JeakE i 93, 81-88 (2018)
Sci. Rep. Hokkaido Fish. Res. Inst.

RIWFTLy 7 APCREICEZILBELARICERT S HFIBAED
EHRIE AL DR

®EERE T, RERER, EAsE, ROESES, Xk E

LBEIL R A REE AR ER RS
RERFT 1 — IV FRZMRNE t > 2 — HEBKEERAR
SbEBE S MR R RKERR S

Multiplex PCR-based molecular identification of Ammodytes species (Perciformes: Ammodytidae) caught in
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Japanese sand lances (Ammodytes spp.) are among the most important fish resources around northern Hokkaido. In this
region, three sand lance species (western sand lance A. japonicus, Arctic sand lance 4. hexapterus, and peaceful sand lance 4.
heian) are known to be sympatrically distributed. Therefore, to accurately evaluate the status of resource distribution of this
genus, it is necessary to thoroughly understand their distributional characteristics. In this study, using multiplex PCR, which
can easily identify species, as indicated in previous studies, an easier and more rapid method of identifying species belonging
to this genus was developed. Using this method, the western and Arctic sand lances could be easily differentiated. However,
the precise identification of peaceful sand lance species was slightly difficult with this technique. This technique was shown
to be useful for initially screening the species from samples. This study suggested that for understanding the distributional

characteristics of these species in Hokkaido, detailed sampling of each area in each season is necessary.
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Table 1 List of primer pairs used in this study
Primer name Sequence 5'-3' Eroduct Reference
size (bp)
AmjpnF GTACGGCTCACACAAATAAAGGTCTT about 500 Kai & Misaka (2016)
AmhexF AGGGTGGGAGGAGTCAAAAGGTC about 300 Kai & Misaka (2016)
Reverse GGCACCCTTTATCTAGTATT Orr et al. (2015)
L-M-12S ACAAACTGGGATTAGATACCCCACTATGCC 152 Matsui et al. (2012)
H-A-16S GTTTTTGGTAAACACGCGAGGCTTATGTTTGCCC ’ Matsui et al. (2012)
F CTCCTGCAGGGTCAAAGAAG 638 Orr et al. (2015)
R GGCACCCTTTATCTAGTATT Orr et al. (2015)
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Table 2 Specimens of Ammodytes species examined in this study, caught in 2016

A 715 TR SO HERH 1)

Sampling group  Date Fishing type Nsuarrr;bp?;:f /\I\;i;iﬁe(::)y + ?::;;:}?;?
Sea of Japan
South Shiribeshi (Shimamaki) min. max
13-Apr scoop net 50 19.1 3.8 12 25
6-May lift net 50 314 6.6 16 45
23-May lift net 50 317 23 26 38
North Shiribeshi (Yoichi)
2-May lift net 50 404 3.6 30 47
Rishiri Island
23-Apr dip net 50 183.1 11.3 161 206
19-May dip net 50 2094 111 190 243
Sea of Okhotsk
Soya Strait (Off the east of Cape Soya)
23-May sledge net 1 166
3-Jun otter trawl 50 216.4 194 181 260
12-Jul oftter trawl 50 193.2 144 158 216
8-Aug otter trawl 50 199.9 164 176 267
Sarufutsu
Mar. total
18-Mar scallop beam trawl 2 43 166.2 16.9 124 198
23-Mar scallop beam trawl 6
24-Mar scallop beam trawl 2
25-Mar scallop beam trawl 11
26-Mar scallop beam trawl 11
27-Mar scallop beam trawl 9
28-Mar scallop beam trawl 2
Apr. total
20-Apr scallop beam trawl 2 2 1215 21 120 123
May total
6-May scallop beam trawl 1 14 175.9 191 157 224
16-May scallop beam trawl 2
20-May scallop beam trawl 1
21-May scallop beam trawl 4
23-May scallop beam trawl 7
Jun. total
4-Jun scallop beam trawl 7 29 1743 18.7 128 212
6-Jun scallop beam trawl 4
7-Jun scallop beam trawl 1
8-Jun scallop beam trawl 6
14-Jun scallop beam trawl 1
15-Jun scallop beam trawl 1
29-Jun scallop beam trawl 9
Jul. total
6-Jul scallop beam trawl 10 39 1742 26.0 82 203
21-Jul scallop beam trawl 29
19-Sep scallop beam trawl 28 28 161.3 182 125 198
3-Nov scallop beam trawl 22 22 148.7 294 93 185
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WU AR R, B X ORI A (Fig. 1) 128
WCHE S 7oA 1 T8 629 AR 2 FEBRIZ A L 72
(Table 2),

PELFHE O B, FIGLE, HIAB & ORREEE
U O —FEARIZOWTIL, (BRI ER: F TR AR
L, WERTISHEIRIC TR L 720 &E (il - B
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E2gMBIHELL, 999% T % / — )VHIZ TN TF
R L 720
2. BEYOBHFEDKRE  Hil ODNAM S LD
BEHERZH T 2, S EE R T g S
72 1% 5048 14 |12 © W T, DNeasy Blood & Tissue Kit
(QIAGEN#E) |2 X b #DNAZ i L, FI310 - 50mg
BEOHEHIOWTT VI UV ERIZL T 1 & — M
#7570 HBDNAIZOWTIE, M T-20CI2TH
L L, 74— FEHZOWTIL, SHREE T
4CICTHREL . TN S DPCREA: B & OkEIEIZD
WTIE, AilDEBY) TH D,

WDNAZ T 7L —heLHBDY b, WER
INY RS NI o 72EARIZOWT, Orr etal. (2015)
BLOHE - £ (2016) 12fEVy, EILRY OfF A 1T
W, FEEPGE L7, FOBOEME, UTomEy & Lz,
Orretal. (2015) 2K Y EFISN2TIA4~—%2FHL
(Table 2), COIfH 38638bp % PCR: (2 L 0 B ME L 72,
DNAF > 7L — MZ1.0ul, Spmol 77 A < —#1.0ul, 5.0ul

@ KAPA2G Robust HS ReadyMix with dyelZ # fifi 7K %
20uln 2, #mAziopls L7z, PCRESIE, 94T TS
Bt 94T 158, 62°C 15, 72T 308 %304 1 ~
W, T2C T OMELITo 72, 145 1L7-PCREWY %
ExoSAP-IT (Affymetrix) % A>T 70 b 2V IZHEVHE
#1 1, BigDye Terminator vl.1 Cycle Sequencing Kit (7
754 KN4 F T A7 LX) EDNAY —/7 > — (310
Genetic Analyzer, 7 75 4 NNAF T A7 LX) = Hw
THREEMLY % P58 L 720 MEGA 7 (Kumar et al,, 2016) %
P> CTamura and Nei (1993) OfEEE% K&, FTHks 4
¥ (Saitou and Nei, 1987) 2 & 0 RHM % HEE L 72,
ZEOEBIEE ORI, A7 VT XL Effis 7z
1000 DY K LICK DT — A LT v Tk
(Felsenstein, 1985) # W\ 7zo o2k x b L 12,
ARWFZETHW 2RI D W TR 2 72 L 720
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W, 4 t— MNP X o THit L 72HDNA% PCR
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n, RVF47aryra— Ve LCHFTEETHL L
MR ENT (Fig.2)o 72, 74 t— FilEHIDNAIZD
WCh, KYVF 4 7ar ba— e RBEOERDES N
7205, WHHSLD% AL 27 hPCRIZOWTIE, DNAD
HIEAFERE S N b o 72 (Fig.2)o

WA ORI B OME SR AR B I8 00 6 T 1
RIZDOWT, T4 &— MHEETIZL Y L L 7-fHDNA
DINVF T L 7 APCREE K %, #EDNAFILIZ X %4
REWEL72E 2 A, WFFEB TR FIAR RS —3
L72b o, @503k 30k CTHh 572 (60%). F 7z,
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FTOL S TEENL, TSRS 71 o
¥ FPCR%Z 4T 7278, fEREFEHTH o720 T2, T
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Fig.2 Multiplex PCR amplification of DNA from three
Ammodytes species, A. Japonicus: Aj, A. hexapterus:
Ahx, and A. heian: Ahi. M: molecular—weight size
marker for total DNA (isolated from muscles using a
kit), homogenized muscles (muscle samples were
homogenized manually), alkaline muscle lysate (crude
DNA from muscle lysates was extracted with
hydroxide and Tris-HCI), N: negative control (UPDW).
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Fig.3 Multiplex PCR of DNA from

amplification
Ammodytes heian ( Ahi) showing two nonspecific
bands. M: molecular—weight size marker, N: negative
control (UPDW). Species identification for these
samples was performed by sequencing.
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Fig.4 Trees constructed using the neighbor-joining method
( Saitou and Nei, 1987) based on sequences of

Ammodytes spp. Numbers on branches indicate

bootstrap support. FAKU13****: specimen registered
by Kai and Misaka (2016), : unidentified samples
analyzed by multiplex PCR

Thot (Fig.d)o 512, 4 b—  HEREOT ~
7L — b EBHOKIC AL, FRICPCRE TS 72
LA, FEAEDHERD I I A S F TOHEY Y —
R L7z,
WHEDOFFANF T A TOUE T — 2 DAk, N
YRR LIR2RASNbDE A A HF
a7 LEFLWA, MFEIIBIT RIS T L
720

EEALEAREEIC S T 2 BB OEHR e
WT, FA4t— MHEIZLLHMDNAZ 7 T L — k&
L 72PCRIZ X ) HH B % 17 - 72, PCRIZZ N2 aitp
WZOWC2EPLESER L, [ UARMI2EL EES7z)
DO EFEHPRERE LT L7ze T4 & — MREHENC
DWTIE, HONIDNAREN—ETHEWVWI EN5,
MR EERF AT ) BB D o 720 FEER2[E D A THAHE
B L 7oL, ae29fi ki, 229MEfk (364%) Ta -
7z (Table 3), FERNICADLE, A B FTBIOFIA D
FICIE, FOMEE F T4 DL KA L AR,
ZhEn4sfifk (18.1%), 2Mik (95%) & khoiz
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Table 3 Number of times of experiment conduction to
identify Ammodytes spp. N: number of identified
species among the three Ammodytes spp. When the
same result was obtained more than twice in the
experiments with each sample, the species was

determined.
Experiment . A . un
times A. Japonicus hexapterus A. heian identified
N % N % N % N
2 137 51.7 9 429 83 244
3 80 30.2 10 476 112 329
=4 48 18.1 2 95 145 426 3
total 265 21 340 3
DR L, A A HF T TIRASEE (426%) & IEH

WCEholze ZTIUE, T4 A7 F TR KE) L 7B
2, AHFITBIOFY A5 F THEOMNEIZIERD
INY RISHROEND ZENEholzl llL b, 72, ff
HL7ZT 7 L= MIEENLDNAEDL LA S L

CEEho7z8micid, @I = N VLTI~
— (RYFq47arbu—N) (2L HHEELHREINE
W2 EDEholze TNHIZOWTIE, Ty 7 L— M
BERFEEL, R T4 73y bu— I Ufii&ElZ/Ny Fofs
LENZHDIZDONT, T FAHFTEREL, Bk
I, BRI SERRE D R LT IR RE TS - 721k
IZDOWTIL, HMDNAZ M L CRMOERTYITH 2 &
THHBNZE 720 INHIFETEHI A I FTTHo72,
F o HEREEO D BIEKICOWT, RIS
holzlebd Y, FEIANE Lo ES 2
Do 72,

SRR A - TE265 K, F 7 A A TIX21EE,
T A A A F TIE340ER T, A A A D F TR RDE -
72 (Table 3, 4), #EEHIZADL L, ¥ A7 FTEA
K= 7 HOFERHREL B L ORI A e A5
NIERPLOAMB L, OAREORER - LB LY
FIABEOERP SITHI L 2 h > 72 (Table 4), HER
HTix, SHOHICHEONERTIX, 41 7F T (34%)
E0AFAHFT (67%) B oTlh, NI Ok
WIZRBETH - /oo BEILTTIEA 77T (22%) &
DEF AN FINEho7 (18%). FIRETHL L
BEARIZOWTIE, 4HERTIE, A7+ T (30%) &1
FTFA AT T (10%) DFNEho7h, SHERTIE
R TH - 720 FEEREERESIC O WL, MEfko
ALEonlero75H xRS, HBRNI3ED BV
WELY, X5 A D F TR OFERP L ORI L 72 (8
%)o FT72, SHOERTIX, 47 FTOEEHT8% &
Mo 720 SR A RIS OV TIE, AR % &
CCHFADFITOHNA N F T L) S NMEADND - 7z
B, OFICHIE S NERIZDOVWTIE, ¥4 A4 FTH

Table 4 Number of identified Ammodytes species using

multiplex PCR
) Result of species identification
Sampling Date/Month Number of " A.p .
area samples ) A. hejan
Japonicus  hexapteru identified
Sea of Japan
South Shiribeshi (Shimamaki)
13-Apr 50 22 25 3
6-May 50 17 33
23-May 50 27 23
North Shiribeshi (Yoichi)
2-May 50 11 39
Rishiri Island
23-Apr 50 15 35
19-May 50 25 25
Sea of Okhotsk
Soya Strait (Off the east of Cape Soya)
23-May 1 1
3-Jun 50 29 4 17
12-Jul 50 27 23
8-Aug 50 39 11
Sarufutsu
Mar. 43 12 1 30
Apr. 2 2
May 14 4 11
Jun. 29 13 16
Jul. 39 11 4 24
Sep. 28 6 12 10
Nov. 22 7 15

< HBILZZ (428%)0 L72h3o T, E—iEHIcHB W
TSI NI OWT Y, SRESNHIZE - THE
R 5 2 E AR E NI,

£ 8
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W22 eil, wVF T Ly 7 APCRIEIZ L) 51
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T, TEEOMHRAL L R RIEMTIC K D, B2l &
ZEL 72\ EUR O BB K= SR O MR 2 BB TS I RE &
Bolze WA A FITBLPFI A A FTIZOWTIE,
WIELZEORF ZMHTAZ L2y, (ZIZEMIH
TAHIENNEETH o7, L72h > T, RFLPEIZB W
THEINTVBA D FTEL A A FTORIN
(Tanaka et al, 2016) &\ 7232 L EE) 5 2 & A5 T
5o F72, W (2004) 12X 2 HAHBIKIZHED W 7-FE
HPETIE, ¥4 D F T4 TOELIZLT A A F
I, AW FIARENENEEIND L ¥ A4 TOHRIHAH
HrEAPALNDL A - FER, BME. =, &
FZBWTIE, A DT TIEFENY BRSNS
DL L, HBDWREER G G0 %oz LrL, Z
D& BEEHIOWTIE, BRI L AR B L O
WDNAZ I L2k 27 v 7L — bt & Lzaoff
HPFER DS, ZEFFFA D FITHDEEZ SN
Lo T, RFEFEICELY A A F-T, 540573 [F
WETELIAA DT T L LTWRAZ ) —= v 7%
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