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DNA 
Fingerprinting 

by Arbitrarily 
Primed PCR 

Michael McClelland and 
John Welsh 

California Institute of Biological 
Research, La Jolla, California 92037 

Fingerprinting of genomes with arbitrary primers (l'z) has proved a versatile 
method for detecting polymorphisms for genetic mapping, phylogenetics, 
and population biology. The method generates a fingerprint using arbitrarily 
selected primers under conditions where the primer will initiate synthesis on 
DNA even when the match with the template is imperfect. Some of these 
priming events occur in opposite strands. The most efficiently primed of 
these pairs of priming events compete with each other during amplification 
to produce a fingerprint of a few to >100 prominent  PCR products. There 
have been more than 300 published papers that have used this strategy. In the 
last 4 years a multitude of variants and improvements have been developed. 
In this brief methods-oriented review, we will highlight some of these pro- 
tocols and justify our current preferred protocol for DNA fingerprinting. 
Readers are also referred to some other recent reviews. (3-7) An accompanying 
article (8) will discuss RNA fingerprinting using arbitrarily primed PCR. (9'1~ 

INTRODUCTION TO FINGERPRINTING METHODS 
In the literature much has been made of differences in primer length or in the 
gel system used for resolving PCR-based fingerprints. The fundamental prin- 
ciple that is being utilized does not change, but these differences do allow a 
number  of subtle variations in the design of a fingerprinting experiment. 
When designing such an experiment, it is important to decide how many PCR 
products are wanted per lane and whether to use agarose, nondenaturing 
acrylamide, or denaturing acrylamide. One choice is to generate relatively 
few PCR products and to resolve these on an agarose gel. The more prominent  
of these products can then be scored quite reliably. Such fingerprints can be 
generated using 10-base primers and AmpliTaq in the manner  first described 
by Williams et al. (2's'~) Alternatively, a larger number  of fragments can be 
generated and resolved on an acrylamide gel. There are a number  of ways to 
achieve this: 

1. Select, in a preliminary screen, lO-mers that yield a large number  of 
fragments using AmpliTaq holoenzyme. 

2. Use longer primers, such as 18-mers. (1) 
3. Use primers that are biased toward more common sequences in the 

genome by performing a statistical analysis. 
4. Very short primers used in very large amounts give extremely complex 

fingerprints. (12) 
5. The protocol presented here uses arbitrary 10-mers in combination with 

the AmpliTaq Stoffel fragment (or KlenTaq). This enzyme generates almost 
twice as many PCR products as does AmpliTaq using the same primer and 
template DNA. Furthermore, this enzyme increases the number  of arbitrary 
lO-mers that give productive fingerprints from -75% to >90%.  (13) 

At least for primers of 10 bases or longer, the more complex the PCR 
fingerprint, the more reproducible it seems to be. However, too many prod- 
ucts make the pattern difficult to interpret. Thus, reliable fingerprints can be 
obtained by screening arbitrary primers for moderately complex patterns and 
then using these on the population under study. 

If a simple pattern is desired, then it is important to be aware of the 
"context effect". This situation arises for very simple patterns but not for 
complex patterns. The fingerprint is the result of a competition between 
many PCR products, and the fewer the winners the greater the effect of their 
presence and absence on the probability of other PCR products being ampli- 
fied. For example, if two similar but nonidentical genomes give very simple 
fingerprints with the same primer and differ by one or more of these major 
products, then one must be concerned that the differences may affect the 
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probability of amplification of other PCR products. One symptom of such a 
context effect in a mapping population would be nonparental products that 
appear as a result of the absence of a prominent  polymorphism from one 
parent in some offspring. This phenomenon is a good reason to avoid using 
simple fingerprint patterns that contain ~10 prominent  PCR products. 

For the purposes of fingerprinting, it is often best to use arbitrary primers 
in pairwise combinations. ~ A few primers can be used in a very large num- 
ber of pairwise combinations. For example, 20 primers can be used in 380 
different combinations. One potential disadvantage of using pairwise com- 
binations of primers is that some of the products will have the same primer 
at both ends and these products may be shared between fingerprints using 
that primer. However, we have shown that the amount  of overlap between 
fingerprints using a primer alone or in combination with a different primer 
is less than the 25% overlap that would be expected by applying simple 
statistics. ~ Most of the "winners" in the PCR have a different primer at each 
end. Among the possible explanations for this observation is the possibility 
that ssDNA products containing primer A and its complement, A', can form 
a panhandle structure that is at a disadvantage for amplification when there 
is an alternative that cannot form panhandles. 

One further advantage of using primers in pairwise combinations is the 
fact that the products can be directly sequenced using conventional PCR 
sequencing kits. However, these sequences are not always of the highest 
quality, perhaps because no part of a fingerprinting gel is entirely free of 
other products. Generally, it is best to clone the products first, as described. (14) 

MOTIF SEQUENCES ENCODED IN PRIMERS 
Completely arbitrary priming lies at one end of a spectrum of possible tar- 
geting strategies for fingerprinting. The other end of the spectrum uses prim- 
ers derived from known perfect or near perfect dispersed repeats, for example, 
AIu-PCR, (is) tDNA-intergenic length polymorphisms ~ or REP-PCR. (~7) In 
this spectrum lie a cornucopia of other repeats such as purine-pyrimidine 
motifs that have been successfully used to produce PCR fingerprints. ~ These 
microsatellite repeats are particularly useful because primers directed toward 
them reveal more polymorphisms than seen in the average arbitrarily primed 
fingerprint, making them particularly useful for detecting polymorphisms 
between closely related individuals. ~ Primer pairs directed toward tRNA 
genes are also useful because the tRNA gene clusters evolve more slowly than 
most of the rest of the genome, which is under less stringent selection pres- 
sure. The patterns produced by tDNA-ILP primers can be used to compare 
genomes at a higher taxonomic level than is possible with arbitrarily primed 
PCR. (16) Other primers biased to rarer conserved motifs, such as those that 
occur in some promoters or in gene families, have also been tried. (19) Finally, 
statistics can be applied to the known sequences in the DNA data base for a 
particular species or related species. This data can be used to develop primers 
that carry sequences that are rare or common in a genome. Such primers 
influence the number of PCR products in a fingerprint. 

One might expect that primers directed against sequences such as pur ine-  
pyrimidine repeats or other dispersed repeats may generate significantly 
more reliable fingerprints than completely arbitrary primers because the in- 
teraction of the primer with the template will be better. In some cases, such 
as primers directed against tRNA motifs, we have confirmed a considerable 
bias by sequencing the products. (2~ We also found that microsatellite re- 
peat primers often amplify the expected microsatellite repeats. However, 
these microsatellite targets probably represent the minority of PCR products 
on the gel despite the fact that microsatellites are quite prevalent in most 
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genomes. The other products are arbitrarily primed at nonmotif locations. ~ 
Primers directed toward rarer motifs will have a correspondingly lower suc- 
cess rate. 

The extent to which priming is biased to the expected motif depends on 
the number of good matches that occur in the genome. Arbitrary priming can 
occur at matches comprising as few as 5 matches out of 6 bases at the 3' end 
of the primer. Thus, there is a huge number of potential PCR products com- 
peting with the putative targets of primers designed to match a particular 
dispersed motif. Among these targets, only the best primer-template matches 
are amplified, and these arbitrary matches can sometimes be quite good. For 
example, consider the frequency of a potential arbitrary PCR priming site; a 
7- out of 10-base match with the primer that occurs twice in opposite orien- 
tations, spaced ~ 1000 bases apart. Such pairs of potential priming sites occur 
-200  times in a typical bacterial genome and almost half a million times in 
a higher eukaryotic genome. Among these potential arbitrarily primed PCR 
products, only the most efficient initial priming events and most efficient 
amplifying events will be visible. Thus, only in those few cases where the 
repeat is very abundant and almost perfect is a fingerprint generated by a 
motif primer likely to be derived primarily from the motif sites. Even in these 
cases there may be some products derived from among the best arbitrarily 
primed sites. 

In those cases where the motif is poorly conserved or where the motif is 
rare, it might seem logical to attempt to increase the stringency of the motif- 
PCR. However, such attempts, for example, hot start, have generally failed 
because the fingerprints become unreliable at higher stringency. Increasing 
the stringency for a poorly matched or rare motif still does not allow motif 
sites to dominate versus the best arbitrary events. Eventually, as the strin- 
gency is increased, the whole fingerprint becomes unreliable. Nevertheless, 
there is nothing to be lost by using a primer with a particular sequence. At 
worst, the fingerprint will be arbitrary. 

WHAT GEL TO USE? 
The reasons some researchers prefer agarose gels and simpler fingerprints are 
that they believe agarose gels are easier to set up and because agarose gels can 
be stained with ethidium, thereby avoiding radioactivity. When beginning a 
project on fingerprinting, it may be wise to run products on an agarose gel to 
ensure that the amplification has been robust. It is disappointing to run an 
acrylamide gel and later find that an error was made in the experiment. 
However, after the technology is mastered, the use of a protocol that gener- 
ates a relatively complex fingerprinting pattern and the extra work of running 
a denaturing acrylamide gel are rewarded by much more and better resolved 
data than can be obtained using agarose. When such data are scored, there is 
a greater chance that PCR products of a particular size are homologs because 
there is almost single-base resolution of fragments. In addition, the use of 
denaturing gels eliminates the problem of uneven amplification of the two 
strands that, on a native gel, yield a double-stranded product and a fainter 
variable single-stranded product for the strand that is in excess. 

We have also separated denatured DNA fingerprints on a native acrylamide 
gel. This strategy (22) combines single-stranded conformation polymorphisms 
(SSCP) (23~ with PCR-based fingerprinting. An example is shown in Figure 1. 
SSCP gels allow increased confidence in scoring the usual presence/absence 
polymorphisms that result from arbitrarily primed PCR because each strand 
for these polymorphisms occurs at different parts of the gel, allowing two 
opportunities for scoring. Furthermore, SSCPs that could not be scored by 
other gel systems, that is, those that carry internal sequence polymorphisms, 
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FIGURE 1 AP-PCR-SSCP for genetic mapping. Fifteen nanograms and 60 ng of genomic DNA 
from mouse strains in the C57BL/6J (B) vs. DBA (D) recombinant inbred mapping population 
were fingerprinted using the pair of primers S2 (5'-CCTCTGACTG) and $1 (5'~GAGGTCCACA) 
(Operon Tech. Inc., Alameda, CA) and the conditions described in the protocol. The fingerprints 
were resolved on 5% MDE + 5% glycerol, dried, then autoradiographed. Hydrolink-MDE was 
purchased from Baker, Phillipsburg, NJ. The numbers above each lane indicate the recombinant 
inbred lines. "A" indicates another mouse strain, A/J. Only the top half of the gel is shown. 
Fragments visualized range from -400 bases to 800 bases. Numerous presence/absence and 
length polymorphisms are visible. 

were also detected.  It is wor thwhi l e  to use SSCP gels to increase  t h r o u g h p u t  
and  rel iabi l i ty of scoring w h e n  m a p p i n g  by  PCR f ingerpr in t ing .  However ,  
because  each s t rand occurs in a different  part  of the  gel, SSCP is p r o b a b l y  n o t  
appropr ia te  for popu la t i on  b io logy  and  phylogene t ics .  

R E P R O D U C I B I L I T Y  
The issue of  reproducib i l i ty  is of  m u c h  conce rn  because  some  failures in 
PCR-based f ingerpr in t ing  have been  pub l i shed  and  m a y  discourage  o thers  
f rom us ing  the  me thod .  One  concern  is tha t  the  pa t te rns  m a y  vary  f rom day  
to day  or  f rom lab to lab (e.g., Ref. 24). The o the r  conce rn  is unre l i ab i l i ty  
w i th in  the  same expe r imen t  on  the  same day. 

The p r o b l e m  of i n t r aexpe r imen t  var iabi l i ty  has been  overstated.  First, al- 
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most all these problems are the result of inadequately prepared DNA. The 
easiest way to find out  if the DNA is of sufficient quality is to perform twofold 
serial dilutions of the DNA over a wide range from - 2 0 0  ng to 200 pg. If the 
DNA does not  produce reliable fingerprints over a number  of twofold dilu- 
tions with a number  of different primers, then  the DNA quality is suspect. 
Second, primers that  give moderately complex patterns should be used, as 
described earlier. High-quality fingerprints have been obtained from ge- 
nomes in every kingdom and over a wide spectrum of G + C contents.  Thus, 
a failure of this kind must  be attributed to inadequate DNA or reagents. We 
have reached the somewhat  surprising conclusion that  the reliability of the 
fingerprints seems to derive primarily from its complexity rather than  the 
quality of the match of the primer with the template. 

One cannot  know if the difference between two genomic fingerprints is 
real if the experiment is not  controlled for DNA quality and quantity.  Thus, 
every experiment  must  include fingerprinting for at least two concentrat ions 
of genomic DNA for each individual. Any differences between individuals 
that  do not  occur at both genomic DNA concentrat ions are rejected. Too 
many  concentrat ion-dependent  differences should lead to concern about  the 
DNA or reagents. 

Day to day variation and interlab variation is a more genuine concern. 
Such variation occurs because all PCR-based fingerprinting varieties are sen- 
sitive to the buffer conditions, enzyme quality, and the primer preparation. 
Although this is easy to control in a particular experiment, it is harder to 
control between experiments. The ratio of intensities among  products within 
a single fingerprint lane may vary from day to day. However, as long as the 
fingerprint pattern is complex, the variation does not  extend to variability in 
the presence or absence of bands from day to day and the ratio of intensities 
between lanes does not  change. These differences between experiments and 
between experimenters are generally rather subtle so they can be accommo- 
dated by the simple expedient of f ingerprinting DNA from reference strains 
on each gel. 

A PROTOCOL FOR USING IO-MERS IN PAIRWISE COMBINATIONS 
DNAs should be of similar quality and of at least 10-kb average length. Sur- 
prisingly, it is mainly consistency in DNA quality that  is most  important ,  so 
for example, one can use crude lysates of bacterial DNA if all the strains are 
treated in the same way. (1'3) 

Equipment and Reagents 
Thermal Cycler (Perkin-Elmer 9600 model) 
PCR tubes (Microamp, Perkin-Elmer) 
2x AP-PCR Reaction Mixture (20 mM Tris at pH 8.3, 20 mM KCI, 10 mM 

MgC1 z, 0.2 mM each dNTP, 0.1 U/~I of Taq polymerase Stoffel fragment (Per- 
kin-Elmer, Branchburg, NJ), 0.1 i~Ci/ixl [a-3zp]dCTP and 0.8 I~M primer. 

Two arbitrary 10-mer primers (Genosys, Woodland,  TX) 

Method 
All procedures can be set up on ice or at room temperature,  as convenient .  
Reactions are prepared at two DNA concentrations.  It is wise to initially titrate 
the DNA over two orders of magni tude to find the concentrat ions that  give 
the most  robust fingerprints. For mammal ian  DNA, the best fingerprints are 
usually obtained in the range of 5-50 ng per 20 l~l of reaction volume. The 
optimal concentrat ion of the primer must  be determined empirically. For 
most  10-mers, the op t imum is around 0.4 I~M. Note, however, that  we have 
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not  been able to f ingerprint  bacterial genomes  using pairs of primers except 
at h igh template  concentrat ions (>1 I~g). Perhaps, for s imple genomes  the 
pr imer  dimers compete  effectively. We r e c o m m e n d  that  only  one pr imer  be 
used at 0.4 ]J,M for small genomes.  

1. DNA is prepared at 2x  final concent ra t ion  and 10 i~l distr ibuted to 
tubes. 

2. 10 i~l of 2xAP-PCR Reaction Mixture is added. The vo lume  propor t ions  
of DNA to reaction mixture can, of course, be changed,  as can the total final 
reaction vo lume  as long as the final concentrat ions  of reaction componen t s  
are kept the same. Many laboratories run 10-1~1 reactions. 

3. The thermocycl ing  profile for lO-mers is: 94~ for I min ,  35~ for I min,  
72~ for 2 m i n  for 40 cycles. 

4. The products are diluted 1:4 in 80% fo rmamide  conta in ing  10 mM EDTA 
and tracking dye, heated to 65~ for 15 m i n  and 2 ~l e lectrophoresed t h rough  
a denatur ing sequencing-type polyacrylamide gel or an MDE gel (Baker, Phill- 
ipsburg, NJ). Sequencing gels are electrophoresed in 1.0x TBE at 50 W for 3 
hr  at 65~ MDE gels are electrophoresed in 0.5 x TBE at 7 W for 18 hr  at r oom 
temperature.  The gel may  be dried and exposed to X-ray f i lm wi thou t  hin-  
dering the ability to clone fragments f rom the gel. Alternatively, the radio- 
active label can be omit ted  entirely and native agarose gels fol lowed by ethid- 
ium bromide  staining can be used. Note also tha t  Taq polymerase  Stoffel 
f ragment  seems to give m u c h  better fingerprints,  wi th  more  bands  a n d  

greater pr imer  qual i ty/concentrat ion independence.  Also, w h e n  primers  are 
used in pairwise combinat ions  to generate largely unique  patterns,  the cost of 
generat ing m a n y  fingerprints is greatly reduced. 

5. If desired, bands can be excised f rom the gel wi th  a razor blade, eluted, 
reamplified, and cloned (see accompanying  article on  RNA fingerprinting).  
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