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Method and System for Comparative Genomics for
Organisms Using Temperature Gradient Electrophoresis
Field of the Invention
The present invention relates to a system and method for comparative
genomics. In particular, the invention may provide a method for comparing genomic

DNA of related organisms using temperature gradient electrophoresis.

Background
Comparative genomics is usually based on comparing the whole genome

sequence of various organisms. Comparative genomics provides a powerful tool for
illustrating chromosome structures, for annotating genes and for dissecting regulatory
elements for gene expression. Comparative genome sequencing (CGS) is particularly
useful for revealing the genetic variation among closely related organisms (i.e. among
races, strains and individuals) since the existing technologies hardly resolve the
differences of organisms with very little variability. However, the variability may be
the important characteristics of these organisms, as seen in many cases. For instance,
the variability may render a strain of a bacterium virulent to human, while another
strain of the bacterium beneficial. Normally, CGS is performed by comparison of a
reference genome sequence (already sequenced) with that of the testing genomes.
However, known CGS is a time-consuming and costly method. The testing
genomes with tens of million base pairs have to be sequenced up to ten times, in order
to identify variation at a few positions. The purpose of repeated determination is to
eliminate the error introduced during the sequencing process. For example,
researchers at the Institute for Genomic Research (TIGR) (T. D., S. L. Salzberg, M.
Pop, M. Shumway, L. Umayam, L. Jiang, E. Holtzapple, J. D. Busch, K. L. Smith, J.
M. Schupp, D. Solomon, P. Keim and C. M. Fraser Comparative Genome Sequencing
for Discovery of Novel Polymorphisms in Bacillus anthracis Science 296:2028, 2002)
had to sequence two testing anthrax strains each with eight times to find four sites of
differences in a genome with 5.2mbp. A shortcoming of the method used is that the
vast majority of the identical nucleotide sequences have to be repeatedly determined.

Thus, known methods inefficiently utilize resources.

SUMMARY OF THE INVENTION
A first aspect of the invention relates to a method of determining

whether a sequence of a first portion of a polynucleotide of a first organism and a
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sequence of a first portion of a polynucleotide of a second organism comprise a
mismatch. The method may comprise preparing a plurality of duplexes, which may
comprise either or both of (i) a first polynucleotide strand having a sequence
corresponding to a sequence of a first portion of genomic DNA of a first organism
and (ii) a first complementary polynucleotide strand having a sequence corresponding
to a sequence of a first portion of genomic DNA of a second organism.

The duplexes may be subjected to temperature gradient electrophoresis
(TGE) to obtain first electrophoresis data indicative of the presence of a mismatch
between (a) the sequence of the first portion of the genomic DNA of the first
organism and (b) the sequence of the complementary portion of the genomic DNA of
the second organism.

A plurality of different duplexes may be prepared. The duplexes may
comprise either or both of (i) a first polynucleotide strand having a sequence
corresponding to a sequence of one of a plurality of different portions of the genomic
DNA of the first organism and (ii) a first complementary polynucleotide strand having
a sequence corresponding to a sequence of one of a plurality of different portions the
genomic DNA of the second organism. The plurality of different duplexes may be
subjected to temperature gradient electrophoresis. For any or all of the different
duplexes first electrophoresis data may be obtained. The first electrophoresis data is
preferably indicative of the presence of a mismatch between (a) the sequence of the
first portion of the genomic DNA of the first organism and (b) the sequence of the
complementary portion of the genomic DNA of the second organism.

Another embodiment of the invention relates to a method of
determining whether a sequence of a first portion of a polynucleotide of a first
organism and a sequence of a first portion of a polynucleotide of a second organism
comprise a difference. The method may comprise amplifying at least a first portion of
a polynucleotide of a first organism to prepare amplicons of the first organism. The
amplicons of the first organism may correspond to a sequence of the polynucleotide
of the first portion of the first organism. At least a first portion of a polynucleotide of
a second organism may be amplified. Amplicons of the second organism may be
obtained from the amplification. The amplicons of the second organism may
correspond to a sequence of the polynucleotide of the first portion of the second
organism.

A plurality of duplexes may be prepared. At least some of the
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duplexes may comprise amplicons of the first organism and amplicons of the second
organism. The duplexes may be subjected to temperature gradient electrophoresis to
obtain first electrophoresis data indicative of the presence of a difference between (a)
a sequence of the first portion of the polynucleotide of the first organism and (b) a
sequence of the first portion of the polynucleotide of the second organism.

The presence of a difference between the sequence of the first portion
of the polynucleotide of the first organism and the sequence of the first portion of the
polynucleotide of the second organism may be determined using the electrophoresis
data. The sequence of the first amplicon of the second organism may be known and
the method may comprise determining a sequence of the first portion of the
polynucleotide of the first organism based on the electrophoresis data and the known
sequence of the first amplicon of the second organism.

The first organism may be a first mammal, such as a human. The
second organism may be a second, optionally different mammal, such as a second
different human. The polynucleotide of either or both of the first and second
organisms may comprise genomic DNA of the respective organisms.

Either or both of the first amplicons of the first organism and the first
amplicons of the second organism may be prepared using a PCR reaction.
concomitantly. The first amplicons of the first organism and the first amplicons of the
second organism may be prepared using concomitantly. The first amplicons of the
first organism and the first amplicons of the second organism may be prepared by a
multiplexed amplification reaction.

The method may comprise amplifying at least a second portion of the
polynucleotide of the first organism to prepare second amplicons of the first
organism. The second amplicons of the first organism may correspond to a sequence
of the second portion of the polynucleotide of the first organism. At least a second
portion of the polynucleotide of the second organism may be amplified. Second
amplicons of the second organism may be obtained from the amplification. The
second amplicons of the second organism may correspond to a sequence of the second
portion of the polynucleotide of the second organism.

A plurality of second duplexes may be prepared. At least some of the
duplexes may comprise second amplicons of the first organism and second amplicons
of the second organism. The second duplexes may be subjected to temperature

gradient electrophoresis. First first electrophoresis data indicative of the presence of a
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difference between (a) a sequence of the second portion of the polynucleotide of the
first organism and (b) a sequence of the second portion of the polynucleotide of the
second organism may be obtained.

Another embodiment of the invention relates to a method of
determining whether a sequence of a first portion of a polynucleotide of a first
organism and a sequence of a first portion of a polynucleotide of a second organism
comprise a difference. The method may comprise amplifying at least a first portion of
a polynucleotide of a first organism to prepare first amplicons of the first organism.
At least a first portion of a polynucleotide of a second organism may be amplified to
prepare first amplicons of the second organism. At least one or both the first
amplicons of the first organism and the first amplicons of the second organism may be
denatured. A mixture comprising denatured first amplicons of the first and second
organisms may be subjected to an annealing step.

Respective first amplicons of the first and second organisms may be
subjected to temperature gradient electrophoresis to obtain first electrophoresis data
indicative of the presence of a difference between (a) a sequence of the first portion of
the polynucleotide of the first organism and (b) a sequence of the first portion of the
polynucleotide of the second organism. The presence of a difference between the
sequence of the first portion of the polynucleotide of the first organism and the
sequence of the first portion of the polynucleotide of the second organism may be
determined based on the electrophoresis data. The sequence of the first amplicon of
the second organism may be known. The method may comprise determining a
sequence of the first portion of the polynucleotide of the first organism based on the
electrophoresis data and the known sequence of the first amplicon of the second
organism.

The first organism may be a first mammal, such as a human. The
second organism may be a second, optionally different mammal, such as a second
different human. The polynucleotide of either or both of the first and second
organisms may comprise genomic DNA of the respective organisms.

Either or both of the first amplicons of the first organism and the first
amplicons of the second organism may be prepared using a PCR reaction.
concomitantly. The first amplicons of the first organism and the first amplicons of the
second organism may be prepared using concomitantly. The first amplicons of the

first organism and the first amplicons of the second organism may be prepared by a
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multiplexed amplification reaction.

The method may further comprise amplifying, such as by a PCR
reaction, at least a second portion of the polynucleotide of the first organism to
prepare second amplicons of the first organism. At least a second portion of the
polynucleotide of the second organism may be amplified, such as by a PCR reaction,
to prepare second amplicons of the second organism. Either or both the second
amplicons of the first organism and the second amplicons of the second organism may
be denatured. A mixture comprising the respective denatured second amplicons of
the first and second organisms may be subjected to an annealing step.

The mixture comprising the respective denatured first amplicons of the
first and second organisms and the mixture comprising the respective denatured
second amplicons of the first and second organisms may be the same mixture.

The step of subjecting the respective first amplicons of the first and
second organisms to temperature gradient electrophoresis may comprise subjecting
the respective second amplicons of the first and second organisms to temperature
gradient electrophoresis to obtain second electrophoresis data indicative of the
presence of a difference between a sequence of the second portion of the
polynucleotide of the first organism and a sequence of the second portion of the
polynucleotide of the second organism.

The method may comprise determining the presence of a difference
between the sequence of the second portion of the polynucleotide of the first organism
and the sequence of the second portion of the polynucleotide of the second organism
based on the electrophoresis data. The first and second amplicons of the first and
second organisms may be prepared concomitantly. The first and second amplicons of
the first and second organisms may be prepared by a multiplexed amplification
reaction.

The method may comprise jointly subjecting the first and second
amplicons of the first and second organisms to temperature gradient electrophoresis
along a common electrophoresis lane.

33.  The method of claim 32, wherein the first amplicons of the first and second
organisms and the second amplicons of the first and second organisms exhibit
different electrophoretic migration velocities, the electrophoretic migration velocities
of the first and second amplicons differing by an amount sufficient to determine the

presence of one of the first and second amplicons in the presence of the other of the
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first and second amplicons even in the absence of (a) a difference between the
sequence of the first portion of the polynucleotide of the first organism and the
sequence of the first portion of the polynucleotide of the second organism and (b) a
difference between the sequence of the second portion of the polynucleotide of the
second organism and the sequence of the second portion of the polynucleotide of the
second organism. The first and second amplicons may each comprise a length of at
least 50 bp, for example at least 100 bp, or at least 150 bp. The first and second
amplicons may have different lengths.

As in any embodiment of the invention, the electrophoresis lane may
be a capillary.

The method may further comprise amplifying at least a third portion of
the polynucleotide of the first organism to prepare third amplicons of the first
organism. At least a third portion of the polynucleotide of the second organism may
be amplified to prepare third amplicons of the second organism. The third amplicons
of the first organism and the third amplicons of the second organism may be
denatured. A mixture comprising the respective denatured third amplicons of the first
and second organisms may be subjected to annealing.

The mixture comprising the respective denatured first amplicons of the
first and second organisms, the mixture comprising the respective denatured second
amplicons of the first and second organisms are the same mixture, and the mixture
comprising the respective denatured third amplicons of the first and second organisms
may be the same mixture.

The first, second, and third amplicons of the first and second
organisms may be prepared concomitantly, such as by a multiplexed amplification
reaction.

The step of subjecting the respective first amplicons of the first and
second organisms to temperature gradient electrophoresis may comprise subjecting
the second and third amplicons of the first and second organisms to temperature
gradient electrophoresis to obtain (a) second electrophoresis data indicative of the
presence of a difference between a sequence of the second portion of the
polynucleotide of the first organism and a sequence of the second portion of the
polynucleotide of the second organism and (b) third electrophoresis data indicative of
the presence of a difference between a sequence of the third portion of the

polynucleotide of the first organism and a sequence of the third portion of the
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polynucleotide of the second organism. The step of subjecting may comprise jointly
subjecting the first, second, and third amplicons to temperature gradient
electrophoresis along a common electrophoresis lane.

The method may comprise determining the presence of a difference
between a sequence of the first portion of the polynucleotide of the first organism and
a sequence of the first portion of the polynucleotide of the second organism based on
the electrophoresis data.

The step of subjecting the respective first amplicons of the first and
second organisms to temperature gradient electrophoresis may comprise (a) amplicon
injection, wherein at least the first amplicons are introduced to a separation lane, and
(b) electrophoresis, wherein at least the first amplicons migrate along the separation
lane. The step of subjecting a mixture comprising the respective denatured first
amplicons of the first and second organisms to annealing may be performed prior to
electrophoresis.

Another embodiment of the invention relates to method of determining
a sequence of a portion of a polynucleotide of a first organism. The method may
comprise amplifying: (a) a plurality of sub-portions of a polynucleotide of a first
organism to prepare amplicons corresponding to the sub-portions of the
polynucleotide of the first organism and (b) a plurality of sub-portions ofa
polynucleotide of a second organism to prepare amplicons corresponding to the sub-
poftions of the polynucleotide of the second organism. At least some or all of the
sub-portions of the second organism may have a known sequence. A plurality of
duplexes may be prepared. The duplexes may comprise an amplicon of the first
organism and an at least partially complementary amplicon of the second organism.
The duplexes may be subjected to temperature gradient electrophoresis.
Electrophoresis data indicative of the presence of a mismatch between the amplicon
of the first organism and the at least partially complementary amplicon of the second
organism may be obtained from the temperature gradient electrophoresis. Duplexes
having a mismatch may be identified. For duplexes determined to have a mismatch,
the identity of the mismatch between the amplicon of the first organism and the at
least partially complementary amplicon of the second organism may be determined
based on the known sequences of the corresponding sub-portion of the second
organism. The sequence of at least a portion of the polynucleotide of the first

organism may be determined based on (a) the known sequences of sub-portions of the
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second organism determined from the electrophoresis data not to have a mismatch
with sub-portions of the first organism and (b) the identity of mismatches between
amplicons of the first and second organisms.

Another embodiment of the invention relates to a method of
determining whether a sequence of a first portion of a polynucleotide of a first
organism and a sequence of a first portion of a polynucleotide of a second organism
comprise a difference. The method may comprise either or both of (i) amplifying at
least a first portion of a polynucleotide of a first organism to prepare first amplicons
of the first organism and (ii) amplifying at least a first portion of a polynucleotide of a
second organism to prepare first amplicons of the second organism. The first
amplicons of the first organism and the first amplicons of the second organism may be
denatured. A mixture comprising the respective denatured first amplicons of the first
and second organisms may be subjected to an annealing step.

Respective first amplicons of the first and second organisms may be
subjected to temperature gradient electrophoresis (TGE). First electrophoresis data
indicative of the presence of a difference between (a) a sequence of the first portion of
the polynucleotide of the first organism and (b) a sequence of the first portion of the
polynucleotide of the second organism may be obtained from the TGE.

Another embodiment of the invention relates to a method of
determining whether a sequence of a first portion of a polynucleotide of a first
organism and a sequence of a first portion of a polynucleotide of a second organism
comprise a difference. The method may comprise combining a polynucleotide of a
first organism and a polynucleotide of a second organism. The polynucleotide of the
first organism may comprise a first portion and the polynucleotide of the second
organism may comprise a first portion

At least the first portion of the polynucleotide of the first organism and
the first portion of the polynucleotide of the second organism may be ampified, such
as to prepare amplicons comprising the amplified first portions.

The first amplicons may be denatured and, preferably subsequently,
annealed. The first amplicons may be subjected to temperature gradient
electrophoresis to obtain first electrophoresis data indicative of the presence of a
difference between a sequence of the first portion of the polynucleotide of the first
organism and a sequence of the first portion of the polynucleotide of the second

organism.
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The first organism may be a first mammal, such as a human. The
second organism may be a second, optionally different mammal, such as a second
different human. The polynucleotide of either or both of the first and second
organisms may comprise genomic DNA of the respective organisms.

Either or both of the first amplicons of the first organism and the first
amplicons of the second organism may be prepared using a PCR reaction.
concomitantly. The first amplicons of the first organism and the first amplicons of the
second organism may be prepared using concomitantly. The first amplicons of the
first organism and the first amplicons of the second organism may be prepared by a
multiplexed amplification reaction.

Another embodiment of the invention relates to a method of
determining a sequence of at least a portion of a genome of a first organism. The
method may comprise providing reference DNA obtained from a genome of a
reference organism, and providing PCR primers suitable for amplifying the reference
DNA, using the PCR primers to amplify the reference DNA in the presence of the
portion of the genome of the first organism to thereby obtain amplicons.

The amplicons may be subjected to temperature gradient
electrophoresis (TGE) to obtain electrophoresis data. At least one amplicon indicative
of a variance between the reference DNA and the portion of the genome of the first
organism may be identified based on the electrophoresis data. The at least one
amplicon indicative of a variance may be sequenced to determine the sequence of the

portion of the genome of the first organism.

Brief Description of the Figures
The present invention is discussed below in reference to the Figures in
which:
Fig. 1 illustrates preparation of homoduplexes and heteroduplexes.

Fig. 2 illustrates temperature gradient electrophoresis of homoduplexes and
heteroduplexes along a separation lane.

Fig. 3 is a flowchart of exemplary steps in accordance with the present
invention.

Fig. 4 illustrates how reference and sample strains may be combined as a
template for PCR amplification, and how a SNP site may be included.

Fig. 5 illustrates preparation of homoduplexes and heteroduplexes at the

nucleotide sequence level.
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Fig. 6 illustrates that amplicons determined to comprise a difference between
reference and sample sequences may be sequenced.

Fig. 7 illustrates pooling samples in accordance with the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

One aspect of the present invention relates to a method for comparing a
test genome to a reference genome. The method may be used to rapidly identify sites
of a test organism that vary with respect to sites of a reference genome. Preferably,
the method comprises subjecting polynucleotides to temperature gradient
electrophoresis (TGE). The present invention minimizes or eliminates need for
generating genomic libraries, cloning, and colonies, all of which constitute lengthy
presequencing steps that are major limitations in current genomic-scale sequencing
protocols. The present invention does not require complicated sequence assembling
procedures, as does the sequencing approach.

The TGE method of the invention may comprise heteroduplex analysis
in which a heterozygous sample with a mutation/SNP is denatured and annealed to
form two homoduplexes of original strands of DNA and two heteroduplexes each
comprising a mismatch at the mutation/SNP site. These four species of DNA
molecules may have different melting temperatures (Tm), which are the temperatures
at which half of the double-stranded DNA molecules dissociates from each other and
become single-stranded (Fig. 1).

The sample may be subjected to electrophoresis along an
electrophoresis lane, for example a capillary comprising a sieving matrix such as a gel
matrix. The separation lane may comprise an intercalating dye. During
electrophoresis, migrating sample components are subjected to a temperature
gradient. Even though two homoduplexes have similar melting points and the two
heteroduplexes have similar melting points, the melting points for the heteroduplexes
are usually lower than those of the homoduplexes. Thus, if a positive temperature
gradient is chosen, the Tm’s of heteroduplexes will be reached first. The
heteroduplexes will at least partially denature, thereby forming a bulky structure,
which retards migration in along the separation lane. The overall result is that four
DNA species will separated from each other (Fig. 2). When they pass through the
detection window, the signal will be recorded by a CCD camera and showed as four

distinct peaks. Compared to heterozygous samples, the wild-type control or
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homozygous samples will migrate as a single species.

The method of the invention may include providing and/or designing
PCR primers based on the DNA sequences of reference strains or individuals (Fig. 3).
The primers may be prepared so that the whole genome or only a portion thereof will
be amplified. Portions of the genome amplified by designed primers may overlap, for
example by at least 2 bases, at least 5 bases, or at least 10 bases, to ensure that a
potential variant site is within the priming sites of at least one primer. It should be
understood that the flow chart of Fig. 3 is exemplary and that not every step is
essential and that steps may be combined or changed in order in accordance with the
present invention.

Genomic DNA from both a reference organism and a test (sample)
organism may be extracted and mixed, preferably in a 1:1 ratio (Fig. 4).
Amplification reactions, such as PCR reactions (either by a single or multiplexed
reaction), may then be performed to amplify DNA regions corresponding to the
primers. Where the reference and sample organisms include few variant sites, the
majority of the PCR reactions will generate homozygous DNA products (amplicons),
i.c., identical DNA sequences from both strains. A subset of the amplicons may
comprise heterozygous DNA fragments, i.e., amplicons having a mismatch, for
example, an insertion/deletion (indel) sequence present in amplicons from one of the
two organisms.

Amplicons, whether from single and/or multiplexed reactions, may be
combined to prepare a mixture. The mixture may be subjected to at least one
denaturing step and at least one annealing step to prepare duplexes. If the sequences
of the sample and reference organisms do not comprise a difference, the duplexes will
preferably not comprise heteroduplexes (Fig. 5). If the sequences of the sample and
reference organisms comprise a difference, the duplexes will preferably comprise
heteroduplexes (Fig. 5).

The duplexes may be subjected to TGE to obtain electrophoresis data
indicative of the presence of a mismatch between a pair of amplicons.
Electrophoresis data obtained from TGE of duplexes comprising only homozygous
fragments, will exhibit only a single peak. In this case, no sequencing is required to
determine the sequence of the sample amplicon (and thus the portion of the sample
organism genomic DNA corresponding to the amplicon) because the electrophoresis

data indicate that the sequences of the genomic DNA from the reference and sample
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organisms are the same.

Electrophoresis data obtained from TGE of duplexes comprising
heterozygous fragments will exhibit a plurality of peaks and/or broadened peaks with
respect to the homozygous fragments. Thus, the electrophoresis data may be used to
identify amplicons of the sample organism which are different from amplicons of the
reference organism genomic DNA, for example those amplicons indicative of a single
point variation or simple indel between the two strains. It is understood that the
amplicons are preferably indicative, for example identical with, the sequence of the
DNA of the underlying organism.

If an amplicon of the sample organism is found to be different from an
amplicon of the reference organism, one or both of the amplicons may be sequenced.
(Fig. 6). Alternatively, the portion of the genomic DNA of one or both of organisms
may be sequenced either directly or from a different set of amplicons covering the
suspected variant site. If a mixture of the reference and sample DNA (or a mixture of
amplicons therefrom) is sequenced using electrophoresis, the mixed sample will
generate two overlapped peaks for a mismatched site in the DNA molecule (top of
Fig. 6), while separately sequencing the genomic DNA or amplicons therefrom will
produce electrophoresis data having peaks indicative of a difference between the
sequences. In any event, sequencing is preferably performed using multi-color
fluorescence electrophoresis.

The method of the invention may also be used to analyze pooled
samples (strains) and determine which PCR products amplified from pooled genomic
DNAs generate electrophoresis data indicative of a difference between samples and
reference polynucleotides corresponding to the samples. As discussed herein,
electrophoresis data indicative of a variance between sample and reference
polynucleotides may include peaks corresponding to heteroduplex/homoduplex peak
patterns. If such patterns are detected, then genomic DNA and/or amplicons from
samples corresponding to strains exhibiting such a difference may be sequenced and
compared in order to locate the strain that contains the site of the variation.

Referring to Fig. 7, DNA samples of different sizes were combined in
different ratios. Each sample comprises at least one homozygous wild-type control
and a mutation homozygote with a single point polymorphism. The mixtures were
subjected to temperature gradient electrophoresis to obtain electrophoresis data,

which, in this example, comprise fluorescence intensity v time data. The
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electrophoresis data of Fig. 7 demonstrate that a sample comprising a ratio of 1
amplicon with a single point mutation/SNP to 40 amplicons without such a mutation
can be distinguished from control mixtures. Preferably, amplicons of at least 5, at
least 10, at least 20, or at least 40 strains and or organisms (such as different humans)
may be pooled and subjected to simultaneous TGE along a single electrophoresis
lane. Of course, multiple such electrophoresis lanes may be used.

Referring to Figs. 1-7, an embodiment of the invention relates to a
method of determining whether a sequence of a first portion of a polynucleotide of a
first organism and a sequence of a first portion of a polynucleotide of a second
organism comprise a mismatch, for example, a sequence difference between the two
organisms. The method may include preparing a plurality of duplexes, at least some
of the duplexes may comprise (i) a first polynucleotide strand having a sequence
corresponding to a sequence of a first portion of genomic DNA of a first organism
and (ii) a first complementary polynucleotide strand having a sequence corresponding
to a sequence of a first portion of genomic DNA of a second organism. Fig. 1
illustrates how duplexes may be prepared from two polynucleotides, each preferably a
duplex. The control polynucleotide may be a reference polynucleotide comprising
genomic DNA of a reference organism. The polynucleotide to be compared with the
control polynucleotide may be genomic DNA, such as of another organism. The
present invention allows one to determine whether the polynucleotide to be compared
with the control and the control polynucleotide comprise a difference. The sequence
of the reference organism polynucleotide need not be known to determine whether the
reference DNA and the control DNA comprise a difference. The sequence of the
reference organism may be known and allow determine of a sequence of the sample
organism. For example, the sequence of at least a portion of the reference organism
(or amplicon obtained therefrom) may be known. The method may comprise
determining a sequence of at least a portion of a polynucleotide (such as genomic
DNA) of a sample organism based on electrophoresis data and the known sequence of
the reference organism.

The duplexes may be subjected to temperature gradient electrophoresis
as illustrated in Fig. 2 to obtain first electrophoresis data indicative of the presence of
a mismatch between (a) the sequence of the first portion of the genomic DNA of the
first organism and (b) the sequence of the complementary portion of the genomic

DNA of the second organism.
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The present method provides a highly effective means for comparative
genome sequencing, is rapid and cost-efficient. The technique may be used to quickly
and inexpensively generate bioinformatively variable sites by scanning part of the
genome for the purpose of establishing a database. For example, in the case of a
bioterror attack or disease outbreak, one can use the informative DNA data to quickly
identify what virulent strains were present, the source of the strains, and other relevant
information. An aspect of the present invention relates to a system and method for
performing comparative sequencing, such as high throughput comparative screening.
The method is rapid, cost efficient and suitable for increasing the amount of
information present in DNA databases used in, for example, biodefense and disease
monitoring.

Comparative sequencing may be used to determine at least a portion or
essentially all of the genomic sequences of preferably closely related
species/races/strains. For example, the sequence of the individual Craig Venter’s is
now known. The present invention is suitable for rapidly determining the sequence of
an individual, for example, a related individual such as Venter’s brother. Because the
two individuals are brothers, they will have a high genetic similarity. It is very
difficult for known methods of DNA fingerprinting to determine differences between
such similar genetic sequences.

A second example can be used to illustrate the advantages of the
present invention. A recent publication (discussed above) described the comparative
sequencing (using known sequencing techniques) of three Anthrax strains. The
authors of this study sequenced each strain eight times at a rough cost of
$676,000/genome. Multiple screenings were required to eliminate sequencing errors.
Only four sites of differences were found between the three Anthrax strains, each
having about 5.2 MBp. The present invention allows for rapid, inexpensive
comparative screening of related strains of DNA such as the Anthrax strains described
above. In accordance with a preferred embodiment, a reference and a test strain may
be combined to form a mixture. PCR primers preferably obtained from the reference
strain are added to the mixture. Polymerase chain reaction may be used to amplify the
DNA of the reference and test strains. Temperature gradient electrophoresis is
performed on the resulting PCR products.

Returning to the example of the Anthrax strains, four sites of

differences were observed via the comparative screening performed by known
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techniques. According to the present invention, only four amplicons obtained from
the PCR amplification would contain heteroduplexes, which would be caused by
differences between the different Anthrax strains. Only these amplicons would
produce TGE peak patterns indicative of a difference between the reference and test
strain DNA. Thus, when comparing the DNA from one organism to another, the
present invention allows the determination of those subsets of the DNA that contain
differences.

These amplicons indicative of differences between the organism may
be sequenced either from pooled DNA or from individual DNAs. In this example,
therefore, the present invention reduces the problem of sequencing the entire genome
of an organism to the sequencing of 4 fragments. Because the TGE data complements
the direct sequencing data, the fragments do not have to be sequenced 8 times to
obtain reliable sequencing data.

The present invention also reduces the cost of determining the
sequence of a related organism. The present TGE method does not require a cloning
step, just PCR reactions. Staying with the Anthrax example, only about 10,000
amplicons of about 400-500 bp each are required to perform TGE on PCR products
obtained from the entire 5.2mbp Anthrax genome. Assuming that only 1 amplicon is
run per separation lane, TGE of these amplicons may be accomplished using about
100 96-well trays. If each amplicon is subjected to two TGE runs, and 12 runs/day
are performed, the entire Anthrax genome can be sequenced in 20 days. According to
the invention, more than one amplicon can be run simultaneously per separation lane.
For example, if three amplicons/capillary are multiplexed, only one week is required
to sequence the Anthrax genome.

The method of the invention may be used to rapidly generate
informative SNPs by scanning all or part of the genome. In the case of, for example,
bioterror attacks or disease outbreak, one can use these informative SNPs to quickly
find out what virulent strains they are and the source of the strains. Thus, the present
invention provides a method for identifying an organism and in particular the strain of
an organism such as, for example, pathogens including viruses and bacteria.

While the above invention has been described with reference to certain
preferred embodiments, it should be kept in mind that the scope of the present
invention is not limited to these. Thus, one skilled in the art may find variations of

these preferred embodiments which, nevertheless, fall within the spirit of the present
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invention, whose scope is defined by the claims set forth below.
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CLAIMS

What is claimed is:

1.

A method of determining whether a sequence of a first portion of a
polynucleotide of a first organism and a sequence of a first portion of a
polynucleotide of a second organism comprise a mismatch, the method
comprising:

preparing a plurality of duplexes, the duplexes comprising:

(1) a first polynucleotide strand having a sequence
corresponding to a sequence of a first portion of genomic DNA of a first
organism; and

(11) a first complementary polynucleotide strand having
a sequence corresponding to a sequence of a first portion of genomic DNA of
a second organism; '

subjecting the duplexes to temperature gradient electrophoresis
to obtain first electrophoresis data indicative of the presence of a mismatch
between (a) the sequence of the first portion of the genomic DNA of the first
organism and (b) the sequence of the complementary portion of the genomic

DNA of the second organism.

The method of claim 1, comprising:
preparing a plurality of different duplexes, the duplexes
comprising:

(1) a first polynucleotide strand having a sequence
corresponding to a sequence of one of a plurality of different portions of the
genomic DNA of the first organism; and

(i1) a first complementary polynucleotide strand having
a sequence corresponding to a sequence of one of a plurality of different
portions the genomic DNA of the second organism;

subjecting the plurality of different duplexes to temperature
gradient electrophoresis to obtain, for each of the different duplexes, first
electrophoresis data indicative of the presence of a mismatch between (a) the

sequence of the first portion of the genomic DNA of the first organism and (b)
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the sequence of the complementary portion of the genomic DNA of the second

organism.

A method of determining whether a sequence of a first portion of a
polynucleotide of a first organism and a sequence of a first portion of a
polynucleotide of a second organism comprise a difference, the method
comprising:

amplifying at least a first portion of a polynucleotide of a first
organism to prepare amplicons of the first organism, the amplicons of the first
organism corresponding to a sequence of the polynucleotide of the first
portion of the first organism;

amplifying at least a first portion of a polynucleotide of a
second organism to prepare amplicons of the second organism, the amplicons
of the second organism corresponding to a sequence of the polynucleotide of
the first portion of the second organism;

preparing a plurality of duplexes, at least some of the duplexes
comprising amplicons of the first organism and amplicons of the second
organism,;

subjecting the duplexes to temperature gradient electrophoresis
to obtain first electrophoresis data indicative of the presence of a difference
between (a) a sequence of the first portion of the polynucleotide of the first
organism and (b) a sequence of the first portion of the polynucleotide of the

second organism.

The method of claim 3, comprising determining the presence of a
difference between the sequence of the first portion of the polynucleotide of
the first organism and the sequence of the first portion of the polynucleotide of

the second organism based on the electrophoresis data.

The method of claim 4, wherein the sequence of the first amplicon of
the second organism is known and the method comprises determining a
sequence of the first portion of the polynucleotide of the first organism based
on the electrophoresis data and the known sequence of the first amplicon of

the second organism.
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10.

11.

12.

13.

14.

The method of claim 3, wherein the first organism is a first mammal.
The method of claim 6, wherein the first organism is a human.

The method of claim 7, wherein the second organism is a second,

different mammal.

The method of claim 8, wherein the second organism is a second,

different human.

The method of claim 10, wherein the polynucleotide of the first

organism comprises genomic DNA of the first organism.

The method of claim 10, wherein the polynucleotide of the second

organism comprises genomic DNA of the second organism.

The method of claim 11, wherein the first amplicons of the first
organism and the first amplicons of the second organism are prepared

concomitantly.

The method of claim 12, wherein the first amplicons of the first
organism and the first amplicons of the second organism are prepared by a

multiplexed amplification reaction.

The method of claim 11, wherein the method further comprises:

amplifying at least a second portion of the polynucleotide of the
first organism to prepare second amplicons of the first organism, the second
amplicons of the first organism corresponding to a sequence of the second
portion of the polynucleotide of the first organism;

amplifying at least a second portion of the polynucleotide of the
second organism to prepare second amplicons of the second organism, the
second amplicons of the second organism corresponding to a sequence of the
second portion of the polynucleotide of the second organism;

preparing a plurality of second duplexes, at least some of the
duplexes comprising second amplicons of the first organism and second
amplicons of the second organism;

subjecting the second duplexes to temperature gradient

electrophoresis to obtain first electrophoresis data indicative of the presence of
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15.

16.

17.

18.

19.

a difference between (a) a sequence of the second portion of the
polynucleotide of the first organism and (b) a sequence of the second portion

of the polynucleotide of the second organism.

A method of determining whether a sequence of a first portion of a
polynucleotide of a first organism and a sequence of a first portion of a
polynucleotide of a second organism comprise a difference, the method
comprising:

amplifying at least a first portion of a polynucleotide of a first
organism to prepare first amplicons of the first organism;

amplifying at least a first portion of a polynucleotide of a
second organism to prepare first amplicons of the second organism;

denaturing the first amplicons of the first organism;

denaturing the first amplicons of the second organism;

subjecting a mixture comprising the respective denatured first
amplicons of the first and second organisms to annealing; and

subjecting the respective first amplicons of the first and second
organisms to temperature gradient electrophoresis to obtain first
electrophoresis data indicative of the presence of a difference between (a) a
sequence of the first portion of the polynucleotide of the first organism and (b)

a sequence of the first portion of the polynucleotide of the second organism.

The method of claim 15, comprising determining the presence of a
difference between the sequence of the first portion of the polynucleotide of
the first organism and the sequence of the first portion of the polynucleotide of

the second organism based on the electrophoresis data.

The method of claim 16, wherein the sequence of the first amplicon of
the second organism is known and the method comprises determining a
sequence of the first portion of the polynucleotide of the first organism based
on the electrophoresis data and the known sequence of the first amplicon of

the second organism.

The method of claim 15, wherein the first organism is a first mammal.

The method of claim 18, wherein the first organism is a human.
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20.

21.

22.

23.

24,

25.

26.

27.

28.

The method of claim 19, wherein the second organism is a second,

different mammal.

The method of claim 20, wherein the second organism is a second,
different human.

The method of claim 21, wherein the polynucleotide of the first

organism comprises genomic DNA of the first organism.

The method of claim 22, wherein the polynucleotide of the second

organism comprises genomic DNA of the second organism.

The method of claim 23, wherein the first amplicons of the first
organism and the first amplicons of the second organism are prepared

concomitantly.

The method of claim 24, wherein the first amplicons of the first
organism and the first amplicons of the second organism are prepared by a

multiplexed amplification reaction.

The method of claim 23, wherein the method further comprises:
amplifying at least a second portion of the polynucleotide of the
first organism to prepare second amplicons of the first organism;
amplifying at least a second portion of the polynucleotide of the
second organism to prepare second amplicons of the second organism;
denaturing the second amplicons of the first organism;
denaturing the second amplicons of the second organism;
subjecting a mixture comprising the respective denatured

second amplicons of the first and second organisms to annealing.

The method of claim 26, wherein the mixture comprising the
respective denatured first amplicons of the first and second organisms and the
mixture comprising the respective denatured second amplicons of the first and

second organisms are the same mixture.

The method of claim 26, wherein the step of subjecting the respective
first amplicons of the first and second organisms to temperature gradient

electrophoresis comprises subjecting the respective second amplicons of the
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29.

30.

31.

32.

33.

first and second organisms to temperature gradient electrophoresis to obtain
second electrophoresis data indicative of the presence of a difference between
a sequence of the second portion of the polynucleotide of the first organism
and a sequence of the second portion of the polynucleotide of the second

organism.

The method of claim 28, comprising determining the presence of a
difference between the sequence of the second portion of the polynucleotide of
the first organism and the sequence of the second portion of the polynucleotide

of the second organism based on the electrophoresis data.

The method of claim 28, wherein the first and second amplicons of the

first and second organisms are prepared concomitantly.

The method of claim 30, wherein the first and second amplicons of the
first and second organisms are prepared by a multiplexed amplification

reaction.

The method of claim 28, wherein the step of subjecting comprises
jointly subjecting the first and second amplicons of the first and second
organisms to temperature gradient electrophoresis along a common

electrophoresis lane.

The method of claim 32, wherein the first amplicons of the first and
second organisms and the second amplicons of the first and second organisms
exhibit different electrophoretic migration velocities, the electrophoretic
migration velocities of the first and second amplicons differing by an amount
sufficient to determine the presence of one of the first and second amplicons in
the presence of the other of the first and second amplicons even in the absence
of (a) a difference between the sequence of the first portion of the
polynucleotide of the first organism and the sequence of the first portion of the
polynucleotide of the second organism and (b) a difference between the
sequence of the second portion of the polynucleotide of the second organism
and the sequence of the second portion of the polynucleotide of the second

organism.
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34.

35.

36.

37.

38.

39.

40.

41.

The method of claim 32, wherein the first and second amplicons each

comprise a length of at least 50 bp.

The method of claim 34, wherein the first and second amplicons each

comprise a length of at least 150 bp.

The method of claim 34, wherein the first and second amplicons have

different lengths.

The method of claim 32, wherein the electrophoresis lane is a

capillary.

The method of claim 26, wherein the method further comprises:
amplifying at least a third portion of the polynucleotide of the
first organism to prepare third amplicons of the first organism;
amplifying at least a third portion of the polynucleotide of the
second organism to prepare third amplicons of the second organism;
denaturing the third amplicons of the first organism;
denaturing the third amplicons of the second organism;
subjecting a mixture comprising the respective denatured third

amplicons of the first and second organisms to annealing.

The method of claim 38, wherein the mixture comprising the
respective denatured first amplicons of the first and second organisms, the
mixture comprising the respective denatured second amplicons of the first and
second organisms are the same mixture, and the mixture comprising the
respective denatured third amplicons of the first and second organisms are the

same mixture.

The method of claim 38, wherein the first, second, and third amplicons

of the first and second organisms are prepared concomitantly.

The method of claim 40, wherein the first, second, and third amplicons
of the first and second organisms are prepared by a multiplexed amplification

reaction.
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42.

43.

44.

45.

46.

47.
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The method of claim 38, wherein the step of subjecting the respective
first amplicons of the first and second organisms to temperature gradient
electrophoresis comprises subjecting the second and third amplicons of the
first and second organisms to temperature gradient electrophoresis to obtain
(a) second electrophoresis data indicative of the presence of a difference
between a sequence of the second portion of the polynucleotide of the first
organism and a sequence of the second portion of the polynucleotide of the
second organism and (b) third electrophoresis data indicative of the presence
of a difference between a sequence of the third portion of the polynucleotide
of the first organism and a sequence of the third portion of the polynucleotide

of the second organism.

The method of claim 42, wherein the step of subjecting comprises
jointly subjecting the first, second, and third amplicons to temperature gradient

electrophoresis along a common electrophoresis lane.

The method of claim 43, wherein the electrophoresis lane is a

capillary.

The method of claim 29, comprising determining the presence of a
difference between a sequence of the first portion of the polynucleotide of the
first organism and a sequence of the first portion of the polynucleotide of the

second organism based on the electrophoresis data.

The method of claim 15, wherein (i) the step of subjecting the
respective first amplicons of the first and second organisms to temperature
gradient electrophoresis comprises (a) amplicon injection, wherein at least the
first amplicons are introduced to a separation lane, and (b) electrophoresis,
wherein at least the first amplicons migrate along the separation lane and, (ii)
wherein the step of subjecting a mixture comprising the respective denatured
first amplicons of the first and second organisms to annealing is performed

prior to electrophoresis.

A method of determining a sequence of a portion of a polynucleotide
of a first organism, comprising:

amplifying: (a) a plurality of sub-portions of a polynucleotide of a first
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48.

organism to prepare amplicons corresponding to the sub-portions of the
polynucleotide of the first organism and (b) a plurality of sub-portions of a
polynucleotide of a second organism to prepare amplicons corresponding to
the sub-portions of the polynucleotide of the second organism, the sub-
portions of the second organism each having a known sequence;

forming a plurality of duplexes comprising an amplicon of the first
organism and an at least partially complementary amplicon of the second
organism;

subjecting the duplexes to temperature gradient electrophoresis to
obtain, for respective duplexes, electrophoresis data indicative of the presence
of a mismatch between the amplicon of the first organism and the at least
partially complementary amplicon of the second organism;

determining duplexes having a mismatch;

for duplexes determined to have a mismatch, determining the identity
of the mismatch between the amplicon of the first organism and the at least
partially complementary amplicon of the second organism based on the known
sequences of the corresponding sub-portion of the second organism; and

determining the sequence of at least a portion of the polynucleotide of
the first organism based on (a) the known sequences of sub-portions of the
second organism determined from the electrophoresis data not to have a
mismatch with sub-portions of the first organism and (b) the identity of

mismatches between amplicons of the first and second organisms.

A method of determining whether a sequence of a first portion of a
polynucleotide of a first organism and a sequence of a first portion of a
polynucleotide of a second organism comprise a difference, the method
comprising:

amplifying at least a first portion of a polynucleotide of a first
organism to prepare first amplicons of the first organism;

amplifying at least a first portion of a polynucleotide of a
second organism to prepare first amplicons of the second organism;

denaturing the first amplicons of the first organism;

denaturing the first amplicons of the second organism;

subjecting a mixture comprising the respective denatured first
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49.

50.

S1.

52.

53.

amplicons of the first and second organisms to annealing; and

subjecting the respective first amplicons of the first and second
organisms to temperature gradient electrophoresis to obtain first
electrophoresis data indicative of the presence of a difference between (a) a
sequence of the first portion of the polynucleotide of the first organism and (b)

a sequence of the first portion of the polynucleotide of the second organism.

A method of determining whether a sequence of a first portion of a
polynucleotide of a first organism and a sequence of a first portion of a
polynucleotide of a second organism comprise a difference, the method
comprising:

combining a polynucleotide of a first organism and a
polynucleotide of a second organism, the polynucleotide of the first organism
comprising a first portion and the polynucleotide of the second organism
comprising a first portion;

amplifying at least the first portion of the polynucleotide of the
first organism and the first portion of the polynucleotide of the second
organism to prepare first amplicons comprising the amplified first portions;

denaturing the first amplicons;

annealing the first amplicons; and

subjecting the first amplicons to temperature gradient
electrophoresis to obtain first electrophoresis data indicative of the presence of
a difference between a sequence of the first portion of the polynucleotide of
the first organism and a sequence of the first portion of the polynucleotide of

the second organism.

The method of claim 49, wherein the first organism is a first mammal.
The method of claim 50 wherein the first organism is a human.
The method of claim 51, wherein the second organism is a second,

different mammal.

The method of claim 52, wherein the second organism is a second,

different human.
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54.

55.

56.

The method of claim 53, wherein the polynucleotide of the first

organism comprises genomic DNA of the first organism.

The method of claim 54, wherein the polynucleotide of the second

organism comprises genomic DNA of the second organism.

A method of determining a sequence of at least a portion of a genome

of a first organism, comprising:

providing reference DNA obtained from a genome of a
reference organism;

providing PCR primers suitable for amplifying the reference
DNA;

using the PCR primers to amplify the reference DNA in the
presence of the portion of the genome of the first organism to thereby obtain
amplicons;

subjecting the amplicons to temperature gradient
electrophoresis (TGE) to obtain electrophoresis data;

identifying at least one amplicon indicative of a variance
between the reference DNA and the portion of the genome of the first
organism based on the electrophoresis data,

sequencing the at least one amplicon indicative of a variance to

determine the sequence of the portion of the genome of the first organism.

27



PCT/US2003/022281

WO 2004/007690

1/7

: NOILVYLNN
!
Aol L1l TITTIT
| 117171+ LLLILTT
T I 11T 10MLINOD
i N I . .
L L LT T T LT3N + XIW

SIXITdNAOWOH

S3IX3ITINAOH3I13H

saxa[dnpoI1ajoy pue -owoy JO UOTIBULIO,]




PCT/US2003/022281

WO 2004/007690

217

TOHLNOD
IdAL im
4 JNIL
S3IXITdNAO0HILIH
& JWiL
L - J
L X 1] -

Z AAYTIdYD / TOHANOD IdAL 1M

T L)
L )]

L APV TdYD 7 83IX31dNAOHE313H

¢ AAVYTIIdVD

L AEVY TIIdVYD

A1VHVd3S
SIAIXITdNA0EILIH
g=3dWIL

0=3NIL
1D3rNI FdWNVS



PCT/US2003/022281

WO 2004/007690

37

|12PU}/dNS @41 Jo suonisod 1oexa ay) 81e00] 01 SJUBLIBA JO S82uUanbas aulwisa(

*

Sulel)s 159} pue asualagal buxiw Ag pawloy japu| ajdwis/dNS ajbuls e yym
sjuenea/syuawbel) YNNG snobAzoseiay Apinusapi 0} siseioydolios|s uaipelb ainjeiadwa) Aq uedg

.ﬁ

saxajdnpowoy/saxaidnpoisiay wioj 0} syponpold YDd [eauue pue ainjeusq

*

suonoeas YOd paxajdinw lo/pue aibuis Buluiquio)

suonoeal paxajdiynw 10 uonoeal ajbuls Jayys ‘swouab ay) ssosoe suoibal wNQ Ajdwe-40d

SuIB.}S 1S9} pue 80uUs1881 3y} JO SYN(Q diwousb xipy

+

|ENPIAIPUI JO UIBJIS 90U3J8J8) JO 8ouanbas YN uo paseq siswid ¥Dd ubisaq

Jeyomo| 4 2inpadoid




WO 2004/007690

PCT/US2003/022281
4/7
)]
O
-
()
pul
©
\+—-
(3]
o
ne
@)
Q.
d 69 08
fes
Ve

Test
Strain



PCT/US2003/022281

WO 2004/007690

517

TDIOVYY LODILONYIO T
—DV¥HILL ‘DODYDLYD —

DLOVYY. HODLIVL) iy D LOVVYIDIILOVIO
—OVOLLL :DDOVDLIYD — , 2ot ——DVDLLLODDOVDLYD— 3
— OILOVYYIDIIIOYLD e ,
(oS Bk 2 —D LYY Y ILOODLOVLD e 1 rdo Y=Y 1%
—OYSLLIODDOYDIVD — g/2.meL23]] ODLOYLD 108 Az0isioH

—D YO LLLYODDYDLYD —

D LDV ILODD LOVLD e
—DV¥OILLIYDOOYOILYD —

B8 g

e D LYY LODDIOVLD e T o e D) LYYV LODDLOVLD e -
—DVOLLIYOOOVYOLYD — 183Ud ——DVYDHLLIVIDOVOLYD — @%@@kmﬁpg@ H

uonewo) xa|dnpoialaly/ Xa|dnpouioH




WO 2004/007690 PCT/US2003/022281

6/7

(o14]

e

@)

|

5

Q

P £
o aril w7l =l F o
e

/?:;gx\

m

TGCE
TGCE

g J 0w



PCT/US2003/022281

WO 2004/007690

7/7

wet (87 ) U3t 0£31
~ I~ J I
. _~ ,
. / daget {e0gz dggzy e
0c-1 _ 2andAzolaley [ j0AU0D
f 113 10004+
335 . 5 %5 :S.n._ 0oy s 05hL _:._Il- = _ v — P .
—— - \ )
\ll\'a}]ll[\lc ~.. » ; ,...v ._.
),/ \ . \ .~_ ! m .\
o 0000z ' et _ Q yse
. N A TR 1 e
\Or-1 \ _ o . 8! K 0U0
| .f(\ PN‘.,W\AN..L.‘,m..me%B.? : E.CM%NO;&@I wen _. . J wort
CO0'CS
,Flill‘ilv _ c'cs ) [] ,._ []

Builjood ajdwieg




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

