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ABSTRACT

The invention is a solid state process for analyzing genomes

by visualizing sequence speci?c markers (e.g., proteins that
bind a de?ned DNA sequence elements) by scanning probe
microscopy. The method includes linear display of the
nucleic acid on a solid surface, image acquisition by the

scanning probe microscope, and digital data analysis. The
acts of the method result in a bar code type display of each
fragment of the DNA sample. These bar codes are then used
to place the fragments in the order they appear on the

original DNA sample.
9 Claims, 1 Drawing Sheet
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METHOD FOR SOLID STATE GENOME
ANALYSIS

restriction endonuclease and display of the digestion prod
ucts by electrophoretic separation on a gel matrix, usually

TECHNICAL FIELD

that it clearly de?nes Which members of a large population
or “library” of gene fragments still need to be sequenced,

agarose or polyacrylamide. One advantage to this process is

This application claims bene?t from prior Provisional
Application Ser. No. 60/123,362, ?led Mar. 8, 1990.

thereby eliminating undesirable redundancy of effort.
Furthermore, once each fragment has been mapped, the

This invention relates to the sequencing of DNA. More
speci?cally, this invention is a method of mapping the

relative positions of speci?c of nucleic acid using scanning

probe microscopy.

maps themselves can be used to determine the order of the
10

times With a number of variations to alloW deduction of the

BACKGROUND

restriction fragment order in large DNA sample. A need

The human genome project is arguably the largest and
most important scienti?c collaboration in history. Of more

fragments in the original sample. This process facilitates
their sequential assembly into contigs. This process provides
fragment siZe information, but must be repeated several

15

exists for a method that Will reduce the effort, time and
expense of the above method of nucleotide sequence map

importance is the fact that the human genomic project is just
the beginning of the genome revolution. It is generally

ping.

accepted that once the sequence of a genomic is knoWn, it
can be “mined” for information that Will be invaluable in

exist. For example, one common method knoWn in the art as

Other methods for characteriZing genomic fragments also
PCR footprinting uses de?ned sets of short oligonucleotide
primers and generates a diagnostic set of PCR fragments

deriving useful products such as neW drugs, genetic
medicines, improved animal and plant produce, and a host of
others. While current methods are adequate for the human

from each genomic piece.
The second general prior art approach to genome analysis

genome project to reach is projected completion date early

is to “shotgun” sequence randomly selected fragments and

in this millennium, there is ample room for improvements in
technologies that Would facilitate genome mapping efforts.

attempt to assemble them into the continuous genome
25

While a small number of important genomes are under

analysis or have been fully sequenced, current methods are
costly and limited in their speed. The genomes of a Wide

necessary to sequence many-fold more DNA than is con
tained in a single genome to insure that as many of the genes
as possible have been included in the effort. While this

variety of health related and agriculturally relevant organ
isms remain to be explored. Using current methodology to

approach Works for small genomes, the requirement for

redundancy of effort, coupled With the extremely loW prob

repeat the effort spent on the human genome for every
animal and plant that remains to be studied Would be

ability of obtaining sequence information for every gene in
a genomic library, limit its utility. Aneed exists for a method

laborious and extremely time consuming. It is therefore
essential that technological improvements in current
genome analysis methods be invented and implemented to
aid in this undertaking.

sequence by locating sequence overlaps. This requires a
large degree of redundancy in the sequencing effort. It is

35

that reduces the effort necessary to create these genomic
libraries.
Both of these methods are facilitated by the use of

physical markers to help identify the speci?c nucleotide

Current Technology
The initial goal of all genomic projects is to acquire the
highest quality sequence data for the genome being studied.
This is accomplished by determining the nucleotide

sequence and produce a genomic map. The physical markers
used can be produced in a variety of Ways and With a Wide

range in precision. The markers can be genetic loci deduced

from classical genetic approaches (e.g., genetic crosses and

sequence of fragments of the genome, and then assembling
these sequence fragments into the complete genome

relative proximity analysis) or more direct methods such as

sequence. There are no methods in existence for direct

?uorescence in situ hybridiZation analysis (FISH). The

sequencing of an entire genome greater than a feW thousand

base pairs in a single experiment.

45

The current method for sequencing genome involves ?rst
digesting the gemones With a restriction endonuclease. The
genome is then subcloned into a variety of vectors including,

tary at best. The latter process requires that prior knoWledge
about the sequence of the genes under scrutiny be available.

but not limited to, plasmids, phage vectors, bacterial arti?
cial chromosomes (BACs), and yeast arti?cial chromosomes
(YACs). These fragments are still too large for direct
sequencing, and must be further fragmented. The process of
re-assembly of all the sequence information represented in

It must be noted that for mapping a genome, it is neces
sary to have tWo libraries, each constructed using a different
restriction endonuclease. This Way, the fragments in the tWo

libraries Will overlap (since the tWo different restriction
endonucleases cut the genome at different locations). Thus,

by mapping the tWo libraries, and comparing the results,

these fragments is a formidable task. Current methods of

genome analysis split the DNA (deoxyribonucleic acid) into

former process is laborious and can be time consuming,
especially in the case of sloW groWing organisms or organ
isms for Which the genetic manipulation tools are rudimen

many sub-genomic DNA fragments. These fragments are
assembled into contiguous arrays knoWn as “contigs.” There

regions of overlap are discovered and this determines the
physical order of the fragments in the genome. These
fragments can then be sequenced and the entire genomic

are tWo general prior art approaches to forming these con

sequence determined.

tigs.

Gene Fragment Polymorphisms (GFPs)

55

One prior art method used to form contigs is to identify

In many cases it is of interest to compare DNA sequences

nucleotide sequences by creating “restriction maps” of DNA

from tWo sources. For example, in DNA “?ngerprinting”

fragments. These DNA fragments can server to identify

applications one can use small variations in the sequence of

genomic fragments and also to identify the overlaps betWeen

DNA to determine the probability that a particular piece of

fragments. A restriction map is a DNA pro?le that demar
cates the positions of target sites for sequence speci?c
restriction endonucleases along the length of the DNA.
These maps are generated by digestion of the DNA With a

DNA is derived from a given source. One method to do this
65

is to compare the positions of target sites for endonucleases
that cut DNA in a site speci?c fashion using a restriction

endonuclease. If small changes have occurred in the de?ned
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DNA sequence from tWo sources, it is likely that the

BRIEF DESCRIPTION OF THE DRAWINGS

restriction endonuclease site map Will re?ect this, either by

FIG. 1 is a block diagram of the acts that comprise the
method of the present invention.

the gain or the loss of one or more sites. These changes are

referred to as restriction fragment length polymorphisms, or
RFLPs. RFLPs are a subset of all types of gene fragment

SUMMARY

polymorphisms, or GFPs, RFLP analysis is usually carried
out by the conventional method described above, a restric

One embodiment of the present invention relates to a

tion endonuclease digestion, folloWed by gel electrophoresis
and Southern blotting. A need exists for a method of
analyZing these GFPs that Would reduce the time and labor
involved, as Well as the expenditure on reagents required by
these steps.

10

method for determining the order of nucleic acid segments
from a nucleic acid sample, the method comprising tagging
sequence-speci?c sites of the nucleic acid sample With a

Functional Sequence Mapping

sequence speci?c tag, scanning the nucleic acid sample
using a scanning probe microscope, and analyZing the scan

A large portion of genomic DNA does not encode active
genes. In addition, a signi?cant portion of the functional

acid segments.

of the nucleic acid sample to determine the order of nucleic

component of a gene is never transcribed into RNA or used 15

to construct a protein. HoWever, these regulatory regions of
genes are critical for expression of the gene product and play
key roles as, for example, targets for neW drugs that regulate
levels of gene expression. To discover Which regions are
functional and Which are not, With regard to gene activity, it
is often necessary to do a large number of studies With large
populations of sub fragments of the genome. This practice
can take years of redundant, laborious, and expensive Work.

Scanning Probe Microscopy and Atomic Force Microscopy
A scanning probe microscope (SPM) utiliZes a probe

Amethod for comparing DNA from tWo different sources,

the method comprising tagging speci?c segments of a
nucleic acid sample from a ?rst source using a sequence

speci?c tag, tagging speci?c segments of the nucleic acid
sample from a second source using a sequence speci?c tag,

scanning the tagged nucleic acid sample from the ?rst source

using a scanning probe microscope, scanning the tagged
nucleic acid sample from the second source using a scanning
probe microscope, analyZing the scan from the ?rst source
25

Which is scanned over a surface. The interaction betWeen the

and the scan from the second source using a computer, and
comparing the scan from the ?rst source to the second
source.

probe and surface is detected, recorded, and displayed. If the
probe is small and kept very close to the surface, the

This embodiment analyZes DNA by Way of example, but
the present invention contemplates that any type of nucleic

resolution of the SPM can be very high, even on the atomic
scale in some cases. There is a Wide variety of SPM

acid can be used as a sample in the sequencing method.
An object of this invention is use of SPM technology to

instruments capable of detecting optical, electronic,

identify de?ned sequence elements in nucleic acids frag

conductive, and other properties. One form of SPM, the
atomic force microscope (AFM) is an ultra-sensitive force
transduction system. In the AFM, a sharp tip is situated at the

ments. The SPM scan further aids in the determination of the
order of these elements on the nucleic acid of interest.

end of a ?exible cantilever and scanned over a sample 35

Another object of the present invention is to provide a

method for simplifying DNA ?ngerprinting analysis.

surface. While scanning, the cantilever is de?ected by the
net sum of the attractive and repulsive forces betWeen the tip

A further object of the present invention is to provide a

and sample. If the spring constant of the cantilever is knoWn,

method for simplifying functional mapping of DNA frag

the net interaction force can be accurately determined from
the de?ection of the cantilever. The de?ection of the canti
lever is usually measured by the re?ection of a focused laser
beam from the back of the cantilever onto a split photodiode,
constituting an “optical lever” or “beam de?ection” mecha
nism. Other methods for the detection of cantilever de?ec

ments.

tion include interferometry and pieZoelectric strain gauges.
The ?rst AFMs recorded only the vertical displacements of

Yet another object of the present invention is a method for
simplifying the mapping of DNA fragments such as BAC’s
and YAC’s.
DETAILED DESCRIPTION
45

The embodiment of the present invention disclosed herein
is a method for analysis of populations of genomes and

the cantilever. More recent methods involve resonating the
tip and alloWing only transient contact, or in some cases no
contact at all, betWeen it and the sample. Plots of tip

genomic fragments using a scanning probe microscope, such
as an atomic force microscope or near ?eld optical micro

displacement or resonance changes as it traverses a sample

scope. The physical maps created by this approach constitute

surface are used to generate topographic images. Such
images have revealed the 3D structure of a Wide variety of

genetic “bar codes” that can be used in a Wide variety of
gene identi?cation and characteriZation applications. This
method can be used to help the re-assembly of mapped DNA
fragments back into the correct order. The AF M may also be

sample types including material, chemical and biological
specimens. Some examples of the latter include DNA,
proteins, chromatin, chromosomes, ion channels, and even

55

In addition to its imaging capabilities, the AFM can
directly sense and measure forces in the microNeWton (10‘)
to picoNeWton (10‘) range. Thus, the AFM can measure
forces betWeen molecular pairs, and even Within single

described here also alloWs study of RFLPs, length polymor
phisms generated by PCR methods, and other forms of GFPs
(e.g., single point mutations). The AFM is used here by Way

molecules. Moreover, the AFM can measure a Wide variety

of other forces and phenomena, such as magnetic ?elds,
thermal gradients and viscoelasticity. This ability can be
exploited to map force ?elds on a sample surface, and reveal

With light resolution the location and magnitude of the these

used for rapid and precise mapping of target DNA samples
such as cosmids, bacterial arti?cial chromosomes (BACs)
and yeast arti?cial chromosomes (YACs). The invention

living cells.

65

of example, but this does not exclude use of other types of
SPM instrumentation.
FIG. 1 shoWs the acts that constitute the method of the
present invention. In this embodiment a dipstick is used as
the substrate onto Which the functionaliZed DNA is bound

?elds, as in, for example, localiZing magnetic microparticles

for analysis. This dipstick facilitates the rapid mapping and

tethered to biomolecular complexes of interest.

analysis of sequence speci?c markers bound to large DNA

US 6,716,578 B1
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molecules. However, the substrate to Which the DNA is
tethered is not exclusively in this form. The substrate for the

Surface Modi?cation

tethering surface could be made of any compatible material

must be modi?ed (14) so that it Will react and tether the DNA

known in the art and shaped in any form that can be scanned

for analysis. In the present embodiment the ability of

by the SPM instrumentation.

alkanethiolates to form robust monolayeres on gold surfaces
is exploited. The gold is then coated With a chemically
reactive alkanethiolate monolayer, the reactive portion in
this example being either a carboxyl or succinimide group.

Once the dipstick surface is prepared, then the surface

The DNA sample is ?rst cut from the source and linear

iZed (10). This material is then set aside While the dipstick

surface is prepared (12). The dipstick surface is prepared by
modifying it With a chemically reactive functional group so
that the DNA can be tethered to the surface for eventual

These chemically active surfaces then serve as attachment
10

scanning by the SPM (14). The next step is modifying the
DNA sample With the appropriate functional group (16).
This step Will facilitate binding the DNA to the dipstick
surface later in the method. Once the DNA is functionally
modi?ed, the DNA is then tethered to the dipstick surface
(18). After the DNA is properly tethered, it is tagged With a

points for the modi?ed DNA.
In this embodiment a molecule containing a sulfhydral
group at one end, an 11 carbon alkane chain, and a succin

15

imide group at the other end is used. This molecule is
dissolved in pure ethanol to a ?nal concentration of 1 mM.
The gold coated surface is incubated in this solution for
several hours at room temperature, alloWing a stable mono

sequence speci?c tag (20). The sequence speci?c tag is What
is read (i.e., measured or detected) by the SPM. The tagged

layer to form. DNA that contains an amino group modi?
cation at the terminus can then be immobiliZed on this

DNA is then dried (22) and aligned in a linear fashion on the
dipstick surface. Drying ensures more stable imaging con

ditions and, therefore, optimiZes data acquisition, although a
drying step is not absolutely required. The tagged and

surface by formation of an amide bond betWeen the succin
imide group on the alkane and the primary amine on the
DNA.
An advantage of this method is that it can be used to create

tethered DNA on the dipstick is noW scanned using the SPM

by hydrophilic domains surrounded by hydrophobic

instrument (24). In the last step, the readout from the SPM

is analyZed (26).

25

domains to Which the DNA Will not have a high af?nity in
solution. This facilitates “?oating” the DNA aWay from the

surface during the tagging procedure in minimiZe stero
chemical hindrance, then deposition of the DNA and the
surface by virtue of dehumidi?cation, Which abrogates the
hydrophobic effect. To create these surfaces, the ?rst step is
to produce a uniform monolayer of methyl-terminated
(hydrophobic) alkanethiolates on a gold surface. The gold

Many of the steps of the present invention are not nec
essarily speci?c to the order as laid out in the folloWing

present embodiment. This embodiment is given by Way of
example. For instance, the surface can be prepared and
modi?ed after the DNA is functionaliZed instead of before.

Cutting/LineariZation
The ?rst step of the method of the present invention

surface can be modi?ed With a pattern such as stripes or

involves obtaining the DNA sample to be analyZed (10).

checkerboard arrays by evaporation of gold through a mask

This is accomplished by cutting and lineariZing the DNA to
be analyZed. The DNA can be prepared by fragmenting the
desired genomic DNA and ligating the fragments in a typical

in order to create different areas to Which to bind the DNA.
35

UV light is then passed through a mask to oxidiZe the sulfur
atom on the alkanethiolate. This treatment Weakens the

sulfur gold interaction considerably, but only in those
regions subjected to the UV irradiation. Subsequent addition

cloning vector knoWn to those skilled in the art. The DNA
can be excised from the source plasmid, cosmid, BAC, YAC
or any nucleic acid vector using Bam III (Bacillus amy

number 1), or any comparable restriction endonuclease, or
other nuclease. DNA can also be prepared by mechanical

of a succinimide terminated alkanethiolate results in replace
ment of the oxidiZed thiolates With the succinimide termi
nated molecules and creation of a patterned array of chemi
cally active domains to Which DNA can be speci?cally

methods such as shearing. The reaction conditions are
determined by the choice of endonuclease and are common

tethered. Variations of this method are knoWn to those
skilled in the art.

loliquefaciens II), EcoRI (E. Coli restriction endonuclease

knoWledge to those skilled in the art. The present embodi

45

termed Lambda. This DNA sample is 48.502 base pairs long
and constitutes the entire genomic of the Lambda phage.

Surface Preparation
The next act of the method is the selection of a surface

(12). This surface Will be the site Where the DNA is
deposited. The embodiment of the present invention utiliZes
a dipstick substrate to Which to bind the DNA sample for
scanning. In the present embodiment the dipstick is made of
Te?on. Other plastics or inert polymers can be used in
alternative embodiments. A small pad made of mica is
attached to one end of the Te?on dipstick. Other embodi
ments may incorporate pads made of polished silicon or

55

Another embodiment includes spin coating a mica or pol
ished silicon surface With a preparation of polystyrene. The
polystyrene is prepared by dissolution in toluene. Each one
of these alternative methods for surface modi?cation Will
have a resulting alternative embodiment for the DNA modi
?cation of the next step. A functional group must be placed
on the DNA that Will correspondingly react With the surface
to tether the DNA. The present invention contemplates
utiliZing any of these alternative methods.
DNA Modi?cations
LineariZed DNA is modi?ed at one or both ends With a

reactive group that alloWs the DNA molecule to be ?rmly
tethered to a surface (16). In this embodiment, the DNA is
modi?ed With a primary amine group to alloW covalent
bonding to the surface bound succinimide group. The lin

some similar material that is suf?ciently ?at to alloW reso

lution of DNA fragments by AFM. Other surfaces include

episilicon, highly ordered pyrolytic graphic, sapphire,
gypsum, or coating With polystyrene and other de?ned
surface coating materials. Any of these surfaces can also can
be coated With gold to facilitate formation of self assembled
monolayers from alkanethiolate solutions. The advantage to
this approach facilitates presentation of a Wide variety of
surface chemistries for various applications.

Alternative methods for surface modi?cation include pre

paring a positively charged surface by modi?cation of the
surface using a silane compound containing primary amines.

ment utiliZes a DNA sample from a bacterial virus or phage,

65

eariZed DNA contains staggered or “sticky” ends by virtue
of its release from the cloning victor by a restriction
endonuclease, or, in the case described above (Lambda
DNA) the natural ends of the Lambda genomic are staggered
(note the fragments cleaved from cosmids at the COS site

US 6,716,578 B1
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8

Will have the same 12 nucleotide sticky end as Lambda

F. Larimer, T. Thundat, and R. Warmack, Proc. Natl. Acad.

phage). Since this sequence is known, a complementary
molecule containing the amino terminal group is synthesized

Sci. USA, 1996, 93: p. 8826—8829). This is accomplished by
genetic engineering methods knoWn to practitioners skilled

by standard methods knoWn to those skilled in the art. This
material can alternatively by purchased from a commercial

in the art.

Wild type restriction enZymes can also be used by sub
stituting Ca+ or Mn+ for Mg", the common catalytic divalent
cation. In the presence of Ca+ or Mn", but the absence of
Mg", many restriction endonucleases Will bind out not

vendor of synthetic DNA oligonucleotides. The amino ter
minated oligonucleotide is ligated to the lineariZed DNA

fragment using T4 DNA ligase and standard conditions
knoWn to those skilled in the art. The ligation product is then

rapidly puri?ed chromatographically and tethered to the

10

not cutting of the DNA for each restriction endonuclease

surface as described beloW. Other methods knoWn to those
skilled in the art can likeWise be used to separate large and

small DNA fragments.
DNA Deposition and Tethering DNA to the Surface
Although the details of DNA deposition vary the present
embodiment contemplates depositing a small droplet of

cleave DNA. This is because Mg+ is required for catalytic
activity of the endonuclease. The conditions for binding but

used are optimiZed using electrophoretic mobility shift
experiments, a method Whose application for this purpose is
common knoWledge to those skilled in the art.
15

The restriction endonuclease tag binds to the DNA, and
the surface is quickly rinsed to remove spuriously bound tag

DNA solution on a surface and alloWing the DNA to bind to

molecules and other debris, such as excess salt. In some

the surface through and end-speci?c tether (18).

cases the tag can be ?xed in position using UV light or a
crosslinker such as gluteraldehyde. Other endonucleases can

In the present embodiment, the DNA is dissolved in a
solution of 10 mM Phosphate buffer, Ph 8.0. Common
buffers like Tris are not appropriate because they contain
primary amines. Other primary amines besides the one on
the DNA fragment can interfere With this step in the method.
The DNA is then loaded into a pieZo driven microjet device
(similar to that used in an ink jet printer, but used for
biological deposition and a microdroplet of the DNA solu
tion is ejected and deposited on the succinimide surface. For
large DNA fragments this process can be too vigorous and

20

to DNA but do not cut the DNA molecule. Those endonu
cleases that bind tightly to a de?ned nucleotide sequence,
but do not cut the DNA target, are suitable for gene mapping
25

experiments. Other types of materials that can be used for
tagging speci?c sequences of the nucleic acid include tran

scription factors, nucleotides, modi?ed nucleotides,
peptides, functional protein markers, or a duplex, triplex or
quadruplex forming nucleic acid molecule, or a small mol

result in shearing of the DNA. In these cases the problem can

be solved by depositing the DNA using a pin tool device. A
pin tool is a mechanical device With a sharp point that picks

be used that have been modi?ed such that they bind tightly

ecule conjugated to a microparticle or a nanoparticle.

up a small quantity of the DNA solution and deposits it at a

The description of the present embodiment tag does not
exclude the use of other tags that might be incorporated into
the method of the present invention. The DNA is generally

desired location by direct contact and capillary transfer from

tethered prior to tagging With site speci?c markers.

the pin tool to the surface.
The DNA is alloWed to covalently bind to the surface by
maintaining the humidity above (60°, RH for an hour at

30

HoWever, the sequence of events can be altered such that the
35

herein for analysis by AFM.
Drying and Depositing in a Linear Fashion
Next, the tethered and tagged DNA sample must be dried

room temperature. Unbound materials are Washed aWay and

the bound material is used for subsequent mapping. This one
embodiment of the deposition procedure and is not meant to
exclude other methods for deposition of end-tagged DNA

40

molecules to speci?c locations on a surface.

While it is possible to map sequence-speci?c tags on
DNA that is not tethered or localiZed on a surface, there are

signi?cant advantages to having the DNA tethered at one
end in a de?ned location. This provides spatial coordinates
to Which different DNA molecular species are assigned. In
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this Way, an array of DNA molecules is analyZed on a single

surface Without the introduction of any ambiguity regarding
the identi?cation of the DNA fragment under scrutiny. Each
molecular species is located at a Well de?ned spatial address

DNA is ?rst tagged, then tethered by the methods described

and laid out on the dipstick in a linear manner (22). In the
present embodiment a stream of loW moisture inert gas is
used. A stream of gas, such as argon, is bled from a source,
such as a canister, over the dipstick. This dry inert gas

carriers aWay any leftover moisture from the tagging step.
Furthermore, as this dry inert gas is held over the dipstick the
inert gas leaves the nucleic acid sample oriented in a uniform
direction. Having the nucleic acid samples dried in a ?at and
uniform direction aids in the scanning step of the process.

Alternatively, drying and linear deposition of the samples
(22) can be done by several other techniques knoWn in the
50

art. For examples a number of methods include unidirec

in the array. When the DNA is tethered to a de?ned spatial
address the AFM can be instructed to automatically access

tional ?uid ?oW (for linear display) and electromotive force

those addresses sequentially. These steps may signi?cantly

that DNA can be aligned on a surface by sloW retraction of
a meniscus as the DNA is dried. (For an explanation, see

(for linear display). In addition, previous reports have shoWn

reduce search time.

Sequence Speci?c Tagging of ImmobiliZed DNA

55

In the next step the DNA is tagged With a sequence

speci?c tag (20). In the present embodiment the DNA is

2096—2098.)
Scanning

incubated With a mutated restriction endonuclease in a

typical restriction endonuclease reaction solution (25 mM
buffer, pH 7.6: 100 mM monovalent cation, typically Na, 10
mM divalent cation, typically Mg", 0.5 mM reducing agent,
typically dithiothreitol). The mutant restriction endonu
clease has been modi?ed by amino acid substitution Within
its catalytic pocket such that the endonuclease can bind its
DNA target site, but is incapable of cutting the DNA. This

substitution promotes DNA binding but inhibits cleavage,
(see D. Allison, P. Kerper, M. DoktyeZ, J. Spain, P. Modrich,

Bensimon, A., A. Simon, A. Chiffaudel, V. Croquette, F.
Heslot, and D. Bensimon, Science, 1994, 265: p.
Scanning of the tagged nucleic acid sample in the present
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embodiment is done utiliZing an atomic force microscope

(24). The sample is placed in the instrument. A Digital
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Instruments, Inc., Dimension 3100 is used in this embodi
ment and is controlled by a computer and softWare generally
available. The computer controls the operation of the tip
across the dipstick. In the present embodiment the nucleic
acid samples have been tethered to speci?c sites on the stick.
The computer can automatically scan these sections and

US 6,716,578 B1
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report Where the tags are found, and measure both the
contour locations of the tags as Well as the distance betWeen
to the surface aids the analysis of the scan. Since the
conventional AFM is limited in scan ?eld siZe to about 100

An advantage to the present invention is the bar code
system of analyZing the scans. UtiliZing a bar code enables
faster ordering of the fragments. Before, researchers had to
map the sequence of the fragment in order to determine the
order of the fragments in the sample. The present invention

square microns, knowing Where the DNA array is located
and the positions of the DNA molecules Within the array

align the overlapping fragments in the order they appear on

greatly speeds the scanning process. Therefore, each array of

the cosmid Without having to determine the sequence of

DNA molecules is initially located through the use of a
physical mark such as an indentation or ink spot, then the
array is scanned and the positions of the molecules Within
the array noted.

large sections of the sample.
Further Embodiments and Advantages

the contours. Knowing Where the DNA is speci?cally bound

alloWs the user to utiliZe the bar code of each fragment to

10

The analysis conditions of this embodiment require loW
humidity because it minimiZes potentially destructive tip
sample capillary forces and provides a more stable DNA
specimen. The instrument takes data scans of the different
sequence speci?c tags it has located and then feeds this data

onto an area Where it is thought a nucleotide sequence

variation might occur. Once the sequence speci?c tags Were
15

to the user Who can analyZe the output. In other embodi

binds on to an unusual nucleotide sequence, accurate ?n

in an ordered array on solid state surfaces, the array can be

gerprinting can be done Without the long process of restric

tion fragment length polymorphisms utiliZing gel electro
phoresis and Southern blotting.
25

of its bar code.
SoftWare knoWn by those skilled in the art runs the scan

by the AFM (26). This softWare utiliZes pattern recognition
algorithms that direct the instrumentation to produce a

speci?c tags Will report Where the active encoding regions

hardcopy output.

are located on the original DNA fragment.
A further embodiment of the present invention involves

In the present embodiment, the AFM data is collected
35

This data is then ported to a separate computer using a

otide variation relative to any other individual every 900
basepairs. These variations can be valuable markers associ
ated With genetic traits such as predisposition to disease. The
maps generated by the method described here can reveal

IDEAS then measures the contour length of the molecules

and locates the physical markers comprised of bound EcoRI

single nucleotide polymorphisms because such a change in

molecules. The softWare then plots these locations as a

sequence can preclude or alloW binding of the tag to a

function of fragment length and generates a histogram

particular sequence element.

shoWing the probability of ?nding a physical marker at a

The information and eXamples described herein are for
45

data are averaged and used to generate a diagnostic bar code

for that particular DNA molecule. By measuring the distance
betWeen the tags, the length of the DNA fragment betWeen

ceptual conteXt of the invention. It is contemplated that

deviating from the scope of the present invention.
Accordingly, it is intended that the scope of the present
invention be dictated by the appended claims rather than by

several different tagged nucleic acid samples.
The bar codes represent the nucleic acid fragment. Each

the foregoing description of this embodiment.

bar of the code is Where the AFM has found one of the

We claim:
1. A method for analyZing a nucleic acid sample com
55

iZing a stand of nucleic acid;

(b) preparing a surface;
(c) tethering the lineariZed nucleic acid sample to the

surface;
(d) tagging tWo or more sequence speci?c sites of the
tethered nucleic acid sample With a sequence speci?c

tion of the sequence speci?c tags and the distance betWeen

original nucleic acid sample.

prising:
(a) obtaining a nucleic acid sample by cutting and linear

scan is to measure by hand the contours that have been given
as output from the SPM instrument.
The alternative embodiments could utiliZe a computer
program Which could analyZe the information on the loca

them. This computer then Would use an algorithm to place
the fragments in the proper order as they appear on the

illustrative purposes and are not meant to eXclude any
derivations or alternative methods that are Within the con

various deviations can be made to this embodiment Without

the tags can be ascertained. The order in Which the segments
appear on the contig, can be learned utiliZing data from

sequence speci?c tags. The distances betWeen the bars is the
distance betWeen the located tags. By aligning the bars from
separate bar codes, the order of each knoWn fragment can be
determined.
The scan can be analyZed by several other methods
knoWn in the art. The most basic method of analyZing the

identi?cation of single nucleotide polymorphisms. It has
been suggested that individual humans have a single nucle

softWare program called IDEAS (NanoStar, Balitmore,
Md.). IDEAS searches the ?eld and ?nds continuous data
pro?les that correspond to intact, linear DNA molecules.

given position along the length of the DNA molecule. These

A further embodiment of the present invention involves
functional sequence mapping. As discussed above, a large
portion of genomic DNA does not encode active genes.
Using the above method this invention alloWs a rapid

analysis of genomes using markers that speci?cally tag
regions involved in gene activity. Once the DNA is tagged
With these sequence speci?c markers, the DNA fragment can
by analyZed by the SPM. The location of the sequence

AnalyZing the Scan

using commercial softWare supplied With the instrument.

placed on the DNA fragments utiliZing the method described
above, the fragments Would be scanned in the SPM. If a tag
appears on a section of the DNA in both the samples then it
Would increase the likelihood that the samples came from
the same source. By choosing the sequence speci?c tag that

ments loW humidity might not be desirable, ie using the
above method and scanning the sample While in solution.
Because in the present embodiment the DNA is displayed
processed continuously in the SPM. Through the use of
indexing markers on the surface of the dipstick, the instru
mentation can knoW precisely the position of the current
scan, and therefore the sample that is currently being pro
cessed. Abar code is assigned to the knoWn sample, making
that DNA fragment uniquely identi?able thereafter by virtue

An alternative embodiment could be to apply this method
to comparing DNA sequences from tWo sources. To do this,
a sequence speci?c tag Would be utiliZed that Would bind
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tag,
(e) drying the nucleic acid sample;
(f) scanning the nucleic acid sample With a scanning

probe microscope; and
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(g) analyzing the scan to determine the distance betWeen
the tagged nucleic acid sites.
2. The method of claim 1, Wherein preparing the surface
further comprises modifying the surface With an alkanethi
olate.
3. The method of claim 1, Wherein tethering the lineariZed
nucleic acid sample to the surface further comprises modi

8. The method of claim 7, Wherein the deposition surface
on the dipstick has speci?c areas for tethering different types
of the nucleic acid sequences.
9. The method for analyZing a nucleic acid sample com
5

(a) obtaining a nucleic acid sample by cutting and linear
iZing a strand of nucleic acid;

fying one or both ends of the nucleic acid sample With a
reactive group that Will react With the prepared surface.

(b) preparing a surface,
(c) tethering the lineariZed nucleic acid sample to the

4. The method of claim 1, Wherein scanning the nucleic
acid sample further comprises bleeding a loW moisture inert

surface;

gas over the tethered nucleic acid sample.
5. The method of claim 1, Wherein analyZing the scan

further comprises forming bar code readouts Wherein the
bars represent a tagged nucleic acid sample and the distance
betWeen the bars represents the distance betWeen the tagged
sequence speci?c sites.
6. The method of claim 1, further comprising tethering the
nucleic acid sample to a deposition surface.
7. The method of claim 6, Wherein the deposition surface
is on a dipstick.

prising:

(d) tagging tWo or more sequence speci?c sites of the
tethered nucleic acid sample With a sequence speci?c
15

tag,
(e) scanning the nucleic acid sample With a scanning

probe microscope; and
(f) analyZing the scan to determine the distance betWeen
the tagged nucleic acid sites.
*
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