
Interestingly, Godwin et al. (1997) found that greater ISSR polymorphism is not based on greater amplification of polymorphisms but on 
detection methodology.  The study compared different detection systems ( agarose and ethidium bromide vs. polyacrylamide gels and silver 
staining vs. polyacrylamide sequence gel and radioactive labeling).  They found that more bands were visible with ISSR than RAPD when 
viewing with agarose gel and ethidium bromide (the common method) but that when viewed on polyacrylamide sequence gel and radioactive 
labeling the two methods demonstrate a comparable number of bands.  It may be that ISSR and RAPD are equally sensitive when using the 
costlier and technically more difficult method of polyacrylamide sequence gel and radioactive labeling.

A study by Skroch and Nienhuis (1995) tested the reproducibility of RAPD replicates.  They found that replicate RAPD samples are scored the 
same way 76% of the time.  Thus nearly a quarter of RAPD bands are dropped from statistical analysis because of inconsistency.  They propose 
that amplification differences could be due to subtle variation in the reaction environment, band intensity, and concentration of ethidium
bromide staining.

Researching the genetic structure of small plant communities is often difficult because of population-wide low levels of genetic 
diversity.  The PCR based technique RAPD is popular not only because it detects low levels of genetic diversity but also 
because it is relatively easy to learn and economical.  Initial reports suggest that ISSR, a similar technique that uses a diffe rent 
type of primer, is more sensitive to detecting low levels of genetic diversity while still having the benefits of ease and cost. Two 
species under study using RAPD, Viola conspersa and Platanthera leucophaea, were demonstrating extremely low levels of 
genetic diversity, having problems with reproducibility between replicates and bands in the negative control.  Samples were 
subsequently analyzed using ISSR.  The results from our comparison of the two techniques indicate that ISSR does better 
without additional technical problems.  Because of the similarit ies between the two methods, switching from RAPD to ISSR 
only requires purchasing new primers and re-optimizing PCR parameters.
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Similarities between RAPD and ISSR
RAPD (random amplified polymorphic DNA) and ISSR (inter -simple sequence repeats) are both PCR (polymerase chain reaction) based 
techniques for molecular analysis.   Since their primers are not designed based on a known target sequence, they are considered arbitrary or 
random primers.  This means the time-consuming process of primer design is not necessary.  They are single primer reactions that produce
multilocus dominant markers.  Because they are dominant markers, heterozygotes and homozygotes are indistinguishable at any particular 
locus potentially underestimating the amount of genetic diversity.  Markers are visualized on electrophoretic gels as bands that are scored as 
present or absent.  Data analysis is the same for both techniques.  RAPD and ISSR are known for their speed, economy, technical simplicity 
and frequency of polymorphisms.

Differences in primers
ISSR primers are derived from an arbitrary nucleotide sequence of di and tri-nucleotide repeats with a 5’ or 3’ anchoring sequence of a few 
nucleotides to prevent strand-slippage (14-22 bp).  These nucleotide repeats are based on the ubiquitous presenc e of simple sequence repeats 
(SSRs; aka microsatellites, simple tandem repeats) that are distributed throughout genomes.  PCR reactions amplify the sequence between two
SSRs.  Because of these abundant and rapidly evolving SSR regions, ISSR amplification has the potential to reveal much larger number s of
polymorphic fragments per a primer than RAPD which have primers made up of DNA sequences of short 10bp olgonucliotides.

Longer primers, ISSR’s 14-22 bp vs. RAPD’s 10, can have higher annealing temperatures.  For our studies, ISSR annealing temperatures were 
between 44 and 49 degrees Celsius while for RAPD the annealing t emperature is 36 degrees Celsius.  Higher annealing temperatures mean 
more stringent primer annealing conditions, which leads to greater consistency.  Additionally, the number of
denaturation/annealing/extension cycles is lower for ISSR (35 cycles) than R APD (45 cycles).  Greater cycle numbers increase the odds of 
imperfect annealings.  These imperfect annealings create inconsistent bands. 

Other studies
A number of studies have used both ISSR and RAPD, finding that ISSR produces more information with fewer primers than RAPD (table 
below).   Only the Lanham and Brennan (1999) study found a lower percent of polymorphicbands using ISSR, though the number of
polymorphic bands was still higher with less than half the number of primer s.   Importantly, the average polymophisms per primer was 2.0 
for RAPD and 6.5 for ISSR. Qian et al. (2001) found that RAPD bands were less reproducible. Nagoaka and Ogihara(1997), not giving 
numbers, found several times more information with ISSR primers than with RAPD because of higher percentage of polymorphic bands.  
They also found that RAPD produced less reliable bands than ISSR. 

Platanthera leucophaea findings
We started screening Platanthera leucophaea using RAPD.  Three RAPD primers that were variable, consistent and clear in primer screening were 
selected, but ultimately all primers had some problems with consistency between replicates and bands in the negative control.  Of the 19 bands 
produced from the 3 primers, 15 were unusable and the primers were then not used.  We then switched to using ISSR.  Five primers produced 
104 haplotypes from 158 samples.  The five primers produced 39 bands with six not being used for statistical analysis indicating that, though to a 
much smaller extent, some consistency and negative control problems remain.

Viola conspersa findings
We began to screen Viola conspersa using RAPD but after spending a lot of time, and using a lot of DNA, we still had not found many
polymorphic bands.  We switched to ISSR; below is an informal comparison of the two methods.

•Number of usable bands / primer (2.6 RAPD, 6.3 ISSR)
•Number of haplotypes / primer (1.9 RAPD, 5.8 ISSR)
•Number of polymorphicbands / primer (1.3 RAPD, 2.3 ISSR)
•Number of haplotypes / polymorphicbands (1.4 RAPD, 2.6 ISSR)

It took twice as many RAPD primers to generate approximately the same number of bands.  More important is the number of usable bands, i.e.
those that were consistent between replicates and not present in the negative control.   Over twice as many RAPD bands were drop ped.  
Interestingly, not only does ISSR provide more polymorphic bands per primer, given the number of haplotypes per polymorphic bands, ISSR 
provides more information per polymorphic band.

Additionally, with each primer a few samples are never resolved and are thus dropped from statistical analysis.  Therefore the fewer primers 
needed, the less samples are dropped.   Seven samples were dropp ed from ISSR analysis because they could not be resolved compared to 24 
samples for RAPD. 

It took less ISSR primers to get more information.  Fewer primers means less time, less DNA used, less supplies and thus expense s, 
and fewer samples not included in analysis.  The increased amount of information was due to more usable bands and most 
importantly, more differentiated haplotypes.

Because RAPD and ISSR use the same DNA, equipment and statistical analysis, converting to ISSR from RAPD is painless.  It only 
requires purchasing new primers then undergoing the same optimization process.   Additionally, studies already started with RAPD
can be finished with ISSR and their data combined for statistical analysis (Esselman et al. 1999, Lanham et al. 2000, Hollingsworth et 
al. 1998).  Though ISSR is not perfect, consistency and negative controls still need to be checked, these problems are reduced and 
sensitivity is increased. 
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ISSR RAPD Reference

No. primers No. bands No. polymorphic No. primers No. bands No. polymorphic

3 67 14 (24%) 3 40 9 (23%) Esselman et al 1999

4 151 63 (42%) 7 180 70 (39%) Lanham et al. 2000

9 333 59 (18%) 24 170 49 (29%) Lanham and Brennan 1999

12 113 52 (46%) 20 199 61 (31%) Qian et al. 2001

No. of 
primers

No. of haplotypes No. of bands No. of bands used No. of polymorphic
bands used

No. of bands not used

RAPD 8 15 35 21 11 14

ISSR 4 23 31 25 9 6


