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Abstract

Random amplified polymorphic DNA (RAPD) mar-
kers have been used in a variety of genetic studies in
fisheries and aquaculture. Most population studies
are performed without preliminary data demonstrat-
ing the Mendelian inheritance and reproducibility of
RAPD markers. In this study, the inheritance and re-
producibility of RAPD markers was examined in two
consecutive generations of common carp, Cyprinus
carpio L. Variability and segregation of RAPD markers
were investigated in one F; progeny and three F, pro-
genies. Seventy-four RAPD markers were generated
by five primers using DNA extracted from the initial
ornamental (koi) common carp female and wild-type
colour common carp male. Fifty-five of these RAPD
markers were transmitted to the F; progeny and the
inheritance patterns were analysed. Twenty RAPD
markers were fully reproducible and demonstrated
dominant simple Mendelian inheritance patterns in
two consecutive generations. Twenty-four RAPD
markers were not reproducible in all progenies. Thir-
teen markers displayed inheritance ratios in the pro-
genies that did not fit simple Mendelian inheritance
patterns. Non-reproducibility of RAPD markers and
distorted ratios may be caused by the absence of am-
plification, poor amplification or by the appearance of
artefact bands. Random amplified polymorphic DNA
markers with poor reproducibility and non-Mende-
lian inheritance can lead to misinterpretations of
data in population studies, resulting in errors in the
estimation of genetic diversity within and between
individual populations. Therefore, it is recommended

to first identify the set of reproducible RAPD markers
that demonstrate Mendelian inheritance before appli-
cation of the RAPD technique in population studies.
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Introduction

The random amplified polymorphic DNA (RAPD)
technique is an inexpensive procedure for generating
polymorphic DNA markers for genetic studies. No
prior genome sequence information is required to
produce RAPD markers (Welsh & McClelland 1990;
Williams, Kubelik, Livak, Rafalski & Tingey 1990).
The ease of use of the RAPD technique has led to nu-
merous genetic studies with plant, animal and fish
species (Penner 1996; Bardakci 2001; Ali, Huang,
Qin & Wang 2004; Salem, Ali, Huang & Qin 2005).
The RAPD marker technique has been widely used
in aquaculture and fisheries in the evaluation of the
genetic variation and diversity of cultivated stocks
and wild populations (Yoon & Kim 2001; Hatanaka
& Galetti Jr. 2003; Hassanien, Elnady, Obeida & Itriby
2004; Das, Prasad, Meher, Barat & Jana 2005; Ramel-
la, Kroth, Meurer, Nufier, Filho & Arisi 2006). Ran-
dom amplified polymorphic DNA markers have been
used to examine the genetic diversity in common
carp Cyrpinus carpio L. (Dong & Zhou 1998; Bartfai,
Egedi, Yue, Kovécs, Urbanyi, Tamds, Horvath, & Orban
2003; Wang & Li 2004; Ludanny, Christanfova,
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Vasileyev, Prizenko, Bogeruk, Ryskov, & Semenova
2006; Basavaraju, Prasad, Rani, Kumar, Naika, Jaha-
geerdar, Srivastava, Penman & Mair 2007). The
RAPD technique has also been used to construct the
first genetic linkage map for common carp and has
been used to identify a locus associated with cold tol-
erance (Sun & Liang 2004).

Even though the RAPD technique is widely used in
aquaculture and fisheries, there have been few stu-
dies examining the inheritance of RAPD markers in
fish, especially in consecutive generations, and there
have not been any inheritance studies in common
carp. Most population studies performed with RAPD
markers are conducted without preliminary data de-
monstrating marker inheritance and reproducibility.
However, commonly observed problems with RAPD
marker analysis are poor reproducibility, deviation
in the observed segregations from expected ratios
and the appearance of non-parental bands (Stott,
Thssen & White 1997; Appleyard & Mather 2000; Bar-
dakci 2001; Ali et al. 2004; Liu & Cordes 2004). These
problems can be reduced or avoided by using selected
markers resulting from prior inheritance and repro-
ducibility studies. The objective of this study was to
investigate the inheritance and reproducibility of
RAPD markers in two consecutive generations in
the common carp.

Materials and methods
Scheme of crosses and fish rearing

The inheritance of RAPD markers was examined in
two consecutive generations. The first-generation
progeny was obtained by crossing of an ornamental
(koi) common carp female from koi broodstock at the
Aquaculture Research Center at Kentucky State Uni-
versity, with the wild-type colour common carp male
collected at a local lake in Frankfort, Kentucky. Two
genetically distant fish were chosen for the initial
cross in order to increase the variability of RAPD
markers in the F, progeny. The first-generation pro-
geny was maintained in ponds until the fish reached
sexual maturity at 2 years of age. Three randomly
chosen sets of F; females and males were used in sin-
gle-paired crosses to produce three progenies of F.
The variability and segregation of RAPD markers
were investigated in the initial parents, one F; pro-
geny and three F, progenies.

To induce final oocyte maturation or spermiation,
fish parents were injected with Carp Pituitary Extract
(Sigma Chemical, St Louis, MO, USA) at 3mgkg ™.
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Eggs were artificially inseminated in 1.5 L glass trays,
which were placed for embryo incubation in a tank
system with 50-75% daily water exchange. After
transition to active feeding, larvae from the F, pro-
geny were fed with Artemia nauplii for 7 days and
were then stocked in a 0.04 ha pond for further rear-
ing until fish reached sexual maturity. Larvae from F,
progenies were fed with Artemia nauplii, zooplank-
ton and artificial diets for 6 weeks.

Fin clips were taken for DNA analysis from the in-
itial parents and from 30-36 fish from the first-gen-
eration progeny and were preserved in 95% ethanol.
Six-week-old fry from the second generation were
also taken and preserved in 95% ethanol until DNA
extraction.

DNA extraction

DNA samples were extracted using the mouse tail ex-
traction protocol of the Promega Wizard® Genomic
DNA Purification Kit (Promega, Madison, WI, USA)
with one minor modification: the initial incubation
period (65 °C instead of 55 °C). The DNA concentra-
tion and 260/280 nm absorbance ratios were deter-
mined using the GeneQuant pro RNA/DNA
Calculator (Biochrom, Cambridge, UK). DNA stocks
displayed 260/280 nm absorbance ratios between 1.7
and 1.9. The samples were diluted to a DNA concen-
tration of 1 ng uL. ™ %, and stored at 4 °C for use in poly-
merase chain reactions (PCR).

RAPD primers

Thirty-eight RAPD primers from the University of
British Columbia (UBC) RAPD Primer Set #2 (Uni-
versity of British Columbia, Vancouver, Canada) were
screened to amplify DNA samples of the initial female
(koi) and male (wild-type colour) common carp. Eigh-
teen primers were selected to test for the reproduci-
bility of band phenotypes in the initial parents. Five
primers (UBC109, UBC112, UBC120, UBC152 and
UBC154) were selected for further investigation of in-
heritance of RAPD markers. Specific parental band
profiles were generated by these five primers in at
least three replicate PCR.

PCR reactions

All PCR reactions contained 4 ng of template DNA in
a total reaction volume of 20 pL containing a final
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concentration of 1 x PCR bulffer, 0.25 mM dNTP5,
3.1 mM MgCl,, 0195 pM primer and 0.1U Taq poly-
merase (Promega). Amplifications were performed
using two Gene Amp“ System 9700 thermal cyclers
(Applied Biosystems, Foster City, CA, USA). The tem-
perature profile for all reactions consisted of an initial
denaturing period of 94 °C for 5 min, followed by 45
cycles of 1min at 95°C, 1min 30s at 36°C, 30s at
54 °C and 2 min at 72 °C, with a final extension of
15 min at 72 °C.

Amplified products were separated by electrophor-
esis on a 300 mL 1.5% agarose gel in1/2 x TBE buf-
fer at 120V applied for approximately 4 h. Each
sample that was loaded onto the agarose gels for se-
paration consisted of 16 pL of amplified DNA and 4 pL
of loading dye.

Gel electrophoresis

All F, replicate gels for each of the five selected pri-
mers contained samples of amplified genomic DNA
from the initial female (koi), the initial male (wild-
type colour), 32 F; fish and also the Hyperladder I
DNA ladder (Bioline USA, Randolph, MA, USA). All
F, replicate gels for each of the five selected primers
contained samples of amplified DNA from the initial
female (koti), the initial male (wild-type colour), the F,
female and male parents, 30 fish for each of the three
F, progenies and also the Hyperladder I DNA ladder.

The gels were stained with ethidium bromide and
visualized on an ultra-violet light transilluminator. A
digital photo of each gel was obtained using a Kodak
DC120 digital camera (Kodak, Rochester, NY, USA). At
least two replicate PCR amplifications and gels were
completed for each of the selected primers to investi-
gate the inheritance of markers in the first- and sec-
ond-generation progenies. Two Gene Amp'ﬂ System
9700 thermal cyclers were used for DNA amplifica-
tion, with each unit being used for approximately
50% of replicate PCR amplifications.

Analysis of segregation

Random amplified polymorphic DNA markers were
scored using the photo analysis software program xo-
pAK 1D v3.5.0 (Eastman Kodak). Marker loci were de-
scribed by the manufacturer’s primer code, followed
by a subscript, which represents the fragment size in
base pairs.

The RAPD technique is a dominant DNA marker
system. Therefore, if a band is present, the phenotype
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can be homozygous (+/+) or heterozygous (+/—);
when the band is absent the phenotype is homozy-
gous for recessive allele (—/—). When one parent dis-
plays an RAPD band and it is absent in the other
parent, the genotypic crosses were +/+ X —/— or
+/— x —/—. If the polymorphism for this locus re-
sulted in a segregation 1:0 in the offspring, the paren-
tal genotype was homozygous for the dominant allele
(+/+) and all the offspring were heterozygous
(/). If the offspring resulted in a 1:1 segregation, it
indicated that the parent, which had the band, was
heterozygous (+/—) and that the other parent was
homozygous (—/—). When both parents expressed
the band present phenotype, each of them could
either be homozygous for the dominant allele (/4
or heterozygous ¢/—). Heterozygosity in both par-
ents would result in a 3:1 ratio in progeny. Two other
possible crosses (+/+ x +/+ or +/+ x +/—)resultina
1:0 segregation. The observed segregation in proge-
nies was compared with theoretical or expected ra-
tios using % analysis for goodness of fit with Yates'
correction for continuity (Zar 1999), and differences
were considered to be significant at P < 0.05.

Results

Seventy-four RAPD bands were generated by five pri-
mers in the DNA profiles of the initial koi female and
common carp male. Twenty-four markers were speci-
fic for the female, 17 were specific for the male and 33
markers were common for both fish parents (Table 1).
Fifty-five RAPD markers were transmitted from initi-
al parents to F, fish and their inheritance was ana-
lysed. In general, these RAPD markers could be
divided into three major categories with regard to
their inheritance and reproducibility The RAPD
markers of the first category fit theoretical simple
Mendelian inheritance patterns for dominant mar-
kers and were reproducible in all replicates of the F,
and F, progenies. The RAPD markers of the second
category fit theoretical simple Mendelian inheritance
patterns, but were not reproducible in all progenies.
Finally, the RAPD markers of the third category did
not fit simple Mendelian inheritance patterns in at
least one progeny.

Segregation patterns for twenty RAPD markers,
which showed Mendelian inheritance and were re-
producible in all the progenies tested, are shown in
Table 2. These RAPD markers were reproducible irre-
spective of whether the same or different thermal cy-
clers were used for replicate PCR amplifications. In
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seven crosses, both the initial parents had corre-
sponding bands. Four RAPD markers (UBC120-
0607, UBC152-1126, UBC152-0869 and UBC152-
0478) were monomorphic for band presence in F,
progeny and all three F, progenies. This mode of in-
heritance pattern indicated that at least one of the in-
itial parents was homozygous for the dominant allele
(+/+) while the second parent could be homozygous
for the dominant allele or heterozygous (+/—). In
the case of heterozygosity in one of the initial par-
ents, the ratios 3:1 could appear in F», if two heterozy-

gous F, parents were crossed. For markers UBC109-
1082 and UBC152-0916, all F; fish had a correspond-
ing band while in F; ratios 3:1 or 1:0 were observed
(Table 2). This mode of inheritance shows that the in-
itial parents in these crosses had +/+and +/— gen-
otypes. The F, progenies consisted of fish +/+ and
+/— with ratio 1:1; in F; progenies, the ratios 1:0 (all
fish had band) or 3:1 appeared depending on the gen-
otypes of F, parents randomly chosen for crosses. For
marker UBC109-1025, the ratio 3:1 was observed in
both F, progeny and all F, progenies. This indicated

Table 1 Characteristics of random amplified polymorphic DNA markers generated by five UBC primers in two consecutive

generations of common carp

Markers Markers Common Fit Mendeilan Fit Mendellan

specific specific markers Inherltance Inheritance Did not fit

for maie for female for both Transmitted and fully and not fully Mendeiian
Primer parent parent parents Total markers reproducibie reproducibie Inheritance
uBC109 3 4 3 10 10 5 2 3
uBc112 5 1 <] 12 8 3 4 1
UBC120 6 4 1 21 1 2 7 3*
uBC152 2 2 7 1 10 5 3 3"
UBC154 8 6 6 20 16 5 8 3

24 17 33 74 55 20 24 13*

*Including non-parental markers in F; (one for UBC120 and one for UBC152).

Table 2 Observed (OBS) segregations (band present:band absent) of reproducible random amplified polymorphic DNA mar-
kers which were not significantly different (P> 0.05) from expected (EXP) Mendelian ratios (1:1, 3:1, 1:0 or 0:1) in one F, and

three F; progenies of common carp

P F Fi x Fy/l Fa-1 Fy x Fyf2 Far2 Fy x Fyf3 F3
Marker /3  OBS  EXP 23 0BS  EXP g 0BS  EXP 213 0BS  EXP
109-1740  —/+ 1547 111 ++ 229 3 - 1618 111 =z 0:30  0:1
109-1082  +/+ 320 10 +1+ 22:9 31 +H+ 28:6 31 4+ 300 1:0
109-1025  +/+ 293 31 ++ 209 31 ++ 304 31 +/+ 246 31
109-0803  +/— 1517 1 s 17:14 1 + - 19:15 101 4+ 255 31
109-0754  —/+ 320 1:0 i+ 2011 31 ++ 286 3 ++ 26:4 31
112-1962 +/— 1518  1:1 /= 0:34 01 +— 1815 11 . 0:30  0:1
112-0855  +/— 330 10 ++ 259 31 +i+ 26:7 31 4+ 22:8 31
112-0398  +/- 330 1.0 ++ 205 31 H+ 28:5 31 ++ 2555 31
120-0763  +/- 320 10 4+ 26:8 31 i+ 258 31 4+ 22:8 31
120-0807  +/+ 320 10 ++ 340 10 i+ 330 10 4+ 30:0 1:0
152-1126  +/+ 360 10 +H+ 300 1:0 +H+ 340 10 ++ 300  1:0
152-0916  +/+ 360 10 n 300  1:0 i+ 259 3 ++ 300 10
152-0869  +/+ 360 10 ++ 300  1:0 +1+ 34:0 10 4+ 300 10
162-0776  —/+ 360 10 14+ 237 31 i+ 259 31 ++ 255 3
152-0478  +/+ 360 10 +l+ 300 1:0 ++ 34:0 10 ++ 300  1:0
154-0793  +/— 1515  1:1 4/ 1447 11 + - 1420 111 +/ - 17:15 121
154-0764  +/— 1515  1:1 —I+ 1219 121 +—- 1420 111 I+ 1914 121
154-0749  —/+  31:0  1:0 ++ 21110 31 4 20:5 31 4 28:5 31
154-0492  +/— 1714 1 +/ - 1417 14 —/- 0:34 01 —/- 0:31 01
154-0449  +/— 300 10 1+ 274 31 ++ 2311 31 ++ 26:7 31
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Table 3 Observed (OBS) segregation of random amplified polymorphic DNA markers which fit expected (EXP) segregations
in some progenies but demonstrated non-reproducible (NR) readings in other progenies

P F Fy x KM Fa-1 Fi x Fyf2 F-2 Fy x Fy/3 Fy3
Marker 9/3 ©OBS  EXP U 0BS  EXP U3 0BS  EXP o3 0BS  EXP
109-0887  —/+ 1814  1:1 H+ 23.8 31 NR i+ NR

109-0964  +/+ 293 3 ++ 247 31 ++ 304 31 Hi+ NR
112-0041  +/+ 28:4 31 ++ 295 31 ++ 2212 31 ++ NR
112-0864  +/+ 330 10 e+ NR ++ NR i+ 237 3
1120757  +/+ 330 10 ++ 28:6 31 4+ NR ++ NR
112:0451  +/+ 330 10 ++ NR ++ 2112 31 i+ NR
1202252 +/+ 320 1:0 H+ NR ++ NR e+ 264 34
1201733 —/+ 310 10 +H+ 2212 3 ++ 2013 3 i+ NR
1201151 +/+ 300 1:0 ++ 28:6 31 ++ 267 31 ++ NR
120-0942  +/+ 320 1:0 ++ NR ++ 330 10 ++ 300 10
120-0629  +/+ 32:0  1:0 H+ 34:0 10 ++ 330 10 ++ NR
1521540 +/— 21115 111 ++ NR NR + - 1911 11
152-0054  —/+ 17119 111 ++ 20110 31 ++ NR +— 1614 11
1541111 +/+ 300 1:0 H+ NR ++ 340 10 NR
154-0074  +/+ 300  1:0 +Ht NR +4+ 340 10 ++ NR
154-0868  +/+ 300 1:0 ++ NR i 340 10 NR

that heterozygous parents (+/ — ) were used in these RAPD marker was regarded as non-reproducible if it

crosses. failed to amplify or amplification was too weak for

In the 13 crosses shown in Table 2, one initial scoring, or did not fit consistently predicted Mende-
parent had a corresponding band while another par- lian ratios in replicate gels. The reproducibility of
ent did not. In six of the crosses, a ratio of 1:1 was these markers did not depend on whether the same
observed in F; progenies (markers UBC109-1740, or different thermal cyclers were used for replicate

UBC109-0803, UBC112-1962, UBC154-0793, UBC154- PCR amplifications. Sixteen markers from this cate-
0764 and UBC154-0492). This mode of inheritance gory are shown in Table 3; these markers demon-
shows that one initial parent was heterozygous strated non-reproducible results in either one or two
(+/~) while the other parent was homozygous for progenies (from the four progenies investigated).
the recessive allele (—/—). In F, progenies for these There were eight markers from this category (not

markers Mendelian ratios (3:1, 1:1 or 0:1) were ob- shown in Table 3) that could not be reliably scored in
served depending on the genotype of the F, parents three of the four progenies analysed.
(ie. +/— or —/—). In the remaining seven crosses, Thirteen RAPD markers of the third category had

when one initial parent had the band phenotype and segregation ratios that differed from expected Mende-
the other parent did not (markers UBC109-0754, lian ratios in all replicate gels in at least one progeny
UBC112-0655, UBC112-0398, UBC120-0763, UBC152- (F, or F5). Eight markers did not fit Mendelian inheri-
0776, UBC154-0749 and UBC154-0449), all fish in F, tance ratios in F; progenies, while five markers de-
progenies displayed the band. This mode of inheri- monstrated non-Mendelian ratios in F, progenies
tance (1:0) indicates that in these crosses one initial (Table 4).

parent was homozygous for the dominant allele
(+/+) while the other parent was homozygous for

the recessive allele (—/—). Because all F; fish were SiScussion
heterozygotic (+/—) for these markers, only theoreti- The purpose of this study was to examine the inheri-
cal ratios of 31 were observed in F, progenies tance and reproducibility of RAPD markers in two
(Table 2). consecutive generations of common carp. Twenty
Twenty-four RAPD markers of the second cate- RAPD markers were fully reproducible and demon-
gory occasionally fitted theoretical simple Mendelian strated dominant Mendelian inheritance in two con-
inheritance patterns, but did not display reproduci- secutive generations. These markers can now be used
bility in all progenies (Table 3). During scoring, an in genetic diversity studies in common carp.
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Table 4 QObserved (OBS) segregation of random amplified polymorphic DNA markers, which did not fit expected (EXP)
Mendelian ratios in some progenies (bold)

P Fy x Fy/ Fa-1 Fy % Fy/2 Fa2 Fy x Ri3 Fo3
Marker Q/d  OBS  EXP Q3 0BS  EXP 213 OBS  EXP 23 0BS  EXP
1092125  +/— 31 1:01: +i+ 21:10 a1 ++ 24:10 3:1 ++ 1911 31
109-1366  —/+  29:3  1:001:1 +/ = 1417 1:1 i+ NR y 1812 11
1091125 +/— 1616 11 +— 16:15 1:1 ++ 24:10 a1 —/- 1:20  0:1
112-1262  +/—  17:15 11 +/ - NR i+ 9:23 3:1 NR
120-0821 —/-  30:0 0:1 4 NR ++ 12:21 ++ NR
120-0697  +/+ 32:0 1:0 ++ M3 1:03:1 i+ NR ++ 30:0 10
120-0403  +/+ 31 1:00: ++ 34:0 1:0 ++ 33:0 1:0 NR
152-1844  +/+ 30:2  1:0/3:1 ++ NR NR ++ 255 3
152-1403  +/— 27:5  1:00:1 ++ NR NR ++ 237 311
152-1182  —/—  36:0 0:1 4 NR ++ 25:9 a1 ++ 17113 311
154-2111  +/~ 1615 1:1 /4 16:19 a3 ++ NR +H+ NR
154-1647  +/+ 30:0 1:0 -1+ NR +1+ 32:2  1:0/3:1 NR
154-0847 —/+  26:4  1:0/:1 —/- 0:34 0:1 NR NR

Twenty-four RAPD markers demonstrated Mende-
lian inheritance but were non-reproducible in some
progenies. The question of the reproducibility of
RAPD markers has been repeatedly raised in pre-
vious studies with the RAPD marker system (Stott
et al. 1997; Bardakci 2001; Ali et al. 2004; Liu & Cordes
2004). The low reproducibility of the RAPD techni-
que could be due to the low annealing temperature
used in the PCR amplification (Liu & Cordes 2004).
The rate of amplification might be improved if PCR
reaction conditions are re-optimized for individual
RAPD loci. Amplification can also be improved by op-
timization of PCR reaction conditions, such as the
concentration of template DNA, as well as magne-
sium and primer concentrations (Aitchitt, Thangave-
lu & Mantell 1998; Liu, Li, Argue & Dunham 1999).

Finally, 13 markers in the present study displayed
ratios in some progenies that did not fit simple Men-
delian inheritance patterns. Based on analysis of the
data presented in Table 4, failure to amplify RAPD
makers in some individual fish samples may have led
to segregations that differed from Mendelian ratios.
Six markers (UBC109-2125, UBC109-1366, UBC120-
0697, UBC120-0403, UBC152-1844 and UBC154-
1647) demonstrated several (one to three) no band’
individuals in progenies produced by ‘+ x +’ or
‘+ x —'crosses, which distorted theoretical ratio
1:0 (all fish have band). These ‘no band’ profiles could
have resulted from poor DNA amplification.

The appearance of non-parental bands might be
caused either by the absence of amplification in par-
ental RAPD profiles or by the occurrence of artefact
bands in the progeny. Two non-parental bands were

© 2009 The Authors

observed in F; progenies for markers UBC120-0821
and UBC152-1182 (Table 4). Because these bands
were observed in all F individuals and these markers
were transmitted to F5, it is very probable that these
bands resulted from the absence of amplification in
RAPD profiles in at least one parent used in crosses.
A non-parental band was also observed for marker
UBC109-1125 in progeny F»-3 (Table 4). Apparently,
it was an artefact band because it was observed in
only one fish, yielding a distorted segregation of 1:29
instead of theoretical ratio 0:1 (no fish have band).
The most probable explanation for the appearance of
artefact bands is contamination of DNA samples
with pathogens or cross-contamination with other
fish samples. The non-specificity of the RAPD pri-
mers could have resulted in the appearance of arte-
fact bands by amplification of foreign DNA in the
sample.

The unexpected segregation patterns for markers
UBC152-1403 and UBC154-0847 (Table 4) in F, can
also be explained by the absence of amplification in
parental RAPD profiles. In these progenies, the ob-
served segregations (27:5 and 26:4 for markers
UBC152-1403 and UBC154-0847 respectively) dif-
fered from theoretical ratios 1:0 or 11 for '+ x '
crosses but did not differ statistically from Mendelian
ratio 3:1for cross ‘+ x + It is reasonable to suppose
that the ‘false-negative’ parents used in these crosses
appeared due to the absence of amplification.

In conclusion the non-reproducibility of RAPD
markers and distorted ratios may be caused by the
absence of amplification, poor amplification or by
the appearance of artefact bands. Random amplified
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polymorphic DNA markers with poor reproducibility
and non-Mendelian inheritance can lead to misinter-
pretations of data in population studies, resulting in
errors in the estimation of genetic diversity within
and between individual populations. Therefore, it is
recommended to first identify the set of reproducible
RAPD markers that demonstrate Mendelian inheri-
tance before application of the RAPD technique in
population studies.
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