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The objective of the present study was to analyze genetic distances, variation and characteristics of individuals
in rainbow trout, Oncorhynchus mykis using amplified fragment length polymorphism (AFLP) method as molec-
ular genetic technique, to detect AFLP band patterns as genetic markers, and to compare the efficiency of agarose
gel electrophoresis (AGE) and polyacrylamide gel electrophoresis (PAGE), respectively. Using 9 primer com-
binations, a total of 141 AFLP bands were produced, 108 bands (82.4%) of which were polymorphic in AGE. In
PAGE, a total of 288 bands were detected, and 220 bands (76.4%) were polymorphic. The AFLP fingerprints of
AGE were different from those of PAGE. Separation of the fragments with low molecular weight and genetic poly-
morphisms revealed a distinct pattern in the two gel systems. In the present study, the average bandsharing values
of the individuals between two populations apart from the geographic sites in Kangwon-do ranged from 0.084 to
0.738 of AGE and PAGE. The bandsharing values between individuals No. 9 and No. 10 showed the highest level
within population, whereas the bandsharing values between individuals No. 5 and No. 7 showed the lowest level.
As calculated by bandsharing analysis, an average of genetic difference (mean+SD) of individuals was approx-
imately 0.590+0.125 in this population. In AGE, the single linkage dendrogram resulted from two primers
(M11+H11 and M13+H11), indicating six genetic groupings composed of group 1 (No. 9 and 10), group 2 (No.
1,4,5,7,10, 11, 16 and 17), group 3 (No. 2, 3, 6, 8, 12, 15 and 16), group 4 (No. 9, 14 and 17), group 5 (No.
13, 19, 20 and 21) and group 6 (No. 23). In AGE, the genetic distances among individuals of between-population
ranged from 0.108 to 0.392. In AGE, the shortest genetic distance (0.108) displaying significant molecular dif-
ferences was between individuals No. 9 and No. 10. Especially, the genetic distance between individuals No. 23
and the remnants among individuals within population was highest (0.392). Additionally, in the cluster analysis
using the PAGE data, the single linkage dendrogram resulted from two primers (M12+H13 and M11+H13), indi-
cating seven genetic groupings composed of group 1 (No. 15), group 2 (No. 14), group 3 (No. 11 and 12), group
4 (No. 5, 6,7, 8, 10 and 13), group 5 (No. 1, 2, 3 and 4), group 6 (No. 9) and group 7 (No. 16). By comparison
with the individuals in PAGE, genetic distance between No. 10 and No. 7 showed the shortest value (0.071), also
between No. 16 and No. 14 showed the highest value (0.242). As with the PAGE analysis, genetic differences were
certainly apparent with 13 of 16 individuals showing greater than 80% AFLP-based similarity to their closest
neighbor. The three individuals (No. 14, No. 15 and No. 16) of rainbow trout between two populations apart from
the geographic sites in Kangwon-do formed distinct genetic distances as compared with other individuals. These
results indicated that AFLP markers of this fish could be used as genetic information such as species identification,
genetic relationship or analysis of genome structure, and selection aids for genetic improvement of economically
important traits in fish species.
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Introduction cies providing invaluable data for marker-assisted selection (MAS)

and genotype-assisted selection (GAS) including a variety of

Genetic polymorphisms are playing an increasingly impor-  quantitative trait loci (QTL), target traits and economic trait
ant role as genetic markers in plant, animal and microorgan-  loci (ETL) (Reiter et al., 1992; Hospital et al., 1997). Espe-
sm breeding programs. The polymorphic/specific markers  cially, identification of individual, or commercially-important
sroved useful for genetic improvement program of fish spe-  fish species is necessary for efficient selective breeding and
broodstock management, and for the measurement of various

‘Corresponding author: jmyoon@kunsan.ac.kr traits. DNA markers identified to be genetically linked to a
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trait of interest can be used for gene cloning, pathological
diagnostics, transgenic techniques and for trait estimate in
fish breeding programs. Also, the development of genetic mark-
ers in fish is needed to improve the efficiency of breeding by
MAS and for the identification of economically important
genes such as disease resistance genes, anti-freezing pep-
tides genes and growth hormone genes.

The recent advance of genetic techniques with molecular
biological methods showed a great potential to accelerate the
biological perspectives. The polymerase chain reaction (PCR)
was a rapid, simple, relatively cheap and sensitive procedure
for in vitro amplification of specific DNA sequences using
appropriate primers. There were so far used various conven-
tional molecular biological methods including restriction frag-
ment length polymorphism (RFLP) (Beckenbach et al., 1990;
Garcia-Mas et al., 2000), randomly amplified polymorphic
DNAs (RAPD) (Reiter et al., 1992; Liu et al., 1998; Yoon,
1999; Garcia-Mas et al., 2000; Mohd-Azmi et al., 2000; Song
and Lee, 2000; Yoon and Kim, 2001), single-strand confor-
mation polymorphism (SSCP) (Dekomien and Epplen, 2000)
and microsatellite (MS) (Garcia de Leon et al., 1998; Wald-
bieser and Wolters, 1999; Li et al., 2000) based on PCR.
Especially, the genetic similarity and polymorphisms were
identified by not only RFLP markers but also RAPD (Garcia-
Mas et al., 2000). The primer can detect polymorphisms in
the presence or absence of specific nucleotide sequence
information, and the polymorphisms can function as genetic
markers. However, AFLP has advantages over other PCR-based
techniques for DNA fingerprinting including RFLP and RAPD
(Blears et al., 1998).

One of the most widely cultured salmonid for aquaculture
is the rainbow trout native to the Pacific Coast drainages of
North America from Alaska to California. Rainbow trout has
been introduced as an aquaculture fish to the suitable waters
in Kangwon-do in 1970s. The consumption of this fish has
increased for a long time due to the rapid westernization of
food habits and increased individual income from 1980s to
the recent years. Accordingly, rainbow trout has become a
popular fish in various types of restaurants (including a res-
taurant specializing in sliced raw fish, namely, hoejip) during
the last two decades. In spite of its economic and scientific
consequence, the genetic recessiveness of these trout popula-
tions has continuously made progress up to now in Korea.
Thus, the applications of PCR-based molecular methods to
rainbow trout aquaculture had been to identify the genetic
variation and similarity of individuals and population in this

fish species.

The most important of various merits are the capacity to
investigate a variety of genomic DNA for polymorphism and
AFLP is superior to any other systems in terms of the num-
ber of sequences amplified per PCR reaction and its repro-
ducibility (Vos et al., 1995; Maughan et al., 1996, Young et al.,
1998). The AFLP technique provides a reliable DNA finger-
printing technique for DNAs of complexity (Vos et al., 1995).
Also, AFLLP has numerous potential applications such as
individual identification, the monitoring of animal and plant
breeding, diagnostics of genetic diseases, pedigree analysis
and the screening of DNA markers for MAS (Blears et al.,
1998). AFLP can be applied to any DNA samples including
plant (Mackill et al., 1996; Maughan et al., 1996; Bai et al.,
1999; Yee et al., 1999; Purba et al., 2000; Huh and Hubh,
2001), animal (Ajmone-Marsan et al.,, 1997; Young et al.,
1998; Suazo and Hall, 1999; Knorr et al., 1999) and microbes
(Lin et al., 1996), giving it the potential to become a overall
DNA fingerprinting system. Despite the important roles of
AFLP, applications of PCR-based AFLP to the teleost or
shellfish species have so far been a little (Young et al., 1998;
Barki et al., 2000; Felip et al., 2000). Therefore, in this study,
genomic DNAs isolated from rainbow trout were (O. mykiss)
digested by restriction enzymes, ligated by adapters and
amplified by selective primers in order to identify the AFLP
variations, to determine genetic distances and to detect the
within-population and between-population genetic markers.
Also, this study was to compare two different types of gels to
establish which of them is more suitable to measure genetic
diversity in this trout.

Material and Methods

Sample collection

Rainbow trout, O. mykiss were obtained from two aquac-
ulture facilities apart from geographic sites in the Kangwon-
do, Korea. DNA samples of fish anesthetized with MS 222
(100 ppm) were taken from liver tissues. Liver tissues were
collected with sterile test tubes, immediately transported into
liquid nitrogen and stored for further analysis. AFLP-PCR
analysis was performed on genomic DNA samples from a
total of 26 individuals.

Sources of genomic DNA
A piece of samples were used as DNA sources for PCR
amplification. Thawed samples were placed into 1.5 m! Eppen-
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dorf tubes, to which 2 volume of lysis buffer I (155 mM NH,CI,
10 mM KHCOs, 1| mM EDTA) was added, and the mixture
tube was gently inverted several times. The samples were
incubated on ice for 5 min, centrifuged at 1,750 g for 10 min
at 4°C to pellet. The supernatant was decanted with pellet,
resuspended the nuclei in lysis buffer I (10 mM Tris-HCI;
pH 8.0, 10 mM EDTA, 100 mM NaCl, 0.5% SDS). Samples
were transferred with aqueous phase to 1.5 ml Eppendorf
tubes and added 15 pl proteinase K solution (10 mg/ml). The
mixtures were gently inverted and incubated at 65°C for
overnight. After incubation, there was added 300 ul of 6M
NaCl and gently pipetted for a few of min. 600 ul of chloro-
form were added to the mixture and then inverted (no phe-
nol). Samples were spun down at 22,388 g for 5 min. The
cleared lysates were extracted with 2 volume of ice-cold eth-
anol, then centrifuged for 5 min. at 1,750 g, then precipi-
tated. The DNA pellet was air-dried for 3 hrs, and then
dissolved 200 ul of TE (10 mM Tris-HCI; pH 8.0, 1 mM EDTA)
buffer. Purity and concentration of DNA were estimated by
calculating the ratio of Ass/Azg0 measured with a spectropho-
tometer (Shimadzu, Australia).

Genomic DNA digestion and adapter ligation

The original AFLP protocol developed by Zabeau and Vos (1993)
was followed with the minimum modifications. Approxi-
mately 500 ng of genomic DNA was first double-digested
with two restriction enzymes (EcoR I and Hind Ill) at 37°C
for three hrs. Double-stranded oligonucleotide adapters,
homogeneous to one 5'- or 3'- end generated during restric-
tion digestion, are ligated to the DNA fragments. The fragments
were ligated with 5 pmol of EcoR 1 adapters and Hind 111
adapters at 37°C for three hrs, respectively. The ligated DNA
fragments are amplified by PCR using primers complemen-
tary to the adapter and restriction site sequence with addi-
tional selective nucleotides at their 3'- end. The use of selective

primers reduces the complexity of the mixtures. Selective
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primers under the stringent annealing conditions will amplify
the fragments with complementary nucleotides extending
beyond the restriction sites. Polymorphisms are revealed by
analysis of amplified fragments on gels in AGE and PAGE, and
comparison of the band patterns generated for each sample.

AFLP primers

Eight selective primers were synthesized to be complemen-
tary to the adapter/restriction-site sequences and to carry
selective 3' nucleotides. Selective primer pairs included two
EcoR I+ 4 primers and two Hind 111 + 4 primers. There were
shown a few of adapter + primer pair combinations (Table 1).

Amplification conditions

Amplification was performed in a DNA Thermal Cycler
(Perkin Elmer Cetus, USA). Amplification reactions were
performed in volumes of 20 pl contained 20 ng of genomic
DNA, 10X buffer (50 mM KCl, 10 mM Tris-HCI, 2.0 mM
MgCl,), 200 uM dNTP (Perkin Elmer Cetus, USA), 1 unit of
AmpliTaq polymerase (Perkin Elmer Cetus, USA) and 75 ng
of each EcoR 1 + primer or Hind III + primer (Operon Tech-
nologies, USA). Each mixture was performed an initial pre-
denaturation at 94°C for 3 min. Thermal Cycler programmed
for 30 cycles at 94°C for 1 min for denaturation, at 56°C for 1
min for annealing, at 72°C for 1 min for extension and at last
at 72°C for 5 min for extension again, using the fastest avail-
able transition between each temperature. Amplification products
were analyzed by electrophoresis in 2% agarose gels with TBE
(90 mM Tris; pH 8.5, 90 mM boric acid, 2.5 mM EDTA) and
in 6% denaturing polyacrylamide gels with Tris-HCI (pH 8.8) for
three hours. There were detected by staining with ethidium
bromide and silver staining kit (Bioneer Co., Korea). The gels
were illuminated with UV light and photographed by UV DNA
photographic system (Seoulin Co. Korea) and photoman direct
copy system (PECA products, USA), respectively.

Table 1. Adaptors and selective primer sequences (5' to 3') used in this study.

Adaptor

Selective primer sequences

EcoRlI-adaptor
For strand 5'-CTCGTAGACTGCGTACC-3'
Rev strand 3'-AATTGGTACGCAGTCTAC-5'

Hindlll-adaptor
For strand 5'-GACGATGAGTCCTGAC-3"
Rev strand 3'-CTGACGCATGGTCGA-5'

E01: 5'-GAC TGC GTA CCA ATT CA-3'

El1: 5-GAC TGC GTA CCA ATT CAA C-3'
E12: 5'-GAC TGC GTA CCA ATT CAC A-3'
E13: 5-GAC TGC GTA CCA ATT CAC T-3'

HO1: 5'-GAC TGC GTA CCA GCT TT-3'

H11: 5-GAC TGC GTA CCA GCT TTA C-3'
H12: 5-GAC TGC GTA CCA GCT TTA G-3'
H13: 5'-GAC TGC GTA CCA GCT TTC T-3'
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Fig. 1. Hierarchial dendrogram of genetic distances showing the
relatedness among different individuals of two rainbow trout pop-
ulations (No. 1~No. 23) generated according to the similarity matrix
in Table 3 using AGE data.

Data analysis

To evaluate the AFLP variation and polymorphisms of
individuals of within-population and between two popula-
tions, only bands that were readily visible were scored. AFLP
outlines were compared only on samples lane in the same
gel. Bandsharing calculation was somewhat modified the for-
mula of Nei and Li (1979), Jeffreys and Morton (1987) and
Mohd-Azmi et al. (2000): BS=N (Ba......n)/(Ba+Bb+.........
+Bn). Where Nabc is the number of fragments shared by
individuals a, b and ¢ for a single primer, Na is the total num-
ber of fragments for individual a screened within a popula-
tion, Nb is the total number of fragments for individual b and
Nc is the total number of fragments for individual c. If the
comparison between the two lanes, the formula would be:
BS=2 (Nab)/(Na+Nb) and so forth. An average of genetic
similarity is calculated across all pairwise comparisons between
individuals within two populations. Single linkage cluster
analysis was performed on the similarity matrices in order to
generate a dendrogram using pc-package program Systat ver-
sion 10 (SPSS Inc., USA). Genetic differences and distances
of individuals within population and between populations
were calculated with dendrograms performed by Systat ver-

sion 10. BS values were scored by the presence or absence of
an amplified product at specific positions in the same gel
from the AFLP profiles. PCR amplification and bandsharing
experiments on the same DNA sample were carried out to
examine the efficiency and then the data obtained were used
in this experiment and data analyses above-mentioned.

Results

AFLP variation

Genomic DNA from rainbow trout was isolated, digested,
ligated and preamplified at various times with PCR machines.
The high degree of reproducibility of AFLP markers between
experiments has been shown in this study and among differ-
ent laboratories. The amplified products were separated by
AGE with nine AFLP primer combinations and stained with
ethidium bromide (Fig. 2A and B). Substantial amounts of
polymorphism were seen for all the primers used. Each sam-
ple had unique banding patterns ranged from 0.4 to 1.5 kb
showing individual identification in AGE. Individuals could
be distinguished by the presence of unique bands. The char-
acteristics and polymorphisms of AFLP fragments were ana-
lyzed by each primer combination by between AGE and
PAGE (Table 2). A total of 131 AFLP fragments amplified
by each AFLP primer pair, ranging in size from 0.5 to 1.5 kb.
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Fig. 2. Polymorphic AFLP profiles of rainbow trout individuals
amplified with primer combinations (M11+H11) (A) and (M13+H11) (B)
in agarose gel.
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Table 2. AFLP analysis obtained with 9 primer combinations used to assess genetic variation of rainbow trout.

Total number of Size range of amplified Number of polymorphic Percentage of polymorphic
bands amplified (A) products bands identified (B) bands (%)*
AGE 131 0.5-1.5 108 82.4
PAGE 288 0.1-1.5 220 76.4
Total 419 328
Mean 232 18.2 79.4

*: The ratio of number of polymorphic bands identified(B)/total number of bands amplified (A)

The number of polymorphic loci detected per AFLP primer
pair showed an average of 15 polymorphic fragments. Among
131 polymorphic fragments, the 108 fragments account for
82.4% of the total amplified fragments in rainbow trout.
The amplified products were also separated by PAGE (Fig. 4).
Selective amplifications were performed with nine combina-
tions of (E+4)-and (H+4)-primers. Of the 288 bands from the
(M11)/(H13) amplification that were investigated, a total of
220 were polymorphic and accounted for 76.4% of the total
amplified fragments. The number of polymorphic loci detected
per AFLP primer pair in PAGE showed an average of 32
polymorphic fragments. There were shown mean bandshar-
ing value and genetic variations for all 9 possible combina-
tions of rainbow trout individuals calculated for each primer
combination in AGE and PAGE (Figs. 2 and 4).

No 15

No 14

Ro 11
No 12

No 10

No 7

No 13
No 8

L[ No 6
Ne 8
No 1

No 3

No 4

No 9
No 16

Genetic distance

I L l
0.300 0.200 0.100

1
0.000

Fig. 3. Hierarchial dendrogram of genetic distances showing the
relatedness among different individuals of rainbow trout population
(No. 1~No. 16) generated according to the similarity matrix in Table
4 using PAGE data.
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Fig. 4. Tightly linked polymorphic AFLP markers of rainbow trout
individuals amplified with primer combinations (M12+H13) (A) in
polyacrylamide sequencing gel.

Bandsharing values and genetic distances

In the present study, the average bandsharing values of the
individuals between two populations apart from the geo-
graphic sites in Kangwon-do ranged from 0.084 to 0.841 in
AGE and PAGE (Table 3). The bandsharing value between
individuals No. 9 and No. 10 showed the highest level within
population, whereas the bandsharing value between individ-
uals No. 5 and No. 7 showed the lowest level. A similarity
matrix based on Nei and Li’s index of similarity was used to
perform single linkage cluster analysis in order to obtain the
Euclidean distances and dendrogram (Table 3 and 4). The
average bandsharing values of all of the samples within rain-
bow trout population ranged from 0.084 to 0.738 in view of
the result of AGE. As calculated by bandsharing analysis in
AGE, the average level of genetic difference (mean+SD) was
approximately 0.590+0.125 in the individuals of this popula-
tion. Also, as calculated by bandsharing analysis in PAGE,
the average level of genetic difference was approximately
0.654+0.081 in the individuals of this population. In view of
PAGE, the bandsharing value between individual No. 7 and
No. 10 showed the highest level within rainbow trout popu-
lation, whereas the bandsharing value between individual No.
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2 and No. 16 showed the lowest level.

In the cluster analysis using the AGE data, the single link-
age dendrogram resulted from two primers (M11+HI11 and
M13+H11), indicating six genetic groupings composed of
group 1 (No. 9 and 10), group 2 (No. 1, 4, 5,7, 10, 11, 16 and
17), group 3 (No. 2, 3, 6, 8, 12, 15 and 16), group 4 (No. 9,
14 and 17), group 5 (13, 19, 20 and 21) and group 6 (No. 23)
(Fig. 1). The genetic distances among individuals of between-
population apart from the geographic sites in Kangwon-do,
ranged from 0.108 to 0.392. The shortest genetic distance
(0.108) displaying significant molecular differences was between
individuals No. 9 and No. 10. Especially, the genetic distance
between individuals No. 23 and the remnants among individ-
uals within population was highest (0.392). Additionally, in
the cluster analysis using the PAGE data, the single linkage
dendrogram resulted from two primers (M12+H13 and M11+
H13), indicating seven genetic groupings composed of group
1 (No. 15), group 2 (No. 14), group 3 (No. 11 and 12), group
4 (No. 5, 6,7, 8, 10 and 13), group 5 (1, 2, 3 and 4), group 6
(No. 9) and group 7 (No. 16) (Fig. 3). By comparison with
the individuals in PAGE, genetic distance between No. 10 and
No. 7 showed the shortest value (0.071), also between No. 16
and No. 14 showed the highest value (0.242). As with the PAGE
analysis, genetic heterogeneity was certainly apparent with
13 of 16 individuals showing greater than 80% AFLP-based
similarity to their closest neighbor. The three individuals (No.
14, No. 15 and No. 16) of Q. mykiss in Kangwon-do formed
distinct genetic distances as compared with other individuals.

Discussion

AFLP analysis is a good PCR method, developed by Keygene,
Inc., which selectively amplifies DNA fragments (Zabeau
and Vos, 1993). AFLP method detected high numbers of
polymorphic genetic markers with minimal cost and time
requirements is a major objective of molecular genetics
(Maughan et al., 1996). The most important advantages of
AFLP are the capacity to inspect a genome for polymor-
phism and its reproducibility (Blears et al., 1998; Hansen et
al., 1999; Suazo and Hall, 1999). Especially, AFLP markers
are extremely useful, being abundant, highly variable and rel-
atively simple to analyze linkage groups in rainbow trout.
These markers provide fundamental information about the
size and structure of the salmonid genome (Young et al.,
1998). AFLP markers provided useful information for iden-
tification of genotypes and construction of a molecular link-

age map in tef, Eragrostis tef (Bai et al., 1999). AFLP
markers were evaluated for their usefulness in the genetic
analysis of sugar beet and wild Beta species (Hansen et al.,
1999). AFLP is the selective amplification of restriction frag-
ments from a digest of genomic DNA using the PCR (Blears
et al.,, 1998). Molecular genetic polymorphisms are identi-
fied by the presence or absence of DNA fragments following
restriction and amplification of genomic DNA. However, low
sensitivity to the amplification conditions were seen (Suazo
and Hall, 1999), as compared with other method such as
RAPD-PCR (Song and Lee, 2000; Yoon and Kim, 2003).
Considering the resolution of two gel electrophoresis such
as AGE and PAGE in this study, it is possible to construct a
high resolution with the large number of primers available in
PAGE in rainbow trout. While minor band, less than 150 bp,
unidentified in AGE, AFLP fragments ranged from approxi-
mately 100 bp were detected in PAGE. A total of fragments,
an average of fragments per primer and polymorphic DNA
bands identified in PAGE were much more than those in
AGE. This result was in accordance with that of Bai et al.
(1999). However, PCR products were resolved in agarose-
Synergel instead of polyacrylamide and were visualized by
ethidium bromide staining (Suazo and Hall, 1999). Gener-
ally, the number of fragments that can be analyzed simulta-
neously, is dependent on the recognition site digested by restriction
enzymes, primers and G+C contents. Typically, 50~100 restric-
tion fragments are amplified and detected on denaturing poly-
acrylamide gels (Vos et al, 1995). However, the genetic
frequency of polymorphic fragments was generally very low
in polyacrylamide gel electrophoresis. The AFLP markers
have so far been detected in various animals, plants and
microbes. The 332 AFLP markers used in the segregation
analysis were produced using 28 primer pairs for an average
of 12.1 markers/primer pair in rainbow trout (Young et al.,
1998). The total of AFLP markers identified by 9 primer
combinations ranged from 70 to 200 in channel catfish, Icta-
lurus punctatus, blue catfish, I furcatus and their F,, F, and
backcross hybrids, I furcatus (Liu et al., 1998). The poly-
morphic levels were diversified from 38 to 75% according to
primer combinations. The average percent polymorphism
between indica and japonica accessions in rice was 65.35%
for AFLP (Mackill et al., 1996). The number of polymorphic
loci detected per AFLP primer pair in a sample of 23 acces-
sions in soybean ranged from 9 to 27 (Maughan et al., 1996).
The polymorphic fragments in wild and cultivated soybean
ranged from about 17 to 36% of the total observed (Maughan
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et al., 1996). On average, most of the diversity was detected
within populations, with 79% of the variation being within
and 21% being between populations of Indian and Kenyan
tea (Paul et al., 1997). 96.4% were polymorphic among the
accessions in sugar beet (Beta spp.) (Hansen et al., 1999).
The level of polymorphism within tef, Eragrostis tef acces-
sions was low (18%) (Bai et al., 1999). 18% of the AFLP
amplification products were polymorphic among accessions
in azuki, Vigna angularis (Yee et al., 1999). The total num-
ber of bands screened was 783, of which 181 (23.1%) found
a polymorphic pattern among the melon lines (Garcia-Mas et
al., 2000). One hundred and fifty eight scorable band levels
were generated of which 96 (61%) were polymorphic (Purba
et al., 2000). Also, 31% out of fragments identified by a few
of primer combinations were polymorphic in Italian Holstein
(Ajmone-Marsan et al., 1997). AFLP markers were approxi-
mately 60% in a cross within White Leghorns (Knorr et al.,
1999). DNA was analyzed by using three different primer
combinations producing from 61 to 63 polymorphic markers
(55.7 to 88.9%) (Barki et al., 2000). As expected, the poly-
morphic ratio of AFLP products considerably varied accord-
ing to life species.

When comparisons of the performance of two types of
molecular markers in measuring genetic diversity have been
carried out in rainbow trout species, the level of polymor-
phism detected with AFLP (the average of 76.4%) in AGE
was substantially higher than that identified with RAPD (the
average of 69.5%) (Yoon, 1999). A few of polymorphic RFLP,
RAPD and AFLP markers were scored on plant species and
the genetic similarity measured comparatively (Garcia-Mas et al.,
2000). Also, a higher percentage (83%) of AFLP primer pairs
generated polymorphic bands within azuki, Vigna angularis
compared with RAPD (26%) (Yee et al., 1999). In addition,
bandsharing scores were calculated as an expression of sim-
ilarity of RAPD fingerprints of animals from either the same
or different breeds (Jeffreys and Morton, 1987; Gwakisa et
al.,, 1994; Liu et al., 1998; Mohd-Azmi et al., 2000). The
intra-specific divergence estimates based on sequence were
less than the inter-specific divergence estimated from restric-
tion fragment analysis (Beckenbach et al., 1990). This can be
used as a potential genetic marker for linkage analysis with
economically important traits in fish (Liu et al., 1998) and in
livestock (Mohd-Azmi et al., 2000). Intra-specific variations
in the pattern were observed for each primer and such data
should be of value not only in the discrimination of the cor-
relation with the economic traits but also in the construction

of phylogenetic trees or dendrograms (Yee et al., 1999; Gar-
cia-Mas et al., 2000; Yoon and Kim, 2003). Recently, this
result implies the genetic variation or diversity due to intro-
duction of foreign genes or improved breeds within the rain-
bow trout in Korea as compared with the results obtained in
this study. The AFLP polymorphism generated by the primer
may be used as a genetic marker for species or strain identi-
fication in important aquacultural fish species, rainbow trout.

The bandsharing values approach based on the presence or
absence of amplified DNA bands was used to estimate simi-
larity indices, as summarized in Table 3 and 4. In the present
study, the average similarity index between individuals No. 9
and No. 10 showed the highest level within rainbow trout
population in AGE (0.738), whereas the similarity index
between individuals No. 5 and No. 7 showed the lowest level
(0.084). Also, in the PAGE, the similarity index between
individual No. 7 and No. 10 showed the highest level within
rainbow tout population (0.853), whereas the similarity index
between individual No. 2 and No. 16 showed the lowest level
(0.417). As calculated by bandsharing analysis in AGE, the
average level of genetic difference was approximately 0.590+
0.125 in the individuals of this population. Also, in PAGE,
the average level of genetic difference was approximately
0.654+0.081 in the individuals of this population. On the
whole, the similarity index using PAGE data was higher than
that obtained from AGE. All individuals also revealed close
genetic affinities, as compared with rainbow trout individu-
als, as summarized in Fig. 1. It appears from the AFLP-PCR
data that this large genetic difference in rainbow trout popu-
lation may be genetic polymorphism. Callejas and Ochando
(1998) indicated that Spanish barbel species (Barbus bocagei
and B. graellsii) were more related to each other than B. scla-
teri by means of the cluster analysis of the genetic similarity
values obtained from RAPD data. The average level of band-
sharing obtained by the five random primers used was
0.40+0.05 in the wild crucian carp population, contrast with
0.69+0.08 observed in the cultured crucian carp population
(Yoon and Park, 2001). The degree of similarity in two carp
species varied from 0.46 to 0.67 as calculated by bandshar-
ing analysis (Yoon, 2001). The average level of bandsharing
was approximately 0.57+0.03 between the species common
carp and Israeli carp generated using various random prim-
ers. The genetic relationships of 3 goat populations in China
were studied by genetic differentiation coefficient and genetic
similarity coefficient (Geng et al., 2002). The result showed
that genetic relationship between LCG and CCG was the



78 Jong-Man Yoon, Jae-Young Yoo and Jae-il Park

closest (genetic distance=0.0106), then CG and CCG (genetic dis-
tance=0.0109). They made mention that RAPD marker was
more effective in analyzing the genetic relationship of popu-
lations. RAPD data analysis, including distance and parsimony
methods, family clustering and the analysis of molecular
variance, were applicable for the study of genetic relation-
ships among species of the genus Digitalis (Nebauer et al.,
2000). Namely, they stated that the species relationships
revealed by RAPD-PCR approach were fully consistent with
those previously obtained using morphological affinities.
This result showed a similar tendency to that of Orozco-
Castillo et al. (1994) that RAPD analysis reflected morpho-
logical differences between the sub-groups and morphologi-
cal origin of the coffee material.

In this study, the single linkage dendrogram obtained by
the cluster analysis using the AGE data, resulted in six
genetic groupings composed of group 1 (No. 9 and 10),
group 2 (No. 1,4, 5,7, 10, 11, 16 and 17), group 3 (No. 2, 3,
6, 8, 12, 15 and 16), group 4 (No. 9, 14 and 17), group 5 (13,
19, 20 and 21) and group 6 (No. 23). The genetic distances
among individuals of between-population apart from the geo-
graphic sites in Kangwon-do, ranged from 0.108 to 0.392.
The shortest genetic distance (0.108) displaying significant
molecular differences was between individuals No. 9 and No. 10.
Especially, the genetic distance between individuals No. 23
and the remnants among individuals within population was
highest (0.392). Additionally, in the cluster analysis using the
PAGE data, the single linkage dendrogram resulted from two
primers (M12+H13 and M11+H13), indicating seven genetic
groupings composed of group | (No. 15), group 2 (No. 14),
group 3 (No. 11 and 12), group 4 (No. 5, 6, 7, 8, 10 and 13),
group 5 (No. 1, 2, 3 and 4), group 6 (No. 9) and group 7 (No. 16).
By comparison with the individuals in PAGE, genetic dis-
tance between No. 10 and No. 7 showed the shortest value
(0.071), also between No. 16 and No. 14 showed the highest
value (0.242). As with the PAGE analysis, genetic heteroge-
neity was certainly apparent with 13 of 16 individuals show-
ing greater than 80% AFLP-based similarity to their closest
neighbor. The three individuals (No. 14, 15 and 16) of O. mykiss
in Kangwon-do formed distinct genetic distances as com-
pared with other individuals. Thus, the crossing utilization of
three individuals (No. 14, No. 15 and No. 16) of rainbow
trout used in this study seems to be fit undoubtedly to raise
the productivity of this species and also for avoiding close
inbreeding from other kinds of matings.

The phenogram using RAPD data obtained across all prim-

ers revealed close relationships between accessions identities
in native American maize accessions (Moeller and Schaal,
1999). The similarity index for Tamaroa white and Tamaroa/
Tuscarora white was quite high (similarity=0.8). Also, they
stated that Mandan red and Arikara bronze showed close
genetic affinity, which confirmed historical records. Gener-
ally speaking, the potential of RAPDs to identify diagnostic
markers for strain, breed, species and population identifica-
tion in plants (Orozco-Castillo et al., 1994; Moeller and Schaal,
1999), in livestock (Jeffreys and Morton, 1987; Mohd-Azmi
et al., 2000; Geng et al., 2002), in parasites (Dias Neto et al.,
1993) and in fish (Partis and Wells, 1996; Callejas and Ochando,
1998; Klinbunga et al., 2000; Yoon and Park, 2001) has also
been demonstrated. In this study, AFLP-PCR analysis has
revealed significant genetic distances among rainbow trout
individuals. High levels of genetic polymorphisms and the
existence of population differentiation among rainbow trout
individuals showed AFLP-PCR approach is one of the most
suitable tools for individuals and population biological DNA
studies.

Consequently, AFLP markers of these rainbow trout could
be used as genetic information such as species identification,
genetic relationship or analysis of genome structure, and selection
aids for genetic improvement of economically important traits in
fish species. Although AFLP is complicated, requires special
equipment and is more expensive, it is reproducible, and the
capacity to reveal several bands and small amounts of DNA
are needed when compared with those of RFLP and RAPD
(Garcia-Mas et al., 2000). Development of an intra-specific
genetic map of animal, plant and microbe would be valuable
for quantitative trait loci, trait mapping and marker-assisted
selection, and further genetic analyses may be useful for
enhancing the efficiency of molecular breeding programs (Hos-
pital et al., 1997). Especially, molecular genetic markers, such as
microsatellite loci, quantitative trait loci and genomic mapping,
will be useful for selection of broodstock for multiple reproduc-
tive traits or health- and production-related traits in fisheries sci-
ence (Waldbieser and Wolters, 1999).
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