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Abstract RAPD band reproducibility and scoring er- 
ror were evaluated for RAPDs generated by 50 RAPD 
primers among ten snap bean (Phaseolus vulgaris L.) 
genotypes. Genetic distances based on different sets of 
RAPD bands were compared to evaluate the impact of 
scoring error, reproducibility, and differences in relative 
amplification strength on the reproducibility of RAPD 
based genetic distance estimates. The measured RAPD 
data scoring error was 2%. Reproducibility, expressed 
as the percentage of RAPD bands scored that are also 
scored in replicate data, was 76%. The results indicate 
that the probability of a scored RAPD band being 
scored in replicate data is strongly dependent on the 
uniformity of amplification conditions between experi- 
ments, as well as the relative amplification strength of 
the RAPD band. Significant improvement in the repro- 
ducibility of scored bands and some reduction in scoring 
error was achieved by reducing differences in reaction 
conditions between replicates. Observed primer varia- 
bility for the reproducibility of scored RAPDs may also 
facilitate the selection of primers, resulting in dramatic 
improvements in the reproducibility of RAPD data used 
in germplasm studies. Variance of genetic distances 
across replicates due to sampling error was found to be 
more than six times greater than that due to scoring 
error for a set of 192 RAPD bands. Genetic distance 
matrices computed from the RAPD bands scored in 
replicated data and RAPD bands that failed to be scored 
in replicated data were not significantly different. Dif- 
ferences in the ethidium bromide staining intensity of 
RAPD bands were not associated with significant dif- 
ferences in resulting genetic distance matrices. The as- 
sumption of sampling error as the only source of error 
was sufficient to account for the observed variation in 
genetic distance estimates across independent sets of 
RAPD bands. 
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Introduction 

An important application of molecular marker techno- 
logy has been in the measurement of genetic diversity 
and genetic relationships among individuals and popu- 
lations. RFLPs and isozymes have been extensively 
applied in this area. More recently, the use of RAPD 
(Welsh and McClelland 1990; Williams et al. 1990) mol- 
ecular markers has become widespread. RAPD derived 
estimates of genetic relationships have been shown to be 
in general agreement with relationships based on pedi- 
gree, RFLP, and isozyme data (pedigree: Vierling and 
Nguyen 1992, Yang and Quiros 1993; RFLP: Dos San- 
tos et al. 1994; isozyme: Yang and Quiros 1993; Heun 
et al. 1994). However, problems with the reproducibility 
of RAPD amplification and with scoring error for 
RAPD data have also been reported. 

Using a genetic test of reliability, Weeden et al. (1992) 
found that error due to mistakes in the scoring of RAPD 
markers as present or absent ranged from 0 to 8% 
depending on the relative amplification strength as 
measured by the intensity of ethidium bromide staining. 
Possible sources of scoring error have been identified 
(Hunt and Page 1992; Heun and Helentjaris 1993; 
Huang and Jeang 1994). In addition, theoretical studies 
(Lamboy 1994a, b) have shown how marker scoring 
errors can bias genetic similarity estimates and have 
suggested replication as a means of obtaining estimates 
of the frequencies of scoring errors. Nevertheless, the 
magnitudes and effects of these biases have not been 
established experimentally. 

The problem of RAPD data reproducibility has been 
addressed differently by different researchers. Dos San- 
tos et al. (1994), Beebe et al. (1995) and Nienhuis et al. 
(1995) reported results based on unreplicated data. Vier- 
ling and Nguyen (1992) and Stiles et al. (1993) merely 
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referred to their RAPD banding patterns as reprodu- 
cible. Aruna et al. (1993) only used intensely staining, 
and clearly resolvable bands and reported that rep- 
licated DNA samples showed no variation between 
them. Ellsworth et al. (1993) recommended standardiz- 
ation and internal control to mitigate the problem of 
artifactual variation. Others have used partial or com- 
plete replication and eliminated bands that were not 
consistently amplified (Kresovich et al. 1992; Yang and 
Quiros 1993; Novy et al. 1994). 

The above studies, and others, either do not report 
specific levels of reproducibility or do not demonstrate a 
relationship between data replication and an improve- 
ment in the accuracy or precision of the resulting ge- 
netic distance or similarity estimates. Failure of RAPDs 
to be scored consistently across replicates (PCR runs) 
may reflect the sensitivity of RAPD amplification to 
subtle variation in the reaction environment and not the 
validity of the data. 

The specific objectives of the research reported in this 
paper are: (1) estimation of RAPD data reproducibility 
and evaluation of the factors that may influence repro- 
ducibility, (2) estimation of RAPD scoring error and 
evaluation of the factors which may influence RAPD 
scoring error for RAPD bands that can be scored across 
replicates, and (3) evaluation of the impact of reproduci- 
bility, scoring error, and RAPD amplification strength 
on estimates of genetic distance among ten bean geno- 
types. 

Materials and methods 

Plant material, DNA extraction, RAPD reactions, 
and data scoring 

Bean genotypes, DNA extractions, and RAPD reactions were as 
described by Skroch and Nienhuis (1995). Data was scored and 
RAPDs classified into faint, medium and bold categories as described 
by Skroch and Nienhuis (1995). The term ~ band" is used here, 
as it was in Skroch and Nienhuis (1995), to describe a set of co- 
migrating RAPD fragments amplified by the same RAPD primer. 

Comparison of replicated RAPD data sets 

Three experiments were performed, in each of which two replications 
of data were generated and compared. Gels were scored independent- 
ly and subsequently compared to identify RAPDs scored in only one 
or both replicates. For RAPD bands scored in both replicates, scoring 
error was measured as the percentage of RAPD scores which differed 
across replicates for comparisons of the same genotype. RAPD data 
reproducibility was defined as the average percentage of RAPD 
bands scored in one replicate that were also scored in the other 
replicate. RAPD primer reproducibility was defined as RAPD data 
reproducibility computed on a per-primer basis. 

These three experiments represent a series in which conditions 
between replications became more and more similar. In experiment 1, 
original data which was collected in 1991-1992 was compared 
with replicated data collected a year later in 1993. In experiment 2, 
both replications were completed on the same day using identical 
stock solutions for mixing reactions. In experiment 3, a further 
reduction in variability was achieved by mixing reactions for both 
replications from the same stock solutions and in the same tube, and 

then running reaction products for both replications side by side on 
the same gel. 

Experiment 1: scoring error and reproducibility 

The original data, as described by Skroch and Nienhuis (1995), was 
used to rank primers by the number of polymorphisms scored per 
primer, and the 50 primers with the largest number of polymorphic 
bands per primer were chosen for replication (in a few cases substitu- 
tions were made because primers were not available). To avoid 
possible confounding effects due to within line variability, original 
DNA extractions were used for replication. Reactions were per- 
formed for these 50 primers and ten genotypes as already described 
(Skroch and Nienhuis 1995). To avoid bias, results were scored 
without reference to the original data. This replicated data was then 
compared to the original data (Skroch and Nienhuis 1995) for the 
selected 50 primers. In the following discussion, the original and 
replicate data for the 50 primers used in this experiment correspond 
to replicate 1 and replicate 2 of experiment 1, respectively. 

Experiment 1: comparison of distance matrices 

Two estimators of genetic distance commonly used in the analysis of 
RAPD marker data were employed: the complement to the simple 
matching coefficient (1 - S) and the complement of Jaccard's similar- 
ity coefficient ( 1 -  J). The difference between two individuals es- 
timated as 1 - J or 1 - S for RAPD marker data is the proportion of 
differences found for a specified set of RAPD bands (Gower 1972). 
Using the formula for sample variance (Steel and Torrie 1980) and 
recognizing that 1 -  S and 1 -  J are means over loci, the sample 
variance of a genetic distance, d, can be written as vat 
(1 - J) = J(1 - J ) / ( n j  - 1) and var (1 - S) = S(1 - S ) / ( n ~  - 1), where nj 
and n~ are the number of observations in each estimate. 

RAPD data generated in experiment 1 was partitioned by the 
classification of RAPD bands into faint, medium, or bold categories 
in replicate 1 and by whether RAPDs were scored in only one or both 
replicates. Distance matrices derived from these data subsets were 
compared by the analysis of the expected and observed rates of type 1 
errors for t tests (~ = 0.05) computed for the pairwise comparison of 
the component distances. Comparisons were restricted to distance 
matrices derived from disjoint subsets of RAPD bands. Since the 
same distances were being computed in both matrices, any significant 
differences were considered as type 1 errors. Greater then expected 
type 1 errors would lead to rejection of the null hypothesis that the 
two specified independent band subsets were estimating the same 
genetic distances. Since all comparisons of distance matrices involved 
the comparison of independent data sets, statistical tests for the 
pairwise comparison of individual distances were legitimate. How- 
ever, since component distances within a distance matrix were not 
independent, rates of type I error for the set of comparisons between 
matrices may not have followed the theoretical distribution. Thus, to 
evaluate the significance of the observed results, randomization tests 
were used (Edgington 1980). P values for observed rates of type 1 
errors were computed for each comparison of distance matrices based 
on the analysis of 1000 random permutations of bands between 
groups. 

Sampling error variance was compared to scoring error variance 
for distances estimated as the complement to the simple matching 
coefficient. The mean scoring error variance of a genetic distance 
estimate was computed from replicate 1 and replicate 2 distances, 
based on RAPD bands scored in both replicates. The average samp- 
ling error variance was computed based on genetic distance estimates 
averaged across replicates using the formula for sample variance 
given above. 

Experiment 2 

The results from the first experiment were used to rank primers by the 
number of bands per primer which were not scored in both replica- 
tions. Ten of the twelve primers which had the largest number of 
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bands not scored in both replications were selected for the second and 
third experiments. In each of these experiments two sets of RAPD 
data were generated using these ten primers and the ten original 
genotypes. In experiment 2, reactions for both replications were 
mixed from the same stock solutions of enzyme, reaction buffer, 
dNTPs, primer, and template, on the same day and run in the same 
machine. However, reaction mixes for each replication were mixed 
independently and the amplification products were electrophoresed 
on separate gels. 

Experiment 3 

In experiment 3, reaction mixes for each of the ten primers, including 
Taq, buffer, primer, and dNTPs, for both replications were mixed 
from the same stock solutions and in the same micro-centrifuge tube 
so there could be no differences between replications due to pipetting 
or mixing polymerase, buffer, primer, or dNTPs. The reaction prod- 
ucts were electrophoresed with replications for each primer side by 
side on the same gel. 

mum of 2.4% for bands classified as medium. The 
average error rate based on 1835 total observations over 
all band categories was 2.0%. The 37 scoring errors 
detected were distributed into 18 cases where a RAPD 
was scored for a genotype in replicate 1 but was not 
scored for the same genotype in replicate 2, and 19 cases 
where a RAPD was not scored for a genotype in repli- 
cate 1 but was scored for the same genotype in replicate 
2. The observed distribution of errors among genotypes 
did not differ from a random distribution as tested by 
chi-square (P > 0.05). However, the distribution of er- 
rors among RAPD bands was non random. Scoring 
errors were distributed among only 20 RAPD bands 
scored for 17 RAPD primers. Furthermore, four RAPD 
bands out of 192 accounted for 18 of the 37 scoring 
errors. 

Results 

Experiment I: scoring error and reproducibility 

A high level of variation for RAPD bands scored was 
observed between replicates for 50 RAPD primers 
(Table 1). A total of 318 RAPDs were scored, including 
48 in replicate 1 only, 78 in replication 2 only, and 192 in 
both replicates. The 126 RAPD bands not scored in 
both replicates were distributed as 94 faint, 27 medium 
and 5 bold bands. The difference between the number of 
bands scored only in replication 1 and the number of 
bands scored only in replication 2 was due to more 
bands being scored in the faint category in replication 2. 
RAPD band reproducibility was 60, 83, and 96% for 
faint, medium and bold bands, respectively. Averaged 
over all band categories, reproducibility was 76% in- 
dicating that, on average, 76% of RAPD bands scored in 
one replicate were also scored in the other replicate. 

Scoring error for RAPD bands scored in both repli- 
cates varied from a low of 1.3% for bands classified as 
bold, to 2.2% for RAPDs classified as faint, to a maxi- 

Table 1 Distribution and reproducibility of RAPD bands classified 
as faint, medium, and bold in original data (rep 1) and replicated data 
(rep 2) for 50 RAPD primers and ten bean genotypes 

Band Number of bands scored RAPD band 

category Rep 1 reproducibility 
Repl a Rep2 b and rep2 c Total 

Bold 3 2 57 62 96 
Medium 13 14 66 93 83 
Faint 32 62 69 163 60 

Allbands 48 78 192 318 76 

"Scored in replication 1 only, classified as faint, medium or bold in 
replication 1 
b Scored in replication 2 only, classified as faint, medium or bold in 
replication 2 
~ Scored in both replicates, classified as faint, medium or bold in 
replication 1 

Experiment 1: variation among primers for 
number and reproducibility of scored RAPD bands 

Primers were ranked by the reproducibility of scored 
RAPD bands. The highest ranking 25 primers, in order 
from highest to lowest ranking, were A14, H16, H 12, G3, 
A2, B10, J4, O13, H15, A4, P1, A17, W6, I16, 
F13, I10, M12, O19, U19, A9, R4, O16, and G5. For 
these primers, the average primer reproducibility was 
88% compared to 78% for all 50 primers. Averaged 
across replicates, 5.11 polymorphic RAPD bands were 
scored per primer while the average for all 50 primers 
was 5.24. 

Primers were also ranked by the number of polymor- 
phic bands scored per primer, averaged across repli- 
cates. The highest ranking 25 primers were U1, W6, 05, 
G5, O16, R4, A9, G8, U19, O19, M12, I16, T15, J5, A7, 
G16, F20, I3, B5, I7, Xl l ,  F6, J4, B10, and A2, again in 
order from highest to lowest ranking. For these primers, 
average primer reproducibility was 76% compared to 
78% for all 50 primers and 88% for the best 25 primers 
ranked by primer reproducibility. Averaged across 
replicates, 5.94 polymorphic RAPD bands were scored 
per primer. 

Experiment 1: comparison of genetic 
distance matrices 

Genetic distances were compared for different subsets of 
data as defined by RAPD band classification into faint, 
medium and bold categories in replication 1 and by 
whether RAPDs were scored in only one or both repli- 
cates (Table 2). Pairwise comparisons among distance 
matrices were made to evaluate the consistency of ge- 
netic distance estimates across different categories of 
data. The numbers of statistically different distance 
estimates varied from zero to five. For both genetic 
distance estimators, computed P values based on ran- 
domization tests indicated that the observed distribu- 
tion of significant t tests were within the range expected 
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Table 2 Total numbers of significant t-tests found for 45 t-tests performed in the comparison of different genetic-distance matrices generated 
using subsets of data from experiment 1 

Data set 1 a Data set 2 a 1-SM 1-J 

T-tests b p~ T-tests d P 

Bands scored only in replication 1 Bands only scored in replication 2 1 
Bands scored in both replications Bands scored in only one replicate 2 

Bands scored and classified in replication 1 
Faint bands Bold bands 
Faint bands Medium bands 
Medium bands Bold bands 

Bands scored in both replications and classified in replication 1 
Faint bands Bold bands 
Faint bands Medium bands 
Medium bands Bold bands 

0.57 2 0.44 
0.39 1 0.57 

1 0.63 0 0.83 
2 0.39 0 0.81 
3 0.25 3 0.25 

1 0.59 3 0.28 
5 0.09 3 0.32 
4 0.15 2 0.43 

a Genetic distances, for each genotype pair, based on RAPD bands 
specified under the column heading 'Data set 1', were compared to the 
corresponding genetic-distance estimates calculated from RAPD 
bands specified under the column beading 'Data set 2' 
b Number of significant t-tests found in comparison of the 45 genetic- 
distance estimates calculated for 'Data set 1' with those calculated 
from 'Data set 2' using the compliment to the simple matching 
coefficient to calculate distance 

~ Probability of obtaining a larger number of significant comparisons 
by chance, computed using a randomization test employing 1000 
random permutations of bands between specified groups. 
d Number of significant t-tests found in comparison of the 45 genetic- 
distance estimates calculated for 'Data set 1' with those calculated 
from 'Data set 2' using the complement of Jaccard's genetic-similarity 
coefficient 

Table 3 Summary of results from three experiments comparing paired replicates of RAPD data for ten bean genotypes 

Experiment a RAPD bands Data points 

Faint: med: bold b No. scored Total no. scored Reproducibility Number of Scoring 
in both reps (%)c observations error (%)d 

Exp. la 1.0:0.8:0.5 192 318 76 1835 2.0 
Exp. lb 1.0:0.6:0.4 32 78 59 315 1.9 
Exp. 2 1.0:0.5:0.3 62 84 85 620 1.6 
Exp. 3 1.0:0.5:0.4 56 64 94 558 0.7 

a Exp. la designates results from experiment 1, exp. lb designates the 
subset of experiment 1 which included only the ten primers selected 
for experiment 2 (exp. 2) and experiment 3 (exp. 3) 
u Relative numbers of RAPD bands classified as faint, medium and 
bold in each replicate, averaged over two replications for each 
experiment 

due  to chance.  The  d i s t r ibu t ion  o f  significant t tests was 
r a n d o m .  In  a lmos t  all c o m p a r i s o n s  the significant 
differences found  were different for  the two genetic 
d is tance  es t imators .  

Bands  tha t  were scored  exclusively in repl ica t ion 1 o r  
exclusively in repl ica t ion 2 gave genetic dis tance values 
which  were stat ist ically consis tent  with those ca lcula ted  
f rom R A P D  b a n d s  scored  in b o t h  replicates (Table 2, 
r ow  2) ind ica t ing  no  detectable  difference be tween rep- 
l icated and  unrep l ica ted  data.  Fu r t he rm ore ,  statistical 
differences were no t  f o u n d  for d is tance  matr ices  c o m -  
pu ted  f rom bands  of  different ampl i f ica t ion  strength.  

Expe r imen t  1: c o m p a r i s o n  of  sampl ing  and  
scor ing e r ro r  var iance  

F o r  genet ic  dis tances es t imated  as the c o m p l e m e n t  to 
the s imple m a t c h i n g  coefficient, sampl ing  e r ro r  var iance  

~ The average percentage of RAPD bands scored in one replicate that 
were also scored in the other replicate 
d The percentage of RAPD scores which differed across replicates for 
comparisons of the same genotype 

(11.1 x 10 -~) was 6.65 times greater,  on  average,  than  
scor ing er ror  var iance  (1.67 x 10 -4) for the 192 R A P D  
bands  scored in b o t h  replicates. D o u b l i n g  the n u m b e r  of  
R A P D  bands  scored f rom 192 to 384 wou ld  result  in a 
r educ t ion  in sampl ing  var iance  (5.55 x 10 -~) equal  to 
1/2 the sampl ing  var iance  for 192 R A P D  bands.  This 
r educ t ion  in sampl ing  var iance  is greater  than  3 times 
the es t imated  var iance  due to scor ing error.  Thus ,  even if 
it were possible to  comple te ly  el iminate scor ing e r ro r  
var iance  by da t a  replicat ion,  doub l ing  the n u m b e r  of  
bands  scored wou ld  result  in a 3-fold greater  r educ t ion  
in the total  var iance  (sampling var iance  + m a r k e r  scor-  
ing e r ro r  variance) of  genetic dis tance estimates.  

W h e n  c o m b i n i n g  da t a  genera ted  f rom independen t  
P C R  runs, e l iminat ing bands  tha t  are no t  scored in all 
sets of  geno types  increases the sampl ing  e r ro r  for c o m -  
par i sons  of  geno types  within each set. F o r  each repli- 
cate, the average  sampl ing  var iance  was c o m p u t e d  for 
genetic dis tances es t imated  f rom the 192 R A P D  bands  
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scored in both replicates and for genetic distances es- 
timated from the total number of bands scored in each 
replicate separately. Averaged over replicates, sampling 
variance would be increased by 24.5% if RAPD bands 
not scored in both replicates were eliminated. The mag- 
nitude of this increase (2.74 x 10 -4) is 1.64 times the 
estimated variance of genetic distances due to scoring 
error. 

Experiments 2 and 3 

Based on the data from experiment 1, ten primers were 
chosen for experiments 2 and 3. Expressed as a percen- 
tage, RAPD data reproducibility for bands scored for 
these ten primers was only 59% in experiment 1. Repro- 
ducibility increased to 85% in experiment 2 (Table 3). 
This increase in reproducibility was correlated with the 
removal of factors contributing to differences in reaction 
conditions. RAPD data reproducibility increased to 
94% in experiment 3 after additional factors contribu- 
ting to variability among replicates had been eliminated. 
The relative abundance of faint, medium, and bold 
bands was relatively stable across experiments. Scoring 
error for RAPDs scored in both replications was low in 
all experiments, decreasing from 1.9% in experiment 1 
to 0.7% in experiment 3 (Table 3). 

Discussion 

The series of experiments in which reproducibility in- 
creased with the removal of sources of difference in 
reaction conditions between replications, establishes the 
problem of reproducibility as one of replicating an 
adequate amplification environment for a particular 
RAPD band. Furthermore, as shown by the classifica- 
tion of RAPD bands into faint, medium, and bold 
categories, the reproducibility of RAPD fragment am- 
plification was correlated with band quality. The failure 
of all RAPD bands to be scored in replicated data sets is 
most likely due to the sensitivity of the RAPD technique 
and the particular RAPD band, as well as the difficulty 
of exact duplication of reaction conditions. 

One possible strategy for improving the reproducibil- 
ity of RAPD data would be to select primers based on 
the reproducibility of the data they generate. Results of 
experiment 1 indicated variability among primers, sug- 
gesting this possibility. Furthermore, the results indicate 
that this could be achieved without a reduction in the 
average number of bands scored per primer. Alterna- 
tively, primers may be selected to maximize the number 
of RAPD bands scored. The average reproducibility for 
the highest ranking 25 primers, ranked on the basis of 
the number of bands scored per primer, was comparable 
to results for all 50 primers. Thus, selection of primers 
generating larger numbers of polymorphisms can be 
accomplished without a reduction in the reproducibility 
of the resulting data. 

Scoring error was estimated to be only 2% in this 
study. Thus, we did not find rates of scoring error as 
high as those reported by Weeden et al. (1992). Further- 
more, in contrast to their results, the results reported 
here indicated no relationship between the rate of 
scoring error and the relative amplification strength 
of RAPD bands. One possible explanation for this 
inconsistency is that our method results in a lower 
frequency of scoring errors. Alternatively the dis- 
crepancy could be due to methodological differences in 
the detection of error. Certain types of errors, such as 
those occurring because of competitive inhibition of 
weakly amplifying RAPDs, could be reproducible and 
not detectable by data replication. However, the fre- 
quencies of such errors could be estimated by genetic 
analysis such as that reported by Weeden et al. (1992) or 
by analysis of fragment frequencies as reported by 
Skroch and Nienhuis (1995). These studies may indicate 
a similar relationship between scoring error and the 
classification of RAPD bands into faint, medium and 
bold categories. 

The results indicated that for 192 RAPD bands, 
doubling the number of RAPD bands scored would 
have a 3-fold greater impact on the variance of genetic 
distance estimates than the elimination of scoring error. 
The effect of sample size is important to the interpreta- 
tion of our results because sampling variance is inversely 
proportional to the number of bands scored while scor- 
ing error variance is independent of band number. For 
example, if genetic distances were based on 96 RAPD 
bands, instead of 192, the relative importance of samp- 
ling error would be twice as great. RAPD data sets used 
in germplasm studies are typically much smaller than 
192 bands. Thus, with respect to the relative efficiency of 
replication, the conclusions based on our results are 
probably conservative. 

There are other sources of error which cannot be 
directly quantified. For example, violation of the as- 
sumptions underlying the estimation of genetic distance 
based on RAPD data. Specifically, for genetic distance 
estimates based on the complement to the simple match- 
ing coefficient, it is assumed that co-migrating RAPDs 
are amplified from the same genomic locus and that 
two genotypes sharing the absence of a RAPD do 
so because of similarity at that RAPD locus. In addition, 
it is assumed that the level of sequence similarity be- 
tween genomes indicated by monomorphic compari- 
sons, and the amount of sequence difference indicated by 
presence versus absence of RAPD amplification, are the 
same for all comparisons. Violation of these assump- 
tions would lead to an increase in the variance of 
genetic distance estimates. However, the assumption of 
sampling error as the only source of error was sufficient 
to account for variation in genetic distance estimates 
across independent data sets. Thus, the consistency of 
genetic distance estimates suggests the absence of signifi- 
cant, but unidentified, sources of error and also supports 
the assumptions on which estimated genetic distances 
were based. 
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The demonstration that disjoint RAPD marker data 
sets estimate genetic distances that differ by no more 
than would be expected due to sampling error alone is 
important; however, the comparisons in our study were 
also based on statistically important classification cri- 
teria. The results from the comparison of genetic distan- 
ces based on unreplicated data with genetic distances 
based on replicated data were consistent with the hy- 
pothesis that these two sets of RAPD bands actually 
represent random samples from the same population of 
RAPDs relative to the detection of genomic similarity or 
difference. This conclusion counters the suggestion by 
other authors that RAPD bands that cannot be consis- 
tently scored across PCR runs should not be used in 
studies of genetic relationship (for example: Kresovich 
et al. 1992; Yang and Quiros 1993; N o w  et al. 1994). 
Furthermore, these results strengthen conclusions 
reached in other studies based on unreplicated RAPD 
data, especially those which have used the same version 
of the RAPD technique (for example: Skroch et al. 
1992a,b; Dos Santos et al. 1994; Beebe et al. 1995; Nien- 
huis et al. 1995; Skroch and Nienhuis 1995). 

Differences in reproducibility (this study), scoring 
error (Weeden et al. 1992), and frequency of occurrence 
(Skroch and Nienhuis 1995) have been observed for 
RAPDs of different amplification strength. Weak ampli- 
fication of some RAPD bands compared to others may 
reflect differences in the specificity of amplification and 
underlying differences in the level of sequence polymor- 
phism that each type of RAPD represents. Distance 
matrices were compared to evaluate the impact that 
differences in statistical and physical properties of 
RAPDs of varying amplification strength may have on 
RAPD based estimates of genetic distance. Although 
statistical and physical differences may exist, they were 
not significant enough to result in differences in genetic 
distance estimates greater than expected by chance. 
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