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MULTIPLEX GENOTYPING USING SOLID PHASE 
CAPTURABLE DIDEOXYNUCLEOTIDES AND 

MASS SPECTROMETRY 

[0001] This application is a continuation-in-part and 
claims priority of US. Ser. No. 10/194,882, ?led Jul. 12, 
2002, the contents of Which are hereby incorporated by 
reference into this application. 

BACKGROUND OF THE INVENTION 

[0002] Throughout this application, various publications 
are referenced in parentheses. Citations for these references 
may be found at the end of the speci?cation immediately 
preceding the claims. The disclosures of these publications 
in their entireties are hereby incorporated by reference into 
this application to more fully describe the state of the art to 
Which this invention pertains. 

[0003] Single nucleotide polymorphisms (SNPs), the most 
common genetic variations in the human genome, are impor 
tant markers for identifying disease genes and for pharma 
cogenetic studies (1, 2). SNPs appear in the human genome 
With an average density of once every 1000-base pairs (3). 
To perform large-scale SNP genotyping, a rapid, precise and 
cost-effective method is required. Matrix-assisted laser des 
orption/ioniZation time-of-?ight mass spectrometry 
(MALDI-TOF MS) (4) alloWs rapid and accurate sample 
measurements (5-7) and has been used in a variety of SNP 
detection methods including hybridization (8-10), invasive 
cleavage (11, 12) and single base extension (SBE) (5, 
13-17). SBE is Widely used for multiplex SNP analysis. In 
this method, primers designed to anneal immediately adja 
cent to a polymorphic site are extended by a single dideoxy 
nucleotide that is complementary to the nucleotide at the 
variable site. By measuring the mass of the resulting exten 
sion product, a particular SNP can be identi?ed. Current 
SBE methods to perform multiplex SNP analysis using MS 
require unambiguous simultaneous detection of a library of 
primers and their extension products. HoWever, limitations 
in resolution and sensitivity of MALDI-TOF MS for longer 
DNA molecules make it di?icult to simultaneously measure 
DNA fragments over a large mass range (6). The require 
ment to measure both primers and their extension products 
in this range limits the scope of multiplexing. 

[0004] A high ?delity DNA sequencing method has been 
developed Which uses solid phase capturable biotinylated 
dideoxynucleotides (biotin-ddNTPs) by detection With ?uo 
rescence (18) or mass spectrometry (19), eliminating false 
terminations and excess primers. Combinatorial ?uores 
cence energy transfer tags and biotin-ddNTPs have also 
been used to detect SNPs (20). 

[0005] False stops or terminations occur When a deoxy 
nucleotide rather than a dideoxynucleotide terminates a 
se+quencing fragment. It has been shoWn that false stops 
and primers Which have dimeriZed can produce peaks in the 
mass spectra that can mask the actual results preventing 
accurate base identi?cation (21). 

[0006] The present application discloses an approach 
using solid phase capturable biotin-ddNTPs in SBE for 
multiplex genotyping by MALDI-TOF MS. In this method 
primers that have different molecular Weights and that are 
speci?c to the polymorphic sites in the DNA template are 
extended With biotin-ddNTPs by DNA polymerase to gen 
erate 3'-biotinylated DNA extension products. The 3'-bioti 
nylated DNAs are then captured by streptavidin-coated 
magnetic beads, While the unextended primers and other 
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components in the reaction are Washed aWay. The pure DNA 
extension products are subsequently released from the mag 
netic beads, for example by denaturing the biotin-streptavi 
din interaction With formamide, and analyZed With MALDI 
TOF MS. The nucleotide at the polymorphic site is identi?ed 
by analyZing the mass difference betWeen the primer exten 
sion product and an internal mass standard added to the 
puri?ed DNA products. Since the primer extension products 
are isolated prior to MS analysis, the resulting mass spec 
trum is free of non-extended primer peaks and their asso 
ciated dimers, Which increases the accuracy and scope of 
multiplexing in SNP analysis. The solid phase puri?cation 
system also facilitates desalting of the captured oligonucle 
otides. Desalting is critical in sample preparation for 
MALDI-TOF MS measurement since alkaline and alkaline 
earth salts can form adducts With DNA fragments that 
interfere With accurate peak detection (21). 

SUMMARY OF THE INVENTION 

[0007] This invention is directed to a method for deter 
mining the identity of a nucleotide present at a predeter 
mined site in a DNA Whose sequence immediately 3' of such 
predetermined site is knoWn Which comprises: 

[0008] (a) treating the DNA With an oligonucleotide 
primer Whose sequence is complementary to such 
knoWn sequence so that the oligonucleotide primer 
hybridiZes to the DNA and forms a complex in Which 
the 3' end of the oligonucleotide primer is located 
immediately adjacent to the predetermined site in the 
DNA; 

[0009] (b) simultaneously contacting the complex from 
step (a) With four different labeled dideoxynucleotides, 
in the presence of a polymerase under conditions 
permitting a labeled dideoxynucleotide to be added to 
the 3' end of the primer so as to generate a labeled 
single base extended primer, Wherein each of the four 
different labeled dideoxynucleotides (i) is complemen 
tary to one of the four nucleotides present in the DNA 
and (ii) has a molecular Weight Which can be distin 
guished from the molecular Weight of the other three 
labeled dideoxynucleotides using mass spectrometry; 
and 

[0010] (c) determining the difference in molecular 
Weight betWeen the labeled single base extended primer 
and the oligonucleotide primer so as to identify the 
dideoxynucleotide incorporated into the single base 
extended primer and thereby determine the identity of 
the nucleotide present at the predetermined site in the 
DNA. 

[0011] In one embodiment, the method further comprises 
after step (b) the steps of: 

[0012] (i) contacting the labeled single base extended 
primer With a surface coated With a compound that 
speci?cally interacts With a chemical moiety attached 
to the dideoxynucleotide by a linker so as to thereby 
capture the extended primer on the surface; and 

0013 ii treatin the labeled sin le base extended 8 8 
primer so as to release it from the surface. 

[0014] In one embodiment, the method further comprises 
after step (i) the step of treating the surface to remove 
primers that have not been extended by a labeled dideoxy 
nucleotide. 
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BRIEF DESCRIPTION OF THE FIGURES 

[0015] FIG. 1: Scheme of single base extension for mul 
tiplex SNP analysis using biotin-ddNTPs and MALDI-TOF 
MS. Primers that anneal immediately next to the polymor 
phic sites in the DNA template are extended by DNA 
polymerase of a biotin-ddNTP in a sequence-speci?c man 
ner. After solid phase capture and isolation of the 3'-bioti 
nylated DNA extension fragments, MALDI-TOF MS Was 
used to analyze these DNA products to yield a mass spec 
trum. From the relative mass of each extended primer, 
compared to the mass of an internal standard, the nucleotide 
at the polymorphic site is identi?ed. 

[0016] FIG. 2. Multiplex SNP genotyping mass spectra 
generated using biotin-ddNTPs. Inset is a magni?ed vieW of 
heterozygote peaks. Masses of the extension product in 
reference to the internal mass standard Were listed on each 
single base extension peak. The mass values in parenthesis 
indicate the mass difference betWeen the extension products 
and the corresponding primers. (A) Detection of six nucle 
otide variations from synthetic DNA templates mimicking 
mutations in the p53 gene. Four homozygous (T, G, C and 
C) and one heterozygous (C/A) genotypes Were detected. 
(B) Detection of tWo heterozygotes (A/G and C/G) in the 
human HFE gene. 

[0017] FIG. 3: Structure of four mass tagged biotinylated 
ddNTPs. Any of the four ddNTPs (ddATP, ddCTP, ddGTP, 
ddTTP) can be used With any of the illustrated linkers. 

[0018] FIG. 4: Synthesis scheme for mass tag linkers. For 
illustrative purposes, the linkers are labeled to correspond to 
the speci?c ddNTP With Which they are shoWn coupled in 
FIGS. 3, 5, 7, 8 and 9. However, any of the three linkers can 
be used With any ddNTP. (i) (CF3CO)2O; (ii) Disuccinim 
idylcarbonate/diisopropylethylamine; (iii) Propargyl amine. 
[0019] FIG. 5: The synthesis of ddATP-Linker-II-ll-Bi 
otin. (i) Linker II, tetrakis(triphenylphosphine) palla 
dium(0); (ii) POCl3, Bn4N+ pyrophosphate; (iii) NH4OH; 
(iv) Sulfo-NHS-LC-Biotin. 

[0020] FIG. 6: DNA products are puri?ed by a streptavi 
din coated porous silica surface. Only the biotinylated 
fragments are captured. These fragments are then cleaved by 
light irradiation (hv) to release the captured fragments, 
leaving the biotin moiety still bound to the streptavidin. 

[0021] FIG. 7: Mechanism for the cleavage of photocleav 
able linkers. 

[0022] FIG. 8: The structures of ddNTPs linked to pho 
tocleavable (PC) biotin. Any of the four ddNTPs (ddATP, 
ddCTP, ddGTP, ddTTP) can be used With any of the shoWn 
linkers. 

[0023] FIG. 9: The synthesis of ddATP-Linker-II-PC 
Biotin. PC=photocleavable. 

[0024] FIG. 10: Schematic for capturing a DNA fragment 
terminated With a dideoxynucleoside monophosphate on a 
surface. The dideoxynucleoside monophosphate (ddNMP) 
Which is on the 3' end of the DNA fragment is attached via 
a linker to a chemical moiety “X” Which interacts With a 
compound “Y” on the surface to capture the DNA fragment 
terminated With the ddNMP. The DNA fragment can be 
freed from the surface either by disrupting the interaction 
betWeen chemical moiety X and compound Y (loWer 
scheme) or by cleaving the linker (upper scheme). 

[0025] FIGS. 11A-11C: Schematic of a high throughput 
channel based puri?cation system. Sample solutions can be 

Nov. 9, 2006 

pushed back and forth betWeen the tWo plates through glass 
capillaries and the streptavidin coated channels in the chip. 
The Whole chip can be irradiated to cleave the samples after 
immobilization. 

[0026] FIG. 12: The synthesis of streptavidin coated 
porous surface. 

[0027] FIGS. 13A-13C: Simultaneous detection of nucle 
otide variations in 30 codons of the p53 tumor suppressor 
gene by MALDI-TOF MS using solid phase capturable 
biotinylated dideoxynucleotide. Each peak represents a dif 
ferent polymorphism labeled With its nucleotide identity and 
absolute mass value. The value in parentheses, denoting the 
mass difference betWeen each DNA extension product and 
its corresponding primer, is used to determine the nucleotide 
identity. (A) A mass spectrum from a Wilms’ tumor sample 
shoWing 30 Wild type p53 sequences. (B) A mass spectrum 
from a head and neck tumor (primary tumor biopsy) con 
taining a heterozygous genotype G/T (4684/4734 Da) 
(boxed) in codon 157, corresponding to the Wild type and 
mutant alleles, respectively. (C) A mass spectrum from a 
colorectal tumor cell line (HT-29) containing a homozygous 
G to A mutation (boxed) in codon 273 of the p53 gene. The 
colorectal tumor cell line (SW-480) contained the identical 
G to A mutation in codon 273. 

[0028] FIGS. 14A-14B: (A) Amass spectrum from a head 
and neck tumor sample shoWing 30 Wild type sequences of 
the p53 gene. (B) A mass spectrum from a head and neck 
tumor cell line (SCC-4) containing a homozygous C (5881 
Da) to T (5970 Da) mutation (boxed) in codon 151 of the 
p53 gene. Both spectra Were produced using the primers 
shoWn in Table 3 With primer l6 replaced by primer 
5'-TGTGGGTTGATTCCACA-3' for detecting the variation 
in codon 151 (C/TCC). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0029] The folloWing de?nitions are presented as an aid in 
understanding this invention. 

[0030] The standard abbreviations for nucleotide bases are 
used as folloWs: adenine (A), cytosine (C), guanine (G), 
thymine (T), and uracil (U). 

[0031] A nucleotide analogue refers to a chemical com 
pound that is structurally and functionally similar to the 
nucleotide, i.e. the nucleotide analogue can be recognized by 
polymerase as a substrate. That is, for example, a nucleotide 
analogue comprising adenine or an analogue of adenine 
should form hydrogen bonds With thymine, a nucleotide 
analogue comprising C or an analogue of C should form 
hydrogen bonds With G, a nucleotide analogue comprising G 
or an analogue of G should form hydrogen bonds With C, 
and a nucleotide analogue comprising T or an analogue of T 
should form hydrogen bonds With A, in a double helix 
format. 

[0032] This invention is directed to a method for deter 
mining the identity of a nucleotide present at a predeter 
mined site in a DNA Whose sequence immediately 3' of such 
predetermined site is knoWn Which comprises: 

[0033] (a) treating the DNA With an oligonucleotide 
primer Whose sequence is complementary to such 
knoWn sequence so that the oligonucleotide primer 
hybridizes to the DNA and forms a complex in Which 
the 3' end of the oligonucleotide primer is located 
immediately adjacent to the predetermined site in the 
DNA; 
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[0034] (b) simultaneously contacting the complex from 
step (a) With four different labeled dideoxynucleotides, 
in the presence of a polymerase under conditions 
permitting a labeled dideoxynucleotide to be added to 
the 3' end of the primer so as to generate a labeled 
single base extended primer, Wherein each of the four 
different labeled dideoxynucleotides (i) is complemen 
tary to one of the four nucleotides present in the DNA 
and (ii) has a molecular Weight Which can be distin 
guished from the molecular Weight of the other three 
labeled dideoxynucleotides using mass spectrometry; 
and 

[0035] (c) determining the difference in molecular 
Weight betWeen the labeled single base extended primer 
and the oligonucleotide primer so as to identify the 
dideoxynucleotide incorporated into the single base 
extended primer and thereby determine the identity of 
the nucleotide present at the predetermined site in the 
DNA. 

[0036] In one embodiment, each of the four labeled 
dideoxynucleotides comprises a chemical moiety attached to 
the dideoxynucleotide by a different linker Which has a 
molecular Weight different from that of each other linker. 

[0037] In one embodiment, the method further comprises 
after step (b) the steps of: 

[0038] (i) contacting the labeled single base extended 
primer With a surface coated With a compound that 
speci?cally interacts With a chemical moiety attached 
to the dideoxynucleotide by a linker so as to thereby 
capture the extended primer on the surface; and 

11 treat1n t e a e e s1n e ase exten e 0039 " 'ghlbld'glb dd 
primer so as to release it from the surface. 

[0040] In a further embodiment, the method comprises 
after step (i) the step of treating the surface to remove 
primers that have not been extended by a labeled dideoxy 
nucleotide and any non-captured component. 

[0041] In one embodiment of the method step (c) com 
prises determining the dilference in mass betWeen the 
labeled single base extended primer and an internal mass 
calibration standard added to the extended primer. In one 
embodiment, the internal mass standard is 
5'-TTTTTCTTTTTCT-3' (SEQ ID NO: 5) (MW=3855 Da). 

[0042] In one embodiment, the chemical moiety is 
attached via a different linker to different dideoxynucle 
otides. In one embodiment, the different linkers increase 
mass separation betWeen different labeled single base 
extended primers and thereby increase mass spectrometry 
resolution. 

[0043] In one embodiment, the dideoxynucleotide is 
selected from the group consisting of 2',3'-dideoxyadenosine 
5'-triphosphate (ddATP), 2',3'-dideoxyguanosine 5'-triphos 
phate (ddGTP), 2',3'-dideoxycytidine 5'-triphosphate 
(ddCTP), and 2',3'-dideoxythymidine 5'-triphosphate 
(ddTTP). 
[0044] In different embodiments of the methods described 
herein, the interaction betWeen the chemical moiety attached 
to the dideoxynucleotide by the linker and the compound on 
the surface comprises a biotin-streptavidin interaction, a 
phenylboronic acid-salicylhydroxamic acid interaction, or 
an antigen-antibody interaction. 

[0045] In one embodiment, the step of releasing the 
labeled single base extended primer from the surface com 
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prises disrupting the interaction betWeen the chemical moi 
ety attached by the linker to the dideoxynucleotide and the 
compound on the surface. In different embodiments, the 
interaction is disrupted by a means selected from the group 
consisting of one or more of a physical means, a is chemical 
means, a physical chemical means, heat, and light. In one 
embodiment, the interaction is disrupted by light. In one 
embodiment, the interaction is disrupted by ultraviolet light. 
In different embodiments, the interaction is disrupted by 
ammonium hydroxide, forrnamide, or a change in pH (-log 
H+ concentration). 
[0046] In different embodiments, the linker can comprise 
a chain structure, or a structure comprising one or more 
rings, or a structure comprising a chain and one or more 
rings. In different embodiments, the dideoxynucleotide com 
prises a cytosine or a thymine With a 5-position, or an 
adenine or a guanine With a 7-position, and the linker is 
attached to the dideoxynucleotide at the 5-position of 
cytosine or thymine or at the 7-position of adenine or 
guanine. 
[0047] In different embodiments, the step of releasing the 
labeled single base extended primer from the surface com 
prises cleaving the linker betWeen the chemical moiety and 
the dideoxynucleotide. In different embodiments, the linker 
is cleaved by a means selected from the group consisting of 
one or more of a physical means, a chemical means, a 
physical chemical means, heat, and light. In one embodi 
ment, the linker is cleaved by light. In one embodiment, the 
linker is cleaved by ultraviolet light. In different embodi 
ments, the linker is cleaved by ammonium hydroxide, for 
mamide, or a change in pH (-log H+ concentration); 
[0048] In one embodiment, the linker comprises a deriva 
tive of 4-aminomethyl benZoic acid. In one embodiment, the 
linker comprises a 2-nitrobenZyl group or a derivative of a 
2-nitrobenZyl group. In one embodiment, the linker com 
prises one or more ?uorine atoms. 

[0049] In one embodiment, the linker is selected from the 
group consisting of: 

O N/E O N 

3H 3H F 

O 

F F 

[0050] In one embodiment, a plurality of different linkers 
is used to increase mass separation betWeen different labeled 
single base extended primers and thereby increase mass 
spectrometry resolution. 

[0051] In one embodiment, the chemical moiety com 
prises biotin, the labeled dideoxynucleotide is a biotinylated 
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dideoxynucleotide, the labeled single base extended primer 
is a biotinylated single base extended primer, and the surface 
is a streptaVidin-coated solid surface. In one embodiment, 
the biotinylated dideoxynucleotide is selected from the 

O 

H 

/E\/N Minn”, NH, 
ddNTPl YWN H 

O 

o 

M H 
: H N NWQW" ddNTP3/—\/ H S H 

o 

O F 
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group consisting of ddATP- l l -biotin, ddCTP- l l -biotin, 
ddGTP- l l -biotin, and ddTTP-l 6-biotin. 

[0052] In one embodiment, the biotinylated dideoxynucle 
otide is selected from the group consisting of: 

0 

g H 

0 

H% H N 

NH, 

H 

O 

H H 
and 

NH 

H 
HN 

F o 

M H NH, 
: g N NWN" ddNTP4/W H s H 

o 

O F 

O 

H 

/—j/N M ""1". NH’ ddCTP N I." 
H 

O 

[0053] Wherein ddNTPl, ddNTP2, ddNTF3, and ddNTP4 
represent four different dideoxynucleotides, or their ana 
logues. 
[0054] In one embodiment, the biotinylated dideoxynucle 
otide is selected from the group consisting of: 

S H 

H 
HN 
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-continued 
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[0055] In one embodiment, the biotinylated dideoxynucle 
otide is selected from the group consisting of: 
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