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' Population Structure of the Blue and Pu1ple Types of the
Blue Crab Portunus trituberculatus (Miers) from the

West Sea of Korea Based on Morphometric
Characteristics and AFLP Analysis
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In Korcan waters, there are two color types (blue and purple) of the blue crab Portunus trituberculatus.
The blue type is common, but the ratio of the purple type has increased in landings. To determine whether
‘there were significant morphometric or genetic differences between the blue and purple types, crabs caught
from the West Sea of Korea were examined. Based on covariance analysis, there were significant differences
in 1 of 10 morphometric characteristics of males between the two types, in none of the ten characteristics
for females. Using amplified fragment length polymorphism (AFLP) DNA fingerprinting, no specific AFLP
marker was detected for each type. The heterozygosity and genetic diversity were very low. Analyses of
patrwise distance, the Fst index, and genctic similarity revealed similar results, with very low genetic
differentiation. Therefore, there is no significant difference between blue and purple types of the crab from
the West Sea of Korea, and the two types in the West Sea can be managed as one stock.
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M = 9] £¥o] F7}slaL o, £AIY F B AT FEAAY

= 71] Portunus trituberculatus™ AR5 F24473 A5 Aol fritoll Mgk ool tiF = Atk Kim (1985)2 &
AT &3, RIRE T FANES ek Tom ML EAS} Maldt EAlS] e A e} AR 5
A Tk ¢doto 2 RE Z3UIE 9ok YE B3E ool o el A F 2 ME Eed To= JHSAIL, Yeon
Ut QetztA de] EX3e Aoz d8A gk (Kim,  ctal (1992) MRt HA} FF et 1Al vl elst
1973). $Elvte} AT B8 oA o)jdrny g2x A U 2 3Anine] e f FejeH el oA F
AFEE I3 Aok WA 23y B35 9guel 7Y ZolAo] JIA-HT I St FLF £EXEHA Wl
Al 2 Falo} B Al e A o8 uj$ Zagukes H 742y v SR e Ages E Alddd 2A 2pAst
Zolth (Kim, 1973; Sakai, 1939; Yeon, 1997). HZ $2va} AE AR AATEL AFEe Fet AAox e 2}
A3 ZA Y S 20021390 18,1952 0.8 Haxo o] X Ol 2 e A oo} F-AAY 2Avl9 xpo]E ZA "}
Hadt7] AlAbebe] 2004d0lE 2295F 02 HAAE Yeldlo] wERA VAT S A¥Eske e HEH I A
(MOMATF, 2007), A zhgdo] HA} 4 ar Qe AFoldh. Wy, ADEFY, 389 Wy So] %ol o] &5 o}
old] Wl £A UL X&HHOZ o] &5hr] 9% B} 7 A= AAA FFAL 2u A gorn uAEE g4
g el e dedo] AZ|Ha Yok AEH ALHAE (AEFH FA)E ol &5 Ak vIAEA AL o LA
HallM= A Al BRE AAATe] FA ok itk F B9 g v owN AR HE A7) "ol A
(Cushing, 1968). Y¥FH o & HEA9] AL Smo] 2242 2 Ao vl&l AT Ao gJojA £& Ao B} L4
A B (blue type) 22 A A AT HZ eyt 9 o] AAF FAo| Qi Follt Bol AMgdrh v
Al A ol B AA7F BeldS wE AR (puple type) @A ()R AE A Blmw @2 vwate] AT AW

A

dl= A gk SAXE2] A the I ARAE
*Corresponding author: incbang@sch.ackr FEAREAH O 7 5= WHo| 2 AME-E T (Zhang,
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1991). 3 3H OIS B3 714 5 AFLP (amplified
fragment length polymorphism)7]&< JHASE E4HI &
AGAS Mo 4074 KNS BEY) A AT W
o2 Zk B3 QlE 71Eolth (Vos et al., 1995; Mackill
et al., 1996; Jones et al., 1997; Li et al., 2006). & 7]&<
88 FAE A Fol B3 TolE nEe] 487
ol 2 A HE, sl B2 584 &9 (ocus)S A,
NES] F7k ARE A5 we §A4 wo) 4 5
ChFE AHE 7T glo] 84 Thapd B4, 2E B
EAFBA oAYS, gz B0 e GEeTT @
A At (Roa et al., 1997; Blears et al., 1998; Knorr et al.,
1999; Mariette et al.,, 2001; Bonin et al., 2007).

aPEE B ATE B QA7) RS Bt web Ahw
o] EA (purple type)’t M-S H= Auk £ (blue type)S}
HE B F wFdX &R 55 Rlsy] 95ty A=

3 B4, NUE 23S % A 2AH AFLP

_':z..'l:.-o

fingerprinting=- ©] &3 I+ £ P90
e o
=4 A=

H D HE 814 welof ol 89 EA= 20079 69 18Y %}
7 7L AFT AL (37°29'N, 125°24'E - 37°33'N, 125°30'E)
ANA A A3 X}HJ o o3 o]gE ALZF (Fig. 1), blue
type2] A= &A 277, A 317 A3, purple typed]
FAI= oA 37918, TR v gk ol A5 A,
AR, AAE A7) 58 Table 13 2t} AFLP 5418 93
ol &d AT 2007d 7€ 7¢ol AFE=AL (37°30N,
125°24'E)oll A A A5 2A ol 93l o] 5= blue 2 purple
type® =A 232} 307t Ao}

A
Hl FHotA WS B3 A AMd E F Ee

AT FEAN o] FE BA57] A3} AT Hol
7F Bl A2 11709 2P EE A8 AT (Yeon et al,
1992). 7zt AAH S FFLF (carapace width: CW), FF
247 (carapace length: CL), ) 587+ (carapace width with
spine: CWS), F84e A4 (carapace marginal length:
CML), & ¥ <&<F 7HA17He] Z o] (outer orbital length: OOL),
E‘——tr'— AN3-5 2] T (central length of segment 3-5: MSL3-5),

- A6 2] T (central length of segment 6: MSL6), |2
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Fig. 1. Location of sampling area.

%} (telson length: TEL), &+ A|3-549 #t)F (maximum
width of segment 3-5: MSW3-5), B-5 AHe6de FHo=
(maximum width of segment 6: MSW6)3} V] 2] HIF- (telson
width: TEW)&} Zo]Z digital vernier caliperS &3} 0.01
em ES7HA YT (Fig 2). 57 A2le A0 nja
Fejetd BAAAe) Aoy 472 BAsINe Beja
o7 zol7} Q<= (Yeon et al., 1992) Y3 75 3t
T, 7 2B L o83 SHLF CwWyl Ul 27 52
kel At g7 (Huxley, 1932)9] 3244 & +3kat, 3+
Aale] 71&719F AR el T84 48 733 &, 5%
A FAAY FFE HESAT (Zar, 1999).

AFLP 24

Genomic DNA #2904 = blue} purple type] HTE 307}
A 2] S A3t absolute ethanolol] 1S & AFA =R
& STHTE ©] 83t AA3E - TNES-urea buffer (10 mM
Tris-HCI, pH 8.0, 125 mM NaCl, 10 mM EDTA, 0.5% SDS,
4 M urea)} proteinase K (Sigma, USAYE #7314 55 Coll A
Uk-3-A} 7] T} phenol: chloroform: isogamy alcohol (25:24:1)3}
chloroform©.2 *2]slEHet -1 & isopropanoli DNAE 24
A71aL, 70% ethyl alcoholZ A2+ 2= TE (10 mM Tris-Cl,
pH 8.0, 1 mM EDTA)E 37ColA DNAE &A1 H . 51]5
A E spectrophotometer =73} 0.7% agarose gel %1 7|9 5-&
E3]4 DNAS] o A3 #2139t Genomic DNAE &3
2 gl & 3|45t EcoR 1 Algha A (Biolabs, USA) 5 unite}
Mse I A3+ & 4 (Biolabs, USA) 10 unit=- F7}5le] 37 Cell A
4X 7t B9t olF AT $- AhE DNA®Y 1/10 vol. 3 M NaOAc

Table 1. Sampling data for morphometric analysis of the blue crab, Portunus trituberculatus from the West Sea of Korea

Carapace width (CW)

Body color type Sex Number of samples -
Mean (cm) Range (cm) Standard deviation
Biue Female 27 11.16 8.11-12.85 1.51
Male 31 11.03 8.34 - 14.55 1.59
Purple Female 37 10.20 8.67-11.87 0.86
Male 40 10.24 8.25-12.73 0.97
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Fig. 2. Morphological measurements of the blue crab, P. trituberculatus. CW, carapace width; CL, carapace length; CWS,
carapace width with spine; CML, carapace marginal length; OOL, outer orbital length, MSL3-5, central length of segment
3-5; MSL6, central length of segment 6; TEL, telson length; MSW3-5, maximum width of segment 3-5; MSW6, maximum

width of segment 6; TEW, telson width.

o} FHlS] 100% AS-ES F7Hsle DNA GHES A
2 & 3z R &8st o] B3R 242 2 unit T4
DNA ligase (Promega, USA)2} EcoR I/Mse I adapterS 37}
el A 7L 50417t HER 2T 5 15TAA 164]
7t B2 ligationd} AT} Ligation® DNA 5 «L, AFLP Pre-amp
Primer Mix 1 (Invitrogen, USA), 2 unit Tag DNA polymerase,
10X PCR bufferS #7}8tcd PCR ¥F3-A& & SO0uLE 2F
g & 12} SF vEE AABIEY FF 2102 A 94T
A SEZE MAATIR L, 94TAlA 30%, 56 ColA 187, 72T
ol A} 1383t 203 HA] F 72°Col| A 587 F71E extensionS
SRR WAL TE 58N 02 sou) F4sta 27
3% WhE-9] AEZ AESIH Y. 849 5 4L, EcoR 1 selec-
 tive primer, Mse [ selective primer, ANTPs, 10X PCR buffer=
4% 20 47} DR B 23 B g e 3
2 2L AHG 94Co A 5EZF HAAAIZH 2™, touchdown
PCRHY-S ©]-8&38l] 94Tl A 30%, 65C-56C (3T 0.5CH
ZFA)A A 30%, 72T A 60x7F 123] A A] ¥ annealing &
EZ 56 ColM 3022 383 F 2438 W 5T &
€ extensions 72ColA 587 =343} }. HF 5= vt
&N 20 pLoll 6 «L 2] formamide loading dye (95% formamide,
10 mM EDTA, pH 8.0, 0.05% bromophenol blue, 0.05% xylene
cyanol FF)S #H7}st & 95Col A 581 719359} 1 =
3pLE V2 50CE 718 % 6% denaturing polya(;rylamide gel
o loadingd ¥ 2,000 VoA 2417 <t A 71953t DNA
T3 523 O, silver staining kit (Promega, USA)E &
A st &o1atdrt B ATtel A3} selective primer =3
< E/AAG-M/CGA, E/ATG-M/CAT, E/ACA-M/CGAS] 3 &
3ro] ™, adapter @ primere] 9714 <9-& Table 29 LERA R
U}, Silver staining® gel AollA T2 A FAE DNA &
HEL =9 779 wal 0 = 12 F A8} matrix code

Table 2. Adapters, primer sequences used for AFLP analysis
for the blue crab, P. trituberculatus from the West Sea of
Korea

Sequence (5' — 3')

feor | F CTCGTAGACTGCGTACC
R AATTGGTACGCAGTC
Adapter
Meo | F GACGATGAGTCCTGAG
R TACTCAGGACTCAT
Pfeampliﬁca- EcoR | GACTGCGTACCAATTCA
tion primer  Mse | ATGAGTCCTGAGTAAC
E/AAG  GACTGCGTACCAATTCAAG
Selective EcoR | E/ATG GACTGCGTACCAATTCATG
amplification E/ACA GACTGCGTACCAATTCACA
primer Ve | WCGA ATGAGTCCTGAGTAACGA
M/CAT ATGAGTCCTGAGTAACAT

£ ZA 3 & TFPGA (ver. 1.3; http://iubio.bio.indiana.edu.
aw/tfpga/) T2 1W-S ARS-3te] Miller, 1997) A F Jd9

- B o) B M IS (heterozygosity, He)F FHd 3 ohedd

(genetic diversity, GD) 52 39t T3 Hardy-
Weinberg H ¥ (HWE)S #4387 st /34 £33 =
(genetic differentiation, Fst)E 493} % T (Wright, 1951). Fst
FX gk 44 72 (*Py> F29 dHFAA A&
(random allelic permutation) 3-73-& 10,000 ©]/¢ #k&-5}
FaAT. ol#H T FAFL Arlequin ZZ I (ver. 2.000,
Stefan et al, 2000)2 A3} TE 2+ /WA FAYE matrixE
UPGMA (unweighted pair-group method using arithmetic
means)E 2415l zbzh-8 7R3} (clustering)3t AL o] ET)
2 A% % (dendrogram)E AA3IA T 2 JdY] w313 FAF

I (genetic similarity, GS)= Nei%} Li (1979)8] & 4)S 483}

of B4t
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Table 3. Descriptive statistics of relative growth equations between the blue and purple types of the blue crab, P. trituberculatus
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from the West Sea of Korea by sex. The bold indicates significant difference at the 5% level

Sex Parameter Body color type Relative growth equation Fvalue )
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31, X2 AAdnko] thE Aolg} Bord JejdHE A=
P2 o3t AFEAHL 194019 Snedecor®} Cochran
(1980)°l] &l 7LH = AA o8 HA8taRL=E0) 93] 285 o
Sttt oM T el @ Asat ] Feshy 348 E
o &% " 4 (Kim, 1970), b= a4+ A4t o3t
o] HeetA B AL Ao|F-F (Park and Yeon, 1981), 3=
sl 2 T Exate A MA T LR
AT (Yeon et al,, 1992) 5ol Hg&5 o] g},

AFLPE 'OI |. x||:|. _—I.Lx I=IA-I
Z 3709] selective primer 23l A] 274702 SEWI=Y} A&
H Ao ™ selective primer &= B ¢F 91.3709] FEWMEY)
A S QT AFLP= AlStE A 9] AR H-9) 9} 3> deR-9] o
Z7FE selective nucleotide®] G, C TF 2 primere} 33 o)
el 2A -5 ety o= AAS primer, AlFFE A
Aol osf ¢F 50-10071 4] A bandE A3 E 5 Uk
3L A Ao (Rusell et al., 1997; Aarts et al., 1998; Reineke
and Karlovsky, 2000). £ A7 A= 913709 F&3 W=r}
A E AE A B primer 2 FH o] A3 o] & HAUL
T+ A H (blue type} purple type)oll 32 0 2 HEH A
e & 7 vk #A 7 Je] 34 HEE blue type©]
767N, purple type®] 90702 JElGow T3 X (polymor-
phism)T blue type®| 27.7%, purple typed] Aol 328% =
UERY purple typed] FHo] thA
AT (Table 4). $-2ve}t £7) T+e] AFLP band THEEE
Wang et al. (2003)°¢] A|F7F& 3= B A3 Penaeus
canaliculatus (24.6%), P. monodon (25.0%), P. chinensis (26.7%)
9} FAMSE 7338k R0\, P. merguiensis (45.1%), P. japonicus
(60 8K T e ko2 el F 11171] k= :r“df’"é
T Ye Eol Mics AF BHE A ggton 2L 3Holgt
&Sl BE w9 BREA @k F 2A A0Sl Aolt
Q9 57 TE 02 F99 439 9 @] ohd Aoz
pean. = 24 99 o B2 JFATEE bluc typeo]
0.0908, purple type©] 0.09752 YEIG O W, Hi F-73 thdAd
£ blue type©] 0.0940, purple type®] 0.0987= Lte}StT) o)=
Sung et al. (2007)2] W3} 4G FH o|FHIE (0.1285-

7 vehgou} & ole

SR AR R\

0.1177), o 4 A (0.1194-0.1094) A<} vl A] A4
HHoz v oz BMEgen, ¥ 24 A | Hit
A4 FAE 23 F JY ZF 09622 U5t Jo i
HHF $HA GFALE (0.911-0.906)90 =] 3| iﬂl e 24
Aeko] tist Aol 3] /43 o] R AR F4
Huth F 2 FA9D 7 734 oA AAE FH8] AT
f37 B3l 2 434 AgS B4 29 JAg 23
E 0.0892, 4243 AT+ 0.0334, AET 38 FAIRE
0.9666°> = JEF T, Sung et al. (2007)S & A B3lw
(0.0563-0.0105)%} =& -2 4 ﬂ%h_ 0.9967 09889)011 <A
sl f-Elvie}l At 2 F= At tis 43 ds w3
zto)7F givkar Bk vt SilE} wets 5 24| %‘JDWH 7
A B3lx 7213 Al =3 Sung et al. (2007)8] B39} FA}
3 A2 Ueldo] T 24 A w3 FAZ o2 2olr}

= 9Y ASTFoE dddYy T 7 24 JAdk W) AL
8] FAE matrixE ©]-&3td FRAAY AFE 7|22 2T
UPGMA dendrogram 23} € A] blue type} purple type 3 o]

Az 7ERA 21, F 2 A9 AAEe] AT A

o] Jllon, At FAF AL st vl 7Pl =2 7A
AE& & A8e o F EA Fdo] dIAFTUE
A 33 Ao} (Fig. 3). 919 A& S8 BH A=
W #3134 kol ¥, fAMd ol =4 YEPE S EA JiA
T FRAHeE v ke FoE RAHAT FEE H2
2 AA, F 2A JAEE FEE F Ae 5ol A= '1_?54_
2A 52 okotal, EX, F A 1 33 23 don,
AR, F AGe FHazoz v 9 I3 A dAE e
Athe Aolth. Wb R Aoz o9 24T blue typedt
purple typed] ZAE TY AFTLE AT Kim (19852
7| o}zpulol] B2 A 4dh= W8] E5F (Octolasmis spp.)&l
ZH9E Bago] Fald Bl EAY Al EE3h=
A Zll ZFol7t Qo T ool OrE AlTtol] £ Aol
Z3t9c}. 18] Yeon et al. (1992)2 2|2} A8
el 29 B2 o] EXE £ AAET0 1370

gejaty vy FA welFe SRE REE ¥
, AFZA SO o BN A T e ME BE
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Table 4. Summary of the detection of AFLP markers in blue and purple types of the blue crab, P. trituberculatus from

the West Sea of Korea

In'formation of AFLP marker

Body color type

Blue Purple
No. of samples 30 30
Total no. of bands 274 274
No of primers 3 3
Average number of band 91.3 91.3
Total no. of polymorphic band 76 90
Percent of polymorphic bands (%) 277 32.8
Average genetic similarity 0.96 0.96
Average heterozygosity 0.0908 0.0975
Average genetic diversity 0.0940+£0.0475 0.0987+£0.0500
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Flg 3. Dendrogram showing phylogenetic relationships among the blue and purple type blue crabs, P. trituberculatus from
the West Sea of Korea based on genetic distance data constructed by the UPGMA clustering method.
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sh2 gae] nneAolA 10709 MaEA F FANN 04
g7 F-ZE(CWeE 00L)9) dHA MR} #2140 1A
R0, AFLP fingerprinting 7| ©] &3 I 7% 4

Aol T R 2§87 Ao F HolA ol @ A3
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Aol 91912 EAE vwke) xjolof o3k Ao 7 A7t
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B2 o3t FEAEAS A7 727N = {e Aol
RIAHA FUARE, BHANME 5% A F5 2ol &
HI oA blue type A1 BW=0.0001CW>*" (R>=0.99)
2, purple type ZA+= BW=0.0002CW**"* (R°*=0.93)E & &
HRe™, 3 blue type®] EAl= BW=0.0001CW*™” (R°=
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Ve 22 A5 blue type A A0 purple type A
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o3t W3- 5o #HA 2.9l (Carlson, 1935; McGaw and
Naylor, 1992; Felder and Staton, 1994; Melville-Smith et al.,
2003) 2 Holo] FRo W2 Ao WI (Melville-Smith
ot al, 2003) o] WiLE v} ek WA FAALE Aol
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