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A multiplex PCR system comprising 14 microsatellite markers was developed for genotyping analysis of the sea
cucumber Stichopus japonicus. A total of 286 samples were used to evaluate genetic polymorphisms and forensic
parameters of the microsatellite loci. In a single PCR reaction, all 14 loci were uniformly amplified and a total of
269 alleles were identified. The AJ19024 locus had the largest number of alleles (46), and its discriminatory power
and exclusion power were 0.99 and 0.76, respectively. The fewest alleles (8) were present at the Psj2575 locus,
which provided the lowest discriminatory power (0.81) and exclusion power (0.20). The mean number of alleles,
mean heterozygosity, mean discrimination power and mean exclusion power per locus were 19.21, 0.70, 0.93, and
0.46, respectively. The combined matching probability for the 14 loci was 9.64x10'%, and the combined power of
exclusion was 0.999995. Thus, the forensic parameters evaluated in the present study demonstrated the utility of our
multiplex PCR system for biological tracing methods, such as individual identification and paternity testing, in the
sea cucumber.
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gFoll W5l A7 i 9Lt (Kim and Lee, 2016),
olAk Fro] WaE 4% A L Bt oz} o
o 49 9 71485 o] 99lo] @ 4 glrk(Purcell ot al,
2016). b Ael) s Aol Ankg sl el
S S RAALS S B 5 817] S8l A ol A AL st

2 A3 4 Qs AL W 242 LS} g AR

g HHAE o]-8-3] Psj microsatellite ¢ 2074 29k,
Zhan et al. (2007)Z Chen et al. (2013)2 3=, 3%, g AJof
o JEo A A E7]l4toll Al AHRF AJ microsatellite
21915 217k 45714 wraisich. eluelol s et 44 8
Aol A =345 sfiatell sl Kanno et al. (2005)0] =3k Psj
microsatellite -] 97 ol thet o742} o3 d= A-+gt vt
QItH(Kim etal., 2008). 3}A| 9t 0] & &1 7+= 3l}4}o] 4] microsat-
ellite 2915 T2 sHA, AAA ol whE 7W A2 A7+
oA FAHAE 5] f1gte] itk (Kang et al., 2011).
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712 AFE2] microsatellite £-4] HFH-0- 51w o] PCRERS-©.
2 1371 #5248k Aol 7o, o] AlRE e
& olz] 2919 SAS B4l ok ok A A 2 2Rl &
Aof| 285170l Hl-E- AZHA Sl A mif- Bl a-EH o]
2p ok = Qloh wheba] ZHA A 2 ZARER1S 213 DNA mi-
crosatellite £-41-5 3|4 = gHHS] PCRENMG-C.2 107} ©]4
o] 95 SAlol S3dte thes R R A4S (multiplex
PCR)& #-8-5h= Zlo] v|-§-} A7HA] S ol A] v~ -85}t
o Zlo]th(Krenke et al., 2002). 5}A| T o] ZF-9-ofl = 4= @
RS el WekebA 23 4= Qlojof a7 of, &3
§F PCR Ahs 0] 9]9] H]50] 4] Z-3 Ei= stutter peak ] /&
2| ax3ls}7] 919k 24 SZAEA|(primer) 2] A 9 thE5%
AaAHRRE0) A 24 gy A7t A ofoF ghrk(Berg
et al,, 2000). 3+ A5 H7 A HEAGA] 5 AHsSE A& 5
off A1 2] AT A2 SHiststo] Axke] 2kekA ok
438 8k 3}0]ok FHE(Hill etal, 2009). o] & 270] P
thd 3l DNA microsatellite multiplex PCR 452 44
g W BE s IAIE R 4 e w2 AR
2](combined power of discrimination)¥} 42| Q1= 2218}
ol BAE 7Fe A & =2 A Hul A 2 (combined power of
exclusion)& LEFY F20]of $Hcl(Turrina et al., 2014).

2 Aol A= =W E7180k(Stichopus japonicus)®| Al
DNAO|A 2 = 3 g7 HH2 A HFL- ZF= 147} microsatellite
29], AHO75, AH204, AH025, AH198, AJ19270, AH028,
AJ03, AJ78245, AJ08658, Psj2575, Psj2409, AJ14707,
AJ19024 9 AH1445 g7l SFA1Z 4= 9l multiplex
PCR AJAHIE 75l o, o] & o] §-ako] AjafiQtol A A
ol sliat 286 7N A O] A& 2AFSkAL, o] 59| HakehA] |
FEo BATOEMN o] A2F9 st ZiA|AE 2 1A=L
AAL & 7= B7IsHiTh

>

iz & W

AMZ29| 2% 3 DNAFZE
B4k Al &= QI OIA T071A], S ol A 7070 A, FHAboll 4] 74
, F2tellA 72 WA S 478t DNASEES dlitE7]
2 oF 2 mmE 2z} Ivanova et al. (2006)2] Wi o whet
ahgic.
Multiplex PCR 2 Genotyping

o Lof] ARE-E 9]+ Zhan et al. (2007), Chen et al. (2013),
Kanno et al. (2005)0] 2113t =7]31412] microsatellite 29
= oA dE A =71 871 o] 4ol aL, multiplex HH-g-of 4]
FTEAEo] Ao o, YA 227 A= 3
A A] o= 2] 147115 41731 T). Multiplex PCRO|| HH-2
$J3llA A= DNA 2F 10-30 ng, hot-start Taq polymerase (Ge-

emH X
o 3

Ty

netbio, Korea) 1 unit, 10X PCR buffer 2 pL, dNTP 200 mM,
MgCl 2 mM, 1] 3L primer mix 2 LS £§slo] 2% ks
GHo] 15 uL7}t EJA| selct. &40l o]-8-3t =3 primertd-©]
H714 €2 Table 13} 2t PCRE GeneAmp PCR® System
9700 (Applied Biosystems, USA)S- A8-5}0§ 94°C o] A 104
793 % 94°C oA 30z, 58°CollA] 40Z(ramp 50%), 72°C
of|A] 40Z(ramp 60%)2] £ 22 30 cycleS 33t S
npR|Eko 2 72T oA 3027t HESAIF T HES SRR
204} 8)43}aL 0.2 uLE F 3l GeneScan™ 500 LIZ (Applied
Biosystems, USA)$¢} Hi-Di™ Formamide (Thermo Fisher
Scientific, USA)S 37| &3tsto] 98T ollA 184t HAAIZ]
(denaturation) T2, POP-7 ™ polymer (Thermo Fisher Sci-
entific, USA)E A2 36 cm ZA|-S A2 Applied Bio-
systems 3130x1 A5 714 Q2442 (Applied Biosystems,
USA)ollA 60T = #17]F-53H3 . 31413 (genotype) =41
2 GeneMapper® ID v3.1 (Applied Biosystems, USA)<||A]
500 LIZ size standard9} v nsko] o H-9- A 25 24519 o)

gty X179 ME

FSTAT 2.9.3 X213l (Lausanne University, Switzerland)
< o] &3t 7t A9 FAATIYd(gene diversity), THH
FAA} 43 (number of alleles)E AHE3FtHGoudet, 2001).
sit]-Qtolw 1 3 PA el (hardy-weinberg equilibrium exact
test, HWE) 44-& GENEPOP v4.2-& %£3f dememorization
number=10,000, number of batches=5,000 ~12] 12 number of
iterations per batch=10,0002] 2422 483} tHGuo and
Thompson, 1992). A= & (polymorphism information con-
tent), 21'H 2 (power of discrimination), & ]-&(matching prob-
ability) 12|21 A= (power of exclusion) 5 22 9 H
T}8HA] 2| 52 PowerState v1.2 3 &2 713 (Promega, USA)S
o|-g-3l| AFE3FATH Tereba, 1999). FF2L2&-L []7 (1-Pdi)
Ao ket ALZSR T A BT A RS 1] (1-PE) A
o 2 13} thH(Jones, 1972; Kriiger et al., 1968).

2 I

Microsatellite 142}9]¢] multiplex PCR 23} 14319 =
T 3o g ¢y o7 FHEQITH(Fig. 1). AHO02S,
AHO028, AJ19024 2}912] o] e A heterozygote)5 HHE-3]
T7hEE A ]GRO A 3= peak o] $xo]9f H] sl Hat
10-30% =019 stutter peak7} W= RO, F4AE 24 =
2= 9¢] GeneMapperol| A - 42-= AHg A4 5h= 24
of obted FaFS 7R A] Sk 11 9] 9] 95l A<= stutter
peak”} THAFE] A FAU 3 tf -5 4} peak o] 9 B 8f 3
F 5% oW = Urebgtt

A 286 7IAl Alss DNAAMS] 147)] microsatellite 2F¢]of|
A ZhelE dig iRl F 26970920, 11 5 AJ1902459]
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Table 1. Primer sequences and locus characteristics for microsatellite multiplex PCR system

Locus Primer sequence (5' to 3') Repeat Motif Reference
F  6-FAM-GCAACAACACTGTTTAAGCAGATAA

AHO75 (GA)N Zhan et al. (2007)
R GTTTCTTCCCACAGCAGAGAGTAATTC
F  6-FAM-TTTGGTGATATTCTGGGAGTG

AH204 (AG)n Zhan et al. (2007)
R GTTTCTTAAGAAGAGGGGTGCCTATTT
F  6-FAM-GTATAGGGCTCTCATACGATCA

AHO025 (AG)n Zhan et al. (2007)
R GTTTCTTGATATATGACACAAGTCCATAGC
F 6-FAMACGTACACGTTTAGCAGAGC

AH198 (AC)n ..(AC)n Zhan et al. (2007)
R GTTTCTTGATGTGTGTTCTCGGATTTG
F  VIC-ATTGTCTTCCTTGCCTTCCT

AJ19270 (TCC)n Chen et al. (2013)
R GTTTCTTGGAAACAGAAATGGAACCTG
F  VIC-TCAGTTCTACAAACATATGTAATCC

AHO028 (TAN(GA)N..(GA)n Zhan et al. (2007)
R GTTTCTTCCAAAGTCGGACGTTATTACC
F  VIC-GGTATTACATTGTATGGAAGCCTAC

AJO3 (AC)n Zhan et al. (2007)
R GTTTCTTCGAGTACAAGTACGGAGTTATCTG
F  NED-GACACATTTTCCTCCATCTCA

AJ78245 (TCT)n Chen et al. (2013)
R GITTCTTCTCGCTTGAAGACGATGAC
F NED-AAGGAGCCACTACGATGACG

AJ08658 (TGT)n Chen et al. (2013)
R ACCGTCAAAACCCACAAAAA

) F NED-GATGTTTCGCTAAATACATGG

Psj2575 (CA)N Kanno et al. (2005)

R GTTTCTTCGCTCGCTTGGAGAGTAA
. F NED-TCAATCATAAGGTCCCGAGT

Psj2409 (CA)N(AT)n Kanno et al. (2005)
R GTTTCTTCGTATTCATGTCCGACAAC
F  PET-CGGGATGATGACTTTGATTT

AJ14707 (GAG)n Chen et al. (2013)
R GTTTCTGAGTTGATTGCACAAGGTT
F PET-TCGTGGAAAAAGTTGGATTTG

AJ19024 (GAA))Nn Chen et al. (2013)
R GTTTCTTGCTGCTATCGGTCTCTTTCG
F  PET-TTCCGTTAACGCATATCTCAA

AH144 (AG)n Zhan et al. (2007)
R GITTCTTCTACATTCACGACGGGTGTA

4670 E AR 227t 7P woken, 5ol E
0.89, S A A TFFAI 2| 4= 0.95, S-H A4 22 0.95, A2 0.99,
FHIAEY 07622 1471 244 T L4 2e Heh A
FE0] 714 A UERTH(Table 2). WHH Psj2575349]= 871
O] At WA =l ARkt g A4 0.62, F-417}
AH P .58, A1 0.812 147 Y Fo|A] 71 W Hy

12 2|3 ghS UEbich. HWE 33/ 7oA AH2042}
AH144 %)= 217t p= 0.6137} 0.12= FFJeol ATt
o]5 A|Q3t Yz 52 HWE H Aol A o]gx]of
e Ao eyttt g, ol TET FHuiAI A=
AHO752]7} 2F2H0.5291 0.20 0.2 147} 249] Fol| A 713 o
< Ahe BT 147] 24919) + 4 LA &-2 9.64 X 107 91 2.1,
AL Gul A 2L 0.999995F ulj-- =7 Lhehgt.

i

L]

A 249 of -2kl A stutter peak 7| PRI Stut-
ter peak= HALR Sholg AA| R AT E56HA &
4= Qo] AAIAE 9l A=l EA o A= I A HEE Tl
L 2314 #FsloF SHeH(Arif et al., 2010). Stutter peak->
DNA %318 47} microsatellite ¥HE-G 7| A 9L $E51= 1}
ol A WHg FE2F 12715 w9 = slippage &/l 2t & 4= qlrt
(Walsh et al., 1996). o] dAfo] Yepd #9]+= 25 29 7] 7t
EA9E 7= AH025, AH028, AJ19024 Z$1E50]ch. Untz
O 247 HHEA S 29] 9] 4t stutter peak $£0]= = peak
£0]9] 30-44% T2 2 4 A It Bacher et al., 2004). ©]
& At Aol Bl gls uff & Aol 4] B2 stutter peak 2]
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Fig. 1. Capillary electrophoretic separation of the fourteen-microsatellite multiplex PCR. Electrophoresis was carried out under POP™-7
polymer and the sequences were analyzed by ABI 3130x1 Genetic Analyzer. The blue line (FAM): AH075, AH204, AH025 and AH198;
green line (VIC): AJ19270, AH028 and AJO03; black line (NED): AJ78245, AJ08658, Psj2575 and Psj2409; red line (PET): AJ14707,

AJ19024 and AH144.

Table 2. Forensic parameters of 14 microsatellite loci in sea cucumber Stichopus japonicus (n=286)

nA He,,_ GD PIC PD MP PE HWE
AHO75 10 0.52 0.67 0.64 0.85 0.15 0.20 <0.01
AH204 16 0.78 0.84 0.82 0.96 0.04 057 0.61
AHO25 33 0.85 0.90 0.90 0.98 0.02 0.69 0.01
AH198 14 0.63 0.70 0.67 0.87 0.13 0.33 <0.01
AJ19270 14 0.58 0.71 0.68 0.88 0.12 0.27 <0.01
AHO28 18 0.79 0.89 0.88 0.98 0.02 058 <0.01
AJ03 21 0.79 0.88 0.87 0.97 0.03 058 <0.01
AJ78245 1 0.64 0.73 0.69 0.88 0.12 0.34 <0.01
AJ08658 18 0.76 0.84 0.82 0.96 0.04 053 0.01
Psj2575 8 0.57 0.62 0.58 0.81 0.19 0.25 <0.01
Psj2409 12 0.57 0.71 0.67 0.88 0.12 0.26 <0.01
AJ14707 15 0.59 0.86 0.84 0.96 0.04 0.28 <0.01
AJ19024 46 0.89 0.95 0.95 0.99 0.01 0.76 <0.01
AH144 33 0.89 0.92 0.91 0.98 0.02 0.76 0.12

nA, Number of observed alleles; He

obs’

Observed heterozygosity; GD, Gene diversity; PIC, Polymorphism information content; PD, Power

of discrimination; MP, Matching probability; PE, Power of exclusion; HWE, Hardy-Weinberg equilibrium exact test.

Eol= GRSl et o] Hrks W2 stutter peak 01 € 2
A= 4= ek HWE /g5 7ol 4= AH2049F AH144
S ARt B= 2ol A B olgs HERHT. Ald gt 7
I Z7)4 AR 9oz AHslar o] 2 EE SAul uf
2|9] E7]84t SRS Arkste] A= slieke] Wshe s

1y

Aol AJ&= o] ghek, wheba] g2 249159 HWE 3
] o|ehe oA x1E o] 0] 97 Aleny) ol o) oJ5) &

F-5(genetic drift) I 7S HiIAIE &= ¢l Ao
=l 147} microsatellite 2-¢] 2] B+ AL 09302
o, 147 ]S multiplex PCR-S E3f gHof &

[e

0?~
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JZi
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H
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1 oke

=



810 489 -

A3l e W o] FA AA &L 9.64 X 102N, FEZ =2 7
A AEE S Algslietial & 4= Slok. gh, 1470 24919] +4
A} A & (combined PE)2 0.999995%2 1% %=1, o]&=
H Altof| A 73t multiplex PCR A| A~ 8lo] AYE3}2] Kut 7|
A& 4gs] Zrobd 4= = 58S 7HA AL Q32 | eit). o}
ghA] E A512] 142-9] microsatellite multiplex PCR A A8
7= DNARA Hof| val 49 v]-8at A7hS 7] 3 0= A3}
A2 4= 9l 7]0] u9- A 2] o] DNAEA o]z} & 4= Qlch T
2k o] DNAEA] A|ARIo] 71A| = ALk o] ZA| Al e} =&
B B Aol B4 28] B7late] A 4wt
RASLI A T 5831 ALEE 4= S AT AR,

Al AL

o] -2 201651 1w AL S A) S B A o
] 2| o] falo] QAE| S
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