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(57) ABSTRACT 

The invention relates to methods and products for analyzing 
polymers. The polymers are analyzed by reconstructing 
sequence information from population data sets. The data 
sets include information about polymer dependent impulses 
arising from the polymers. The invention is also a method 
for linearly analyzing polymers by assessing the intensity of 
a signal arising from the polymer. The signal is generated as 
units and/or units speci?c markers pass a ?xed station. The 
quantitative intensity of the signal is proportional to the 
number of units and/or unit speci?c markers giving rise to 

1998. the signal. 
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METHODS OF ANALYZING POLYMERS USING 
ORDERED LABEL STRATEGIES 

RELATED APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Patent Application No. 60/096,666, ?led Aug. 13, 1998 and 
No. 60/096,662, ?led Aug. 13, 1998 and is a continuation in 
part of US. patent Ser. No. 09/134,411 ?led on Aug. 13, 
1998, currently pending, Which is a continuation of PCT/ 
US98/03024 ?led on Feb. 11, 1998, Which claims priority to 
US. Provisional Patent Application No. 60/064,687, ?led 
May 5, 1997 and No. 60/037,921, ?led Feb. 11, 1997 the 
entire contents of Which are hereby incorporated by refer 
ence. 

FIELD OF THE INVENTION 

[0002] The present invention relates to methods and prod 
ucts for analyZing polymers. In particular, the methods are 
based on generation of information from a data set of 
polymer dependent impulses arising from polymers Which 
have been labeled according to an ordered strategy. The 
information generated relates to many aspects of the poly 
mer such as the length of the polymer, the composition of 
units Within the polymer, the order of units in the polymer, 
and the sequence or partial sequence of units in the polymer. 
The invention also relates to methods for intensity based 
analysis. 

BACKGROUND OF THE INVENTION 

[0003] Polymers are involved in diverse and essential 
functions in living systems. The ability to decipher the 
function of polymers in these systems is integral to the 
understanding of the role that the polymer plays Within a 
cell. Often the function of a polymer in a living system is 
determined by analyZing the structure and determining the 
relation betWeen the structure and the function of the poly 
mer. By determining the primary sequence in a polymer such 
as a nucleic acid it is possible to generate expression maps, 
to determine What proteins are expressed, and to understand 
Where mutations occur in a disease state. Because of the 
Wealth of knoWledge that may be obtained from sequencing 
of polymers many methods have been developed to achieve 
more rapid and more accurate sequencing methods. 

[0004] In general DNA sequencing is currently performed 
using one of tWo methods. The ?rst and more popular 
method is the dideoxy chain termination method described 
by Sanger et al. (1977). This method involves the enZymatic 
synthesis of DNA molecules terminating in dideoxynucle 
otides. By using the four ddNTPs, a population of molecules 
terminating at each position of the target DNA can be 
synthesiZed. Subsequent analysis yields information on the 
length of the DNA molecules and the base at Which each 
molecule terminates (either A, C, G, or T). With this 
information, the DNA sequence can be determined. The 
second method is Maxam and Gilbert sequencing (Maxam 
and Gilbert, 1977), Which uses chemical degradation to 
generate a population of molecules degraded at certain 
positions of the target DNA. With knowledge of the cleav 
age speci?cities of the chemical reactions and the lengths of 
the fragments, the DNA sequence is generated. Both meth 
ods rely on polyacrylamide gel electrophoresis and photo 
graphic visualiZation of the radioactive DNA fragments. 
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Each process takes about 1-3 days. The Sanger sequencing 
reactions can only generate 300-800 bases in one run. 

[0005] Methods to improve the output of sequence infor 
mation using the Sanger method also have been proposed. 
These Sanger-based methods include multiplex sequencing, 
capillary gel electrophoresis, and automated gel electro 
phoresis. Recently, there has also been increasing interest in 
developing Sanger independent methods as Well. Sanger 
independent methods use a completely different methodol 
ogy to realiZe the base information. This category includes 
scanning electron microscopy (STM), mass spectrometry, 
enZymatic luminometric inorganic pyrophosphate detection 
assay (ELIDA) sequencing, exonuclease sequencing, and 
sequencing by hybridiZation. 
[0006] Further, several neW methods have been described 
for carboxy terminal sequencing of polypeptides. See Inglis, 
A. S., Anal. Biochem. 195:183-96 (1991). Carboxy terminal 
sequencing methods mimic Edman degradation but involve 
sequential degradation from the opposite end of the polymer. 
See Inglis, A. S., Anal. Biochem. 195:183-96 (1991). Like 
Edman degradation, the carboxy-terminal sequencing meth 
ods involve chemically induced sequential removal and 
identi?cation of the terminal amino acid residue. 

[0007] More recently, polypeptide sequencing has been 
described by preparing a nested set (sequence de?ning set) 
of polymer fragments folloWed by mass analysis. See Chait, 
B. T. et al., Science 257:1885-94 (1992). Sequence is 
determined by comparing the relative mass difference 
betWeen fragments With the knoWn masses of the amino acid 
residues. Though formation of a nested (sequence de?ning) 
set of polymer fragments is a requirement of DNA sequenc 
ing, this method differs substantially from the conventional 
protein sequencing method consisting of sequential removal 
and identi?cation of each residue. Although this method has 
potential in practice it has encountered several problems and 
has not been demonstrated to be an effective method. 

SUMMARY OF THE INVENTION 

[0008] The present invention relates in some aspects to 
methods and products for analyZing polymers. In particular 
the invention in one aspect is a method for identifying 
information about a polymer such as its sequence, length, 
order of bases etc., by obtaining polymer dependent 
impulses from a population of polymers and comparing the 
polymer dependent impulses to determine unit speci?c 
information about the polymers. 

[0009] Recently, methods for analyZing polymers based 
on unit speci?c information about the polymer have been 
developed. Such methods are described in co-pending PCT 
patent application No. PCT/US98/03024 and US. Ser. No. 
09/134,411 ?led Aug. 13, 1998, the entire contents of Which 
are hereby incorporated by reference. The method for ana 
lyZing polymers described in PCT/US98/03024 and Ser. No. 
09/ 134,411 is based on the ability to examine each unit or 
unit speci?c marker of a polymer individually. By examin 
ing each unit or unit speci?c marker individually the type of 
units and the position of the units on the backbone of the 
polymer can be identi?ed. This can be accomplished by 
positioning a labeled unit or unit speci?c marker at a station 
and examining a change Which occurs When that labeled unit 
or unit speci?c marker is proximate to the station. The 
change can arise as a result of an interaction that occurs 
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between the unit or unit speci?c marker and the station or a 
partner and is speci?c for the particular unit or unit speci?c 
marker. For instance if the polymer is a nucleic acid mol 
ecule and a T is positioned in proximity to a station a change 
Which is speci?c for a T could occur. If on the other hand, 
a G is positioned in proximity to a station then a change 
Which is speci?c for a G could occur. The speci?c change 
Which occurs, for example, depends on the station used, the 
type of polymer being studied and/or the label used. For 
instance the change may be an electromagnetic signal Which 
arises as a result of the interaction. 

[0010] Methods for analyZing polymers based on unit 
speci?c information about the polymer involves the detec 
tion of polymer dependent impulses from a plurality of 
polymers to produce a data set of information. The data set 
can be compared to provide speci?c information about the 
polymer such as the composition of units in the polymer, the 
length of the polymer, the presence of speci?c sequences in 
the polymer, and even the entire sequence of the units in the 
polymer. 

[0011] In one aspect the invention is a method for gener 
ating unit speci?c information about a polymer. The method 
includes the steps of obtaining polymer dependent impulses 
for a plurality of labeled polymers, comparing the polymer 
dependent impulses obtained from each of the plurality of 
labeled polymers, determining unit speci?c information 
about the polymers based upon comparing the polymer 
dependent impulses. Preferably the polymer dependent 
impulses arise from unit speci?c markers of less than all 
units of the polymers. In an embodiment the polymer 
dependent impulses arise from at least tWo unit speci?c 
markers of the polymers. 

[0012] The plurality of polymers may be any type of 
polymer but preferably is a nucleic acid. In one embodiment 
the plurality of polymers is a homogenous population. In 
another embodiment the plurality of polymers is a heterog 
enous population. The polymers can be labeled, randomly or 
non randomly. Different labels can be used to label different 
linked units to produce different polymer dependent 
impulses. 

[0013] The polymer dependent impulses provide many 
different types of structural information about the polymer. 
For instance the obtained polymer dependent impulses may 
include an order of polymer dependent impulses or the 
obtained polymer dependent impulses may include the time 
of separation betWeen speci?c signals or the number of 
speci?c polymer dependent impulses. The obtained polymer 
dependent impulses may indicate the sequence of units of 
the polymer. 

[0014] In one important embodiment the polymer depen 
dent impulses are obtained by moving the plurality of 
polymers linearly past a signal generation station. 

[0015] According to another embodiment the unit speci?c 
markers are nucleic acid probes. In another embodiment the 
unit speci?c markers are peptide nucleic acid probes. 

[0016] The unit speci?c markers may identify a single unit 
of a polymer or multiple units of a polymer. When the 
polymer is a nucleic acid the unit speci?c marker may be a 
nucleic acid probe. In one embodiment the unit speci?c 
marker is a nucleic acid probe having at least tWo base pairs. 
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In another embodiment the unit speci?c marker is a nucleic 
acid probe having at least three base pairs. 

[0017] According to another aspect of the invention a 
method for sequencing a polymer of linked units is provided. 
The method includes the steps of obtaining polymer depen 
dent impulses from a plurality of overlapping polymers, at 
least a portion of each of the polymers having a sequence of 
linked units identical to the other of the polymers, and 
comparing the polymer dependent impulses from an over 
lapping portion of each of the plurality of polymers to obtain 
a sequence of linked units Which is identical in the plurality 
of polymers. 

[0018] The polymer dependent impulses may be detected 
by many means. Apreferred method of detection is optical 
detection. 

[0019] The plurality of polymers may be any type of 
polymer but preferably is a nucleic acid. Preferably the 
nucleic acids are labeled With an agent selected from the 
group consisting of an electromagnetic radiation source, a 
quenching source and a ?uorescence excitation source. In 
one embodiment the plurality of polymers is a homogenous 
population. In another embodiment the plurality of polymers 
is a heterogenous population. The polymers can be labeled, 
randomly or non randomly. Different labels can be used to 
label different linked units to produce different polymer 
dependent impulses. 
[0020] The polymer dependent impulses provide many 
different types of structural information about the polymer. 
For instance the obtained polymer dependent impulses may 
include an order of polymer dependent impulses or the 
obtained polymer dependent impulses may include the time 
of separation betWeen speci?c signals or the number of 
speci?c polymer dependent impulses. The obtained polymer 
dependent impulses may indicate the sequence of units of 
the polymer. 

[0021] In one important embodiment the polymer depen 
dent impulses are obtained by moving the plurality of 
polymers linearly past a signal generation station. 

[0022] According to another embodiment the unit speci?c 
marker is a nucleic acid probe. In another embodiment the 
unit speci?c markers is a peptide nucleic acid probe. In 
another embodiment, the unit speci?c marker is a peptide. 

[0023] The unit speci?c markers may identify a single unit 
of a polymer or multiple units of a polymer. When the 
polymer is a nucleic acid the unit speci?c marker may be a 
nucleic acid probe. In one embodiment the unit speci?c 
marker is a nucleic acid probe having at least three base 
pairs. In another embodiment the unit speci?c markers are 
three base pair nucleic acid probes. 

[0024] The invention in another aspect is a kit for labeling 
polymers. The kit includes a container housing a series of 
distinct nucleic acid probes; Wherein the series of nucleic 
acid probes is a set of multiple base pair probes. Preferably 
the multiple base pair probes are selected from the group 
consisting of tWo base pair probes, three base pair probes, 
four base pair probes, and ?ve base pair probes. 

[0025] In one embodiment the container is a single con 
tainer having a plurality of compartments, each housing a 
speci?c labeled probe. In another embodiment the container 
is a plurality of containers. 
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[0026] The kit in one embodiment also includes instruc 
tions for labeling the nucleic acid probes. 

[0027] The distinct nucleic acid probes are labeled in one 
embodiment. Preferably the nucleic acid probes are labeled 
With an agent selected from the group consisting of an 
electromagnetic radiation source, a quenching source and a 
?uorescence excitation source. In one embodiment the plu 
rality of polymers is a homogenous population. In another 
embodiment the distinct nucleic acid probes are three base 
pair probes. In another embodiment the distinct nucleic acid 
probes are four base pair probes. In yet another embodiment 
the distinct nucleic acid probes are ?ve base pair probes. 

[0028] The invention in other aspects relates to methods 
and products for linear analysis of polymers using an 
intensity based method for identifying information about the 
polymer such as its sequence, length, order of bases etc. The 
methods can be accomplished using intensity based mea 
surements combined With the ordered labeling strategy 
discussed above. 

[0029] One aspect of linear analysis involves the move 
ment of the polymer past a ?xed station in such a manner as 
to cause a signal that provides information about the poly 
mer to arise. According to an aspect of the invention it Was 
discovered that information about the polymer can be deter 
mined by quantitatively measuring intensity of the signal 
arising at the station. The signal arises from the polymer as 
a result of the units of the polymer passing the ?xed station. 
In some cases all of the units may cause the generation of a 
signal and in other cases less than all of the units produce the 
signal. The total intensity of the signal is proportional to the 
number of units or unit speci?c markers Which generate a 
signal as they pass the ?xed station. If the signal arises from 
every unit of the polymer then the intensity of the signal is 
proportional to the number of units in the polymer. If the 
signal arises from less than all of the units or unit speci?c 
markers of the polymer then the intensity of the signal is 
proportional to that number of units or unit speci?c markers 
causing generation of the signal. The number of units or unit 
speci?c markers indicated by the intensity can be used to 
determine information about the polymer such as the com 
position of units in the polymer, the length of the polymer, 
the presence of speci?c sequences in the polymer, and even 
the entire sequence of the units in the polymer. 

[0030] The invention in another aspect is a method for 
analyZing a polymer by linearly moving a labeled polymer 
With respect to a ?xed station, obtaining a signal from the 
labeled polymer as the labeled polymer passes the ?xed 
station, Wherein the signal is an electromagnetic radiation 
signal arising from an interaction betWeen at least tWo 
distinct labeled unit speci?c markers and determining a 
quantitative measure of intensity of the signal to analyZe the 
polymer. 

[0031] The intensity of the signal provides various types 
of structural information about a polymer, depending on 
hoW the polymer is labeled. In one embodiment each unit of 
the labeled polymer is labeled With a unit speci?c marker 
and the quantitative measure of intensity of the signal 
indicates the length of the polymer. In another embodiment 
less than all units of the polymer are labeled With at least one 
unit speci?c marker and the quantitative measure of inten 
sity of the signal indicates the number of labeled unit 
speci?c markers present in the polymer. 
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[0032] The ?xed station Which gives rise to the signal 
When the labeled polymer interacts With the station in one 
embodiment is an electromagnetic radiation source. In 
another embodiment the ?xed station is a radiation source. 

[0033] More than one polymer may be analyZed to gen 
erate a data set representative of a population of polymers. 
Thus in one embodiment a plurality of polymers are ana 
lyZed simultaneously to produce a plurality of signals, one 
signal for each polymer, and further comprising the step of 
comparing the intensities of the signals to analyZe the 
polymers. 
[0034] The labeled polymer may be labeled With a unit 
speci?c marker. In one embodiment the unit speci?c marker 
is a peptide nucleic acid probe. In another embodiment the 
unit speci?c marker is a series of distinct nucleic acid probes 
selected from the group consisting of tWo base pair probes, 
three base pair probes, four base pair probes, and ?ve base 
pair probes. In yet another embodiment the unit speci?c 
marker is a ?uorescent probe. 

[0035] According to another embodiment the labeled 
polymer is labeled With a plurality of unit speci?c markers, 
Wherein at least one unit speci?c marker includes a ?uoro 
phore Which emits light at a ?rst Wavelength and at least one 
unit speci?c marker Which includes a ?uorophore Which 
emits light at a second Wavelength. In another embodiment 
the at least one unit speci?c marker Which includes the 
?uorophore Which emits light at the ?rst Wavelength is 
attached to end units of the polymer and Wherein the at least 
one unit speci?c marker Which emits light at the second 
Wavelength is attached to an internal unit of the polymer. 

[0036] Each of the limitations of the invention can encom 
pass various embodiments of the invention. It is, therefore, 
anticipated that each of the limitations of the invention 
involving any one element or combinations of elements can 
be included in each aspect of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 shoWs a schematic of a random labeling 
method in Which tWo differently labeled DNA samples are 
used. 

[0038] FIG. 2 is a graph of raW data demonstrating 
changes in energy emission patterns to determine distance 
information through the instantaneous rate method. The 
changes in energy patterns result from sequential detectable 
signals Which When plotted produce a curve that from left to 
right shoWs tWo energy intensity decreases, folloWed by tWo 
energy intensity increases. The rate is 6.8 A/s and t1 is the 
time betWeen the entry of the ?rst and second labels. 

[0039] FIG. 3 shoWs a schematic of a random labeling 
method using a one nucleotide labeling scheme Where less 
than all of the one nucleotide are labeled. 

[0040] FIG. 4 shoWs a schematic of a random labeling 
method using a tWo nucleotide labeling scheme. 

[0041] FIG. 5 shoWs a schematic of a random labeling 
method using tWo differently labeled nucleic acid samples. 

[0042] FIG. 6 illustrates the generation of sequence infor 
mation from the sorted data. 

[0043] FIG. 7 illustrates the labeling of unit speci?c 
markers With more than one type of label. 



US 2002/0110818 A1 

[0044] FIG. 8 shows a schematic of a random labeling 
method using triplet unit speci?c markers one of Which is 
kept constant during the analysis. 

[0045] FIG. 9 shoWs a schematic of a random labeling 
method of a double stranded nucleic acid analysis using 
direction speci?c labels. 

[0046] 
[0047] FIG. 11A is a schematic representation of a labeled 
DNA molecule moving through a nanochannel plate and 
11B is a ?uorescence illumination graph from Which inten 
sity can be determined. 

[0048] FIG. 12A is a schematic diagram of a Waveguide 
structure With a labeled DNA molecule passing through it 
and 12B is similar to 11B. 

[0049] FIG. 13 is a schematic diagram of a heXagonally 
packed bead nanostructure for analyZing polymers. 

FIG. 10 is a sample kit according to the invention. 

BRIEF DESCRIPTION OF THE SEQUENCES 

[0050] SEQ. ID. NO. 1 is a hypothetical nucleic acid 
sequence. 

[0051] SEQ. ID. NO. 2 is a hypothetical nucleic acid 
sequence. 

[0052] SEQ. ID. NO. 3 is a hypothetical nucleic acid 
sequence. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0053] The invention is a method for analyZing polymers 
based on a compilation of data obtained from incomplete 
labeling of the polymers. The methods can be performed 
using data generated from single unit labels or multiple unit 
labels (both referred to herein as unit speci?c markers), 
single stranded polymers, double stranded polymers, or 
combinations thereof. 

[0054] One advantage of the invention is that the method 
provides a rational means of deciphering incomplete label 
ing schemes into information, e.g., sequence information 
about the polymer, Without requiring the labeling of each 
unit Within a polymer. There are certain physical limits to 
labeling polymers such as DNA, Which make it very dif?cult 
to completely label every nucleotide in a strand of DNA. For 
instance, in a single strand of DNA, the replacement of the 
native bases by ?uorescently labeled bases is hindered by 
the major groove and base-to-base steric interactions of 
?uorophores derivatiZed to adjacent bases. Stack hindrance 
problems have made common methods of DNA analysis 
such as eXonuclease sequencing dif?cult to perform. The 
methods of the invention provide the ability to decipher 
incomplete labeling schemes through various labeling meth 
ods to generate sequence information about polymers rap 
idly and accurately. The methods of the invention also 
provide enhanced resolution over prior art sequencing meth 
ods. 

[0055] In one aspect the invention is a method for gener 
ating unit speci?c information about a polymer. The method 
includes the steps of obtaining polymer dependent impulses 
for a plurality of labeled polymers, comparing the polymer 
dependent impulses of the plurality of labeled polymers, 
determining unit speci?c information about the polymers 
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based upon the polymer dependent impulses. Preferably the 
polymer dependent impulses arise from unit speci?c mark 
ers of less than all units of the polymers. 

[0056] As used herein the term “unit speci?c information” 
refers to any structural information about one, some, or all 
of the units of the polymer. The structural information 
obtained by analyZing a polymer according to the methods 
of the invention may include the identi?cation of character 
istic properties of the polymer Which (in turn) alloWs, for 
eXample, for the identi?cation of the presence of a polymer 
in a sample or a determination of the relatedness of poly 
mers, identi?cation of the siZe of the polymer, identi?cation 
of the proximity or distance betWeen tWo or more individual 
units or unit speci?c markers a polymer, identi?cation of the 
order of tWo or more individual units or unit speci?c markers 
Within a polymer, and/or identi?cation of the general com 
position of the units or unit speci?c markers of the polymer. 
Since the structure and function of biological molecules are 
interdependent, the structural information can reveal impor 
tant information about the function of the polymer. 

[0057] The methods of the invention are performed by 
detecting signals referred to as polymer dependent impulses. 
A “polymer dependent impulse” as used herein is a detect 
able physical quantity Which transmits or conveys informa 
tion about the structural characteristics of a unit speci?c 
marker of a polymer. The physical quantity may be in any 
form Which is capable of being detected. For instance the 
physical quantity may be electromagnetic radiation, chemi 
cal conductance, electrical conductance, etc. The polymer 
dependent impulse may arise from energy transfer, quench 
ing, changes in conductance, radioactivity, mechanical 
changes, resistance changes, or any other physical changes. 
Although the polymer dependent impulse is speci?c for a 
particular unit speci?c marker, a polymer having more than 
one of a particular labeled unit speci?c marker Will have 
more than one identical polymer dependent impulse. Addi 
tionally, each unit speci?c marker of a speci?c type may 
give rise to different polymer dependent impulses if they 
have different labels. In some embodiments When intensity 
of a signal is being measured, the polymer dependent 
impulse is an optical signal 

[0058] The method used for detecting the polymer depen 
dent impulse depends on the type of physical quantity 
generated. For instance if the physical quantity is electro 
magnetic radiation then the polymer dependent impulse is 
optically detected. An “optically detectable” polymer depen 
dent impulse as used herein is a light based signal in the form 
of electromagnetic radiation Which can be detected by light 
detecting imaging systems. In some embodiments the inten 
sity of this signal is measured. When the physical quantity 
is chemical conductance then the polymer dependent 
impulse is chemically detected. A “chemically detected” 
polymer dependent impulse is a signal in the form of a 
change in chemical concentration or charge such as an ion 
conductance Which can be detected by standard means for 
measuring chemical conductance. If the physical quantity is 
an electrical signal then the polymer dependent impulse is in 
the form of a change in resistance or capacitance. 

[0059] A “plurality of polymers” is at least tWo polymers. 
A plurality of polymers in one embodiment is at least 50 
polymers and in another embodiment is at least 100 poly 
mers. 
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[0060] The polymer dependent impulses may provide any 
type of structural information about the polymer. For 
instance these signals may provide the entire or portions of 
the entire sequence of the polymer, the order of polymer 
dependent impulses, or the time of separation betWeen 
polymer dependent impulses as an indication of the distance 
betWeen the units or unit speci?c markers. 

[0061] The polymer dependent impulse arises from a 
detectable physical change in the unit speci?c marker of the 
polymer or the station (or environment surrounding the 
station). As used herein a “detectable physical change” in the 
unit speci?c marker of the polymer or the station is any type 
of change Which occurs in the unit speci?c marker of the 
polymer or the station as a result of eXposing the unit 
speci?c marker to the station. Once the unit speci?c marker 
is eXposed to the station a detectable signal or polymer 
dependent impulse is created. The station may be for 
instance, an interaction station or a signal generation station. 
The type of change that occurs in the station or the unit 
speci?c marker to produce the detectable signal or polymer 
dependent impulse depends on the type of station and the 
type of unit speci?c marker. Several eXamples of station-unit 
speci?c marker combinations Which undergo a change to 
produce a detectable signal are discussed herein for eXem 
plary purposes. Those of skill in the art Will be able to derive 
other station-unit speci?c marker combinations that fall 
Within the scope of the invention. 

[0062] The polymer dependent impulses are obtained by 
interaction Which occurs betWeen the unit speci?c marker of 
the polymer and a signal generation station or the environ 
ment at a signal generation station. A “signal generation 
station” as used herein is a station that is an area Where the 
unit speci?c marker interacts With the station or the envi 
ronment to generate a polymer dependent impulse. In some 
aspects of the invention the polymer dependent impulse 
results from contact in a de?ned area With an agent selected 
from the group consisting of electromagnetic radiation, a 
quenching source, and a ?uorescence excitation source 
Which can interact With the unit speci?c marker to produce 
a detectable signal or polymer dependent impulse. In other 
aspects the polymer dependent impulse results from contact 
in a de?ned area With a chemical environment Which is 
capable of undergoing speci?c changes in conductance in 
response to an interaction With a molecule. As a molecule 
With a speci?c structure interacts With the chemical envi 
ronment a change in conductance occurs. The change Which 
is speci?c for the particular structure may be a temporal 
change, e.g., the length of time required for the conductance 
to change may be indicative that the interaction involves a 
speci?c structure or a physical change. For instance, the 
change in intensity of the interaction may be indicative of an 
interaction With a speci?c structure. In other aspects the 
polymer dependent impulse results from changes in capaci 
tance or resistance caused by the movement of the unit 
speci?c marker betWeen microelectrodes or nanoelectrodes 
positioned adjacent to the polymer unit speci?c marker. For 
instance the signal generation station may include micro 
electrodes or nanoelectrodes positioned on opposite sides of 
the polymer unit speci?c marker. The changes in resistance 
or conductance Which occur as a result of the movement of 
the unit speci?c marker past the electrodes Will be speci?c 
for the particular unit speci?c marker. 
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[0063] The invention also relates to a method of analyZing 
polymers using linear analysis to generate an optical signal, 
Wherein the intensity of the optical signal provides infor 
mation about the polymer to analyZe the polymer. The 
generated optical signal may be any type of electromagnetic 
radiation signal for Which intensity can be determined (e.g., 
?uorescence, radiation, etc.). 
[0064] As used herein “similar polymers” are polymers 
Which have at least one overlapping region. Similar poly 
mers may be a homogeneous population of polymers or a 
heterogenous population of polymers. A “homogeneous 
population” of polymers as used herein is a group of 
identical polymers. A “heterogenous population” of similar 
polymers is a group of similar polymers Which are not 
identical but Which include at least one overlapping region 
of identical units. An overlapping region typically consists 
of at least 10 contiguous nucleotides. In some cases an 
overlapping region consists of at least 11, 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, or 22 contiguous nucleotides. 

[0065] A “plurality of labeled polymers” refers to tWo or 
more similar polymers Which are labeled intrinsically or 
eXtrinsically. Preferably a plurality of similar polymers is 50 
or more similar polymers. More preferably a plurality of 
similar polymers is 100 or more similar polymers. 

[0066] A “data set” as used herein is a set of information 
de?ning the polymer dependent impulses generated by simi 
lar polymers. The data set is analyZed as discussed above 
and the method of analysis used depends on the type of 
labeling scheme used to generate the labeled polymers. 

[0067] Nucleic acid sequencing is a particularly preferred 
embodiment of the methods of the invention. Currently, less 
than 5% of the human genome has been sequenced. This 
translates into a small fraction of the ideal in human 
sequence knoWledge, Which is the sequence of all individu 
als. For instance, for the human population, there are 1.4x 
1019 [05 billion people><3><109 bases/person). So far, only 
2x10’ percent of all human genetic information is knoWn. 
The rate of sequencing of the human genome by all World 
Wide efforts is roughly 3x109/15 years, or 550,000 bases/ 
day, at a cost of >$1/base. Sequencing by the methods of the 
invention described herein Will constitute an inordinate 
breakthrough in the rate of sequencing. The predicted time 
to complete one human genome With one machine is ~15 
hours. Several dynamic arrays in parallel Will be able to 
complete the sequence of one human genome in a fraction 
of an hour. 

[0068] A method for sequencing a polymer of linked units 
is also encompassed by the invention. The method is per 
formed by obtaining polymer dependent impulses from each 
of a plurality of overlapping polymers, at least a portion of 
each of the polymers having a sequence of linked units 
identical to the other of the polymers, and comparing the 
polymer dependent impulses to obtain a sequence of linked 
units Which is identical in the plurality of polymers. 

[0069] The plurality of overlapping polymers is a set of 
polymers in Which each polymer has at least a portion of its 
sequence of linked units Which is identical to the other 
polymers. The portion of sequence Which is identical is 
referred to as the overlapping region and Which includes at 
least ten contiguous units. 

[0070] A “polymer” as used herein is a compound having 
a linear backbone of individual units Which are linked 
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together by linkages. In some cases the backbone of the 
polymer may be branched. Preferably the backbone is 
unbranched. The term “backbone” is given its usual meaning 
in the ?eld of polymer chemistry. The polymers may be 
heterogeneous in backbone composition thereby containing 
any possible combination of polymer units linked together 
such as peptide-nucleic acids (Which have amino acids 
linked to nucleic acids and have enhanced stability). In a 
preferred embodiment the polymers are homogeneous in 
backbone composition and are, for example, nucleic acids, 
polypeptides, polysaccharides, carbohydrates, polyure 
thanes, polycarbonates, polyureas, polyethyleneimines, pol 
yarylene sul?des, polysiloxanes, polyimides, polyacetates, 
polyamides, polyesters, or polythioesters. In the most pre 
ferred embodiments, the polymer is a nucleic acid or a 
polypeptide. A“nucleic acid” as used herein is a biopolymer 
comprised of nucleotides, such as deoxyribose nucleic acid 
(DNA) or ribose nucleic acid (RNA). Apolypeptide as used 
herein is a biopolymer comprised of linked amino acids. 

[0071] As used herein With respect to linked units of a 
polymer, “linked” or “linkage” means tWo entities are bound 
to one another by any physicochemical means. Any linkage 
knoWn to those of ordinary skill in the art, covalent or 
non-covalent, is embraced. Such linkages are Well knoWn to 
those of ordinary skill in the art. Natural linkages, Which are 
those ordinarily found in nature connecting the individual 
units of a particular polymer, are most common. Natural 
linkages include, for instance, amide, ester and thioester 
linkages. The individual units of a polymer analyZed by the 
methods of the invention may be linked, hoWever, by 
synthetic or modi?ed linkages. Polymers Where the units are 
linked by covalent bonds Will be most common but also 
include hydrogen bonded, etc. 

[0072] The polymer is made up of a plurality of individual 
units. An “individual unit” as used herein is a building block 
or monomer Which can be linked directly or indirectly to 
other building blocks or monomers to form a polymer. The 
polymer preferably is a polymer of at least tWo different 
linked units. The at least tWo different linked units may 
produce or be labeled to produce different signals, as dis 
cussed in greater detail beloW. The particular type of unit 
Will depend on the type of polymer. For instance DNA is a 
biopolymer composed of a deoxyribose phosphate backbone 
composed of units of purines and pyrimidines such as 
adenine, cytosine, guanine, thymine, 5-methylcytosine, 
2-aminopurine, 2-amino-6-chloropurine, 2,6-diaminopu 
rine, hypoxanthine, and other naturally and non-naturally 
occurring nucleobases, substituted and unsubstituted aro 
matic moieties. RNA is a biopolymer comprised of a ribose 
phosphate backbone composed of units of purines and 
pyrimidines such as those described for DNA but Wherein 
uracil is substituted for thymidine. The DNA nucleotides 
may be linked to one another by their 5‘ or 3‘ hydroxyl group 
thereby forming an ester linkage. The RNA nucleotides may 
be linked to one another by their 5‘, 3‘ or 2‘ hydroxyl group 
thereby forming an ester linkage. Alternatively, DNA or 
RNA units having a terminal 5‘, 3‘ or 2‘ amino group may be 
linked to the other units of the polymer by the amino group 
thereby forming an amide linkage. 

[0073] Whenever a nucleic acid is represented by a 
sequence of letters it Will be understood that the nucleotides 
are in 5‘Q3‘ order from left to right and that “A” denotes 
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adenosine, “C” denotes cytidine, “G” denotes guanosine, 
“T” denotes thymidine, and “U” denotes uracil unless oth 
erWise noted. 

[0074] The polymers may be native or naturally-occurring 
polymers Which occur in nature or non-naturally occurring 
polymers Which do not exist in nature. The polymers typi 
cally include at least a portion of a naturally occurring 
polymer. The polymers can be isolated or synthesiZed de 
novo. For example, the polymers can be isolated from 
natural sources eg puri?ed, as by cleavage and gel sepa 
ration or may be synthesiZed e. g.,(i) ampli?ed in vitro by, for 
example, polymerase chain reaction (PCR); (ii) synthesiZed 
by, for example, chemical synthesis; (iii) recombinantly 
produced by cloning, etc. 

[0075] The polymer or at least one unit speci?c marker 
thereof is in a form Which is capable of interacting With an 
agent or station to produce a signal (polymer dependent 
impulse) characteristic of that interaction. The unit speci?c 
marker of a polymer Which is capable of undergoing such an 
interaction is said to be labeled. If a unit speci?c marker of 
a polymer can undergo that interaction to produce a char 
acteristic signal, then the polymer is said to be intrinsically 
labeled. It is not necessary that an extrinsic label be added 
to the polymer. If a non-native molecule, hoWever, must be 
attached to the individual unit speci?c marker of the poly 
mer to generate the interaction producing the characteristic 
signal, then the polymer is said to be extrinsically labeled. 
The “label” may be, for example, light emitting, energy 
accepting, ?uorescent, radioactive, or quenching. 

[0076] Many naturally occurring units of a polymer are 
light emitting compounds or quenchers. For instance, nucle 
otides of native nucleic acid molecules have distinct absorp 
tion spectra, e.g., A, G, T, C, and U have absorption 
maximums at 259 nm, 252 nm, 267 nm, 271 nm, and 258 nm 
respectively. Modi?ed units Which include intrinsic labels 
may also be incorporated into polymers. A nucleic acid 
molecule may include, for example, any of the folloWing 
modi?ed nucleotide units Which have the characteristic 
energy emission patterns of a light emitting compound or a 
quenching compound: 2,4-dithiouracil, 2,4-Diselenouracil, 
hypoxanthine, mercaptopurine, 2-aminopurine, and sele 
nopurine. 

[0077] A unit or unit speci?c marker may also be consid 
ered to be intrinsically labeled When a property of the unit 
speci?c marker other than a light emitting, quenching or 
radioactive property provides information about the identity 
of the unit speci?c marker Without the addition of an 
extrinsic label. For instance the shape and charge of the unit 
speci?c marker provides information about the unit speci?c 
marker Which can result in a speci?c characteristic signal, 
such as a change in conductance arising from the blockage 
of a conductance path by the unit. 

[0078] The types of labels useful according to the methods 
of the invention, guidelines for selecting the appropriate 
labels, and methods for adding extrinsic labels to polymers 
are provided in more detail in co-pending PCT patent 
application PCT/US98/03024 and Us. Ser. No. 09/134,411, 
Which are incorporated by reference. 

[0079] In addition to information about a speci?c unit the 
methods of the invention may be used to identify greater 
than one unit at a time in order to provide information about 


































