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Effectiveness of Microsatellite Markers for Parentage Analysis of Giant Grouper (Epinephelus lanceolatus)
Broodstock by Keun-Sik Kim, Choong Hwan Noh, Ahemad Sade' and In-Chul Bang** (East Sea Research Institute,
Korea Institute of Ocean Science and Technology, Uljin, Korea; 'Department of Fisheries, Sabah, 4th Floor, Wisma Pertanian
Sabah, Jalan Tasik, 88624 Kota Kinabalu, Sabah, Malaysia; *Department of Life Science and Biotechnology, Soonchunhyang
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ABSTRACT Giant grouper (Epinephelus lanceolatus) is a endangered species considered as a vul-
nerable grade-organism in the International Union for Conservation of Nature (IUCN) red list. As a fun-
damental baseline study for establishing a giant grouper broodstock management system, the effici-
ency for parentage analysis was evaluated by using microsatellite makers previously available in this
species. The eight microsatellites generated a total 52 alleles from 32 individuals, the mean expected
heterozygosity was 0.663, and mean inbreeding coefficient was 0.011, consequently suggesting that
the present broodstock has retained the high level of genetic diversity. However, our analysis also rec-
ommended the collection of more broodfish for more stable brood line, since the estimated value of
the effective population size was proven to be 35. The average probability of identity was 6.85x 107",
NE-2P and NE-PP of paternity non-exclusion probabilities were 0.00835 and 0.00027, respectively. As
the result of principle coordinate analysis, the genotype of broodstock was not overlapped, suggesting
that the management system of giant grouper based on eight selected microsatellite markers might
be effective, although further validation with extended number of broodfish might also be needed in
future. Data of present study could be a useful basis to avoid the unwanted selection of broodfish that
possess close genetic relationship with current broodstock, and consequently to establish effective
broodstock management system allowing the production of progeny with high genetic diversity.
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Asha Y Aole] Surt dslolof Bek 54 Ry
o] Ztae A et WEEe R AT A= $UL
A7 Ak A AP A4, 718 FUF 5ol ofedskew
o]o]& 7}5Alo] =t} (Frankham et al., 2004; Allendort et
al. 2013). Ae1e] §AANYE TN e Taps] ol
£ IR fAAe £42 o] @ 4 olor Rudnick
and Lacy, 2008), o] Za2kA]| (inbreeding depression) 2 ©]
o4 AT A9 AT FgRe wlA 4 ok 59
gl Aee] HEE Wak ohjel A 2717 20
kg o] o awlr} 7Fs8k] wdell AMEE 4 Qe Zle]
o 27} A skl gk meby] 584 o) 22
& whIs] FaAE A Alele] $AREE setg 4
Sl A2 wA=Ae i) Be s,

Microsatellite ©}7]3&= 2~4bp Z7]) 2] 97|14 Fe] vl R =
HRozA, AAYE A AAH o=z =8} (Liv
and Cordes, 2004; Liu, 2011). 53] 7§A 7+ Zpo]= Yepd
o e =2 oS 239F 4 glom, Hardy-
Weinber 3% 7Pd& 712317) ool ekgastd o
o deg] &85 3 ¢)c}(Tautz, 1989; Jarne and Lagoda, 1996).
uf2br] microsatellite PFAE EE97]5S ez {3
thekA] 822 913t 3] ALS-(captive breeding) Z & 732
Akatz] $lsf chekatAl o] 8= il gl.ow (Schwartz et al.,
2007), =38t o3} o] F (Koljonen et al., 2002; Beacham et
al., 2004), =] (Sekino et al., 2003), 33 (Perez-Enriquez et
al., 1999), A E-(Evans et al., 2004; Li et al., 2004), = (Boudry
et al., 2002; Li et al., 2006) 52] 444 Felo] 4= 45
3 oleh gte] 94 3 BT RS $AE 9
3| 4] microsatellite "}A 7} 7= o] 1o} (Zeng et al., 2008;
Yang et al., 2011). th9tel| A= djgute] ] 3wl S vhx|
&2} microsatellite v}A S &-8-3F 714 24 A|~E1S 7))
ek mvb odA] ek (Kou er al., 2014), dfj gafe] it oyl of&
ul2]3} o] F2] microsatellite v}7E o] &-3}3]t}. ohE £
microsatellite P}AH S o] &3 Al §43 A7} "ol null
allele WPy 7Psdo] om, o2 dlal F1AE B4l 25
7} A 4= 9J5F(Wan et al., 2004).
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Fig. 1. Giant grouper (Epinephelus lanceolatus) samples collected
from Tawau region, Sabah, Malaysia.

g o] Alo} A} E}el-$- (Tawau) QLo A E3]ske] 3.0 x
6.0 x3.0m 7FFE]ol| A A}R8-3F QA=A AAF 95.949.06cm,
A} 83.5+£7.98cm, AF 20.3+6.28kge] 327}E] = o]8-3}
Ak (Fig. 1). ©]4-38 7NA& 5 <5<l RFID microchip$

Aystel Be S5,

2. Genomic DNA £2|

Genomic DNA®] &£ 23] 71&A=gu)=E ¢k | cm?
&)z Aksled 99.9% ethanolel] ol A&A = ulslo]
o] g3ttt uket A =ejnl= P 3% SFSE AR
37, TNES-urea buffer2} 100 mg/mL % %=2] proteinase K (Sig-
ma, USA)7} &3+l g-fof o} 55°CellA] 124]7F 5t ub
$-35}l93e}. o] HE-g-ele)| phenol : chloroform : isoamylalcohol
(25:24: )& A2iste] AL 2751502, 2-propanol
2 ARk AAH pellet-> 70% ethanol 2 A& s} 2
o 32} 2742 L3889}l 323 genomic DNAE Nano-
Drop ND-1000 (Thermo Scientific Inc., Germany)2- ©]-8-3}
of & AL, 08% otE= Ao A7|YF F AL &
Qaked o] o] 45haieh

3. Microsatellite 0}7{ PCR 2! genotyping

¥ el o8& microsatellite "}AE o] o] AF-Eol
A el mASS Aoz 8] om (Zeng et al., 2008;
Yang et al., 2011), PCR ZZ-o] $185}11, genotypingo] £-0]
g 8/l 5 FHF o]-8-3F3it}(Table 1). PCR ¥H-3-2- 20 ul 8%
9] AccuPower® PCR Premix Kit (Bioneer Inc., Korea)ol] gen-
omic DNA 20ng} wiA¥ xeto|w] Zt72t 5uME ¥ &,
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Table 1. Primers used for characterization of microsatellite loci in giant grouper, Epinephelus lanceolatus

Loci Accession number Repeat motif Primer sequences (5'—3") Allele size range Reference
ELMS007 EF607130 (AG), - (AGC),"- F: TTTGCCTTTCCTAGACTTAT 337~339 Zeng et al., 2008
(CA),--- (CAG)," - R: CATCACATGATTCCTTTCTAT
(AG),
ELMS009 EF607131 (CA), F: TTCCACAGCAATTAGCAGCA 249~267
R: TTTCCTCCCACAGTCCAAAG
ELMSO019 EF607138 (TC),-- (TCC), F: TCAGCAAGCACTTTTTGGAC 373~381
- (TC),*+ (TG), R: TGCTTCCTTCAGTGCATCAG
= (AO),
An2 IN185623 (TG),AG (TG), F: TGCCCCTCCGACAACTAATA 218~242 Yang et al., 2011
R: AACGGGACTTGTGGTTTTTG
An4 IN185625 (CA), F: GATGCACACAAGCACAAACA 180~200
R: GCAGGCTTATCCAAAACAGC
An8 IN185629 (CA), F: ACCATGCATAAATGCCCACT 134~ 164
R: GCTCTCTGTCTCGCAAGGAT
An25 IN185646 (TG),--- (GT), F: TCTGTGCTGATGCCGACTAC 147~183
R: CCGTGTTTGCACACTCTCTG
An31 IN185652 (GT), F: TCATGTGTGCAAACGCTGTA 174~194

R: CAACATGGCCGAAACCTAAT

94°Coll A 1087 7] WA 1k A7 %, 94°C 30%
7+ u}AH annealing &% (ELM : 55°C, An : 60°C) 30%, 72
°C 30x2] 3 vhs-2 353] AAlstgle D% 2F A

© 72°C 1587 23)slgie), ZE5) ALRL 159 olrfm=
7%1 el A7)9F o= Felatglon, 7+ U}ﬂ M= gen-
otypings] AT w2 34 sholek 34T PCR AHE3)
Genescan™ 400HD (ROX) size standard, HiDi mixture S 4]
a1 95°Coll A 587F WAIA|Z] & ABI 3730x1 DNA analyzer
(Applied Biosystems, Inc., Foster City, CA, USA)E o]£-3}
o] HAE Aol we} genotyping S =35}

4. Hole M

A7) A3 Z7)= =F Peak Scanner™ soft-
ware (ver. 1.0; Applied Biosystems, USA)o 2 32A]3}9d}.
Ag3-5-42ke] =717 A4 % € o]E]= MICRO-CHECKER
xz =2 79 (ver. 2.2.3; Van Oosterhout et al., 2004)S O]B—ﬁl—oﬂl
null allele 5%, large allele dropout, scoring errors -1 o
3t HAFE A AT} Genepop Z2 718 (ver. 4.0; Raymond
and Rousset, 1995)&- ©|8&-3}o] Hardy-Weinberg equilibrium
(HWE) olo] that ¥4& sadsioleh faqs 27) +
]2 LDNe =2 73] (ver. 1.31; Waples and DO, 2008)-& ©]
Sotaet ARFFAA 5 1A o194 3E (expected het-
erozygosity, Hp), ¥&%] ©]3 %35 (observed heterozygosi-
ty, Hp) ¥ 34 2AF (non-exclusion probability)-2 Cervus
=2 78] (ver. 3.0; Marshall et al., 1998)& o]&3}) 24
> =) A3 HErt A3 g -5 (NE-1P), 3
Z Bwo| g ARyt gl 75 (NE-2P), F313 Ap&g
BT 43 gl AS(NE-PP)E AFESIiTh 4% F-57

o
o,
i

2 olashe] F9), ) 22w AP oo
7HA st A £9F A 23 g5 APICALC
=2 73 (ver. 1.0; Ayres and Overall, 2004)& O]%—S]—@] A&
sk w2 e Al Aol A 2 A9
A¥E selshud 44 Al ses Faw w4
(pr1n01pa1 coordinates analysis; PCoA)& 4=33}gon], o=
GenAlEx 322 712} (ver. 6.0; Peakall and Smouse, 2006)-2- ©]
gaeeh

LT

j}ute] (Epinephelus lanceolatus) 32712] S HAke= 8
719l microsatellite #}AE o] &3t FHF FAAHE
MICRO-CHECKER Z =z 73l o2 RAM3 Az} null allele,
large allele dropout, scoring errors= Wep}x] ¢kgle}. 7} n}
AA ArEE HHAAL 4, 7R o] A & (expected
heterozygosity, Hg), ¥&%] ©]3] 4 3-8 (observed heterozyg-
osity, Hp), ©}3 A ¥4 (polymorphic information content,
PIC) @ Hardy-Weinberg equilibrium £4] %] 2 3] ws) A
4~ (inbreeding coefficient, Fig)&= Table 2ol AA]3}A et F
52708 AL AEHA e, Bt dH KA
6502 wlAAd whe} 2~ 1072 Vet 7 A9 o
A2 0.66302 0.396~0.840, FF HAX] 0|3 A7}
22 0.6572 0.469~0.8442 ZFQl=|gle}. djgnle]e] -4
Spepde SjAk o} 7l 0.790] wla) T w3kerk(De-
Woody and Avise, 2000), 8%2] Epinephelus 48] o] ol A
Eel=l 0.36~0.629] 7|HA] o]FAH Lol Blsf v ¥
A tefAd A4S 1.9 on (Koedprang et al., 2007), =3



A= 0.0112 ‘h:r 25} ] okott}) whela] A 3
wx dsulel Aol §4 P vwd 2 x5
ol Aoz 2AH S ﬂw w2l Ae] Wl 4
EA<t =7] (effective population size):= 352 FAHFo=
W A Aol 0 ok thael g w1 4 9ld
(Frankham et al., 2004; Palstra and Ruzzante, 2008). §-& =]
FZ7)7}F 50 o3} A A el uf= Al7}sl oled sk
94& 4 3lo] (Franklin, 1980), A}& #eke] 4 thokAd
FA3k 2R S WAIE] $EAME A5 $A
& Ao A2 vt Dt Ty A A
Aole] f& AW 2718 7T o f4 AL 57
317] 9siMEe 729 R S48 At | gk
Zle] 7k AdeAal 1:1 w5 of=] A a)sh= Ao nt
Z21& 7] o]t}

Microsatellite n}# 2] t}gjAlL 7| ®-H o2 &

rulo

it o rulo o r..VL

=)

Table 2. Descriptive statistics summary of eight microsatellite loci
for giant grouper, Epinephelus lanceolatus

Loci N, Hg H, PIC  Pywe  Fi
ELMS007 2 0396 0469 0314 0392 —0.186
ELMS009 8 0772 0.688 0725 0498  0.111
ELMSO019 4 0.650 0.688 0.566  0.950 —0.059
An2 7 0.641 0594 0596 0470  0.075
An4 6 0.681 0594 0.626 0.162  0.129
An8 7 0.621 0.656 0585 0716 —0.058
An25 10 0.840 0.844 0805 0.548 —0.005
An31 8 0.706 0719  0.665 0.514 —0.058
Ovarall 6.5 0663 0657 0610 0765 0011

N,, number of allele; Hg, expected heterozygosity; Hg, observed hetero-
zygosity; PIC, polymorphic information content; Pywg, significance of the
probability test for deviation from expected Hardy-Weinberg proportions; Fig,
inbreeding coefficient

Cieteta] MSOHAE o|E8 7= &4

Whagol Sfa) AAEM, o) 2SRz RE W Fe
A fAHES 7Hkez &) wiel| AP, 7HA
BA o] Jo Z AAHE 72 ¢t (McConnell et
al., 1995; Sunnucks, 2000). &2 vlg]7} o] F= 7l 5
Aoz A H3e= 244143 (protogynous) AJA] EAIS
B 5-3l31 9lo}(Bean et al., 2003; Oh et al., 2013). o] 2 ‘ﬂ?sﬂ
dulbd oz sz “_‘}i—“i—lﬂ A= njEZ=zjo} DNA
3o AL AR o8 A LFE T 4
o)™} (Kuo et al., 2014). w2kA] microsatellite #}A S o] £-3F
dolelol s F5E Aoje] AAT Fe] S
AAE A e s & 5 Qe & ATl o] -3 8719
microsatellite 2}7 3 7717} 0.500 o]A}e] o3& ¥ x| 4=7}
Yepde B2 »E upAr} Hardy-Weinberg equilibrium-g-

SpufstA] ke oz gl wet A<l M= E
A 5 FAT A vy w2 AEET 2 oF SES

71 Aoz oAtz

87112] mlcrosatelhte A= 243 A
Z3%53 4 52 F (non-exclusion probablllty)cﬂl gk
B3 Table 3°ﬂ Aelstet 2 v AMEES o83 A F

© zolgl 83

Table 3. Paternity identity and combined non-exclusion probabili-
ties based on eight microsatellite loci

Combined non-exclusion
probabilities probabilities

PI Plt b Pl,,  NE-IP NE2P NE-PP
6.59x 10" 2.74x 10 1.53x107* 0.07198 0.00835 0.00027

Paternity identity

PI, probability of identity; PI; .. probability of identity from half sibs; PL,,
probability of identity from sibs; NE-1P, average non-exclusion probability for
one candidate parent; NE-2P, average non-exclusion probability for one
candidate parent given the genotype of a known parent of the opposite sex;
NE-PP, average non-exclusion probability for a candidate parent pair
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Fig. 2. Principal coordinate analysis (PCoA) of 32 individuals giant grouper, Epinephelus lanceolatus based on Nei’s genetic distances.
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35‘
) JD‘r(PI)oML 1.53x 102 Tﬂﬂtﬂu} B
B Bat ARs A ¢l AL (NE-1P)o)
0.07198i oA =9ton}, gtz Rw o] 82138 3x (NE-
2P) = F3le] FAAtE o] FrE AFSH(NE-PP)e A awf
ol %ﬁz} Al 2 BAE-e 7tz 0.00835, 0.00027 2 ek
ok giute] gjehule] Feo] #e]S 2)3F microsatellite v}A
A EL] 79 3 o] fHx3ge] gusgl A3H(NE-1P)
oA ¥y BAEo| 0.0009022A (Kuo et al., 2014), £
ATt 2 Aol 10111 oksket =3t JHA 7F FAAE F
2o ggslr] Y& 533 FFx A (principal coordi-
nates analysis) 73} Sug 32ukele] AR T2
9kgioh (Fig. 2). o] Az £ 7o o] &3 microsatellite
WA zgtezs AA AP w8 ojujah, Hoje)
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ol A mufel] 83 A AAZPE FEo] & o=
719 "
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