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Studies on utilization and conservation of genetic diversity of
Pangasiidae family in the Mekong River
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Chapter 1. General introduction

The Mekong River is the longest river in Southeast Asia. It is an inland water
system with the highest degree of bio-diversity in the world including about 1,200 fish
species. The Pangasiidae family is one of the most important indigenous fish of the
Mekong Basin and some species member of this family i.e., Mekong giant catfish,
Pangasianodon gigas and Giant pangasius, Pangasius sanitwongsei are considered as a
flagship species in the relation with the conservation issue. The Mekong giant catfish
and Giant pangasius have been classified as critically endangered and rare on the ITUCN
Redlist since 2001 and 1994, respectively. The pangasiid fishes distribute from North to
South in the main steam of the River and reservoirs, except Mekong giant catfish which
endemics in the Mekong River. The pangasiid fishes migrate long distance from pool
habitats in dry-season within river channels, to feeding habitats of the floodplains in
rainy-season. Importanf sizes of fish differences of the pangasiid fishes are reported.
Several species are great economic importance and some are use in aquaculture.

At present, genetic structure of pangasiid fish in the Mekong River is not clearly
understand. It is not clear that the fish that occur in various parts of the Mekong River
are genetically same or not. The objectives of this thesis are to develop and characterize
micorsatellite DNA markers, 1) to develop technique, 2) to identify fish belonging to the
Pangasiidée family by molecular DNA markers, 3) to assess populations structures of
common speéies in Upper Mekong River, 4) to assess population structure of wild and
hatchery populations of Mekong giant catfish, and 5) to develop a management plan for

conservation of Mekong giant catfish.
Chapter 2. Development and characterization of microsatellite DNA markers
developed for Mekong Giant Catfish

Microsatellite DNA (msDNA) markers for the Mekong giant catfish were
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developed from the captive stock samples using (GT);s probe. Ninety-six colonies were
positive colonies. Nine of 11 primers set were polymorphic. The number of alleles per
locus (Na) was ranged from 1 to 4. The expected (Hg) and observed (Ho)
heterozygosities were ranged from 0.000 to 0.574 and 0.000 to 0.800 (Table 1). In
addition, these primers were successfully amplified in the four closely related species, P
bocourti, P. conchophilus, F. larnaudii and P. sanitwongsei. These primers have proven
to be useful for the population genetic structure and taxonomic study in these species of

the genus.

Chapter 3. Identification and relationship of the species of Pangasiidae by DNA

markers

Ten pangasiid fish species including four genera; Pangasius, Pangasianodon,

Pieropangasius and Helicophagus were identified based on msDNA and miDNA
markers. Both msDNA and mtDNA showed concordant results in classifying these
pangasiid fishes. The phylogenetic relationship of Pangasiidae studied on morphological
characters were supported by our results which showed genetic grouping by molecular
markers being parallel with morphological taxa in the Pangasiidae family (Figure 1).
The Pangasianodon clade includes two species; P. gigas and P. hypophthalmus which
were closely related with each other. Basen on both the msDNA and mtDNA markers .
The Pangasius clade includes six species; P bocourti, P. conchophilus, P. kremfi, P
larnaudii, P. macronema and P. sanitwongsei based on both the msDNA and mtDNA
markes. In the other hand, Preropaangasius and Heilicophagus include only one
species, P. pleurotaenia and H. waandersii that placed on different cluster with
Pangasius and Pangasianodon (Figure 1).

The unidenfied larvae of juvenile were used as blank samples for testing the

efficiency of the markers for species identification. By comparativde analysis of the
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DNA markers of the blank wsaples with the known species, it is verified that these
molecular markers were highly effective to identify the unknown fish samples. Blank
samples 1, 2 and 3 were closely related with P larnaudii, P. hypophthalmus and P.

pleurotaenia, respectively (Table 2, Figure 1).

Chapter 4. Comparison of genetic diversity of the 6 Pangasiidae species collected
from the Upper Mekong River based on DNA markers

Genetic diversity of six pangasiid fishes was investigated using 9 msDNA markers
and sequencing analysis of mtDNA control region. Six species including P. bocourti, P
conchophilus, P. hypophthalmus, P. macronema, P. sanihvongs—ei and H. waandersii
were collected from the Upper Mekong River. Both the msDNA and mtDNA showed
concordant results in demonstrating similar genetic diversity and population structuring -
of pangasiid fishes (Table 3 and 4). High genetic variability was found in P macronema
while lower genetic variability was found in P. sanitwongsei and P. hypophthamus when
observed in term of both msDNA (N, Hg) and mtDNA haplotypes. In migratory fishes
such as P bocourti, P. conchophilus, P. macronema and H. waandersii, genetic
divergence among populations were not large. Population structure of pangasiid fishes
were also observed which no evidence for isolation by distance. For conservation of
pangasiid fishes of the Upper Mekong River, stock management of each populations
should be separately performed by upper and lower reaches, and control of harvest

through fisheries should be established to conserve each species.

Chapter 5. Evaluation of genetic divergence of the endangered Mekong giant
catfish collected from natural water and hatcheries based on DNA markers
Genetic variability of the Mekong giant catfish collected from wild and hatchery

populations was investigated using 10 msDNA markers and sequencing analysis of
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mtDNA control region. Both msDNA and mtDNA showed concordant results in
demonstrating similar genetic diversity and population structure of the Mekong giant
catfish (Table 5 and 6). Marked reductions of genetic variability in the hatchery
populations compared with the wild populations were observed in the genetic indices of
msDNA (N4, Hg, Ho) and mtDNA haplotypes. Genetic variability of the Mekong giant
catfish was low being concordant with other endangered fish species reported to date.
Fgr and ®gr also suggested that the magnitude of the genetic divergence within and
among hatchery populations were significant but were not significant in the wild,
between populations from upper ‘and lower reaches (Table 7). Actually, haplotype
network showed shared haplotypes among Thailand, Cambodia and hatchery
populations (Figure 2). The smaller genetic diversity observed in the hatchery
populations may be caused by bottleneck effect due to the limited number of effective
parents when each population was founded.

Effective population size (Ne) of the wild Mekong giant catfish was 2,245 being
similar with the Ne value of endangered vertebrates that reported including the cape fear
shiner, Notropis mekistocholas (Ne=7-4463) (Saillant et al. 2004) and black rhinoceros,
Diceros bicornis (Ne=1472-5173) (Harley et al. 2005). It is recommend to enhance
genetic variability, to eliminate the accumulation of inbreeding effects in hatchery
populations by mean of increasing population size and to prevent inbreeding using

selective breeding base on the principle of minimal kinship broodstock management.

Chapter 6. Simulation of b.roodstﬁck management by minimal kinship selective
breeding in hatchery populations of the Mekong giant catfish

The effectiveness of the minimal kinship (MK-Pair), average minimal kinship
(MK-Ave) and random breeding on preservation of genetic diversity of the hatchery

populations of the Mekong giant catfish were compared based on the indices of genetic
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variabilities by DNA markers. The genetic variability in descendant which was
reproduced by computer by the method of minimal kinship selective breeding (MKSB)
was maintained in higher values as shown in the simulation experiment. The MKSB
average value based selection (MK-Ave) and the pairwise value based selection groups
(MK-Pair) were effective to minimize loss of genetic variation. Hg and N when these
are compared with non-selected group (Table 8). For, Hg, the differences of the values
of MKSB with that of the non selective group approaches were prominent when the
selection intensity (Nc¢/Na) being the ratio of contributing parent (Nc) and reproduced
fish in each generation (Na) was more than 0.20 was kept. The MK-Ave approach could
increase about 49.9% of Hg within 20™ generations under the condition of selection
intensity 0.20 (at least 100 parents were used and 500 offspring) were kept in each
generation (Figure 3). On the other hand, the MK-Ave selective breeding showed a better
result to prevent the loss of N than MK-Pair in all examined selection intensities when
the number of selection intensity was more than 0.04. MK-Ave selective breeding
approach could conserve about 98% of Nu for 20 generation when at least selection
im‘.enéity of 0.20 were used as breeders in each generation (Figure 4). Furthermore, if the
selection intensity was set at 0.04, inbreeding will not occur in the MK-Ave selective
breeding approach. For preserving genetic diversity of Mekong giant catfish, it is
recommended to use average minimal kinship breeding approach under the selection
intensity of 0.20, which mean to use 100 parents, and to keep 500 offspring in each

generation.

Chapter 7. Recommendation to broodstock management of the Mekong Giant
catfish and pangasiid fish based on DNA markers and computer simulation
From the results, the recommendations to broodstock management of pangasiid

fish are as follow:
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1) Mitochondrial DNA marker is more effective in identifying of pangasiid fish
larvae than msDNA markers. Management policy for pangasiid fishes such as setting
optimal sustainable harvesting limit must be established. Overfishing in vulnerable area,
especially at the spawning sites will lead to a reduction in effective population size and
vield, and ultimately the loss of genetic diversity and population viabﬂity.

2) The Mekong giant catfish exhibits the genetic divergence according to each
year of hatchery populations, each population could be considered as “Management
Units” because wild fish are impossible to catch enough number of spawner from
natural for seed production. All populations should be directed towards preserving the
genetic integrity of each groﬁp.

3) Captive broodstock used for restocking program should be founded by
collecting fish from the wild popuiations, and the offspring should be released back into
natural habitat from which the founders were derived.

4) Breeding of the Mekong giant catfish should be done by using minimal kinship
selective breeding approach in order to retain genetic diversity of the captive stock.
Genetic diversity of both wild and hatchery populations should be monitored regularly

in order to assess the success of its management plan (Figure 5).
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Table 1. Characterization of msDNA primers in the Mekong giant catfish

Locus Repeat motif 7.(°C) EP(p) SL(bp) N, Ho He Accession no.

Pdgi-8 (TG4 60 126 188-192 2 0.733 0.481 DQ097706
Pdgi-9 {(TG)5 48 155 153-155 2 0.267 0.405 DQ097705
Pdgi-1] (CA)2 60 211 202-210 2 0.200 0.508 DQO97707
Pdgi-13 (CA)p 55 144 142-144 - 2 0.067 0.067 DQ097708
Pdgi-16 (TG)12 55 156 153-157 3 0.800 0.574 -

Pdgi-18 (GAN4 ‘55 145 144-160 2 0.300 0.521 DQO97709
Pdgi-]9 {TG)s 55 170 170 1 6.000 0.000 DQ097710
Pdgi-20 (CA)sCG(CAM, 55 168 157-171 4 0.467 0.568 DQO97711
Pdgi-21 (TG TTTG) 5 52 147 143-147 2 0.600 0.481 DQOsS7712
Pdgi-22  (GA),GC (GA)4 53 212 203 1 0.000 0.000 DQ097713
Pdgi-24 (CA)s 55 175 174-184 4 0.267 0.251 DQO97714

Abbreviations follow; 7, = temperature annealing, EP= expected product length, SL= size product

length, Na=number of alleles per locus, Hg=expected heterozygosity, Ho=observed heterozygosity,

Accession no. = gene bank Accession no

Table 2. Unbiased genetic distance between each pangsiid species; below diagonal based on
msDNA, above diagonal base on mtDNA

Boc Con Gig Hyp Kre Lar Mac Ple San Hwa Unl Un2 Un3
Boc . *x 0.169 0.276 0.234 0.115 0.161 0.118 0.278 0.161 0.369 0.158 0.233 0.295
Con 1.319 ** 0.323 0269 0.i8 0.223 0.192 0312 0.222 0386 0.226 0275 0311
Gig 5845 3.011 % 0.193 0.288 0.269 0.290 0.281 0.268 0.385 0.267 0.186 0.298
Hyp 3.242 2465 2.453 *% 0.25 0.272 0.240 0.293 0.242 0.357 0.265 002 0.299
Kre 1780 0.871 2.809 3.190 **  0.158 0.105 0229 0.126 0339 0.158 0.244 0.243
Lar 0813 1243 2695 2016 1.501 *% 0.160 0.289 0.147 0.331 0.006 0.264 0.290
Mac 1.448 2630 3.532 3.148 3075 1272 *x 0.262 0.15 0.353 0.162 0235 0.267
Ple 0992 1637 2559 3.023 1.297 0.867 1.016 *% 0,255 0.307 0.290 0.287 0.03¢9
San 1113 1.604 1.582 3.882 1.877 1.070 1.533 1208 ** 0355 0.149 0.232 0.250
Hwa 1.601 1.468 3440 5373 1.836 1397 2774 1623 1754 ** 0326 0355 0.316
Unl 0874 1419 2085 2773 1527 0232 1467 1003 1256 1641 ** 0261 0.291
Un2 4215 2939 1904 0261 2637 2102 3806 4442 1.000 1.000 1879 **  0.289
Un3 1.056 1.811 4802 2365 2328 0948 1.062 0415 1213 1313 1.120 1000  **

Abbreviations follow; Boc = P bocourti, Con= P. conchophilus, Gig= P. gigas, Hyp= P

hypophthalmus, Kre= P. kremfi, Lar= P, larnaudii, Mac= P. macronema, Ple= P. pleurotaenia, San=

P sanitwongsei, Hwa= H. waandersii, Unl= unknownl, Un2= unknown?2 and Un3= unknown3.
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Figure 1. Phylogenetic relationship among several species on the Pangasiidae family, generated
from morphological character data (left) and mtDNA marker (right).
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Figure 3. Average changes in heteryzygosity (Hg) in total hatchery from 50 repeats simulations
for 20 generations under (P) minimal kinship selective breeding, (A) Average minimal kinship
selective breeding and (R) random selective breeding using selection intensity 0.04, 0.1 and 0.2

per generation.
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Figure 4. Average change number of alleles (N4) in total hatchery from 50 repeats simulations
for 20 generations under (P) minimal kinship selective breeding (A) Average minimal kinship
selective breeding and (R) random selective breeding selection intensity 0.04, 0.1 and 0.2 per
generation.
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Figure 5. Diagram of the proposal for broodstock management to minimize loss of genetic

variability in the stock enhancement program.
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