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Abstract: Masu salmon, Oncorhynchus masou masou, is one of the most valuable fishery species that has been introduced to China,
though to date no studies on the genetic diversity and genetic relationship among hatchery populations has been performed with
molecular markers. We undertook such a study and sampled 120 individuals from three hatchery stocks and analyzed 20
microsatellite loci. All loci were polymorphic and a total of 91 alleles were detected. A relatively low level of genetic diversity was
revealed with effective number of allele of 3.1094, 3.3299 and 3.1894 and expected heterozygosity of 0.6600, 0.6648 and 0.6638 in
the three stocks, respectively. Deviations from Hardy-Weinberg equilibrium were found due to heterozygote deficit. Accordingly,
evidence of genetic bottlenecks were found in the three stocks. An individual assignment test demonstrated that 85% of individuals
were correctly assigned into their original stocks. Pairwise Fst revealed that significant differentiation occurred between these three
stocks. The results of the study indicated that disequilibrium of genetic structure and differentiation has occurred in all three stocks.
This information collectively provides a basis for measures to avoid of loss of genetic diversity and introgression in Chinese

aquaculture.
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Masu salmon, O. masou masou, were widely
distributed in Japanese mountain streams (Kano et al,
2010) before being introduced to China in the 1990s
(Wang, 1998). The fish is now one of the most valuable
fishery species in cold-water aquaculture. At present,
commercial catches of O. masou masou in Japan have
decreased and hatchery programs have been established
to release fry to its habitat (Yu et al, 2010). In China,
because of its good taste and flesh quality, the fish has
been an important aquaculture species (Wang, 1998).
However, successive artificial selection and serious
stress from inbreeding have led to the remarkable
degradation in the fish: early sex maturity, smaller size
and silvered body color (Zhang et al, 2011). A second
batch of O. masou masou was introduced into China in
2008 to counter these changes.

High genetic diversity is important for the population
conservation because it is closely related to population’s
fitness and adaptability to environment as well as
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selection (Filgueira et al, 2010). Loss of genetic variation
among hatchery stocks is a common phenomenon caused
by genetic drift in many species, including mrigal (Aung
et al, 2010), Japanese flounder (Sekino et al, 2002) and
common carp (Kohlmann et al, 2005). At present, there
are three O. masou masou hatchery stocks in China, but
their genetic diversity and relationship have not been
reported despite clear indications of genetic
abnormalities that prompted the second importation of
stock in 2008. To avoid a repeat of the earlier incidence,
information on genetic variation of these hatchery stocks
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is urgently needed to develop a coherent management
and conservation plan for this species.

Microsatellites DNA markers have been proven to
be useful markers in researching genetic diversity and
population structure in fish such as Japanese flounder
(Sekino et al, 2002) and common carp (Kohlmann et al,
2005). We aim to investigate the genetic diversity and
population relationships of the Chinese three stocks of O.
masou masou using 20 pairs of microsatellite primers
developed for rainbow trout to assess the genetic
diversity and their relationship within and among stocks
of O. masou masou.

MATERIALS AND METHODS

Sample collection and history of stocks studied

Two batches of fertilized eggs of O. masou masou
were introduced into China, the first in 1996 and
the second 2008. Both were kept in Bohai
Experimental Station. In 1998, parts of O. masou
masou 1individuals were taken to Beijing Shuntong
Rainbow Trout Culture Center and regarded as a separate
stock population after several generations of artificial
propagation, resulting in three stocks. We named the
three stocks we used BO1996, Beijing, and BO2008. In
2010, we collected 40 samples from each of the
presumptive stocks. And the samples of the BO2008
stock were collected directly from the introduced
population. Fin-clip tissues were preserved in 75%
ethanol (Jia et al, 2008) for BO1996 and Beijing stocks.
B0O2008 stock samples were collected as fry just before
beginning to float.

DNA extraction and microsatellite DNA analysis

Genome DNA was extracted using the standard
proteinase K, phenol-chloroform-isoamyl procedure
(Wei et al, 2001). 20 microsatellite loci (Tablel)
developed for other salmon were used in the study. The
OMM3005 primer was from NCBI (http://www.
ncbi.nlm.nih.gov/nuccore/20142355) and others were
from the articles of Rexroad et al (2002a,b;2005). Primer
conditions, mainly annealing temperatures, were
optimized for amplification. PCR was performed using a
reaction volume of 15 pL containing 50 ng of genomic
DNA, 0.2 pmol/L of each dANTP (TaKaRa, China),
0.1 pmol/L of each primer, 1.5 mmol/L MgCl,, 1x
PCR buffer (TaKaRa, China) and 1U Tag DNA
polymerase. The thermal cycling (Biometra) began with
3 min at 94 °C, followed by 27 cycles of denaturing at 94
°C for 30 s, annealing temperature from 50 °C to 62 °C
depending on different primers for 30 s, elongation for
30 s at 72 °C, followed by a final extension for 5 min at
72 °C. PCR products were separated in 10%
polyacrylamide gels.
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Statistical analyses

The effective number of alleles per locus (Ne),
number of detected alleles (Na), observed heterozygosity
(Ho), expected heterozygosity (He) and allele frequency
were calculated using POPGENE 1.32(Yeh et al, 2000).
To test the difference between populations of Ne and He,
non-parametric z-tests (Sokal & Rohlf, 1995) were
performed using Microsoft Excel.

Deviations from Hardy—Weinberg equilibrium
(HWE) were estimated using GENEPOP 4.0 (Raymond
& Rousset, 1995). Exact P-values were evaluated with
Markov  chain  method (dememorization=10000;
batches=100; iterations per batch=5 000). Additionally,
deviations from HWE in the direction of heterozygote
excess or deficit were also carried out.

Analysis of molecular variance (AMOVA),
implemented in GenAlEx (Peakall & Smouse, 2006),
was used to partition total genetic variation hierarchically
among stocks.

Genetic distance between populations was estimated
by the PHYLIP software package, version 3.69
(Felsenstein, 1993). Bootstrap re-sampling (1 000
replicates) was performed to test the reliability of
dendrogram implemented in PHYLIP software.

STRUCTURE 2.2 (Pritchard et al, 2000) was used
to determine the most likely number of genetic clusters
(K=1-5). An assignment test was also performed in
order to determine the extent to which individuals could
be correctly assigned to their population of origin. In the
analysis, the simulation was used assuming admixture
and correlated allele frequencies between populations
with a 10000 replications burn-in period and 100 000
MCMC replicates.

Evidence of population bottlenecks were tested with
Bottleneck 1.2.02 (Cornuet & Luikart, 1997) and the
Wilcoxon sign-rank test was used to determine if a
population exhibits a significant number of loci with
heterozygote excess with a two-phased model of
mutation (TPM, as recommended in the program). The
mode-shift indicator was also employed to discriminate
bottlenecked populations from stable populations.

RESULTS

PCR results of 20 pairs of microsattelite primers
According to the clarity and size of banding
patterns, 20 pairs of primers showed good images and all
were polymorphic in the sampled populations (Figure 1).

Genetic diversity and linkage disequilibrium
Summary statistics showing allelic variation within
loci and population are presented in Table 1. A total of 91
alleles were detected in the 20 loci among 120
individuals with an average of 4.55, ranging from three
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Figure 1 Polyacrylamide gel results at the OMMS5017 locus for three stocks of masu salmon

a, b, ¢, d and e means different alleles.

alleles at loci AF352740, AF352758 and OMM5020 to 7
alleles at locus AF352763. All loci were polymorphic in
all samples from three stocks. Ho and He within stocks
ranged from 0.2973 (B0O2008) to 0.9714 (BO1996)
and from 0.3225 (Beijing) to 0.8290 (Beijing),
respectively.

Exact tests for genotypic linkage disequilibrium
showed significant deviations in the stocks of BO1996
(OMM1036 and OMM1035, OMM1036 and AF352744,
AF352738 and AF352750 pairs) and Beijing (OMM1045
and AF352763, AF352763 and af352746, AF352750 and
AF352744 pairs) at the 5% level. But disequilibria were
not consistently observed in the same locus pairs in each
population.

Genetic structure with and among populations

The effective number of allele per population was
3.1094, 3.3299 and 3.1894 in BO1996, BO2008 and
Beijing respectively. The mean expected heterozygosity
per population was 0.6172, 0.6171 and 0.6299 in
BO1996, BO2008 and Beijing respectively. No
significant difference of genetic diversity was found
between stocks.

Deviations from HWE were found in all three
populations (Table 1). Heterozygote deficit was observed
in BO2008 stock while for the other two, however,
heterozygote deficits existed at only few loci and did not
achieve population level. The BO1996 population
exhibited the highest number of loci (11) deviated from
HWE and then BO2008 (10) and Beijing (9) stock
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populations. Two loci (OMMS5017 and OMMS5010)
deviated from HWE in all populations but a heterozygote
deficiency existed in different population (OMMS5017 for
B0O2008 and Beijing, OMMS5010 for BO2008 at 5%
level). A significant bottleneck was found for three
stocks (P [heterozygote excess] = 0.00000, 0.00001 and
0.00136 for BO1996, BO2008 and Beijing, respectively
and the shifted model).

For the real number of clusters, once the cluster (K)
is reached, L(K) at larger Ks plateaus or continues
increasing slightly. In our analysis, L(K) at larger Ks
plateaus when K=3, which is consistent with the groups
as individual sampled (Figure 2). And the 4K value that
could give a clear peak at the true value of K according
to procedures of Evanno et al (2005) was in Figure 3.
The self-assignment test resulted in correct assignment of
102 of the 120 individuals in the three sampled groups,
corresponding to 85.0% (Figure 4). The number of
misclassified individuals in the three groups was four,
seven, and seven with the ratios of 3.33%, 5.83%, and,
5.83% respectively.

The locality of origin for each individual is
indicated in the X-axis.

Genetic relationships

The global test for population differentiation was
significant with Fst value of 0.055 (P=0.01). Pairwise
Fist estimates and level of significance for all population
pairs are presented in Table 3. All Fist values were
significant (all P=0.01) and the highest Fist was found
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Table 1 Genetic variability of three O. masou masou stocks at 20 microsatellite loci

Locus Repeat Population P Ne Ho He

P BO199% 0.0013* 3.9801 0.7500 0.7582
(GT)17 B02008 0.0077* 3.8186 0.6250 0.7475
BEUING 0.0317* 2.4078 0.6000 0.5921
BO1996 0.0000* 3.9851 0.9000 0.7585
OMMS010 (GT)25 B02008 0.0000* 43185 0.5250 0.7782
BELING 0.0017* 3.8415 0.8250 0.7491
BO1996 0.0988 3.3058 0.8250 0.7063
OMM5009 (GAY44 B02008 0.0146* 2.4298 0.7500 0.5959
BEUING 0.4824 2.7997 0.7250 0.6509
BO1996 0.0084* 29331 0.6750 0.6674
OMM5008 (GT)19 BO2008 02133 2.4600 0.4865 0.6016
BEUING 0.0058* 2.8855 0.8500 0.6617
BO1996 0.2681 3.0149 0.8205 0.6770
OMMS000 (CA)I8 BO2008 0.0003* 2.5499 0.8462 0.6157
BEUING 0.0475* 3.3934 0.8250 0.7142
BO1996 0.0174* 3.7559 0.4750 0.7430
OMM1045 (TCTA)12 BO2008 0.0003* 23145 0.2973 0.5757
BEUING 0.2520 3.0274 0.5500 0.6782
BO1996 0.0111* 3.7736 0.7000 0.7443
OMM1044 (TCCA)14 B02008 0.0000* 5.2605 0.5526 0.8207
BEUING 0.1396 45403 0.6154 0.7899
BO1996 0.9844 3.1232 0.7692 0.6886
OMM1036 (TATC)18 B02008 0.5301 48784 0.7368 0.8056
BEIJING 0.1108 3.5242 0.8750 0.7253
BO1996 0.0620 45134 0.6923 0.7885
OMMI035 (TAGA)31 BO2008 0.0508 5.1200 0.6500 0.8149
BEUING 0.0000* 43478 0.9500 0.7797
BO1996 0.5363 3.5455 0.6923 0.7273
OMMI012 (CA)14 B02008 0.0000* 3.9661 0.4872 0.7576
BEIING 0.0388* 3.3465 0.5789 0.7105
BO1996 0.3406 1.8827 0.6053 0.4751
OMM1000 (CT)6N2(CT)4 B02008 0.1241 22467 0.7179 0.5621
BEIING 0.3765 22651 0.6667 0.5658
BO1996 0.0424* 3.5794 0.6250 0.7297
OMM3005 (CA37 B02008 0.3607 43770 0.6667 0.7816
BEUING 0.0479* 45007 0.8500 0.7877
BO1996 0.7945 17847 0.4250 0.4453

AF352738
(TAGA)15 B02008 0.3727 2.5457 0.7500 0.6149
BEIING 0.3994 1.9606 0.5526 0.4965
BO1996 0.1491 43986 0.7714 0.7839
AF352763 (GATA)26 BO2008 0.0579 6.3908 0.7436 0.8545
BEUING 0.0802 5.4688 0.9714 0.8290
BO1996 0.1019 23529 0.5250 0.5823
AF352750 (GATA)14 B02008 0.0926 24317 0.6923 0.5964
BEUING 0.0726 24634 0.7250 0.6016
BO1996 0.0115* 2.8594 0.5000 0.6589
AF352746 (TATC)7 B02008 0.0070* 2.9304 0.4750 0.6671
BEIJING 0.1266 3.3508 0.6000 0.7104
BO1996 0.0112* 2.8889 0.4615 0.6623
AF352744 (GATA)19 BO2008 0.0000* 27112 0.3077 0.6394
BEUING 0.0558 3.0239 0.5128 0.6780
BO1996 0.0000* 2.6644 0.8500 0.6326
AF352740 (AC)14 B02008 0.2775 22028 0.5897 0.5531
BEIING 0.0000* 2.8803 0.7750 0.6611
BO1996 0.0114* 1.9987 0.7179 0.5062
AF352758 (GATA)13 B02008 1.0000 1.8376 0.4865 0.4621
BEIING 0.4266 1.4672 0.3000 0.3225
BO1996 0.9234 1.8470 0.5128 0.4645
OMMS025 (CAT B02008 0.0457* 1.8075 0.6154 0.4525
BEUING 0.0000* 22923 0.9500 0.5709
BO1996 e 3.1094 0.6647 0.6600
Mean e BO2008 e 3.3299 0.6001 0.6648
BEUING e 3.1894 0.7149 0.6638

P: estimate of probability of deviation from Hardy-Weinberg equilibrium; *: significant departure from Hardy-Weinberg equilibrium (P<0.05); Ne: the effective
number of alleles; Ho: observed heterozygosity; He: expected heterozygosity.
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Table 3 Pairwise Population Fst Values at 20
microsatellite loci

Pop ID BO1996 B0O2008 Beijing
BO1996 kR 0.01 0.01
B0O2008 0.062 Hokk 0.01
Beijing 0.050 0.052 K

Fst Values below diagonal. Probability values based on 99 permutations are
shown above diagonal.

Pairwise genetic distances among hatchery
populations (Table 4) ranged from 0.1282 (BO1996—
Beijing) to 0.1349 (BO1996-B02008), which was
consistent with Fis¢ results.

Table 4 Nei's genetic distance (below diagonal)

Pop ID BO1996 B02008 Beijing

BO1996 L

B02008 0.1671 L

Beijing 0.1282 0.1349 —
DISCUSSIONS

Our study provides useful insights into the genetic
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diversity of O. masou masou and the data indicates
relative low levels of genetic diversity but significant
population differentiation the three O. masou masou
stocks.

Within-population diversity and population structure

Low levels of allele diversity among O. masou
masou were suggested by the 20 microsatellite loci. The
number of alleles ranged from 3.1094 to 3.3299 per locus,
compared to the average value from 12 species of
freshwater fish (4=9.1) (De Woody & Avise, 2000) and
from O. masou masou populations in Japanese and
Korean populations (4=6.42—9.71) (Yu et al, 2010).
However, the observed and expected heterozygosity
(Ho=0.6001-0.7149 , He=0.6600—0.6648)  was
moderate, slightly higher than the average of freshwater
fish (H=0.54 averaged of 13 species) (De Woody &
Avise, 2000) and lower than O. masou masou
(H0=0.698-0.817, He=0.722-0.814) (Yu et al, 2010).
For three stocks, samples were introduced as fry and they
may have comprised a few full-sib families rather than
representatives of their original populations (Na-Nakorn
et al, 2004), which resulted in the low level of alleles.
We also used primers developed for other salmon. Cross-
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amplified primers and the loss of low-frequency alleles
after several generations of artificial propagation may
result in low genetic variation. BO1996 and Beijing
population showed even lower genetic diversity
compared to BO2008 in terms of number of alleles and
heterozygosity. BO1996 and Beijing populations
experienced a longer period of being cultured since
introduction into China as compared to the BO2008
population. This time difference might lead to a loss of
diversity as a result of inbreeding and genetic drift.

In general, a small number of alleles are a signature
of population bottleneck (Norris et al, 1999) due to allele
loss. The present results indicate that significant genetic
bottlenecks were detected with the shifted model in all
populations, which implies that a dramatic loss of alleles
happened in our samples. In the next breeding or
hatcheries, a sufficient number of individuals are
necessary to avoid serious bottleneck.

Deviations from HWE were found in three
populations due to heterozygote deficiencies, likely caused
by null alleles, a mixture of independent populations,
non-random mating, or artificial or natural selection. In
this study, half of loci deviated from HWE in the
sampled populations and heterozygote deficits did not
occur in all the loci and populations, which did not
reflect features of null allele effect but likely of mixture
of independent populations (for BO2008 stock), non-
random mating, or artificial or natural selection (for
BO1996 and Beijing stock).

Genetic differentiation between stock populations

Genetic differentiation was observed between/
among different stocks. In all inter-stock tests, deep
differentiation was found between BO1996 and BO2008
and then Beijing and BO2008, which was consistent with
the different stocks’ origin.

Significant population differentiation was observed
between BO2008 and the other two. As a newly
introduced stock, BO2008 might be genetically different
from original populations. It is interesting that two other
stocks, BO1996 and Beijing, are also differentiated
significantly from each other, as Beijing samples were
recruited from BO1996 stocks. This could be due to
genetic drift phenomenon such as non-random mating,
inbreeding or selection that occurred in hatcheries.

References

Aung O, Nguyen TTT, Poompuang S, Kamonrat W. 2010.
Microsatellite DNA markers revealed genetic population structure
among captive stocks and wild populations of mrigal, Cirrhinus
cirrhosus in Myanmar [J]. Aquaculture, 299(1-4): 37-43.

Cornuet JM, Luikart G. 1997. Description and power analysis of two
tests for detecting recent population bottlenecks from allele frequency
data [J]. Genetics, 144(4): 2001-2014.

Zoological Research

Identifying individuals to their origin is important
for breeding programs to improve desirable quantitative
traits and to conserve gene resources to avoid vast gene
introgression during broodstock management. In our
study, the assignment accuracy of individuals to their
stock of origin was more than 80%. Cornuet et al (1999)
calculated the accuracy of assignment of an individual to
the population of its origin according to the number of
loci used and the number of individuals sampled and the
degree of population differentiation and pointed out that
the best combination was 20-30 loci and 8-12 individuals
per population when the value of Fst was more than 0.05.
In our analysis with Fis#>0.05, 20 loci and 40 individuals
were used, which is sufficient for the assignment. The
high percentage of correct assignment (85%) in our
assignment test also demonstrated that the individual
assignment tests performed well with the level of
differentiation.

Implications for the management

Although the results of moderate heterozygosity
were revealed, the presence of bottleneck and relatively
low levels of allele diversity implied that domestication
had greatly reduced the genetic diversity of O. masou
masou in China. Sufficient genetic diversity is crucial in
ensuring the long-term adaptability for domesticated
stocks of O. masou masou. Consequently, a large number
of individuals to avoid inbreeding will be necessary for
the management and conservation of this species.
Furthermore, we recommend genetic monitoring be
performed regularly on these and any new stocks in order
to avoid a loss of genetic diversity.

Genetic differentiation revealed by Fst was
observed between/among different stocks, which was
supported by the real K estimated from STRUCTURE
analysis. Therefore, genetic dissimilarity existed in the
different stock of O. masou masou in China and as such,
it is necessary to maintain the genetic integrity of each
stock to avoid gene introgression between the genetic
groups as revealed in the dendrogram.

Acknowledgement: We thank the Beijing Shuntong
Rainbow Trout Culture Center for their help and support
in sample collection.

Cornuet JM, Piry S, Luikart G, Estoup A, Solignac M. 1999. New
methods employing multilocus genotypes to select or exclude
populations as origins of individuals [J]. Genetics, 153(4): 1989-2000.

De Woody JA, Avise JC. 2000. Microsatellite variation in marine,
freshwater and anadromous fishes compared with other animals [J]. J
Fish Biol, 56(3): 461-473.

Evanno G, Regnaut S, Goudet J. 2005. Detecting the number of

WWW.Zoores.ac.cn



Genetic diversity and differentiation of masu salmon between and within cultured populations inferred from microsatellite DNA analysis ~ E39

clusters of individuals using the software structure: a simulation
study[J]. Mol Ecol, 14(8), 2611-2620.

Felsenstein J. 1993. PHYLIP (phylogeny inference package), version
3.6 [C] // Department of Genome Sciences and Department of Biology.
Seattle, USA: University of Washington.

Filgueira R, Grant J, Strand @, Asplinc L, Aurec J. 2010. A simulation
model of carrying capacity for mussel culture in a Norwegian fjord:
role of induced upwelling [J]. Aquaculture, 308(1-2): 20-27.

Jia ZY, Zhang YY, Shi LL, Bai QL, Jin SB, Mou ZB. 2008.
Amplification of rainbow trout microsatellites in Brachymystax lenok
[J]. Mol Ecol Resour, 8(6): 1520-1521.

Kano Y, Kondou T, Shimizu Y. 2010. Present status and conservation
of the markless forms of stream-resident masu salmon Oncorhynchus
masou (the so-called ‘iwame’) in Japanese mountain streams [J].
Ichthyol Res, 57(1): 78-84.

Kohlmann K, Kersten P, Flajshans M. 2005. Microsatellite-based
genetic variability and differentiation of domesticated, wild and feral
common carp (Cyprinus caprio L.) populations [J]. Aquaculture,
247(1-4): 253-266.

Na-Nakorn U, Kamonrat W, Ngamsiri T. 2004. Genetic diversity of
walking catfish, Clarias macrocephalus, in Thailand and evidence of
genetic introgression from introduced farmed C. gariepinus [J].
Aquaculture, 240(1-4): 145-163.

Norris AT, Bradley DG, Cunningham EP. 1999. Microsatellite genetic
variation between and within farmed and wild Atlantic salmon (Salmo
salar) populations [J]. Aquaculture, 180(3-4): 247-264.

Pritchard JK, Stephens M, Donnelly P. 2000. Inference of population
structure using multilocus genotype data [J]. Genetics, 155(2): 945-959.

Rexroad CE III, Coleman RL, Gustafson AL, Hershberger WK,
Killefer J. 2002a. Development of rainbow trout microsatellite markers
from repeat enriched libraries [J]. Mar Biotechnol, 4(1): 12-16.

Kunming Institute of Zoology (CAS), China Zoological Society

Rexroad CE III, Coleman RL, Hershberger WK, Killefer J. 2002b.
Rapid communication: thirty-eight polymorphic microsatellite markers
for mapping in rainbow trout [J]. J Anim Sci, 80(2): 541-542.

Rexroad CE III, Rodriguez MF, Coulibaly I, Gharbi K, Danzmann RG,
Dekoning J, Phillips R, Palti Y. 2005. Comparative mapping of
expressed sequence tags containing microsatellites in rainbow trout
(Oncorhynchus mykiss) [J]. BMC Genomics, 6: 54.

Raymond M, Rousset F. 1995. GENEPOP (version 1.2): population
genetic software for exact tests and ecumenicism [J]. J Hered, 86(3):
248-249.

Sekino M, Hara M, Taniguchi N. 2002. Loss of microsatellite and
mitochondrial DNA variation in hatchery strains of Japanese flounder
Paralichthys olivaceus [J]. Aquaculture, 213(1-4): 101-122.

Sokal RR, Rohlf FJ. 1995. Biometry, 3rd ed. [M]. New York: W.H.
Freeman and Company.

Wang ZM. 1998. Masu salmon-A new cold-water cultured fish [J]. Chn
J Fish, 11(2): 96. (in Chinese)

Wei DW, Lou YD, Sun XW, Shen JB. 2001. Isolation of microsatellite
markers in the common carp (Cyprinus carpio) [J]. Zool Res, 22(3):
238-241. (in Chinese)

Yeh FC, Yang RC, Boyle TBJ. 1999. POPGENE, version 1.32,
Microsoft Window-Based software for Population Genetic Analysis: a
quick user’s guide[M]. University of Alberta, Edmonton, Canada.

Yu JN, Azuma N, Yoon M, Brykov V, Urawa S, Nagat M, Jin DH, Abe
S. 2010. Population genetic structure and phylogeography of masu
salmon (Oncorhynchus masou masou) inferred from mitochondrial and
microsatellite DNA analyses [J]. Zool Sci, 27(5): 375-385.

Zhang YY, Jia ZY, Bai QL, Tang YK. 2011. Properties of silvering
salmon in Oncorhynchus masou masou population under aquaculture
condition [J]. Chn J Zool, 46(4): 8-15. (in Chinese)

Volume 33 Issues E3—4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


