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Genetic population structure of the spear squid Loligo bleckeri based on mitochondrial DNA

KINGO ITO,* TAKASHI YANAGIMOTO,2 YOoko IWATA,?
HIROYUKI MUNEHARA# AND YASUNORI SAKURATI?

LAomori Prefectural Fisheries Research Center, Ajigasawa, Aomori 038-2761, 2Hokkaido National Fisheries
Research Institute, Fisheries Research Agency, Kushiro, Hokkaido 085-0802, 3Graduate School of Fisheries
Sciences, Hokkaido University, Hakodate, Hokkaido 041-8611, *Field Science Center for Northern Biosphere,
Hokkaido University, Hakodate, Hokkaido 041-1613, Japan

The sequence of the mitochondrial DNA noncoding region 4 (mtDNA NC4) was analyzed to investigate the

genetic population structure of the spear squid Loligo bleekeri using 545 individiduals captured at six sites around
Japan. MtDNA NC4 sequences of 506-528 bp were determined. A total of 55 variable nucleotide sites were de-
tected, defining 48 haplotypes. The average haplotype diversity (0.670) and average nucleotide diversity (0.003)
indicated a low level of genetic diversity in the spear squid. Analysis of molecular variation (AMOVA) indicated

that most of the genetic variation was distributed within populations. The analysis of haplotype frequency distri-

bution and Fsr values showed no significant difference among the six sampling sites. These data indicate no genet-

ic structuring of spear squid population around Japan.
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Y U A A1 Loligo bleekeri %, timE» H M ETOH
ROB R, BHERE, By s XUERICHOM
L, BAZEM THEEER 72> TW5H Y YU A HODFE
gl‘] AN P SIEE E TORWRRER CHE SN TE

, B S ICINE A E SR TN TV A Z &
Ehfb'ﬁﬁﬁi #91 » AR O #4588 T
E%iﬁi@ﬁb,mhkﬁ RS TSN E BB L,
BEH HRKEIC 1 CKE 100~200 m OREWIE CHE
¢5o$§L36kEW%%X@T@@L,Eﬂ%i%
LEBOEFRR A2 5, EEFESICOWTE, FEK
TAE R EELHOREUMLE L L, BAEBNTILO - &
RIESR OB L% Frls & U 7REB LB OFE[I» H R Y T
BCEAEN L, FREBE (KEEHEZET) Hfl
& LB EOR M, HAcHREE I E A, KF
EHCREBLRREAFRLELAZELOEBMTE T
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Elicbhhrnb LT, HARBRZIC 4 DO EMD
e 5 EHESN TV 5P Sl Tl SRR R
ERFEERFED 2 >OEFNC T CEFFHM A Thh
fmé“it,%ﬁﬁfikékﬁéfﬁwﬁD%ﬁ
B, PEIDKEE, (K9 A Xk LUMEEICE VRS S
LT, 2O0EMNEPFET S EHMESINTV S, S)L
HL, TA VYA LEHCIBEEHTETE, BAE
H & K PFEMOBEREICGEEHERIRON TV
W8 ZD R DI, AETHITL L EEFHTFE TR
LERIC-TBY, BhABHBLETHH, 22
T, KFETETA VA ALV SERERAE I P
~ F 17 DNA (LLF, mtDNA »EgE045) OHIERY
R A BT L7,
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HAHBLUHE

BEENEERITICE W A BIEY— T — % FERT 5
7D FHEER S LT, mtDNA © COI Dijf, 16S
rRNA O, JEa— FiHEKoO NC4, NC8, NC16 D 5
DOMERD DI EEH A Pz, ST, 2004 4 1~
5 AICERBREE, TERLLIUBHRORBRETHE
SNl U A hEH 12 BRI, SERLEIES 5
BT 5 4 <—id, COTRPFICIZ5-TTT CCA CAA
ATC ATA AAG ATA TTG G-3' (LBCO1F) ¥ 5-TAC
ACT TCT GGG TGC CCA AAA AAT CA-3
(LBCOIR) #, 16S rRNA fi¥izit 5~CCG GTC TGA
ACT CTG ATC AT-3 (LB16SF) » 5-CGC CTG
TTT ATC AAA AACAT-3' (LB16SR) #, NC4 (Fig.
1) 1212 5-GAA AGG CTT TGA ACC TAT TCC-3’
(LBNC4F) * 5'-ATG ATC TGA GTT CAG ACC GG~
3" (LBNC4R) %, NC8iZi3 5'-GTA ATA AAT AAA
CAA ACC GCT-3' (LBNCSF) & 5'-GAT TAA AAG
TCT AGT GCT TAC T-3' (LBNC8R) #, NC16 it
5-CTA TGC ACT GAT CTG CCA-3" (LBNC16F) »
5-TTA TTA GAG GTA GAT GGT ATT-3
(LBN16R) % F\ 7=,

LRSS ODOFEBED O L, FHEROMEN »OERD
BA 4V EHTEINT NCA HIKICOWT, HABIO
WEAEREZFAN I, SHICHEWY U A A1, 2004

Forward primer

- 3

NADH

NC 4

16S rRNA

NC3
tRNA-GIn
tRNA-Lle

NC 5

‘_
Reverse primer

100bp

Fig. 1 Schematic diagram of mtDNA NC4 region of the
spear squid. Horizontal arrows show the positions of
primer used for PCR amplification and sequence anal-
ysis.
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1281 HH»52006FE7 B 20 HIZ»iFT, 4 >0H:
HEMD LHER SN TO AR EREL TERE, F#&F
EORHET, HR, FMRORRE CHEE S W -#E%H
/- (Fig. 2, Table 1), %7z, HHRETELS2250D
ENEIDEZLNTWLZ &b, EREFRATTO
BEAREILF LHERCHTTTY, IBIL, T0OLFE
DEAR L FE—DOEM L% 2 bW THAAFHRE TlE
SN/ AR SEREEL /- (Fig. 2, Table 1), %k,
ETOERICOWT, BETHREROEE, HECiImpneg
NIROFEAFNT, HADHEEIT- 72,

YUA DG, EHEER, HR01g 2Rl (&Y
KTHEHE, 1L.5mL F 2 —TICANTHEREL 72,
A% G, 500 ul © TNE %% (100 mM Tris-HCI
(pH8.0), 10mM EDTA (pH8.0), 1.4 M NaCl, 2%
CTAB (cetyl trimethylammonium bromide), 0.2% 2-
mercaptoethanol) & 150 ug/mL /o5 ¢ +—+ K3 uL
iz T, S0CHEBENTRESMCY o —F /734
D S—Br T THEOBBE AT, 7o /—bern
07 4 )V AKIC & V4 DNA ##H L 7.8 PCR K

Fukaura W _°
hY Hachinohe;
Fukaura S — ¢ ©

N45

®
Miyagi

204

E145

E140

Fig. 2 Sampling sites of the spear squid Loligo bleckeri.

Table 1 Sampling sites, date, number of specimens, size of mantle length, and maturing condition of the spear squid

Average

Size rang

9% of individuals

€

Sampling site Date n size (mm) (mm) Male Female
Immature Mature Immature Mature

Shimane Feb—05 93 236.8 163-363 0 56 2 42
Fukaura Spring Apr-05 95 258.6 154-365 0 55 0 45
Fukaura Winter Jan-05 94 261.4 183-347 0 56 . 0 44
Hachinohe Dec-04 94 180.8 159-206 32 5 63 0
Miyagi Dec-04 84 172.6 158-192 62 11 27 0
Aichi Jul-05 85 63.7 43-93 80 0 20
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Ti%, Tag Polymerase i Takara Taqg™ %, Y —< )
YA 275 —iZ GeneAmp PCR system 9600 (Applied
Biosystems 1) %M\ /o, RIEEHK L, dNTPMixture
0.2mM, %75 A ~<—25pmol, Taq Polymerase 1.5
units, #4 DNA % 50ng #&¢r 12.3uL & L7z, X
N4 94°C C 2 3 fEn#s, 95°C 30 #, 54°C 30 ¥,
72°C30 DT A 7 )& 43 |IT, ZD#H% 72°CC5 4
MERIGS®, 4°CTHREL /2, HIBEDIZ ExoSAP-
IT (Amersham Biosciences #) 0.25uL %#nz T, 37
C 304, 80°C 1543 DIRE &M THRB L 7o, MR,
BigDye Terminator v3.1 Cycle Sequence Kit (Applied
Biosystems #) 12Xk 5Y— 7 TV ARIG%E T\, ABI
PRISM 3130XL Genetic Analyzer (Applied Biosystems
) 18k TERWE L TGEERSI 2 RE L7,

HWEE T Clustal W L AT 54 AV FEfTo 7
#, DnaSP ver. 4.000%H\WT/N\TO X [ THRELE
72, Roff and BentzenV D&/ FH)LVEY 3 4 —
g VEIZ LY, EAMONTO R A THEEOREERE
AT o7t £, BTN Y 7 | Arlequin ver.
200012 % F\ T, AMOVA (analysis of molecular vari-
ance) M &7\, NI XA TERE (h), YEELER
B (n), WUEEBHEGR (d), BIUEEMSERE
(Fsr) "Rz NI A JEOMST  (minimum
spanning tree) %R, Tree View!¥|Z & D% EH
Lo 2%, BAMOBEREREICIR Y7 x0—20
FHIEATT > 72,

e L 2E ARSI oW, COTH¥, 16S rRNA
A, NC8 3 LU NC16, WUMC NC4 o FFh 3 8
DINT 1R A 7% GenBank IZ B4 L /- (accession
number AB243832-AB243834, AB252858-AB252861),

& R

B ERMBEEFT AV EE~Y—h— % %R 5
ZHOFHERT, YU A D I12MEEFICO VT, mtD-
NA D5 5 A OEERINZ T2, ZOREE, COTHj
¥ (570Dbp) & 16S rRNA §if (462bp) 3R MR
RSN, FFo—FHEEKTH S NCL  (506-520 bp),
NC8 (508 bp) LI NC16 (509bp) IZid%& « 5, 33
FU 32D RAMHR I N/, £z, NCLIZIE 3 Kk
ICRLET 5 AT OB L ISR BH 72, Thbb
DOMEHD D H NCA B OBERPE D> 72DT, LT
DOFHTICIE NC4 % FV =,

HIERIE R A FAND - OICHE L 72 545 HEO Y U A

HIZ oW, NC4 4 506~528 bp O ¥ Befid 5] % 1 E
Utc, WERSZHE L&A, bb DI TER)
RSN, F/2, KO AT ORLEICERPRD
N7co ATOER L o710 % 4 7t 48 fiH
(Table 2) T, AT DR LHHEIL6~17TEITH - /o

(Table 3), 7xds, AT D#BRLELZ D FH/INT TR
ATHIL B BETH - -, EAMOBREHNSILOE
EEGRE TR ABEEONT TR AT LRBOR/BRIH

LNADT, BBEDONT X A Tk BHNRERE
Bio, AT OB L BV 8 EEHONT/ O x4
WEXALE, NTx 4T, 27, 3553440 87%
BhD, ZOMONTEI A4 TdE 2 1% KGETH -
72 /NFO 2 A 7D MST (Fig. 3) #{ERRL7-& 5,
FEIBEONTX AT (1, 27, 35) ICidThZh
1BEORRIL A A F =TT XA TRpIE - T
TS5 AR—HHHLTBY, £/ AX—ICd2~41
HEBLANTOZATHI~228EN T\, Tz,
FENTO LA TEOEEEHELL 1~2 BETH- 7,

BAREONT XA THEE, 3IUATHEELED
P12 o\ T Roff and Bentzen!V @ y2 &, RV 7
cH—"HIER T CAFBERIRON -T2
(p>0.05), NTOX A TEKREIL 0.563~0.727 OHiFH
THEVEL L, EALHEED 0.0025~0.0036 Dl
BTl - 72 (Table 4), F7z, NTOX A TEEEIC
EAMCOFBEEFRONE -2 (p>0.05), BEX
MOPHEEBRET, 1.441~1.798% O#Hif TH
D, EANOVPHEREERE (1.270~1.848%) & Mg
L CREBETH - /o, MEEHEEHRFEIL -0.016~0.042
9% FIEMNMETH - 720 AMOVA BT O R, EAREE
D (0.0001) & For (—0.00006) EfkedTPHE L,
Fsr ® pfli3 04154 THEZEE -7, £/, BA
D Fep iz oW T Exact test {7 -7 & A, FEE
RGN, 72 (p>0.05, Table 5),

6 >OEA%, HAME (BR, BEHE, EHL) X
FE (AR, B, B KO0 T, BEEO Fer il
DWT Exacttest #1772 &2 A, AEEFIRONA
Motz (Fer=0.00082, p>0.05), F7z, JhAlOHEE
(RiE, EHL, AP, B0 SEiomE (B,
B WCHTEES, BEREO Fa lCBEEARRS
Nz o7z (Fer=0.00093, p>0.05),

e 2

U A mtDNA O 5 > DOERIC O\ TH RS %
AN A, NCAEHBILBWTRLBVWARPREDS
Nize AR5 DOHHD S H CO I HKFTHICITER
IR S NIndpo 7oy, T AU R V/Y A 9 Loligo
Pealei ¥ 7 AV 1% U A 71 Loligo plei Ti3 CO I $EIKIC
BEBPEOLNTWEW T AR /YA HiF AFY
DBICHES IV Yy EoMOKA I, 7AYAYY
ARFE 7Y FEEEBICER & JEOENT COT H#H
BwoNTar A TRENEREICE LY, EFRBO Fsr
D% % 0.295, 0.112 THELREBEMIDILAED LN T
WA CNHEDT EnD, YUADOEASIEORE
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Table 2 The variable sites and haplotype frequencies of NC 4 region of the spear squid

Variable site Sampling site

2222

Haplo-

type Sh FS FW Ha Mi Ai Total

>lo o
>l o o
O o w
Q| o o

556
371
ACT

Ol o

59 50 42 45 43 43 282
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Total 93 95 94 94 84 85 545

Sh, Shimane; FS, Fukaura Spring; FW, Fukaura Winter; Ha, Hachinohe; Mi, Miyagi; Ai, Aichi.

&, TAUNT/HFRADET AUV Y A INTHANT DOEMYERET L2HG 0 DEAHREL THEITZT
B SR E NI, S 72, BEREAEVEFE 2 5N % mtDNA NC4 K
ABHETE, HARRBICHFET S LHRSN TS 4 DEIRMED SR EFMIGEEHILERD SNz e -
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720 Fiz, EREOEWMNRLS 2 SOBMY Th&
ERGALRERD SN o fce NTBEALTDE Y b
V=% RARYD, HBEERESDE—FREL /-
BB rE2 bhiz, RO, BRE~IEmES LU
BEROYIANCOWT, 4 EETFEYHWTA
VIALGHaT-728 25, ENEOECRIEREICIE
KERETL L, Fsrid 0015 TRIEFHRESLEL T
HEMELTWDH, KFFIC LBV YA AEED Fsr

Table 3 Frequencies number of AT repeat of NC 4 region
of the spear squid

Number of Sampling site

(AT)repeat o pS FW Ha Mi Ai Total

6 16 15 14 13 11 11 80
7 28 31 29 21 17 22 148
8 1 9 9 8 14 10 61
9 12 19 19 24 23 21 118
10 9 11 13 11 7 12 63
11 5 2 2 1 4 14
12 9 5 3 3 5 2 27
13 1 3 4 6 2 1 17
14 1 1 1 2 5
15 1 1
16 2 1 3 2 8
17 1 2 3
Total 93 95 94 94 8 8 545

Sh, Shimane; FS, Fukaura Spring; FW, Fukaura Winter; Ha,
Hachinohe; Mi, Miyagi; Ai, Aichi.

(20.0005 THH, BEROVOMELVEWELZD,
BEHNOBICLEEN LT D 5 &2 b,
YUA ML, WENE S AEE RSB < HADR W
BRETENL TWAI ERBEINTWSD L
L, BHRE~AFRITOEBK T3, KEORMIPICH
A D BB A RIS N AERM &, KR
OFBYFE» AL EL T S2EROBRBICH-0, b
THTHANRL DB OFREEL B 55, ENLICIEIZ

24,

Fig. 3 MST of mtDNA NC4 region of the spear squid.
Numerals indicate haplotype number in Table 2. Bar 1
substitution.

Table 4 Values for haplotype diversity (%), nucleotide diversity (x), and the mean number of pairwise differences in the spear squid

Sampling sites n No. Eaplptype _Nuclgotide . Meaq no.
haplotypes diversity (k) diversity () pairwise differences
Shimane 93 10 0.563+0.053 0.0025 +0.002 1.270+0.807
Fukaura S 95 13 0.661+0.041 0.0031+£0.002 1.588 +0.952
Fukaura W 94 17 0.727 +0.035 0.0035+0.002 1.776 £1.038
Hachinohe 94 20 0.719 £ 0.004 0.0036 +0.002 1.848+1.070
Miyagi 84 11 0.672+0.041 0.0032 £0.002 1.596 £0.957
Aichi 85 11 0.678 +0.041 0.0033+0.002 1.672+0.991

Table 5 Pairwise Fsr values (below the diagonal) and pairwise Fgr p values (above the diagonal) of mtDNA NC4 region among the

six sampling sites in the spear squid

Shimane Fukaura S Fukaura W Hachinohe Miyagi Aichi
Shimane 0.144 0.027 0.045 0.054 0.099
Fukaura S 0.008 0.685 0.459 0.874 0.974
Fukaura W 0.019 —-0.006 0.910 0.964 0.811
Hachinohe 0.026 —0.004 —0.008 0.919 0.784
Miyagi 0.018 —-0.008 —-0.009 —-0.009 0.910
Aichi 0.011 -0.010 —0.008 —-0.008 —-0.010

NI | -El ectronic Library Service
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DERIZHHL 72 725,19 ERE~BFRITOBRE
B, 2-FFICHBOBETOFETKIRIZECLTIC
w0, ERCAEZKRDICEDNS, L2L, BHE
DR FBENBFENFIIEINRELKIRTH D, BT S
WREMRD S, TOLDIC, BAREH & KFEMOER
2, BEENCAZR T A ATREM: &, BERIR CEEIN T SRR
EETARY, BERTREBEIPBIONTNEEZ LN
oo B, YUANEWL y AEOEED A%
H, SHICEIMHICIIKBRZLCNE L Tk d 5
TEHS, B BROBNICE > TRECTRENEL S
FREME T b,

YR 4 O, BBOHEB R EBBORN
RBOERLLHE IN/ILDTH A, KFRD
mtDNA EFEEF 5 T, 205 4 >DOERMICITE
THSLIRFRD bz -7z, SRIFAWVICAR, B,
FMOT T, REEEL TS RE EORKE
BHRETHD, Sk, FEDOEINGICEEXE T HEN
BEAY T E LR A0ERD D, T/, LD
BREOX A 70975 A R LT oW TREED
BTHAD, VT V=T % U A7 Loligo opalescens
TISAEINIFITHOEHOS LIRS h T, BTk
BOBEICLVEASSBTFONTWS EHREINT
WL BEMTH, BERBRAICATERASHEL
TWAEALNTY, MEDHEICEEADLTLORES
HIUT B FPEMBEFEV IV TEHETIZIEH— &
o TLEIFARENDLINTED, YUA AT
D1BIEEZ LN S,

#oo®

AHFEOETICHD, BALREL THEWBHE
KERBRBOEIL EX, BRERKEWRHEIEL X —
DARFIEE, BREKEABRBOAREAL, LU
DNA 5D B E 7 6N o i B - 8245 L TIH /-
FHRET )=\ A v 4 —OFLEEEHICITE <
LB L BT Ed, T HIROBSE 52 TS/
FHREKEREHIEEL X —DEH BMEZIEZLD,
SO ZTEW /B B OBRRICEH P L P4,
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