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Investigation of the Northern Boundary of the
Scomber japonicus Eggs and Larvae Using the
Molecular Marker
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SUMMARY

[. Title

- Investigation of the northern boundary of the Scomber japonicus eggs

and larvae using the molecular marker

II. Necessities and objectives of the study

- Investigation of spawning ground of Scomber japonicus based on the
ichthyoplankton off Korean Peninsula
- Finding the molecular marker for identification of Scomber eggs and

larvae

. Contents and scopes of the study

- Collection of distribution pattern of Scomber eggs and larvae off
Korean Peninsula
- Investigation of the genetic difference with and within Scomber species

- Identification of Scomber single eggs using molecular marker

[V. Results

In order to understand the spawning ground of Pacific mackerel
(Scomber japonicus) off Korean Peninsula, the geographical distribution

patterns of its ichthyoplankton were extracted and analyzed using the data



surveyed from 1965 to 2010 in Korea. Among the geographical information
of S. japonicus ichthyoplankton, only its larval information was available.
The larvae had appeared off Korean Peninsula from March to October.
Their main distribution area was between Cheju Island and the Korea Strait
(CIKS) in May. To test the possibility for S. japonicus spawning, we sampled
the ichthyoplankton in late June 2008 and late July and early September
2009 in the mid-east Yellow Sea where was rare on the geographical
distribution information of its larva, and in the costal area of the South
Sea of Korea weekly from May to August 2010 where is located in nearby
spawning ground of S japonicus. S. japonicus eggs and larvae were found
in the mid-east Yellow Sea in June and July. The correctness of species
identification was tested wusing the partial ND5 mtDNA. Using the
geographical distribution report of the ichthyoplankton, the main spawning
and nursery ground of S japonicus should be in the CIKS off Korean
Peninsula in May. In addition, the mid-east Yellow Sea may be also used as

a spawning ground of S. japonicus.

V. Application plans of the results of the study

- Investigation of spawning ground based on the ichthyoplankton off

Korean Peninsula

- Single eggs identification using molecular marker
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australasicus haplotype; ScHap A~D: S. colias haplotype; SsHap A~E:
S. scombrus haplotyDe ..o 27



Table List

Table 1. Number of specimens identified into the species level using ND5
T AT KT e 28
Table 2. Interspecific and intra-specific variations in a 585 nucleotide long
region of NDb5 gene among the four Scomber taxa. Agreement with

the sequence of haplotype A of Scomber japonicus is noted with a

Table 3. Interspecific and intra-specific genetic distance in a 585 nucleotide
long region of ND5 gene among the four Scomber taxa. Analyses

were conducted using the Kimura 2-parameter model (Kimura, 1980)

Table 4. Mean Tamura-Nei genetic distance within and among Scomber

species derived from partial ND5 mtDNA sequences data ....... 29



A1HEAE

sHopgeRAel v

=
=

A stof o
1S el A

- 0

o

T

A 12 A-NEe 224
O 7]

AEE FollA golel(Fa)-8

o

A

2009)0|A4 B

2007)2F

al.,
2002; Yukami et al.,

7H(Takasuka et

=

o
£ )(Hiyama et al.,

I(

N

0
__A_O
Ko

o

2008a)

oj29] ot HA(Kim et al.,

—
o

2007)

Atol7t ZHElA £730] FAL

A
o

xole] 74
& 4 9l8(Takasuka et al.,

o] Agejet 77t 7t

o

A=
(o]
}\(])4_7;37

=

[

- W)
=13

Kr

%0

K

;A_I
o
o

A
- GAtRle] FolA g ATt &

AL J23o|

2
u

o]

O Wrxlo] Ayejed 7ol Alat
7} o of2ig



e
ox,
o
M
o
ol
ol
N
9
@
=
re
4

>
Pa)

2 BA Aupe] zpol

BAOA L ofak, AFRlo], fof, o] 5 wATHAc] wet WsA %e

- BAOAR 2RO 71FA Yol UARlolE A uaE 4 Ag
- BAIO2 BE WAl B § Au ARAR WAL QL
- SRS WALRIO] MRS Mshe] e AL Hlgo] 489

O Wrixlole] eI 542 715Mste] e SIPEA wgel AER Bgo
7] SRIAE e BRE AugoR Fe AN F 2F02 Bt W

of 7igo] 2o

el

a

O 71zwsto] ©e sjopgEANete Austn 5o s e A7t shl

Y

o]

O
4
o
£
i)
i)
=2
2
N
5
i)
fon
=2
8
U
o)
i
0%
o
1o
2
o2
ol
o
rlr
Rl
oln
2
5
o
el
Rl
oln
2

AR of

o N olAxRE 53] A4Ho2 BUHY H1

O 1508} YRG0 FARO ] SYMAL RAbs 7] eRisto] T Sl AYE]

_10_



O O

O O
kR
ol ofn
i
uu

HARRlo] FEE FEAE

SECIGEE IR I

_11_



Al 2 7% =Ue 7leid |
Aq1R2 I A+

- eAlolE 28 o

mHe DNA % 7 (Yoon et al.,

op

2009)
23 of2¥ SAY(Kim et al., 2008b)at WEo] Wx}x|of

oy, ZEGH, 7HHR] 59 2AHR] o

1501, A=, 2Al AT,

g pAozlE 2YEl 3

9 0 EA 2)
A priobiel FEEA Hust 8

O AullE 2

Ag wAb 71sz 38

opi
i
g
=
%)
i
e
1%
1o
rol

g4 (Ward, et al., 2005)
A(Zardoya et al., 2004)

-tjgk: nEole] gAA Ciby B(Tzeng et al., 2007)
oo 5 54 APt I F71tn e

A0S ZEet HARA] s S5

alA m2EZL JiAl0]E. OjRE. pSol=. A7o]E, JjEA|

- Al 3 N

_12_



0] Ux}x|o] BA(Perez et al., 2005; Garcla-Vazquez et al., 2006)
., 2008), i5ojx} ojgt A

&2 Rojat ofgt FA(Bayha et al

SRS
(Paine et al., 2008)
- I gvw o #FA(Akimoto et al., 2002), FA0PAS ZE& T A
AQ] o}z & mH(Aranishi, 2006)
O L5olgol Aehgat YETel AWs BA
- 92 750]Q} gkx| 1 So0jo] AMHA EA(Yukami et al., 2009), AFY=F A
HE HL(Hiyama et al., 2002)
%

Al 32 AA7HR Y ANE

A Al
AFAl7] ZA(Hwang and Lee

qZHHwang et al., 2008)
(Kim et al., 2004)
2008)

o 2x

M A L(Park et al.,

_13_



A 1 A 150 dArX]ojo] BHIstAH SAZ g FXorA Y
A E

A S 225te L5 E(Scomber) ol /= 1L501(S. japonicus)2t YAl
S9(S.  australasicus) T ZO|tHKim et al., 2005a: Yamada et al., 2007;
Eschmeyer, 2012). & £9] 150]& olF% o] sidor] AAA oL =7} I =
t}. o] & 150l &% =dl(East China Sea)?t Fdll(East Sea)oll 217t tjjstsi dA|
T} FEEAITS EA 7Hs/dol o §3] aLsolY HistsigAEE sh=at o
=9 AP FE=diATFEHY § 25t (Yamada et al., 2007).

B ool aL5ojet YR|ALFo] A AAAK]S Helr FgH & B9 Akt
B ARAZ= A2 SARNG. ARAZ]E L5019t WAR|aLEo7E 247t 2~TH
2~bFoltt. Ay B39 22 & Fo] 247 16~22°Cet 17~22°Colt}. 115017}
YA ALSoIEY AAIZI7E o Ay, ARPY W 25 29 ¥e Fol ¢ g
(Yukami et al., 2009). HeF=0] & Ao 4 150 [ol9 o]o=zRH
FE 115019 AtV = 59 FaolA 69 2&olth(Hwang and Lee, 2005).

ute FHS|AON 5o ARRloj= Foll, FHell, ool Z2ScHLim et al.
1970; Hur and Yoo, 1984: Yoo, 1988; Kim et al., 2004: Kim et al., 2005). ©]
9] Atxlo] EAAZI= ZAF sfiol] ot W2 Ato]7t Qlk. SHHE 1150 ARX|of

I

of FA A7l WoAe

ok

3 ot 1491t 2¥(Kim, 1983), AlF&= A 9~3¥(Go et al.,
1991), A& 23l 5 &0 6€E(Kim et al., 2004; Kim et al., 2005b), &
off 64, 84o]tHKim, 1982; Hur and Yoo, 1984; Yoo, 1988). &%= Gl
oAl o]59] &dA]7]= 29ToA] 3Y X THSassa and Tsukamoto, 2010).
Aot YARALFoe Tk Apxjole FEHIFARE 70| 7hsstH(Ozawa,
1984; Shao et al., 2001). s}X|9F MEfALS Qo] £ASH & £9] 15014 ojzty
AHR|ol S FEHIFAT O 2= Jiste 22 ol tH(Kitagawa et al., 1995; Sassa et
al., 2008; Sassa and Tsukamoto, 2010). T2tA 1-5ojet WX|1S0o] T FHo] A
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A7F Bxsk Qe e FHSIAoA(Kim et al., 2005a) £710] B 1150
Apxlo] BmALZO(Kim, 1982: Yoo, 1988: Go et al., 1991: Kim et al., 2004:
Kim et al., 2005b) @x]11-5019] JHE RIFENS 7Fs/do] ¢ =t T 7154
o ZxIso] dHsfAo] ZasjdoA o] £ £9] Apxlo] E=A] %38 (Sassa and
Tsukamoto, 2010)0] o]& Sl

e FHGA0M 150l 28 YR L0 Age A QIXTE of¢ti}
ARloje] &9 AEE o8 Ay AFe/dol AEEA o2 AAoltt. ofo &

AFolA 50 Ao FAPEE ol&st 1509 e 45kt ol&
=3

1So] AR BAo] AFRE UARR]o] AtR= 1965~2010W0f shete Zes) o}
s5=ollolA ZAFE 317 (Appendix 1)o] & JHL} o555 Fol oA 2008F 6
9, 20099 74, 9¥9] FAT A7l BA)Y 33 ZARRF 2010 5~8¥of 1 £ 2t

2 4719 oA 1238] RARSE AT Bel B A Adfo|nt. Atm EAlo] A}

e le)
I
29 A 2t FAFERAGY A FEPY Yol B AL nystel F

TS0} Walxlo] & u(Appendix ) U ©F 7154 RARIYL. & 54

(Hwang and Lee, 2005: Hwang et al., 2008; Yukami et al., 2009: Sassa and
Tshkamoto, 2010)} 150 WAER|o]9] HEf7]|=(Okiyama, 1988: Shao et al.,
2001) & ojtt.

Folis-sFolgolM A" dARIo] £2(Fig. 1o Table 1)o|A il-50j& HARX|
(Okiyama, 1988: Shao et al., 2001)o] SAfst 71 Zeplth o=
2 =4st7] sl e EEelote] ND5 thHol @7|HqAe BAstgr)
3 WE 7]&% NDS @7IME JEE NCBI/DBeE 1150 AAoA &Bstitt i

i
X
Ral
£
FPE mﬁ

>8
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50l Al B2 A et=sidutely|ado] S FoH YA SATE A EEAE o A

S5t tHTable 1). 15019t YWAlLF0] Al #2(Fig. 2)9 & s8= #sH Kim
et al.(2005a)x}t Nakabo(2002) =°] +31& #tustgct.

ND5 AR CHEO| A7INDS wAsb] 98] WARRle] Z17to] ¢l mEolA]
gDNAS F&519c. WXEX|o] gDNA F59] 10% Chelex (Bio Rad, USA)2Q+
proteinase K (Qiagen, USA) &7 A|S ARSI Aot 22 EPES 55C
oANA 20:27F BF3 AR & 99°CoflA 1021 7ttt ¥ha=
S d59%es PCR FPoz ALEsRUT. RAA FFo| ARESF m2fojt{= ND5
516F (5'-GGCCCTACAAGCTGTTGTAT-3")?} ND5 1161R (5'-TCGGAAGCCTCGCA
CTAACA-3)3th. Zetoloj 150l olfo) ND5 @7|A42e srustel Axsta
t}. PCR 2712 &7] WA 94°C 5%, 40%]9] ¥4 94°C 30&, annealing 55°C 30
2, AR 72°C 1 & J2]3 BI7F AR 72°C 108 o]9itt. 11.50]9} TR
o] dAe] gDNAE genomic DNA mini kit(RBC, USA)2 7}&A|=2{oj(5 X
mm)(Table 2)oA &35ttt £&H gDNAS ©]&3sto] NDb RAAE PCRz2 &%
shict. PCR 2712 WApX]o] Aot sdsthqint.

dREx]ojet gAle] PCR SF4E0] F7IMES AlEAte] 2 & Fof o2t 3730x!
d71-Y BAAX|(Applied Biosystems Inc.)2 BAGGTE A7IME AaE

BioEdit V7.1.3(Hall, 1999)°c.2 AZHsltt. ol E7|At&S NCBI/GenBanko] 7]

=
o

k

[Sa)

=25 1E50|(S japonicus), WA 1E0|(S. australasicus), S. scombrus, S. colias
o] AI7\MIERR(S. japonicus 47Y, AB241451~3, AB488405: S. australasicus 7
78, AB241444, AB241445, AB241447~50, AB488407. S. scombrus 107},
AB120717~85, DQO028059; S. «colias 117, AB242186~91, AB242193~6,
AB488406)2t v] w5t}

1So]l& 4%09] ND5 E7|A4 <29 haplotype At82S MEGA 5 (Tamura et al.,
2011)5 o]85to] neighbour-joining distance Yo 2 EXAAE =S AAdstyct.
Neighbour-joining distance £40] Kimura-2-parameter &7|x|gt TS AHE
SitHKimura, 1980). Z¥7to] branch® robustness AAFS s  1,0008H=
bootstrapingS #|Ast$ T}
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o} Az

A=o|(Scomber japonicus) AtXR|ol= &= 1,457719] WAFR|o] ZRAF AAQ] 4.4%
1 6478 AN EdsAT FAR|o] dE FA A AEY = A4 177h00A
B 25370 AtkFig. 3). &AM AR 27t 7P W2 AlZlE bEolqy, MY A2
A7l 1081 1240]e}. =AF 789 4+ 5E 0|7t 49 ojfHY & v F=

worch w50l Abxlolst @G 3+1090] W¥ A £ A 2& 125749k
WA mAF A 4 oju] B5o0] Alxlolo] 2@Ig0] MY B AL 7HE, o] F
o Apxlol7t 2@ HAY At 7R RA ZAAC 12.5%91 1974%ck of

Y2 59 5 mAb G0 9.9%2 250 AEAIA 50l Axlol7t WAL Q) 3%
ol 150l Atxlolt 39 Al &b FA 8.8%2 A MM AU

QJo] &AL A7lol= AL5o] ARR[O1Y] A EAFFSY = 471 ofskitt

A-50(Scomber japonicus) o|H2 &l F&5 sHHe] A FAFo|Aer FAHS]
tHFig. 4). 21 o]Q]9f sfHoM= E37]F0] glUtt. olof vtsto] Kpxloj= Holl, =
ofl, digtelld, Foll= =& s5=ol7Al Bt sidolA &6ttt 11501 AHA]

010 §%{£7]_ lr'i"% _1;_% 7{1]2,359]' q%éﬂ

o]ithHIsobe, 1999; Guo et al., 2006: Seung, 2012).
ojof] ¥tsto] &slief Foflol= 5ol Akx|oj7t &dst FAel &7t e AJri(Fig.

o
74ole Alxe &5, Uiy, s, ol 5 7 dE SRt 6l
sol o) dusiololae Edstelc

1 E0(Scomber japonicus) 210t2]Q} WX E0|(S. australasicus) 190t2]9] A
oz FAet NDb U]EZE2|ol RAA |7IM B9 Aol 585bpitt. o] F7|M<E
2 NCBI GenBankoj|A] £7%15F 1150]4 4 £9] 327§ ND5 E7|AEAR L} v]ustY



tH(Table 2). o] 72712 ND5 @7|MFEoA EAH haplotyped] &&= F 31703
t}. o] oA haplotype?] TF7F 7P ®W2 AL YA Lso= 1670AH. T §
=9 haplotype2 1159 671, S. scombrus 57, S. colias 47Tt

1501% 4% NDb @7IABolA LAd @79 dojeb x|gh =& 887
(Table 2). 11.50]9] 24 haplotype AS 7]&02 &7|Xo] T—Ct A—G7} 2+7¢
42789} 267Kt @71 AoC, AT, G—C7} 2+ 878, 37§, 37Rgct. &7]9
Aojet R|gH2 A-ToC, A=GoT, A-TGCr2F 232 371, 27, 7Rt o]=fst
71 Aolet xgt FoM iFojet HRALFojoN LHE FEo|A SNP(single

b

nucleotide polymorphism)+= £ 67} % tt.

T50l4 450 ND5 @7|MelA LAY 3170 haplotyped] EU, £ 417
Afole WAsHAHTable 3, 4). o5 4 %9 U S&A Aol 0.002~0.009(8 7
0.002~0.004)t}. &8 FW |FAA Apol&= 11-50] 0.002~0.005(F+ 0.002), YA
150] 0.002~0.007(8+ 0.003), S. colias 0.002~0.009(F+ 0.004), S. scombrus
0.002~0.003(82 0.002)%ct. o] Folq FU Hz §4A o7} by 2 5 S
coliasRal, i-golet S scombrus?t Vg Aot FF /U™ Aol

0.012~0.139(++ 0.010~0.092)Act. £+ 2|4 §AA Apo]= 150/et YX|1E

—

oA FALAT. & FF A &Fol= 0.012~0.017(F 0.010)% . o] 2t T
2] &R xfol2 ®BQl S colias] 0.002~0.009(8+ 0.002) ®r} Zich ch2 53

LCXA Rpol= 11509} S colias 0.024~0.033("+ 0.020), 115019} S scombrus
0.131~0.139("+ 0.092), Yx|1150jet S colias 0.023~0.032(g+ 0.018), XL
=0]9t S scombrus 0.127~0.137(%+ 0.089), S. colias®t S scombrus
0.114~0.125(F++ 0.081)¥ct. 11504 459°] ND5 F7|MEL £7F {44 ®Holzt
FU 9AA wolnct 2] 7 15014 F Fol ke BAGLL,

ol 55 o)A 2 15014 of2k 127], AFxlo] 3ukejolA] EA{3H NDS
olEEEajol SA @7IAGe] ol 585bpRct. EAHE ND5 ®71AA & of
117§} A}x]of 3ut2]+= 1-5019] haplotype At AX|5t 1, ojet 17l= haplotype
Bet AX|stict. o] kg EWiz 1150l& HAX|O|E AFol2 F5IHTable
2). olof gtotof shtwmo] o] AQtoAl 2010d 5~8¥of 15014 HALR|oj= 5]

ol'

EAGHA] &%k
150 HAIR|o] S Zsto] 150]4 4%59] haplotyped ©]&otd #AMAEEE
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AgstcHFig. 6). L5014 450 HAPISL|A 2zte] BAlE bootstrap ol
96% ooz Mz s Lol =ick E7 9FA oy Atolrt b e
5ol YALSo] Atolo] BAl® ot s Eoch W EI SAA Atol}

Vg 2 S scombruse the R A% Zol7F 7MY Aot (Table 2).

ofgte] Bmi ol Fo] Agut ARIAY] ool WA MY ARE ATICHFox
et al., 2008; Kawakami et al., 2010). 3}X]gF oj&+S FEjPAvtoz & L5032
EAMste 72 e ofd7] W=ofl(Okiyama, 1988; Sezaki et al., 2001; Shao et

al., 2002) Al BAlo] b b5t 2 of AstAolct. 1 tjetog 1Sofo]
A9 AlbE] o] ojturt WEj@AR & S0 Qeld Atx|o]o] Hm(Sassa

and Tsukamoto, 2010), §0ojQ] o] EAM(Hwang and Lee, 2005), gA|9] 23xo}
A AA] 4 Hgk(Yukami et al., 2009) Go] E&HT. & A& ot FH|
of 5ol e

J;
~J
e
&
@
)
rlo
P
S
>
S
18
i)
ro
2]
rol
ol
=IOl:‘(t
re
rO
=2
>
4>

of| A
stitH(Fig. 4, 5). Mt HHES| oA 1L5of & Argo|A] A=tAlZ]2 7
b9 (Hwang and Lee, 2005: NFRDI, 2005; Hwang et al., 2008; Yukami et
al., 2009) olxiQl 3¥€i} 440 50| Apx|o7t A Fe FHIsHHo] EAsHAT
(Fig. 5). ¥ ofYel AF= A= 9~3¥€o] AA A7]3t o] Fo Apx|oj7}
EA5HATHGo et al, 1991). Alx= FH{HNA 3L} 440 Fgh 50 At
ol AFRAAIZ]7} whE S5 =] R0l Fetd 50l FRA QTR o
Y= (Isobe, 1999: Guo et al., 2006; Yukami et al., 2009; Sassa and

—
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Tsukamoto, 2010)9] 95l Alx= FHsjdoz 24592 7tsAo] =r}. 5HX]
U A& AftolA 9~3Ho &t AHA]0f(Go et al., 1991)= & 549 Q7Y
hsAdol gk @i Gl AAE 150 folo) oMoz uEl Al
o o] & AtekA]7](Hwang and Lee, 2005)= =& e

0]9] &3 A|7](Sassa and Tsukamoto, 2010), dojQ] AHAlA

HAZ1(Yukami et al., 2009)5 Hlojur] mfZo|t}. ghete Fafjdere] FAdsh
MM 1~2¥0f] &30] Bid 1509 Ax]oj= Z7|7F 9.9 mm TLoJo|t}. o] &
=9 AP sAAn 59 7]=E(Kim, 1983)2 150 Ht= Cottidae?t o &
Abstot. mhebA ohdrE FHS i FF=sfofA 5o AFeFAl7](Hwang and

Lee, 2005: Hwang et al., 2008; Yukami et al., 2009)t 1150] A}X]oj29] FHE|
712 (Kim, 1983) 52 1ajZ § 29 o|do 150 Afxlo] FHV|FS F BA

<

n
2
1o

)
>,
U
o2
lo
Hu
2
o
[2a]
rol

A S gRaigo] YAl AlF=-tietsiy o] 2fe]
sl Ssloid= 52, 74, 920 o] Y AX|of7t EHASHRAT. SHAIRE A
A s gl Actel FFT BAlA= ol £ JAR|of7t 5~8E 0 A
ZAsHA] EAT. ofof Wkl Fel T sHAd FPL AolA 62y 720l 1

Sof Axlol7} &@stithKim, 1982: Fig. 5). E3lolA 150]o] ol 99 o]
$o] @gdct. oo wstel Ft ojurt o wE 7YNE FYHo Fohuct
ojZre] WA}t oj&l®fo] i Wrh(Hwang, et al.,, 2001; NFRDI, 2005). 11509
ool FHHA ke AZlo] FoIA 5Uu 7ol WAY 150l Aol F
$Ao] RS oSS AEE-thaAshPe] BSo] AegolA RatE Apxlol

o] shtzol guolx SRefelg met s=i cjohtRel §E5EdR(Isobe,

= 7I's78ol =t oAM= Foll'dF(Yellow Sea Warm
Current)o] J3t o] Atxlolo] 242 AZs) 2 4 Aok 2eju o YE:
gotdsAE A|&A0 20| ofy7| mj+of(Teague and Jacobs, 2000; Lie et
al., 2001) R|&5 =uisfado] M=o Atatato)a] Estel x}x|o]7} Sef2 24T
Aes 7Hsd2 e ok metA FoloA &t 150 AHR|oj= FSioA =
Fo] xpxlo] AP Fe] Fshe S nSoje] YA Akt ojzto] wa}
9€ 1540 Bk 1 k5L oo FERAGAN 2R o F 681
74 ZARO[A ND5 UpA =2 Eelel iFo] offe] EX7t o]5 A ScH(Table
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2. Fig. b).

u5ole] Aty B 482 YoiMde A" AR Y 452 ue
ZQstth 150] Ax|ojo] WA E F AFA]7] o]F9] Atr: 22 FEIPA

1504 F 58 R/ 7hs/dol EAEHAY] WEoltHKim, 1983; Go et al,
1991). ¥8F ofyet ¢hote FWsHAM F5=olo] Fxdh= 501t FX[AL-50]
= 59 A AP A2 -] giZoltH(Yukami et al., 2009).
AlAl5ojHT} 315019
ofzlapo] of 4e5u] FE BotTh SHAIRE 1 o] Fof mSoje] AjUo] = o

2 gaste] 115019 Aol YAt FASHA T (Yukami et al., 2009).
= X]|0H(Kitagawa et al., 1995; Sezaki et al.,
o YrRILSol APY Pule B
2000 olMo] £AE 15ol9 Atxlo] FAYRE JRE D50l sHsAol of
© =rHLim et al, 1970). 2000 o] o= TSojet Yxl S0 = o
vl gol B2 AR ATk £ 59 A Jbsde $EFA0NN £ FY AA

o7} &Yoo A =A] & (Sassa and Tsukamoto, 2010)t F&=olet shgt

)
o
S
S
ri
tlo
N
UN
lo
hu
oL
rII.
H1
5
off
ot
Hd
=OL_I‘
=2
J
e
2a)
=2
r
o
=)
Ral)

2001; Cheng et al., 2011) 1%

ofr
o
rlo

T Zwsiolol A Atebaal Aleralzle] F%(Yukami et al., 2009)0] o] SIWHA
sheh,
BRI FEEAE & B40] o2l mEL 22 Uaxols & sxo=

845k 4~ 9l ZFHEsSE Ldo|ti(Shao et al., 2002; Kim et al., 2008;

Kawakami et al., 2010: Sassa and Tsukamoto, 2010). EXjot#+9] &84

-

o1z Aehg ol Bast AMAA FA ofgte] & BAoN 1 A} &
ol=ltH(Fox et al., 2008; Kawakami et al., 2010). FHL]st sjAitoj /o] & BA

of AMEE= FAt0HA 9] sturh o= E2]of DNAS] COI {ZdAto|tt. shA|qt
wFwol TRt e B /A Abolrt A th(Ward et al., 2005). @ty &
AL 2R & A0 AREE A E U Wolva £ ¥olvt FEs] A
ofsttt. X BEoj&o= 150, UR|ILES, S colias, S. scombrus 4 %9]
wa’dol FAAES ol&e AleEAS S0l USHJH(Infante et al., 2007:
Cheng et al., 2011). 150]4 o]% RAo| At& 7}53 BAtulris njeEce]
of DNAQ] COI, Cytb, ND5, Control region, 3§ DNA?Q] 5S 50| QIt}. o] Zof
A NDb= of 600bp THOozE & FAMo F&et sid=E A5stAcHInfante
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et al., 2007; Cheng et al., 2011). @2t ND5 OtHE= 15ols& GAX|E &
o2 FRY 5 Yt A wAlupALUL,

= AolA FA1eE ND5 mtDNAC] 585bp Zolo] F7[MEL 150, YAALE
o], S colias, S. scombrus 4 & %835 & 45072 J¥s o
2 71A 3 9rh(Table 2). o] & o9 F wiHo] WA 51 F7
o] 4t 0.0102 Y o B4 &
o Zo]th(Table 3). Tk ofye} & A3 thid ofFQd FAMEE I #2st= 1
Sole} YA LSO £ F& FRY & AL F S
Aol & 67] LZAHUTHTable 2). o¢} 2& ND5°] & So|x SNPe] 4k
766bp Z4o]o] 5S GAX} AI7|AGA wA=E 47l(Infante et al., 2007)Ect o
ortt. ND5 haplotypeS o] &35t K2P A7|X|& @S =83t neighbour-joining
distance EA0JA] o] 4 £2 bootstrap value o] 96% ojAro =z T35}
5 AcHFig. 6). T2tA NDS ZAubAE FsissFaidolA +4d oy
AEx]o](Table 1: Fig. 4)o]A m5o0] ofatmt xixloje] &xjE &9lst=g
I =S A =5t Table 2, 3: Fig. 6).

ot UG AN S2AH 150 HAl ®mEZolA Qe NDS haplotype
% ¥ o] & 74 haplotypel A9t B2 1 Hlg2 47.6%% FLsIAH
(Table 2). o]d] ¥Isto] oflsEFHFolA A 1150 FAFX]0]9] haplotype
A9t B9 H]&2 Zt7F 93.3%2t 0.7%%THTable 2). &ollFsHolgolr
'ZFAtA]0] haplotype®] H]&o] /gojo] Zut 2 Xpo]& Hol:=

sido] met SRR Apol7h e ATY EA 7HsdE AlARRITH

=

M
&

=
K

ol

2e L5ojrt A
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Fig. 1. Map is showing the sampling stations (cross) from 1965 to 2010 around
the Korean Peninsular from Appendix 1. A (open circles) was a station
group surveyed in the mid-east Yellow Sea in June, July and September
2008 and 2009. B (dark circles) was a station group weekly surveyed
from May to August 2010. An open square was Tongyoung Marine Living
Resources Research and Conservation Center (MRC) of Korea Ocean

Research and Development Institute.
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Fig. 2. Photos of Scomber japonicus (upper) and Scomber australasicus (lower).
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Fig. 3. Number of sampling stations around Korean Peninsula between 1965 and
2010 except for station group B. Numbers on the bars is the cumulated

appearance of Scomber japonicus larvae off Korean Peninsula.
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Fig. 4. Map showing the stations collected Scomber japonicus eggs (open square)

and larvae (dark circles) around the Korean Peninsula from 1965 to 2010.
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Fig. 5. Map showing the seasonal occurrence pattern of Scomber japonicus larvae
around the Korean Peninsula from 1965 to 2010.
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— SaHapG (1)
- SaHapC (2)
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L SaHapM (1)
SaHapN (1)

fSaHapO (1)
98 SaHapP (1)
SjHapA (24)
SjHapB (12)
SjHapF (1)
96|~ SiHapE (1)
SjHapC (1)
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0.01

Fig. 6. Phylogenetic relationships among the haplotype of the ND5 gene in the
Scomber taxa revealed by the neighbour-joining distance method. Branches
with bootstrap values < 70 are collapsed. The numbers on the branches
are bootstrap percent values (1,000 replication). SjHap A~F: S. japonicus
haplotype; SaHap A~P: S. australasicus haplotype: ScHap A~D: S. colias
haplotype: SsHap A~E: S. scombrus haplotype.
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Table 1. Number of specimens identified into the species level using ND5

marker

Specimen Sampling site Sampling time Number of specimen
Scomber Mid-east Yellow June 24 2008 9@ 1*
Jjaponicus Sea July 22 2009 3¢, 2%

Tongyeong Marine

Living Resources

Research and October 2009 3"

Conservation

Center

Markets in the January, April 18°

Korea and July 2010
Scomber Markets in the January, April, 19°
australasicus  Korea and July 2010

@ egg: ? larva; *, adult

Table 2. Interspecific and intra-specific variations in a 585 nucleotide long

region of ND5 gene among the four Scomber taxa. Agreement with

the sequence of haplotype A of Scomber japonicus is noted with a

dot (*)

Variable position / nucleotide

111111122222222222222222222222222333333333444444444444444555555555555555
22334577789999122356811223333344555556667778889013446689001223455667799011112344566788

Species Haplotype35073927345406797395580092514578052356834703SZ587SZ3250640251038703251428403598459247002 n Frequency
S. japonicus A CCACTAAGGGTTTTCATAAACAGTCCTTCTGGCGATACGGTCAACCATTAATACTCACTTAGTCCATTCGCTTTCTGGTACTTTCGAC 113" 10*  0.667
B R 55 0idib 6 oo 151041 0306
C - 1°
D ..AA. 1°
E A.. 1°
F A s 5 aasis s 6w 15 0.028
S. australasicus A L I R ¢ 5isT T Ci e 35 sy s & 4h 18 0211
B SR a6 v oo CA..G....T T Ci sl 25 s 45 3416 0158
C T saak ace 2% D9 c TN 4 T Crndle 55 nnat o+ 4 18 0.053
D K . TP A..G....T T C..A........ 2°
E Ihexeres site o o s s A..G....T T Cle e o o itames o o 24 0.077
F ol ot 5 o b W WU - RN i Ce whs @ s ocener v 0 ir 0.053
G aliem s o5 6 5@ G R - N T Co s o5 arwse s 3 1* 0.053
H dhhsi@ 35 v o 88 A..G....T T Co s 56 ismn s s 1* 0.053
1 Sl 86 o oo J 8 YO c P L Co e 45 ogne 3¢ i®
J dTs ek sk ove B4 g WO PR T Ch adls 35 mid 9+ 1°
K oD ors s s 05 o A..G....T T C..A 1* 0.053
L T ..A..G....T....T.. .C..A.. 1A 0.053
M T o wBlexeBu ¢ wzeills o ool e o Ci A « * 0.053
N T BoiBiw o'l . C..A 1* 0.053
o Diessudt 53 o0 0 35 A..G....T T C..A is 0.053
P SR 8 o e § 8 Re:C; s sl T C..A 1A 0.053
S. colias A p PSP T GCsssinmne RoioPs53C. 5 CCCH .« Cusaniesgsnmeasan CiRsweusns C....G.C..A 56
B . T GC..... = F T SN o Chs 8w iadlls 38 suseii v d bxs G.A....... 85 5 s sand C..A 45
C T....G..... GC........ A..T...C....CC....C...oiirrnnnn G.A....... C....G.C..A 16
D i RSN - S GC.. » « i« iwiorm o BosolTw o oCo o o iwew Co v v +Cist o x oot v is tomisnior ® v o Lc i U Ca s o onre (Gl vt 0 @ 10 sxumms o o Choes 18
S. scombrus A TTGTAC.A.ACAG.T.CCC. .GAATT. .ACAAT.CCTTAACTGGT.CCC.CC.TCA.GAAGACTTGCCT . TACCTCA.C.TCCCTCGT 3¢
B TTGTAC.A.ACAG.T.CCC. .GAATT. .ACAAT.CCTTAACTGGT.CCC.CC.TCA.GAAGACTT.CCT.TACCTCA.C.TCCCTCGT 36
C TTGTAC.A.ACAG.T.CCC. .GAATT. .ACAAT.CCTTAACTGGT.CCC.CC.TCA.GAAGACTTGCCT . TACCTCA.C.TCCCTC.T 26
D TTGTAC.A.ACAG.T.CCC. .GAATT. .ACAAT.CCTTAACTGGT.CCC.CCGTCA.GAAGACTTGCCT . TACCTCA.C. TCCCTCGT 16
TTGTAC.A.ACAG.T.CCC. .GAATT. .ACAAT.CCTTAACTGGT.CCC.CC.TCA.GAAGACTTGCCT . TACCTCA.CGTCCCTCGT 16

£, Haplotype observed from the eggs; ", Haplotype observed from the larvae; , Haplotype observed from the adults; ©, Haplotype from NCBI GenBank
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Table 3. Interspecific and intra-specific genetic distance in a 585 nucleotide
long region of ND5 gene among the four Scomber taxa. Analyses
were conducted using the Kimura 2-parameter model (Kimura,

1980)

Haplotype (N) Genetic distance (X 1,000)
SjHapA (24)

SjHapB (12) 2

SjHapC (1) 3 2

SjHapD (1) 5 3 2

SjHapE (1) 5 3 2 3

SiHapF (1) 3 2 3 5 5

SaHapA (5) 14 12 14 16 16 14

SaHapB (4) 6 14 16 17 17 16| 2

SaHapC (2) 6 14 16 17 17 16| 2 3

SaHapD (2) 6 14 16 17 17 16| 2 3 3

SaHapE (2) 6 14 16 17 14 16| 2 3 3 3

SaHapF (1) %6 14 16 17 17 16| 2 3 3 3 3

SaHapG (1) %6 14 16 17 17 16| 2 3 3 3 3 3

SaHapH (1) 6 14 16 17 17 16| 2 3 3 3 3 3 3

SaHapl (1) %6 14 1% 17 17 1| 2 3 3 3 3 3 3 3

SaHapJ (1) %6 14 1% 17 17 1| 2 3 3 3 3 3 3 3 3

SaHapK (1) 16 14 16 17 17 14 2 3 3 3 3 3 3 3 3 3

SaHapL (1) %6 14 1% 17 17 1| 2 3 3 3 3 3 3 3 3 3 3

SaHapM (1) 16 14 16 17 17 16 5 7 7 7 7 7 7 7 7 7 7 3

SaHapN (1) 14 12 14 16 16 14| 3 5 5 5 5 5 5 5 5 5 5 5 5

SaHapO (1) 14 12 14 16 16 14| 3 5 5 5 5 5 5 5 5 5 5 5 5 3

SaHapP (1) 16 14 12 14 14 16 5 7 7 7 7 7 7 7 7 7 7 7 7 5 5

ScHapA (5) 32 30 32 33 33 32| 26 28 28 28 28 28 28 28 26 28 28 28 32 30 26 32

ScHapB (4) 30 28 30 32 32 30 24 26 26 26 26 26 26 26 24 26 26 26 30 28 28 30 9

ScHapC (1) 30 28 30 32 32 30 24 26 26 26 26 26 26 26 24 26 26 26 30 28 24 30 2 7

ScHapD (1) 24 26 28 30 30 28 23 24 24 24 24 24 24 24 23 24 24 24 28 26 26 28 7 5 5

SsHapA (3) 137 135 133 135 135 135] 131 131 133 129 133 133 133 133 131 129 131 129 129 135 131 129 117 123 117 120

SsHapB (3) 135 133 131 133 133 133 129 120 131 127 131 131 131 131 129 127 120 127 127 133 129 127| 115 120 114 118| 2
SsHaPC (2) 135 133 131 133 133 133 129 120 131 127 131 131 131 131 129 127 120 127 127 133 120 127| 115 120 114 18| 2 3
SsHapD (1) 139 137 135 137 137 137 133 133 135 131 135 135 135 135 133 131 133 131 131 137 133 131| 119 125 119 123| 2 3 3
SsHapE (1) 139 137135137 137 137 133 133 135 131 135 135 135 135 133 131 133 131 131 137 133 131]| 119 125 119 123| 2 3 3 3

N, Number of haplotype

Table 4. Mean Tamura-Nei genetic distance within and among Scomber
species derived from partial ND5 mt DNA sequences data

S. japonicus S. australasicus S. colias S. scombrus

S. japonicus 0.002

S. australasicus 0.010 0.003

S. colias 0.020 0.018 0.004

S. scombrus 0.092 0.089 0.081 0.002
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