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Genomic Fingerprinting by 
M icrosatel l i te-primed PCR: 

A Critical Evaluation 

Kurt Weising, 1'2 Ross G. Atkinson, 3 and Richard C. Gardner 1 

1Centre for Gene Technology, School of Biological Sciences, University of Auckland, Auckland, New Zealand; 2Plant Molecular 
Biology Group, Biozentrum, Johann Wolfgang Goethe University, D-60439 Frankfurt, Germany; 3The Horticulture and Food 

Research Institute of New Zealand Ltd., Mt. Albert, Auckland, New Zealand 

Single PCR primers complementary 
to microsatellite repeats were used 
to amplify genomic DNA samples 
from various plant species, as well as 
from human, yeast, and Escherichla 
coil DNA. Most primers generated 
distinct amplification products, re- 
sulting in fingerprint-like banding 
patterns after agarose gel electro- 
phoresis and ethidium bromide 
staining. These fingerprints allowed 
distinction among different plant 
taxa at an interspeciflc as well as in- 
traspeciflc level. Unexpectedly, some 
of the primers produced bands with 
the E. coli template DNA as well. A de- 
tailed examination of the influence 
of PCR conditions, especially the an- 
nealing temperature, on the quality 
of banding patterns suggested that 
the majority of bands were gener- 
ated by mismatch priming in a way 
similar to random amplified poly- 
morphic DNAs (RAPDs). 

I n  recent years numerous strategies 
have been developed to visualize DNA 
polymorphisms by PCR. One approach 
involves the amplification of anony- 
mous DNA fragments using arbitrary 
GC-rich primers, the separation of the 
amplified fragments on agarose or poly- 
acrylamide gels, and their detection by 
ethidium bromide or silver staining. 
This technique, known as random am- 
plified polymorphic DNA (RAPD) analy- 
sis, ~,2~ arbitrarily primed PCR (AP- 
PCR),~3~ or DNA amplification 
fingerprinting (DAF) ~4~ is fast and easy to 
perform, requires no prior sequence in- 
formation, and is therefore immediately 
applicable to any species of interest. Dis- 
advantages, however, include the domi- 
nant segregation behavior of RAPD 
bands, which does not allow discrimina- 
tion between homo- and heterozygous 
states, ~2~ as well as the high sensitivity of 
the banding patterns to slight changes in 
reaction conditions, causing reproduc- 
ibility problems. ~s-7~ 

A second approach makes use of the 
presence of high copy numbers of inter- 
spersed repeats in many eukaryotic ge- 
nomes. In a technique termed AIu-PCR, 
primers complementary to members of 
the human-specific Alu family of repeats 
were exploited to amplify unique DNA 
sequences between adjacent Alu re- 
peats. ~8~ PCR fragments generated by 
Alu-PCR were often found to be poly- 
morphic ("alumorphs"), and inherited 
in a Mendelian fashion. ~9) The principle 
of inter-repeat PCR has been adapted to 
other kinds of interspersed repeats 
found in humans as well as in other or- 
ganisms. ~176 In contrast to RAPDs, 

more stringent annealing conditions can 
be applied. However, sequence informa- 
tion is needed to generate repeat-specific 
primers. 

Still another increasingly popular 
strategy of generating PCR-based molec- 
ular markers is targeted at microsatel- 
lites, that is, tandem repeats of short se- 
quence motifs (mainly 2-4 nucleotides), 
which are ubiquitous constituents of eu- 
karyotic DNA.~12' 13~ Individual microsat- 
ellites often show a "variable number of 
tandem repeats." Such polymorphism 
can be visualized by PCR with a pair of 
locus-specific flanking primers, electro- 
phoresis of the amplification products, 
and detection by autoradiography, stain- 
ing, or fluorescence. Microsatellites rep- 
resent almost optimal markers: They are 
polymorphic within populations, highly 
abundant and evenly dispersed through- 
out eukaryotic genomes, inherited in a 
codominant fashion, and fast and easy 
to type. ~ However, a major disad- 
vantage is that sequence information is 
needed to design flanking primers. 
Whereas a few informative primer pairs 
may be derived from data base entries, 
the usual strategy is to screen genomic 
libraries with appropriate probes, fol- 
lowed by sequencing of positive clones. 
The requirement for cloning and se- 
quencing makes the generation of PCR- 
based microsatellite markers time-con- 
suming and expensive, limiting the 
large-scale use of this approach to a few 
important species. ~ 

Recently, a PCR strategy was intro- 
duced that combines elements of Alu- 
PCR, microsatellite, and RAPD analy- 
sis. ~176 In this approach microsatellite- 
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complementary oligonucleotides serve 
as single primers. If inversely repeated 
microsatellites are located within an am- 
plifiable distance of one another, the in- 
ter-repeat sequences are amplified. Sepa- 
ration of the resulting amplification 
products on agarose gels followed by 
ethidium bromide staining allowed dif- 
ferentiation of strains and serotypes of 
the human fungal pathogen Cryptococcus 
neoformans, ~ and identification of a 
new whitefly species. (2~ The principle of 
this technique was subsequently applied 
to some other fungi(2~)and to one higher 
plant species, Phragmites australis. (22) In 
a related approach, 5'- or 3'-anchored CA 
repeats served as single PCR primers, and 
the amplification products were sepa- 
rated on polyacrylamide gels. (23) Com- 
plex, fingerprint-like patterns were ob- 
tained that revealed interspecific as well 
as intraspecific polymorphisms from a 
variety of eukaryotic taxa. (z3) 

Meyer and colleagues~ 
that microsatellite-primed PCR com- 
bined some advantages of RAPD analysis 
(i.e., no need for sequence information), 
and of "standard" microsatellite analysis 
(i.e., use of high-stringency annealing 
conditions, leading to more reproduc- 
ible banding patterns). To our knowl- 
edge, however, the latter prediction has 
not been tested rigorously so far. In the 
present paper, we used 19 different un- 
anchored oligonucleotides (representing 
di-, tri-, and tetranucleotide repeats) to 
(1) test the applicability of microsatel- 
lite-primed PCR for different areas of ge- 
netic analysis, and (2) to monitor the 
sensitivity of the technique to various re- 
action conditions. 

MATERIALS AND METHODS 
Plant and DNA Material 

Leaf material from different accessions 
of Actinidia chinensis, A. arguta, A. setosa, 
A. chrysantha, and A. deliciosa was ob- 
tained from Hort Research Orchards, Te 
Puke, New Zealand. Tomato (Lycopersi- 
con esculentum) plants were grown at the 
University of Auckland. Genomic DNA 
samples were kindly supplied by D. Love 
(human DNA), C. MacDiarmid (yeast 
DNA), S. Ledger (apple and Arabidopsis 
DNA) (all from the University of Auck- 
land, New Zealand), and M. Connett (P/- 
nus radiata DNA) (Tasman Forestry, Ro- 
torua, New Zealand). Escherichia coli 
DNA was purchased commercially. 

DNA Isolation 

Genomic DNA was isolated from Ac- 
tinidia and tomato leaves according to a 
modified cetyltrimethylammonium bro- 
mide (CTAB) procedure. (24) DNA con- 
centrations were determined electro- 
phoretically using known amounts of 
DNA as standards. (2s) For PCR, DNA sam- 
ples were diluted to 10 ng/i~l. 

Microsatellite-primed PCR 

Oligonucleotide primers complemen- 
tary to microsatellite repeats (Table 1) 
were purchased commercially and di- 
luted to 10 pM/~l in TE buffer. Unless 
stated otherwise, PCR was performed in 
25-~1 reaction volumes containing 20 
mM Tris-HCl (pH 8.4); 50 mM KC1; 1.8 
mM MgClz, 0.2 mM of each dATP, dCTP, 
dGTP, and dTTP; 0.4 ~M primer (= 10 
pM/reaction); 0.06 U/~l of Taq DNA poly- 
merase (GIBCO-BRL); and 50 ng of tem- 
plate DNA. In some experiments, 3 mM 
magnesium acetate was included. (19'zl) 
Reactions were overlayed with two drops 
of mineral oil. The temperature regime 
suggested by Meyer et al. (10'21) was fol- 
lowed: After initial denaturation (94~ 2 
min), PCR was run for 40 cycles each 
consisting of a 94~ denaturing step (20 
sec), an annealing step at various tem- 
peratures depending on the experiment 
(60 sec), and a 72~ elongation step (20 
sec) in a Techne PHC-3 thermocycler. At 
the end of the run, a final extension pe- 
riod was included (72~ for 6 min). Sam- 
ples were separated on 1.4% agarose gels 
in TBE buffer (2s) and stained with ethid- 
ium bromide. 

RAPD Analysis 

RAPD analysis with arbitrary 10-mer 
primers (Operon, Alameda, CA) was per- 

formed by a modification of the method 
of Yu and Pauls (as) (G. Gill, pers. 
comm.). Reaction mixtures were as de- 
scribed for microsatellite-primed PCR 
except for the concentrations of MgCI2 
(2.5 mM) and Taq DNA polymerase 
(0.025 U/i~I). PCR was run for 38 cycles, 
each consisting of a 94~ denaturing 
step (5 sec), a 35~ annealing step (30 
sec), and a 72~ elongation step (20 sec) 
in a Techne PHC-3 thermocycler. At the 
end of the run, a final extension period 
was included (72~ for 6 min). In some 
experiments, the same amplification 
conditions as detailed for microsatellite- 
primed PCR were used. Samples were 
separated on agarose gels as described 
above. 

Cloning and Sequencing of PCR 
Products 

Total PCR products of selected primer/ 
template combinations were cloned as 
described. (29) In short, PCR products 
were purified through a Magic PCR col- 
umn (Promega Laboratories), blunt- 
ended with E.coli DNA polymerase I Kle- 
now fragment, phosphorylated with 
polynucleotide kinase, and ligated into 
the EcoRV site of a dephosphorylated 
pBluescript vector (Stratagene). Ligation 
products were transformed into heat 
shock-competent DH5~ cells, and posi- 
tive clones identified by blue/white 
screening. Plasmids were isolated ac- 
cording to standard procedures (2s) and 
sequenced by the dideoxynucleotide 
chain termination method (3~ using an 
Applied Biosystems 373A DNA se- 
quencer. 

Hybridization Experiments 

In some experiments, agarose gels with 

TABLE 1 Primers Used 

Melting 
Basic motif Primer sequence temperature (~ 

Dinucleotide (GT)s, (GA)s 48 
Trinucleotide (TAA) s 30 

(GTG) s, (CAG)s, (TCC)s, (CGA)s 50 
(CAA) s, (CAT) s , (ETA) s , (GAA) s 40 

Tetranucleotide (GACA)4, (GGAT)4, (CCTA)4, 48 
(GATA)4, (GAAT)4, (GT-FA)4, (CATA)4 40 
(TAAA)4 32 

The melting temperature was calculated according to the Wallace rule (2~ for each AT pair, 4~ 
for each GC pair). 26'27 See text for annealing temperatures used in the PCR experiments. 
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PCR products were blotted onto nylon 
membranes (Hybond Nfp, Amersham) 
and hybridized to 32P-endlabeled oligo- 
nucleotide probes. Probe labeling with 
polynucleotide kinase, blotting, hybrid- 
ization, washing, and autoradiography 
were essentially done as described. ~31~ 

RESULTS 
Analysis of PCR Products from Di-, 
Tri-, and Tetranucleotide Repeat 
Primers 

PCR with unanchored, microsatellite- 
complementary oligonucleotides as sin- 
gle primers was reported to produce PCR 
fingerprints from genomic DNA of two 
whitefly, several fungal, and one plant 
species so far. (19-22~ To examine the gen- 
eral applicability of this method, we 
tested a range of 19 different oligonucle- 
otides representing di-, tri~ and tetranu- 
cleotide repeats as PCR primers for the 
analysis of genomic DNA from different 
organisms. We also examined in some 
detail the influence of PCR conditions 
on the banding patterns obtained. Prim- 
ers are listed in Table 1, together with 
the melting temperature deduced from 
the "Wallace rule," that is, 4~ for every 
GC pair, and 2 ~ for every AT pair. ~26'27~ 

We first tested the full set of primers 
with tomato and A. chinensis template 
DNA (Fig. 1). PCR conditions were as de- 
scribed in Materials and Methods, except 
for the presence of 1.4 mM instead of 1.8 
mM MgC12. Two different annealing tem- 
peratures were used: 50~ for primers 
with 50% and more GC, and 40~ for 
primers with ~50% GC. We observed 
three different types of amplification 
product patterns (Fig. 1). First, distinct 
PCR fingerprints were produced by all 
GC-rich trinucleotide and all tetranucle- 
otide repeats [except for (TAAA) 4, see be- 
low]. These primers usually yielded 1-20 
bands in a molecular mass range of 0.3-2 
kb. Second, all dinucleotide repeats and 
some AT-rich (i.e., ~66% AT) trinucle- 
otide repeats resulted in a smear rather 
than discrete bands. Third, primers with 
100% AT content did not yield any prod- 
ucts under the chosen PCR conditions, 
possibly because of premature dissocia- 
tion of the primer/template complex 
(data not shown). No amplification 
products occurred in the absence of tem- 
plate DNA (negative control). Because a 
given primer produced fairly consistent 
types of amplification products with 

FIGURE 1 PCR products obtained by different microsatellite-complementary oligonucleotides as 
single primers using tomato and A. chinensis DNA as a template. Annealing temperatures were 
40~ for primers with ~50% GC, and 50~ for primers with 50% GC and more. (Lane M) 
Molecular weight marker: 1-kb ladder (GIBCO-BRL). 

both investigated templates, primer se- 
quence and length appear to be the main 
determinants of the type of amplifica- 
tion products obtained. 

Microsatellite Repeats are not 
Enriched in Microsatellite-primed 
PCR Products 

Different types of microsatellites are fre- 
quently found intermingled with each 
other. ~1s-18~ Therefore, we reasoned that 
DNA fragments amplified by microsatel- 
lite-primed PCR might harbor additional 
simple repeats between the primer bind- 
ing sites. If this were the case, microsat- 
ellite-primed PCR could serve as an easy 
method for the identification of addi- 
tional microsatellites and their locus- 
specific flanking regions. We took two 
approaches to test this assumption. First, 
we cloned and sequenced selected mi- 
crosatellite-primed PCR products ampli- 

fied from the tomato and A. chinensis ge- 
homes. However, the sequence of eight 
fragments obtained from different prim- 
ers did not reveal any internal repeat 
structure in a total of -2000 nucleotides. 
Second, we hybridized Southern blots of 
microsatellite-primed PCR products to 
selected, radiolabeled oligonucleotides 
complementary to the same, or a differ- 
ent, motif. Because microsatellites are 
not expected to be enriched in RAPD 
fragments, Southern blots of RAPD prod- 
ucts generated by arbitrary 10-mer prim- 
ers served as controls. Using (GTTA)4 as a 
probe, only (GTTA)4-amplified frag- 
ments hybridized, that is, there were no 
(GTTA)n repeats present in PCR products 
from other primers. The same was true 
for other 3- and 4-base repeats used as 
probes. In contrast, rehybridization of 
the blots to dinucleotide repeat probes 
(GT) 8 or (GA)8 resulted in strong and dis- 
tinct signals in almost all lanes (data not 
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shown). As these signals did not corre- 
spond to the ethidium bromide staining 
patterns, they most likely reflect minor 
amplification products carrying micro- 
satellite repeats. Bands with similar in- 
tensities were, however, also observed in 
control experiments hybridizing (GT)8 
or (GA)8 to a blot with RAPD products 
generated from operon primers. Taken 
together, the sequencing and hybridiza- 
tion results indicated that dinucleotide 
and other repeats are not particularly en- 
riched in the amplification products 
generated by microsatellite-primed PCR. 
Hybridization of microsatellite-comple- 
mentary probes to Southern blots of 
RAPDs may nevertheless serve as an ad- 
ditional source for polymorphic markers 
(T. Richardson, R.C. Gardner and K. 
Weising, in prep.). 

Microsatellite-primed PCR Detects 
Interspeciflc and Intraspeciflc 
Variation in Actinidla species 

Next, we investigated whether microsat- 
eUite-primed PCR allowed detection of 
interspecific and/or intraspecific poly- 
morphisms in different species, varieties, 
and accessions of the genus Actinidia. 
The same set of accessions was also ex- 
amined with arbitrary 10-mer primers 
using the RAPD conditions of Yu and 
Pauls. (28) Results obtained with (GTTA)4 
and the operon primer AQ-5 are shown 
in Figure 2, A and B, respectively. With 
both techniques and all tested primers, a 
considerable number of intraspecific 
and interspecific polymorphisms were 
observed. As expected, the similarity of 
banding patterns was higher within a 
species than between two species. The 
level of polymorphism detected by 
RAPD versus microsatellite primers ap- 
peared similar. Operon primers had the 
tendency to produce a larger number of 
bands, which were, however, harder to 
score. These results suggest that micro- 
satellite-primed PCR can be used for re- 
latedness studies in a similar way to 
RAPDs.(3z, 33) 

To test the usefulness of microsatel- 
lite-primed PCR for linkage and map- 
ping studies, we analyzed the parents of 
an intraspecific cross between two  A. chi- 
nensis genotypes. Only 4 of 12 tested 
primers detected differences between 
the parents. Of these, (GATA)4 was used 
to screen 10 F1 progeny for segregation 
of the polymorphisms (Fig. 2C). 
Whereas the four main bands were 

FIGURE 2 Interspecific and intraspecific poly- 
morphism detected by microsatellite-primed 
PCR. (A) PCR products obtained from differ- 
ent accessions of (lane a) A. arguta, (lanes b,c) 
A. chrysantha, (lane d) A. setosa, (lanes e-g) A. 
deliciosa, and (lanes h-k) A. chinensis DNA us- 
ing (GTTA)4 as a single primer. (B) RAPD anal- 
ysis of the same templates using OP-AQ5 (op- 
eron) as a single primer. (C) PCR products 
obtained from the parents (m, male; f, fe- 
male) and the F1 progeny of a cross between 
two A. chinensis accessions using (GATA)4 as a 
single primer. Annealing temperatures were 
40~ in A and C, and 35~ in B. (Lane M) 
Molecular weight marker: 1-kb ladder 
(GIBCO-BRL). 

monomorphic between the parents, 
some minor bands were polymorphic 
and segregated in the progeny. Thus, the 
overall informativeness of microsatel- 
lite-primed PCR-generated markers in 
this particular cross was low. 

Microsatellite-primed PCR Works 
with Eukaryotic and Prokaryotic 
Templates 

Next we, tested the applicability of the 

technique to a variety of species from 
different kingdoms, including E.coli, 
yeast, human, and several plant species. 
The results obtained with the primers 
(GATA)4 and (CATA)4 are shown in Fig- 
ure 3. All primers that yielded distinct 
banding patterns in A. chinensis and to- 
mato did so in all other eukaryotic spe- 
cies examined. Some of the primers also 
generated PCR products with E. coli 
DNA, though the number of products 
was usually smaller and the pattern less 
complex than observed with arbitrary 
10-mer primers (see Fig. S, below). This 
result was somewhat surprising, because 
microsatellite repeats typically are not 
found in prokaryotic genomes. A data 
base search showed that none of the mi- 
crosatellite motifs used as primers was 
perfectly present in the E. coli genome. 
Instead, we consistently found a mini- 
mum of from one to four mismatches. 
As the data base covers most of the E. coli 
genome, and because amplification re- 
quires the presence of two closely linked, 
inverted copies of the repeat, it is likely 
that the bands obtained from E. coli re- 
sulted from mismatches between primer 
and template. This would mean that at 
least a subset of the bands obtained by 
microsatellite-primed PCR resembles 
RAPD bands rather than true intermicro- 
satellite repeats. 

Influence of Primer, Template, and 
Magnesium Concentration 

In RAPD analysis, reaction conditions 
have a considerable impact on the qual- 
ity and reproducibility of results. (s-7) 
Meyer and co-workers emphasized that 
microsatellite-primed PCR would be 
more reproducible than RAPD analysis 
because of the higher stringency of an- 
nealing. (19) To test for this, we examined 
in some detail the influence of primer, 
template, and Mg 2+ concentration, as 
well as of annealing temperature (see be- 
low) on the reproducibility of banding 
patterns obtained by microsatellite- 
primed PCR. We found the banding pat- 
terns to be affected by all of these param- 
eters (Figs. 4 and 5). Template 
concentration had the smallest influ- 
ence. Thus, patterns were fairly stable be- 
tween -100 pg and 500 ng in the to- 
mato/(GATA)4 combination (Fig. 4D), 
and even down to 10 pg in the A. chin- 
ensis/(CAG) s combination (not shown). 
Hence, the concentration "window," 
where identical patterns are observed, 

2S2 PCR Methods and Applications 

 Cold Spring Harbor Laboratory Press on June 23, 2026 . Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/
http://www.cshlpress.com


FIGURE 3 Microsatellite-primed PCR in different kingdoms. PCR products obtained from differ- 
ent organisms using (GATA)4 (left) or (CATA)4 (right) as single primers. Template DNA (50 ng/ 
sample) was derived from E. coli (lane a), yeast (lane b), human (lane c), P. radiata (lane d), 
Arabidopsis thaliana (lane e), apple (lane ~, tomato (lane g), and A. deliciosa (lane h). The anneal- 
ing temperature was 40~ (Lane M) Molecular weight marker: 1-kb ladder (GIBCO-BRL). 

appears to be somewhat larger than that 
usually reported for RAPDs. 

The influence of both primer and 
Mg 2+ concentration was more pro- 
nounced. Generally, smaller bands be- 
came stronger, and larger bands faded 
off with increasing concentrations of 
Mg 2+ (Fig. 4A) or primer (Fig. 4B, C). 
Similar effects are usually observed in 

RAPDs. (7) No amplification products 
were detected with 1 pM of primer per 25 
~l reaction (i.e., a concentration of 40 
riM), and with both high (10 mM) and 
low (0.5 mM) concentrations of Mg 2+. 
The inclusion of magnesium acetate, as 
recommended by Meyer et al., (19'21~ did 
not result in a higher reproducibility of 
banding patterns but simply contributed 

FIGURE 4 Influence of reaction conditions on microsatellite-primed PCR products from different 
primer/template combinations. (A) Mg 2+ concentration: PCR products obtained from A. chinen- 
s/s DNA in the presence of 0.5 mM (lane a), 1.0 mM (lane b), 1.4 mM (lane c), 1.8 mM (lane d), 2.4 
mM (lane e), 5.0 mM (lane I"), and 10.0 mM (lane g) MgCl z using (TCC)s as a single primer. The 
annealing temperature was 50~ (B,C) Primer concentration: PCR products obtained from to- 
mato (B) and A. chinensis DNA (C) using 1 pM (lane a), 5 pM (lane b), 10 pM (lane c), 20 pM (lane 
d), and 50 pM (lane e) of (CATA) 4 (B) and (GTTA)4 (C) as a single primer (per 25-~1 reaction). The 
annealing temperature was 40~ (D) Template concentration: PCR products obtained from dif- 
ferent amounts of tomato DNA using (GATA)4 as a single primer: No template (lane a), 0.5 pg 
(lane b), 5 pg (lane c), 10 pg (lane d), 50 pg (lane e), 100 pg (lane f), 500 pg (lane g) 1 ng (lane h), 
5 ng (lane i), 10 ng (lane j) 50 ng (lane k) 100 ng (lane I) and 500 ng (lane m) of template. The 
annealing temperature was 40 ~ (Lane M) Molecular weight marker: 1-kb ladder (GIBCO-BRL). 

to the magnesium effect. All subsequent 
experiments were performed using 1.8 
mM MgCI2, 10 pM of primer, and 50 ng of 
template DNA per reaction. 

Influence of Annealing Temperature 

The results obtained so far suggest that at 
least some of the microsatellite-primed 
PCR products actually resemble RAPD 
bands. The question arose whether there 
were also "true" intermicrosatellite re- 
peats among the amplification products. 
To test this, we amplified identical tem- 
plate/primer combinations at various an- 
nealing temperatures. We expected that 
bands derived from mismatch priming 
would disappear at high temperatures, 
while bands derived from 100% match 
priming would persist. GC-rich RAPD 
primers (operon 10-mers) were included 
as a negative control (no repeats); cloned 
fragments with pure (GTTA)4 or (GACA)4 
sequences at the ends (see above) as pos- 
itive controls (100% match). Annealing 
was performed at 37~ 40~ 43~ 46~ 
and 50~ for AT-rich microsatellite and 
10-mer primers, and at 50~ 53~ 56~ 
60~ 64~ and 68~ for GC-rich micro- 
satellite primers. The results obtained for 
the (GACA)4 primer are shown in Figure 
5. To our surprise, annealing tempera- 
tures that exceeded the Wallace 
rule (26'27) by > 10~ not only produced a 
band of the expected size with the posi- 
tive controls but also still yielded ampli- 
fication products with genomic DNA. 
The banding patterns were nevertheless 
different from those produced at lower 
annealing temperatures. With all 
primer/template combinations, raising 
the annealing temperature led to the 
gradual disappearance of some bands, 
whereas other bands became stronger 
(Fig. 5). Dinucleotide repeats still pro- 
duced a smeared pattern of amplifica- 
tion products at high annealing temper- 
atures (not shown). 

Two lines of evidence suggested that 
high annealing temperatures alone do 
not guarantee 100% matching of primer 
and template. First, four bands amplified 
from the E. coli genome by the (GACA)4 
primer "survived" at 64~ annealing 
temperature (Fig. 5), that is, the highest 
temperature at which the 100% match- 
ing "positive control" plasmid was still 
amplified. Similar results were obtained 
with other primers (not shown). Because 
the presence of true (GACA) 4 and other 
microsatellite target sequences in the E. 
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FIGURE 5 Influence of annealing temperature on microsatellite-primed PCR products obtained 
from the (GACA)4 primer and different templates (genomic DNA from A. chinensis, tomato, or E. 
coli). A cloned PCR product carrying (GACA)4 repeats at both ends was included as positive 
control ("plasmid"). Identical primer/template combinations are arranged in groups with in- 
creasing annealing temperatures (each from left to right: 50~ 53~ 56~ 60~ 64~ and 68~ 
(Lane M) Molecular weight marker: 1-kb ladder (GIBCO-BRL). 

coli genome is highly unlikely (see 
above), mismatch-primed target sites 
must have been amplified successfully 
even at 64~ Second, repeating the mag- 
nesium and primer concentration exper- 
iments at high annealing temperature 
[i.e., 64~ for (GACA)4, (CGA)4, and 
(TCC)s] still showed the concentration 
dependence of banding patterns, with 
smaller bands predominating at higher 
primer and/or magnesium concentra- 
tions (not shown). 

DISCUSSION 

Our results confirm and extend previous 
observations that PCR primed by micro- 
satellites (10-z3~ or other kinds of re- 
peats (9'~1'34~ can detect genetic polymor- 
phisms in eukaryotic taxa. Distinct, 
polymorphic banding patterns were pro- 
duced by most primers consisting of tet- 
ranucleotide or GC-rich trinucleotide re- 
peats. All dinucleotide and some 
trinucleotide repeats, however, gener- 
ated a smear with a few superimposed 
bands, probably as a consequence of the 
high number of putative primer target 
sites. Anchoring of primers as suggested 
by Zietkiewicz and co-workers (23~ over- 
comes this limitation but does not seem 
necessary for most tri- and tetranucle- 
otide repeat primers. 

In our hands, the technique of micro- 
satellite-primed PCR, as orginally pro- 
posed by Meyer et al. (19~ and Perring et 
al., (z~ resembles RAPD analysis more 
closely than anticipated previously. 
Thus, primer and magnesium concentra- 
tion as well as the annealing tempera- 
ture had a considerable influence on the 

quality of banding patterns. Moreover, 
the generation of PCR products with 
E.coli template DNA, which probably is 
devoid of microsatellites, suggested that 
mismatch priming may occur quite fre- 
quently. With all primer/template com- 
binations, increasing the annealing tem- 
perature resulted in the gradual 
disappearance of some bands while 
other bands became stronger. We inter- 
pret these results as follows. Bands am- 
plified by single microsatellite primers 
can be generated basically by two mech- 
anisms. First, RAPD-like bands result 
from mismatch priming during the first 
cycles. Extensive primer/template mis- 
matches are known to be tolerated by 
Taq polymerase, provided that a few 
bases at the 3' end match perfectly. (3s-38~ 
Once extension from a mismatched 
primer occurs, the products of subse- 
quent cycles fully match with the primer 
at both ends. Depending on the extent 
of initial mismatch, such RAPD-like 
bands gradually disappear at elevated an- 
nealing temperatures. Second, true inter- 
repeat bands (which may actually repre- 
sent only a minor fraction) result from 
specific binding of the primer to a com- 
plementary microsatellite repeat. If "un-  
anchored" primers are used, binding to a 
microsatellite may occur initially in dif- 
ferent registers. However, repeated inter- 
nal priming during subsequent cycles 
will shorten the amplicons successively, 
resulting in end products carrying a sin- 
gle primer motif at each end. Such bands 
are still generated by use of annealing 
temperatures that considerably exceed 
those calculated by the Wallace 
rule.  (26'27) They may even become stron- 

ger, because "better" targets are favored 
at higher temperatures. However, our re- 
sults obtained with E.coli template DNA 
suggest that even the highest possible 
annealing temperature does not guaran- 
tee a 100% match. 

In summary, microsatellite-primed 
PCR is an easy and fast technique to vi- 
sualize polymorphisms at an interspe- 
cific and intraspecific level. However, in 
our hands, the technique appears to be 
quite similar to RAPDs, especially in 
terms of its susceptibility to slight 
changes in reaction conditions. An ad- 
vantage is the versatility of the primers, 
because they can be used for at least 
three purposes: (1) as hybridization 
probes for oligonucleotide fingerprint- 
ing; (31) (2) as hybridization probes for 
library screening; (18~ and (3) as 
single primers for microsatellite-primed 
PCR. (19-23) It remains to be tested 
whether alternative strategies to en- 
hance PCR specificity such as preampli- 
fication heating, (39~ or the inclusion of 
formamide/4~ tetramethylammonium 
chloride, (41~ or spermidine (42~ in the re- 
action will restrict amplification to 
"true" inter-microsatellite repeats. 
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