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Buffer components tailor DNA amplification with arbitrary primers.
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Molecular markers for genetic mapping,
bulked segregant analysis, and general
DNA fingerprinting of anonymous ge-
nomes can be generated easily by DNA
polymerase-directed amplification with
arbitrary oligonucleotide primers.‘~®
Several multiple arbitrary amplicon pro-
filing (MAAP)® techniques have been
used for this purpose, including random
amplified polymorphic DNA (RAPD)
analysis™” and DNA amplification fin-
gerprinting (DAF).® MAAP markers can
be used in breeding as amplification-
based DNA diagnostic tools with the po-
tential of analyzing thousands of plant
or animal individuals. Many amplifica-
tion parameters influence the MAAP re-
action.”* In the PCR, the stringency of
amplification can be adjusted by opti-
mizing ionic components.® This facili-
tates automation under a uniform tem-
perature regimen. The influence of ionic
components on MAAP has not been es-
tablished, often resulting in the use of
different parameters (like magnesium
levels) in the amplification of templates
with varying complexities.® For exam-
ple, consistent fingerprints can be ob-
tained with relatively low levels of mag-
nesium (~1.5 mwm) for templates of high
complexity but higher levels (~6 mm)
are required in the amplification of low-
complexity genomes.” Similarly, some
primers require different amplification
stringencies for optimal performance. Fi-
nally, different eubacterial DNA poly-
merases result in variant finger-
prints,>”® an observation that can also
be assigned to the recomm~nded use of
different enzyme buffers. Herr, we ex-
plore the influence of different buffer
components on the DAF reaction and
their ability to tailor fingerprint pattern.

MATERIALS AND METHODS

We studied the interaction of amplifica-
tion buffer components and magnesium
(as MgCl, and MgSO,) using two
primer-template combinations, soybean
(Glycine max L.) cv. Bragg DNA with
primer CCGAGCTG and nematode Het-
eroderqa  glycines DNA with primer
GTAACGCC. Nematode race 3 juveniles
were isolated from soybean cv.
Hutcheson. DAF reactions (20 ul) con-
taining 3 wM primer, 200 pM of each
deoxynucleoside triphosphate, and ~0.1
and 1 ng/pl of soybean or nematode
DNA, respectively, were initially op“i-
mized with 0.3 U/ul of Stoffel enzyme
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(Perkin-Elmer Cetus, Norwalk, CT), a
truncated derivative of Thermus aquati-
cus DNA polymerase, as described previ-
ously ® and amplified in 35 cycles of 30
sec at 96°C, 30 sec at 30°C, and 30 sec at
72°C in a recirculating hot-air thermocy-
cler (Bios, New Haven, CT). Amplifica-
tion products were separated using poly-
ester-backed 5% polyacrylamide/urea
minigels® and stained with silver.(®
Wells were loaded with 3 pul of a 1:10
dilution of each amplification reaction
mixed with 3 pl of loading buffer (5 m
urea and 0.02% xylene cyanol FF) and
run at 100 V for ~80 min.

RESULTS AND DISCUSSION

Reproducible DNA patterns were ob-
tained with each of several formulations
representative of buffers from commer-
cially available DNA polymerases. Exper-
imental consistency was tested by elec-
trophoretic separation of undiluted DNA
amplification products so as to reveal
even the faint “tertiary’’ products (as de-
fined previously.)®® Routinely, diluted
reaction products are loaded in the gels.
Reproducible DAF profiles were gener-
ated from DNA obtained from replicate
soybean plants in independent experi-
ments done over a period of 6 months.
Similarly, repeated amplification of a
DNA sample rendered indistinguishable
fingerprints. Quantitative variation in
DAF patterns of soybean has been esti:
mated by scanning densitometry.®V In
these studies mobility and band inten-
sity was highly reproducible when inde-
pendently isolated or amplified DNA
samples were analyzed. Some variability
in band intensity was observed when a
single sample was silver-stained repeat-
edly.

Figure 1 shows profiles obtained from
nematode DNA amplified in the pres-
ence of either MgCl, or MgSO,. Al-
though the magnesium counterion used
had in some cases a profound effect on
fingerprint pattern, the use of MgSO, ap-
peared advantageous. Other cations,
such as Ca®™, Ba®", and Sr?*, interfered
with and failed to substitute for magne-
sium-mediated  amplification  (not
shown). Some formulations produced
products in the high- and low-molecu-
lar-weight range (cf. lane 5), others pro-
duced only products of low-molecular
weight (cf. lane 7), and some inhibited
amplification. The use of bovine serum
albumin (BSA) appeared to increase yield
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FIGURE 1 Influence of ionic components on DAF profiles. Nematode DNA was amplified using
different buffers (adjusted to pH 8.4) and 4 mM magnesium concentrations. Molecular mass

markers are given in kilobase pairs.

but interfered with silver staining. The
use of gelatin reduced yield and repro-
ducibility (not shown).

The inferred positive effects of Triton
X-100, KCl, and (NH,),SO, (observed in
Fig. 1) were studied further (Fig. 2). Tri-
ton X-100 in some buffer formulations
increased amplification yield (especially
when using MgSO,). However, increas-
ing Triton X-100 concentrations de-
creased the yields of products in the
high-molecular-weight range generated

Triton X-100 (%)

KCl (mM)

from MgCl,-mediated amplifications
(Fig. 2). Concentrations levels higher
than 0.5% were inhibitory. Reproducible
patterns were obtained with <20 mm KCl
and <16 mm (NH,),SO, concentrations
for nematode DNA, or <30 mwm KCl and
<24 mm (NH,),SO, for soybean DNA;
higher concentrations were inhibitory.
As observed in the PCR'® and within ob-
served limits, (NH,),SO, increased am-
plification stringency while KCI lowered
it. The use of MgSO, allowed amplifica-
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FIGURE 2 Effect of Triton X-100, KCI, and (NH,), SO, concentrations on DAF of nematode DNA.
Default concentrations were 0.1% Triton X-100, 20 mm Tris-HCI, 10 mM KCl (ammonium opti-
mization shown uses buffers without KCl), and no (NH,), SO,. Experiments shown were done
using 4 mM MgCl,, and buffers were adjusted to pH 8.4. Molecular mass markers are given in
kilobase pairs.

60 PCR Methods and Applications

tion in the presence of ~50% higher am-
monium levels. The presence of KCI had
the opposite effect, decreasing the con-
centrations allowed by half (Fig. 1; data
not shown).

Optimization resulted in three candi-
date buffer formulations that used
MgSO, and increased yield and molecu-
lar weight range of products amplified:
TTNK10 (20 mm Tris-HCI, 0.1% Triton
X-100, 4 mM (NH,),S0, and 10 mm
KCl), TTK10 and TTK30 (20 mm Tris-HCl,
0.1% Triton X-100, and 10 muM or 30 mM
KCl, respectively). In a set of experi-
ments, soybean and nematode DNA
were amplified in the presence of 4 mm
MgSO, using these buffer formulations.
Figure 3A shows the effect of pH on the
amplification of nematode DNA when
using two of these buffers. While higher
pH decreased amplification efficiency of
TTK10, buffer TTNK10 was tolerant of
pH variation. Buffer TTK30 behaved
much like TTK10. Similar results were
obtained with soybean DNA. These buff-
ers tolerated wide changes in magne-
sium concentration, and their activity
was independent of template complex-
ity. As an example, Figure 3B shows con-
sistent amplification of soybean DNA us-
ing TTK30 over a wide range of
magnesium concentrations. DNA pro-
files exhibiting high yield of low-molec-
ular-weight products were also obtained
using 10-20 mu tricine as amplification
buffer (not shown). Despite optimiza-
tion, our formulations did not produce
adequate DAF profiles with other DNA
polymerases. In fact, optimized buffers
had a deleterious effect on the activity of
some enzymes (like Vent, DNA poly-
merase, New England Biolabs, Beverly,
MA), probably because optimized condi-
tions depart even farther from those re-
quired for their optimal activity and
specificity. This argues against a ‘‘con-
sensus’’ buffer for enzymes of different
sources.

Our results show that buffer compo-
nents can be important determinants of
DAF pattern, favoring in some instances
the amplification of high- or low-molec-
ular-weight products. DNA fingerprint-
ing studies should make use of these tai-
loring possibilities. DAF profiles from
organisms ranging from M\ phage to
mammals can be reproducibly generated
with our selected buffer formulations us-
ing a uniform 4 mm MgSO, concentra-
tion and uniform temperature regimen.
In particular, buffer TTNK10 has been
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FIGURE 3 Influence of pH and MgSO, con-
centration on DAF profiles. (4) Effect of pH on
the amplification of nematode DNA in the
presence of 4 mM MgSO,, using TTNK10 and
TTK10 buffer formulations adjusted to the in-
dicated pH. (B) Effect of MgSO, concentration
on the amplification of soybean DNA using
TTK30 adjusted to pH 8.6. Molecular mass
markers are given in kilobase pairs.

widely used for reproducible amplifica-
tion of these templates with minihairpin
oligonucleotide primers."® Optimized
buffers will facilitate automation analy-
sis of DNA for genome identification,
construction of DNA marker data bases,
and diagnostic applications.
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