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Genetic population structure of the spear squid Loligo bleekeri based on mitochondrial DNA
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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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o754 <—iF, COLFPHICIE5-TTT CCA CAA
ATC ATA AAG ATA TTG G-3' (LBCOI1F) * 5-TAC
ACT TCT GGG TGC CCA AAA AAT CA-3
(LBCO1R) #, 16S rRNA #ij*}:i2i% 5'-CCG GTC TGA
ACT CTG ATC AT-3 (LB16SF) * 5-CGC CTG
TTT ATC AAA AAC AT-3 (LB16SR) %, NC4 (Fig.
1) T3 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 iz
5'-CTA TGC ACT GAT CTG CCA-3" (LBNC16F) &
5-TTA TTA GAG GTA GAT GGT ATT-3
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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.

Ok, MK, SaH, R, BF

F12 4 1H2H 200547 A 20 HIZ»T, 420
HERP LHE SN TV Al e REL TERE, &%
ILURIHHT, SR, FER OB R THIE S ok x F
W7z (Fig. 2, Table 1), &7z, HHRRETREZ2250
BRI PEZONTWAT D, HFHRIFEHITCTO
BEARBREILFE LEEFITHT T, IHIC, ZOXZE
DEEAR L FA—O%EF L% 2 5 T 5 AR Tl
SNk D EAREEL /2 (Fig. 2, Table 1), 7cds,
ETOERIZONT, HETIIHEROEEE, HETilindieE
MNINDOFEZTANT, BEADHEEIT - 72,

T UA L, EYRER, HK0.1g L TEY
KTUEH, 1.5mL F 2 — 7 IC AN THHIRFF L 72,
A A f@wits, 500 ul @ TNE %y (100 mM Tris-HCl
(pH 8.0), 10mM EDTA (pH8.0), 1.4M NaCl, 2%
CTAB (cetyl trimethylammonium bromide), 0.2% 2-
mercaptoethanol) & 150 ug/mL /115 1 - —+ K3 uL
Nz T, 50CHEEMN TR MCY o —F v 7 S4
I —BE T THROB W 21T\, 72 /—)b e 710
7 5 )V AEIC & U4 DNA Z#hiH L 72,8 PCR i

)ﬁﬁhwf/xj g \EL

Fukaura W C\\: \\“/

Hachmohe
l"ukaura S —l-

N45)

N35

E140 El45

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 0
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Tld, Taq Polymerase |Z Takara Tag™ %, Y —=<)U
YA 75— GeneAmp PCR system 9600 (Applied
Biosystems #) %\ /o, MIGEWIL, ANTPMixture
0.2mM, %75 A4 ~<—25pmol, Tag Polymerase 1.5
units, Hl4 DNA B 50ng #&dr 12.3ul & L7z, X
JEGMEL 94°C T 2 Jpfelin#y, 95°C 30 #, 54°C 30 14,
72°C30 O A 7 )% 43 [E1C, ZD#H 72°C T 5 4
HRRIESE, 4°C TRAL 7=, HIEEYIC ExoSAP-
IT (Amersham Biosciences #t) 0.25uL % jnz <, 37
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BigDye Terminator v3.1 Cycle Sequence Kit (Applied
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PRISM 3130XL Genetic Analyzer (Applied Biosystems
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#%, DnaSP ver. 4.010% fI\ TN T B4 A THE & GHE
L7z, Roff and Bentzen D&/ FHINLHEY I 2 L —¥
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200012 % g\~ C, AMOVA (analysis of molecular vari-
ance) fENT A AT\, NI XA TEE (h), LR
E (n), FMIEEREBRARE (dh), BICEBGTIERE
(Fsp) %Kiz, NTrx A 7RO MST  (minimum
spanning tree) Z k&, Tree View!d | L V) K % (Ek
L7z, 7%, BAMOAFABEREICIIRY 7 20 —20
HIE & 1T - 72
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N7e ATOER L B\ 7oNT B % 4 7L 48 ¥
(Table 2) T, ATOBERLHEZ6~17TETH - /=
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(p>0.05), NTR A FEEEEL 0.563~0.727 O HifA
THE V@<L, WHELEHEZ 0.0025~0.0036 D
BT > 7- (Tabled), %7z, NTHEX A THFEEIC
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L CRRE TH - 7o, MEEEEAREIT —0.016~0.042
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Table 2
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The variable sites and haplotype frequencies of NC 4 region of the spear squid
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Sampling site

Haplo-
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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.
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Too Eio, BHRBOEININE S 2 DORED Thik
ETIERRBO N » Tz, NI XA TDHy T
T— 7w BARY, HREERS D o —F L 7
s LE 2z b, BELYIL, BRE~IiEERs LU
BEBROY YA RIIONWT, UEETEZHR T A
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Table 3 Frequencies number of AT repeat of NC 4 region
of the spear squid

Number of Sampling site

(AT)repeat Sh FS FW Ha Mi Ai Total

B UAINE Sl 25 909

£ 0.0005 THH, EEROLOOBRELIVEKNELRD,
ERNORNITBEBEN A MDD 5H & 2 BT,

YU A A, RN ACEEF A R BADIR W
BRECEINL TWD I ERBEINTWSE,Y L
L, HRE~EFRIGMOMWmE Tid, MEORELICAH
AYRA 2> O EREIR A RTINS N AER &, KPR
DOHEREE) S EL T AEMOBERIBICH /=D, b
TP THLNRL DB DN B %2, EINICITZ

24

4
5678 9101112

6 16 15 14 13 11 11 80
7 28 31 29 21 17 22 148
8 11 9 9 8§ 14 10 61
9 1219 19 24 23 21 118
10 9 1 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 84 8 545

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

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 (z), and the mean number of pairwise differences in the spear squid

Sampling sites n No. Haplptype Nucle.:otide . Mean_ no.
haplotypes diversity () diversity (7) 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 Fgr values (below the diagonal) and pairwise Fst 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
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