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,QWURGXFWLRQ

� '1$3/·V#+GHQVH#QRQ0DTXHRXV#SKDVH#OLTXLGV,#DQG
RWKHU#SROOXWDQWV#LQ#JURXQGZDWHU#FDQ#EH
GHJUDGHG#E\#PLFURELDO#DFWLRQ#+ELRUHPHGLDWLRQ,

� ,Q0VLWX#ELRUHPHGLDWLRQ#UHTXLUHV#FKDUDFWHUL]DWLRQ
RI#QDWLYH#RU#DXJPHQWHG#PLFURELDO#SRSXODWLRQV

� 0$/',006#+PDWUL[0DVVLVWHG#ODVHU
GHVRUSWLRQ2LRQL]DWLRQ#PDVV#VSHFWURPHWU\,
GHWHFWLRQ#RI#VSHFLDOO\0GHVLJQHG#EDFWHULDO#JHQH
SUREHV#+3&5#SURGXFWV,#VKRZV#SRWHQWLDO#DV#D
UDSLG#DOWHUQDWLYH#WR#FRQYHQWLRQDO#PLFURELDO
FKDUDFWHUL]DWLRQ#PHWKRGV1
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3RWHQWLDO#DGYDQWDJHV#RI#FKDUDFWHUL]LQJ#PLFURELDO
SRSXODWLRQV#E\#0$/',006#GHWHFWLRQ#RI#3&5
SURGXFWV

² 6SHHG=##0$/',#LV#PXFK#IDVWHU#WKDQ#JHO#HOHFWURSKRUHVLV#RI
3&5#SURGXFWV

² $FFXUDF\=##3&5#VL]H#PHDVXUHPHQW#LQ#0$/',#LV#D#GLUHFW
PHDVXUHPHQW#RI#PDVV

² *HQHUDOLW\=##$Q\#JHQRPLF#UHJLRQ#IRU#ZKLFK#D#VXLWDEOH#3&5
FDQ#EH#GHVLJQHG#FDQ#EH#LQWHUURJDWHG

² IXQFWLRQDO#+HQ]\PHV#WKDW#GHJUDGH#SROOXWDQWV,
² SK\ORJHQHWLF#+496#U51$#JHQHV,

² 6HQVLWLYLW\=##1R#QHHG#IRU#EDFWHULDO#FXOWXULQJ
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7R#GHPRQVWUDWH#WKH#IHDVLELOLW\#RI#0$/',
GHWHFWLRQ#RI#EDFWHULDO#3&5#SURGXFWV/#ZH
GHVFULEH#D#IXQFWLRQDO#JHQH#SUREH#DVVD\#IRU
WKH#SDUWLFXODWH#PHWKDQH#PRQRR[\JHQDVH
JHQH709#+SPR$,1##6SHFLDO#3&5#SULPHUV#ZHUH
GHVLJQHG#IRU#SPR$#LQ#WZR#VSHFLHV#RI
PHWKDQRWURSKLF#EDFWHULD#WKDW#FR0PHWDEROL]H
WULFKORURHWK\OHQH=

� 0HWK\ORVLQXV#WULFKRVSRULXP#2%6E#+W\SH#,,#,
� 0HWK\ORPLFURELXP#DOEXV#%*;#+W\SH#,,
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7ZR#WHFKQRORJLHV#DUH#FRPELQHG#LQ#WKLV
ZRUN4#IRU#UDSLG#´JHQH#SUREHµ#DQDO\VLV#RI
PLFURELDO#SRSXODWLRQV=

� 3&5#+3RO\PHUDVH#&KDLQ#5HDFWLRQ,=
FUHDWHV#PDQ\#FRSLHV#RI#D#VHOHFWHG#UHJLRQ
IURP#DQ#RUJDQLVP·V#JHQHWLF#PDWHULDO
+'1$,1

� 0$/',0065#+0DWUL[0$VVLVWHG#/DVHU
'HVRUSWLRQ2,RQL]DWLRQ#0DVV
6SHFWURPHWU\,=##PHDVXUHV#PROHFXODU
PDVV#RI#ELRPROHFXOHV#+'1$6#LQ#WKLV#FDVH,1
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,VVXHV#IRU#0$/',006#'HWHFWLRQ
#RI#3&5#3URGXFWV

• Resolution --ability to distinguish products of similar molecular mass

– baseline resolved up to ~60 bases

– Sample preparation:  removal of salts, dNTP’s, etc.
– Instrumentation:  Delayed extraction

• Sensitivity
– for small (< 100 bp) products, can detect DNA from a fraction of a

single 25 µL PCR.

– above 100 bp, need more DNA

• Mass Range:  MALDI with a UV laser is limited to PCR products < ca.
500 bases, but recent work with IR lasers6 goes up to >2000 bases.

• Reproducibility and Convenience
– “sweet spots”:  non-uniform DNA/matrix mixture
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([SHULPHQWDO

� ,VRODWH#EDFWHULDO#'1$
� 3&5

² VSHFLDOO\0GHVLJQHG#SULPHUV4#\LHOG#´VKRUWµ#SURGXFWV
DPHQDEOH#WR#0$/',
� 7\SH#,#PHWKDQRWURSKV <<0PHU#SURGXFW
� 7\SH#,,#PHWKDQRWURSKV# 890PHU#SURGXFW

� #0$/',#6DPSOH#3UHSDUDWLRQ
² 5DSLG#+80PLQXWH,#UHYHUVH0SKDVH#SXULILFDWLRQ#RI#3&5

SURGXFWV
² 0L[#SXULILHG#3&5#SURGXFW#ZLWK#0$/',#PDWUL[#VROXWLRQ1

� 0$/',#$QDO\VLV
² 3HU6HSWLYH#%LRV\VWHPV#9R\DJHU0'(70

QHJDWLYH#LRQV/#GHOD\HG#H[WUDFWLRQ
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3&500$/',#RI
%DFWHULDO#'1$

EDFWHULDO
FXOWXUH#
00RU00

HQYLURQPHQWDO
VDPSOH

H[WUDFW
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3&5

SXULI\

VSRW#RQ
0$/',
VXEVWUDWH

REWDLQ#
0$/',
VSHFWUXP

DXWRPDWHG#LQ
<90ZHOO#IRUPDW
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 Before reverse-phase purification (bottom trace), no distinct
peaks were observed in a broad feature encompassing the
m/z range of the sample (pdA40-60, obtained from Pharmacia.)

 
 After purification (top trace), distinct peaks ranging from 10 to

12 Da in width appear for the 40-mer through the 52-mer
(M/∆M 1000-1500).

 
 Mass accuracy is ~ 0.03% (5 Da).

 
 The mass accuracy and resolution illustrated here

demonstrate the utility of MALDI-TOF in this size range for
multiplexed PCR or amplification of a polymorphic region, if
suitable primers can be chosen.

0$/',072)#RI#V\QWKHWLF#SG$73093
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0$/',072)#RI#7\SH#,,#SPR$#3&5
3URGXFWV

 MALDI-TOF spectrum of the 56-base PCR product obtained from type II
methanotroph DNA, mixed with 5 picomoles of a synthetic DNA 50-mer.

 

 The appearance of the 50-mer peak indicates that MALDI artifacts, such as
fragmentation and cation adduction, are minor under the conditions used.

 

 The four peaks in the vicinity of the 56-mer in Figure 2 demonstrate that
multiple species may arise from the PCR.  Possible sources of “extra”
peaks are:

– non-specific inosine bases in the primers

– complementary strands of the ds PCR product

• calculated m/z values from published sequence:  17282 Da and
17202 Da.)

– non-templated enzymatic incorporation of an extra adenosine
nucleotide.
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%OLQG#$QDO\VLV#RI#'LIIHUHQW#'1$#7\SHV

MALDI-TOF spectra from eight separate PCR amplifications
using type II primers with

– Type II target DNA (should be amplified)
– Type I target DNA (should NOT be amplified)
– no DNA (blank)

These amplifications and MALDI analyses were performed
“blind”--target DNA was aliquoted by one experimenter, with
all subsequent steps performed by a second.

Signal due to the type II product is observed only in those
reactions containing type II target DNA, demonstrating the
specificity of the primers in distinguishing between the same
gene (pmoA) in the two methanotroph types.
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0$/',072)#RI#7\SH#,#SPR$#3&5#3URGXFWV
 MALDI-TOF mass spectra of PCR products using the pmoA

primer pair for type I methanotrophs.
 

– “forward” and “reverse”--single-stranded, synthetic 99-mers
corresponding to the two PCR product strands

– “type I”--PCR using type I primers with type I target DNA

– “type II”--PCR using type I primers with type II target DNA
(negative control)

– “water”--PCR using type I primers with no target DNA
(blank).

Again, only the correct sequence is amplified.  Resolution is
poorer for this larger product than for the type II product.
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Type II Assay Works in Presence of “interfering” DNA
 

Type II DNA with E. coli DNA
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6XPPDU\

� 0$/',072)#GHWHFWLRQ#RI#3&50DPSOLILHG#EDFWHULDO#WDUJHWV
RIIHUV#SURPLVH#DV#D#UDSLG#PHWKRG#IRU#DVVHVVLQJ#WKH#JHQHWLF
SRWHQWLDO#RI#PLFURELDO#SRSXODWLRQV#IRU#ELRUHPHGLDWLRQ1

� 7\SH#,#DQG#W\SH#,,#PHWKDQRWURSKLF#EDFWHULD#FDQ#EH
GLVWLQJXLVKHG#EDVHG#RQ#0$/',072)#GHWHFWLRQ#RI#3&50
DPSOLILHG#UHJLRQV#RI#WKHLU#SPR$#JHQHV1

� 7KH#GHVLJQ#RI#VKRUWHU#3&5#SURGXFWV#IDFLOLWDWHV#0$/',072)
GHWHFWLRQ1
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)XWXUH#3ODQV

� &KDUDFWHUL]H#GHWHFWLRQ#OLPLWV#DQG#LQWHUIHUHQFHV#PRUH#IXOO\

� (YDOXDWH#XWLOLW\#IRU#HQYLURQPHQWDO#VDPSOHV#IURP#'2(#VLWHV

� ([WHQG#JHQH#SUREH20$/',#WR#RWKHU#EDFWHULDO#W\SHV2VSHFLHV

� ,PSOHPHQW#0$/',#LPSURYHPHQWV=
² EHWWHU#0$/',#VDPSOH#KRPRJHQHLW\
² ,5#ODVHU#IRU#ODUJHU#3&5#SURGXFWV
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3RO\PHUDVH#&KDLQ#5HDFWLRQ#+3&5,

² $PSOLILHV#D#GHILQHG#'1$#UHJLRQ
² 3UHVHQFH2DEVHQFH#RI=

� JHQH
� RUJDQLVP

² 6L]H#RI#SURGXFW
� DOOHOHV
� PXWDWLRQV

² 'HWHFWLRQ#RI#SURGXFWV
� JHO#HOHFWURSKRUHVLV
� K\EULGL]DWLRQ
� PDVV#VSHFWURPHWU\

 

•slow
•inaccurate
•no size limit
•widely accepted

•faster
•better size accuracy
•limited size range
•under development



3RO\PHUDVH#&KDLQ#5HDFWLRQ
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target DNA
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of sequence
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...TCAT...

primer 1

...CAGG...
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by primers AND
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{ ...CAGG...

...TCAT...



0RQLWRULQJ#*HQHWLF#DQG#0HWDEROLF#3RWHQWLDO#IRU#LQ#VLWX
%LRUHPHGLDWLRQ=

0DVV#6SHFWURPHWU\
*UHJRU\#+XUVW/#0LFKHOOH#%XFKDQDQ/#0LWFKHO#'RNW\F]/#3KLOOLS#%ULWW/#DQG

.ULVWDO#:HDYHU

2DN#5LGJH#1DWLRQDO#/DERUDWRU\

0DU\#/LGVWURP#DQG#$QGULD#&RVWHOOR

8QLYHUVLW\#RI#:DVKLQJWRQ

,PSURYHG#VFUHHQLQJ#RI#PLFURELDO#SRSXODWLRQV#IRU#DELOLW\#WR#GHVWUR\
SROOXWDQWV#E\#FRPELQLQJ=

� 3&5#+3RO\PHUDVH#&KDLQ#5HDFWLRQ,=##FUHDWHV#PDQ\#FRSLHV#RI#D
VHOHFWHG#UHJLRQ#IURP#DQ#RUJDQLVP·V#JHQHWLF#PDWHULDO#+'1$,1

.
� 0$/',006#+0DWUL[0$VVLVWHG#/DVHU#'HVRUSWLRQ2,RQL]DWLRQ#0DVV

6SHFWURPHWU\,=##PHDVXUHV#PROHFXODU#PDVV#RI#ELRPROHFXOHV#+'1$
LQ#WKLV#FDVH,1
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