 2794 92.3 1. 
CSOO2O CSOO2O OO 3231 92.9 8 
CSOO21 CSOO21 OO 29O2 97.5 3 
CSOO22 CSOO22 OO 3314 95.3 1O 
CSOO23 CSOO23 OO 2953 846 3 
CSOO24 CSOO24 OO 3224 87.8 1. 
CSOO25 CSOO25 OO 3 3O8O 97.6 11 

gi3272808 
gi7985669 

CSOO26 CSOO26 97.6 2787 90.2 
CSOO26 CSOO26 OO 2787 92.5 1. 
Re-anal. 
CSOO27 CSOO27 OO 2940 94.9 4 
CSOO28 CSOO28 OO 2975 97.5 8 
CSOO29 CSOO29 OO 3OO2 92.7 4 
CSOO3O CSOO3O OO 3066 97.6 1. 
CSOO31 CSOO31 OO 3409 86.4 7 
CSOO32 CSOO32 OO 2 3288 97.6 3 

gi1798.5543 
CSOO33 CSOO33 OO 3098 92.7 2 
CSOO34 CSOO34 OO 31OO 85.4 2 
CSOO35 CSOO35 OO 3 2971 97.5 3 

gi32892351 
gi32892449 

CSOO36 CSOO36 OO 2703 91.9 3 

0135 Various modifications of the invention, in addition are also intended to fall within the Scope of the appended 
to those described herein, will be apparent to those skilled in claims. Each reference cited in the present application is 
the art from the foregoing description. Such modifications incorporated herein by reference in its entirety. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS : 72 

<210> SEQ ID NO 1 
&22O > FEATURE 

<400 SEQUENCE: 1 

OOO 

<210> SEQ ID NO 2 
&22O > FEATURE 

<400 SEQUENCE: 2 

OOO 

<210> SEQ ID NO 3 
&22O > FEATURE 

<400 SEQUENCE: 3 

OOO 
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-continued 

<210> SEQ ID NO 4 
&220s FEATURE 

<400 SEQUENCE: 4 

OOO 

<210 SEQ ID NO 5 
&220s FEATURE 

<400 SEQUENCE: 5 

OOO 

<210> SEQ ID NO 6 
&220s FEATURE 

<400 SEQUENCE: 6 

OOO 

<210 SEQ ID NO 7 
&220s FEATURE 

<400 SEQUENCE: 7 

OOO 

<210 SEQ ID NO 8 
&2 11s LENGTH 18 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 8 

to acgc gata gcattgcg 18 

<210 SEQ ID NO 9 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 9 

tggtttggca gagatgtgtt taagt 25 

<210> SEQ ID NO 10 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 10 

totcacggga gct citc catg c 21 

<210> SEQ ID NO 11 
&2 11s LENGTH 23 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 
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<400 SEQUENCE: 11 

totgttaaaa gtgcataccg cca 

<210> SEQ ID NO 12 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 12 

tgactic acco atcaacaa.cc gc 

<210> SEQ ID NO 13 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 13 

tgaggatggt ggtcaaggga C 

<210> SEQ ID NO 14 
<211& LENGTH 22 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 14 

tggatttgac totaatgtgc ta 

<210 SEQ ID NO 15 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 15 

tgaagggatt tactgtaat gtgctato 

<210> SEQ ID NO 16 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 16 

gaag cagatt togg taccac c 

<210 SEQ ID NO 17 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 17 

gtgtgttgttgc tiggg taggat g 

21 
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<210> SEQ ID NO 18 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 18 

tacggtocaat gctctgaaat citgtgg 

<210 SEQ ID NO 19 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 19 

tggtaagaag togggctaggg Catt 

<210> SEQ ID NO 20 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 20 

titatgtaaaa tocattgtcg catccacc 

<210> SEQ ID NO 21 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 21 

tggtgatago goctaag.cat agtg 

<210> SEQ ID NO 22 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 22 

toccattact aaaccoacac toaacag 

<210> SEQ ID NO 23 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 23 

tittcgtgcaa gaataggagg toggag 

<210> SEQ ID NO 24 
&2 11s LENGTH 27 

22 
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&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 24 

taaggcct to gatacgggat aatccta 

<210> SEQ ID NO 25 
&2 11s LENGTH 2.0 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 25 

tagggit cqaa gocgcacticg 

<210> SEQ ID NO 26 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 26 

tacticcaatig citaaaactaa togtoccaac 

<210 SEQ ID NO 27 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 27 

tgtgaggcgt attataccat agcc.g 

<210> SEQ ID NO 28 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 28 

toctag gaat caccitcccat tcc.ga 

<210 SEQ ID NO 29 
&2 11s LENGTH 29 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 29 

tagaatctta gctittggg to citaatggtg 

<210 SEQ ID NO 30 
&2 11s LENGTH 25 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

23 
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<400 SEQUENCE: 30 

tggcagocta gcattagcag gaata 

<210> SEQ ID NO 31 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 31 

tggctogaa.ca ttgtttgttg gtgt 

<210> SEQ ID NO 32 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 32 

togctgacgc cataaaactc titcac 

<210 SEQ ID NO 33 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 33 

talagtaatgc tagggtgagt ggtaggaag 

<210> SEQ ID NO 34 
&2 11s LENGTH: 31 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 34 

taactaatac taa catctoa gacgctoragg a 

<210 SEQ ID NO 35 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 35 

tittatoggct ttggtgaggg aggta 

<210 SEQ ID NO 36 
&2 11s LENGTH 2.0 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 36 

tacticccacc citggagccitc 
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<210 SEQ ID NO 37 
&2 11s LENGTH 30 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 37 

tgcticcitatt gataggacat agtggaagtg 

<210 SEQ ID NO 38 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 38 

ttatcaccitt toatgatcac gocct 

<210 SEQ ID NO 39 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 39 

tggcatttca citgitaaagag gtgttgg 

<210> SEQ ID NO 40 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 40 

tgitatgaatg gcticcacgag ggit 

<210> SEQ ID NO 41 
&2 11s LENGTH 26 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 41 

toggtaag.ca ttaggaatgc cattgc 

<210> SEQ ID NO 42 
<211& LENGTH 21 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 42 

gacticaccca toaacaa.ccg c 

<210> SEQ ID NO 43 
&2 11s LENGTH 2.0 
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<400 

TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 43 

gaggatggtg gtCaagggiac 

<400 

SEQ ID NO 44 
LENGTH 2.0 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 44 

citcacgggag citctocatgc 

<400 

SEQ ID NO 45 
LENGTH 22 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 45 

citgttaaaag to cataccgc ca 

<400 

SEQ ID NO 46 
LENGTH 21 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 46 

ggatttgact gtaatgtgct a 

<400 

SEQ ID NO 47 
LENGTH 17 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 47 

cacgcgatag cattgcg 

<400 

SEQ ID NO 48 
LENGTH 24 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: PCR Primer 

SEQUENCE: 48 

ggitttggcag agatgtgttt aagt 

SEQ ID NO 49 
LENGTH 26 
TYPE DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: PCR Primer 

26 
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<400 SEQUENCE: 49 

tggctattgg ttgaatgagt aggctg 

<210 SEQ ID NO 50 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 50 

tocc cattat gtaaaatcca ttgtc.gc 

<210 SEQ ID NO 51 
<211& LENGTH 24 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 51 

tgacittgaag to gaga aggc tacg 

<210> SEQ ID NO 52 
&2 11s LENGTH 27 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 52 

taagggtgga aggtgattitt atcggaa 

<210 SEQ ID NO 53 
&2 11s LENGTH 19 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 53 

tgccaccaca caccaccitg 

<210> SEQ ID NO 54 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 54 

tatagg gttcg aagcc.gcact c 

<210 SEQ ID NO 55 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 55 

totacticcaa tactaaaact aatcgtocc 
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<210 SEQ ID NO 56 
&2 11s LENGTH 23 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 56 

tggttgagaa tagtgtgag gcq 

<210 SEQ ID NO 57 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 57 

to acctcc.ca titcc.gataaa atcacct 

<210 SEQ ID NO 58 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 58 

toaaalaccat accitct cact tca acctic 

<210 SEQ ID NO 59 
<211& LENGTH 22 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 59 

tacaaccott cqctgacgcc at 

<210 SEQ ID NO 60 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 60 

taagtaatgc tagggtgagt ggtaggaa 

<210> SEQ ID NO 61 
<211& LENGTH 24 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 61 

ttgaacagtc taccctccct tagc 

<210> SEQ ID NO 62 
&2 11s LENGTH 29 

28 

-continued 

23 

27 

28 

22 

28 

24 

Dec. 1, 2005 



US 2005/0266411A1 

&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 62 

tgtag tacga tigtctagtga tigagtttgc 

<210 SEQ ID NO 63 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 63 

tgctitcctag toct9tatgc cctttitcc 

<210> SEQ ID NO 64 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 64 

tggcgt.ca.gc galagggttgt a 

<210 SEQ ID NO 65 
<211& LENGTH 21 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 65 

tgtgcacgcg atago attgc g 

<210 SEQ ID NO 66 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 66 

tggggtttgg cagagatgttg tittaagt 

<210 SEQ ID NO 67 
&2 11s LENGTH 2.8 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 67 

tdaagtattg acticaccoat caacaacc 

<210 SEQ ID NO 68 
&2 11s LENGTH 29 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

29 

-continued 

29 

28 

21 

21 

27 

28 
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<400 SEQUENCE: 68 

to gaga aggg atttgactgt aatgtgcta 

<210 SEQ ID NO 69 
&2 11s LENGTH 27 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 69 

taccacco aa gtattgactic accoatc 

<210 SEQ ID NO 70 
&2 11s LENGTH 25 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 70 

tdatggggac gaga agggat ttgac 

<210 SEQ ID NO 71 
&2 11s LENGTH 2.8 
&212> TYPE DNA 

<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 71 

tdaagtattg acticaccoat caacaacc 

<210 SEQ ID NO 72 
&2 11s LENGTH 16568 
&212> TYPE DNA 
<213> ORGANISM: Artificial Sequence 
&220s FEATURE 
<223> OTHER INFORMATION: PCR Primer 

<400 SEQUENCE: 72 

gatcacaggit citatcaccct 

Cgtctggggg gtatgcacgc 

gcagtatctg. tctittgattc 

acaggc gaac atact tacta 

acaattgaat gtctgcacag 

aaccoccoct coccc.gctitc 

acaaagaacc ctaacaccag 

ttittaacagt caccocccaa 

citcatcaata caaccoccgc 

cc.ccgalacca accaaaccoc 

gcaatacact gaaaatgttt 

citagccttitc tattagctct 

to accotcta aatcaccacg 

attalaccact 

gatago attg 

citgccitcatc 

aagtgtgtta 

ccacttitc.ca 

tggccacago 

cctaaccaga 

citalacacatt 

ccatccitacc 

aaaga caccc 

agacgggctC 

tagtaagatt 

atcaaaaggg 

Cacgggagct 

C gaga.cgctg 

citatt attta 

attaattaat 

cacagacatc 

act taalacac 

tittcaaattit 

attittococt 

cagdacacac 

cccacagttt 

acatcacccc. 

acacatgcaa 

acaag catca 

30 

-contin 

citccatgcat 

gag.ccggagc 

togcaccitac 

gcttgtagga 

ataacaaaaa. 

atctotgcca 

tatcttittgg 

cc cactic coca 

acaccgctoc 

atgtagctta 

ataaacaaat 

gcatc.ccc.gt 

agcacgcago 

ued 

ttgg tattitt 

accotatgtc 

gttcaatatt 

cataataata 

attitccacca 

a CCC. Caaaa. 

cgg tatgcac 

tactactaat 

taa.ccc.cata 

ccticcitcaaa. 

aggtttggto 

to cagtgagt 

aatgcagctic 

Dec. 1, 2005 

29 

27 

25 

28 

60 

120 

18O 

240 

3OO 

360 

420 

480 

540 

600 

660 

720 
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31 

-continued 

aaaacgctta gcc tag ccac accoccacgg gaalacagoag to attalacct ttagcaataa 840 

acgaaagttt alactaagcta tacta accoc agg gttggto: aattitcgtgc cagocaccgc 9 OO 

gg to acacga ttalacc caag to aatagaag ccggcgtaaa gagtgttitta gatcaccc.cc 96.O 

tocc caataa agctaaaact caccitgagtt gtaaaaaact coagttgaca caaaatagac O20 

tacgaaagtg gctittaa.cat atctgaacac acaatagota agacccaaac toggattaga O8O 

taccc.cacta to cittagc.cc taalaccitcaa cagittaaatc aacaaaact g citc.gc.cagaa 14 O 

cactacgagc cacagottaa aactcaaagg acctggcggit gcttcat atc cct citagagg 200 

agcctgttct gtaatcgata aaccocgatc aacctcacca cotcttgctc agcctatata 260 

cc.gc.catctt cagoaaacco to atgaaggc tacaaagtaa go.gcaagtac coacgtaaag 320 

acgttagg to aaggtgtagc ccatgaggtg gcaagaaatg ggctacattt totaccc.ca.g 38O 

aaaactacga tagcc.cittat gaaacttaag g g togalaggt ggatttagca gtaaactaag 4 40 

agtagagtgc titagttgaac agggccct ga agcgc.gtaca caccgc.ccgt cacccitcctic 5 OO 

aagtatacitt caaaggacat ttalactaaaa coccitacgca tittatataga ggaga caagt 560 

cgta acatgg taagtgtact ggaaagtgca cittggacgaa ccagagtgta gotta acaca 62O 

aag cacccaa cittacactta ggagatttica actta acttg accgctotga gctaalaccita 680 

gcc.ccaaacc cactccacct tactaccaga caaccittagc caaac cattt accoaaataa 740 

agtatagg.cg atagaaattgaaacctgg.cg caatagatat agtaccgcaa goggaaagatg 800 

aaaaattata accaag cata atatagoaag gacta accoc tatacct tct gcataatgaa 860 

ttalactagaa atalactittgc aag gagagcc aaagctaaga ccc.ccgaaac Cagacgagct 920 

acctaagaac agctaaaaga gcacaccc.gt citatgtagca aaatagtggg aagatttata 98O 

ggtagaggcg acaaacctac cqagcctggit gatagotggit totccaagat agaatcttag 20 40 

ttcaactitta aatttgcc.ca cagaaccotc taaatcc cct totaaattta actgttagtc 2100 

caaagaggaa cagotcitttg gacac tagga aaaaaccttg tagagagagt aaaaaattta 216 O 

acac coatag taggcc-taaa agcagocacc aattaagaaa gogttcaagc ticaac acco a 2220 

citacctaaaa aatcccaaac atataactga acticcitcaca cocaattgga ccaatctato 228O 

accotataga agaactaatg ttagtataag talacatgaaa acattcticct cog cataagc 234. O 

citgcgtcaga ttaaaacact gaactgacaa tta acago.cc aatat citaca atcaiaccaac 24 OO 

aagt catt at taccct cact gtcaa.cccaa cacaggcato citcataagga aaggittaaaa 2460 

aaagtaaaag gaactcggca aatcttaccc cqcctgttta ccaaaaa.cat caccitctago 252O 

atcaccagta ttagaggcac cqcctg.ccca gtgacacatg tittaacggcc gcggtaccct 258O 

aaccgtgcaa aggtag cata atc acttgtt cottaaatag ggacctgitat gaatggcto c 264 O 

acgagggttc agctgtc.tct tacttittaac cagtgaaatt gacct gcc.cg tdaag aggcg 27 OO 

ggcatalacac agcaagacga gaag accota toggagctitta atttattaat gcaaacagta 276 O. 

cctaacaaac ccacaggtoc taalactacca aacct gcatt aaaaattitcg gttgggg.cga 282O 

ccitcggagca galacccalacc toc gag cagt acatgctaag actitcaccag toaaag.cgaa 2880 

citactatact caattgatcc aataacttga ccaacggaac aagttaccct agggataa.ca 2.940 

gc gcaatcct attctagagt coatatoaac aatagggittt acg acct cqa tottggatca 3OOO 

ggacatcc.cg atggtgcago C gotiattaaa gqttcgtttgttcaacgatt aaagticcitac 3060 
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gtgatctgag 

tgtacgaaag 

atcatctoala 

gagc.ccggta 

acaa.catacc 

toctaatgct 

ttgtagg.ccc 

agcc cctaaa 

tdaccatc.gc 

accitaggcct 

Cagggtgagc 

caatctoata 

cctittalacct 

gacccttggc 

accittgcc.ga 

cctitc.gc.cct 

citacaatctt 

ttgtcaccaa 

gatticcgcta 

cattactitat 

aagaaatatg 

cittattitcta 

ccitaticacac 

aaatgttggit 

taccatctitt 

aggccitagaa 

titccacagaa 

aatagotato 

tdaatactica 

toacttctga 

cacatgacaa 

aag ccttcto 

ccaaac coag 

agcagttcta 

alactactacc 

togcaccitga 

aggaggcct 

aaaaaacaat 

ttcagaccgg 

gacaa.gagaa 

cittagtatta 

atc.gcataaa 

catggccaac 

taccgaacga 

citacgggcta 

accogccaca 

tottctacta 

cc tatt tatt 

atcaaactica 

tgaagt cacc 

citccacccitt 

cataatatga 

aggggagtCC 

attctt cata 

ccitaggaa.ca 

gaccotactt 

c gacca acto 

atgatatgtc 

totgataaaa 

ggactatag 

cc catcc tala 

taitaccct to 

gcaggcacac 

ataaac atgc 

gct gcc atca 

citcttcaa.ca 

toattaataa. 

gtoccagagg 

aaactagocc 

citcacticitct 

citacgcaaaa 

cc.gtacaacc 

gcattcctac 

aacaagctaa 

ccc.ccgctaa 

agcctdatca 

agtaatccag 

ataaggccita 

tacccacacc 

actitaaaact 

citcc tacticc 

aaaattctag 

citacaa.ccct 

totaccatca 

tgaaccocco 

ctagocacct 

aactacgc.cc 

ctagocatca 

atcaca acac 

tittatctoca 

galactagt ct 

gcc gaataca 

acatatgacg 

citalacctic cc 

attacaccitcc. 

to cataccca 

gagttactitt 

aatcgaacco 

agtaaggtoa 

cc.gtactaat 

tdatcacago 

tagcttittat 

agtatttcct 

ata tacticitc. 

toataatago 

ttacccaagg 

ccatctoa at 

caatctitatic 

tottagcata 

citalacataac 

tacticaactt 

catgactaac 

ccggctttitt 

tocccaccat 

gtoggitttct 

citt cacaaag 

cacccaagaa 

ttacagt cag 

toattgtacc 

gctatataca 

togctgacgc 

cc citctacat 

tocccatacc 

ctagoctago 

tgatcgg.cgc 

ttctact atc 

aagaacacct 

cactagoaga 

caggottcaa 

caaac attat 

cactic toccc. 

tgttctitatg 

tatgaaaaaa 

ttacaatcto 

gatagagtaa 

atc.cctgaga 

gctaaataag 

taatcccctg 

gctaagctog 

tdcagttcta 

cacgcaa.gca 

cggacaatga 

tatagdaata 

caccoctotg 

catataccala 

catcatagoa 

ctic citcaatt 

cattcttaat 

aaacticcago 

accottaatt 

gcc caaatgg 

catagocacc 

32 

-contin 

atctactitca 

cgcctitcccc 

cagggitttgt 

aggttcaatt 

cattctaatc 

actacgcaaa 

cataaaactic 

caccgc.ccc.g 

caaccocctg 

cgtttactica 

actg.cgagca 

aac attacita 

citgattactic 

gaccalacc.ga 

catcgaatac 

tataataaac 

tgaactcitac 

aattic galaca 

cittcc tacca 

cago attccc 

ataataggag 

atccaaaatt 

citatcgg gcc 

gcc caa.ccc.g 

cactgattitt 

aCCaaaaaaa. 

accgcatcca 

accatalacca 

aaactaggaa 

acatc.cggcc 

atctotocot 

ggCagttgag 

accoa catag 

ttalactatitt 

accac gaccc 

ccatccacco 

gcc attatcg 

atcacccticc 

ued 

aattic citcc.c 

cgtaaatgat 

taagatggca 

cotcittctita 

gcaatgg cat 

ggc.cccaacg 

ttcaccaaag 

accittagctc 

gtoaaccitca 

atcctctgat 

gtagcc.caaa 

ataagtggct 

citgccatcat 

accoccittcg 

gcc gCaggCC 

accostcacca 

acaa.catatt 

gcataccccc 

citcaccotag 

ccitcaaacct 

cittaaa.ccc.c 

citc.cgtgc.ca 

cataccc.cga 

tdatctactic 

ttacctgagt 

taaaccotcg 

taatcc titct 

a tactaccala 

tagcc.cccitt 

tgcttcttct 

cactaaacgt. 

gtggattaaa 

gatgaataat 

a tattatcct 

tactact atc. 

tootcitcoct 

aagaattcac 

ttalaccticta 

312 O 

318O 

324 O 

3360 

342O 

3480 

354. O 

3600 

3660 

372 O 

378 O. 

384 O 

39 OO 

396 O 

4020 

408 O 

414 O 

4200 

4260 

4320 

4.380 

4 440 

4500 

45 60 

4680 

474. O 

4800 

4860 

4920 

4.980 

5040 

5 160 

5220 

528 O 

5340 
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cittctaccta 

aaaaataaaa. 

ccttaccacg 

gttaaataca 

acagotaagg 

taagctaagc 

agcaccctaa 

agcc.ccggca 

gagctggtaa 

ccattt tacc 

agacattgga 

aag cctocitt 

ctacaacgtt 

cataatcgga 

gttitcc.ccgc 

cgcatctgct 

agggaactac 

aggtgtc.t.cc 

ccctg.ccata 

cc tact toto 

caac citcaiac 

cctattotga 

aatctoccat 

ggtotgagct 

tacagtagga 

tatic cccacc 

atgatctgct 

gactgg catt 

tgtagcc.cac 

cattcactga 

tittcactato 

atc.cggaatg 

atcatctgta 

agaa.gc.ct to 

gtgactatat 

taga caaaaa 

ccatgactitt 

ataggctaaa 

cgcctaatct 

tgacagtttg 

citacticcitac 

gacCaaga gC 

actgcaaaac 

cct tactaga 

tdaactggct 

ggitttgaagc 

aaagaggcct 

to accoccac 

acactatacc 

attcgagcc.g 

atcgtoacag 

ggctttggca 

ataaacaa.ca 

atagtggagg 

toccaccotg 

totatottag 

accocaatacc 

citatoticitcc. 

accaccittct 

tttittcggto 

attgtaactt 

atgatato aa 

atagacgtag 

ggcgtcaaag 

gcagtgctict 

gtattagcaa 

titccactatg 

titt.coccitat 

atatto atcg 

cc.ccgacgtt 

ggctoatt.ca 

gctitcgaagc 

ggatgcc.ccc 

aggaaggaat 

ttcaaaaagg 

toctatatat 

acticcaccitc. 

alacatacaaa. 

citatic toccc. 

cittcaaag.cc 

cccactctg.c 

ccaatgggiac 

tdaatctact 

tgcttctitcg 

aaccoct9tc 

tgatgttcgc 

tattattogg 

agctgggc.ca 

cccatgcatt 

actgacitagt 

taagcttctg 

CCggagcagg 

gag cotcc.gt 

gggccatcaa 

aaacgc.ccct 

cagtoctago 

to gacccc.gc 

accotgaagt 

act actoc gg 

ttggctitcct 

acacacgagc 

tatttagctg 

gag CCCtagg 

acticatcact 

to citatcaat 

totcaggcta 

gc gtaaatct 

acticggacta 

tittctotaac 

gaaaagttcct 

cacccitacca 

cgaac cocco 

tattagaaaa 

cittaatggca 

aatcacacta 

acccaccoca 

ttittatacta 

citcagtaagt 

atcaactgaa 

ttaaa.cccac 

totccc.gc.cg 

aatttgcaat 

tittagattta 

c gaccgttga 

cgcatcagot 

gcc aggcaac 

tgtaataatc 

toccctaata 

acticittacct 

aac aggttga 

agaccita acc 

titt catcaca 

cittcgtotga 

tgctggcatc 

Cggaggagga 

titatattott 

aaaaaaagaa 

agg gtttatc 

a tattitcacc 

acticgc.caca 

attcatctitt 

aga catcgta 

aggagctgta 

cacccitagac 

aactittctitc. 

cc.ccgatgca 

agcagtaata 

aatagtagaa 

cacattcgaa 

aaagctggitt 

accattt cat 

catgcagc.gc 

33 

-continued 

citccccatat citaacaacgt 

titcctcc.cca cactcatc.gc 

ataatctitat agaaatttag 

tgcaatactt aatttctgta 

cgcaaatcag ccactittaat 

aaacacttag tta acagota 

CCgggaaaaa aggcgggaga 

totaatatgaa aatcaccitcg 

cagtccaatig citt cacticag 

citattotcta caaaccacala 

ggagtcc tag goacagotct 

cittctaggta acgaccacat 

ttcttcatag taatacccat 

atcggtgc.cc cc.gatatggc 

cccitctotcc tactcctgct 

acagtctacc citcccittagc 

atcttctoct tacacctag c 

acaattatca atataaaacc 

to C gtccitaa toacagoagt 

actatactac talacagaccg 

gacco cattc tataccaaca 

atcctaccag gottcggaat 

ccatttggat acataggitat 

gtgtgag cac accatatatt 

tdcgctacca taatcatc.gc 

citccacggaa goalatatgaa 

cittitt caccg taggtggcct 

citacacgaca C gtactacgt. 

tittgc catca taggaggott 

caaaccitacg ccaaaatcca 

ccacaacact ttctdgg cct 

tacaccacat gaaacatcct 

ttaataattt toatgatttg 

galacc citcca taalacctgga 

galaccc.gitat acataaaatc 

toaa.gc.caac cc catggcct 

aactttgtca aagttaaatt 

aagtaggtot acaagacgct 

5 400 

546 O 

552O 

558 O 

5640 

5700 

576 O. 

582O 

588 O 

594 O 

6 OOO 

6060 

61.20 

618O 

624 O 

6300 

6360 

642O 

64.80 

654. O 

6600 

6660 

678 O. 

6840 

69 OO 

696 O 

708O 

714. O 

726 O 

732O 

440 

7500 

756 O 
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34 

-continued 

actitcc ccta toatagaaga gcttatcacc titt catgatc acgc.cctcat aatcatttitc 768O 

cittatctgct tcc tag to ct g tatgcc.citt titcctaacac toacaacaaa actaactaat 774. O 

acta acatct cagacgctica ggaaatagaa accgtctgaa citatcct gcc cqc catcatc 7800 

citagtc.ctica togcc.citc.cc atc.ccitacgc atcctttaca taacagacga ggtoaac gat 786 O 

cc citcc citta ccatcaaatc aattggccac caatgg tact galaccitacga gtacaccgac 7920 

tacggcggac taatcttcaa citcctacata citt.cccc.cat tattoctaga accaggc gac 798O 

citgcgacitcc ttgacgttga caatcgagta gtact cocq a ttgaa.gc.ccc cattcgtata 804. O 

ataattacat cacaagacgt Cittgcactica tagctdtcc ccacattagg cittaaaaa.ca 8100 

gatgcaattic ccggacgtct aaaccaaacc actitt caccg citacacg acc gggggtatac 81 60 

tacggtocaat gctctgaaat citgtggagca aaccacagtt to atgcc cat cqtcc tagaa 8220 

ttaatticccc taaaaatctt tdaaataggg ccc.gtattta coctatagoa ccc.ccitctac 828O 

cc cctotaga gcc cactgta aagctaactt agcattalacc ttittaagtta aagattalaga 8340 

galacca acac citctttacag tdaaatgc.cc caactaaata citac.cgitat g g cccaccata 84 OO 

attacccd.ca tacticcittac actattoctic atcacccaac taaaaatatt aaa.cacaaac 84 60 

taccaccitac citc.cct cacc aaag.cccata aaaataaaaa attataacaa accotgagaa 852O 

ccaaaatgaa cqaaaatctg. titcgcttcat to attgc.ccc cacaatcct a ggcct accog 858O 

cc.gcagtact gatcattcta tittcc.cccitc tattgatccc caccitccaaa tatctoatca 864. O 

acaa.ccgact aatcaccacc caacaatgac taatcaaact aaccitcaaaa caaatgataa 87 OO 

ccatacacaa cactaaagga cqaacctgat citcttatact agitatccitta atcatttitta 876O 

ttgccacaac taacctccitc g g acticcitgc citcactcatt tacacca acc accoaactat 882O 

citataa acct agc catggcc atc.cccittat gag.cggg cac agtgattata ggcttitcgct 888O 

ctaagattaa aaatgcccta gcc cacttct taccacaagg cacacctaca ccccittatcc 894 O 

ccatac tagt tattatcgaa accatcagcc tactic attca accalatagoc ctdgcc.gtac 9 OOO 

gcct aaccgc talacattact gcaggccacc tacticatgca cctaattgga agcgccaccc 9 O60 

tagcaatato aaccattaac ctitcc citcta cacttatcat cittcacaatt citaattctac 912 O 

tgactatoct agaaatc.gct gtogccttaa tocaag ccta cqttittcaca cittctagtaa 918O 

gcct citacct gcacgacaac acataatgac ccaccalatca catgccitatc atatagtaaa 924 O 

acco agcc.ca to accoctaa cagggg.ccct citcagoc citc ctaatgacct coggcctago 93OO 

catgtgattt cactitccact coataacgct cotcatacta ggcctactaa ccaacacact 936 O 

alaccatatac caatgatggc gcgatgtaac acgagaaag.c acataccaag gocaccacac 9420 

accaccitgtc. caaaaaggcc titcgatacgg gataatccta titt attacct cagaagttitt 94.80 

tittctitc.gca ggatttittct gag cotttta ccacticcago citagcc.ccta ccc.cccaatt 954. O 

aggagggcac toggcc.cccaa caggcatcac ccc.gctaaat coccitagaag toccacticct 96.OO 

aaacacatcc gtattact.cg catcaggagt atcaatcacc tdagcto acc atagtictaat 9 660 

agaaaacaac cqaalaccalaa taattcaagc act gottatt acaattittac toggtc.tcta 972 O 

ttttaccotc ctacaagcct cagagtactt cq agtctocc titcaccattt cog acgg cat 978O 

citacggctica acatttitttg tagccacagg citt.ccacgga citt cacgtoa ttattggctic 984 O 

aactittccitc actatotgct tcatcc.gc.ca actaatattt cactttacat coaaacatca 9900 



US 2005/0266411A1 

citttggctitc 

gtatgtctoc 

ccaattalact 

aatcaa.cacc 

cggctacata 

cgtc.ccttitc 

aattg.cccitc 

tatgtcatcc 

aaaaggatta 

attalaattat 

atttaccatc. 

atgccitagaa 

ccacticcotic 

agcggtgggC 

talaccitaaac 

acatgactitt 

agcatcatcc 

accittittoct 

citcacaatca 

tacctcitcta 

citaatcatat 

Cgatgaggca 

gtaggctocc 

aa.cattctac 

atatgactag 

tgacitcccta 

citcttaaaac 

aaacacatag 

atctg.cctac 

gcc.citcgtag 

citcataatcg 

gaacgc acto 

atag citttitt 

citactgggag 

cittacaggac 

caatggggct 

accotcatgt 

accgggttitt 

gaagcc.gc.cg 

atctattgat 

agttittgaca 

citcctagoct 

gaaaaatcca 

to cataaaat 

cittittaccoc 

citcttattaa. 

gactgaac cq 

gataatcata 

toacttctag 

ggaataatac 

ttagocaata 

ctagocctac 

citactic caat 

C. Caaaaaa.ca 

citctactatt 

ccg accocct 

tggcaa.gc.ca 

tactaatcto 

tittatatott 

accago Caga 

titc.cccitact 

tacticactict 

cittacacaat 

aagcc.catgt 

tagg.cggcta 

ccitacccott 

gacaaacaga 

taa.ca.gc.cat 

cccacgggct 

acagtc.gcat 

gatgacittct 

aactcitctgt 

toalacatact 

cactica.ccca 

toatacacct 

cctcittgtaa 

cctgatactg 

gagggtotta 

acattcaaaa. 

tactactaat 

ccccttacga 

tottcttagt 

taccatgagc 

toatcatcct 

aattggtata 

tittaccalaat 

gaatactagt 

tatcgctgtt 

ttgttgccitat 

tag totcaat 

gctaaaacta 

cataatttga 

ttittalaccala 

aacaa.cocco 

acgcc actta 

ccitacaaatc. 

cittcgaaacc 

acgc.ctgaac 

catc.gcacta 

cactg.cccala 

agcttittata 

cgaag.ccc.cc 

tggtataata 

ccttgtacta 

cctaaaatcg 

totcatccala 

tacatccitca 

cataatcc to 

agcaa.gc.citc 

gctagtaacc 

agt cacagoc 

ccacattaac 

atcc.cccatt 

atatagittta 

gcattttgta 

citcttittagt 

aagagtaata 

aattattaca 

gtgcggctitc 

agctattacc 

cot acaaaca 

agcc.ctaagt 

tagtttaaac 

gcc cctoatt 

atatogctda 

cattatagot 

tgccatacta 

citccalacaca 

atcgtc.ccaa 

atcaiacacala 

atcaacaa.ca 

citcc taatac 

to cagtgaac 

to cittaatta 

acactitaticc 

gcagg cacat 

atttacactic 

galactatoaa 

gtaaagatac 

atc.gctgggit 

cgcctcacac 

toccitat gag 

citcattgcat 

accoccitgaa 

titactattoct 

totcaaggac 

gctaaccitcg 

acgttctoct 

citatact.ccc. 

alacataaaac 

citcotccitat 

accalaalacat 
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gatgttggittt gactatttct 

ataaatagta cogittaactt 

aactitc.gcct taattittaat 

ttittgacitac cacaactcaa 

gacccitatat coccc.gc.ccg 

ttcttattat ttgatctaga 

actaacct gc cactaatagt 

citggccitat g agtgactaca 

aaaacgaatg attitcgactic 

tacataaata ttatactag c 

cacct catat cotcc citact 

acticitcaitaa cccitcaiacac 

gtotttgcc.g. cct gcigaagc 

tatggcc tag actacgtaca 

caattatatt actaccactg 

ccacccacag cotaattatt 

accitatttag citgttcc.cca 

taactacct g acticcitaccc 

cactato acg aaaaaaactic 

taacattcac agccacagaa 

ccaccittggc tatcatcacc 

act tcc tatt citacacccita 

acaac accot aggct cacta 

acticcitgagc caacaactta 

citctttacgg acticcactta 

caatagtact tcc.gcagta 

to attctgaa coccotgaca 

gcataattat aacaagctoc 

acticttcaat cagocacata 

gottcaccgg cqcagtcatt 

gcc tagdaaa citcaaactac 

ttcaaactict acticccacta 

cct tacccd.c. cactattaac 

gatcaaatat cactcitccta 

totacatatt taccacaa.ca 

cct cattcac acgagaaaac 

cccitcaacco cqacatcatt 

cagattgttga atctgacaac 

996 O 

OO20 

O 140 

O260 

O320 

04 40 

O5 OO 

O560 

O 620 

O 680 

Of 40 

O 860 

O920 

O4. O 

100 

160 

220 

280 

34 O 

400 

460 

640 

FOO 

760 

820 

940 

2060 

2120 

218O 
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-continued 

agaggottac gaccc.cittat ttacc gagaa agcto acaag aactoctaac to atgcc.ccc 2240 

atgtctaa.ca acatggctitt citcaacttitt aaaggataac agctato cat tdgtottagg 2300 

cc.ccaaaaat tittggtgcaa citccaaataa aagtaataac catgcacact actatalacca 2360 

ccctaaccot gactitcccta attcc.ccc.ca toctitaccac cotcgittaac cctaacaaaa 2420 

aaaacticata cocccattat gtaaaatcca ttgtc.gcatc. cacctittatt atcagtctot 24.80 

tocc cacaac aatattoatg togccitaga.cc aagaagttat tat citcgaac to acact gag 2540 

ccacaaccoa aacaac coag citctoccitaa gottcaaact agacitacttic tocataatat 2600 

tdatccctgt agcattgttc gttacatggit coatcataga attctoactg tdatatataa 2660 

actcag acco aaacattaat cagttcttca aatatotact catctitccta attaccatac 2720 

taatcttagt taccgctaac aacct attcc aactgttcat cqgct gagag gg.cgtaggaa 2780 

ttatat cott cittgct catc agttgatgat acgc.ccgagc agatgccaac acago agc.ca 284 O 

ttcaa.gcaat cottatacaac cqtatcgg.cg atato ggttt catcc to goc ttago at gat 29 OO 

ttatcctaca citccaactica tagagaccoac aacaaatago cottctaaac gotaatccaa 2960 

gcct cacccc act act aggc citcct cottag cagcago agg caaatcagoc caattaggto 3020 

tdcacccctg acticccctca gccatagaag gocccaccoc agtctdagcc ctacticcact 3O8O 

caag cactat agttgtag ca ggaatcttct tactcatcc.g. citt.ccacccc ctagoagaaa 314 O 

atagoccact aatccaaact cita acactat gottagg.cgc tat caccact citgttc.gcag 3200 

cagtctg.cgc ccttacacaa aatgacatca aaaaaatcgt agc cittctoc acttcaagtic 326 O 

aactaggact cataatagitt acaatcggca toaacca acc acaccitagca titcctgcaca 3320 

totgtaccca cqccttcttcaaag.ccatac tatttatgttg citccgggtoc atcatccaca 3380 

accittaacaa togaacaagat attcgaaaaa taggagg act actcaaaac catacctotca 34 40 

cittcaaccitc cctoac catt go cagoctag cattagcagg aatacctitt.c citcacaggitt 3500 

totacticcaa agacca catc atcgaaac cq caaac at atc atacacaaac goctoga.gc.cc 356 O 

tatctattac totcatc.gct accitccctga caag.cgccta tag cacticga ataattctitc 362O 

to accotaac aggtoaacct cqctitccc.ca cccttacitaa cattaacgaa aataaccoca 3 680 

ccctactaaa ccc cattaaa C goctogcag ccggaagcct attc.gcagga tittct catta 3740 

ctaacaac at titccccc.gca toccoctitcc aaacaacaat cocccitctac citaaaactca 38 OO 

cagoccitc.gc tigtoactittc citagg acttic taacagocct agaccitcaac tacctaacca 3860 

acaaacttaa aataaaatcc ccactatgca cattttattt citccaacata citcggattot 392 O 

accotagoat cacacaccgc acaatcc.cct atctagg cct tcttacgagc caaaacct gc 398O 

ccctactcct cotag accita acctgactag aaaagctatt acctaaaaca atttcacago 4040 

accaaatcto caccitccatc atcaccitcaa cccaaaaagg cataattaaa citttactitcc 41 OO 

totctittctt cittcccactc atcctaacco tacticcitaat cacataacct attcc.ccc.ga 416 O 

gcaatctoaa ttacaatata tacaccaaca aacaatgttcaaccagtaac tactactaat 4220 

caacgc.cc at aatcatacaa agcc.ccc.gca ccalataggat cotcc.cgaat caa.ccctgac 428O 

ccctcitccitt cataaattat tdagctitcct acactattaa agtttaccac aaccaccacc 434 O 

ccatcatact citttcaccca cagdaccaat catacctcca togctaacco cactaaaaca 4 400 

citcaccalaga cctoaa.cccc to accoccat gcc to aggat acticcitcaat agc catcgct 4 460 
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gtagtatato caaaga caac catcattccc cctaaataaa ttaaaaaaac tattaaacco 4520 

atata accitc ccc.caaaatt cagaataata acacaccc.ga ccacaccgct aacaatcaat 4580 

actaalacc cc cataaatagg agaaggotta gaagaaaacc ccacaaacco cattactaaa 4 640 

cc cacactica acagaaacaa agcatacatc attattotcg cacggacitac alaccacg acc 47 OO 

aatgatatga aaaaccatcg ttgtatttica act acaagaa caccalatgac cocaatacgc 476 O 

aaaactaacc ccctaataaa attaattaac cactcattca tog acctccc cacco catcc 482O 

aa.catctocq catgatgaaa citt.cggctica citccttggcg cct gcct gat cotccaaatc 488 O 

accacaggac tattoctago catgcactac toaccagacg cctoa accgc cittittcatca 494. O 

atc.gc.ccaca toactic gaga C gtaaattat ggctgaatca toc gottacct tcacgc.caat 5 OOO 

ggcgc.citcaa tattotttat citgccitctitc ctacacatcg ggc gaggcct atattacgga 5060 

toatttctdt acticagaaac citgaaacatc ggcattatcc toctogcttgc aactatagda 5 120 

acagoctt.ca taggctatot cotcc.cgtga ggccaaatat cattctgag g g g c cacagta 5 18O 

attacaaact tactato.cgc catcc catac attgggacag accitagttca atgaatctga 5240 

g gaggctact cagtag acag toccaccotc acacg attct ttacctttca cittcatcttg 53OO 

ccctitcatta ttgcagocct agcaacactc. caccitccitat tcttgcacga aacgg gatca 536 O 

aacaaccocc taggaatcac citcccattcc gataaaatca cottccaccc titactacaca 542O 

atcaaagacg cccitcggctt acttctottc cittctdtcct taatgacatt aacactatto 54.80 

to accagacc toctagg.cga cccagacaat tataccctag cca accocitt aaa.caccc.ct 554. O 

ccccacatca agcc.cgaatg atattitccita titc.gc.ctaca caattctocq atcc.gtocct 5 6.OO 

aacaaactag gagg.cgtoct togccctatta citatccatcc tdatcctag caataatcccc 566 O 

atccitccata tatccaaaca acaaag cata atattitc.gcc cactaagcca atcacttitat 572O 

tgactic ctag cc.gcag acct cott cattcta acctgaatcg gaggaca acc agtaagctac 578O 

ccttittacca toattggaca agtag catcc gtactatact tcacaacaat cotaatccta 584 O 

ataccalacta totcc.ctaat tdaaaacaaa atactcaaat gggcctgtcc ttgtagtata 59 OO 

aactaataca ccagtc.ttgt aaaccggaga tigaaaac citt titt coaagga caaatcagag 596 O 

aaaaagttctt taactccacc attagcacco aaagctaaga ttctaattta aactattotc 6O20 

tgttctitt.ca togggaag ca gatttgggta ccacccaagt attgacticac ccatcaacaa 608 O 

cc.gctatota titt.cgtacat tactgccago caccatogaat attgtacggt accataaata 614 O 

cittgaccacc totagtacat aaaaaccoaa tocacatcaa aaccoccitcc ccatgcttac 62OO 

aa.gcaagtac agcaatcaac cottcaactat cacacatcaa citgcaactcc aaag.ccaccc 6260 

citcacccact aggataccala caaacctacc cacccittaac agtacatagt acataaag.cc 632O 

atttaccgta catagdacat tacagtcaaa toccittctog tocccatgga tigacccc.cct 6,380 

cagatagggg toccittgacc accatcctico gtgaaatcaa tat cocq cac aagagtgcta 6 440 

citct cotcgc. tcc.ggg.ccca talacacttgg g g g tagctaa agtgaactgt atc.cgacatc 6500 

tggttcctac titcagggtoa taaag.ccitaa atagoccaca C gttc.ccctt aaataagaca 656 O 

toac gatg 6568 
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What is claimed is: 
1. A method of forensic analysis of a Sample comprising 

mitochondrial DNA comprising: 
Selecting a region of mitochondrial DNA comprising at 

least one restriction site whereat a restriction enzyme 
cleaves said mitochondrial DNA to produce a plurality 
of restriction fragments, 

populating a relational database of known mitochondrial 
DNA sequences with molecular masses which corre 
spond to theoretical restriction fragments obtained 
from theoretical digestion of each member of Said 
database at Said at least one restriction site; 

Selecting a primer pair with which to amplify Said region 
of mitochondrial DNA in said sample; 

amplifying Said region of mitochondrial DNA in Said 
Sample to produce an amplification product; 

digesting Said amplification product with at least one 
restriction enzyme to produce a plurality of restriction 
fragments, 

experimentally determining the molecular masses of each 
member of Said plurality of restriction fragments, and 

comparing Said experimentally determined molecular 
masses with the molecular masses of Said theoretical 
digestion of each member of Said database, wherein at 
least one match or lack of a match provides a forensic 
conclusion. 

2. The method of claim 1 wherein said region of mito 
chondrial DNA comprises HV1. 

3. The method of claim 2 wherein each member of Said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of any one of the 
following primer pair sequences: SEQ ID NOs: 12:13, 
12:14, 12:15, 16: 17, 42:43, 42:46, 67:68, 69:70, 12:68, 
12:70, 67:15, 71:70, 69:15 and 69:68. 

4. The method of claim 2 wherein said at least one 
restriction enzyme is RsaI. 

5. The method of claim 1 wherein said region of mito 
chondrial DNA comprises HV2. 

6. The method of claim 5 wherein each member of Said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of any one of the 
following primer pair sequences: SEQ ID NOs: 8:9, 10:11, 
16:17 and 65:66. 

7. The method of claim 5 wherein said at least one 
restriction enzyme is Hae|II, HpaII, Mfe, or SspI. 

8. The method of claim 5 wherein said at least one 
restriction enzyme is HpaII, HpyCH4IV, PacI, or Eael. 

9. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R1. 

10. The method of claim 9 wherein each member of said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of any one of the 
following primer pair sequences: SEQ ID NOs: 18:19 and 
18:49. 

11. The method of claim 9 wherein said at least one 
restriction enzyme is Dde, Mse, Hae|II, or MboI. 

12. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R2. 

13. The method of claim 12 wherein each member of said 
primer pair has at least 70% sequence identity with the 
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Sequence of the corresponding member of any one of the 
following primer pair sequences: SEQ ID NOS: 20:21 and 
50:51. 

14. The method of claim 12 wherein said at least one 
restriction enzyme is DdeI, Hae|II, MboI, or Mse. 

15. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R3. 

16. The method of claim 15 wherein each member of Said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of any one of the 
following primer pair sequences: SEQ ID NOS: 22:23 and 
22:52. 

17. The method of claim 15 wherein said at least one 
restriction enzyme is Dde, Mse, MboI, or BanI. 

18. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R4. 

19. The method of claim 18 wherein each member of Said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of any one of the 
following primer pair sequences: SEQ ID NOS: 24:25 and 
53:54. 

20. The method of claim 18 wherein said at least one 
restriction enzyme is DdeI, HpyCH4IV, Mse, or HaeII. 

21. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R5. 

22. The method of claim 21 wherein each member of Said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of any one of the 
following primer pair sequences: SEQ ID NOS: 26:27 and 
55:56. 

23. The method of claim 21 wherein said at least one 
restriction enzyme is AluI, BfaI, or Mse. 

24. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R6. 

25. The method of claim 24 wherein each member of Said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of any one of the 
following primer pair sequences: SEQ ID NOS: 28:29 and 
57:29. 

26. The method of claim 24 wherein said at least one 
restriction enzyme is DdeI, Hae|II, MboI, Mse, or RsaI. 

27. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R7. 

28. The method of claim 27 wherein each member of Said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of any one of the 
following primer pair sequences: SEQ ID NOs: 30:31 and 
58:31. 

29. The method of claim 27 wherein said at least one 
restriction enzyme is DdeI, HpaII, Hae|II, or Mse. 

30. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R8. 

31. The method of claim 30 wherein each member of Said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of any one of the 
following primer pair sequences: SEQ ID NOs: 32:33 and 
59:60. 

32. The method of claim 30 wherein said at least one 
restriction enzyme is Bfal, DdeI, EcoRI, or MboI. 

33. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R9. 

34. The method of claim 33 wherein each member of Said 
primer pair has at least 70% sequence identity with the 



US 2005/0266411A1 

Sequence of the corresponding member of the following 
primer pair sequences: SEQ ID NOS: 34:35. 

35. The method of claim 33 wherein said at least one 
restriction enzyme is Bfal, Ddel, HpaII, HpyCH4IV, or 
Mbo. 

36. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R10. 

37. The method of claim 36 wherein each member of said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of the following 
primer pair sequences: SEQ ID NOS: 34:35. 

38. The method of claim 36 wherein said at least one 
restriction enzyme is BfaI, HpaII, or MboI. 

39. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R10. 

40. The method of claim 39 wherein each member of said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of the following 
primer pair sequences: SEQ ID NOS: 36:37 and 61:62. 

41. The method of claim 39 wherein said at least one 
restriction enzyme is BfaI, HpaII, or MboI. 

42. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R11. 

43. The method of claim 42 wherein each member of said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of the following 
primer pair sequences: SEQ ID NOs: 38:39 and 63:39. 

44. The method of claim 42 wherein said at least one 
restriction enzyme is BfaI, DdeI, HpyCH4V, or MboI. 

45. The method of claim 1 wherein said region of mito 
chondrial DNA comprises region R12. 

46. The method of claim 45 wherein each member of said 
primer pair has at least 70% sequence identity with the 
Sequence of the corresponding member of the following 
primer pair sequences: SEQ ID NOs: 40:41 and 40:64. 

47. The method of claim 45 wherein said at least one 
restriction enzyme is BfaI, DdeI, or Mse. 

48. The method of claim 1 further comprising: 
populating Said relational database of known mitochon 

drial DNA sequences with base compositions which 
correspond to theoretical restriction fragments obtained 
from theoretical digestion of each member of Said 
database at Said at least one restriction site; 

experimentally determining the base composition of each 
member of Said plurality of restriction fragments from 
Said experimentally determined molecular masses of 
each member of Said plurality of restriction fragments, 

comparing Said experimentally determined base compo 
Sitions with the base compositions of Said theoretical 
digestion of each member of Said database wherein at 
least one match or lack of a match provides a forensic 
conclusion. 

49. The method of claim 1 wherein said amplifying step 
comprises polymerase chain reaction. 

50. The method of claim 49 wherein said polymerase 
chain reaction is catalyzed by a polymerase enzyme whose 
function is modified relative to a native polymerase. 
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51. The method of claim 50 wherein said modified 
polymerase enzyme is exO(-) Pfu polymerase. 

52. The method of claim 50 wherein said modified 
polymerase catalyzes the addition of nucleotide residues to 
Staggered restriction digest products to convert Said Stag 
gered digest products to blunt-ended digest products. 

53. The method of claim 1 wherein said amplifying step 
comprises ligase chain reaction or Strand displacement 
amplification. 

54. The method of claim 1 wherein said database is a 
human mtDNA population database. 

55. The method of claim 1 wherein said molecular masses 
are determined by ESI-FTICR mass spectrometry. 

56. The method of claim 1 wherein said molecular masses 
are determined by ESI-TOF mass spectrometry. 

57. The method of claim 1 further comprising repeating 
all Steps of the method for at least one additional region of 
mitochondrial DNA. 

58. The method of claim 57 wherein said at least one 
additional region is from HV1, HV2, R1, R2, R3, R4, R5, 
R6, R7, R8, R9, R10, R11, or R12. 

59. The method of claim 1 wherein said mitochondrial 
DNA is human mitochondrial DNA. 

60. The method of claim 1 wherein said mitochondrial 
DNA is animal mitochondrial DNA. 

61. The method of claim 1 wherein said mitochondrial 
DNA is fungal, parasitic, or protozoan DNA. 

62. The method of claim 1 wherein said amplified DNA 
is digested directly without purification. 

63. The method of claim 1 wherein said sample of 
mitochondrial DNA is obtained from Saliva, hair, blood, or 
nail. 

64. The method of claim 1 wherein said plurality of 
restriction fragments are up to about 150 base pairs in 
length. 

65. A primer pair wherein each member of the pair has at 
least 70% sequence identity with the sequence of the cor 
responding member of any one of the following primer pair 
sequences: SEQ ID NOs: 8:9, 10:11, 12:13, 12:14, 12:15, 
16:17, 18:19, 20:21, 22:23, 24:25, 26:27, 28:29, 30:31, 
32:33, 34:35, 36:37, 38:39, 40:41, 42:43, 44:45, 42:46, 
47:48, 18:49, 50:51, 22:52, 53:54, 55:56, 57:29, 58:31, 
59:60, 61:62, 63:39, 40:64, 65:66, 67:68, 69:70, 12:68, 
12:70, 67:15, 71:70, 69:15, and 69:68. 

66. The primer pair of claim 65 comprising at least one 
modified nucleobase. 

67. The primer pair of claim 66 wherein the modified 
nucleobase is 5-propynylcytidine or 5-propynyluridine. 

68. An isolated mitochondrial DNA amplicon comprising 
a segment of mitochondrial DNA produced by the process of 
amplification of a sample of mitochondrial DNA with the 
pair of primers of claim 65. 


