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Genetic identity between two types of Japanese anchovy, Engraulis japonicus,

from Sagami Bay based on the mitochondrial cytochrome b gene

Hisashi NAkATEGAWA'T, Keitaro DAIRIKI?, Shiro ITo1?, Haruo SUGITA? and Seiji AKIMOTO?

Japanese anchovy Engraulis japonicus was abundantly caught by various catching methods such as large size set-net
in Sagami Bay, Japan. The anchovy with fat and slightly short body have been observed in the catch of the fish, espe-
cially in the coastal area of east Sagami Bay since 2005. The specimens with condition factor (CF)=10 were repre-
sented as fat type, whereas those with CF<<10 were represented as normal type in this study. The formers were
caught mostly in early spring, and the catch of the type sometimes reached the half of the total catch of the fish. We
investigated the genetic difference in cytochrome b gene on mitochondrial DNA between fat and normal types of an-
chovy classified by morphological characters. Difference in nucleotide diversities within each type was not observed
between two types, and the net sequence divergence and pair-wise fixation index (Fgp) between two types were very
low, suggesting no genetic heterogeneity. The phylogenetic tree based on the partial sequences of cytochrome b gene
also demonstrated that two types of anchovy formed a cluster with E. japonicus. In the samples collected in Sagami
Bay from January 2005 to July 2007, the distribution of CF for fat type was not clearly separated from that for nor-
mal counterpart. These results suggested that the morphological variation of the anchovy E. japonicus was due to the
difference in their migration pattern and food environments.
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Tl mEfE A fCsk U7z (BESURBUS A =1 R BRI T
2007). 72, KELRIEEO FHTH % KB KO/
EEMEEEOWERIZEHD I Z 7 F4 9L OEAEIIN
35% T, H A 7FA U VIIEERBED FEIRIEY) & k5
T3 (BRRBUS N RBCERBT, 2007).

KRR OEEMEEOWHE R R EAT 5L &5
FHhETFATLTHDHN, BERENEHAKEL & 572
2005FWED S, WMHED A Z 2 FA T LD GG - (KE]
BREL, REXRR/NZ WK cT~v Y aLifidn
23 ASDMERE DIN, THGEAY] & FR9) 2%, MHELEH
HoMEE RSB L UEHIL L DR FEEfIz
THERBO LD (LT, W] L) IZIRE-T
WX N5 K512k 5T 5 (Fig. 1).

ZOMEENTEICHFEFICHBIL, 2L EiZ3 g s F
AL DOWREROEBIFEIETEII LA H 5. INHEID
RANE, HEPICWHERIOZhEIZREDZ D, i3
OB TRmFRIIFE I Anh L DERIPENTE -
A, ZOZEIZOWTHHEOEDS L UFHEIBE » 5 0iE
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Figure 1. The difference in the morphology between two types
of Japanese anchovy Engraulis japonicus collected from
Sagami Bay. A, lateral view; B, dorsal view. Normal and fat
body types are represented by N and E, respectively. Bars rep-
resent a scale of 10 mm.

DNA 758 > & SEHINC KR Bt U 7= 53 2oy, LS R Y 8
WmA & IR T d B HA, WG LOBIEDO AL ST,
H A F AT Y KRB G IR Ryl il O s
PRI ZLns, MHEOBEBREHL ST EZ LM
HE N T\, B 7FATVETIE, hmicded5
E. encrasicolus \Z22WC, AR & W R A B9 A A
BUCIZEZRER), BIZMAERYRH B I LR EINTHD
(Borsa, 2002; Borsa et al., 2004). JEZRERIRHI OGS 2 iz
i dp 2 VIZTEREM R D Z L FHER O FEHIHIZ DWW T
&, I b3 FY 7 DNA (mtDNA) OIEIEEIF 5387 286 %)
THBHIENELLODAETRINTED (WHIFIEH,
2001; WA, 2002), A& 2 FA4 T VE, v4 IV EB &
VYL AL T VBEIHIZONWTEmDNAD Y b7 0 4b
BE T OYEIEAEH T ic K O FEHIBI A ATHE T d 5 T & 23l
FHENTWD RIHEA, 2005).

AT E S, MBETHREX N 22 F 47 2Rk
FHZ DWW TR OIED AR A S 22 U, EO &I
KON =T BT 20 ERRz. T, SHEBERE
MU < Ex ARG & OB R O T b % % AR
1Z2WT, mDNAD Y b 7 T 2 b 5T eI D #53 He LB
FlaPE L, 2RIBOBENERIZOVTHRET L L ]
12, TR EZRICH 22 F 4 9 VB TH D E. encrasicolus

139°E 140°E
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Figure 2. Sampling location of the coastal waters of the Miura
Peninsula, Japan. Black circle on the map represents sam-
pling location for two types of Japanese anchovy collected by
large size set-net off Nagai, Sagami Bay.

D YEERIRACY| & & & 1SRRI & 17 5 72,

M EFE

e ERIET — 2 247

200541 H2 6 20074F-7 H £ TOMICHEZED £ b 5
WIREBEETHEX N = 2 7 F A 7 VI2DOWT, HAHI,
2[BIFEEE, #5101 50~100 & & MEAEZ3 IS hliit U, ik o gl fik
K& BL (mm) (BLF [AKR] &F9), REW (g) % HIE
L7z, 209 B5EREI0OmmE LOKRAD T — 212D Tk
EROM#E (CF=W/BL*X10% P4lli, 1974) &ML,
RO HE D EIKIZ & D 7L — TR 504 2 & FHN
7=, T HUC, EOIEEEE OO R R I K OB O
Fi A5 2z L7z,

DNA 24k

o flERRE O S B, BEE TR O KA E E
(Fig. 2) 128\ T, 200644 H27 HicififE S iz & DD
7 B AMBIZRE I & 0 B & X 53 U 7z B 11 2L EosR
% o filltAk, 200646 H 16 HiZiffE X 7= & DD 5 4t
HIREIC & 0 WA & X5 U 72 T 10 Ao 5k % 8 {1
R, ThZhfiilfae UGEN L2, 72, 200644 H 27
HIZHHE S 723 0D 2 5K 120mm 2 B2 538 C,
SR RS B K OREIAR 2 o LR (IR 10.1) &
MR (M1) & UTHMESIZA 72 (Table 1). &ilkA 6
PRI 40 mg % BREX L | Sezaki et al. (1999) D J5iEIZ & 0 4
DNAZflii L7z, ZOEDNAZSHME LT, 7954 v—
L14724-Glu (5'-CGAAGCTTGATATGAAAAACCATCGTTG-3')
¥ & U Sard-CytbR (5'-GGGTGTTCTACTGGYATWCCTCC-
3 GRIEHZ 2>, 2005) %, Y b rosbp#{arl kO
tRNACY {7~ REIOR 1.1 kbp 2 BEE L 72 PCR BRI,
Hl 4 DNAF & 1ul, 10uM 7 5 4 ¥ — % 0.8 ul, 2mM
dNTP 2 ul, 5X GoTaq DNA polymerase buffer 4 u/, GoTaq
DNA polymerase (Promega, Madison, WI, USA) I unit % & »
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Table 1. Comparison of morphological characters between normal and fat types of Japanese anchovy Engraulis
Japonicus for DNA sequencing on cytochrome b gene in this study

Sample no. Body length Body weight Condition factor Sampling date DDBJ no.
(mm) (2
Fl1 110 15.7 11.8 27 Apr,2006 AB374208
F2 108 15.5 12.3 27 Apr,2006 AB374209
F3 112 16.7 11.9 27 Apr,2006 AB374210
F4 119 21.3 12.6 27 Apr,2006 AB374211
FS 118 19.1 11.6 27 Apr,2006 AB374212
F6 116 19.5 12.5 27 Apr,2006 AB374213
N1 118 13.9 8.5 16 Jun,2006 AB374214
N2 110 10.2 7.7 16 Jun,2006 AB374215
N3 122 16.3 9.0 16 Jun,2006 AB374216
N4 114 12.3 8.3 16 Jun,2006 AB374217
N5 113 11.6 8.0 16 Jun,2006 AB374218
N6 110 11.5 8.6 16 Jun,2006 AB374219
N7 106 10.8 9.1 16 Jun,2006 AB374220
N8 109 11.6 9.0 16 Jun,2006 AB374221
Ml 122 18.3 10.1 27 Apr,2006 AB374222

Alphabetical letters of F, N and M in specimen number represent fat, normal and medium type respectively. Three body types are
classified by morphological characters and the condition factor of the specimen (fat>11; normal<10; medium=10.1). Accession
numbers of AB374208 —AB374222 were deposited in the DDBJ/EMBL/GenBank databases in this study.

RATICWEAAKEZMAZ C20uE Lz, =<4 2
I — &, RBHE A 95°C T1r IR - 7212, 95°C T
10 TR DB 55°C T0M D7 ==V v 2 72°C T

A5 ORI IS % 353 4 2 VT - 7=, 4°C TIRIEL 7=,

PCR P4 % pGEM Easy Vector System I (Promega) % F YT
TARY 2 —IZHAL, MAMRA N 8 — & W TEE K
# DHS (BROBEEHREIT 72, TL—FT74 b1V
va vk, Bau=—2F92% 77 Z 3 I % BigDye Ter-
minator v3.1 Cycle Sequencing Ready Reaction Kit (Applied
Biosystems, Foster City, CA, USA) % FH > T 3130x/ Genetic
Analyzer (Applied Biosystems) (Z & 0 35 HEE A 55 A % 17 -
o BB, V=YV, A= HILT T v —MI3
Forward (5'-GTAAAACGACGGCCAGT-3') #5 & U M13 Re-
verse (5'-CAGGAAACAGCTATGAC-3") #Hvy, v o a4
bIEIA TN 1,014 bp D E RIS 2 g L, 1508 & 72
Ds5ra—YOHENET >, RELZEEENIE,
Clustal X ver. 1.83 (Thompson et al., 1997) IC& D 7 T4 X
U7z Ak, PBROT — 2 @ITICIE, e L s d
T OGRH TR 23 PLE T X 728K 984 bp & FH VN 72,
W3R 8 SR F & O 6 ARt O RURHEE R Fo 1 38R
MR A MET 95 72%, Arlequin version 3.11 (Excoffier et al.,
2005) 12 & O ERHED, ARHEEI TR I 228040 4 b
B XUO&NTos 4 T OELERE, LD RE
(nucleotide diversity) R 195 & & $12, FRHEH OMEIR
WIFREE (Fgp) &R 72, 72, ThEHTF — % % DDBJ/

EMBL/GenBank databases IZ B¢k & T\ 5 » &4 7 F A
YDy bruasbBInTFT — 4 (AB040676) B L U E.
encrasicolus O FH [\l Bt 31| (EF427558, EF427559, EF439526,
EF439527, AF472579) &bk L7z, E5612, ZThoTr—4
% 4 &1Z Clustal X 2 W T, BB A4 (Saitou and Nei,
1987) 12k D o TRt 2 WS L 7=, ks, SHEICIE~ A
7 ¥ (AB032554) & JHy, 1000[RID 7 — 2 b T v TN &
1T 2B D 53l D P B & H 73 3 TERR L 7z,

B R

BEEE DED SRR

HWREIOMmMU LD A & 2 F 4 7 iF 1,816 IKIC R, %
ORI 115 mm (G 90~144 mm, FEHE(R 22 9.65) |
SEYREIR 14.5¢ (HiDH6.0~31.8g, EHEMR=43.87), K1
AEGGE 1% 9.3 (HiDH4.4~14.4, fEUE(FZ2132) Th - 7=,
Tk, O A LU 12 AidER NS a0 b jE
PO RFIZ0mm A DO AKATH 5 Z L2% <, 2005
EB L V20064 F12B 0T E 90mm M EOEKIZIZE AL
Rohkhror, KEEEWEOEBRE Fig. 312 L 7.
110 mm 7> 5 120 mm DR R 12 S O R 23 5 5 e 5
2y, HEEE OO w0 E RS, AR O SR
KON =TI b T Ed a7 RIS, B
T DAY 10 %48 2 8RO BB AL 2 4.2 &1
N U7z (Fig. 4). HBBIGFHIE 2 - 72REIZ2 A2 5 4
AiZhFCTh o720, ZOHBS2 -V i3FIk ) B
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Figure 3. Relation between body length and condition factor of
Japanese anchovy collected in Sagami Bay from January
2005 to July 2007. Open circles, open triangles and an open
square represent the fat, normal and medium body type spec-
imens which analyzed in this study, respectively.
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Figure 4. Monthly change in frequency distribution of speci-
mens over 10 on condition factor. The specimens, Japanese
anchovy were collected in Sagami Bay from January 2005 to
July 2007.

D, 2005 &3 H & 4HIZ, 20065912 HIZ, 2007412
HEaRICHBIEIA G, BFEORKIEIZ40~80% & #
Bolz, XHIZ2Am 5 4 AICiE X W2l OWCEE
L FANRZzE Z A, Z OO 34F[8 O Al D - A it
13102 (§EPH 7.5~14.4, FEH¥ERZE 1.22, {AEE796) T
botz. iz, ZOMDFIZHEBLL 22RO TR %
8.6 (#fipH4.4~12.0, FEUEMRRZZ0.94, A% 1020) TH D,
W OIS IZ A REN R SN (p<0.01, 1
). ko Zen s, 2254 HIZH 0 TR O EW
AR LS 5 28, AR Oz & 0 BHIEIC 770 — T 035
T A Z LR ENRHE NI 5T,

EJB S LUIEHROETHER

A @A s KOS R O KRR D W CHE L 72
¥ N7 ua L pERTRHIRO SRR T - 21k, TR
T DDBJIZ B $% L 7= (AB374208~AB374222). PR L 7=
WBRE T - 2B KO RICHW 2 2 F 4 7Y
(AB040676) ¥ & O E. encrasicolus (EF427558, EF427559,
EF439526, EF439527, AF472579) OM[FMEKT — 2 D5 5 |

Z AR CHEFAEIR A A S N2 FEFHELL FTO®D Th -
7=,

GBI U 7z A 8 SORE, Y 6 AR Fo K UM Y 15K
REOFE 153N I T, 9843 Kb 83 f& AT T 2 AU AV i Y
EN (8.4%), TNEHMBHZ TN THBEDONT 05 4 T &R
L7z, A4 THNCH 2 &, BmAl 8 R Tl 48 fiiT T %
HHRRD 5N (4.9%), TOWNA3ETIZFT7 oy 3 M
ZEEOSEHTE N TV A=Y g VRIERTH 572, #/N
7'u 4 A4 T OIEIEE AL (pairwise difference) 1&11~18 D
HPAIZH D, PHOIEEEREIZ145Th -7, —F, B
W 6 Gk TR 44 i TERIARED B (4.5%), TON
$EEATIE L T v Vv g VRIS SETE N T Y AN —
U VRIEER IFHE NIy Yy g VRIL LTy AN —
Vg VRMNRET AERTH -7, {7 a4 THOIE
FeEEENE 11~23 OFPHIZH D |, FHOEIE R 16.0
Th o7z, WAl KON O S0 6 F % 354
BTN TN 1475 LU 1.63% T, wiaRHEERB O35
FELRRE 155% L IRTUEEAEER BN, 72, [
FAORHIE ] 0D fofl 355 % 15 08 £ B0 (net sequence divergence) 13
—0.0003% & JEFITAK 2 > 7=, & 512, WEARHEFE O Fg,
130.0021 L # D TN DIZM A, Fe; D plE € 0.05% T 1al
5Z i<, MR ICIEEN AR Ok
N 7:,

BB F 47 HEVE. encrasicolus DEIGHIER
DNAZ M L 7z 155 RHZ MO T — 2 2 MA 7= & o F 4

T VB (n=16) & T — 4 X— Z D E. encrasicolus il FHHE
m=35) #HW\T, MNB I OHEMIZE T 52891 b,
sonTa s 4 TROMEIERE, HERELREIZ DOV TRET
L7z, Zho3IXRTHMEDNTa &4 745/ L, 9841
Ferp 110 CEANRD 57z (112%). TOHT, 96
fGATiE b 7 oy g YRIZER 10fPTiE b7 Vv 23—
Vg VRIEE AR NS VY g VAL LT Y 2N —
Vg VRIPRETAERTH 7. ks, WA sFATY
VEHEE & E. encrasicolus i RHEERSN 213 32 (& T CRERF SN 72
EHRPBEDOEN. 742 FA T YORBHEN (n=16) T
86T CEAINRD 5N (8.7%), TONT5HETE b T
VUL g VRIER D OfTIE N T v AN D g Y RIZER
28T b T VY 3 YARIE N5 Y ZN= T 5 VRIDNRAE
TRAERTH 7=, T a s FEOELERKT
5~24DFPIZH D, FIIMHIZ145TH 7. —JF, E. en-
crasicolus DFEHEN TIX 30 5 Ar T2 AUNEED 57 (3.0%),
ZOWNATEINE b T v U g YIIZER 3fETE N T A
IN=D g VRIZERTH 5 7=, KT a a4 TR O KR REE R
BUT 1~ 250 H VO, FIEIZ 124 TH > 72, AR
THWH 20 F4 9 VRN B KT — 4 X—2 LD
E. encrasicolusTENIZ B\ 2L E L, ThhETh 147
BERO126% TH->72DIZxf L, MEOZ4133.80% & 5
<, WiFERORHE A O MUE S E AR B G 2.43% & WD E AR
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Figure 5. Molecular phylogenetic tree constructed by the neigh-
bor-joining method for Engraulis japonicus and Engraulis
encrasicolus based on DNA nucleotide sequences in part of
the cytochrome b gene. The nucleotide sequence of E. encra-
sicolus (EF427558, EF427559, EF439526, EF439527 and
AF472579) and E. japonicus (AB040676) were cited from
the DDBJ/EMBL/GenBank databases. The cytochrome b
gene sequence of Sardinops melanostictus (AB032554) was
used as outgroup for rooting the tree. Numbers in the tree in-
dicate bootstrap resampling values from 1000 replicates.
Only bootstrap scores >60% are presented. The scale at the
bottom indicates the evolutionary distance of nucleotide sub-
stitutions per site. See Table 1 for specimen numbers.

L7z, ATV ESEE UTHEE L 225 7 RHIE 2 D0
T A TERL L 72 (Fig. 5). 25 1 ORI, AWIZE ot
L2Z15ikB s KOO H 2 7 F 4 7 > O 6 E 4]
(AB040676; Inoue et al., 2001) DENT T X 4 T 5 Rk &
Nz, &7 g4 THOBRNEREZRD ThE <, 5
I DEFEMEEZRT T — b 2 b T v Tl E 99% & il & 7
L7z, B2O5IEEEX E encrasicolus D XTHDNT T &
AT hE&EATO, ZOHIEDT — 1+ 2+ 7 v THEIF67%
THo77h, 12017044 7 (EF439527) % Ff\ 7253k
BIZ99% EEWT =2 Ty TEESRL, NTaaA T
O E(ZNIPRREESL /NS hr o 7z,

zZ =

NI A5 & PRI R ORI K& Bn B 2 &
5, WHEOMEIZED L —FH 20T 5u[EtEL b B &
FEibNhrz., L L, TEWHEDEO 5 ARG T &

D, D7V —-TOHFEZED NG, &5
%ﬁiagﬁiﬁﬂﬁ%_ﬁﬁtéﬁ%%ﬁm%weha
Moz, mDNADY 70 b b BIETHWIZXK 0 E encra-
sicolus N 22 FA T UNEFBETH S5 Z EAMEEhTn
%A (RIEHEA, 2005; Grant et al., 2005), H X 27 F4 T
DO AEARHRE (AR + sh R + 5@ 7) & E. encrasico-
lus E ORI BTG, HIDIRIE 5 K OMIEILE iR
ROIEA L D SHEETE<, 7R L & R TR 2
IR ATER L=, ZHE 0T &h 6 JEMiAN2 g mA & [F
CHaoFA 7Yz, Ao KRR R 30 3 RE
OFNZHE L BEWZ &2 56, IO B4 BERIRE
FEOFEVISERE L TS IREMESAE W EE Z b/,

FSHO L E BB 2 N5 ke LTk, EHEERED
A OB & 2T 2 AT ORE - BRLEF ML
(81C, 6"N) % MI%E 3 5 /7 (Tanaka et al., 2008) 23515 1T
BO, REEEAFNS ke LT, BAfmko kg
5 R & HE5E 9 5 J5¥5 (Campana, 1990) 23H15 T
3. K% - BRLEEFENRIIZE & & 5O A KM L |
MR & B SR REAND TR ERRE O’ T 6°C
130~1.5%0, 0"NIF3~4% L5952 LAH6NT w5,
F72, SCCIEAMMEICIH T B REREOIMEE LT, §¥N
IRERPEORIELE LTHWEhE ZERnEL, KK - %
KLy, WRBO LD TEL, MAED & O TV %
JNSEIAI A B B (Tanaka et al., 2008). ZHIZBIL T, A
ZEAZ DGR CTdH 2 A, MRS Tl & 7z i & 3%
WA SO Z W T, RE - sSReRIMIKL %
HEL7=ERAH 5 (hFINEH,, KFEE). Thicks
&, SBC O IT AT T —14.9%0, AT —17.5%o,
SN DI N C 16.8%0, LEEIT 11.5%0 T, Mi#
LI A THTHEENR LN (p<0.05, thE). Z
DO PFEAE % Tanaka et al. (2008) OFEM & k45 &, &
R EFRE BT, JENANIZ Tanaka et al. (2008) D EIRE
BomcegRkEAKEOLD EFHBETH D, WilAL
Tanaka et al. (2008) D WNEIK & Ak (i) i
Bom@ofizmnmLz., Bdotisd, mE - SFLER
PRI R OB BRE A2 K42 Z &2 5, il e
WMANT R BRI BT R, B 2 AL T,
T 25 H AN LA TRm AN A A O R T CAEE
Lz&F A B6N%5. 2005 F- 13N O & A0 HELE]
AMNIEFEIZE N 5 728, 2006 FF1H K<, 2007 153 H % 4%
AT2HEARHICE = BHBIL 722 &2 6, MO H
BUE LB IC &k - T L, ZDEDEF RO
AT B R M DOz S 4 — v LRI HBI LT b & &
Abhb.

Sk, MO BERBEAHS 2L T 2912
FE 2R & i RUEORE O B A H e A2 B U, € O RURIEEE
DEND S EENRL DM ERET L L 810, ZORF
HOAEFWROEBREICOWTHRI LT\ 28 h
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