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ABSTRACT

A matrix-assisted laser desorption/ionization time-of-

flight mass spectrometry based method has recently
been reported for the typing of single nucleotide
polymorphisms using single nucleotide primer
extension. This method is limited in some cases by the
resolution of the mass determination, as the mass
difference between nucleotides can be as little as 9 Da
(the difference between A and T). A variation of this
method is described here in which a mass-tagged
dideoxynucleotide is employed in the primer extension

reactions in place of the unmodified dideoxynucleotide.

The increased mass difference due to the presence of
the mass-tags substantially improves the accuracy
and versatility of the procedure.

an A/T heterozygote (Fid). Oligo(dT) sequences varying in length
have been employed as mass-tags in primers to permit multiplexing
of the procedure, as described in a recent publicatin (

In this report a new strategy is described in which a mass-tagged
dideoxynucleoside triphosphate is employed in the strand extension
reaction in place of the unmodified dideoxynucleoside triphosphate
(ddNTPs). The increased mass difference due to the presence of
dyes greatly facilitates the accurate identification of the added
nucleotide, and is particularly useful for typing heterozygous
samples.

A 15mer primer (molecular weight 4592.83 Da) and four
44mer synthetic oligonucleotide templates containing A, C, G
and T respectively at the variable position six bases from' the 5
terminus were obtained from Integrated DNA Technologies, Inc.
[The sequence of the 15mer primer employed wWalAgE-
GACGGCCAGTAA-3. The synthetic targets employed were
5'-Biotin TCTCCNTTACTGGCCGTCGTTTTACATGTGTGTT-

Single nucleotide polymorphisms (SNPs) are the most commditsGCCAAATA-3', where N = A, C, G or T.] The primer was
type of genetic variation in the eukaryotic genome. There is abaannealed to the template placing iteBd directly adjacent to the
one SNP per kb in the human genof)eThese SNPs have been polymorphic site. The typical primer extension reaction mixture
found to be the causes for a number of heritable diseases suck284il) contained 2.QuM primer, 1.0uM each template, 6.25V
cystic fibrosig2) and sickle cell anemig)and have beenwidely ddNTP, 25.0uM Renaissanc® Nucleotide Analogs ddATP
used in a variety of applications including the diagnosis dfNEN™ Life Science Products, Boston, MA) or|2 T Dye
common genetic diseases, forensic identification of individuakerminator, 4 U of AmpliTag DNA polymerase FS, angl 20X
and genetic mapping application3. ( sequencing buffer from a Dye Terminator Cycle Sequencing Core
The recent development of matrix-assisted laser desorptidkit (Perkin-Elmer Corporation, Applied Biosystems Division, Foster
ionization time-of-flight mass spectrometry (MALDI-TOFMS) has City, CA). The primer extension reaction was carried out in a
made it possible to analyze large macromolecules of biologicBleneAmp PCR system 9600 thermal cycler (Perkin-Elmer
importance ). It has shown potential as an alternative to gel-basedorporation). The thermal cycling conditions employed were 15 s
DNA sequencingf,7), providing very high speed analyses with noat 96°C, 60 s at 37C and 120 s at 7Z for 25 cycles. The thermal
requirement for fluorescence or radioactive labeling. Recently, @ycling is to make sure the primer is completely extended. The
new method for the analysis of single nucleotide polymorphisms l®ktension products were purified using streptavidin-conjugated
MALDI-TOFMS has been describe@)( In this method, a single paramagnetic beads as descrilie®), (and incubated with @l of
dideoxynucleotide complementary to the base at the polymorphicater at 99C for 2 min to release the extended strand. An aliquot
position in the DNA template is added to theeBd of an of 1l of the supernatant was mixed witlullof matrix (saturated
oligonucleotide primer by polymerase extension. Determination &hydropicolinic acid in a 1:1:2 mixture of water, acetonitrile and
the mass of the extended primer identifies the added nucleotide, &M ammonium citrate), and was analyzed using a Bruker Reflex
thus reveals the nature of the base at the polymorphic position in théme-of-flight mass spectrometer (Bruker Analytical Systems, Inc.
templateOne limitation of this approach stems from the small masBillerica, MA), equipped with a 337 nmoNaser and operated in
differences between certain nucleotides, rendering it difficult teeflectron, positive-ion mode with an acceleration voltage of 25 kV.
unambiguously identify the added nucleotide due to a lack &pectra are typically acquired by averaging 50 laser shots.
resolution in the mass spectrum. For instance, A/T transversion Figurel shows mass spectra obtained in extension reactions
mutations were found to be the most frequent mutation of the k-rasing unmodified ddNTPs, from equimolar mixtures of templates
gene in rat lung tumor and of the p53 gene in rat liver tudd@)(  containing either A or G at the variable position of the template
However, due to the small mass difference (9 Da) between ddT afudrresponding to a A/G heterozygote; Flg), or A or T
ddA, the polymerase extension MALDI-TOFMS procedure(corresponding to an A/T heterozygote; Hily). The incorporated
described above was unable to distinguish the extension productsiatleotides are the complements, ddT or ddC in Figarend
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Figure 1.Single nucleotide primer extension assay employingvQnmodified 4500 5000 5500
dideoxynucleotides (ddNTPs mixture)ud primer, 25 mM ammonium acetate * sodium adduct m/z

at pH 9.3, 2 mM magnesium acetate, 0.8l WhermoSequenase and equimolar

mixtures of two synthetic oligonucleotide templates varying in the nature of the Figure 2. The single nucleotide primer extension assay was performed with
base at the polymorphic positiom) 2 pM of template oligos "A" and ‘G'; AmpliTag DNA polymerase FS as described in the presence)afdCTP,

(b) 2 uM of template oligos ‘A and ‘T'. My is the average mass of the tWo T pye terminator, template ‘A and ‘G’ bj ddGTP, Fluorescein-12-ddATP,

extension products in (b). The extension reaction was performed using thetemplate ‘C’ and ‘T"; €) Fluorescein-12-ddATP and template ‘T".
following conditions: 98C for 10 s, 37C for 30 s and 7ZC for 60 s for 25 cycles. '

ddT or ddA in Figurelb. Whereas the A/G heterozygote wasextension products carrying the mass tags compared to those

readily identified due to the mass difference of 15 Da between thktained using unmodified ddNTPs (F2g.and b) was due to the

incorporated ddT and ddC, the A/T heterozygote was very poothyigher efficiency of incorporation of unmodified ddNTPs by

resolved and unassignable due to the small 9 Da mass differeagapliTaq DNA polymerase FS. Although fluorescent dyes were

between ddT and ddA. The presence of sodium or potassiwsed here as mass-tags, they could be replaced by other types o

adducts can make it even more difficult to measure peak massesdified molecules. However, this would require that a suitable

correctly. For example, the sodium adduct of the ddC extensi®@NA polymerase capable of efficient and specific incorporation

product from the target containing G at the variable position h&g identified.

a mass of 4889.01, only 2 Da less than the mass of 4891.0%n summary, itis shown here that typing of SNPs by polymerase

corresponding to the ddA extension product from the targeixtension and MALDI-TOFMS analysis may be significantly

containing T at the variable position (data not shown). improved by use of mass-tagged dideoxynucleotides as base-
Three examples showing how this approach to SNP typing $pecific mass tags.

improved by use of mass-tagged ddNTPs are presented inZEigure

Figure2a shows the spectrum obtained from an A/G heterozygo

using ddCTP and T Dye Terminator (Tag DyeDebxy EEFERENCES

Terminator Cycle Sequencing Kit, Applied Biosystems, INC.,1 cooper, D. N., Smith, B. A., Cooke, H. J., Niemann, S. and Schmidtke, J.

Foster City, CA). Incorporation of ddCTP adds 273.19 Da (ddC, (1985)Hum. Genet 69, 201-205.

CgH12N305P) to the mass of the primer, whereas addition of T2 Kerem, B. S., Romments, J. M., Buchanan, J. A., Markiewicz, D., Cox, T. K,

Dye Terminator adds 736.10 Da3(€33N5010P). The mass fg;‘é‘r%%rg' A., Buchwald, M. and Tsui, L. C. (198@jence245

difference between the two alleles is thus 462.91 Da, which I8 \atson, J. T, Marotta, C. A., Forget, B. G. and Weissman, S. M. (1977)

very easily resolved irrespective of the presence of sodium adduct Trans. Assoc. Am. PhysiciaS, 117-126.

peaks. Similar results are shown in Figitle for a C/T ng EIH/CEI\IZH Cglmoraktive Mip?lig%e C;]rolu?: r(]_lgﬁf)i;gcz'e;:g& g;aiﬁ-

heterozygote extended with a mixture of ddGTP and fluorescei . Sﬁ:ﬁ‘f‘ \ -'\7” 19539”(:;*[‘:5’ 62 £3 0_;‘3- A IMICA0D, 22992301

12'ddATP (NEN" _Llfe _SCIGHCG Products, Boston, MA) W'Fh az Monfdne, J. (A andBBeckeer, C%H. (199Vature Med. 3, 360-362.

mass difference in this case of 508.00 Da. Incorporation 0§ Haff, L. and Smirnov, I. (199%3enome Res?, 378-388.

ddGTP adds 313.21 Da (ddG,H12N505P), whereas addition 9 Kawano, R, Nishisaka, T., Yonehara, S. and Inai, K., (1995)

of fluorescein-12-ddATP adds 821.20 Da3gNgO11P). An Jpn. J. Cancer Re86, 802-810.

; ; ; . ; 0 Barbin, A., Froment, O., Bovivin, S., Marion, M-J., Belpoggi, F., Maltoni, C.
example of a homozygote is presented in Fi@aren which a and Montesano, R. (199Cancer Res57, 16951698,

single major peak corresponding to the fluorescein-12-ddAy paff, L. A. and Smirmov, I. P. (199Rucleic Acids Res25, 3749-3750.
extension product is present. The lower signal intensity for the Ross, P. L. and Belgrader, P. (198@}l. Chem 69, 3966—3972.



