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States government may have certain rights in the
invention. Background of the Invention [0003] Dynamic
cellular states require a rapid, efficient mechanism
of protein catabolism. Cancer cells are highly
dependent on protein degradation due to continuous
cell cycling, hypermutation, and chromosomal
rearrangements (Adams J . The proteasome: a suitable
antineoplastic target. Nat Rev Cancer. 2004;4:349-360;
incorporated herein by reference). The proteasome and
the aggresome are the two principal cellular
structures involved in intracellular protein
catabolism. The biology of the proteasome is
wellcharacterized in normal and neoplastic cells.
Proteasome complexes reside in numerous locations
throughout the cell such as the endoplasmic reticulum
(ER), nucleus, and cytoplasm. The primary role of the
proteasome is the targeted degradation of
ubiquitinated proteins. The aggresome is a
juxtanuclear complex of misfolded proteins,
chaperones, and proteasome components, which expands
in response to proteasome inhibition or protein stress
associated with certain pathologic states (Kopito RR.
Aggresomes, inclusion bodies and protein aggregation.
Trends Cell Biol. 2000;10:524-530; incorporated herein
by reference). There are no known treatments targeting
these pathologic states. [0004] Aberrant protein
catabolism is a hallmark of cancer, and is implicated
in the stabilization of oncogenic proteins and the
degradation of tumor suppressors (Adams J. The
proteasome: a suitable antineoplastic target. Nat Rev
Cancer. 2004;4:349-360; incorporated herein by
reference). Thus, there is a need in the art for
treatments for diseases that involve aberrant protein
catabolism as well as screening methods to develop new
therapeutics to treat the diseases (e.g., cancer) by
targeting protein degradation pathways and
components.Summary of the Invention [0005] In one
aspect, the invention provides a method of treating a
subject suffering from or susceptible to a protein
degradation disorder. The method includes the step of
administering to a subject in need thereof a
therapeutically effective amount of at least one
protein degradation inhibitor. In certain embodiments,
an inhibitor of the proteasome is administered in
combination with an inhibitor of the aggresome. In
certain embodiments, the protein degradation disorder
is a cellular proliferation disorder or a protein
deposition disorder. In particular, the cellular
proliferation disorder is cancer. In preferred
embodiments, wherein the cancer is one or more of
multiple myeloma, leukemia, lymphoma, breast cancer,
lung cancer, ovarian cancer, prostate cancer, and
liver cancer. In other embodiments, the protein
deposition disorder is Wilson's disease,
spinocerebellar ataxia, prion disease, Parkinson's
disease, Huntington's disease, familial amytrophic
lateral sclerosis, amyloidosis, Alzheimer's disease,
Alexander's disease, alcoholic liver disease, cystic
fibrosis, Pick's disease, or Lewy body dementia.
[0006] In another aspect, the invention provides a
method of treating a cell exhibiting symptoms of a
protein degradation disorder. The method includes the
step of administering a therapeutically effective
amount of a protein degradation inhibitor to the cell.
In certain embodiments, the cell is one or more of a
cell from a subject or a cultured cell. In certain
embodiments, the cell from a subject is one or more of
bone marrow stromal cell (BMSC), a peripheral blood
mononuclear cell (PBMC), lymphocytes, hair follicles,
hematopoietic cells, blood cells, epithelial cells,
bone marrow plasma cells, primary cancer cells,
patient derived tumor cells, normal or cancerous
hematopoietic stem cells, neural stem cells, solid
tumor cells, or astrocytes. In certain embodiments,
the cultured cell is one or more of MM.IS, U266,
RPMI8226, DOX40, MM.IR, INA-6, LR5, primary and
established cancer cell lines, primary and established
normal cell lines. Inhibition of protein degradation
pathways in cells under protein stress leads to cell
death; therefore, treatment of diseases such as cancer
in which the cancer cells are under protein stress
using a protein degradation inhibitor provides a new
way of killing cancer cells. [0007] In another aspect,
the invention provides a method of treating a subject
suffering from or susceptible to multiple myeloma. The
method includes the step of administering to a subject
in need thereof a therapeutically effective amount of
a protein degradation inhibitor, to thereby treat the
subject suffering from or susceptible to
multiplemyeloma. Due to the production of
immunoglobulin, the cells are under protein stress and



are susceptible to cell death upon inhibition of
protein degradation. [0008] In another aspect, the
invention provides a method of treating a subject
suffering from or susceptible to breast or ovarian
cancer. The method includes the step of administering
to a subject in need thereof a therapeutically
effective amount of a protein degradation inhibitor,
to thereby treat the subject suffering from or
susceptible to breast or ovarian cancer. [0009] In yet
another aspect, the invention provides a method of
assessing the efficacy of a protein degradation
disorder treatment in a subject. The method includes
the steps of determining one or more pre-treatment
phenotypes; administering a therapeutically effective
amount of a protein degradation inhibitor to the
subject; and determining the one or more phenotypes
after an initial period of treatment with the protein
degradation inhibitor; wherein the modulation of the
one or more phenotypes indicates efficacy of a protein
degradation inhibitor treatment. [0010] In yet another
aspect, the invention provides a method of monitoring
the progress of a subject being treated with an
aggresome inhibitor. The method includes the steps of
determining one or more pre-treatment phenotypes;
administering a therapeutically effective amount of an
aggresome inhibitor to the subject; and determining
one or more phenotypes after an initial period of
treatment with the aggresome inhibitor; wherein the
modulation of one or more of the phenotypes indicates
efficacy of aggresome inhibition treatment. [0011] In
a yet further aspect, the invention provides a method
of selecting a subject with a protein degradation
disorder for treatment with a protein degradation
inhibitor. The method includes the steps of
determining one or more pre-treatment phenotypes;
administering a therapeutically effective amount of a
protein degradation inhibitor to the subject;
determining the one or more phenotypes after an
initial period of treatment with the protein
degradation inhibitor, wherein the modulation of the
one or more phenotype is an indication that the
disorder is likely to have a favorable clinical
response to treatment with a protein degradation
inhibitor. [0012] In any of the above-described
aspects, the protein degradation inhibitor is
preferably selected from one or more of tubacin,
tubacin-like compounds, tubacin derivatives,
bortezomib (VELCADE(r)), SAHA, Rl 15777 FTI,
166Holmium-DOTMP, arsenic trioxide, 17- AAG, MG132,
sapojargon, NPI-0052, or other compounds described
herein. Tubacin, tubacin-like compounds, and tubacin
derivatives are described in U.S. patent
applicationsU.S.S.N. 60/289,850, filed May 9, 2001;
U.S.S.N. 10/144,316, filed May 95 2002; and U.S.S.N.
10/621,276, filed July 17, 2003; each of which is
incorporated herein by reference. [0013] In certain
preferred embodiments of the above-described aspects,
the protein degradation inhibitor is a compound of
formula: wherein each X is independently O, S, CH , or
NR ; Y is O, S, CH2 or NR4; Ari and Ar2 are each
independently an aryl group; Ri is a lower alkyl group
or an aryl group; R2 is hydrogen, a lower alkyl group
or an aryl group; and R3 is hydrogen, a lower alkyl
group, an aryl group, an alkylcarbonyl, an
alkoxycarbonyl group, or an aminocarbonyl group. In
certain preferred embodiments, X is for both
occurrences O. In certain preferred embodiments, Y is
S. In certain preferred embodiments, Ar is phenyl or
substituted phenyl. In certain preferred embodiments,
Ar is heteroaryl, more preferably optionally
substituted oxazolyl. In certain preferred
embodiments, R is phenyl or substituted phenyl, more
preferably 4-aminosubstituted phenyl. In certain
preferred embodiments, R2 is hydrogen. [0014] In
certain embodiments, the protein degradation inhibitor
is of one of the formulae:NUCLEIC ACID DETECTION FIELD
OF INVENTION This invention relates to the field of
nucleic acid detection. BACKGROUND OF THE INVENTION
The detection of small differences in nucleic acid
content is an important task within the field of
molecular diagnostics. The most common method used to
detect small quantities of nucleic acids is by using
PCR or RT-PCR. These methods perform exceptionally
well in determining whether a sequence of interest is
present in a given sample or not, but in order to
determine if there is a difference between the
concentration of two sequences, approximately a 2-fold
difference is needed. 



Quantitative analysis of nucleic acid is used for
example, in quality control, gene expression analysis,
medical monitoring and diagnosis. Methods are
described herein that significantly improve the
accuracy of these measurements, opening up new
possibilities within science and medicine. SUMMARY OF
THE INVENTION In one aspect, the invention provides
improved methods for quantitating the amount of a
nucleic acid sequence in a nucleic acid sample. The
claimed methods can permit the accurate detection of
the amount of a nucleic acid having a given sequence
in a sample, including accurate determination of
differences of less than two-fold. In one aspect, the
methods rely upon a method of misbalancing a PCR
reaction. When the reaction is misbalanced in this
manner, an asymmetry is created between template and
complementary strands that permits subsequent
differentiation between desired and undesired products
in the reaction, which permits sensitive detection of
even small differences in the amounts of nucleic acid
sequences in nucleic acid samples.In one embodiment,
then, a method of misbalancing a PCR reaction is
provided that comprises the steps of: a) generating
products in a PCR reaction that include the original
nucleic acid sequence of interest (template), its
complement nucleic acid sequence, and the
corresponding first and second PCR primers; and b)
adding an excess of a nucleic acid disruption sequence
that is complementary to one or the other of the first
and second PCR primers. In the discussion that
follows, the disruption sequence is complementary to
the first primer. When the disruption sequence is
allowed to hybridize in the next annealing cycle, it
predominantly forms disruption sequence pairs by
annealing to the first primer and to one or the other
of the original (template) sequence or its complement,
but not both (depending upon which of these two
strands has the complement of the disruption
sequence). Products generated by subsequent extension
are misbalanced such that one strand, either template
or its complement, is produced, but not both. That is,
upon extension after hybridization of the disruption
sequence(s), there is produced predominantly either:
a) a double stranded original (template) sequence with
a break in one of the strands and a single stranded
complement sequence, OR b) a double stranded
complement sequence with a break in one of the strands
and a single stranded original (template) sequence.
The identity of which product is produced in single or
double-stranded form is determined by which of the two
PCR primers is complementary to the disruption
sequence. Detection of the single stranded product
permits sensitive measurement of the original amounts
of a target sequence. In another aspect, a method is
provided for blocking future PCR-based amplification
in a reaction mixture by locking double stranded DNA
through cross-linking. The crosslinking prevents the
amplification and thereby the detection of DNA that
was double-stranded at the time of cross-linking. This
blockage of amplification can permit more sensitive
detection of the products that were not cross-linked.
The cross-linking can be accomplished by, e.g., UV or
chemical treatment. In another aspect, a method is
provided for determining the amount of a target
nucleic acid relative to the amount of a reference
nucleic acid in a nucleic acid sample. The method
comprises performing PCR on a combined mixture of the
reference and target nucleic acid, along with the
forward and reverse PCR primers for both the reference
and target nucleic acids. The reverse PCR primer for
the reference contains a tail sequence that is
identical to a sequence found on the target nucleic
acid. Following a given number of cycles of PCR,
thesymmetry of the reaction is disrupted by adding
excess amounts of two nucleic acid disruption
sequences and letting them hybridize to the single
stranded PCR products. The first disruption sequence
is complementary to the target probe's reverse primer,
and the second disruption sequence is complementary to
the reference probe's reverse primer but not including
the tail region that is identical to a sequence found
on the target nucleic acid. Following disruption,
remaining single stranded target or reference is
detected, such that the amount of target in the
original sample is determined relative to the
reference. DESCRIPTION OF THE DRAWINGS Figure 1 shows
a schematic of controlled disruption of a PCR reaction
to create a single stranded template (ABC) and a
double stranded complement (C'B'A'). The first step
shows the original genomic DNA sequence (a.k.a.
template, ABC) and the respective forward and reverse
PCR primers (A and C , respectively) hi the second
step, the products of several PCR cycles are shown.
After completion of the desired number of PCR steps,
the schematic shows the addition of a disruption
sequence (C) complementary to the reverse primer (C)
in excess to the PCR primers. When cooled, the excess
disruption sequence will bind the reverse primer, and
the complement sequences. At the same time, the
forward primer will bind the complement and extend,
creating a double stranded complement with a break at
the junction of B and C. The template (ABC) therefore,
will remain single stranded. 



Figure 2 shows a schematic of how to eliminate double
stranded DNA from a subsequent PCR or other detection
reaction using cross-linking. Step 1 shows the
presence of a sequence in both single stranded and
double stranded form. Adding a cross-linking agent
binds the double stranded DNA together permanently or
semi-permanently, preventing complete dissociation
during the high temperature step of the PCR cycle
(step 3). This prevents amplification of the double
DNA e.g., by PCR, but does not limit the single
stranded DNA amplification, selectively. Figure 3
shows a schematic of a single tube relative
amplification technique that can detect much smaller
differences in nucleic acid content than previously
thought possible. Step 1 shows the starting materials:
two genomic DNA sequences one would like to compare,
and respective forward and reverse PCR primers, with
the reverse primer of the reference sequence having a
"tail" with partial B sequence. After performing
several cycles of PCR, theproducts seen in step 2 will
be produced. If after this step one adds excess C and
F primers to the reactions, these can hybridize to the
reverse primers and the complement sequences, leaving
the template strands untouched by either the newly
added C and F primers, or the previously added reverse
primers. The single stranded reference and target
template can then hybridize to each other and form a
pair. Any unpaired reference or target template will
remain single stranded. Step 4 shows what happens if
the double stranded DNA is crosslinked. Cross-linking
only has to happen on the C/C and pB/pB' sequences. If
the crosslinking has taken place permanently or
semi-permanently, direct PCR can be performed using
primers that span a cross-linking site to detect only
the single stranded template (ABC as shown). Figure 4
shows a schematic of an embodiment where the
cross-linking of the double stranded template pairs is
followed by the detection of the single stranded
templates using PCR. The figure shows a possible
selection of PCR primers for further analysis, where
forward primers A and D were already found in the
final sample as seen in Step 4 of Figure 3, and Rl and
R2 where added later. As shown, the primers will only
amplify the single stranded templates and will not be
able to amplify the cross-linked double stranded
template shown on top. DETAILED DESCRIPTION OF THE
INVENTION Definitions : As used herein, a
"polynucleotide" or "nucleic acid" refers to a
covalently linked sequence of nucleotides (i.e.,
ribonucleotides for RNA and deoxyribonucleotides for
DNA) in which the 3' position of the pentose of one
nucleotide is joined by a phosphodiester group to the
5' position of the pentose of the next. The term
"polynucleotide" includes, without limitation, single-
and double-stranded polynucleotide. The term
"polynucleotide" as it is employed herein embraces
chemically, enzymatically or metabolically modified
forms of polynucleotide comprising, e.g., DNA, RNA,
PNA, combinations of these and/or polymers containing
one or more nucleotide analogs. A "nucleotide analog",
as used herein, refers to a nucleotide in which the
pentose sugar and/or one or more of the phosphate
esters is replaced with its respective analog.
Exemplary phosphate ester analogs include, but are not
limited to, alkylphosphonates, methylphosphonates,
phosphoramidates, phosphotriesters,phosphorothioates,
phosphorodithioates, phosphoroselenoates,
phosphorodiselenoates, phosphoroanilothioates,
pliosphoroanilidates, phosphoroamidates,
boronophosphates, etc., including any associated
counterions, if present. Also included within the
definition of "nucleotide analog" are nucleobase
monomers which can be polymerized into polynucleotide
analogs in which the DNA/RNA phosphate ester and/or
sugar phosphate ester backbone is replaced with a
different type of linkage. Further included within
"nucleotide analogs" are nucleotides in which the
nucleobase moiety is non-conventional, i.e., differs
from one of G, A, T, U or C. For example, halogenated
nucleotides such as bromodeoxyuridine can be employed.
Generally a non-conventional nucleobase will have the
capacity to form hydrogen bonds with at least one
nucleobase moiety present on an adjacent
counter-directional polynucleotide strand or provide a
non-interacting, non-interfering base.
"Polynucleotide" also embraces a short polynucleotide,
often referred to as an oligonucleotide (e.g., a
primer or a probe). A polynucleotide has a
"5'-terminus" and a "3'- terminus" because
polynucleotide phosphodiester linkages occur to the 5'
carbon and 3' carbon of the pentose ring of the
substituent mononucleotides. The end of a
polynucleotide at which a new linkage would be to a 5'
carbon is its 5' terminal nucleotide. The end of a
polynucleotide at which a new linkage would be to a 3'
carbon is its 3' terminal nucleotide. A terminal
nucleotide, as used herein, is the nucleotide at the
end position of the 3'- or 5'- terminus. As used
herein, a polynucleotide sequence, even if internal to
a larger polynucleotide (e.g., a sequence region
within a polynucleotide), also can be said to have 5'-
and 3'- ends. 



As used herein, the term "chemically modified," when
used in the context of a nucleotide, refers to a
nucleotide having a difference in at least one
chemical bond relative to a standard ATP, CTP, GTP,
UTP, dATP, dCTP, dGTP or dTTP nucleotide. The
"chemical modification" does not refer to the
modification occurring when a nucleotide is
incorporated into a polynucleotide by 5' to 3'
phosphodiester linkage. As used herein, the term
"hybridization" is used in reference to the physical
interaction of complementary (including partially
complementary) polynucleotide strands by the formation
of hydrogen bonds between complementary nucleotides
when the strands are arranged antiparallel to each
other. Hybridization and the strength of hybridization
(i.e., thestrength of the association between
polynucleotide strands) is impacted by many factors
well known in the art including the degree of
complementarity between the polynucleotides, and the
stringency of the conditions involved, which is
affected by such conditions as the concentration of
salts, the presence of other components (e.g., the
presence or absence of polyethylene glycol), the
molarity of the hybridizing strands and the G+C
content of the polynucleotide strands, all of which
results in a characteristic melting temperature (Tm)
of the formed hybrid. As used herein, when one
polynucleotide is said to "hybridize" to another
polynucleotide, it means that the two polynucleotides
form a hydrogen-bonded antiparallel hybrid under high
stringency conditions. Hybridization requires partial
or complete sequence complementarity between the
polynucleotides that hybridize. When one
polynucleotide is said to not hybridize to another
polynucleotide, it means that there is insufficient
sequence complementarity between the two
polynucleotides to form a hydrogen-bonded hybrid, or
that no hybrid forms between the two polynucleotides
under high stringency conditions. As used herein,
"specific hybridization" refers to the binding,
duplexing, or hybrization of a nucleic acid molecule
only to a target nucleic acid sequence and not to
other non-target nucleic acid molecules in a mixture
of both target and non-target nucleic acid sequence.
As used herein, the terms "low stringency," "medium
stringency," "high stringency," or "very high
stringency conditions" describe conditions for nucleic
acid hybridization and washing. Guidance for
performing hybridization reactions can be found in
Current Protocols in Molecular Biology, John Wiley &
Sons, N.Y. (1989), 6.3.1-6.3.6, which is incorporated
herein by reference in its entirety. Aqueous and
nonaqueous methods are described in that reference and
either can be used. Specific hybridization conditions
referred to herein are as follows: (1) low stringency
hybridization conditions in 6X sodium chloride/sodium
citrate (SSC) at about 45C, followed by two washes in
0.2X SSC, 0.1% SDS at least at 50C (the temperature of
the washes can be increased to 550C for low stringency
conditions); (2) medium stringency hybridization
conditions in 6X SSC at about 450C, followed by one or
more washes in 0.2X SSC, 0.1% SDS at 6O0C; (3) high
stringency hybridization conditions in 6X SSC at about
45C, followed by one or more washes in 0.2X SSC, 0.1%
SDS at 650C;and (4) very high stringency hybridization
conditions are 0.5M sodium phosphate, 7% SDS at 65C,
followed by one or more washes at 0.2X SSC, 1% SDS at
650C. As used herein, a polynucleotide "isolated" from
a sample is a naturally occurring polynucleotide
sequence within that sample which has been removed
from its normal cellular or non-cellular environment.
Thus, an "isolated" polynucleotide that was in a
normal cellular environment may be in a cell-free
solution or be placed in a different cellular
environment. Similarly, an "isolated" polynucleotide
that was in a normal non-cellular environment may be
in a different cell-free solution or be placed in a
cellular environment. As used herein, the terms
"blood," "plasma" and "serum" expressly encompass
fractions or processed portions thereof. Similarly,
where a sample is taken from a biopsy, swab, smear,
etc., the "sample" expressly encompasses a processed
fraction or portion derived from the biopsy, swab,
smear, etc. As used herein in the context of a sample,
a sample that is obtained "at least partially" from a
given source comprises at least one sample component
obtained from such a source. "Complementary"
sequences, as used herein, refer to sequences in which
antiparallel alignment juxtaposes A residues on one
strand with T or U residues and G with C residues on
the other strand such that A:T, A:U, and G:C
hydrogen-bonded base pairs can form. These are the
standard "Watson-Crick" base pairs occurring in the
vast majority of DNA and RNA hybrids in vivo. As used
herein, and unless otherwise indicated, the term
"complementary," when used to describe a first
nucleotide sequence in relation to a second nucleotide
sequence, refers to the ability of an oligonucleotide
or polynucleotide comprising the first nucleotide
sequence to hybridize and form a duplex structure
under certain conditions with an oligonucleotide or
polynucleotide comprising the second nucleotide
sequence, as will be understood by the skilled person.
"Complementary" sequences can also include, or be
formed entirely from, non-Watson-Crick base pairs
and/or base pairs formed from nonnatural 



and modified nucleotides, in as far as the above
requirements with respect to their ability to
hybridize are fulfilled. The terms "complementary",
"fully complementary" and "substantially
complementary" herein may be used with respect to the
base matching between the sensestrand and the
antisense strand of a double-stranded nucleic acid
hybrid. A "fully complementary" hybrid has every
nucleotide on one strand base paired with its
juxtaposed counterpart on the opposite strand. In a
"substantially complementary" hybrid, the two strands
can be fully complementary, or they can include one or
more, but preferably not more than 10 mismatched base
pairs upon hybridization, while retaining the ability
to hybridize under the conditions used in the methods
described herein. A "chromosomal abnormality", as used
herein, refers to any deviation in the DNA composition
or structure of a chromosome from that composition or
structure most prevalent in a given population. This
includes, but is not limited to, deletions, mutations,
duplications, rearrangements, covalent modifications,
uniparental disomy, and altered chromatin structure.
The methods described herein are suited for detecting,
among others, abnormal chromosome count (e.g. Down,
Klinefelter, Patau, Edward, Turner, Triple-X, XYY,
etc.) and abnormal sequence count (an abnormality
where only a part of a chromosome is present in
abnormal quantities). The term "oligonucleotide" is
defined as a molecule comprised of two or more
deoxyribonucleotides and/ or ribonucleotides,
preferably more than three. Its exact size will depend
upon many factors which, in turn, depend upon the
ultimate function and use of the oligonucleotide.
Oligonucleotides for use in the methods described
herein are most often 15 to 600 nucleotides in length.
The term "primer" as used herein refers to an
oligonucleotide, whether occurring naturally as in a
purified restriction digest or produced synthetically,
which is capable of acting as a point of initiation of
template-dependent nucleic acid synthesis. The primer
may be either single-stranded or double-stranded and
must be sufficiently long to prime the synthesis of
the desired extension product in the presence of the
chosen polymerase. The exact length of the primer will
depend upon many factors, including hybridization and
polymerization temperatures, source of primer and the
method used. For example, for diagnostic applications,
depending on the complexity of the target sequence,
the oligonucleotide primer typically contains 15-25 or
more nucleotides, although it may contain fewer or
more nucleotides. The factors involved in determining
the appropriate length of primer are readily known to
one of ordinary skill in the art.As used herein, "an
individual" refers to a human subject as well as a
non-human subject such as a mammal, an invertebrate, a
vertebrate, a rat, a horse, a dog, a cat, a cow, a
chicken, a bird, a mouse, a rodent, a primate, a fish,
a frog, a deer, a fungus, a yeast, a bacteria, and a
virus. The examples herein are not meant to limit the
methodology of the present invention to a human
subject only, as the instant methodology is also
useful in the fields of veterinary medicine, animal
sciences, research laboratories and such. As used
herein, "diagnosis" refers to the ability to
demonstrate an increased likelihood that an individual
has a specific condition or conditions. Diagnosis also
refers to the ability to demonstrate an increased
likelihood that an individual does not have a specific
condition. More particularly "diagnosis" refers to the
ability to demonstrate an increased likelihood that an
individual has one condition as compared to a second
condition. More particularly "diagnosis" refers to a
process whereby there is an increased likelihood that
an individual is properly characterized as having a
condition ("true positive") or is properly
characterized as not having a condition ("true
negative") while minimizing the likelihood that the
individual is improperly characterized with said
condition ("false positive") or improperly
characterized as not being afflicted with said
condition ("false negative"). As used herein, the term
"corresponding to" refers to a nucleotide in a first
nucleic acid sequence that aligns with a given
nucleotide in a reference nucleic acid sequence when
the first nucleic acid and reference nucleic acid
sequences are aligned. Alignment is performed, for
example, by one of skill in the art using software
designed for this purpose. As an example of
nucleotides that "correspond," the T at position 11 of
the sequence 5'- GTATCACTGA TAAAGGAGAA-3' (SEQ ID NO:
1) "corresponds to" the T nucleotide at position
27,091 of Gen Bank Accession # GI: 1552506 of TCRB,
and vice versa. The term "corresponding" also refers,
for example, to the relationship between two specific
binding partners - that is, one member of a binding
partner pair "corresponds to" the other member of such
pair. As used herein, the phrase "close to the amount
of reference or target sequence present" when used in
reference to probe concentration means that the
concentration of the discussed probe or probes is
equal within 80% to the concentration of the reference
or the target sequence, whichever might be
discussed.As used herein, a "probe" refers to a type
of oligonucleotide having or containing a 



sequence which is complementary to another
polynucleotide, e.g., a target polynucleotide or
another oligonucleotide. The probes for use in the
methods described herein are ideally less than or
equal to 600 nucleotides in length, typically between
40-600 nucleotides. As used herein, the phrase "paired
probes" refers to two probes that are physically
associated with or bound to each other. Paired probes
can be bound to each other by the association of two
binding partner moieties as the term is defined
herein, including, but not limited to binding via the
formation of nucleic acid hybrids, binding via
covalent chemical bonds, or binding via
protein-protein interactions. The term "paired probes"
encompasses not only probes that are paired in a 1:1
relationship, but also probes associated in higher
order relationships, e.g., 1:2, 1:3, 1:4, 1:5, 1:6,
1:7, 1:8, etc. (i.e., one molecule of one probe
pairing with 2, 3, 4, 5, 6, 7, or 8 molecules, etc. of
a second probe), as long as the ratio is known or at
least constant for a given set of probes. An "unpaired
probe" is a probe (e.g., a first probe) that is not
physically associated with or bound to another (e.g.,
a second) probe. The "pairing" can occur through one
or more adapter molecules. As used herein, the phrases
"rendering hybridized probes resistant to detection"
and "rendering paired probes resistant to detection"
refer to the treatment of hybridized or paired probes
such that they are not substantially detected in the
nucleic acid detection method employed to detect
unpaired probe. By "not substantially detected" is
meant that hybridized or paired probes treated to
render them resistant to detection contribute less
than 10%, and preferably less than 2% of the signal in
the nucleic acid detection method employed to detect
unpaired probe. The phrase "rendering hybridized
probes resistant to detection" is equivalent to the
terms "hiding" or "sequestering" when applied to
probes. Non-limiting examples of treatments that
render hybridized probes resistant to detection
include chemical and U.V. cross-linking of probe to
target or reference sequence or to another probe, or
the physical removal of said hybridized or paired
probes. As used herein, "binding partner" or "binding
partner moiety" refers to a member of a specific
binding pair. A specific binding pair is a pair of
moieties that specifically bind to each other under a
given set of conditions; "specific binding" refers to
the binding of onemember of the pair to the other
member of the pair to the substantial exclusion of the
binding of other moieties present in that environment.
As used herein, the phrase "conditions that permit a
first binding partner moiety to interact with a second
binding partner moiety" refers to those environmental
conditions that favor the physical and/or chemical
interaction of two members of a specific binding pair.
Such conditions will vary depending upon the nature of
the binding pair interaction, but can be determined by
one of skill in the art. Exemplary conditions include
hybridizing conditions as described herein or as known
in the art, e.g., conditions of high stringency or
below, when, for example, the binding partners are
complementary nucleic acid sequences. Such conditions
also include the substantial absence of competitor
sequences, including sequences present in a nucleic
acid sample for which the amount of a target sequence
is to be determined. Within the methods described
herein, the step of placing binding partner moieties
or probes comprising them under conditions that permit
a first binding partner moiety to interact with a
second binding partner moiety can be performed as a
separate step, e.g., following contacting probes with
sample nucleic acids, or it can occur during such
contacting. As used herein, the term "target nucleic
acid" refers to a polynucleotide whose amount is to be
determined in a sample, relative to a "reference
nucleic acid." A "target nucleic acid" contains a
known sequence of at least 20 nucleotides, preferably
at least 50 nucleotides, more preferably between 80 to
500 nucleotides but can be longer. A "target nucleic
acid" of the invention can be a naturally occurring
polynucleotide (i.e., one existing in nature without
human intervention), or a recombinant polynucleotide
(i.e., one existing only with human intervention),
including but not limited to genomic DNA, cDNA,
plasmid DNA, total RNA, mRNA, tRNA, rRNA. The target
polynucleotide also includes amplified products of
itself, for example, as in a polymerase chain
reaction. As used herein, a "target polynucleotide" or
"target nucleic acid" can contain a modified
nucleotide which can include phosphorothioate,
phosphite, ring atom modified derivatives, and the
like. Target nucleic acid sequence necessarily differs
from reference nucleic acid sequence, such that target
and reference nucleic acid sequences cannot hybridize
to each other under stringent conditions.As used
herein, the term "cross-linking" refers to covalent
linkage of one probe to another, following a specific
physical interaction between the two probes.
"Homology" or "identity" or "similarity" refer to
sequence similarity between two nucleic acid sequences
or between two polypeptide sequences. Homology can be
determined by comparing a position in each sequence
which may be aligned for purposes of comparison. When
several positions of a compared sequence are occupied
by the same bases or amino 



acids, then the molecules are homologous at that
sequence. A degree of homology between sequences is a
function of the number of matching or homologous
positions shared by the sequences. An "unrelated" or
"non-homologous" sequence shares less than 40%
identity, though preferably less than 25% identity,
with another sequence. As used herein, the term
"biological fluid" refers to a liquid taken from a
biological source and includes, for example, blood,
serum, plasma, sputum, lavage fluid, cerebrospinal
fluid, urine, semen, sweat, tears, saliva, and the
like. As used herein, the phrase "resistant to
nuclease cleavage" means that a given nucleic acid
probe contains one or more chemical modifications or
structural attributes that render it less susceptible
to nuclease cleavage than a similar sequence without
the modification or structural attribute. Non-limiting
examples include changes to the phosphodiester
linkages, e.g., the inclusion of a thiol linkage, and
the presence of secondary structure, e.g.,
doublestrandedness versus single strandedness over all
or part of the probe molecule. By "less susceptible"
is meant at least 10% fewer cleavage events relative
to non-modified probe under the same nuclease cleavage
conditions. As used herein, the term "aneuploidy"
refers to the state of having a chromosome number that
is not a multiple of the haploid number for the
species. For example, a diploid cell or organism
having a total number of chromosomes which is
different from (e.g., either greater than or less
than) a multple of two times the haploid number of
chromosomes would be aneuploid. As used herein,
"polymerase chain reaction" or "PCR" refers to an in
vitro method for amplifying a specific polynucleotide
template sequence. The PCR reaction involves a
repetitive series of temperature cycles and is
typically performed in a volume of 10-100 ml.The
reaction mix comprises dNTPs (each of the four
deoxynucleotides dATP, dCTP, dGTP, and dTTP), primers,
buffers, DNA polymerase e.g., a thermostable DNA
polymerase, and polynucleotide template. One PCR
reaction may consist of, for example, 5 to 100
"cycles" of denaruration and synthesis of a
polynucleotide molecule. A "hairpin sequence", as used
herein, comprises two self-complementary sequences
that may form a double-stranded stem region, separated
by a loop sequence. The two regions of the
oligonucleotide which comprise the double-stranded
stem region are substantially complementary to each
other, resulting in self-hybridization. However, the
stem can include one or more mismatches, insertions,
sideloops, or deletions. The "hairpin sequence", as
used herein, can additionally comprise single-stranded
region(s) that extend from the doublestranded stem
segment. DESCRIPTION MISBALANCINGA PCR
REACTIONATAFAVORABLETIME TO ALLOWTHE REDIRECTION OF
THE PROCESS Although PCR is a commonly accepted
methodology in molecular biology, the basic
idea_behind this methodology has changed very little
in the past 20 years. The primary reason for this is
that PCR has served the molecular biology community
well. It is a tool that can detect extremely low
quantities of nucleic acid sequences and it can even
provide a rough quantitative analysis. One of the
recurring problems with PCR, however, has been around
the formation of a number of by-products in the final
PCR mixture that make these PCR products unusable in
many applications. Described herein is a method by
which the PCR reaction can be selectively unbalanced.
As used herein, the term "unbalancing" or
"misbalancing" with respect to PCR refers to the use
of PCR or a variant of PCR to produce an amplification
product containing both single stranded and double
stranded nucleic acids, i.e., to create either a
single stranded template and a double stranded
complement or to create a double stranded template and
a single stranded complement. The purpose of this
misbalancing is to facilitate differentiatiation
between the template and its complement, thereby
permitting downstream reactions with one, but not the
other.After several PCR cycles, a reaction mixture
contains an assortment of products. A way to
misbalance the reaction at this stage is to introduce
an excess of the full or partial complement to the
forward or the reverse primers (or potentially, both)
The added excess primer is referred to herein as the
"disrupt sequence" or "disruption sequence." If this
disrupt sequence is allowed to hybridize to the single
stranded PCR products, half of the products will
become double stranded, while the other half will
remain single stranded (Figure 1). Note that the
double stranded complement or template will not be a
continuous strand, but rather will exhibit a break in
the sequence where the disrupt sequence meets the
extension of the original primer that is not
complemented by the disrupt sequence. Therefore,
through this simple method of misbalancing the final
PCR reaction, the method differentiates between the
intended PCR products and their complements. 



KNOCKING OUT NUCLEIC ACIDS FROM FUTURE DETECTION BY
PCR OR OTHER METHODS REQUIRING SINGLE STRANDED DNA
Once one has achieved a state where the desired
products are single stranded and the undesired
products are double stranded, one can lock the double
stranded nucleic acids by permanent or semipermanent
(i.e., stable) cross-linking (Figure 2). Cross-linked
double stranded DNA will subsequently be an inert
player in most reactions that require a single
stranded form, such as nucleic acid hybridization,
interaction with certain fluorescent dyes specific to
single stranded nucleic acids, PCR and PCR's various
modified forms. Essentially what has been achieved
through the cross-linking, therefore, is the
inhibition of further activity by the now unnecessary
complements and the isolation of the desired product
for further testing or other uses. USING PCR
MISBALANCINGAND CROSS-LINKING TO DETECT SMALL
DIFFERENCES IN NUCLEIC ACID CONTENT Detecting small
differences in nucleic acid content or providing
accurate quantification of low concentration nucleic
acids is an important goal for a wide range of
diagnostic and research approaches. The method
described below compares the relative concentration of
two nucleic acids by eliminating the common background
through stoichiometric pairing (which need not be one
to one). The description that follows discussesthe one
to one pairing of nucleic acids and refers for
illustration purposes to Figure 3 and the notation
used in Figure 3. For this approach, assume that the
two nucleic acids, a target (ABC) and a reference
(DEF) to be compared to each other are at low
concentrations. By performing PCR, the quantity of the
desired sequences can be increased. Now assume that
this PCR step is performed such that the reverse
primer (F') for the reference has been modified to
include a partial sequence (pB) that is approximately
equivalent to a region on the target template (B). By
approximately equivalent, is meant that a complement
of the approximately equivalent partial sequence (pB')
would bind a desired region of the original sequence
on the target template (B). This reverse primer for
the reference template is referred to as pBF'. After
several PCR steps e..g., 2, 3, 4, 5, 10, 15, etc., the
products shown in Step 2 of Figure 3 will be found in
the mixture. The difficulty lies in that many future
analyses are prohibited by the presence of numerous
fragments that can bind to our desired product,
inhibiting many methodologies later on. This is where
misbalancing the PCR reaction becomes important. By
adding excess complements (C, F) to both the reverse
primer of the target (C) and the reverse primer of the
reference (F') and establishing hybridization
conditions, the double stranding of these primers is
favored. If the conditions are right, a subsequent
extension on the reverse primer will double strand the
pB region with a pB' complement. C and F are referred
to as disruption sequences. The disruption sequences
will not stop with double stranding both reverse
primers under hybridizing/extending conditions. They
will also bind to the complement templates (C'B'A' and
pBF'E'D'), and on the reference template there will be
a short extension to double strand the pB sequence.
The forward primers will not remain inactive either.
They will eventually (although statistically later due
to relative concentrations) find the complement
templates as well and by hybridization and extension,
they will double strand the rest of the complement
template with a small discontinuation in the new
double strand where the extension of the forward
primers meets the disruption sequences. Now that the
higher concentration disruption primers and forward
primers did their work, the original templates find
time and space to bind to each other and extend in
apredefined 1 to 1 ratio. What remains are shown in
Step 3 of Figure 3. Due to the 1 to 1 pairing of the
original templates, if there is an excess of the
target, there will be single stranded ABCs left over.
If there is an excess of the reference, there will be
single stranded DEFpB' left over. Even if the template
pairing reaction is not perfect, the relative
difference between the target and reference template
will be increased by maintaining the absolute
difference and reducing the common background by equal
absolute amounts. A next step is to "hide" the double
stranded nucleic acids from further reactions. This
can be accomplished, for example, by selectively,
physically removing them, enzymatically degrading
them, or cross-linking them. In Step 4 of Figure 3 the
"hiding" of the double stranded nucleic acids by
permanently or semi-permanently cross-linking them to
each other is shown. If the detection method that
follows is specific for single stranded DNA or DNA
that is capable of becoming single stranded, one has
successfully removed interactions from all double
stranded entities. One detection tool that works well
after permanent or semi-permanent cross-linking is
PCR. Large relative differences of even small
quantities of nucleic acids can be easily 



detected by PCR, although it is necessary to prevent
further cross-linking of double stranded molecules for
PCR. In the preceding description, the forward primers
for both the target and the reference templates (A and
D, respectively) are already present. One need only
add new reverse primers (Figure 4). The above
methodology could be simply modified such that the
target and reference are reversed, or to focus on
recovering the complements, rather than the original
template sequences. In another embodiment, one can
create systems where the reference nucleic acid that
the target is being compared to is part of a standard
dilution with known concentration. This would allow
for accurate bounding of nucleic acid concentrations
by determining which two standard concentrations the
target nucleic acid falls between and potentially by
looking at the final relative amounts of target and
reference, and estimating, for example, the distance
from either or both standards.NUCLEICACID SAMPLE: The
nucleic acid sample to which the methods described
herein are applied can be from any source. Frequently,
the sample can be a biological material which is
isolated from its natural environment and contains a
polynucleotide. A sample can consist of purified or
isolated polynucleotide, or it can comprise a
biological sample such as a tissue sample, a
biological fluid sample, or a cell sample comprising a
polynucleotide. A biological fluid includes, as
non-limiting examples, blood, plasma, sputum, urine,
cerebrospinal fluid, lavages, and leukophoresis
samples. A nucleic acid sample can be derived from a
plant, animal, bacterial or viral source. Samples can
be obtained from differing sources, including, but not
limited to, samples from different individuals,
different developmental stages of the same or
different individuals, different diseased individuals
(e.g., individuals with cancer or suspected of having
a genetic disorder), normal individuals, different
disease stages of the same or different individuals,
individuals subjected to different disease treatment,
individuals subjected to different environmental
factors, or individuals with predisposition to a
pathology, or individuals with exposure to an
infectious disease agent (e.g., HIV). Samples can also
be obtained from in vitro cultured tissues, cells, or
other polynucleotide-containing sources. The cultured
samples can be taken from sources including, but not
limited to, cultures (e.g., tissue or cells)
maintained in different media and conditions (e.g.,
pH, pressure, or temperature), cultures (e.g., tissue
or cells) maintained for different periods of length,
cultures (e.g., tissue or cells) treated with
different factors or reagents (e.g., a drug candidate,
or a modulator), or cultures of different types of
tissue or cells. Furthermore, samples can be obtained
as a product of polynucleotide synthesis. The sample
preferably comprises isolated nucleic acid from a
source as described above. Methods of isolating
nucleic acids from biological sources are well known
and will differ depending upon the nature of the
source. One of skill in the art can readily isolate
nucleic acid from a source as needed for the methods
described herein. In some instances,it can be
advantageous to fragment the nucleic acid molecules in
the nucleic acid sample. Fragmentation can be random,
or it can be specific, as achieved, for example, using
restriction endonuclease digestion. Methods for random
fragmentation are well known in the art, and include,
for example, limited DNAse digestion, alkali treatment
and physical shearing. In one embodiment, the sample
is collected from a pregnant female, for example a
pregnant woman. In this instance, the sample can be
analyzed using the methods described herein to
prenatally diagnose chromosomal abnormalities in the
fetus. The sample can be collected from biological
fluids, for example the blood, serum, plasma, or some
fraction thereof. In a preferred embodiment, the
sample consists of purified nucleic acid isolated from
the blood of a pregnant woman. Analysis of blood
plasma DNA has revealed that it is composed mainly of
short DNA fragments, and interestingly, the average
fragment size was greater in pregnant women than in
nonpregnant women. Furthermore, it seems that fetal
fragments in pregnant women's plasma DNA were shorter
on average than maternal fragments (Chan et al., 2004,
Clin. Chem. 50: 88-92). Methods for the isolation of
nucleic acid from blood, serum or processed fractions
thereof are well known in the art. Methods of
isolation of nucleic acids from blood or serum are
described in, for example Chen et al., 1996, Nature
Med. 2: 1033-1035 and Lo et al., 1997, Lancet 350:
485-487. The Lo et al. reference specifically
recognized the presence of fetal DNA in maternal
plasma and serum. Further, Dhallan et al. (2004,
J.A.M.A. 291: 1114-1 119) and WO 95/08646 describe
methods to enrich for fetal DNA from maternal serum.
While such enrichment is not necessary for the
prenatal diagnostic 



embodiments described herein, the potential for such
enrichment could be advantageous in some aspects of
the methods described herein. Fetal cells can also be
selected and obtained from the maternal circulation
(see e.g., Bischoff et al., Hum. Reprod. Update 8,
493-500 (2002) and Merchant et al., Hum. Reprod.
Update 8, 509-521 (2002), and can serve as a source
for target and reference nucleic acid sequences. For
example, sorted fetal cells can serve as the source
for target and reference sequences obtained by PCR
(see e.g., Geifman- Holtzman et al., Am. J . Obstet.
Gynecol. 174:818-22 (1996)). If the fetus is male,
then another approach is to use a reference sequence
from the Y chromosome; such sequences canbe obtained
from cell-free fetal DNA in the maternal circulation
(see e.g., Sekizawa et al.5 Am. J . Pharmacogenomics
1:1 11-7 (2001). In addition to the early detection of
birth defects, the methods described herein can be
applied to the detection of any abnormality in the
representation of genetic sequences within the genome.
It has been shown that blood plasma and serum DNA from
cancer patients contains detectable quantities of
tumor DNA (Chen et al., 1996, Nature Med. 2: 1035;
Nawroz et al., 1996, Nature Med. 2: 1035-1037). Tumors
are characterized by aneuploidy, or inappropriate
numbers of gene sequences or even entire chromosomes.
The detection of a difference in the amount of a given
sequence in a sample from an individual can thus be
used in the diagnosis of cancer. Target Nucleic Acid:
The methods described herein facilitate the detection
of differences in the amount of a target nucleic acid
versus a reference nucleic acid sequence. Target
nucleic acids include any nucleic sequence that is
associated with a difference in sequence
representation in healthy versus diseased individuals.
Genomic DNA is especially useful as a source of target
and reference nucleic acids. Thus, a target nucleic
acid sequence can be a sequence on a chromosome that
is misrepresented in a disease, e.g., a sequence on a
chromosome noted in Table 1. Target sequences also
include, for example, sequences known to exist in a
polymorphic state. Target sequences can also include,
for example, sequences known to be amplified or
over-represented not in the whole individual, but in
certain cells of the individual, as is seen for
example, in cells of some cancers. Finally, target
sequences also include sequences under investigation,
for example, for differential gene expression. The
amount of an RNA transcript can be measured relative
to a reference sequence by applying the methods
described herein to a sample containing
reversetranscription reaction products of the RNA
source of interest.Reference Nucleic Acid : The
reference nucleic acid called for in the methods
described herein is a sequence against which the
amount of a target sequence is compared. Most often, a
reference sequence will be one having a known or
expected representation in the nucleic acid sample.
For genomic DNA, for example, a reference sequence can
be a sequence that is present in a single copy per
genome, e.g., in heterozygous individuals, or in two
copies, e.g., in homozygous individuals. Where the
target sequence is to be measured in RNA, for example
to determine the level of expression of a given
message, the reference can be, for example, a
housekeeping gene sequence, e.g., GAPDH, actin or a
histone sequence, or another sequence for which the
level is known, or at least which is known to be
relatively invariant. Most often, a reference sequence
will be one that is already present in a biological
sample, preferably at a known representation. For
example, where one wishes to investigate the amount of
a sequence associated with a genetic disorder, such as
chromosome 2 1 trisomy indicative of Down syndrome,
the reference sequence would be a sequence not present
on chromosome 21, while the target sequence would be a
sequence present on chromosome 21. In this example,
where the reference sequence is present in two copies
(a homozygous sequence), if the target sequence is
found to be more abundant in maternal serum than the
reference sequence using the methods described herein,
the data would be indicative of Down syndrome in the
fetus. Alternatively, the reference sequence can be
one that is spiked into the sample at a known or
constant amount and which differs from the target
sequence. This approach will give results that
indicate the amount of target sequence relative only
to the amount of external spiked reference sequence,
but can be used to normalize between samples the
levels of another reference sequence that is internal
to the sample. The use of internal standard sequences
is especially useful for determining and correcting
for differences in amplification efficiency, as is
generally known in the art.Probes: Probes for use in
the methods described herein will refer to the single
stranded amplified target and reference template or
complement, depending on which set is under 



further investigated. These probes could be exact PCR
amplified copies or complements of the original
sequences, or they could exhibit modifications
introduced during the initial PCR steps. Target probe
will correspond to the sequence under investigation
that was derived from the target sequence. Reference
probe will correspond to the sequence under
investigation that was derived from the reference
sequence. Binding Partners: In each instance, a probe
will also comprise a region or moiety that permits the
physical pairing of target and reference probes under
certain conditions. The region or moiety (referred to
as a "binding partner moiety") that permits physical
pairing will comprise a means of specifically binding
one probe (under certain conditions) to a probe that
binds another nucleic acid sequence. This ability of
the target probe to bind the reference probe permits
the "removal" or sequestration of a proportional
number of target and reference probes. This "removal"
permits the detection of non-paired target or
reference sequence that is indicative of a difference
in the amount of one sequence versus the other in the
nucleic acid sample. In a preferred aspect, a region
or moiety for binding a reference probe to a target
probe is made by incorporating a corresponding member
of a specific binding partner pair into each of a
target and a reference probe. Binding partners can
interact by, for example, hybridization (involving
hydrogen bonding), protein interactions, covalent
bonding, ionic bonding, van der Waals interactions and
hydrophobic interactions. The binding partners will
necessarily bind to each other with a well-defined
stoichiometry. This is not to say that the binding
partners bind with 1:1 stoichiometry. Rather, what is
important is that the stoichiometry be known. For
example, avidin binds biotin with up to 8:1
stoichiometry. However, the biotin:avidin
stoichiometry actually observed can vary depending
upon the influences of steric hindrances caused by the
appended nucleic acid sequence(s). For a
givenbiotinylated probe, however, the stoichiometry of
avidin or streptavidin binding is expected to remain
constant. Binding partners useful in the methods
described herein are preferably conditionally able to
bind to each other. By "conditionally able to bind to
each other" is meant that the binding of one partner
to the other can be manipulated such that detectable
binding only occurs when one wishes for it to occur.
The conditional aspect can be manipulated by, for
example, changing temperature, salt or some other
physical or chemical parameter of the environment. For
example, lowering the temperature of a solution below
the Tm for a nucleic acid binding pair renders the
pair able to bind each other. Conditional binding can
also be achieved by competition for the binding sites
by easily "removable" competitors. By "removable"
competitors is meant molecules that compete for the
binding of the probes to each other, but that can be
either physically removed or made inert when it is
desired to permit the probes to bind to each other.
Conditional binding can also be achieved through the
addition of a catalyst that causes binding. For
example, the exposure of complementary sequences
comprising halogenated nucleosides to UV can result in
the covalent cross-linking of the sequences. Chemical
crosslinking agents are also known to those of skill
in the art. In one embodiment, the binding partners
are substantially complementary nucleic acid sequences
comprises by the respective probes. In this aspect,
the binding partner nucleic acid sequence on one probe
is able to hybridize to the binding partner nucleic
acid sequence on the other probe under a given set of
conditions. Similar parameters to those considered in
designing PCR primer sequences are considered in
designing the sequences of binding partner nucleic
acid sequences to include on probes as described
herein. For example, one of skill in the art will
consider the impact of length and G+C content on the
hybridization behavior of the binding partner
sequences. Often, although not necessarily, the
binding partner sequence of a probe that uses a
nucleic acid as a binding partner will be of equal or
shorter (e.g., at least one nucleotide or more
shorter) length than that portion of a probe that
binds the reference or target sequence.Binding
partners can alternatively be respective members of
any specific binding pair that is compatible with the
environment required for nucleic acid hybridization.
That is, the binding partner moieties can also
interact through means other than hybridization. For
example, the binding partner moieties can be a pair of
moieties that bind to each other through covalent or
non-covalent interactions. Examples of such binding
partner moieties include but are not limited to:
biotin-streptavidin, biotin-avidin, receptor-ligand
pairs, heterodimerization motif pairs (e.g.,
complementary leucine zipper motifs, complementary
helix-loop-helix motifs, etc.), antigen-antibody
interactions, aptamer-ligand interactions, or
multi-component chemical reactions. Methods for the
linkage of non-nucleic acid binding partners to probes
are well known in the art. Further, one skilled in the
art can readily 



determine whether the environment required for nucleic
acid hybridization has an adverse effect on the
binding partner moieties or their abilities to bind
each other. The binding partner moieties can also
interact indirectly through an "adapter molecule." As
used herein, an adapter molecule is any molecule which
is capable of binding specifically to the binding
partner moieties, thereby bridging the reference and
target probe sequences. In one embodiment, the adapter
molecule comprises nucleic acid sequences that can
hybridize to nucleic acid binding partner moieties of
the first and second probe. The adapter molecule can
be single-stranded, double-stranded or double-stranded
with one or more overhangs. As one non-limiting
example of an adapter, a double stranded nucleic acid
with two different single-stranded overhangs could be
used - one overhang would be substantially
complementary to a binding partner sequence on the
target probe, and the other would be substantially
complementary to a binding partner sequence on the
reference probe. The adapter molecule can also
comprise multiple nucleic acids. When using an adapter
molecule, it is preferable that the sites which
interact with the binding partner moieties are able to
distinguish between the binding partner moieties of
the first and second probe. It is also preferable that
the ratio of first and second probes with which each
adapter molecule can interact be a defined number. In
one embodiment, the adapter molecule is able to bind
the first and second probe at a ratio of 1:1. It is
not necessary that an adapter molecule interact with
the first and second probes at a 1:1 ratio. In
alternative embodiments, a single adapter molecule can
bind to multiple copies(e.g., 2, 3, 4, 5, 6, 7, 8,
etc.) of the first and second probes. For example, the
adapter molecule can comprise a solid support
containing a plurality of sites with which the first
and second probes can specifically interact. As a
non-limiting example, the binding partner moiety of
the first probe may consist of a poly-A tail, and the
binding partner moiety of the second probe may consist
of a poly-C tail. The adapter molecule can comprise a
solid support, for example a bead, comprising a
plurality of poly-T and poly-G oligonucleotides, to
which the first and second probe can specifically
interact through their binding partner moieties,
respectively. In another alternative embodiment, more
than one (e.g., 2, 3, 4, 5, 6, 7, 8, etc.) adapter
molecule can be employed. Sequestration or Removal of
TargetReference Probe complexes: The methods described
herein exploit the formation of complexes between a
reference probe and a target probe. In order to detect
non-complexed or "left over" probe molecules after the
probes are bound to each other, it can be advantageous
to remove, "hide" or sequester the targetreference
probe complexes. There are several ways to accomplish
this removal, "hiding" or sequestration. One approach
is to "hide" the targetreference probe complexes from
detection. This can be achieved by permanent
cross-linking of the targetreference probes in such a
way that it interferes with the detection method. For
example, if PCR is used for the detection of unpaired
probes, complementary sequences on the target and
reference probe can be used to bind them and this
duplex can be cross-linked by chemical or physical
means, such as UV, mitomycin C, or others described
previously. If the primers for the detection are
designed to overlap the permanent crosslink site or
can be found on opposite sides of the crosslink sites,
PCR amplification of paired probes will be inhibited,
thus only unpaired probes will be amplified, and thus
detected. Introducing halogenated nucleosides (e.g.,
to the PCR primers or disruption sequences) can
improve U.V. crosslinking efficiencies (see Qiagen
website). Other useful chemical modifications to
nucleosides or nucleotides include, as non-limiting
examples, thiolation, amidation and biotinylation.
More than one (e.g., 2, 3, 4 or more) primer in the
reaction can be modified if desired, including
different modifications to different primers.Chemical
crosslinkers can also be used, such as mitomycin C
(Bizanek et al. Biochemistry 1992, 31, 3084-3091) or
derivatives of it, nitric oxide (Caulfield et al. Chem
Res Toxicology, 16(5):571-574, 2003),
pyrrole/imidazole CPI conjugates (Bando et al., J .
Am. Chem. Soc, 2003, 125, 3471-3485), carzinophilin,
bizelesin, nitrogen mustard, netropsin or derivatives
of these. As noted above, the cross-linked hybrids are
not effective templates for detection by, for example,
PCR. Therefore, PCR using primers that amplify target
and/or reference probes or sequences will yield
amplification products only where there is
non-cross-linked template sequence. As discussed
herein with regard to final detection methods,
amplification primers should be designed so they will
either hybridize to the region at which probes become
cross-linked or so that the amplification sequence
would contain the cross-linked region, thus inhibiting
PCR strand extension. In either instance the presence
of cross-linked probe will interfere with PCR
amplification, and therefore the readout of the PCR
will correspond to the sequences not crosslinked
through these methods. 



Detection of Unpaired Probes : Following the physical
pairing of target and reference probes in proportion
to the amount of target sequence present, the methods
described herein require the detection of unpaired
probes. This detection can be performed by one of
several different approaches. One method of detecting
unpaired probe uses polymerase chain reaction (PCR)
amplification of probe molecules that are available to
serve as amplification templates. PCR is well known in
the art, and uses a thermostable template dependent
polymerase and oligonucleotide primers that anneal to
template nucleic acid on opposite strands in cycles of
primer annealing, primer extension and strand
separation to generate exponentially increasing
numbers of duplicate copies of a template sequence.
See, for example, Mullis et al., U.S. Patent No.
4,683,202. PCR detection of unpaired probes can be
performed through use of PCR primers that amplify the
unpaired probe sequences. PCR primers can be designed
so as to exploit the nature of the unpaired probes.
For example, where the target and reference probes
bind to each other through hybridization of
complementary sequence tags, one of the primers used
for unpaired probe amplification can be designed to be
complementary to the sequence tag.If, for example, the
target and reference probes are cross-linked to each
other after hybridization of the complementary
sequence tags, the tags of the cross-linked molecules
will not be available for amplification primer
binding, which will exclude the cross-linked probes
from amplification using a primer that hybridizes to
the tag. Such an approach would leave only the
unpaired probes available for amplification and
subsequent detection. The detection of PCR product
indicative of unpaired probe and a difference in the
amount of target nucleic acid can be by any means
commonly used to detect PCR products. For example, PCR
can incorporate a fluorescent or radiolabeled
nucleotide or primer, and fluorescence or isotope
detection can be used to obtain a read out.
Alternatively, a real time method such as the
TaqMan(tm) and Molecular Beacon methods, or related
methods, can be used. In the TaqMan assay (see e.g.,
U.S. Patent 5,723,591), two PCR primers flank a
central probe oligonucleotide. The probe
oligonucleotide comprises two fluorescent moieties.
During the polymerization step of the PCR process, the
polymerase cleaves the probe oligonucleotide. The
cleavage causes the two fluorescent moieties to become
physically separated, which causes a change in the
wavelength of the fluorescent emission. As more PCR
product is created, the intensity of the novel
wavelength increases. Molecular Beacons (see U.S.
Patent Nos. 6,277,607; 6,150,097; 6,037,130) are an
alternative to TaqMan. Molecular Beacons undergo a
conformational change upon binding to a complementary
template. The conformational change of the Beacon
increases the physical distance between a fluorophore
moiety and a quencher moiety on the Beacon. This
increase in physical distance causes the effect of the
quencher to be diminished, thus increasing the signal
derived from the fluorophore. Other applicable
fluorescent and enzymatic PCR technologies, such as
Scorpions(tm) (Solinas et al., 2001, Nucleic Acids
Res. 29: e96), Sunrise(tm) primers (Nazarenko et al.,
1997, Nucleic Acids Res., 25, 2516-2521), and DNAzymes
can also be used. PCR-based detection of unpaired
probes can also use capillary electrophoresis for
rapid detection. Generally, where capillary
electrophoresis is used, amplification of asequence
incorporates a fluorescent nucleotide or primer that
is then detected as sample passes through the
capillary. Capillary electrophoresis can also be used
without the need for PCR amplification if the signal
from the unpaired probes is sufficient for a reliable
signal. Alternatively, fluorescence tags or
fluorescence tag "dockers" could be used that
selectively bind unpaired probes. By fluorescence tag
"dockers" are meant entities that can bind a
predetermined number of fluorescent tags either
directly or through adapter molecules to aid in
detection. Yet another method is to add inactive
enzymes that can be activated either directly, or
through adapter molecules by the unpaired probes
selectively. Enzyme activity can then be detected by a
change in color, fluorescence or similar readout.
Other detection methods could include radioactive
tagging and other methods. Chromosome Abnormalities
and Disease: In the methods described herein,
deviations from a 1:1 ratio of target to reference
gene indicates a likely chromosomal abnormality.
Non-limiting examples of chromosome abnormalities that
are associated with disease and which can be evaluated
using the method according to the methods described
herein are provided in Table 1 below.ROTARY DRILL BIT
SHANK5ROTARY DRILL BITS SO EQUIPPED, AND METHODS OF
MANUFACTURE TECHNICAL FIELD Field of the Invention:
The present invention relates generally to a drill bit
shank 



for rotary drill bits for drilling subterranean
formations and to rotary drill bits so equipped.
BACKGROUND State of the Art: A typical rotary drill
bit includes a bit body secured to a hardened steel
shank having a threaded pin connection for attaching
the bit to a drill string, and a crown including a
face region carrying cutting structures for cutting
into an earth formation. Generally, if the bit is a
fixed-cutter or so-called "drag" bit or drill bit, the
cutting structures include a plurality of cutting
elements formed at least in part of a superabrasive
material, such as polycrystalline diamond. Rotary drag
bits employing polycrystalline diamond compact (PDC)
cutters have been employed for several decades.
Typically, the bit body may be formed of steel, or a
matrix of hard particulate material such as tungsten
carbide (WC) infiltrated with a binder, generally of a
copper alloy. In the case of steel body drill bits,
the bit body may typically be machined from round
stock to a desired shape. Radially and longitudinally
extending blades, internal watercourses for delivery
of drilling fluid to the bit face, and topographical
features defined at precise locations on the bit face
may be machined into the bit body using a
computercontrolled, multi-axis machine tool.
Hard-facing for resisting abrasion during drilling is
usually applied to the bit face and to other critical
areas of the bit exterior, and cutting elements are
secured to the blades on the bit face, generally by
inserting the proximal ends thereof into cutting
element pockets machined therein. After machining and
hardfacing, the bit body may be secured to a hardened
steel shank having a threaded pin connection for
securing the steel body rotary drill bit to the drive
shaft of a downhole motor or directly to drill collars
at the distal end of a drill string rotated at the
surface by a rotary table or top drive. Matrix-type
drill bits, on the other hand, include a bit body
formed of a matrix of hard particulate material such
as tungsten carbide contained within a graphite mold
and infiltrated with a binder, generally of a copper
alloy. Cast resin-coated sand, graphite displacements
or, in some instance, tungsten carbide particles in a
flexible polymericbinder, may be employed to define
internal watercourses and passages for delivery of
drilling fluid to the bit face, cutting element
sockets or pockets, ridges, lands, nozzle
apertures,junk slots and other external topographic
features of the matrix-type rotary drag bit. However,
because a matrix material comprising tungsten carbide
or other relatively hard particles may be
substantially unmachinable, a machinable steel blank
is typically disposed within the bit mold prior to
infiltration of the matrix material, the steel blank
forming a portion of the matrix-type rotary drag bit
body upon hardening of the inf ltrant that affixes the
blank therein. In a manner similar to fabrication of
steel body drill bits, the matrix-type bit body, via
the machinable blank, may be secured to a hardened
steel shank having a threaded pin connection for
securing the bit to the drive shaft of a downhole
motor or directly to drill collars at the distal end
of a drill string rotated at the surface by a rotary
table or top drive. Thus, in either steel body or
matrix-type rotary drill bits, alignment between the
bit body and the hardened shank is critical because
the shank, which includes the threaded pin connection,
may determine the axis of rotation of the bit.
Alignment of the axis of rotation in relation to the
cutting element design is obviously of great
importance in the operation of a rotary drag bit
because aspects of the rotary drill bit design may be
based, at least in part, on cutting element positions
as well as predicted forces thereon. For instance,
so-called "anti-whirl" designs utilize a preferential
lateral force directed toward a pad designed to ride
against the formation in order to stabilize the rotary
drag bit. Conventionally, a threaded connection has
been employed between matrix-type bit bodies and the
hardened shank, as described in more detail
hereinbelow. FIGS. 1A and 1B illustrate a conventional
matrix-type drill bit 10 formed generally according to
the description above. Conventional matrix-type drill
bit 10 includes a central longitudinal axis 3 and bore
12 therethrough for communicating drilling fluid to
the face of the bit during drilling operation. Cutting
elements 5 and 7 (typically diamond, and most often a
synthetic polycrystalline diamond compact or PDC) may
be bonded to the bit face during infiltration of the
bit body if thermally stable PDCs, commonly termed
TSP's are employed, or may be subsequently bonded
thereto, as by brazing, adhesive bonding, or
mechanical affixation. The conventional preformed,
so-called blank 14 comprising relatively ductile steel
may also provide internal reinforcement of the bit
body matrix 19. The blank 14 may betypically comprised
of relatively ductile steel because the high
temperatures experiencedby the blank during
infiltration may generally anneal most steel
materials. Blank 14 may comprise a cylindrical or
tubular shape, or may be fairly complex in
configuration and include protrusions corresponding to
blades, wings or other features on the bit face. The 



protrusions or fingers may be generally welded into
longitudinal slots formed within the tubular portion
of blank 14. The blank 14 and other preforms as
mentioned above may be placed at appropriate locations
within the graphite mold used to cast the bit body.
The blank 14 may be affixed to the bit body matrix 19
upon cooling of the bit body after infiltration of the
tungsten carbide with the binder in a furnace, and the
other preforms are removed once the matrix has cooled.
Blank 14 may be machined and affixed to shank 16 by
way of threaded connection 15 as well as weld 20.
Conventionally, a continuous weld may be formed
between shank 16 and blank 14. The shank 16 typically
is formed from an AISI 4140 steel, a material having a
carbon equivalent of higher than about 0.35%, which
requires the shank 16 and blank 14 to be preheated
prior to welding. Shank 16 includes tapered threads 17
machined at the upper portion thereof for connecting
the conventional matrix-type drill bit 10 to a string
of drill pipe (not shown). Machined threads 17 are
formed prior to attachment of the shank 16 to the
blank 14; therefore, proper alignment of the shank 16
with the blank 14 is critical. FIG. 1C shows another
conventional matrix-type drill bit 11having a
conventional shank 16 and illustrates the interface
between the shank 16 and bit body 23. Conventional
matrix-type drill bit 11 includes an internal bore 12
generally centered about the central longitudinal axis
3 thereof. Shank 16 includes tapered threads 17 for
attachment to a drill string (not shown) as well as
"bit breaker" surface 2 1 for loosening and tightening
the tapered thread connection between the matrix drill
bit 11 and the drill string (not shown). Shank 16 may
be affixed to the bit body 23 by threaded connection
15 as well as weld 20. Of course, bit body 23 includes
a blank (not shown) that provides the interfacing
surface between the bit body 23 and the shank 16. FIG.
ID shows a conventional steel body drill bit 30
including bit body 44 and internal bore 32 generally
centered about central axis 33. As FIG. ID shows,
conventional steel body rotary drill bit 30 includes
shank 36 having a threaded connection 37 for
connecting to a drill string wherein the shank 36 is
affixed by weld 40 to the bit body 44.Bit body 44 may
also carry blade(s) 42 having cutting elements 38 for
removing formation during subterranean drilling. As
may be seen in FIGS. 1C and ID, in manufacturing
either a matrix-type or steel body rotary drill bit, a
shank is affixed to a bit body. In addition, in
conventional welding of a shank to a bit body of a
rotary drill bit, the shank may comprise a material
having a carbon equivalent of higher than about 0.35%,
such as, for example, an AISI 4140 steel. Therefore,
the shank and bit body may be preferably preheated to
about 371  Celsius (700 Fahrenheit) before welding
begins. Further, conventional welding procedures may
designate that as the shank is welded to the bit body,
if the temperature of the shank reaches 482 Celsius
(900 Fahrenheit) the welding procedure may be
interrupted until the temperature is reduced. When the
conventional weld procedure resumes subsequent to
delay caused by either overheating or inadequate
heating of the shank, the weld may continue from
substantially the same circumferential position as
occurred at initiation of the delay. U.S. Patent No.
6,1 16,360 discloses, in discussing a prior art steel
bodied bit, a shank welded to a steel bit body that
protrudes therein. However, the mating surfaces
between the shank and the steel bit body are not
tapered. hi addition, U.S. Patent No. 5,150,636 to
Hill discloses a shrink-fit between a cutting head and
a shank. Further, Hill discloses that the tip of the
shank may have a slight reverse taper to better retain
the cutting head. It has been observed by the
inventors herein that the conventional threaded
connection between the shank and blank may generate
undesirable stresses within the threaded joint and
proximate weldjoint. In addition, the
conventionalthreaded connection may produce
misalignment between the shank and bit body. Further,
it has been observed that a conventional single-pass
weld between the blank and shank may allow or even
promote distortion and misalignment therebetween.
Thus, it would be advantageous to eliminate the need
for preheating of the shank prior to welding the shank
to the bit body and a need exists for an improved
shank configuration for use in fabricating rotary
drill bits. DISCLOSURE OF INVENTION The present
invention provides a well-reasoned, practically
implementable shank configuration particularly
suitable for rotary drill bits, which configurationmay
be tailoredto a specific bit sizes and arrangements.
In the inventive shank configuration, the shank may
comprise, a material having a carbon equivalent that
is less than about 0.35%, for example, an AISI 4130
steel or AISI 4130MOD steel. Such a configuration may
enable elimination of preheating prior to welding that
is typically required by conventional shank 



materials, such as AISI 4140 steel, and the presence
invention contemplates and encompasses a method of
welding a shank structure to a portion of a bit body
without preheating of the shank structure. Also
according to the present invention, positioning of the
shank in relation to the bit body may be accomplished
by engagement of tapered surfaces thereof. For
instance, a tapered surface or feature of the shank
may be configured and sized to matingly engage a
complementarily shaped surface or feature of the drill
bit body, such as on a portion of a blank in the case
of a matrix-type bit or any suitable portion of the
body in the case of a steel body bit, to become
centered or positioned in relation thereto. The
present invention is not limited to any particular
tapered surface, since many arrangements may provide
such positioning and more than one tapered surface may
be employed. A tapered surface or feature
configuration may improve positioning of the blank in
relation to the shank, and also may eliminate
conventional machining of threads therebetween.
Exemplary tapered, complementary surfaces that may be
easily formed for implementation of the present
invention include without limitation surfaces of
revolution such as frustoconical surfaces, wherein
such surfaces of revolution may be formed by
machining. In addition, a multi-pass weld procedure
may be employed wherein multiple individual
circumferential welds originate from different
circumferential positions. Such a weld procedure and
configuration may align or maintain alignment of the
welded assembly of the shank with the bit body by
equalizing or minimizing distortion caused by
conventional welding processes. Put another way, a
multi-pass weld may be formed wherein subsequent weld
origination circumferential positions are offset from
immediately preceding weld origination circumferential
positions. For instance, a first weld may originate at
a first position and extend around the circumference
of a weld recess to a second position. A second weld
may then be formed that originates fiom a
substantially different circumferential position than
the circumferential beginning point of the first weld.
Subsequent welds, similarly, may be formed so that
each subsequent weld originates at a circumferential
position that differsfrom its preceding weld's
originating position. In one embodiment, the
originating position for a subsequent weld may be
separated from the circumferential origination
position of its preceding weld by between about 90 and
about 180 degrees. It is specifically contemplated
that the blank and shank configuration according to
the present invention may be applied to coring bits,
bi-center bits, eccentric bits, reaming tools and
other drilling structures as well as to full-bore
drill bits. As used herein, the term "bit" encompasses
all of the foregoing drilling structures, whether
steel or matrix-type. Moreover, the present invention
is not limited to any particular structure for steel
or matrix-type rotary drag bits and may be applied to
rotary drag bits fabricated by various methods. It is
further contemplated that the blank and shank
configuration according to the present invention may
be applied to fabrication of roller cone bits, and the
term "bit" as used herein encompasses such assemblies.
BRIEF DESCRIPTION OF DRAWINGS FIG. IA is a perspective
view of a conventional matrix-type rotary drag bit;
FIG. IB is a partial schematic side cross-sectional
view of the conventional matrixtype rotary drag bit
shown in FIG. IA; FIG. 1C is a partial side
cross-sectional view of the shank and bit body of a
conventional matrix-type rotary drag bit; . FIG. ID is
a side cross-sectional view of a conventional steel
body rotary drill bit; FIG. 2A is a partial side
cross-sectional view of the shank and rotary drill bit
body of the present invention; FIG. 2B is a partial
side cross-sectional view as well as a partial side
view of a shank and bit body of the present invention;
FIGS. 2C-2D illustrate schematic top views of the
multiple-pass weld and welding process of the present
invention; FIGS. 3A-3G are partial schematic side
cross-sectional views of different embodiments of
interface configurations between a bit body and a
shank of the present invention; FIG. 4 is a side view
of a rotary drill bit according to the present
invention; FIG. 5A shows a perspective view of a
rotary drill bit of the present invention; andFIG. 5B
shows a partial top cross-sectional view of the shank
and bit body as shown in FIG. 5A. BEST MODE(S) FOR
CARRYING OUT THE INVENTION FIG. 2A depicts a partial
cross-sectional view of matrix-type rotary drag bit
110 



according to the present invention. Rotary drag bit
110 includes central longitudinal axis 103 about which
bore 112 is generally disposed. Shank 116 may be
comprised of a material having a carbon equivalent of
less than about 0.35%, such as, for example and not by
way of limitation, an AISI 4130 steel or AISI 4130MOD
steel and may include a threaded pin connection 117,
as known in the art, for connection to a drill string
(not shown) as well as a bit breaker surface 121 for
assembly and disassembly thereto and therefrom,
respectively. It may be desirable for the shank
material to have a carbon equivalent of even less than
about 00.35% such as, for example, less than about
0.30%. It will also be appreciated by those of
ordinary skill in the art that the material selected
for shank 116 exhibit, for example, at least a minimum
yield strength, a minimum ultimate tensile strength
and a minimum impact strength suitable for conditions
encountered during drilling with rotary drag bit 110.
The aforementioned AISI 4130 and AISI 4130 MOD steels
possess such desirable mechanical properties.
Generally, a carbon equivalent is an empirical value
in weight percent that relates the combined effects of
different alloying elements used in the making of
metal alloys, such as steels, to an equivalent amount
of carbon, as an indication of weldability or
susceptibility to weld cracking. A carbon equivalent
may be used for hardenable carbon and alloy steels,
without limitation. Further, as seen from the
following equation, it is not necessary that the
material include carbon to have a non-zero carbon
equivalent. Different formulas for computing a carbon
equivalent of a material, as known in the art, have
been developed. The present invention contemplates use
of different empirical formulas for computation of a
carbon equivalent. For example, one formula for a
carbon equivalent of a given material, provided from
the Metals Handbook(r), Desk Edition, published by The
American Society for Metals, eighth printing May,
1995, is given below. CE-VC %Cr+%Mo +%v %Si+%Ni+%Cu 5
15Where: CE is the carbon equivalent in weight
percent; %C is the weight percent of carbon in the
material; %Cr is the weight percent of chromium in the
material; %Mo is the weight percent of molybdenum in
the material; %V is the weight percent of vanadium in
the material; %Si is the weight percent of silicon in
the material; %Ni is the weight percent of nickel in
the material; and %Cu is the weight percent of copper
in the material. Thus, it will be appreciated that a
material possessing desired mechanical properties for
use in shank 116 may be readily qualified in terms of
carbon equivalvent as to its suitability for use in
implementation of the present invention. In addition,
shank 116 may also include tapered surface 160
configured to matingly engage complementary tapered
surface 161 of bit body 123, thus positioning shank
116 with respect to bit body 123 and forming, in
combination with tapered surface 141 of bit body 123,
weld recess 139. By way of example only, and as
applicable to this and the other illustrated
embodiments of the present invention, the referenced
tapered surfaces may, but do not necessarily have to
be, implemented as frustoconical surfaces. Vertical
surface 150 of shank 116 may extend within bit body
123 along vertical surface 151 of bit body 123, but
may be configured with tapered surface 160 to position
shank 116 with respect to bit body 123. FIG. 2A also
shows that horizontal surface 140 radially inward of
tapered surface 160 may be separated from horizontal
surface 152 of bit body 123 by gap 111 to prevent
contact therebetween, because such contact may affect
position of shank 116 in relation to bit body 123,
notwithstanding mutual contact of tapered surface 160
and tapered surface 161. As note above, radially
outermost portions of tapered surface 160 and tapered
surface 161 together define circumferential weld
recess 139 wherein a weld 170, such as a multi-pass
weld according to the present invention, may be
formed. FIG. 2B shows a partial side cross-sectional
view of a rotary drill bit 310 (left-hand side of
figure) and a partial side view of rotary drill bit
310 about its longitudinal axis 333 (right-hand side
of figure) prior to welding in accordance with the
present invention. Rotary drill bit 310 may generally
comprise a bit body 323 including a plurality
oflongitudinally extending blades 314 definingjunk
slots 316 therebetween. Each blade 314 may define a
leading or cutting face 318 that extends radially
along the bit face around the distal end 315 of the
rotary drill bit 310, and may include a plurality of
cutting element pockets 319 formed within bit body 323
and oriented for affixing cutting elements 320 therein
to cut a subterranean formation upon rotation of the
rotary drill bit 310. Cutting elements 320 are shown
for illustration only, as they may be affixed to the
cutting element 



pockets 319 after the shank 334 is welded to the bit
body 323 . Shank 334, according to the present
invention, may comprise a material having a carbon
equivalent of less than about 0.35%, such as an AISI
4130 or AISI 4130MOD steel. Each blade 314 may include
a longitudinally extending gage portion 322 that
corresponds to the gage 312 of each blade 314, sized
according to approximately the
largest-diameter-portion of the rotary drill bit 310
and thus may be typically only slightly smaller than
the diameter of the hole to be drilled by rotary drill
bit 310. The upper longitudinal end 317 of the rotary
drill bit 310 includes a threaded portion or pin 325
to threadedly attach the rotary drill bit 310 to a
drill collar or downhole motor, as is known in the
art. In addition, the plenum 329 or bore
longitudinally extends within rotary drill bit 310 for
communicating drilling fluid therewithin through
nozzles 336 disposed on the face of the rotary drill
bit 310 through passages (not shown extending from
plenum 329 to nozzles 336. Threaded portion 325 may be
machined directly into the upper longitudinal end 317
of the shank 334 as may bit breaker surface 321 for
loosening and tightening the tapered threaded portion
325 of the rotary drill bit 310 when installed into
the drill string, the shank 334 engaging the bit body
323 of the rotary drill bit 310 at its distal end as
depicted in the cross-sectional view thereof. Also as
shown in FIG. 2B, the tapered surface 350 of the shank
334 may matingly engage the tapered surface 351 of the
bit body 323 in order to position the shank 334 in
relation to the bit body 323. Of course, vertical
surface 360 of shank 334 may engage vertical surface
361 (vertical surfaces 360 and 361 not necessarily
being threaded as depicted in FIG. 2B) and horizontal
surface 360 of shank 334 may or may not engage
horizontal surface 371 according to actual clearances
therebetween, the desirability of a gap being
heretofore described with respect to FIG. 2A. Weld
recess 339 may be formed by tapered surface 350 of
shank 334 and tapered surface 352 of the bit body
323.A multi-pass weld of the present invention, as
described hereinbelow, may be formed and disposed
generally within weld recess 339. As noted above,
shank 334 may comprise a material having a carbon
equivalent of less than about 0.35%, such as, for
example, an AISI 4130, an AISI 4130MOD steel, or an
equivalent material. Therefore, preheating shank 334
prior to initiating the welding process may not be
necessary. As a further advantage, aligning the shank
334 with respect to the bit body 323 and then
tackwelding the assembly together may be accomplished.
FIG. 2C shows a schematic top cross-sectional view of
multi-pass weld 401 of the present invention in
relation to the inner apex or tip 340 of the weld
recess 339 as shown in FIG. 2B. More particularly,
FIG. 2C shows a top view of the inner boundary of weld
recess 339 as defined by tip 340 thereof as well as
welds 410, 420, 430, and 440. Welds 410, 420, 430, and
440 are depicted as concentric rings or circles of
increasing diameter and are shown as being separate
from one another. However, FIG. 2C is merely
schematic, and welds 410, 420, 430, and 440 are
depicted as shown merely for clarity. Welds 410, 420,
430, and 440 may be disposed anywhere generally within
weld recess 339, depending on the size of the previous
welding passes and the size of the welding recess 339.
Of course, the longitudinal position of any weld of
the present invention may be varied in order to fill
the weld recess relatively evenly. As shown in FIG.
2C, a first weld 410 or "root" weld may be deposited
within the weld recess 339, or more specifically,
positioned along the circumference of tip 340 of the
weld recess 339 formed by the interface between the
facing surfaces 350 and 352 of the shank 334 and the
bit body 323. First weld 410 may extend around the
circumference of tip 340 of weld recess 339. First
weld 410, as shown in FIG. 2C, may originate at
circumferential position 409 and may also terminate
thereat. Alternatively, first weld 410 may originate
at a first circumferential position and may terminate
at a second circumferential position. Second weld 420,
as shown in FIG. 2C, may originate at circumferential
position 419 and may terminate thereat. Alternatively,
second weld 420 may originate at a first
circumferential position separated from the
circumferential origination position of the first weld
410 by at least about 90 and may terminate at a second
circumferential position. Therefore, circumferential
position 409 may be separated from circumferential
position 4 19 by at least about 90, measured in
relation to the longitudinal axis 333 of drillbit 310,
either in the clockwise or counter-clockwise
direction. Separation angle q, shown by FIG. 2C,
illustrates such a measure of separation between
circumferential position 409 and circumferential
position 419. Further, second weld 420 may originate
at a first circumferential position separated from the
originating circumferential position of the
immediately preceding weld by at least about 90, and
may terminate at a second circumferential position. In
addition, second weld 420 may be formed about
longitudinal 



axis 333 in a circumferential direction (clockwise or
counter-clockwise) opposite to or consistent with the
direction that the initial weld 410 was formed. Third
weld 430, as shown in FIG. 2C, originates at
circumferential position 429 and also terminates
thereat. More generally, third weld 430 may originate
at a first circumferential position separated from the
originating circumferential position of the
immediately preceding weld by at least about 90, and
may terminate at a second circumferential position.
Fourth weld 440, as shown in FIG. 2C, originates at
circumferential position 439 and also terminates
thereat. Similarly, fourth weld 440 may originate at a
first circumferential position separated from the
originating circumferential position of the
immediately preceding third weld 430 by at least about
90, and may terminate at a second circumferential
position. As may also be seen from FIG. 2C,
circumferential originating positions 409, 419, 429,
and 439 may be substantially symmetrically distributed
about the circumference of tip 340 of weld recess 339.
Of course, the separation between an originating
position of a preceding weld and the originating
position of a subsequent weld may be measured in
relation to the circumferential distance therebetween.
For instance, the circumferential separation distance
between circumferential position 409 and
circumferential position 419 may be at least about one
quarter of the circumference of the circle depicting
weld recess tip 340. Therefore, a multi-pass weld of
the present invention may include an initial weld
originating at a first circumferential position and
terminating at a second circumferential position and a
second weld originating at a circumferential position
at least about 90 from the first position of the first
weld or at least about one quarter of the
circumference of the tip 340 of weld recess 339.
Subsequent welds may originate at respective
circumferential positions that are separated by at
least about 90 from the circumferential originating
position of their immediately preceding weld or a
distance of at least about one quarter of the
circumference of the tip 340 of weld recess 339,
therearound, respectively.Circumferential positions
may only be separated by up to 180, since such
positioning would be on opposite sides of a line from
one edge of the circumference through the center
thereof to the other side of the circumference. Thus,
subsequent welds may originate at respective
circumferential positions that are separated from the
originating position of the immediately preceding weld
by about 90 to 180 from the originating position of
the immediately preceding weld in accordance with the
present invention. Such a weld configuration may
reduce, equalize, or minimize distortion and
misalignment between the assembled shank 334 and bit
body 323. As a further example of the multi-pass weld
of the present invention, and without limitation, FIG.
2D shows a top cross-sectional view of multi-pass weld
402 in relation to the tip 340 of the weld recess 339
as shown in FIG. 2B. Welds 452, 454, 456, 458, 460,
and 462 may be formed and extend around the
circumference of the tip 340 of weld recess 339. First
weld 452 may originate at circumferential position 453
and may also terminate thereat. Second weld 454 may
originate at circumferential position 455 and may also
terminate thereat. Third weld 456, may originate at
circumferential position 457 and may also terminate
thereat. Fourth weld 458, may originate at
circumferential position 459 and may also terminate
thereat. Fifth weld 460, may originate at
circumferential position 461 and may also terminate
thereat. Sixth weld 462, may originate at
circumferential position 463 and may also terminate
thereat. Alternatively, and more generally, each weld
452, 454, 456, 458, 460, and 462 may originate at a
first circumferential position that is offset from or
separated from the circumferential origination
position of its preceding weld. Thus, subsequent welds
454, 456, 458, 460, and 462, meaning welds that occur
after a preceding weld, may originate at a
circumferential position separated from the
originating circumferential position of the
immediately preceding weld by at least about 90 or at
least about one quarter of the circumference of weld
tip 340. For instance, separation angle q, shown by
FIG. 2D, illustrates a measure of separation between
circumferential position 459 and circumferential
position 463 of about 120. Put another way, the
separation distance between circumferential position
459 and circumferential position 463 as shown in FIG.
2D is about one third of the circumference of the
circle depicting weld recess tip 340. Further, welds
452, 454, 456, 458, 460, and 462 may be formed about
longitudinal axis 333 along any circumferential
direction (clockwise or counter-clockwise).Thus, the
multi-pass weld of the present invention is not
limited to any particular number of discrete welds,
but rather comprises more than one weld wherein the
origination position of a preceding and subsequent
weld is separated by at least about 90 or at least
about one quarter of the circumference of the weld
recess tip. Further, the welds may or may not extend
circumferentially or at all. For instance, the welds
may be formed by 



applying a heat source and welding medium at a
particular position, forming a weld and then
positioning the heat source and welding medium at a
second position and forming another weld. Thus, welds
may be formed within a weld recess at discrete
locations. In addition, the separation between the
circumferential position of origination between a
preceding and immediately subsequent weld may vary.
For instance, the separation angle q may be about 90,
then about 135, then about 180, for the second weld,
the third weld, and the fourth weld, respectively,
without limitation. Further, the origination positions
of the welds may form a substantially symmetrical
pattern, or may form an unsymmetrical pattern. FIG. 3A
shows a partial cross-sectional view of an interface
200 between a shank 216 and a bit body 223 with
respect to bore 212 centered about central axis 203 of
a rotary drag bit (remainder not shown). Shank 216 may
comprise a material having a carbon equivalent of less
than about 0.35% and may include tapered surface 260,
tapered surface 250, and horizontal surface 253.
Tapered surface 250 of shank 216 may be configured to
matingly engage tapered surface 251of bit body 223 to
position shank 216 with respect to bit body 223.
Further, gap 2 11 may separate horizontal surface 253
of shank 216 and horizontal surface 252 of bit body
223, thus inhibiting engagement therebetween that may
affect the proper mating engagement between tapered
surface 250 of shank 216 and tapered surface 251of bit
body 223 . Weld recess 239 may be formed by the
intersection of tapered surface 260 of shank 216 with
tapered surface 241of bit body 223. As may be further
seen in FIG. 3A, tapered surface 251 and horizontal
surface 252 of bit body 223 may form a cavity which
the lower longitudinal end of shank 216 fits within.
Such a configuration may be advantageous for
distributing stresses transmitted through the shank
216 during operation of the rotary drag bit.
Alternatively, gap 2 11may be reduced or eliminated by
way of a longitudinal force applied to compress the
bit body 223 and the shank 216 against one another.
Stated another way, it may be desirable to configure
tapered surface 250 of shank 216 and taperedsurface
251 of bit body 223 so that a sufficient compressive
force causes sliding therebetween, reducing gap 2 11
or causing horizontal surface 253 of shank 216 to
engage horizontal surface 252 of bit body 223 . Such a
compressive force may be applied prior to or during
welding of the shank 216 to the bit body 223, or both,
and may be desirable as generating a tensile residual
stress within the multi-pass weld (FIGS. 2C and 2D)
that may be counter-acted by the compressive forces
experienced during drilling. Such a configuration may
reduce the stresses in the weld during drilling. As a
further alternative, gap 2 11may be eliminated by
sizing the shank and bit body accordingly. FIG 3B
shows a partial cross-sectional view of another
embodiment of interface 201 between shank 216 and bit
body 223 with respect to bore 212 centered about
central axis 203 of a rotary drag bit (remainder not
shown). Shank 216 may comprise a material having a
carbon equivalent of less than about 0.35%, such as,
for example, an AISI 4130 or AISI 4130MOD steel and
may include tapered surface 260, tapered surface 250,
and horizontal surface 253. Tapered surfaces 250 and
260 of shank 216 may be configured to matingly engage
tapered surfaces 251 and 261of bit body 223,
respectively, to position shank 216 with respect to
bit body 223 . Such a dual-taper configurationmay be
advantageous for positioning the shank 216 with
respect to the bit body 223. Further, gap 2 11may
separate horizontal surface 253 of shank 216 and
horizontal surface 252 of bit body 223, thus
inhibiting engagement therebetween that may affect the
proper mating engagement between tapered surfaces 250
and 260 of shank 216 and tapered surfaces 251 and 261
ofbit body 223, respectively. Weldrecess 239 may be
formed by the engagement of tapered surface 260 of
shank 216 with tapered surface 241 ofbit body 223. As
may be further seen in FIG. 3B, tapered surface 251
and horizontal surface 252 ofbit body 223 may form a
cavity which the lower longitudinal end of shank 216
fits within. Such a configuration may be advantageous
for distributing stresses transmitted through the
shank 216 during operation of the rotary drag bit (not
shown). FIG. 3C shows a partial cross-sectional view
of another embodiment of the present invention
depicting interface 202 between shank 216 and bit body
223 with respect to bore 212 centered about central
axis 212 of a rotary drag bit (not shown). As shown in
FIG. 3C, tapered surface 270 of shank 216 may be
sloped longitudinally downward along a radially inward
path, and may matingly engage tapered surface 271
ofbit body 223, which may slope longitudinally upward
along a radially outward path. Thus, mating
engagementbetween tapered surface 270 of shank 216 and
tapered surface 271 of bit body 223 may position shank
216 with respect to bit body 223. Weld gap 239 may be
substantially formed by the intersection of tapered
surface 241 of bit body 223 and tapered surface 270 of
shank 216. Of course, chamfers and radii at boundaries
between adjacent surfaces may 



be used in accordance with engineering design to
facilitate proper engagement between tapered surface
270 of shank 216 and tapered surface 271 of bit body
223. As may also be seen in reference to FIG. 3C,
tapered surface 271 of bit body 223 may form a cavity
which the lower longitudinal portion of shank 216 fits
within. Such a configuration may be advantageous for
distributing stresses during operation of the rotary
drag bit (not shown). In addition, shank 216 may
comprise a material having a carbon equivalent of less
than about 0.35%, in order to eliminate the need for
preheating prior to welding of the shank 216 to the
bit body 223. FIG. 3D shows a partial cross-sectional
view of yet another embodiment of the present
invention depicting interface 204 between shank 216
and bit body 223 with respect to bore 203 centered
about central axis 212 of a rotary drag bit (remainder
not shown) . As shown in FIG. 3D, tapered surface 280
of shank 216 may slope longitudinally upward along a
radially inward path, and may matingly engage tapered
surface 281of bit body 223, which may slope
longitudinally downward along a radially outward path.
Thus, mating engagement between tapered surface 280 of
shank 216 and tapered surface 281 of bit body 223 may
position shank 216 with respect to bit body 223 . Weld
gap 239 may be substantially formed by the
intersection of tapered surface 282 of bit body 223
and tapered surface 280 of shank 216. Shank 216 may
comprise a material having a carbon equivalent of less
than about 0.35%, such as, for example, an AISI 4130
steel, an AISI 4130MOD steel, or an equivalent
material to eliminate the need for preheating the
shank prior to welding the shank 216 and bit body 223
to one another. Such a configuration may allow the
shank 216 and bit body 223 to be tack welded in order
to maintain the relative positioning thereof prior to
forming the multi-pass weld as described above and
eliminate conventional preheating thereof during
welding. FIG. 3E shows a further embodiment of the
present invention depicting a crosssectional view of
interface 205 between shank 216 and bit body 223. As
mentioned above, shank 216 may comprise a material
having a carbon equivalent of less than about
0.35%.Shank 216 and bit body 223 are shown in relation
to bore 203, which is centered about central axis 212
of a rotary drag bit (remainder not shown). Tapered
surface 292 of shank 216 may matingly engage tapered
surface 293 of bit body 223 to position the shank 2 16
in relation to the bit body 223. Also, horizontal
surface 300 of shank 216 may matingly engage
horizontal surface 295 of bit body 223, thereby
vertically positioning the shank 216 in relation to
the bit body 223. Gap 299 may exist between tapered
surface 290 of shank 216 and tapered surface 297 of
bit body 223. Gap 299 may provide clearance for
fitting the shank 216 and the bit body 223 together.
Weld recess 239 may be substantially formed by tapered
surface 290 of shank 216 and tapered surface 291 of
bit body 223. FIGS. 3F and 3G show a cross-sectional
view of interface 206 according to the present
invention between shank 216 and bit body 223. More
specifically, a deformable element 302 may be
positioned between shank 216 and bit body 223. As
shown in FIGS. 3F and 3G, deformable element 302 may
be positioned between horizontal surface 304 of shank
216 and horizontal surface 305 of bit body 223. Gap
311 may exist initially between tapered surface 306 of
shank 216 and tapered surface 307 of bit body 223.
Further, tapered surface 303 of bit body 223 may
engage tapered surface 308 of shank 216 or,
alternatively, there may be slight clearance
therebetween. However, as shown in FIG. 3G, shank 216
may be displaced so as to deform deformable element
302 andposition tapered surface 306 of shank 216 to
matingly engage tapered surface 307 of bit body 223,
thus substantially eliminating gap 3 11. Such a
configuration may be preferable to position the shank
216 in relation to the bit body 223 by way of a
compressive force. Such a compressive force may be
applied prior to and/or during welding of the shank
216 to the bit body 223, and may effect a tensile
residual stress within the multi-pass weld (FIGS. 2C
and 2D) that may be desirable as reducing the stresses
in the weld during drilling. Also, as shown in FIGS.
3F and 3G, weld recess 339 may be substantially formed
by tapered surface 306 of shank 216 and tapered
surface 301 of bit body 223 . Exemplary deformable
elements 302 include high temperature elastomeric
rings, annular leaf springs and Belleville springs, as
well as nonresilient deformable materials that may be
crushed as gap 311 is eliminated. Deformation,
resilient or nonresilient, of deformable element 302
may provide controlled downward movement of shank 2 16
as it is caused to engage bit body 223. FIG. 4 shows
an exemplary rotary drag bit 500 according to the
present invention wherein an interface and multi-pass
weld as described above have been completed to
affixbit body 323 , either steel body or matrix-type,
to the shank 334. Shank 334 may include bit breaker
surfaces or flats 321for loosening and tightening the
tapered threaded portion 325 of the rotary drag bit
500 when installed into the drill string. Rotary drag
bit 500 may 



include radially and longitudinally extending blades
314, wherein each blade 314 may define a leading or
cutting face 318 and may include a plurality of
cutting elements 320 affixed thereto and oriented
therein to cut a subterranean formation upon rotation
of the rotary drill bit 500. Nozzles 336 may be sized
and positioned to communicate drilling fluid from the
interior of the rotary drag bit 500 to the cutting
elements 320 and blades 314 to clean cuttings
therefrom. Upon completion of multi-pass weld (not
shown), the exterior, radially outward surface thereof
may be machined flush with an outer surface of bit
body 323 . Further, it should be understood that the
present invention is not limited to rotary drill bits
fabricated by way of any particular method; rather,
the present invention may be practiced with rotary
drill bits fabricated by any method. Generally, the
tapered surface arrangements and configurations of the
present invention may provide an efficient mechanism
to position the shank in relation to the bit body in
preparation for welding therebetween. In addition, a
longitudinal, generally axial force may be applied to
the shank or bit body as described hereinabove to
facilitate positioning or centering of the shank in
relation to the bit body, with or without the
disposition of a defopnable element therebetween.
Also, a longitudinal force may be applied to achieve a
desired stress state in the assembly in relation to
welding the shank to the bit body. The longitudinal
force may be applied externally, by way of a piston or
by other force generation means. On the other hand,
with respect only to positioning, the tapered surfaces
of the shank and bit body may be configured and sized
so that the weight of the shank as it is disposed
longitudinally above the bit body facilitates
positioning or centering thereof in relation to the
bit body as it is lowered thereonto. hi such a
configuration, the shank may be "self-centering." In
addition, although the foregoing descriptions depict
"tapered surfaces" in the form of cross-sectional
representations that may imply continuous annular
surfaces such as frustoconical surfaces, the present
invention contemplates that the tapered surfaces may
comprise more generally tapered features that may or
may not be continuous and may or may not be linear in
cross-section. Likewise, although the foregoing
illustrations and descriptions may imply an annular
weld recess, many alternatives are contemplated by
thepresent invention. .For instance, the multi-pass
weld of the present invention may be formed in
relation to, generally, a region configured for
forming a welded connection between the shank and bit
body, without limitation. More specifically, the
present invention contemplates that complementary
longitudinal recesses may be formed in the mating ends
of both the shank and bit body for welding to one
another. In other words, the longitudinal mating ends
of both the shank and bit body may comprise splines
that may be aligned to form longitudinal weld
recesses. In such a configuration, a respective weld
may be formed within each aligned longitudinal weld
recess. However, in such a configuration, the
multi-pass weld of the present invention may be formed
within the longitudinal weld recesses. More
specifically, in such a configuration, a first weld
may originate from a first circumferential position
and a second weld may originate from a circumferential
position separated from the first circumferential
position. Each subsequent weld may originate from a
respective circumferential position that is at least
about 90 from the origination position of its
immediately preceding weld. FIG. 5A shows a
perspective view of a rotary drill bit 610 prior to
welding in accordance with the present invention.
Rotary drill bit 610 may generally comprise a bit body
623 including a plurality of longitudinally extending
blades 614 defining junk slots 616 therebetween and
having a leading or cutting face 618 that extends
radially along the bit face of the rotary drill bit
610. Bit body 623 may include a plurality of cutting
elements 620 affixed thereto to cut a subterranean
formation upon rotation of the rotary drill bit 610.
Cutting elements 620 are shown for illustration only,
as they may be affixed to the bit body 623 after the
shank 634 is welded to the bit body 623, in accordance
with conventional practices. Shank 634, according to
the present invention, may comprise a material having
a carbon equivalent of less than about 0.35%. For
example, an AISI 4130 steel, an AISI 4130MOD steel, or
any material having a carbon equivalent of less than
about 0.35% may be used, without limitation. Each
blade 614 may define a longitudinally extending gage
portion 622 that corresponds to the gage 612 of each
blade 614, sized according to approximately the
largest-diameter-portion of the rotary drill bit 610.
The upper longitudinal end 617 of the rotary drill bit
610 includes a threaded portion or pin 625 to
threadedly attach the rotary drill bit 610 to a drill
string, as is known in the art. Inaddition, drilling
fluid may be communicated through nozzles 636 disposed
on the face of the rotary drag bit 610. Shank 634
includes longitudinal recesses 650 which correspond to
longitudinal 



recesses 660 of bit body 623. Further, shank 634 may
include tapered feature 670, which may be configured
according to any of the embodiments described in FIGS.
2A52B, and . 3A-3G, and which may be termed a
protrusion for the sake of convenience only. Of
course, bit body 623 may include a
complementarytapered feature (not shown), which may be
termed a recess for the sake of convenience only. Upon
assembly of shank 634 and bit body 623, the
longitudinal recesses 650 of the shank 634 and the
longitudinal recesses 660 of the bit body 623 may be
aligned circumferentially. FIG. 5B shows a partial top
crosssectional view of the longitudinal recesses 650
of the shank 634 and the longitudinal recesses 660 of
the bit body 623 wherein the longitudinal recesses 650
and 660 are vertically superimposed and
circumferentially aligned. Such alignment may form
weld recesses 655, as shown in FIG. 5B. . Further,
according to the present invention, a multi-pass weld
may be formed within weld recesses 655. A first weld
680 is shown in FIG. 5B at a circumferential position
of origination 682, and may extend longitudinally
within the aligned longitudinal recesses 650 and 660.
A second weld 681may be formed at a circumferential
position.of origination 683 that is separated from the
circumferential position of origination 682 of first
weld 680 by at least 90, as depicted by separation
angle q in relation to longitudinal axis 661.
Subsequent welds (not shown) may be positioned so that
each subsequent circumferential position of
origination is separated from the circumferential
position of origination of its immediately preceding
weld. There are many alternative implementations that
are contemplated and encompassed by the present
invention. For instance, a weld region may be formed
by alignment of spiraled splines or recesses in one or
both of the shank and bit body. Further, although the
multi-pass weld of the present invention may be
described in terms of preceding and subsequent welds,
as hereinabove, it is contemplated that one or more
welds of the present invention may be formed
substantially simultaneously by way of application of
multiple heat sources and disposition of welding
materials at more than one location within a weld
region. In such a configuration, a simultaneously
formed weld may be taken as either subsequent or
preceding in relation to any other weld simultaneously
formedtherewith, without limitation. For example,
without limitation, the present invention contemplates
that two welds may be formed substantially
simultaneously, separated by a separation angle of at
least about 90. Further, for example, without
limitation, the present invention contemplates that
three welds may be formed substantially
simultaneously, wherein at least two of the three
welds are separated by at least about 90. Such a
configuration may increase the cost of the welding
equipment, but may also increase the speed or
performance of the welding process and further reduce
any tendency toward misalignment of the shank and bit
body that may be induced by welding. While the present
invention has been described herein with respect to
certain preferred embodiments, those of ordinary skill
in the art will recognize and appreciate that it is
not so limited. Rather, many additions, deletions and
modifications to the preferred embodiments may be made
without departing from the scope of the invention as
hereinafter claimed. In addition, features from one
embodiment may be combined with features of another
embodiment while still being encompassed within the
scope of the invention as contemplated by the
inventors. Further, the invention has utility in drill
bits and core bits having different and various bit
profiles as well as cutter types.CLAIMS What is
claimed is: 1. A rotary drill bit for drilling a
subterranean formation, comprising: a bit body having
a centerline and including a leading end for
contacting a formation during drilling; a shank
structure, comprising: at least one tapered feature
matingly engaging at least one complementary feature
of the bit body and at least in part positioning the
shank structure in relation to the bit body; and a
trailing end having structure associated therewith for
connecting the rotary drill bit to a drill string; a
weld region substantially formed by at least one
surface of the shank structure and at least one
surface of the bit body; a multi-pass weld affixing
the shank structure to the bit body substantially
disposed within the weld region, comprising: a first
plurality of welds comprising: a first weld
originating from a first circumferential position; and
a second weld originating from a second
circumferential position; 



wherein the second circumferential position and the
first circumferential position are separated by at
least about 90 in relation to the centerline of the
bit body; and at least one cutting element secured to
the bit body. 2. The rotary drill bit of claim 1,
wherein the shank structure comprises a material
having a carbon equivalent of less than about 0.35%.
3. The rotary drill bit of claim 1, wherein the
multi-pass weld exhibits a stress state at least in
part responsive to a force applied between the at
least one tapered feature of the shank structure and
the at least one complementary feature of the bit body
during formation of the multi-pass weld.4. The rotary
drill bit of claim 1, wherein the weld region
comprises a substantially annular groove. 5. The
rotary drill bit of claim 4, wherein the first weld
and second weld extend circumferentially. 6. The
rotary drill bit of claim 1, wherein the weld region
comprises a plurality of weld recesses formed by
circumferential alignment of longitudinal recesses of
the shank structure and longitudinal recesses of the
bit body. 7. The rotary drill bit of claim 6, wherein
the first weld and the second weld extend
longitudinally within respective, circumferentially
aligned longitudinal recesses of the shank structure
and the bit body. 8. The rotary drill bit of claim 1,
wherein a portion of the shank structure is disposed
within a cavity formed within the bit body. 9. The
rotary drill bit of claim 8, wherein the at least one
complementary feature of the bit body forms at least a
portion of the cavity. 10. The rotary drill bit of
claim 1, further comprising at least one other weld,
wherein a circumferential position of origination of
the at least one other weld is separated by at least
about 90 from the second circumferential position of
the second weld. 11. The rotary drill bit of claim 10,
wherein the at least one other weld comprises a second
plurality of welds; wherein each of the second
plurality of welds includes a circumferential position
of origination, respectively; and wherein the
circumferential position of origination of each of the
second plurality of welds is separated from a
circumferential position of origination of its
immediately preceding weld by at least 90.12. The
rotary drill bit of claim 115 wherein the
circumferential positions of origination of the welds
of the first plurality of welds and the
circumferential positions of origination of the welds
of the second plurality of welds are positioned
substantially symmetrically in relation to a
circumference of the weld region. 13. The rotary drill
bit of claim 1, further comprising a deformable
element disposed between the shank structure and the
bit body. 14. The rotary drill bit of claim 13,
wherein the deformable element exhibits compressive
stress generated between one or more surfaces of the
shank structure and one or more surfaces of the bit
body. 15. The rotary drill bit of claim 13, wherein
the multi-pass weld exhibits a stress state at least
in part responsive to a stress generated between one
or more surfaces of the shank structure and one or
more surfaces of the bit body. 16. The rotary drill
bit of claim 1, wherein the at least one complementary
feature of the bit body forms a cavity therein. 17.
The rotary drill bit of claim 16, wherein a portion of
the shank structure is disposed within the cavity
formed within the bit body. 18. A method of
fabricating a rotary drill bit, comprising: providing
a shank structure for attaching the rotary drill bit
to a drill string configured with at least one tapered
feature for positioning the shank structure; providing
a bit body having an end configured for drilling a
subterranean formation, the bit body including at
least one complementary feature for positioning the
shank structure in relation thereto; positioning the
shank structure by matingly engaging the at least one
tapered feature of the shank structure and the at
least one complementary feature of the bit body and
defining a weld region between the shank structure and
the bit body;forming a first weld originating from a
first circumferential position within the weld region;
forming at least a second weld originating from a
second circumferential position within the weld
region; 



wherein the second circumferential position and the
first circumferential position are separated by at
least about 90 in relation to the centerline of the
bit body. 19. The method of fabricating a rotary drill
bit of claim 18, wherein providing the shank structure
comprises providing a shank structure formed from a
material having a carbon equivalent less than about
0.35%. 20. The method of fabricating a rotary drill
bit of claim 18, wherein forming the first weld and
forming the at least a second weld comprises forming
the first weld and the at least a second weld
substantially simultaneously. 21. The method of
fabricating a rotary drill bit of claim 18, further
comprising applying a compressive force between the at
least one tapered feature of the shank structure and
the at least one complementary feature of the bit body
while forming the first weld. 22. The method of
fabricating a rotary drill bit of claim 18, wherein
the at least one complementary tapered of the bit body
forms a cavity therein. 23. The method of fabricating
a rotary drill bit of claim 22, further comprising
disposing a portion of the shank structure within the
cavity formed within the bit body. 24. The method of
fabricating a rotary drill bit of claim 18, further
comprising configuring the weld region to be a
substantially annular groove. 25. The method of
fabricating a rotary drill bit of claim 18,wherein
forming at least a second weld comprises forming more
than one weld, wherein each of the more than one weld
includes a circumferential position of origination,
respectively; andselecting an origination position of
each of the more than one weld to be separated from
the circumferential position of origination of its
immediately preceding weld by at least about 90. 26.
The method of fabricating a rotary drill bit of claim
25, wherein forming the first weld and each of the
more than one welds comprises forming a
circumferentially extending weld. 27. The method of
fabricating a rotary drill bit of claim 18 wherein
positioning the shank structure by matingly engaging
the at least one tapered feature of the shank
structure and the at least one complementary feature
of the bit body comprises deforming a deformable
element positioned between the shank structure and the
bit body. 28. The method of fabricating a rotary drill
bit of claim 18, further comprising forming the first
weld and the at least a second weld without preheating
at least the shank structure. 29. A method of
fabricating a rotary drill bit, comprising: providing
a shank structure for attaching the rotary drill bit
to a drill string; providing a bit body having an end
configured for drilling a subterranean formation;
positioning the shank structure in contact with the
bit body and defining a weld region between the shank
structure and the bit body; and forming at least one
weld within the weld region in the absence of
preheating of at least the shank structure. 30. A
rotary drill bit for drilling a subterranean
formation, comprising: a bit body having a centerline
and including a leading end for contacting a formation
during drilling; a shank structure, comprising at
least one frustoconical feature matingly engaging a
complementary frustoconical feature of the bit body; a
weld recess substantially formed by at least one
surface of the shank structure and at least one
surface of the bit body;at least one weld affixing the
shank structure to the bit body substantially disposed
within the weld recess; and at least one cutting
element secured to the bit body. 31. A shank structure
for a rotary drill bit, comprising: at least one
feature for engaging a complementary feature of a bit
body; . a trailing end having structure associated
therewith for connecting the rotary drill bit to a
drill string; and wherein the shank structure
comprises a material having a carbon equivalent less
than about 0.35%. 


