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Isolation of microsatellite markers for the endangered Knysna seahorse Hippocampus capensis and their use in the detection of a genetic bottleneck P E T E R H . A . G A L B U S E R A ,* S A R A H G I L L E M O T ,* P H I L L I P P E J O U K ,* P E T E R R . T E S K E ,† B A R T H E L L E M A N S ‡ and F I L I P A . M . J . V O L C K A E R T ‡ *Center for Research and Conservation, Royal Zoological Society of Antwerp, Koningin Astridplein 26, B-2018 Antwerp, Belgium, †Molecular Ecology and Systematics Group, Department of Botany, Rhodes University, 6140 Grahamstown, South Africa, ‡Katholieke Universiteit Leuven, Laboratory of Aquatic Ecology, Ch. Deberiotstraat 32, B-3000 Leuven, Belgium



Abstract We report the isolation and characterization of 15 (12 di-, 1 tri- and 2 tetranucleotide) microsatellite markers from Hippocampus capensis, the Knysna seahorse. This marker set allows the detection of a genetic bottleneck as shown in a captive population. Furthermore, we test their genotyping potential in eight other seahorse taxa. Keywords: bottleneck, cross-species-amplification, DNA, Hippocampus capensis, Knysna seahorse, microsatellites Received 5 September 2006; revision accepted 4 December 2006



The Knysna seahorse, Hippocampus capensis Boulenger, 1900, is an endangered teleost fish (family Syngnathidae) from South Africa (IUCN Red Data-listed). Its distribution is restricted to three estuaries on the south coast: Knysna, Swartvlei and Keurbooms (Lockyear et al. 2006). Although they have limited active dispersal capacities, passive dispersal between estuaries may be facilitated by longshore currents. Because of continuing anthropogenic and natural threats, a conservation breeding program was started in 1998. Offspring of this founding stock was transferred from the Zoological Society of London to the Royal Zoological Society of Antwerp (RZSA), currently the only zoo in Europe where this species is being reproduced. As only 12–16 founders of uncertain origin have been bred randomly, the captive population must have gone through a bottleneck. The genetic consequences were assessed with highly polymorphic markers (e.g. microsatellites). Markers were identified using an enrichment protocol (Zane et al. 2002). DNA was isolated from 5 mm2 (50 to 100 mg) tissue by proteïnase K digestion followed by a phenol-chloroform extraction procedure. About 100–200 ng of genomic DNA was digested with MseI and resultant fragments were ligated to double-stranded MseI-adapters Correspondence: Peter Galbusera, Fax: +32 3202 45 47; E-mail: [email protected]



(forward 5 ′-GACGATGAGTCCTGAG-3 ′ and reverse 5′-TACTCAGGACTCAT-3′). PCR amplification was performed with the four primers for MseI (all four selective bases + A + C + T + G). The PCR products were enriched for microsatellite sequences by hybridization to 5′- and 3′biotinylated [CA]15, [CTTT]5, [GTCT]5, [ACGC]5 and [TAACC]5 oligos. The hybrid strands were recovered on streptavidin-coated magnetic beads (Streptavidin MagneSphere Paramagnetic Particles Kit, Promega). After precipitation and resuspension of the recovered fragments, the enriched DNA was amplified with an MseN primer and these subsequent polymerase chain reaction (PCR) products were cloned by TA cloning (Topo TA Cloning Kit containing a pCR 2.1-Topo vector, Invitrogen) with supercompetent Escherichia coli cells (Top10 One Shot Chemically Competent Cells, Invitrogen). Positive colonies (n = 48) were picked and amplified using standard M13F and M13R primers. Forty-three PCR products were purified with a GFX PCR DNA and Gel Band Purification Kit (Amersham Biosciences). They were sequenced using a SequiTherm EXCEL II DNA Sequencing Kit-LC (Epicentre Technologies) and sequencing products were separated on a LiCor4200. Thirty-six contained discrete microsatellites. Twenty-one primer sets were designed using primer 3 (http://frodo.wi.mit.edu/) and an M13 forward (5′-CACGACGTTGTAAAACGAC-3′) tag was added to the 5′ end © 2007 The Authors Journal compilation © 2007 Blackwell Publishing Ltd



P R I M E R N O T E 639 Table 1 Characterization of 15 Hippocampus capensis microsatellite primer sets, including locus name, repeat array, primer sequences, GenBank Accession number, buffer conditions, specific annealing temperature, size range of PCR products, expected heterozygosity (HE), observed heterozygosity (HO), and observed number of alleles for wild and captive (lower value) individuals (n = 25 and 45, respectively)



Locus



Repeat array



Primer sequences (5′−3′)



Hcaµ8



(CA)18



F: GGCTACTCAGGCGACAAAAC R: GCGGAAAATCTTCGCTATTC F: TTCAAGGCAAGCGTTGTATG R: GAGGGATGATGGAATGTCAGA F: ATGAGCTGGTGGTGCAGATA R: TCATGAGCAGGTGGTAGCAG F: AAAACCCAATTCTGCTGCTG R: GGCTTGTACGACTTTGTGTGC F: GGCACTGTTTTCATTGCATTTC R: CCTGCACACATACACAAGCA F: CAACACTCCCGTCCAAATCT R: TGTCAATGCACAAACCCAAT F: GGACAGGCATGCTTTTTGTC R: GCTCAGAGGAAGGTGAGTGC F: GATGAGGTGAATGCTGAGAGG R: TCCCCACCTTGAGCAGGTA F: TTGTGGCAGCTGAGTACACC R: CCTGCTTGGCATTTTCTTCT F: CATCTCATCTTGCCGTTCAA R: CGCTCGGGATTTAGAGATTG F: ACAGGCAAAGATGGTTCCAG R: CACGACTCGCAATCTGAACA F: TGGCTTGTGAGAGCAGTTTG R: TCCTGAACATTTTCACGTTGTC F: AGAAGGCGTCGCTTAGCAAT R: CCTGGCGCTTTATCACTTTC F: TGCCAGTCATCACTTCTGCT R: CTCCCACAGCTCAGGTCAGT F: CCGGCGTGTCACAATAAAG R: TTATCTTTACCCGCCAGTGC



Hcaµ10 (TTTC)6CTTC Hcaµ11 Hcaµ18 Hcaµ22 Hcaµ25



(TTTC)12(TTCC)2 (TTCT)3C(TTCT)11 TTCC(TTCT) (CA)5(CG)3(CA)4 CG(CA)7CG(CA)5 (AT)9TTAT(AC)9GC (AC)17CC(AC)3GC(AC)6 (TG)14



Hcaµ27 (GT)12GC(GT)10 GC(GT)2 Hcaµ28 (GT)22



Hcaµ33 (TG)12(AG)2(TG)16 (AG)2GG(AG)5 Hcaµ34 (GT)13



Hcaµ36 (AC)11GC(AC) ATGC(AC)4 Hcaµ37 (TC)17TTGGAGC(TC)12 TTGGA GC(TC)5TAGC(TC)10 Hcaµ38 (GAG)10



Hcaµ39 (GT)10 Hcaµ43 (CA)24



of each forward primer. PCR conditions for 16 of these sets (Table 1; one monomorphic locus not shown) could be optimized to yield clear bands, whose sizes were in accordance with the sizes predicted by the sequence information. In general, the PCR profile was as follows: the 10 µL reaction mixture consisted of 1 × Eppendorf Taq buffer, 1.5 −2.5 mM Mg(Oac)2, 0.5 µM unlabelled primer, 0.05 µM tag-labelled primer, 0.5 µM M13F-cy5 labelled primer, 200 µM dNTP’s and 0.5 U Taq DNA polymerase (Eppendorf). The thermal cycling, preceded by 3 min at 95 °C and followed by 7 min at 72 °C, consisted of 35 cycles of 95 °C for 30 s, an optimal annealing temperature for 30 s, and 72 °C for 30 s. Fragment analysis was performed on an A.L.F. Express DNA Sequencer (Pharmacia Biotech). Size markers were made as described by Van Oppen et al. (1997). We genotyped 25 wild individuals (five from Knysna, 14 from Swartvlei and six from Keurbooms) and 45 captive animals at Antwerp Zoo to assess the genetic diversity © 2007 The Authors Journal compilation © 2007 Blackwell Publishing Ltd



GenBank Accession no.



[MgOAc2] in mm



Annealing temperature (°C)



DQ889235



1.5



54



DQ889236



1.5



54



DQ889237



1.5



54



DQ889238



1.5



52.7



DQ889239



1.5



54



DQ889241



1.5



54



DQ889242



1.5



54



DQ889243



1.5



54



DQ889244



1.5



54



DQ889245



1.5



54



DQ889246



1.5



54



DQ889247



1.5



54



DQ889248



1.5



54



DQ889249



1.5



54



DQ889250



1.5



54



Size range (bp)



No. of alleles



HE



HO



202–284 220–242 186–266 230–262 206–238 206–234 222–236 222–268 253–281 259–279 146–154 146–148 172–238 202–236 128–178 152–172 220–280 234–270 251–343 263–307 222–330 222–276 195–223 195–221 251–269 257–269 202–216 202–244 109–147 109–133



15 2 15 4 7 4 3 4 14 3 5 2 12 3 11 4 13 2 13 2 18 3 7 4 4 3 3 3 14 8



0.88 0.45 0.89 0.67 0.72 0.64 0.54 0.52 0.85 0.66 0.53 0.48 0.79 0.32 0.84 0.60 0.86 0.46 0.84 0.46 0.78 0.41 0.75 0.66 0.34 0.60 0.39 0.24 0.91 0.80



0.76 0.56 0.68 0.87 0.40 0.53 0.92 0.98 0.72 0.58 0.52 0.51 0.80 0.27 0.52 0.56 0.80 0.31 0.67 0.31 0.68 0.29 0.87 0.80 0.24 0.56 0.32 0.27 0.80 0.96



(GD). Less than 1 mm2 of tissue was cut from the dorsal fin using nailclippers, and was then frozen or stored in 70% ethanol. DNA was isolated using the PureGene DNA Purification Kit from Gentra Systems. One locus (Hcaµ24) was monomorphic and a second (Hcaµ18) showed a significant (P < 0.001) excess in heterozygotes (Table 1). In the wild samples, for the remaining 14 markers, the observed number of alleles per locus ranged from three to 18 (mean 10.8) and the heterozygosity from 0.24 to 0.87 (mean 0.63). All markers were in linkage equilibrium but the number of heterozygotes observed was significantly (P < 0.05) lower than expected (mean 0.74) at Hardy–Weinberg equilibrium (HWE) for all but five (Hcaµ 25, 27, 33, 37 and 39) of the markers (genepop version 3.2a: 1000 batches of 10 000 iterations; Raymond & Rousset 1995). The overall significant (P < 0.001) deficit in heterozygotes is probably due to substructuring (Wahlund effect), given the large sampling area and the structure found with



640 P R I M E R N O T E Table 2 Number of alleles and size range (between brackets) detected in eight other Hippocampus species after PCR amplification with 15 microsatellite primer sets developed for Hippocampus capensis Hippocampus sp.



H. kuda



H. erectus



H. fuscus



H. reidi



H. zosterae



H. abdominalis



H. procerus



H. algiricus



Common name Sample size Hcaµ8 Hcaµ10 Hcaµ11 Hcaµ18 Hcaµ22 Hcaµ25 Hcaµ27 Hcaµ28 Hcaµ33 Hcaµ34 Hcaµ36 Hcaµ37 Hcaµ38 Hcaµ39 Hcaµ43



Yellow seahorse 11 5(218–230) 11(226–354) 9(202–266) 7(206–260) 4(179–277) 4(128–148) 8(186–244) 5(132–198) 10(208–298) 3(273–287) 8(242–302) 4(133–197) 1(227) 6(204–222) 5(103–151)



Lined seahorse 2 2(220–224) 1(186) 3(206–254) 1(222) 2(177–185) 2(126–148) 2(200–222) 3(146–196) 3(214–232) 2(247–249) 3(208–286) 2(175–195) 1(251) 2(212–224) 1(151)



Sea pony 2 2(224–234) 4(196–228) 3(218–258) 2(222–240) 3(201–279) 2(126–128) 3(204–232) 3(160–188) 4(204–258) 3(259–265) 3(218–232) 4(165–207) 3(251–257) 2(206–214) 3(93–115)



Longsnout seahorse 3 2(222–242) 2(296–308) 4(260–336) 2(222–240) 2(175–269) 1(128) 2(214–224) 5(132–202) 5(202–216) 3(315–287) 3(224–246) 4(203–211) 1(227) 2(220–224) 2(115–121)



Dwarf seahorse 1 1(218) 2(246–262) 2(206–210) 1(222) 1(243) 2(144–148) 2(168–190) 2(132–156) 1(208) 1(241) 2(216–220) 2(223–243) 2(239–254) 1(284) 1(123)



Potbelly seahorse 1 1(282) 2(210–310) 1(198) 1(222) 2(223–241) 2(144–148) 2(214–222) 1(138) 2(208–210) 2(249–251) 2(206–216) 2(213–217) 2(248–266) 1(224) —



Highcrown seahorse 1 2(256–282) 2(230–234) 1(190) 1(222) 1(323) 2(148–152) 2(242–248) 2(146–164) 2(250–260) 2(271–301) 2(236–286) 2(213–273) 1(257) 1(202) 2(129–173)



West African seahorse 1 2(256–262) 2(222–226) 1(210) 2(222–236) 2(253–255) 1(148) 2(208–230) 2(170–188) 1(194) 2(269–271) 2(222–238) 2(221–223) 1(257) 2(202–224) 2(139–161)



an mtDNA marker (Teske et al. 2003). However, confirmation awaits additional sampling. In comparison, in the captive stock the number of alleles per locus ranged from two to eight (mean 3.6) and the heterozygosity from 0.26 to 0.96 (mean 0.55). One hundred and six ‘wild’ alleles were not observed in the captive samples, whereas only seven additional alleles were found in the captive stock. This lower GD is probably not (only) due to the fact that the wild samples originated from several estuaries. When compared with samples from Swartvlei only, the ‘captive’ mean number of alleles was almost halved and the heterozygosity reduced by 20% (6.1 and 0.68 in Swartvlei, respectively). A genetic bottleneck is likely (also) the cause of the loss in GD. The Hardy– Weinberg expected heterozygosity (0.54) in the whole captive sample did not differ significantly from the observed heterozygosity but was higher than expected based on the number of alleles (bottleneck version 1.2.02; Cornuet & Luikart 1996). This difference was not significant under the stepwise mutation model but highly significant under the infinite allele model (10000 iterations; sign test: P = 0.008; Wilcoxon’s test: P = 0.0003). As such, the marker set seems sensitive enough to detect a bottleneck event (after almost 10 generations). The H. capensis primers were also tested for crossamplification in eight other Hippocampus sp. Without adjusting the PCR conditions, almost all primer sets cross-amplified, yielding PCR products of similar size



(suggesting homology of the loci), and many revealed polymorphisms (Table 2).
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