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Mitochondrial DNA (mtDNA) se-
quences were synthesized with nu-
clear DNA (nucDNA) sequence-
tagged site (STS) primers by
mismatch priming in three indepen-
dent studies of the human nuclear
genome. Mismatch primer binding
sites on the mtDNA were identified
with from 6- to 10-bp identity at the
3’ ends of the primers. In two of three
cases, single-stranded mtDNA copies
were gel-isolated with intended
nucDNA PCR products. During rou-
tine screening of the STSs, the ra-
diolabeled gel-isolated products hy-
bridized to polymorphic mtDNA re-
striction fragments. Intense signals
after overnight exposure of radiola-
beled PCR probes on Southern blots
suggest contaminating mtDNA PCR
products. The theoretical annealing
temperatures of the mismatches
were well below the annealing tem-
peratures of the PCR primers, dem-
onstrating annealing reactions
driven by the molar surplus of the
primers, that is, mass action. The
probability that two primers (either
one of a pair or both), designed to
amplify nucDNA, will bind to and am-
plify mtDNA may be as high as 1 in
64, assuming that an identical match
with only the 3’ hexanucleotide is
sufficient for amplification. To cir-
cumvent this problem we have devel-
oped OLIGFIND, a program that has

This paper was presented in part in October 1991 as a
poster at the Eighth International Congress on Human
Genetics, Washington, D.C. 8Present address: Depart-
ment of Pathology, Memorial Sloan Kettering Cancer
Center, New York, New York 10021.

Health, Bethesda, Maryland 20892

identified the 104 of 4096 possible
hexamers that are not present in hu-
man mtDNA. Our results suggest that
time could be saved by designing STS
primers with one of these 104 hex-
amers at the 3’ end. OLIGFIND can
also evaluate primer 3’ ends for po-
tential PCR products from mtDNA.

Sequence-tagged sites (STSs)® and
PCR™ represent effective tools to help
map and eventually sequence the hu-
man genome. Since the concept of STSs
was proposed, several thousand STSs
have been developed.”” An important
step in the establishment of a STS is the
selection of specific primer sequences to
delineate the STS and reduce the possi-
bility of a nonspecific PCR resulting
from mismatch priming.

Sommer and Tautz*¥ found that
binding of the 3'-terminal trinucleotide
of 17-mer primers was sufficient for
weak amplification, and the binding of
the 3'-terminal quadra- to octanucle-
otide resulted in good amplification.
Their study was a qualitative attempt to
answer a largely quantitative question.
Nevertheless, they highlighted an im-
portant consideration to keep in mind
when designing primers for PCR of spe-
cific nuclear DNA (nucDNA) sequences:
if possible mismatch sequences are more
abundant than the intended target se-
quence, amplification of the DNA be-
tween mismatch sequences may be fa-
vored. Mismatch priming is a technique
that is used effectively for site-directed
mutagenesis.>®
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One possible source of mismatch se-
quences in studies of nucDNA STSs is mi-
tochondrial DNA (mtDNA), which is
present at ~1000 copies of mtDNA genes
per copy of nucDNA genes per cell.” Be-
cause isolated nucDNA is invariably con-
taminated with mtDNA, a mtDNA se-
quence complementing the 3’-terminal
nucleotides of a nucDNA STS primer
may compete with the intended target.

Consideration of the mitochondrial
genome as a competitor for nucDNA
primers can reduce the time spent in cor-
recting misleading linkage information.
A few points are relevant to this concept:
1) mtDNA contains 55.6% AT, and STSs
are preferably constructed within the
generally AT-rich untranslated regions of
genes; (2) mtDNA contains a number of
perfect and imperfect direct and inverted
repeats, making interference with single
primers likely; (3) all of the 13 proteins
encoded by the mtDNA are membrane
proteins, and in the cases where coding
sequences are used to construct STSs, in-
terference with membrane protein STS
primers is likely the result of possibly
similar transmembrane motifs. In this
paper we describe the synthesis/amplifi-
cation of mtDNA sequences with
nucDNA primers to two membrane pro-
teins and with a primer from a region
encoding hydrophobic amino acids of a
cytosolic neuronal protein.

During an attempt to identify a STS
for the synaptophysin gene, mtDNA se-
quences were amplified by mismatch
priming and confirmed by Southern hy-
bridization. Likewise, during identifica-
tion of a STS for the dopamine B-hydrox-
ylase (DBH) gene,® mtDNA sequences
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were again amplified by mismatch prim-
ing and confirmed by Southern hybrid-
ization. Furthermore, a case of ‘‘cross-
species” mismatched amplification was
encountered. Following the strategy of
Bunzow et al. who isolated the rat
dopamine D2 receptor (DRD2) cDNA by
using the receptor family member ham-
ster B,-adrenergic receptor gene as a hy-
bridization probe, we employed the rat
DRD2 cDNA sequence to search for the
human homolog (Grandy et al.*? re-
ported the cloning of this gene as we be-
gan this stage of the project). Oligonu-
cleotide primers based on the rat DRD2
c¢DNA sequence were synthesized. One
of these cross-species primers amplified
a mtDNA sequence, which was con-
firmed with cloning and sequence anal-
ysis. These three cases demonstrate mis-
matched primer PCR of mtDNA and
strongly suggest the utility of checking
nucDNA STS primers against the mtDNA
sequence.

As an aid in designing nucDNA STS
primers to avoid competition with
mtDNA, we developed the computer
program OLIGFIND to analyze the olig-
onucleotide frequencies of the human
mtDNA sequence. We have also used the
primer analysis computer program AM-
PLIFY®? to calculate primabilities and
stabilities for the primer-mtDNA mis-
match binding sites encountered in our
work. The ‘‘primabilities” are deter-
mined by giving decreasing weight to
matches from the primer’s 3’'-terminal
nucleotide to the 5' nucleotide. Stabili-
ties are calculated by consideration of
match run lengths. Although the derived
values for primability and stability can-
not be regarded as predictive, they are an
attempt to quantify primer mismatches.

Other factors, such as ionic strength
and composition, primer, and template
concentrations, contribute to the mis-
matched primer phenomenon. Recent
improvements in PCR protocols may
also aid in avoiding mismatch PCR. This
paper encourages gene mappers to give
heed to mtDNA in their efforts to study
nucDNA sequences.

MATERIALS AND METHODS

The 100-pl synaptophysin STS PCR con-
tained 500 ng (1.26 fM) of human ge-
nomic DNA, 200 pM of each dNTP, 2.5
units of Taq polymerase (Perkin-Elmer
Cetus) in 50 mm KCl, 10 mMm Tris-HCI
(pH 8.4), 1.5 mm MgCl,, 0.1% (wt/vol)
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gelatin, and 65 ng (100 pm) of each
primer: SP1, 5'-CTA TTT ATC TGT CTG
AGC CC-3' (bases 1044-1063);"* and
SP2, 5'-GTT GGT TCT GTC CTC CTA TT-
3’ (bases 2070-2051).¢'® The following
temperature profile was used: 94°C for 1
min; 58°C for 1 min; 72°C for 2 min, for
30 cycles.

The DBH STS PCR has been described
by Gelernter et al.® Briefly, the Perkin-
Elmer Cetus GeneAmp kit was used with
the buffers supplied; primer DB1, 5'-TCC
ACC CGT GGG CCC GA-3' (bases 770-
754);'® and primer DB2, 5'-cgc ccg ccg
CgC ccc cge ccc gt ccg ccg CCC €Cg CCC
cTG CAA AGA CAC AGT CAT-3’ (40-base
GC clamp plus bases 401-417).*® The
following temperature profile was used:
94°C for 1 min; 45°C for 1 min; 72°C for
1 min, for 30 cycles.

The DRD2 gene PCR used the Perkin-
Elmer Cetus GeneAmp Kit with the buff-
ers supplied and 500 ng (1.26 fm) of hu-
man placental DNA and 50 pm of the
D27 primer, 5'-CTT GCG GAA CTC GAT
GTT G-3’ (bases 1221-1203).*”> The fol-
lowing temperature profile was used:
92°C for 40 sec; 55°C for 30 sec; 72°C for
1.5 min, for 30 cycles, with final exten-
sion at 72°C for 5 min. Cloning in pUC18
followed standard protocols. The se-
quence of the cloned PCR product was
determined by the dideoxy method.*®

Restriction analysis of PCR products
followed the manufacturer’s recommen-
dations. Analysis of 22 singly restricted
genomic DNA digests (polyscreen filters)
has been described.'® Normal human
renal mtDNA was isolated by CsCl gradi-
ent centrifugation as described.® Wis-
consin GCG software,*” Intelligenetics
software, and the programs AMPLIFY®*V

and OLIGFIND were used for computer
analysis.

RESULTS AND DISCUSSION

Southern Blot and Computer
Analysis of PCR Products

Synaptophysin PCR Primers

PCR with primers SP1 and SP2, intended
to amplify sequences in the synapto-
physin gene, produced a single fragment
of the expected size (1026 bp; bases
1044-2070)'? from human genomic
DNA. Restriction analysis of the gel-iso-
lated product with BgllII produced the
fragments expected, 653 and 374 bp,
when viewed in a 2% agarose gel with
ethidium bromide and UV light.
Hybridization of the radiolabeled
PCR mixture to polyscreen filters pro-
duced intense signals overnight in dis-
crete bands (data not shown). Intense
signals after an overnight incubation at
—70°C on a Southern blot of genomic
DNA are usually not expected when
searching for a single-copy gene or STS.
Repetitive sequences might be responsi-
ble; however, smears but not single
bands would be expected in that case. An
apparent polymorphism demonstrated a
pattern consistent with maternal inher-
itance (Fig. 1). The intense signals and
maternal inheritance encouraged us to
investigate possible mtDNA amplifica-
tion. Comparison of the Southern blot
autoradiograph of the radiolabeled PCR
mixture with that of CsCl-banded hu-
man mtDNA hybridization to polyscreen
filters confirmed the presence of mtDNA
amplification products (Fig. 2). The 1-
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FIGURE 1 Pedigree of a mtDNA polymorphism detected by labeled PCR product with synapto-
physin gene primers. This pedigree shows the segregation pattern of a polymorphism for Mspl
typed on a section of the Old Order Amish pedigree 110.'® Solid symbols represent those
individuals missing the Mspl site. Clearly, the segregation pattern is that of maternal inheritance,
thus pointing to a mtDNA polymorphism detected by nucDNA primers.
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FIGURE 2 Labeled PCR reaction detects
mtDNA Mspl restriction fragments in ge-
nomic DNA. (Left) Mspl-digested human ge-
nomic DNA probed with unpurified, restric-
tion digest-confirmed, labeled PCR product
from a reaction with genomic primers for the
synaptophysin gene. (Right) The same filter as
at left, after removal of PCR probe, and rep-
robing with labeled, CsCl-banded human
mtDNA. Genomic DNA from Old Order
Amish pedigree 110.7® Exposure durations:
PCR Product, 12 hr; mtDNA, 45 min.

kbp PCR product was gel-isolated, la-
beled, and hybridized to the polyscreen
filters. The 2213- and 2741-bp mtDNA
fragments, but not the 1241-bp mtDNA
fragment, were hybridized (data not
shown).

A WORDSEARCH analysis compared
primers SP1 and SP2 with the human
mtDNA sequence.’® The analysis re-
vealed a number of possible priming
sites on the mtDNA (Fig. 3a). All matches
with at least 3'-hexamer identity were
noted, Two sites, each with 3'-octamer
identity, could lead to a 1 kbp PCR prod-
uct (Table 1). A PCR product resulting
from primers binding to these sites
would hybridize to the 2213- and 2741-

bp fragments revealed in Figure 2. In
addition, a linearly amplified, single-
stranded product from 14596L (or
14254L; see Fig. 3a) could be extended
onto the 1241-bp Mspl fragment (12123-
13364). MtDNA is not restricted by Bg/II,
and Bglll apparently completely re-
stricted the gel-isolated 1-kbp PCR prod-
uct. Because no uncut product was evi-
dent at the level of sensitivity of
ethidium bromide fluorescence, the
mtDNA products must have been in rel-
atively low abundance compared with
the nucDNA product. We believe that
the mtDNA products were probably sin-
gle-stranded polynucleotides resulting
from binding of the SP2 primer to the
site at 14596L. Gel isolation of the PCR
product eliminated long single-stranded
mtDNA products extending onto the
1241-bp Mspl fragment.

DBH PCR Primers

PCR with the DBH primers generated a
single fragment of the expected size (410
bp, 40 base GC clamp plus 370 bp, bases
401-770)*®  from human genomic
DNA. Restriction analysis of the gel-iso-
lated product with Sacl resulted in frag-
ments of 325 and 85 bp, also as antici-
pated. However, hybridization of the
gel-isolated 410-bp PCR product to poly-
screen filters produced intense signals
overnight, as well as a Banll RFLP (Fig. 4,
left). In light of the data from the synap-
tophysin  experiment, this finding
alerted us again to possible mtDNA am-
plification. The mtDNA origin of the
fragment hybridized by the PCR product
was confirmed with labeled CsCl-banded
human mtDNA (Fig. 4, right). MtDNA is
not restricted by Sacl, and Sacl appar-
ently completely restricted the gel-iso-
lated 410-bp PCR product. Because no
uncut product was evident at the level of
sensitivity of ethidium bromide fluores-
cence, the mtDNA products must have
been in relatively low abundance com-
pared with the nucDNA product.

The primer sequences were also com-
pared with the mtDNA sequence by
WORDSFARCH. All matches with at least
3'-hexamer identity were found (Fig.
3b). A potential light-strand binding site
at 4425L (Table 1) could lead to a PCR
product involving the restriction frag-
ment from 3485 to 4431. However, the
only potential heavy-strand binding site
downstream of this light-strand binding
site is at 2407H, which would yield a

mtDNA PCR product of 2 kbp, and thus
is probably not recoverable with the gel-
isolated 410-bp PCR product. The results
shown in Figure 4 were apparently the
result of frequent binding of primer DB1
to the potential light-strand binding site
at 4425L and synthesis of variable-length
polydeoxynucleotides, some of which
were recovered along with the 410-bp
PCR product during gel isolation.

DRD2 PCR Primer

Our search for the human DRD2 gene
resulted in a 956-bp PCR product from
human placental DNA with the D27
primer. Sequence analysis of the cloned
PCR product revealed that the fragment
included portions of the 16S rRNA gene
and the NADH1 gene of human mtDNA.
The primer matches the mtDNA se-
quence*? at both ends of the amplified
fragment, the 3'-terminal decamer at
2995H, and the 3'-terminal nonamer at
3939L (Table 1). The cloned and se-
quenced fragment ostensibly contained
the entire primer on both ends.

MtDNA and Mismatch Priming

Ruano et al.*® described PCR as a pro-
cess with two components: (1) a target
screening phase in which the desired
DNA fragment is selected by primer
binding, and (2) an amplification phase
in which the desired DNA fragment copy
number increases geometrically. A
breakdown of the most important target
screening phase of the PCR process is il-
lustrated by continued mispriming of
mtDNA. We have demonstrated that
nucDNA primers can amplify mtDNA or
synthesize single-stranded mtDNA by
mismatch priming. Interestingly, se-
quence-confirmed geometric amplifica-
tion occurred with a single primer, D27
(Table 1). Because genomic amplifica-
tion with a single primer is gaining in
popularity,®*2% it is prudent to mini-
mize the possible binding of a nucDNA
STS primer to mtDNA.

It has been noted that a disadvantage
of PCR in analyzing transgenic organ-
isms is the occasional false positive.@®
MacQuitty suggested Southern blotting
as an adjunct to identify false positives.
However, caution is necessary. We have
shown here that mtDNA in Southern
blots can also create false positives. Au-
toradiographs that reveal hybridization
in a short time, or demonstrate apparent
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FIGURE 3 (a)Location of human mtDNA Mspl restriction fragments hybridized by labeled aliquot of PCR reaction using synaptophysin primers,
with possible priming sites indicated. The primer sequences were compared with the mtDNA sequence by WORDSEARCH.'” All matches with at
least 3"-hexamer identity are indicated; numbering refers to the 3’ end of the putative binding site. (b) Location of human mtDNA Banll restriction
fragment hybridized by labeled gel-isolated PCR product using DBH primers, with possible priming sites indicated. The primer sequences were
compared with the mtDNA sequence by WORDSEARCH."'” All matches with at least 3'-hexamer identity are indicated; numbering refers to the 3’

end of the putative binding site.

maternal inheritance, should be noted
and the possibility of mtDNA amplifica-
tion ruled out. Because the concentra-
tion of contaminating mtDNA is high in
a genomic DNA isolation (unless the
nucDNA is purified further by CsCl
banding), there can be enough single-
stranded mtDNA sequences synthesized
to hybridize to and reveal the mtDNA
fragments on a blot. The mtDNA-derived
products will probably not show up on
an ethidium bromide gel check of the
PCR reaction and may be recovered with
an expected PCR product during gel iso-
lation, as in the DBH experiment. Some
single-stranded mtDNA products can
also be eliminated during the gel isola-
tion of a PCR product, as in the synapto-
physin experiment.

It is particularly cogent to note that
the annealing/melting temperatures of
the primer-mtDNA mismatches identi-
fied in this paper are well below the an-
nealing temperatures used in the PCRs
(Table 1). Given the large molar surplus
of primers used in PCR, kinetics strongly
favor primer binding to mtDNA tem-
plate, in spite of the annealing tempera-
tures used during PCR. Thus, mtDNA of-
fers an effective competitor of the prim-
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er-to-nucDNA or primer-to-new strand
binding reaction.

Mathematics of NucDNA Primer PCR of
MtDNA and the Program OLIGFIND

Primers constructed for nucDNA STS
PCR should be compared with the
mtDNA sequence to ensure that the 3’
terminus is not complementary to a
mtDNA sequence. Single pentamer
primers are used to create amplification
fingerprints of soybeans.?” In the cases
described above, 3’-octamer comple-
mentarity resulted in mismatch priming
of human mtDNA. A reasonable number
of possibilities of nonbinding oligomers
on mtDNA can be constructed from the
4096 (4°) possible hexamers of A, C, G,
and T.

Of these 4096 hexamers, 104 are not
found in mtDNA (Table 2), that is, 3992
do occur. With 33,138 nucleotides
(16,569 per strand) in human mtDNA,
the average number of times any one
hexamer occurs in mtDNA is about eight
(33138/3992). If we judge that the termi-
nal 3’-hexamer binding is sufficient for
primer-directed synthesis, the probabil-
ity that any two nucDNA STS primers

will bind to mtDNA in a fashion leading
to PCR is 1/64. That is, (0.97)(1/2)(1/2)
(1/16) = 0.97/2° = 0.97/64 ~ 1/64,
where 0.97 is the probability of a primer
binding mtDNA (3992/4096), 1/2 is the
probability of second primer binding to
opposite strand, 1/2 is the probability of
binding downstream of the first primer,
and 1/16 is the probability of the second
primer binding the opposite strand
within 1000 nucleotides of the first
primer (an arbitrary separation limit for
an efficient PCR reaction). However, as
shown in this paper, geometric amplifi-
cation is not necessary for competition
by mtDNA for nucDNA STS primers to
yield spurious results. Single-stranded
synthesis of mtDNA can also confound
the gene mapper. Theoretically, more
mtDNA product than nucDNA product
will be produced if <14 PCR cycles are
run. The following four assumptions are
made in this case:

1. Primer binds equally to mtDNA
and nucDNA templates.

2. Both nucDNA homologs are
bound.

3. MtDNA template is not bound in
PCR orientation.
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TABLE 1 Match Characteristics of MtDNA Mismatch Priming Sites

Percent Percent
Primer Match primability® stability* T,° PCR T
SP1 S"-CTATTTATCTGTCTGAGCCC-3’
e e e
mtDNA  3'-TATGTGTTTGCGGACTCGGG-5'
13542 ¢ 13561
14596 1461585
mtDNA 5’ -AATAGGAGAAGGCTTAGAAG-3’
B T
SP2 3'"-TTATCCTCCTGTCTTGGTTG-5"
4425 4441
mtDNA  §'-TCGGGCCCATACCCCGA-3"’
I B0 m
DB1 3'-AGCCCGGGTGCCCACCT-5"
D27 S -CTTGCGGAACTCGATGTTG- 3’
I w0 s
mtDNA 3’ -CAAATGCTGGAGCTACAAC-5"'
2977 2995
3939 3959
mtDNA  5'-CAACATCGAATACGCCGCAGG-3'
L e s
D27 3'-GTTGTAGCTCA . . AGGCGTTC-5’

#Calculated by AMPLIFY.
PAT match = 2°C; GC match = 4°C.
‘Numbering from Ref. 19.

4. MtDNA single gene copy per cell/
nucDNA single gene copy per
cell = 10%. If mtDNA products ac-
cumulate as n, where n = number
of cycles, and nucDNA products
accumulate as 2", then mtDNA
product/nucDNA  product s
1000n : 2. At n = 13, this ratio is
13,000: 8192 and at n = 14 it is
14,000 : 16,384. Therefore, mtDNA
product > nucDNA product for
n<14.

Theoretically, in a normal 30-round
PCR, 2%° ~ 1(10°) copies of nucDNA
products per cell are produced, whereas
30,000, or 3(10*, copies of single-
stranded mtDNA products per cell are
produced; therefore, mtDNA copy/
nucDNA copy ~ 3(10™3). The mtDNA/
nucDNA single gene copy ratio on the
blot is presumably the same as in the
PCR template sample, or 10°:1. At a
1000-fold abundance over nucDNA sin-
gle copy gene sequences, hybridization
to mtDNA sequences can create strong

signals. This was seen especially in the
synaptophysin search, where single-
stranded mtDNA products hybridized to
the mtDNA fragments on the blot, in
spite of being reduced in abundance by
gel isolation of a discrete double-
stranded fragment. Intense signals re-
sulted after only 12 hr of exposure.

To reduce the probability of competi-
tion by mtDNA for nucDNA STS primers,
we developed the computer program
OLIGFIND, which is used to find the ex-
act occurrence of n-mers in a given se-
quence, where n is chosen by the user to
be between S and 10. The program’s out-
put contains a count of the number of
n-mers not occurring in the input strand
and in the complementary strand. This
is followed by a list of locations of those
n-mers occurring one time in one strand
and not in the other—two times, three
times, and so on, up to the number of
times specified.

In addition, OLIGFIND allows the
user to specify a list of primers that are
then tested for the possibility of produc-
ing PCR products from the given input

sequence. A good primer is one that oc-
curs exactly once in each strand of the
sequence, and with the two locations be-
ing within a specified number of base
pairs.

The utility of this program lies in the
simplicity and usefulness with which it
alerts the user to possible PCR products
and single-stranded extension products
from mtDNA that can yield misleading
results. Some of the newer techniques
for enhancing specificity of PCR, for ex-
ample, preamplification heating®® and
heat-soak PCR,®® may also be helpful in
preventing the potential difficulties re-
sulting from mtDNA contamination of
genomic DNA isolates.

OLIGFIND runs on PC computers and

FIGURE 4 Labeled gel-isolated 410-bp PCR
product detects mtDNA Banll restriction frag-
ments in genomic DNA. (Left) Banll-digested
human genomic DNA probed with labeled,
gel-isolated PCR product, from a reaction with
genomic primers for the DBH gene. (Right)
The same filter as at left, after removal of PCR
probe, and reprobing with labeled, CsCl-
banded human mtDNA. Shown are genomic
DNA of individual 6, individuals 7 and
10,?Y individuals 8 and 9.%®® Exposure dura-
tions: PCR product, 12 hr; mtDNA, 45 min.
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TABLE 2 Hexamers Not Found in Human MtDNA

No. Hexamer No. Hexamer No. Hexamer No. Hexamer No. Hexamer
103 AACGCG 142 AAGATC 190 AAGTTC 282 ACACGC 283 ACACGG
364 ACCGGT 391 ACGACG 412 ACGCGT 436 ACGTAT 442 ACGTGC
566 AGATCC 567 AGATCG 568 AGATCT 610 AGCGAC 621 AGCGTA
796 ATACGT 1130 CACGGC 1135 CACGTG 1321 CCAGGA 1387 CCCGGG

1433 CCGCGA 1434 CCGCGC 1468 CCGTGT 1561 CGACGA 1562 CGACGC

1571 CGAGAG 1575 CGAGCG 1591 CGATCG 1592 CGATCT 1633 CGCGAA

1634 CGCGAC 1635 CGCGAG 1637 CGCGCA 1639 CGCGCG 1641 CGCGGA

1648 CGCGTT 1651 CGCTAG 1655 CGCTCG 1670 CGGACC 1682 CGGCAC

1686 CGGCCC 1698 CGGGAC 1718 CGGTCC 1734 CGTACC 1753 CGTCGA

1754 CGTCGC 1756 CGTCGT 1762 CGTGAC 1770 CGTGGC 1786 CGTTGC

1831 CTAGCG 1890 CTCGAC 1895 CTCGCG 1911 CTCTCG 1954 CTGGAC

2080 GAACTT 2146 GACGAC 2202 GAGCGC 2265 GATCGA 2266 GATCGC

2272 GATCTT 2311 GCAACG 2332 GCACGT 2375 GCCACG 2415 GCCGTG

2439 GCGACG 2446 GCGATC 2438 GCGCGC 2459 GCGCGG 2462 GCGCTC

2487 GCGTCG 2492 GCGTGT 2583 GGACCG 2616 GGATCT 2711 GGGCCG

2759 GGTACG 2775 GGTCCG 2887 GTCACG 2898 GTCCAC 2899 GTCCAG

2903 GTCCCG 2914 GTCGAC 2915 GTCGAG 2919 GTCGCG 2920 GTCGCT

2926 GTCGTC 2967 GTGCCG 2978 GTGGAC 3176 TACGCT 3337 TCAAGA

3401 TCCAGA 3431 TCCGCG 3451 TCCTGG 3463 TCGACG 3470 TCGATC

3481 TCGCGA 3483 TCGCGG 3511 TCGTCG 3561 TCTGGA 3577 TCTTGA

3685 TGCGCA 3687 TGCGCG 3781 TGTACA 3943 TTCGCG

Identified by the program OLIGFIND, which searches both strands of the human mitochondrial genome for each of the 4096 hexamers.

can be obtained from the authors via
e-mail using anonymous FTP, with a bi-
nary transfer mode. The file to transfer is
OLIGFIND.EXE, which resides on the
National Institutes of Health Helix
computer under the mail address
mbs helix.nih.gov, and is found in the
directory called mbs.

Although there are few rigorous pro-
grams or published studies that evaluate
mismatch priming errors, the AMPLIFY
program®V is useful in guiding the
worker in the design of primers. AM-
PLIFY determines the primability of a
primer on a target sequence by giving
decreasing weight to matches from the
primer’s 3'-terminal nucleotide to the 5’
nucleotide. Stabilities are calculated by
consideration of match run lengths, that
is, length of consecutive matches. Table
1 exhibits the range of primabilities and
stabilities determined by AMPLIFY for
the genomic primer-mtDNA mis-
matches realized in our studies. The AM-
PLIFY program assigns 59% of the match
weights to the 3'-terminal hexamer.

These programs are not definitive de-
vices to ensure the absence of mismatch
priming nor are they predictive of mis-
match priming. For instance, primer
SP1, with 80% primability and 43% sta-
bility on the mtDNA template, appar-

44 PCR Methods and Applications

ently did not yield mismatch primed ex-
tension products, but primer SP2, with
78% primability and 33% stability, did
(Table 1).

We have developed OLIGFIND to rap-
idly decipher potential genomic primer—
mtDNA mismatches. Use of the hexam-
ers not occurring in human mtDNA
(Table 2) provides a strategy to quickly
design primers for human STS construc-
tion with a minimal likelihood of
mtDNA interference. As more STSs are
developed for a genome, contaminating
mtDNA may become more of a problem
in defining new STSs and STS primers
may become limited by the codon usage
of the organism. Incorporating these 104
hexamers onto the 3’ end of human ge-
nomic STS primers will probably elimi-
nate competition from human mtDNA.
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