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(57) ABSTRACT 
Disclosed is a method for determining a Sequence of one or 
more nucleotides in a target polynucleotide. In the method, 
a target-Specific primer is contacted with a polynucleotide 
Sample under conditions effective for the primer to anneal 
Specifically to a primer-complementary region in one or 
more target polynucleotides, to form one or more target 
primer hybrid(s), wherein each target-specific primer con 
tains (i) a target binding segment and (ii) a mobility 
reducing moiety which does not bind the target. The 
hybrid(s) are reacted with a primer extension reagent in the 
presence of at least one labeled 3'-nucleotide terminator 
complementary to a Selected nucleotide base-type, option 
ally in the presence of one or more extendable nucleoside 
monomers, under conditions effective to form one or more 
primer eXtension products which terminate with at least one 
labeled 3'-nucleotide terminator. The primer extension prod 
ucts are then Separated electrophoretically in a Sieving 
matrix under denaturing conditions Such that Smaller exten 
Sion products migrate more rapidly than larger extension 
products, and the desired Sequence information is deter 
mined. 
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POLYNUCLEOTIDE SEQUENCING METHOD 

FIELD OF THE INVENTION 

0001. The present invention relates to methods for 
Sequencing polynucleotides. In particular, the invention 
relates to an improved terminator Sequencing method that 
expands the Sequenceable range of bases adjacent to 
Sequencing primers. 
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BACKGROUND OF THE INVENTION 

0057 Sequence determination of polynucleotides is play 
ing an increasingly important role in biochemical research 
and industry. For example, whole genomic Sequences have 
been reported recently for the eukaryotes, C. elegans and S. 
Cerevisiae (e.g., see Science 282:2012 (1998)), and substan 
tial efforts are currently underway to Sequence the human 
genome. Knowledge of biological polynucleotide Sequences 
is useful not only to characterize and compare gene 
Sequences and associated gene products from different 
organisms, but also for the development of diagnostic tests, 
e.g., for detecting genetic mutations, determining genotypes, 
diagnosing disease, forensics, and identifying therapeutic 
targets. 

0.058 Over the last two decades, there have been two 
principal approaches to nucleotide Sequence determination: 
the chain termination method of Sanger and Coulson (1977), 
and the chemical degradation method of Maxam and Gilbert 
(1977). Both methods require the generation of one or more 
Sets of labeled DNA fragments, each having a common 
origin and each terminating with a known-base. The Set or 
Sets of fragments must then be separated by Size to reveal the 
target Sequence. 

0059 More recently, the chain termination method has 
become the standard method for all currently available 
automated DNA sequencing machines. This method gener 
ally involves enzymatic extension of a 5'-primer along a 
target template Strand in the presence of the four Standard 
deoxyribonucleotide bases, plus one or more dideoxynucle 
otide terminators. Incorporation of a terminator during 
primer eXtension results in a mixture of products of variable 
length, each terminating at its 3'-end with the terminator. AS 
originally proposed, four Separate Sequencing reactions were 
performed for a given target Sequence, one for each dideoxy 
nucleotide base-type. The products from each mixture were 
then resolved in four Separate lanes on the basis of Size, 
and-the target Sequence was determined from the relative 
order of migration of the fragments. 

0060 Modifications to the Sanger method were subse 
quently developed which use Spectrally distinguishable fluo 
rescent labels attached to either the 5'-extension primers 
(Smith, 1986) or the 3"-dideoxy terminator bases (Prober, 
1987; Prober 1995; Bergot, 1991). In the former case, 
extension reactions must be performed Separately for each 
different terminator base in the presence of a suitably labeled 
primer (a different label for each different terminator), after 
which the labeled extension products can be combined and 
resolved in a Single Separation path. In the latter case, primer 
extension can be performed in a single reaction mixture, 
Since base-specific label incorporation is performed with 
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high fidelity by a polymerase enzyme, followed by Separa 
tion in a Single separation lane. 

0061 The labeled terminator method has become the 
Sequencing method of choice because it involves signifi 
cantly fewer reaction vessels and is more convenient to use. 
However, this method has been limited due to difficulty in 
routinely identifying Sequencing fragment nucleotides close 
to the extension primers. The extension reactions require 
high concentrations of labeled terminators to ensure efficient 
production of Sequencing fragments. Unfortunately, residual 
terminator bases or their breakdown products comigrate 
with Short Sequencing fragments because they have similar 
mobility properties. As a consequence, Sequencing data for 
Short Sequencing fragments has been either unreliable or 
entirely unusable. Theoretically, it is possible to remove 
residual terminator bases prior to Sequence analysis, e.g., by 
a preliminary size-based separation Step. However, this 
introduces an extra Step to the Sequencing process that 
encumbers large-scale Sequence analysis. Moreover, Such 
preliminary purification may have to be repeated before 
enough residual terminator material has been removed. 
0062 Accordingly, it is an object of the present invention 
to provide a labeled terminator Sequencing method that 
permits Sequence determinations close to the extension 
primer. 

0063 A further object of the invention is to overcome the 
contamination problems that have been associated with 
previous labeled terminator Sequencing methods. 

SUMMARY OF THE INV NTION 

0064. The present invention provides, in one aspect, a 
method for determining a Sequence of one or more nucle 
otides in a target polynucleotide. In the method, a target 
Specific primer is contacted with a polynucleotide Sample 
under conditions effective for the primer to anneal Specifi 
cally to a primer-complementary region in one or more 
target polynucleotides, to form one or more target-primer 
hybrid(s). The target-Specific primer contains (i) a target 
binding segment and (ii) a mobility-reducing moiety which 
does not significantly bind to the target. The hybrid(s) are 
reacted with a primer eXtension reagent in the presence of at 
least one labeled 3'-nucleotide terminator complementary to 
a Selected target nucleotide base-type, under conditions 
effective to form one or more primer extension products 
which terminate with at least one labeled 3'-nucleotide 
terminator. The primer extension products are then Separated 
electrophoretically in a Sieving matrix under denaturing 
conditions Such that Smaller eXtension products migrate 
more rapidly than larger extension products, and the desired 
Sequence information is determined on the basis of the 
mobilities and terminator label(s) of the separated extension 
product(s). 
0065. In one embodiment, primer extension is performed 
in the presence of at least one extendable nucleoside mono 
mer, in addition to the labeled 3'-nucleotide terminator(s), 
under conditions effective to extend the 3'-end of specifically 
hybridized primers by addition of target-complementary 
polynucleotide monomers and terminator(s), to form one or 
more primer eXtension products. 

0066. In another embodiment, primer extension is per 
formed in the absence of extendable nucleotides, under 
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conditions effective to append the terminator to the annealed 
primer in the hybrid only when the terminator is comple 
mentary to a base in the target polynucleotide that is 
immediately adjacent the extendable end of the annealed 
primer. 

0067. The terminator(s) used in the invention preferably 
include a label that can be detected during electrophoretic 
migration of the one or more extension products. In one 
embodiment, at least one 3'-nucleotide terminator contains a 
fluorescent label. In a preferred embodiment, extension is 
conducted in the presence of four different 3'-nucleotide 
terminators which (i) are each complementary to a different 
nucleotide base-type and (ii) each contain a distinguishable 
fluorescent label that identifies the base-type of the termi 
nator. 

0068 For sequence determination, the sequencing exten 
Sion products are Separated on the basis of size by any 
method in which Smaller fragments elute before larger 
fragments. For example, the products may be separated by 
Slab gel electrophoresis, capillary electrophoresis, or micro 
channel electrophoresis, preferably using a Sieving matrix. 
0069. In one embodiment, the mobility-reducing moiety 
comprises a polymer Segment that does not Substantially 
bind to the target polynucleotide(s). In one preferred 
embodiment, the polymer Segment comprises a polynucle 
otide Segment that does not Substantially bind to the target 
polynucleotide(s). In other embodiments, the polymer Seg 
ment comprises a nonpolynucleotide moiety, Such as a 
nonpolynucleotide polymer of Subunits. 
0070 The mobility-reducing moiety may be selected so 
as to decrease the mobility rate of each primer extension 
product by a Specified amount; In one embodiment, the 
mobility-reducing moiety decreases the mobility rate of each 
primer eXtension product in an amount equivalent to at least 
4 additional nucleotide bases, relative to the mobility of a 
corresponding primer eXtension product lacking the mobil 
ity-reducing moiety. In other embodiments, the amount of 
decrease in mobility is equivalent to the addition of at least 
10 additional nucleotide bases, at least 15 additional nucle 
otide bases, or at least 20 additional nucleotide bases, 
according to the needs and design choice of the user. 
0071. The invention also includes a kit which is useful in 
practicing methods Such as described above. The kit 
includes a target-Specific primer that contains (i) a target 
binding segment and (ii) a mobility-reducing moiety which 
does not significantly bind the target. The kit may addition 
ally include one or more of the following: at least one 
labeled nucleotide terminator, at least one extendable 
3'-nucleoside, and a primer-extending reagent, Such as a 
polymerase enzyme. The kit may also include instructions 
for utilizing the kit in accordance with the invention. 
0.072 These and other objects and features of the inven 
tion will be more apparent in light of the discussion below. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0073. The present invention is directed to providing 
improved Sequence reading capability for target Sequence 
regions located adjacent to the 3'-end of a Sequencing 
primer. For many terminator-based Sequencing protocols, 
the ability to Sequence target regions near the 3'-end of the 
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Sequencing primer is impeded due to interference from 
comigrating labeled 3'-terminators or their breakdown prod 
ucts. Although this problem can be reduced by removing 
residual terminators after primer eXtension is complete, 
more than one purification Step is often required to obtain 
Satisfactory results. It would therefore be advantageous if 
target regions near the primer, e.g., immediately adjacent to 
the 3'-end of the primer, could be easily Sequenced without 
more than one pre-purification Step to remove residual 
terminators. 

0074 This objective is achieved in the present invention 
by using a Sequencing primer that contains a mobility 
reducing moiety that reduces the mobility rates of the primer 
extension products, relative to the mobility rates of compa 
rable extension products that are formed without the mobil 
ity-reducing moiety. By reducing the mobilities of the exten 
Sion products, interference due to overlap with labeled 
terminators and their breakdown products can be reduced or 
eliminated because the terminators elute ahead of the 
primer-extension products. The invention therefore broad 
ens the Sequenceable regions of the primer extension prod 
uctS. 

0075) 
0076. As used herein, the terms below have the following 
meanings unless indicated otherwise: 
0077. “Nucleoside” refers to a compound containing a 
base-pairing moiety (also referred to as a “base'), Such as a 
purine, deaZapurine, or pyrimidine nucleoside base, e.g., 
adenine, guanine, cytosine, uracil, thymine, deaZaadenine, 
deazaguanosine, or any functional equivalent thereof, which 
is attached to a backbone moiety Such as a Sugar ring or any 
functional equivalent thereof. Nucleosides include naturally 
occurring nucleosides which contain a base-pairing moiety 
(A, C, G, T or U) linked to the 1'-carbon of a pentose ring, 
including 2'-deoxy and 2'-hydroxyl forms thereof (Korn 
berg, 1992), and to pentose analogs and ring-open equiva 
lents thereof (Scheit, 1980; Uhlman, 1990). For example, 
inosine (dITP) is often used in Sequencing as a Substitute for 
guanosine (dGTP) to reduce band compression in poly-G 
Sequence regions. 

I. Definitions 

0078. The term “nucleotide” as used herein refers to a 
phosphate ester of a nucleoside, e.g., a triphosphate ester, 
wherein the most common Site of esterification is the pen 
tose 5'-hydroxyl group. In certain cases, term “nucleoside' 
refers both nucleosides and nucleotides, for convenience. 
The terms nucleotide and nucleoside as used herein are 
intended to include Synthetic analogs having modified 
nucleoside base moieties, modified Sugar moieties, and/or 
modified phosphate ester moieties, e.g., as described else 
where (Scheit 1980; Eckstein, 1991). 
0079) “Polynucleotide” and “oligonucleotide” refer to a 
polymer of nucleoside monomers, including Single, double 
and triple Stranded deoxyribonucleotides, ribonucleotides, 
C-anomeric forms thereof, and the like. Usually the nucleo 
Side monomers are linked by phosphodiester linkages, i.e., a 
phosphate diester or an analog thereof in which the phos 
phorous atom is in the +5 oxidation State and one or more of 
the oxygen atoms is replaced with a non-oxygen moiety. 
Exemplary phosphate analogs include phosphorothioate, 
phosphorodithioate, phosphoroselenoate, phosphorodisele 
noate, phosphoroanilinothioate, phosphoranilidate, phos 



US 2004/OO63138A1 

phoramidate, boronophosphates, and the like, including 
asSociated counterions, e.g., H, NH, Na', and the like, if 
Such counterions are present. “Polynucleotides” and "oligo 
nucleotide' also include polymers of non-nucleotidic mono 
mers, linked by phosphate ester or other linkages, which are 
capable of forming Sequence-specific hybrids with a target 
nucleic acid, e.g., peptide nucleic acids (PNAS, e.g., See 
Knudsen, 1996). Polynucleotides typically range in size 
from a few monomeric units, e.g. 8-40, to hundreds or 
thousands of monomeric units. Whenever a polynucleotide 
is represented by a Sequence of letters, Such as “ATGC 
CTG,” it will be understood that the nucleotides are in 5' to 
3' order from left to right and that “A” denotes deoxyad 
enosine, “C” denotes deoxycytidine, “G” denotes deoxygua 
nosine, and “T” denotes thymidine, unless otherwise noted. 
0080) “Primer' means a polynucleotide capable of selec 
tively annealing to a specified target Sequence and thereafter 
Serving as a point of initiation of a primer extension reaction 
in the 5'-->3' or 3'-e-I-5' direction. 

0081) “Primer extension reaction” means a reaction 
between a template-primer hybrid and one or more nucle 
otides which results in the addition of one or more nucle 
otides to a Selected end of the primer Such that the added 
nucleotide is complementary to the corresponding nucle 
otide in the target template nucleic acid. 
0082) “Extendable primer' refers to a primer that is 
capable of having a nucleotide appended (covalently linked) 
to an extendable end of the primer, typically the 3'-end of the 
primer. 
0.083 “Target-specific primer' refers to a primer having 
a target-binding Segment that is perfectly or Substantially 
complementary to a target Sequence, Such that the primer 
binds Specifically to an intended target without significant 
binding to non-target Sequences under Sufficiently Stringent 
hybridization conditions. 
0084) “Nucleotide terminator” refers to a nucleotide or 
nucleoside that (1) is covalently linkable to an end of an 
extendible primer when the primer is annealed to a comple 
mentary template, but (2) is not capable of further extension 
under the conditions used to covalently link the nucleotide 
terminator to the primer. 
0085 “Specific binding pair' refers to a pair of molecules 
that Specifically bind to one another to form a binding 
complex. Examples of Specific binding pairs include, but are 
not limited to antibody-antigen (or hapten) pairs, ligand 
receptor pairs, enzyme-Substrate pairs, biotin-avidin pairs, 
polynucleotides having complementary base pairs, and the 
like. 

0.086 “Primer extending reagent” means an enzyme or 
other catalyst capable of catalyzing a reaction leading to 
covalent attachment of a nucleotide terminator to an end of 
a primer when the primer is annealed to a complementary 
target nucleic acid. 
0.087 “Label” means any moiety that, when attached to a 
nucleotide or polynucleotide of the invention, renderS Such 
nucleotide or polynucleotide detectable using known detec 
tion means. 

0088 A "sieving matrix” or "sieving medium” means an 
electrophoresis medium that contains crosslinked or non 
crosslinked polymers which are effective to retard electro 
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phoretic migration of charged species through the matrix, 
Such that Smaller extension products migrate more rapidly 
than larger eXtension products. 
0089 A. Sample Nucleic Acids 
0090 The target nucleic acids for use with the invention 
may be derived from any Source, whether Synthetic or 
natural, including but not limited to organisms. Such as 
prokaryotes, eukaryotes, plants, animals, and viruses, as 
well as Synthetic nucleic acids. The target nucleic acids may 
originate from any of a wide variety of Sample types, Such 
as cell nuclei (e.g., genomic DNA) and extranuclear nucleic 
acids, e.g., plasmids, mitochondrial nucleic acids, and the 
like. The target polynucleotide may be obtained in Single or 
double-Stranded form according to known techniques. The 
target nucleic acids can include DNA or RNA, and are 
usually DNA. 
0091. Many methods are available for the isolation and 
purification of target nucleic acids for use in the present 
invention. Preferably, the target nucleic acids are Sufficiently 
free of proteins and any other interfering Substances to allow 
target-Specific primer annealing and extension. Preferred 
purification methods include (i) organic extraction followed 
by ethanol precipitation, e.g., using a phenol/chloroform 
organic reagent (Ausubel), preferably using an automated 
DNA extractor, e.g., a Model 341 DNA Extractor from PE 
Biosystems (Foster City, Calif.); (ii) solid phase adsorption 
methods (Walsh, 1991; Boom); and (iii) salt-induced DNA 
precipitation methods (Miller), Such methods being typically 
referred to as “salting-out” methods. Optimally, each of the 
above purification methods is preceded by an enzyme diges 
tion Step to help eliminate protein from the Sample, e.g., 
digestion with proteinase K, or other like proteases. 
0092. To facilitate detection, the target nucleic acid may 
be amplified using a Suitable amplification procedure prior 
to fragment analysis. Such amplification may be linear or 
exponential. In a preferred embodiment, amplification of the 
target nucleic acid is accomplished using the polymerase 
chain reaction (PCR) (Mullis). Generally, the PCR consists 
of an initial denaturation Step which Separates the Strands of 
any double-Stranded nucleic acid Sample, followed by rep 
etition of (i) an annealing step, which allows amplification 
primers to anneal Specifically to positions flanking a target 
Sequence; (ii) an extension step which extends the primers in 
a 5' to 3' direction thereby forming an amplicon nucleic acid 
complementary to the target Sequence, and (iii) a denatur 
ation Step which causes the Separation of the amplicon from 
the target Sequence. Each of the above Steps may be con 
ducted at a different temperature, preferably using an auto 
mated thermocycler (PE Biosystems, Foster City, Calif.). 
0093. In a preferred embodiment when a target amplifi 
cation Step is used, PCR amplification is performed in the 
presence of dUTP in place of dTTP, and amplification is 
preferably preceded by treatment with E. coli uracil N-gly 
cosylase (UNG) to reduce carry over of templates from 
previous amplifications, as taught by Longo et al. (1990) and 
Hartley (1991). Conveniently, a kit for practicing this PCR 
technique is available from PE Biosystems (GENEAMP 
Carry-Over Prevention Kit, Part No. N808-0068). In brief, 
the initial reaction mixture for PCR amplification of target 
polynucleotide(s) is modified to include dUTP instead of 
dTTP. After addition of MgCl2 and DNA template, UNG 
enzyme is added (PE Biosystems, Part No. N808–0096), and 



US 2004/OO63138A1 

the mixture is incubated at a temperature of up to 50° C. for 
a time Sufficient (e.g., 1 to 10 minutes) to cleave U-contain 
ing PCR-amplified DNA contaminants from previous ampli 
fications. The UNG enzyme does not cleave dUTP mono 
mers. The mixture is then incubated at 95 C. for 10 minutes 
to (1) cleave any polynucleotides that contain abasic dU that 
were generated by UNG, (2) irreversibly inactivate the 
UNG, and (3) denature template DNA and primers. These 
conditions do not significantly inactivate a thermostable 
polymerase such as “AMPLITAQ” or “AMPLITAQ 
GOLD" (available from PE Biosystems). The mixture is 
then cycled through a selected number of PCR cycles until 
the desired amount of amplification has been obtained. A 
suitable thermocycler is a PE Biosystems “GENEAMP PCR 
INSTRUMENT SYSTEM”. Preferably, the primer anneal 
ing temperature is greater than 55 C. to Suppress the activity 
of any residual UNG enzyme. After the final cycle, the 
sample is preferably held at 72 C. until removal from the 
thermocycler. Upon removal, the mixture is preferably 
stored immediately at -20° C. or is treated with an equal 
volume of chloroform to denature any remaining UNG 
activity. 

0094 B. Sequencing Reagents 

0.095 The present invention utilizes an extendable, tar 
get-Specific primer, one or more labeled nucleotide termi 
nators, and other reagents, for creating 3'-labeled primer 
extension products for Sequencing. Selected reagents are 
discussed below. 

0.096 1. Nucleotide terminators. Each nucleotide termi 
nator is any nucleotide that is complementary to a Selected 
polynucleotide base, Such as A, C, G, T or U, and is also 
capable of being covalently linked to the 3'-end of the 
Sequencing primer or growing primer extension product 
when the primer or extension product is specifically 
annealed to a target polynucleotide template. Thus, for 
covalent linkage to the 3'-end of a Sequencing primer or 
extension product thereof, the nucleotide terminator (1) 
contains a Suitable 5'-reactive group, Such as a 5'-triphos 
phate moiety for reaction with a primer 3'-hydroxyl group, 
but the terminator (2) is incapable of further extension in the 
3'-direction, e.g., by having a 3'-deoxy Substituent or a 
3'-hydroxy-blocking group in a ribose or deoxyribose ring 
instead of a 3'-hydroxyl group. Examples of 3'-deoxy Sub 
Stituents include hydrogen, 3'-fluoro, 3'-amino, and 3'-azido, 
for example (Mikhailopulo et al., 1989; Krayevski et al., 
1984; Chidgeavadze, 1986). Examples of 3'-hydroxy block 
ing groups include phosphate, phosphonate, t-Boc, and 
O-acetyl, for example. Exemplary nucleotide Sugar moieties 
include 2',3'-dideoxy-f-D-ribofuranosyl, B-D-arabinofura 
nosyl, 3'-deoxy-3-D-arabinofuranosyl, 3'-amino-2',3'- 
dideoxy-3-D-ribofuranosyl, and 2',3'-dideoxy-3'-fluoro-B- 
D-ribofuranosyl (e.g., Chidgeavadze, 1985). 

0097. Each nucleotide terminator includes a detectable 
label moiety for detecting Sequencing primer extension 
products which contain the terminator. Labels may be direct 
labels which themselves are detectable or indirect labels 
which are detectable in combination with the use of Sec 
ondary chemical agents. Exemplary direct labels include but 
are not limited to fluorophores, chromophores, radioisotopes 
(e.g., P, S, 'C, H), spin-labels, chemiluminescent 
labels, and the like. Exemplary indirect labels include 
enzymes which catalyze a signal-producing event, and 
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ligands which are members of Specific binding pairs, Such as 
an antigen or biotin which can bind Specifically with high 
affinity to a detectable anti-ligand, Such as a labeled antibody 
or avidin Preferably, the label is a non-radioisotopic label. In 
a more preferred embodiment, the label is a fluorescent label 
or chemiluminescent label, and most preferably is a fluo 
rescent label. 

0098 Isotopic labels can be introduced into terminators 
by known methods. For example, 'P can be incorporated at 
the alpha phosphate position by 5'-phosphorylation of an 
appropriate 5'-activated nucleoside precursor. S can be 
added to a 5'-alpha-phosphorus atom by known Sulfurization 
processes. Methods for incorporating tritium or ''C into 
nucleoside Structures are also well known. 

0099 Non-isotopic labels can be incorporated into 
nucleoside analogs also by known methods. Typically, labels 
are attached to Suitable Substituent positions located in the 
nucleoside base, Such as the 5-position of pyrimidines and 
the 7-position of 7-deazapurines (e.g., Prober, 1987, 1995; 
Menchen et al. 1991, 1994; Lee et al., 1992a,b). 
0100. A fluorescent label used in accordance with the 
present invention should have the following properties: (1) 
a distinguishable emission wavelength that makes the label 
easy to detect and distinguishable from other base-specific 
labels that may be present, (2) a narrow emission bandwidth, 
to reduce spectral overlap with other labels, (3) an absorp 
tion spectrum that is amenable to excitation by an inexpen 
Sive light Source, Such as an argon laser with emission peaks 
at 488 nm and 514 nm, (4) high quantum yield, meaning that 
fluorescent emission is the principal route of relaxation after 
excitation, (5) Steric and chemical properties compatible 
with processing by a DNA or RNA polymerase, for append 
age to a primer-extension fragment, and (6) Stability to 
extension, Separation, and detection Steps. 
0101 Many useful fluorescently labeled nucleotide ter 
minators have been described. Prober et al. (1987, 1995) 
discloses certain Xanthene (Succinyl fluoresceins) that can be 
used in a single extension reaction, followed by electro 
phoretic Separation in a Single lane. Additional, Superior 
fluorescent labels are disclosed in Bergot et al. (1991; 1994) 
and Rosenblum et al. (1997) (9'-phenyl rhodamine back 
bone, with or without 4,7-dichloro substitution); Menchen et 
al. (1991; 1994) (4,7-dichlorofluoresceins); Lee et al. 
(1992a; 1992b) (fluorescein backbones); and Lee et al. 
(1997a,b) and Rosenblum et al. (1997) (4,7-dichloror 
hodamines (“dRhodamines”), and fluorescein-rhodamine 
donor-acceptor conjugates). The latter class of fluorescent 
labels are preferred because they can provide four-color dye 
Sets with high Spectral resolution and very high quantum 
efficiencies (~100%). 
0102 Labels can be readily attached to nucleotide bases, 
particularly the 5-position of pyrimidines and 7-position of 
deaZapurines. Substitutions at these positions generally do 
not interfere with normal base-pairing of the associated 
bases and at the Same time are acceptable for processing by 
various polymerases (Prober, 1995, page 17). 
0.103 Generally, the linker can take on a number of 
different forms such that the length and rigidity of the 
linkage between the terminator base and label can vary 
greatly. For example, Several Suitable base labeling proce 
dures have been reported that can be used, e.g., Gibson et al. 
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(1987), Gebeyehu et al. (1987), Haralambidis et al. (1987), 
Haugland (1989), Menchen (1994), Lee et al. (1992b), and 
the like. In particular, fluorescein and rhodamine labels can 
be modified to include Suitable functionalities, Such as 
carboxyl, Sulfonyl, isothiocyanate, Succinimidyl carboxy 
late, phosphoramidite, amino, and methylamino (e.g., 
Menchen, 1994). In one embodiment, the linking group 
between the label and base is formed by reacting an N-hy 
droxysuccinimide (NHS) ester of a fluorescent label with an 
alkynylamino-derivatized base of a terminator (containing a 
3-amino-1-propynyl linker), as taught by Prober et al. (1995) 
and Hobbs et al. (1991, 1992), which are incorporated herein 
by reference. Longer linkers can also be used, Such as the 
propynyl ethoxyamino linker described in Rosenblum et al. 
(1997), which was used to link the 5 or 6-carboxy groups of 
rhodamine compounds to the base moieties of ddT, ddC, and 
ddG. For donor-acceptor fluorescent labels (also sometimes 
called energy transfer dyes), the donor and acceptor may 
also be linked by a variety of linkers as described in Lee et 
al. (1997a) and Rosenblum et al. (1997), of which a 4'-ami 
nomethylbenzoate-containing linker is preferred. Further 
details regarding various linking techniques can be found in 
Lee et al. (1992b) Prober et al. (Ibid), Rosenblum et al. 
(1997), and Lee et al. (1997a,b), for example. 
0104 2. Primers. The method of the invention preferably 
utilizes target-specific primers that contain (i) a target bind 
ing segment and (ii) a mobility-reducing moiety which does 
not bind the target. Primers can be prepared by any Suitable 
method, preferably using an automated DNA Synthesizer, 
e.g., PE Biosystems (Foster City, Calif.) model 392 or 394 
DNA/RNA Synthesizer, using Standard chemistries, e.g., 
phosphoramidite chemistry (Beaucage; Gait, 1984, 1990). 
0105 The sequence of the target binding segment of the 
primer is Selected to hybridize to a Selected complementary 
target Sequence. Typically, the Selected target Sequence is a 
universal primer Sequence from a cloning vector, Such as a 
plasmid (e.g., m13 phage), into which the Sample has been 
cloned. Alternatively, the target binding Segment can be 
chosen to anneal to a conserved region upstream of a target 
locus to be sequenced, or to a unique target Sequence 
upstream of a region of interest. 

0106 The length of the target binding segment is selected 
to ensure specific hybridization of the primer to the desired 
target, without Significant cross-hybridization to non-target 
nucleic acids in the-sample. Preferably, the melting tem 
perature of the target binding Segment is between 35 and 75 
degrees Celsius, more preferably between 50 and 70 
degrees, and more preferably still between 55 and 65 
degrees. A Selected melting temperature can be achieved by 
Suitable choice of base composition and binding Segment 
length based on known methods for estimating primer 
melting temperatures (e.g., Breslauer, 1986; Rychlik, 1989 
and 1990; Wetmur, 1991; Osborne, 1991; Montpetit, 1992). 
Typically, the target binding Segment is between 15 and 30 
bases in length. A target binding Segment length between 
about 18 and 24 bases in length is usually preferred because 
Such oligonucleotides tend to be very Sequence-specific 
when the annealing temperature is Set within a few degrees 
of a primer melting temperature (Dieffenbach, 1995). 
0107 The target binding segment is preferably designed 
to be extendable, meaning that a nucleotide monomer or 
terminator can be appended to one of the ends of the target 
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binding Segment when the target binding Segment is hybrid 
ized to a complementary target Sequence. Typically, the 
extendable end of the primer is located at the 3'-terminus of 
the target binding Segment, Such that the 3'-terminal base 
contains a 3'-hydroxyl, 3'-amino, or other reactive group that 
can be covalently linked to a nucleotide terminator by a 
primer extending reagent. Most typically, the 3'-end of the 
primer contains a 3'-terminal hydroxyl group. 
0108) As noted above, the sequencing primer additionally 
includes a mobility-reducing moiety which does not bind or 
hybridize significantly to the target polynucleotide. A major 
purpose of the mobility-reducing moiety is to reduce the rate 
of mobility of the Sequencing extension products So that 
labeled terminator breakdown products elute before non 
extended primer during electrophoretic Separation. In par 
ticular, the mobility-reducing moiety may be Selected So as 
to decrease the mobility rate of each primer extension 
product by a specified amount, e.g., by an amount equivalent 
to the presence of at least 10 additional nucleotide bases in 
the primer, relative to the mobility of a corresponding primer 
extension product lacking the mobility-reducing moiety. 
0109. In a first embodiment, the mobility-reducing moi 
ety comprises a polynucleotide Segment. The Sequence of 
the polynucleotide is Selected to be non-complementary 
towards the Sample polynucleotide So that neither specific 
nor non-Specific hybridization can occur with Sample poly 
nucleotides. For example, the Segment can be homopoly 
meric (e.g., poly-C, G, A or T) or can contain dimeric 
repeats, Such as poly(TC) (Example 1), poly(CA), or the 
like. The exact sequence of the mobility-reducing moiety 
will usually not be important as long as the Sample does not 
contain a perfectly complementary Sequence to the Segment, 
and as long as target-Specific annealing and primer extension 
can be performed reliably for Sequence determination. 
0110. In a second general embodiment, the mobility 
reducing moiety is a non-polynucleotidic polymer. The 
polymer may be a homopolymer or block copolymer, for 
example, and may have a linear, comb, branched, dendritic, 
or other architecture. Preferred polymers are those which are 
hydrophilic, or are at least Sufficiently hydrophilic when 
bound to the target binding Segment to ensure that the primer 
is readily Soluble in aqueous media. The polymer should 
also not effect hybridization of the target binding Segment to 
the target polynucleotide. Exemplary polymers can be pre 
pared from ethylene oxide, glycolic acid, lactic acid, amino 
acid residues and polypeptides, Saccharides and oligosac 
charides, polyurethanes, polyamides, polysulfonamides 
polysulfoxides, and block copolymers thereof, including 
polymers composed of units of multiple Subunits linked by 
charged or uncharged linking groups. In a preferred embodi 
ment, the mobility-reducing moiety is a polymer of ethylene 
oxide polymers, of the form -(OCH2CH), OP(=O)(O 
)-, where n is 5 or 6, and m is 2 to 20 or more preferably 
is from 5 to 10. Such ethylene oxide-containing polymers 
can be prepared from pentaethylene oxide or hexaethylene 
oxide polymer blocks which are then converted to activated 
phosphoramidite derivatives, followed by Sequential addi 
tion of a Selected number of polymer block phosphoramid 
ites to the 5'-terminal end of a target binding Segment by 
Standard phosphoramidite Synthesis methods (e.g., see 
Grossman et al., 1996, at Examples 1 through 4). 
0111 Studies in Support of the invention indicate that 
each unit of -(OCH2CH2)5OPO-decreases the mobility 
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of an attached polynucleotide by the equivalent of about 2 
additional nucleotides, and each unit of 
-(OCH2CH)OPO - decreases the mobility of an 
attached polynucleotide by the equivalent of about 2.5 
additional nucleotides. 

0112 The mobility-reducing moiety can be attached to 
any part of the target binding Segment, provided that the 
target binding Segment permits primer extension along the 
intended target template. Most conveniently, the mobility 
reducing moiety is joined to the 5'-end of the target binding 
Segment of the primer. When the mobility-reducing moiety 
is a polynucleotide, the moiety can be readily incorporated 
into the primer by Standard Synthetic methods. Similarly, a 
non-polynucleotide mobility-reducing moiety can be added 
by Standard conjugation methods, or can be built up on a 
target binding Segment by Stepwise addition of polymer 
chain Subunits to the binding Segment using Standard Solid 
phase Synthesis methods. In addition, although the invention 
may be described herein with respect to a Single polymer 
chain attached at a single Site to an associated target binding 
Segment, the invention also contemplates target binding 
Segment which are derivatized by more than one polymer 
chain element, where the elements collectively form the 
polymer chain. Methods of Synthesizing Selected-length 
polymer chains are described, for example, in GroSSman et 
al. (1996). 
0113. 3. Primer-Extending Reagent. The primer-extend 
ing reagent can be any chemical or enzymic reagent that is 
effective to append nucleotide monomers to the extendable 
primer end which are complementary to the target template 
Strand. In one embodiment, the primer extending reagent is 
a DNA polymerase enzyme. Exemplary polymerase 
enzymes include, but are not limited to, Pful DNA poly 
merase, E. Coli polymerase I, T-7 polymerase, AMV reverse 
transcriptase, Taq DNA polymerase, AMPLITAO DNA 
polymerase FS, Klenow fragment, Vent DNA polymerase, 
and the like (e.g., Kornberg and Baker). RNA polymerases 
and reverse-transcriptases can also be used, e.g., for RNA 
primerS. 

0114 II. Method 
0115) In practicing the method of the invention, a 
Selected polynucleotide Sample is contacted with a target 
Specific primer under conditions effective for the primer to 
anneal Specifically to a primer-complementary region in one 
or more target polynucleotides, to form one or more target 
primer hybrid(s). 
0116. As discussed above, the target may be single or 
double Stranded DNA, and may be prepared in accordance 
with known methods, e.g., by ultrafiltration using a 
“MICROCON-100” membrane from Amicon, Inc. (Beverly, 
Mass.), or using a “CENTRI-SEP” spin column (Princeton), 
or by treating the Sample with Shrimp alkaline phosphatase 
and exonuclease 1 (e.g., using a “PCR PRE-SEQUENCING 
KIT" from Amersham-Pharmacia Biotech). For larger DNA 
targets Such as bacterial artificial chromosomes (BACs), it is 
preferred that DNA template be subjected to cesium chloride 
banding or to alkaline lysis (Marra et al., 1996), with extra 
phenol eXtraction and isopropanol precipitation Steps if 
necessary. Commercial kits for BAC DNA preparation are 
also available (LigoChem., http://www.ligochem.com). 
0117 The annealing step is performed under conditions 
which are Stringent enough to guarantee Sequence Specificity 
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yet sufficiently permissive to allow formation of stable 
hybrids at an acceptable rate. The temperature and length of 
time required for primer annealing depend upon Several 
factors including the base composition, length and concen 
tration of the primer, and the nature of the Solvent used, e.g., 
the concentration of cosolvents such as DMSO (dimethyl 
Sulfoxide), formamide, or glycerol, and counterions Such as 
magnesium or manganese. Typically, hybridization (anneal 
ing) is carried out at a temperature that is approximately 5 
to 10° C. below the melting temperature of the target-primer 
hybrid in the annealing Solution. Typically, the annealing 
temperature is in the range of 55 to 75 C. and the primer 
concentration is approximately 0.2 uM. Under Such condi 
tions, the annealing reaction is usually complete within a 
few Seconds. 

0118 Following annealing of the primer to the target, the 
hybrid(s) are reacted with a primer extension reagent in the 
presence of at least one labeled 3'-nucleotide terminator 
complementary to a Selected target nucleotide base-type, 
under conditions effective to form one or more primer 
extension products which terminate with at least one labeled 
3'-nucleotide terminator. 

0119). In one embodiment, primer extension is performed 
in the absence of extendable nucleotides, under conditions 
effective to append the terminator to the annealed primer in 
the hybrid only when the terminator is complementary to a 
base in the target polynucleotide that is immediately adja 
cent the extendable end of the annealed primer. The 
Sequence of the target binding Segment of the primer is 
Selected to hybridize to a selected complementary target 
polynucleotide which contains a potential polymorphic Site 
located immediately adjacent to (immediately flanking) the 
terminal base at the extendable end of the primer. The target 
base to be detected can be any base that is Sufficient to 
identify the presence of a polymorphism or mutation in a 
target polynucleotide, to identify a particular allele, or to 
exclude the presence of a potential target Sequence. For 
example, in a genomic DNA target, the target base can be a 
single nucleotide polymorphism (SNP) that is associated 
with the occurrence of a particular disease, with an HLA 
type, or with any other genotypic or phenotypic trait. AS 
further illustration, the target base can define (1) the termi 
nus of a sequence insert; (2) the terminus of a remote region 
that has been Spliced to the primer-complementary region in 
the target as the result of a deletion of one or more target 
bases, or (3) the terminus of a mis-spliced mRNA segment, 
for example. In Some cases, the target polymorphism or 
mutation involves one of two possible alternative bases. 
Thus, reacting an annealed primer with the corresponding 
two complementary terminator bases in the presence of an 
extension reagent should be Sufficient to identify at least one 
of the two possible alternative Sequences. Similarly, if the 
target polymorphism is one of three or four possible alter 
natives, the annealed primer Should be reacted with the 
appropriate number of possible base-type alternatives to 
confirm which possible Sequences are actually present. 
0120 In another embodiment, primer extension is per 
formed in the presence of at least one extendable nucleoside 
monomer, in addition to labeled 3'-nucleotide terminator(s), 
under conditions effective to extend the 3'-end of specifically 
hybridized primers by addition of target-complementary 
polynucleotide monomers and terminator(s), to form one or 
more primer eXtension products. Typically, extension is 
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performed using four Standard deoxyribonucleotide triphos 
phates (for A, C, G, T, including, for example, Substituting 
dI for dG and dU for dT, if appropriate) and one, two, three, 
or preferably four different nucleotide terminators, termina 
tor(s), to form one or more primer extension products, in 
order to provide Sequence information for Sequences having 
lengths of tens or Several hundreds. 
0121 The concentrations of extendable nucleotides (if 
present) and labeled terminator will depend on the choice of 
polymerase and other parameters according to known pro 
cedures (citations Supra). In particular, terminator concen 
tration can be optimized to take into account the Signal 
intensities of the labels (if more than one label is used) and 
any variations in their rates of incorporation by the poly 
merase (e.g., see terminator concentrations disclosed in 
Table I of Rosenblum et al., 1997). 
0122) The reaction conditions used for primer extension 
may be any appropriate conditions chosen by the user and 
will generally depend on the amount of Sample, the nature 
of the terminator(s), and the properties of the primer exten 
Sion reagent. Preferably, the primer-extending reagent is a 
DNA or RNA polymerase, and the labeled nucleotide ter 
minator contains a 5'-triphosphate group to facilitate cova 
lent linkage to a 3'-hydroxyl group of the primer. Conditions 
for extending annealed primers using nucleic acid poly 
merases are well known (e.g., Ausubel, Sambrook). For 
example, the reaction conditions can be optimized according 
to known extension reagent cofactor requirements, pH 
dependencies, and buffer preferences. In particular, the 
choice of terminator type will often affect the choice of 
polymerase. For example, the Xanthene-labeled terminators 
described in Prober (1995) are compatible with T7 DNA 
polymerase, AMV reverse transcriptase and bacteriophage 
T7 polymerase, but not with the Klenow fragment of DNA 
polymerase I. For the rhodamine-labeled terminators 
described by Bergot et al. (1991, 1994), Taq DNA poly 
merase is preferable. The modified T7 DNA polymerase of 
Tabor and Richardson (1989, 1990) are preferred for the 
fluorescein terminators described by Menchen et al. (1991; 
1994) and Lee et al. (1992a,b). For the 4,7-dichloror 
hodamine terminators and rhodamine-fluorescein (“BIG 
DYE”) energy transfer terminators described by Lee et al. 
(1997a,b) and Rosenblum et al. (1997), “AMPLITAQ DNA 
POLYMERASE FS” is usually preferred (PE Biosystems). 
Reaction conditions for primer extension using the above 
terminators are described in the above references and else 
where or can be readily optimized by Standard techniques. 
0123 The choice of primer, and particularly the choice of 
the mobility-reducing moiety, will depend on the type of 
labeled terminator(s) that are used and the mobilities of 
terminator breakdown products. For example, rhodamine 
labeled terminators contain a resonance-stabilized positive 
charge shared by the 3- and 6-nitrogen atoms, which retards 
the mobility of the terminators relative to the corresponding 
non-labeled terminators. Thus, rhodamine terminators and 
their breakdown products can comigrate with Short primer 
extension products and interfere with Sequences determina 
tions. Similarly, the “BIGDYE” rhodamine/fluoresceinter 
minators described by Lee et al. (1997) and Rosenblum et al. 
(1997) give rise to breakdown products that can interfere 
with Short primer eXtension products, due to the presence of 
the positively charged rhodamine moieties. Finally, although 
fluorescein terminators usually migrate ahead of the 
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Sequencing primers (due to the presence of a resonance 
Stabilized negative charge shared by the 3- and 6-oxygen 
atoms), dephosphorylation and cleavage of the base moieties 
can give rise to breakdown products that overlap with 
extension products. Accordingly, the length of the mobility 
reducing moiety in the primer is Selected to ensure that 
primer extension products of a certain length range, and 
preferably all primer eXtension products, can be sequenced 
in a region of interest without interference from labeled 
terminators or terminator breakdown products. In certain 
preferred embodiments, the mobility-reducing moiety is 
Selected to decrease the mobility rate of each primer exten 
Sion product by an amount equivalent to at least 4 or at least 
10 additional nucleotide bases, relative to the mobility of a 
corresponding primer eXtension product lacking the mobil 
ity-reducing moiety, or by an amount equivalent to the 
addition of at least 15 additional nucleotide bases, or by an 
amount equivalent to the addition at least 20 additional 
nucleotide bases. 

0.124. In one embodiment, in which one or more extend 
able nucleotides are used, primer extension is accomplished 
by dividing the hybridization mixture into two or more 
aliquots, and each aliquot is reacted with a different, Single 
nucleotide terminator base-type. For example, the hybrid 
ization mixture can be divided into four aliquots, and each 
aliquot is reacted with a Selected terminator equivalent to A, 
C, G or T/U. Using this approach, all terminators can contain 
the same label, provided that the extension reactions for each 
different terminator type are kept Separate from each other 
during primer eXtension and electrophoretic Separation. 
Preferably, the hybridization mixture is reacted simulta 
neously in the same mixture with a set of four terminator 
types encompassing A, C, G and U/T, and which have 
distinct labels to identify each terminator type. 

0.125. According to various embodiments of the inven 
tion, multiple cycles of primer extension can be performed 
in the reaction mixture using known methods (cycle 
Sequencing), to increase the levels of extension products for 
analysis. Thus, after a first extension reaction, primers 
(extended and non-extended) can be denatured from the 
target polynucleotides by appropriate means (e.g., by heat 
ing the extension reaction well above the melting tempera 
tures of the extension products), followed by annealing of 
new, non-extended primers onto the target polynucleotides 
and primer extension. Since the non-extended primers are 
usually present in exceSS relative to the target polynucle 
otides, the amount of extended primers that reanneal to the 
target polynucleotides is usually insignificant. For example, 
an extension mixture can be cycled through multiple cycles 
(e.g., 10 to 50) comprising (1) heat at 95 C. for 10 sec 
(denaturation), 45 C. for 5 sec (primer annealing), and 60 
C. for 1 to 5 minutes (extension). 
0126. After formation of primer extension products has 
been completed, the product mixture is optionally purified to 
remove residual terminators and terminator by-products and 
other reaction components prior to electrophoretic Separa 
tion. Such purification step(s) may be useful for reducing the 
bulk of labeled terminator products from the sample. How 
ever, the benefits of purification will generally decrease with 
the number of purification Steps. Also, purification Steps 
increase the cost and time of Sequencing, and can reduce the 
Signal due to loSS of extension products. 
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0127. Any suitable purification method(s) may be used, 
Such as gel filtration, ethanol precipitation, or isopropanol 
precipitation, according to known techniques (e.g., See the 
protocol entitled “ABI PRISM BIGDYE Terminator Cycle 
Sequencing Ready Reaction Kit available from PE Biosys 
tems (1998), Foster City, Calif.). For example, gel filtration 
is preferably accomplished using a “CENTRI-SEP” spin 
column from Princeton Separations (P/N CS-901). The 
column should be loaded carefully above the center of the 
column bed without dripping down the interior side of the 
column. After loading, the column is preferably spun at 
325-730xg for less than 2 minutes. The filtrate contains the 
desired extension products which can be dried in a 
microfuge for Subsequent Separation. Ethanol precipitations 
are preferably performed with Sodium acetate. For example, 
50 till of non-denatured 95% ethanol and 2 L of 3 M 
sodium acetate (pH 4.6) can be added to about 20 uL of an 
extension reaction mixture in a Sealable tube to produce a 
final volume of 72 lull containing about 65% ethanol. Higher 
and lower ethanol concentrations can also be used. The tube 
is then sealed (e.g., with a piece of 3M “SCOTCH TAPE" 
425-3 adhesive-backed aluminum foil tape, and is inverted 
a few times to mix (or is mixed by pipetting). The tube is 
allowed to sit at room temperature for 15 minutes to pref 
erentially precipitate the extension products. The tube is then 
centrifuged at 1400 to 3000xg for 30 to 45 minutes to pellet 
the precipitate. After centrifugation, the adhesive tape is 
removed immediately without disturbing the pellet, and the 
Supernatant is removed by inverting the tube onto a paper 
towel. The inverted tube with paper towel is placed into a 
centrifuge and spun at 700xg for 1 minute. The pellet may 
be rinsed with 50 to 100 uL of 70% ethanol of 70% ethanol, 
followed by brief Vortexing, centrifugation, removal of 
Supernatant, and drying the pellet. 
0128. According to another advantage of the invention, 
the presence of a mobility reducing moiety, e.g., a poly 
nucleotide Segment, can improve the recovery of short 
primer eXtension products from ethanol precipitation. Typi 
cally, the recovery of extension products is dependent on 
ethanol concentration. Lower ethanol concentrations tend to 
precipitate lower amounts of terminators and terminator 
breakdown products. However, the recovery of short primer 
extension products may also be reduced. On the other hand, 
although higher ethanol concentrations can increase the 
amount of precipitated Short extension products, precipita 
tion of unreacted terminators and terminator breakdown 
products may also be increased, leading to increased noise 
in the resulting electropherograms. Studies conducted in 
Support of the invention show that short extension products 
produced with primers that contain a mobility reducing 
moiety are more readily precipitated by ethanol precipitation 
than are corresponding extension products which lack the 
mobility reducing moiety. Thus, lower ethanol concentra 
tions can be used to Selectively precipitate extension prod 
ucts while unreacted terminators remain in the Supernatant. 
Accordingly, Signals produced by labeled terminators and 
terminator breakdown products can be further reduced So 
that Sequencing of Short extension products is further Sim 
plified. 
0129. Extension products can be separated electro 
phoretically under denaturing conditions in a Sieving matrix 
Such that Smaller eXtension products migrate more rapidly 
than larger eXtension products. Sieving matrices which can 
be used include covalently crosslinked matrices, Such as 
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acrylamide covalently crosslinked with bis-acrylamide 
(Cohen et al., 1990); gel matrices formed with linear poly 
mers (Matthies et al., 1992); and gel-free sieving media (Zhu 
et al. 1992), for example. Preferably the type of electro 
phoretic matrix is crosslinked or noncrosslinked polyacry 
lamide having a concentration (weight to volume) of 
between about 2-20 weight percent. More preferably, the 
polyacrylamide concentration is between about 4-8 percent. 
The Separation matrix may additionally includes a denatur 
ing agent, e.g., 7 Murea, formamide, or the like. Detailed 
procedures for constructing Such matrices are given by 
Maniatis et al. (1975, 1980) and Sambrook et al. (1982, 
1989). The optimal polymer concentration, pH, temperature, 
concentration of denaturing agent, etc. employed in a par 
ticular Separation depends on factorS Such as the Size range 
of the extension products to be separated, number of differ 
ent length fragments, and their base compositions. Accord 
ingly application of the invention may require preliminary 
testing to optimize conditions for particular separations. 

0.130. The configuration of the separation medium can be 
any Suitable configuration Selected by the user. Typical 
configurations include Vertical or horizontal slab gels, cap 
illary electrophoresis tubes, and channels formed in a Sub 
Strate Such as a glass or Silicon Substrate. For example, a 
capillary tube or microchannel will typically define an 
electrophoretic path that having an inner diameter of 200 um 
or less, and more preferably 100 um or less. 
0131 During or after separation of the extension prod 
ucts, a target Sequence can be determined from the order of 
migration of the Separated extension products. Any detection 
method may be used which is suitable for the type of label 
employed. Exemplary detection methods include radioac 
tive detection (e.g., using a CCD or phosphorimager), opti 
cal absorbance detection, e.g., UV-Visible absorbance detec 
tion, and optical emission detection, e.g., fluorescence or 
chemiluminescence. 

0.132. According to one preferred embodiment, the dif 
ferent extension products are detected directly, without 
requiring reaction of the fragments with an additional 
chemical entity to enable detection. For example, fluores 
cently labeled extension products can be read directly while 
Still in a slab gel or capillary tube as noted above. 
0133. In particular, fluorescently labeled extension prod 
ucts can be detected by measuring the fluorescence emission 
from dye-labeled polynucleotides. To perform Such detec 
tion, the labeled polynucleotides are illuminated by Standard 
means, e.g. high intensity mercury vapor lamps, lasers, or 
the like. Preferably the illumination means is a laser having 
an illumination beam at a wavelength between 488 and 550 
nm. More preferably, the dye-polynucleotides are illumi 
nated by laser light generated by an argon ion laser, par 
ticularly the 488 and 514 nm emission lines of an argon ion 
laser, or the 532 nm emission line of a neodymium Solid 
State YAG laser. Several argon ion lasers are available 
commercially which lase Simultaneously at these lines, e.g. 
Cyonics, Ltd. (Sunnyvale, Calif.) Model 2001, or the like. 
The fluorescence is then detected by a light-sensitive detec 
tor, e.g., a photomultiplier tube, a charged coupled device, or 
the like. Exemplary commercially available Systems for 
sequencing include an ABI PRISM 310 (capillary electro 
phoresis) and 377 (slab gel electrophoresis) DNA Sequenc 
ers (PE BioSystems). Additional guidance regarding various 
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modes of detection for Sequence determination can be found 
in Prober et al. (1995), Rosenblum et al. (1997), and Lee et 
al. (1997a,b). Base-calling software is available from 
numerous commercial Sources to further simplify Sequence 
determinations. Such Software preferably includes algo 
rithms for correcting mobility shifts caused by labeled 
terminators. 

0134. When sequencing is conducted using four extend 
able nucleotide monomers and four differently labeled ter 
minators (or four different terminators that contain the same 
label, which are prepared and electrophoretically Separated 
in Separate lanes), a sequence of contiguous bases can be 
readily determined by collating the orders of migration of 
fragments containing the four different terminators. How 
ever, using fewer than four different terminators can also 
provide useful information in the form of electrophoretic 
Signatures or fingerprints (i.e., fragments that terminate with 
T) that can identify the presence or absence of an expected 
Sequence. 

0135 For heterozygous samples, sequence information 
can be obtained by deconvolution of overlapping Sequences 
if the contributing allelic Sequences are known and are 
sufficiently distinguishable from each other. Otherwise, it 
may be necessary to utilize Separately one or more allele 
Specific primers that Selectively hybridize to a Subset of 
allelic Sequences to Simplify analysis of the extension prod 
ucts. For embodiments that utilize labeled terminators in the 

(primer 1) 

(primer 2) 

absence of extendable nucleotide monomers, heterozygous 
Samples can typically be characterized based on the presence 
of two possible base-types in equal amounts. 
0.136) 
0.137 In another aspect, the invention includes kits and 
reagents that may be used in any of the above methods. In 
one embodiment, the invention includes a kit that comprises 
a target-Specific primer that contains (i) a target binding 
Segment and (ii) a mobility-reducing moiety which does not 
Significantly bind the target. The kit may additionally 
include one or more of the following: (b) at least one labeled 
nucleotide terminator, (c) at least one extendable 3'-nucleo 
Side, (d) a primer-extending reagent, Such as a polymerase 
enzyme. The kit may also include instructions for utilizing 
the kit in accordance with the invention. Preferably, at least 
one labeled nucleotide terminator is a 2',3'-dideoxymono 
nucleotide. In a preferred embodiment, the kit includes four 
differently labeled nucleotide terminators which are comple 
mentary to adenine, guanine, cytosine, and either thymine or 
uracil bases. The kit can also include four extendable 
3-nucleosides which are complementary to A, G, C, and U/T. 

III. Sequencing Kits 

0.138. From the foregoing, it can be seen how the objects 
and features of the invention are met. The invention provides 
an improved dye-terminator polynucleotide Sequencing 
method which avoids the problems resulting from comigra 
tion of dye-terminators and terminator breakdown products 
with short primer extension products. The invention allows 
Sequencing of polynucleotide regions near the extension 
primer, which can be important for distinguishing polymor 

GCA CTG TGA AGC. TCT CAC C 
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phic variants. Furthermore, the invention effectively 
expands the polynucleotide length range that are Sequence 
able by dye-terminator based Sequencing methods. The 
invention is thus particularly useful for Sequencing Single 
polynucleotide targets or heterozygous polynucleotide tar 
gets by direct labeling methods, in which Sequence infor 
mation is derived while the extension products are in the 
Separation medium or are just exiting from the medium (e.g., 
real time monitoring during electrophoresis, or by Scanning 
migration patterns within one or more lanes acroSS a Selected 
length range in the gel), without requiring reaction of the 
extension products with a Secondary reagent for detection. 

0.139. The invention may be further understood in light of 
the following examples, which are not intended to limit the 
Scope of the invention. 

EXAMPLE 1. 

0140. A sample containing the human HLA-DRB locus 
was sequenced following the protocols described in the 
protocol booklet for the “HLA-DRB BIGDYE TERMINA 
TOR SEQUENCING-BASED TYPING KIT" (PE Biosys 
tems, 1998) using two codon-86 GGT-specific primers for 
HLA-DRB Exon 2 (reverse orientation). The two primers 
had the following Sequences, wherein the Second primer 
includes a poly d(TC) mobility-reducing moiety 24 bases in 
length: 

SEQ ID NO: 1 

TCT CTC TCT CTC TCT CTC TCT CTC GCA CTG TGA AGC TCT CAC C SEQ ID NO: 2 

0141 Primer extension reactions were conducted using 
one or the other of these primers alone and either (1) a 
mixture containing four BIGDYE terminators designated 
ddT-EO-6CFB-dTMR, ddG-EP-5CFB-dR110, ddC-EO 
6CFB-dROX, and ddA-PA-6CFB-dR6G (BIGDYE Ready 
Reaction Premix from PE Biosystems) or (2) a mixture 
containing four dRhodamine terminators designated ddT 
EO-6dROX, ddG-EO-5dR10, ddC-EO-5dTMR, and ddA 
PA-5dR6G (Rhodamine Ready Reaction Premix from PE 
BioSystems) following the procedure described in the pro 
tocol entitled “ABI PRISM BIGDYE Terminator Cycle 
Sequencing Ready Reaction Kit available from PE Biosys 
tems (1998). After the extension reaction but before elec 
trophoresis on an ABI PRISM Model 377 DNA Sequencer, 
the primer extension product mixture (10 uI) was mixed 30 
uL of 100:4 (v:v) mixture of 100% ethanol:Sodium acetate 
(3 M, pH 4.6). The results were as follows. 
0.142 For the extension reaction using BIGDYE termi 
nators and primer 1, Several large residual (unincorporated) 
terminator peaks comigrated with the 27 fastest-migrating 
extension products, So that determining the Sequence of 
about the first 30 target bases past the primer was not 
possible. In contrast, for the extension products that were 
formed using the BIGDYE terminators and primer 1, the 
Same residual terminator peaks migrated in a window of 
about 3 to 27 bases ahead of the most quickly migrating 
extension product (primer plus extension one base). Very 
little if any terminator peaks comigrated with the primer 
extension products, So that all primer extension products 
were readable, including the first 20 target nucleotide bases. 
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0143 For the dRhodamine extension products, the use of 
primer 2 was effective to cause Several two major terminator 
peaks to migrate about 5 to 8 bases ahead of the fastest 
migrating primer extension product. In addition, Several 
other Small terminator peaks also migrated ahead of the 
fastest migrating primer eXtension product, So that the entire 
target Sequence could be readily determined, including the 
first 20 target bases. In contrast, the use of primer 1 led to 
comigration of Several large terminator peaks within the first 
20 primer extension products, so that several of the first 20 
target bases could not be determined. 
0144. This study was repeated that 25 till of ethanol:So 
dium acetate mixture was used instead of 30 ul. This 
modification was effective to reduce the amplitudes of the 
residual terminator peaks in all cases. However, for primer 
extension products formed with primer 1, levels of the -20 
fastest migrating extension products were Substantially 
reduced, so that the first 20 target bases were difficult or 
impossible to determine. In contrast, Signals for extension 
products containing primer 2 were Strong even for the 20 
fastest migrating extension products, due to efficient ethanol 
precipitation of these species. 

0145. Overall, these results demonstrate that the method 
of the present invention is advantageous for improving 
readability of short primer extension products, especially the 
first 20 target bases. 
0146 Although the invention has been described with 
respect to particular embodiments, it will be appreciated that 
various modifications can be made without departing from 
the invention. All references cited above are incorporated 
herein by reference in their entirety. 

SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS: 2 

<210> SEQ ID NO 1 
&2 11s LENGTH 19 
&212> TYPE DNA 

<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 1 

gcactgttgaa gotcitcacc 

<210> SEQ ID NO 2 
<211& LENGTH: 43 
&212> TYPE DNA 
<213> ORGANISM: Homo sapiens 

<400 SEQUENCE: 2 

totcitctotc totctotcitc. tctogcactg tdaagctcitc acc 

1. A method for determining a Sequence of one or more 
nucleotides in a target polynucleotide, the method compris 
ing: 

(a) contacting a target-Specific primer with a polynucle 
otide Sample under conditions effective for the primer 
to anneal Specifically to a primer-complementary 
region in one or more target polynucleotides, to form 
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one or more target-primer hybrid(s), wherein each 
target-specific primer contains (i) a target binding Seg 
ment and (ii) a mobility-reducing moiety which does 
not bind the target, 

(b) reacting said hybrid(s) with a primer extension reagent 
in the presence of at least one labeled 3'-nucleotide 
terminator complementary to a Selected nucleotide 
base-type, under conditions effective to form one or 
more primer eXtension products which terminate with 
at least one labeled 3'-nucleotide terminator, 

Separating electrophoretically the primer extension prod 
uct(s) under denaturing conditions in a sieving matrix 
Such that Smaller extension products migrate more 
rapidly than larger extension products, and 

determining a target Sequence on the basis of the mobili 
ties and terminator labels of the Separated extension 
product(s). 

2. The method of claim 1, wherein primer extension is 
performed in the presence of at least one extendable nucleo 
Side monomer under conditions effective to extend Specifi 
cally hybridized primers by addition of target-complemen 
tary polynucleotide monomers and terminator(s), to form 
Said one or more extension products. 

3. The method of claim 1, wherein primer extension is 
performed in the absence of extendable nucleoside mono 
mers, under conditions effective to append the at least one 
labeled 3-nucleotide terminator to at least one specifically 
annealed primer only when the terminator is complementary 
to a base in the target polynucleotide that is immediately 
adjacent the extendable end of the annealed primer. 

19 

43 

4. The method of claim 1, wherein at least one 3'-nucle 
otide terminator contains a fluorescent label. 

5. The method of claim 4, wherein said reacting is 
conducted in the presence of four different 3'-nucleotide 
terminators which (i) are each complementary to a different 
nucleotide base-type and (ii) each contain a distinguishable 
fluorescent label that identifies the base-type of the termi 
nator. 
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6. The method of claim 1, wherein Said Separating is 
performed by Slab gel electrophoresis. 

7. The method of claim 1, wherein Said Separating is 
performed by capillary electrophoresis. 

8. The method of claim 1, wherein Said Separating is 
performed in a microchannel. 

9. The method of claim 1, wherein at least one 3'-nucle 
otide terminator contains a radioactive label. 

10. The method of claim 1, wherein said mobility-reduc 
ing moiety comprises a polymer Segment that does not 
Substantially bind to the target polynucleotide(s). 

11. The method of claim 10, wherein said polymer seg 
ment comprises a polynucleotide Segment that does not 
Substantially bind to the target polynucleotide(s). 
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12. The method of claim 1, wherein said mobility-reduc 
ing moiety is effective to decrease the mobility rate of each 
primer eXtension product in an amount equivalent to at least 
10 additional nucleotide bases, relative to the mobility of a 
corresponding primer eXtension product lacking the mobil 
ity-reducing moiety. 

13. The method of claim 12, wherein the amount of Said 
decrease in mobility is equivalent to the addition of at least 
15 additional nucleotide bases. 

14. The method of claim 13, wherein the amount of Said 
decrease in mobility is equivalent to the addition of at least 
20 additional nucleotide bases. 


