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1.INTRODUCTION

The global aquatic environmental deterioration and overexploitation of aquatic resources has
led to the decline of fish stocks (e.g. Atlantic salmon, Salmo salar, Grandjean et al., 2009). As
a consequence, stock augmentation has been practiced worldwide with variations of success
[see Connor et al., 2004; e.g., for examples, successful cases of steelhead in the Carp River,
Michigan (Daugherty et al., 2003). There are concerns on adverse impacts on genetic
diversity of wild populations if the hatchery reared fish were released and interbred with the
wild counterparts [e.g. dilution of wild genetic variation; loss of genetic integrity of the wild
populations (e.g. Madeira et al., 2005); decline of adaptability of the recipient populations due
to break down of coadaptive gene complexes (e.g. Clifford et al., 1998; Cooke and Philipp,
2005; Araki et al., 2007).

Southeast Asia, one of the world hotspots of freshwater fishes is now facing threats on
species extinction and decline of abundance of many native species. To cope with this
problem, restocking has been widely practiced for conservation and enhancing fishery
production. Recently, concerns on adverse impacts of this practice have been raised.
However, there has been only limited studies on this issue, for examples, Kamonrat (1996)
based on microsatellite markers, found that the released of hatchery reared silver barb,
Puntius gonionotus has resulted in decline of genetic variation between populations but not
the genetic variation within populations.

In this study the change of genetic variation of the captive stocks of Phalacronotus
bleekeri (Glinther, 1864) (synonym: Kryptopterus bleekeri) over 5 generations was evaluated.
P. bleekeri or Pla Daeng in Thai, inhabiting rivers, streams, lakes and impoundment in
Cambodia, Laos, Thailand and Vietnam (Froese and Pauly, 2010), is of high value and the
production is solely from artisanal fisheries. Due to the decline of abundance of many native



83

fishes in the Chaophraya River in Thailand, the restocking programs have been established
and P. bleekeri is among the target species. At present two generations of broodstock were
maintained in the Chainat Fisheries Research and Development Institute, Chainat Province,
and were used for producing fingerlings for restocking. Therefore, it is of great interest to
evaluate genetic alteration of the captive broodstocks over generations of captive breeding
relative to the wild populations. The information obtained from this study is essential for
recommendations on necessity of the stock enhancement program. Simultaneously
recommendation on broodstock management will be provided. More importantly, in this
study microsatellite primers specific to P. bleekeri were developed to enable multiplex PCR
which would save the expenses and time for the analyses.

2.MATERIALS AND METHODS

2.1 Sample collection

Samples of caudal fin clip (approximately 20 g) of Phalacronotus bleekeri were
collected from 39 and 40 samples each of the third generation broodstock (spawned in 1999:
1999-broodstock) and the fifth generation broodstock (spawned in 2006: 2006-broodstock) of
Chainat Fisheries Research and Development Institute, respectively. These stocks were
originated from wild fish collected from Chaophraya River below Chaophraya Dam at the
location adjacent to the Chainat Fisheries Research and Development Institute and were
maintained without re-introduction of the wild fish. The samples of 39 wild Phalacronotus
bleekeri were collected from Chaophraya River at the location where the founders of the
captive stocks have been collected. The fin clips were preserved in 90% Ethanol until DNA
extraction was performed.
2.2 DNA extraction

DNA extraction was performed according to the method described by Taggart et al.
(1992) with slight modification. The DNA samples were used for development of
microsatellite primers and subsequent scoring of microsatellite loci.
2.3 Development of microsatellite primers and Multiplex PCR

The protocols employed here were as described in Na-Nakorn et al. (2010). In brief,
genomic DNA derived from Phalacronotus bleekeri were digested with Rsal then ligated to
21 bp and 25 bp Mlul adapters. Next it was purified using QIAquick PCR purification kit
(Qiagen) and amplified. The PCR conditions and primer sequence were as reported in
Edwards et al., (1996). For enrichment of microsatellites, 100 ng of ligated, denatured DNA
was hybridised to repeated oligonucleotides {(GACA)y, (GATA)o, (AAAT)y, (GATG)o,
(CAA)14, (CA)a0, (GT)s, (AAT) 14, (CT)1s, (AAG) 14} bound to the filter membranes.
Following hybridisation the filters were washed, the bound DNA was eluted and amplified
following Edwards et al. (1996). The enriched DNA products were cloned- using the pGEM"-
T easy vector system I kit (Promega). Then the plasmids were transformed into E. coli
JM109. The white colonies were selected in the presence of X-gal and IPTG in LB agar with
ampicillin. Then DNA sequencing was performed using BIG DYE 3.1 terminator mix on an
ABI 377 Sequencer (Applied Biosystems).

The PRIMER v.3 program (Rozen and Skaletsky, 2000), based upon the
guideline for multiplex primer design (Multiplex PCR Handbook 09/2002, Qiagen), was used
to design primers. Then a.$ ‘end of forward primers were labeled with NED, PET, FAM, VIC
fluorescent dyes (Applied Biosystems) based upon allelic size range. Next, each primer pair
was individually applied to amplify each of five DNA samples to corroborate correct
amplification, allele size range and microsatellite identification before using all primers
together in a multiplex PCR. All PCR reactions contained 10 ng of DNA, 0.5 units of
DreamTaq DNA polymerase (Fermentas), 1.5 mM of MgCl,, 0.2 mM of each dNTP and 0.5
uM of each primer in the manufacturer's buffer. The reaction profile was 95 °C for 3 min, 35
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cycles of 94 °C for 45 s, 57 °C for 45 s, and 72 °C for 60 s, followed by 10 min at 72 °C. PCR
reactions were performed using PX2 Thermal cycler (ThermoScientific). Then the amplicons
were analyzed in 1% agarose gel electrophoresis and visualized by SYBR® Gold (Invitrogen)
staining. Those microsatellite markers that did not amplify individually were discarded from
the multiplex reaction. Two robust multiplex PCRs were developed based on allelic size range
and fluorescent dye labeling. The individual DNA samples were amplified in the multiplex
PCR using QIAGEN® Multiplex PCR kit (QIAGEN), PCR conditions and reactions followed
by QIAGEN® Multiplex PCR handbook February 2008
(http://www1.qiagen.com/literature/protocols/QIAGENMultiplexPCR aspx). The PCR products were detected by

3130 Genetic Analyzer (Applied Biosystems) machine and demonstrated allelic size using
Genemapper® software v.4.0 (Applied Biosystems).
2.3 Data analyses

The Genepop version 4.0 (Rousset, 2008) was employed to test whether genotypic
distributions of each population conform to Hardy-Weinberg equilibrium (HWE). Exact P
values were estimated using the Markov chain method (dememorization: 1000; batches: 100;
iterations per batch: 1000) (Guo and Thompson, 1992). Then inbreeding coefficient was
calculated using FSTAT 1.2 (Goudet, 1995). Next, parameters describing genetic variation
within a population, allele frequencies, average number of alleles per locus, and observed and
expected heterozygosities, were calculated using Popgene version 1:32 (Yeh et al., 2000). The
differences of genetic variation among populations were tested using the t -test (Archie,
1985). For all multiple tests, P values were corrected using a sequential Bonferroni correction
(Hochberg, 1988; Rice, 1989). The average pairwise genetic relatedness (ry,; Ritland
estimator) among individuals within populations was calculated using KINGROUP version
2 090501 (Konovalov et al., 2004). Effective population size (N.) was estimated using N,
Estimator version 1.3 (Peel, 2004).

To test the occurrence of significant reduction of effective population size (a recent
bottleneck), the program Bottleneck version 1.2.02 (Cornuet and Luikart, 1997) was used.
The independent segregation of genotypes (linkage disequilibrium) was tested using the exact
test (Markov chain: dememorization: 1000; batches: 100; iterations per batch: 1000) (Guo and
Thompson, 1992) facilitated by Genepop version 4.0 (Rousset, 2008).

Then F statistics (Fsr, Fir and Fis) were calculated using FSTAT version 2.9.3.2
(Goudet, 2001) and tested against zero by a bootstrapping method to determine the existence
of population differentiation. Differences in distributions of allele frequencies between
populations were tested using Fisher’s exact test in Genepop version 4.0 (Rousset, 2008).
Cavalli-Sforza and Edwards’ (1967) genetic distances between population pairs were
calculated using the program PHYLIP version 3.63 (Felsenstein, 1993).

To elucidate the contributions of the hatchery populations to the genepool of the wild
population, the multilocus genotypes of individuals in the wild population were assigned to
the two hatchery populations and the wild population itself using GeneClass2 (assignment
threshold: 0.05; Criteria for computation: Bayesian method of Rannala and Mountain, 1997;
resampling algorithm: Paetkau et al., 2004; minimum number of simulated individuals: 1,000)
(Piry et al., 2004).

3. RESULTS
3.1 Microsatellites of Phalacronotus bleekeri

Among 30 sequenced positive clones, 10 clones contained microsatellites among
which 10 sequences allowed for successful primer design of which two robust multiplex PCR
panels were successful. They comprised hexaplex (PBL06, PBL10, PBL16, PBL21, PBL28,
PBL33) and tetraplex panels (PBL14, PBL17, PBL24, PBL26). However, when those primers
were tested across large number of samples (> 50 samples) only seven primers produced
unambiguous and reproducible microsatellite profiles. The useful primers comprised five
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microsatellites with perfect dinucleotide motifs (PBL10, 21, 24, 26 and 33); one each with
imperfect dinucleotide (PBL06) and perfect trinucleotide motifs (PBL17). Overall these
microsatellites possessed high polymorphisms (number of alleles per locus = 14 — 24;
expected heterozygosity- H. = 0.848 — 0.927), except for PBL17 of which number of alleles
per locus = 5 and H.= 0.588).

Sixteen alleles observed in the wild population were missing in the hatchery
populations. On the other hand, 10 alleles found in any hatchery populations were not
observed in the wild population, among which PBL178-235 (p = 0.438, 0.231) and PBL24-
242 (p = 0.213, 0.115) were observed at high allele frequencies.

All loci conformed to Hardy-Weinberg equilibrium in wild population (n =39
whereas homozygote excess was observed in one of the broodstock populations at four loci
(PBL10, 17, 24 and 33), in both of the populations at PBL26. Distortion of genetic
equilibrium was observed at two pairs of loci (MBL06 - MBL21 and MBL21 x MBL33) in
wild population; three pairs of loci in the 1999-broodstock (MBL06 - MBL21, MBLI10 -
MBL21 and MBL24 - MBL33); at eight pairs in 2006-broodstock (MBL0O6 - MBL17, MBLO6 -
MBL21, MBL10 - MBL17, MBL10 - MBL21, MBL10 - MBL26, MBL17 - MBL21, MBL17 -
MBL26 and MBL21 - MBL26). Notably, the linkage between MBL06 - MBL21 was
significant in all three populations. Therefore we decided to remove one of them from the
analysis. We found that removing either MBL06 or MBL21 from the analysis gave similar
results. As such, MBL21 was removed from further analyses. '

3.2 Hardy-Weinberg equilibrium of populations across loci

Genotype distribution of the wild population conformed to Hardy-Weinberg
equilibrium at all loci while the departure from HWE towards homozygote excess was
observed in the 1999-broodstock at MBL24 and MBL26. Heterozygote excess was significant
in the 2006-broodstock at three loci (MBL10, MBL17 and MBL33) and homozygote excess at
MBL26. Overall, the exact tests showed that only the wild population conformed to HWE and
the captive stocks showed homozygote excess (sequential Bonferroni correction).

3.3 Genetic variation and genetic relatedness within populations

Genetic variation based on six loci was showed in table 2. Allele diversity (mean
number of alleles per locus - 4 and average effective number of alleles per locus - 4.) of the
wild population is almost 1.5 times higher than both yearclasses of broodstock and the
difference is supported by the Archie’s z-test. We did not calculate allelic richness because the
sample sizes were almost equal (39 — 40 individuals/population). Heterozygosities were not
different among the brooders and the wild population although the trend was towards
reduction of heterozygosities in the broodstock relative to the wild population.

3.4 Genotype disequilibrium

Based on six microsatellite loci (without MBL21), non random association was
observed at one loci pair each in the wild population (MBL10 x MBL33) and the 1999-
broodstock (MBL06 x MBL24). While in the 2006-broodstock, four loci pairs (MBL06 x
MBL17, MBL10x MBL17, MBL10 x MBL26, MBL17 x MBL26) showed significant genotype
disequilibrium.

3.5 Genetic diversity betwgen populations and genetic distance

Fst was 0.086 and the confident interval (95%) was 0.130 — 0.052, hence indicated
significant genetic differentiation among populations. Every population pair was significantly
different as revealed by differences in distributions of allele frequencies between populations

and the pairwise Fst. Both pairwise Fsr and genetic distance showed the highest significant
differentiation between wild and the 2007 broodstock (D = 0.103; Fst = 0.152), followed by
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wild and 1999 broodstock (D = 0.083; Fsr = 0.083) and the most similar populations were
between the two broodstock yearclasses (D = 0.026; Fsr = 0.052).

3.6 Effective population size (N,)

N, estimated from linkage disequilibrium showed that the wild population had
relatively high N, (N = 213.7; C.L.gsy, = 106.2 — 3101.7) whereas those of the two captive
stocks were very low (N = 39.4; C.I. 959, = 28.4 — 59.6 for the 1999-broodstock; and N, = 9.5;
C.IL 950, = 8.0 — 11.3 for the 2007 broodstock). The method based on heterozygote excess
showed N, = infinity in every population.

3.7 Contributions of the hatchery populations as revealed by the Bayesian assignment

The Bayesian assignment assigned all of the wild individuals to its own population at
a score of 100. None were assigned to the hatchery populations. Thus this implied no
contributions of the hatchery populations to the wild populations.

4. DISCUSSION

4.1 Microsatellite

We developed the first primer sets for P. bleekeri, which could be run in the multiplex
PCRs. Six loci contained dinucleotide motifs thus they showed high polymorphisms
(O’Connell and Wright, 1997) comparing to the microsatellites of other teteosts (e.g. number
of alleles per locus = 4.50 + 2.72 of Epinephelus lanceolatus (Zeng et al., 2008); 3.42 + 0.90
of E. septemfasciatus (Zhao et al., 2009); 10.08 + 4.54.of E. fuscoguttatus (Lo and Yue,
2007); 10.20 + 3.79 of Plectropomus maculatus (Zhu et al., 2005); 22.28 + 10.39 of E.
guttatus (Ramirez et al., 2006); 10.00 + 12.73 of Cromileptes altivelis (Na-Nakorn et al.
2010). Their high polymorphisms allow for high efficacy in parentage analyses (O’Connell
and Wright, 1997; Liu and Cordes, 2004) while they performed very well in the population
genetic study (e.g. every locus conformed to HWE in wild population despite of relatively
low sample size, n = 39, this study). In addition, due to their capability of multiplex PCRs,
thus they would allow for saving of time and cost relative to single PCR (e.g., Neffet al.,
2000; Navarro et al., 2008), with improved precision (Navarro et al., 2008).

4.2 genetic variation of the broodstocks

It was obvious that both broodstock yearclasses of which levels of genetic variation
within populations was not different, lost allele diversity relative to the wild stock, while
decline of heterozygosities are not significant. This clearly demonstrated the effect of genetic
drift caused by founder effect (using small number of individuals as founders) which is
characterized by loss of alleles with minimal effect to heterozygosities (Allendorf and
Phelphs, 2001). Although the initial number of founders were relatively large (approximately
200 fish, Sonthipan Phasukdee, pers.comm.) but only small portion had contributed to the
subsequent generations due to the limited success of hatchery operations (e.g. broodstock
maturation, induced breeding, nursing of fry, etc.). Notably, decline of N, was not only a
matter of broodstock number, but also mating scheme (Falconer and Mackay, 1996; see also
Fiumera et al., 2004), increase variance of family size (Falconer and Mackay, 1996) which
partly due to limited success of induced breeding which is common in early domesticated
fish, e.g. Cromileptes altivelis (Na-Nakorn et al., 2010).

The 2007 broodstock; despite of in-significant statistical comparison, showed the
declining trend of genetic variation (allele diversity reduced by 10.37% and expected
heterozygosity reduced by 11.39%) relative to the 1999 broodstock. This is in accordance
with the previous studies in many fish species base on either low polymorphic and highly
polymorphic markers, for examples, 12% lower mean number of alleles per locus (isozymes)
and 17% lower heterozygosity of domesticated stocks of Atlantic salmon (Salmo salar) than
in wild stocks (Skaala et al., 2005);
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Moreover, the information from genetic disequilibrium apparently showed that N, of the
2007 broodstock was 75.89% reduced comparing with the 1999 broodstock.

4.3 Genetic impacts of the restocking

The prior release of P. bleekeri fingerlings into the Chaophraya River did not
contribute to the genepool of the wild population as revealed by the Bayesian assignment.
Failure of the stock enhancement program of P. bleekeri may mainly owe to too small
numbers of released fingerlings (210,000 fingerlings/year, Worawit Prompakdi, pers. comm.).
In general, the released fingerlings had low survival rates [e.g. 1.5 and 13.8% in white sea
bass, Atractoscion nobilis, Hervas et al. (2010)]. Therefore, the successful restocking
programs needed large numbers of released fingerlings, e.g. the most successful stock
enhancement reported for scallops and shrimp involved releasing of hundreds of millions to
billions of juveniles each year (Uki, 2006; Wang et al., 2006a). In addition, measures should
be established to enhance survival and hence genetic contributions of the released fish, e.g.
proper fisheries measures to avoid harvest of immature fish (reviews by Bartley and Bell,
2008), restoration of habitat which was reported as very effective to recreate new populations
of Atlantic salmon (Grandjean et al., 2009).

4.4 Is restocking necessary and whether the present hatchery stocks are appropriate for the
restocking program?

Although the relationship between effective population size (V) and a census size (N.)
varied between species (Frankham, 2001; see also Osborne et al., 2010), N, reflects the
sustainability of a population because it inversely determines genetic drift which mainly
responsible for decline of allele diversity, and also the increment of inbreeding rate (4F =
1/2N,) (Falconer and Mackay, 1996; Allendorf and Luikart, 2007). N, of 213.7 individuals of
the wild population was in the range recommended by Franklin (1980). This author
suggested the minimum short term N, of 50 individuals to sustain the population, whereas the
long-term N, was recommended at 500 individuals. This recommendation was based on the
idea that inbreeding occurring at less than 1% (4F < 1%) could be balanced by natural
selection.

Although H, which relates to N, was not low in the hatchery populations (. = 0.70-
0.79), the LD based N, were low (39.4 and 9.5 in the 1999 and 2007 broodstocks,
repectively). The low N, coupled with low allele diversity suggested these hatchery stocks
are not the populations of choice for the restocking program because they may have low
adaptability in natural habitats (Allendorf and Phelps, 2001; Allendorf and Luikart, 2007).
Moreover, evidence from a salmonid indicated rapid decline of reproductive success of
hatchery fish relative to the wild counterpart (Araki et al., 2007), thus this supported the
failure scenario for these hatchery populations in the wild. An additional reason for not
releasing these hatchery populations into the wild is that if they ever survive and hybridize
with the wild population they will deteriorate genetic variation of the wild population due to
their low genetic variation revealed in the present study.
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