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Una gﬂg‘u’%ms (Executive summary)

1. A total 195 of mud or mungrove crabs were collected from 3 locations; Chantaburi and
Trat, Ranong and Surat Thani Provinces. According to their body colours, they have been classified
into 4 different morphs; black, white, green and violet. The black and white morphs found in all
locations, but the violet found only in Chantaburi-Trat and Ranong Provinces. The green ones was
found only in Ranong Province and was vary rare morph compared to the others. Comparative studies
of all morphological characters revealed that they have no unique character for their own identification.
Different characters such as polygonal pattern on walking legs and paddle, shape of frontal spines and
colour spot on outer cheliped should be combined for classifying as a distinct species.

2. Mophometric studies were performed by using Canonical Variant Analysis (CVA) and
Mahalanobis’ Distance. The CVA results revealed 4 groups of mud crabs. Each crab morph was
grouped into its center and separated clearly from the others. The Mahalanobis’ Distance showed less
values within each morph( 5.703 t015.447) than those between morphs (25.722 t0110.711). All results
revealed that each morph should be classified as a distinct species.

3. Muscle tissues in walking legs of 74 mud crabs(Scylla spp.) and 10 swimming
crabs(Portunus pelagicus) as outgroup were used to isolate total DNA for using as template in PCR
reaction. The Cytb fragment in mitochondrial DNA was amplified with a couple of primers (SS1 and
SS11) by polymerase chain reaction. PCR products obtained was about 1,700 bp in length. The PCR
products were purified and sent to servicing unit (MACROGEN Inc., Korea) for DNA sequencing.
After determination of start and end points of the gene, it was found that the Cytb was 1,135 bp in
length . Nucleotide sequences of all samples and of swimming crab (Portunus pelagicus) as outgroup
were performed nucleotide divergence and phylogenetic relationship analyses(ML, MP and NJ
tree ).The nucleotide divergence within morphs ranged from 0.001 to 0.008, while the divergence
between morphs ranged from 0.125 t00.187 . Both nucleotide divergence and phylogentic analyses
confirmed that each crab morph should be a reproductively isolated species.

4. The 16S rRNAfragment in mitochondrial DNA were also amplified by using primers SS19
and SS20.The PCR products obtained the reaction was about 1,700 bp in length. The PCR products
were purified and sent to servicing unit (MACROGEN Inc., Korea) for DNA sequencing. After
determination, /6S rRNA was 1,446 bp in length. Nucleotide sequences of both mud and swimming
crabs were analyzed for nucleotide divergence and phylogenetic relationship(ML, MP, and NJ

Tree). The nucleotide divergence within morphs ranged from 0.002 to 0.089 and between morphs from



111

0.068 to 0.251. Both nucleotide divergence and phylogenetic trees confirmed consistently that each
crab morph should be a reproductively isolated species. The phylogenetic analyses also revealed that
both Cytb and 16S rRNA could be used as DNA barcode to identify crab species.

5. The species-specific markers for each crab species were also developed by using Cytb
sequences. The RFLP-markers for each crab species were obtained by digestion the PCR product of
Cytb fragment with Rsal. These markers will be used to identify each crab species.

6. The scientific names of each crab morphs has been also discussed. The black morph has
been named as Scylla serrata , green morph as S. oceanica , violet morph as S. tranquebarica and

white morph as S. paramamosain.
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Abstract

A total of 195 mud or mangrove crabs were collected from 3 Chantaburi and Trat, Ranong and
Surat Thani Provinces. According to their color body, they were classified into 4 different morphs,
black, white, green and violet. The black and white morphs found in all locations, but the violet found
only in Chantaburi-Trat and Ranong Provinces. The green ones could be found only in Ranong
Province and was very rare morph compared to the others. Comparative studies of all morphological
characters revealed that they have no unique character for their specific morph identification. One has
to combine different characters; polygonal pattern on walking legs and paddle, shape of frontal spines
and colour spot on outer cheliped , for classifying each morph.

Mophometric studies were performed by using Canonical Variant Analysis (CVA) and
Mahalanobis’ Distance. The CVA results revealed 4 groups of mud crabs. Each crab morph was
combined into its center and separated clearly from the others. The Mahalanobis’ Distance showed less
values(5.703 t015.447) within each morph than those (25.722 to 110.711) between morphs. All results
revealed that each morph should be classified as a distinct species.

Muscle tissues in walking legs of 74 crabs were used to isolate total DNA for using as template
in PCR reaction. The Cyth and 16S rRNA fragments in mitochondrial DNA were amplified by
polymerase chain reaction. PCR products obtained from both reactions were about 1,700 bp in length.
The PCR products were purified and sent to servicing unit (MACROGEN Inc., Korea) for DNA
sequencing. After determination of start and end points of the genes (Cytbh and 16S rRNA), it was found
that Cytb and 16S rRNA genes are 1,135 and 1,446 bp in length, repectively. Nucleotide sequences of
both genes of mud crabs and swimming (Portunus pelagicus) as outgroup were performed nucleotide
divergence and phylogenetic relationship (ML,MP and NJTrees) analyses. From Cytb gene, nucleotide
divergence within morphs ranged 0.001 to 0.008 and between morphs ranged from 0.125 to 0.187.
The divergence obtained from /6S *RNA ranging from 0.002 to 0.089 for within morphs and 0.068 to
0.251 for between orphs. Both nucleotide divergence and phylogenetic relationship confirmed
consistently that each crab morph should be a reproductively isolated species. The scientific name of
each crab morph has been also discussed. This research project would like to name the black morph as
Scylla serrata, the green as S. oceanica, the violet as S. tranquebarica and the white ones as S.

paramamosain.
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117190 Fuseya and Watanabe (1996) Iddnmianuulsisiumeiugnssuvesifnzia 3 siiafe
@ . : ' 2
S. serrata, S. tranquebarica M\0¢ S. oceanica Tagode allozyme electrophoresis F¥951090119114
a @ J a
5IUINIYNLIA 2 FHA VINIUNYTUATYIIWYI 51T AOWIUA S, serrata WAL S.  tranquebarica
MWNTZNI Keenan er al. (1998) 1dUsvilgamsdwunyiiayluana Sevila InaiTasordfodoya
. a do o A = J = A ag
allozyme electrophoresis nagmMsanzHauiIng le Inavesdu 765 rrN4 Tu'luTanouaSofiou
o I a
1® (mitochondrial DNA) ué”;ﬁ]”luuﬂgmmaqa Seylla 11 4 ¥l Ao S. olivacea, S. serrata,
' o <
S. paramamosain WY S. tranquebarica Tﬂﬁl’gN’Jﬂﬁ}i’J‘Ui’mﬂ, S. olivacea 1873 NNYNALAY
£ ay dy Y 9 [ A a I 1 A qgj dy
nganna Fananuduil laaduanuduauluFowsiavesynzmlulsamalnadluediass nail
] =1 1 a =1 9 1 ldli a
sz el lassieauinnzawiia S. olivacea imsauwnluszme Insunou uailonarsan
910510911 TUF1MEUBU Klinbunga ef al. (2000) IAANHIAMUNAINHABNINHUENTTUVDIYNZID
Tunaaz Tueenvealszmelne anzdide1dd 191 1adnynzia 3 wiiade S. serrata, S. oceanica
Uae S. tranquebarica 1A80IRIMITWUNYHAVDY Estampador (1949a) FuioN01381910510971U47
Y
naddimeszlsziuldnludszmalnenuinziananua 5 siia Ao S, serrata,
: Y @ '
S. parmamosain, S. oceanica, S. tranquebarica, Q% S. olivacea Faasruanuduauedanin
o o ' A { qsll o
Yeduiluedregenozdesdnunzialudlszma Inenanedudnyuzneuen (morphology) 1ay
4 ]

ANHUZNI morphometric HAZFIMNIToYANWUENTTN oS wunynzaTullszmaineliinida
A Yo ¥ 4 o a ) g o @ v g
wievz Iihdeyamernvaidamldlumsmiz@ewazmsoysndiynzaluouinadaniied

o A
N,
a2 ad . . I a2 g 3 A
luTanouiA38@dUIO (mitochondrial DNA-mtDNA) Hudduelananvuiaaniiviia
sz 16 kb UszReudle 378U Ao 13 protein coding genes, 2 ribosomal genes i 22 tRNA
Y A = Ao Yy a3 T ag a = 1
genes (Boore, 1999) A1611a#l mDNA Imsaimums laisannawueluiuadea Tasmwizodn
A ¥ o w A = 4 1 A A a PR 1
galuszaudrauiiang le IndvesuadIunietu mDNA Im s 14Hu DNA barcode Taoinniz b1

998U COI (Hebert et al, 2004) tomsAnbITUEMaAn1l29n3 (population genetics) 1Az



v W d A Aav [ o’g/l [y Y J.
ANUTUNUTIFINIMNUING (phylogenetic relationship) UBITAIFUGY (Avise, 1994) ﬂﬁ]fg‘uuﬁﬁms
O’ 4 o a2 . . . . . . .
Us2gnA 14 mDNA 1053 11UNYARAN3 03N (individual or species identification) ttaz 14 lun1g
aan a 4 o v [} § a
um‘nmmﬁmff ﬂﬁiﬁﬂ']ﬁWq%1!ﬂ'J']ﬂJﬁNWHﬁLLNQﬂLLﬁ%Lﬁ@WQ%ﬂ’W'l\‘]i’)']clfiIJUTﬂﬁﬁiJ (Uametsu  and
1 U 1 1 o 1 . 10 ]
Yuasa, 2005) gfﬁﬂlﬁﬂ!Win’ﬂ mtDNA 218NDANTUNILLY i]m:]wlgﬂmmaaﬁagmu’mmﬂuazlluﬁ
o 1R A v 3 .. . = = .
mM3sawiu vy Jdanymetiv non-recombining genealogical unit NNIUYA189) &1 (multiple alleles)
a [ [ J A Aawv o w
Tagdnaudrlumsld moNA lumsdnsianuduiusdadiawinmsegldmsanudrauvesdu
[l 9 A a aa 9 ax . . ) a do o
VNAIUAEMIIANYT U UADUAI8IT PCR (polymorase chain reaction) uazm”l,ﬂamswzwmﬂu
Taon54 (direct sequencing) W@ protein-coding gene N1¥WafalumsssuiensIdauimsae
ND4, ND5, ND2, Cytb ag COI (Zardoya and Meyer, 1996) 3in15 158U COL Cytb uag 168 rRNA 3N
Y = @ 4 v o dAa av 1 gy
1%1Uﬂ15ﬂﬂHTWHﬁﬁTﬁ@]ﬁﬂig%TﬂﬁL!axﬂﬁTNﬁNWNﬁl%ﬁjjwu1ﬂ1ﬁsllﬂﬂ'lqjjoluﬂqu Brachyura Lmzﬂum
INaeFila (Chu et al., 1999; Harrison and Crespi, 1999; Daniels ef al., 2002; Fratini and Vannini,

2002; Tang et al., 2003; Pfeiler et al., 2005 t4a1g Reuschel and Schubart, 2005)
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Idduiumanudiedanzialu 4 Sanda Ao Sunys asia szues tazgiugini Tae
‘lﬂc'ffiyaﬂ“mﬂw'aﬁ'muﬂanﬁﬁWffﬁﬁi’mimﬂfluwy:ﬁ'mw%mg:ﬂ’miﬂé'n,ﬁm e ldinilednild
W ludadadhmuneedianiuen

UieduilFlumsanuide Ylueana soia nosiafinuludszmealnenas 19061

v 9

mwzy@rfuinalsznm 200 0§y Tasazii lAnidnyaznisuen dnyasz morphometric 1Az

U

[ o a Ja & A o a 3w [ ' A o =
1JN’muilzmhlﬂamiwwmaummamﬁnuuﬂ%uﬂ mﬂmim“umaEJNW?U’JTIJ"W]%LaLiJEJmuuﬂﬁmﬁ

=

oy 4 nquae a1 Yunrielnesnan wen naz Yurnieineslvag

3.2 mssumnviiaynziaiesdulaslddnuarmenen
Unsiaudazngudszgninndnudnsazneuenia luas S uunsianu3imsves

Estampador(1949a) 1182 Keenan ef al.(1998) any¥aenN1gU0n (morphology) funndrafuialuios

vosdnizand Srumnuiiuinadnldenars JUnsvesusEiNgom (frontal spine)

uazmsdinguesatsitun laimstiuiin Buazesuednyus Taoagil1d

3.3 MSANBIANUIANAI9VBIANHYZ morphometric VO N1a

Y 1 3 1 { 1 [ Y ) a 4 1

‘]J,G]’JE]‘EINiﬂﬂTJ,T]ma‘VN 4 ﬂﬁj}lﬁLHJWHSJaﬂ‘Hﬂ!$ﬂ18u®ﬂllalﬂ$u1h1llﬂ511’iﬂ’JHJLmﬂG]N"UEN
@ . 9y o 1 Y A o A o A
ANYAUE morphometric IﬂEJGlG]fl,ﬂ‘WWZTJ”G]’JE]EJNLW?(ZJ'LW@{IGQﬂu‘ﬂﬂluWWﬂ’JﬁJﬂﬁ?ﬂlﬂa@uﬂuLu00%1ﬂ
v '

1 o 1 9 o . . o LY

ANVLANANVDIGNHULITHNUNARNUINALY (diphophism) Hazltimtin laamasszuna 200

2 A A

n3u wdelivuianmnianszaeatszina 90 fadwasiuly Fauihufi TaduToud dredaua
azA1929NIAANBUZAI A28 vernier caliper AINAZIDEA 0.02 Hadwas TaelanymzaI o fi%a
51 aNHME (minﬁ 1) UsznoudIednbaIzYRINTZABY 19 AAYUL ANHAUVDINN 22 SnHMY
5ﬂymzmawuﬁufjﬁ 3419971 3 §nyay Snuwzvesv1iIei 5 Snyur Armeveates
(abdominal length) tta1 ANUNUIVDIAIN (body depth) %’ayjaﬁ”lﬁ'mﬂmi’ingﬂi%clumﬁmiwﬁ
Canonical Variant Analysis(CVA) 11a% Mahalanobis’ Distance Fa3amsnaaeaii 1 iitomasuun
HAZIAAINNNUANANTEHINNGNVDIAIDE (Jobson, 1992; Afifi and Clark, 1996)
mﬁmswﬁ%’mﬂgmﬁamiﬁmuﬂﬂ’cju (discriminant analysis) @383 AATIEN CVA 113
AT1¢H CVA Lﬂumﬁmawﬁlﬁ’e‘)miﬁmuﬂﬂ’cjmmﬁaaEiN51’3ﬂ%y.aMﬂﬁ’JmJiwmwmﬂﬁa

¥ ~

o Aq ¥ | 9y v o A @ o ' A=
wls Iﬂﬂﬁﬁllﬂiﬂﬁl%ﬂ'ﬁ]lﬂuﬂl@ﬂaﬂqﬂﬁ]']ﬂﬂ'lﬁH‘Ui]'l“l«l')lﬁ’i’i’E']ﬂWi'Jﬂﬂ'J'liJEl'l'Ji]'lﬂﬁ'JfJEﬂ\TVlﬁﬂH'] Iﬂfl

U

CVA wwimmsd %I 105 1n 3J‘§ 31389n71 canonical variable Iﬂﬂﬁl‘ffl canonical discriminant function



Faazihmssuedeyanndmalsinerdesiumsdwunnguidnidreny 1191 canonical variable

P4

=
AR

@

Uﬁ?ﬂ)ﬂﬂ@:hﬁ’)@ﬂ1ﬁﬁﬁﬂy1 T@UNIT canonical discriminant function ﬁ’ﬂ

<2

Z=ax tax,t..t+tax (1)

A o A 9 4%} . . A o a
Tae z Aodws 1nignai 19U (canonical variable); a,, a,, a, ..., a, A9 duUszANTURIANNT

= (Y

MITUWUNAGH; X,, X,0 X,, ..., X, AD A11/TTUUANGN 314U canonical discriminant function 1M1V
d‘ =) o 1 Y d‘d [ . . d' 9 dgl d’
k-1 19 k A9 T1IUNgueIdi)snAnw1 @uls canonical variable NQAAITINAVUINANIITN 1
d' o = d‘ L} 1 1 (%) 1
(CVAD) uwazaums 2 (CVA2) azgnih ldilounsmioudainnuuana 195e niengual0e19
a 4 o A a J
MINATIZH CVA audums 1aglasunsuneunmes SPSS for windows version 12.0 (SPSS Inc.,
Chicago)

a 4 o A 3| a ¢ A o 1 a
M3NATIEH CVA i1y 2 3iluvvne juuvusniilumsnsiziiensdmunngui
1 @ 1o R X 1 < o 1 £ a 4 dy A (Aa 4
pismudnymzaeuen lae ludriladaumaunudiedns damsinsgigdunuiiaziiyimsgd
OBJ} J A o = 1 a L4 A [~ a s A
navua 4 nqu A a1 e Juae uazivd msaszvgdunun 2 dumsiasigviients

o ! 1 @ =Y ] @ 3 1 o o a L
TwUANFUY NUUIMBANBUEMIUBNLAZLWAUNUAIDE1 AUz INgUIdmTumMsIATIzH Iy
d’}q’f 1 9 1 ) U ] U [ [ U )
sUnuutnIvue 10 ngu Uszaeuaie nquildr nquauie taznguyv1inndaniaansia nquild
1 =\ 1 [} J @ @ 1 o 1 @ o 4 ~
AuIwed U9 uaznguivINATINIaszues nquildaznguivnnTamiag g sl
waznguilanniszmenin
a 4 . . 3 ] ' . '
NN3UATIEY Mahalanobis’ Distance Lﬂuﬂ”l’ill,ﬁm’i383141@331431@@ centroid VOINQU
@ [l o A a o [ @ a L4 o a L4
AvgnAuIumMsInsIzd iy 2 JUuuy FwReanumsIngd CVA  Tagihinisinsiziaag
a s
Tsunsuneuniimes STATISTICA for windows version 6.0 (StatSoft Inc., USA) Wa Mahalanobis’
{ o < . ! .o
Distance 1w Idazgnldiiludoyalunsadne phenetic tree TaomTouloglugil pairwise
distance metrix 1338319 tree 42873 Unweighted Pair-Group Method Arithmetic Average (UPGMA)

#1871511n 53 NEIGHBOR 11 PHYLIP package version 3.63 (Felsenstein, 2004)
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3.4 maindSnaaeueuSnwE Cytb uas 168 rRNA
3.4.1 M3uanana Total genomic DNA
o 1 < [ 1 [ v @

Yneradediny lavinunasaien aendinsiadnyag morphometric iSouiosnd gn
° [ P o tﬂy A o @ a .
nuauds 139 -20°C iomenzmdau 74 42 1IN UAY (walking leg) 151181 50 — 70 mg gn
o [ . v ® o . .
1 lunsana total genomic DNA Tagldyaana QlAamp DNA Mini Kit (QIAGEN GmbH,

Germany) AR MUIIVOIUTHNANER

d
3.4.2 maoanuuy lwses

a = A A A &£ Ao Vo A
ﬂulﬂ’l'ﬂﬂ’lﬂﬂl@ﬂﬂ’]iﬁﬂy']ﬂ@ﬂuﬂu Cyt b uas 16S rRNA (LFRNA) Glf\iil@'lllﬂiv!\‘lﬂqzﬂ‘ﬂ 1

Penaeus monodon I.I':-JE'E[I:YTE-I = |I-T.I:I ll L ILIENP.' v |S ]:'R_'['T.F!..l

Portunus trituberculatus ]1-1]:3 slc,“fTE] 5 |1-n:u 1] L]erm| VS RIIA

d' o 1 = Q' aaa = d' Y 2 o
gﬂ‘ﬂ 1 u,ﬁmm!,muwawmﬂmmﬂiummmﬂauauq nlpafesnuyneia

Q U

]
JaA o ]

A A a A a =l 2K o 1 =
iomulsuadinuevesduihvinelsiimseenuuy Inswesnidwmiisegludu NDs
4 @ 1 0o v A 4
NDI uag 128 rRNA (SrRNA) 1ipa91nda litissaudiduiiona o Induedu ND6 uag 12s rRNA

v o PR vy a v .
m@ﬂﬂ“GlUﬁf!a Scylla ﬂ\‘]uuﬂ']ﬁﬂﬂﬂL!UUUI;W'iLiJ@iFi]\‘]@@Qi%ﬂl@yjﬁ%qﬂﬂiljmﬂuiﬂyqﬁ (hlghly
aa

. A o Aa Jya o & 9 '
conserved region) U3 mwummﬂlﬂa%ﬂﬂuﬁmmﬁqa Scylla Gmﬂlugm%muawmw Portunus

trituberculatus, Callinectes sapidus, Pseudocarcinus gigas, Penaeus monodon W0 Pagurus

'
a a

) Y N Y = aa 3 A o 1 = a = = o
longicarpus ansmin g Teal 1q §a@aliFIian 5 siaananieynsuisulssuiouny
Vo1 Neta Seylla naadlumsan 4

G4 o 4 1 a
namseonuuy lnswes Iagld Tisunsy Oligo vo.11 il 1@ Tuwswes ss1 egluusnadu
1 a =) 1 4 1 a =
ND6 waz $S11 aglunsnatu NDI feu lnwilate 5 wazeonuvulwsmwes $S20 ogluusuty
~p1 aeulUnilate 30 uazlwswes sS19 egludu 7125 rRNA §%5D&A VYOS PCR primer

& Y A
mmmmm”lﬂumﬁm 2



a o v A 2 J J A A a aa =
AN 2 !L’L’fﬂ\1'ﬁ'IWUU’Jﬂaiﬂhlﬂﬂsllflﬁle‘iliJfJ‘iﬁNc]LW'E)LW?JTJiﬂJ'lmﬂLf]u!fJ 8gU Cytb Qg 16S rRNA

Primer’s name Type of primer Nucleotide sequence Final products(bp)
SS1 PCR & SEQ ACGTTACATCTTTAGCCTCTAATG 1700
SS11 PCR GAAACTAACCGAACACCTTTCGA 1700
BSSIF1 SEQ AAAGGACCTTTACGTCTTTCCC 800
BSS1F2 SEQ CCTTTATTATTGCCGCAATAAC 800
SS20 SEQ AAATCATGTACATATCGCCCGTC 1700
SS19 SEQ AAGCATGTACATATCGCCCGTC 1700
BS20F1 SEQ GCTCCAATAAAGTTACAAAAGCC 800
BS20F2 SEQ TAGGGTCTTATCGTCCCTCTA 800
BS520F3 SEQ TTTTGTGTGTGAGCAGGCTAGA 800

PCR = PCR primer, SEQ = sequencing primer, B=black morph

[ =Y

Y o v A ¢ < {q ¥ a 7o s o
M3197 3 weraaduiiaong le Indves Inswesae alglumsimszridrauionglo lnaveayfin

Primer’s name Type of primer Nucleotide sequence Final products(bp)

SS1 PCR, SEQ ACGTTACATCTTTAGCCTCTAATG 4,000 .,800

SS10 PCR,SEQ AAATATATTAGATCAAGGTGCAGC 4,000.,800

PSS1F1 SEQ CGTGCTTCCATGAGGTCAAATG 800

PSS10R1 SEQ GCTGAATAAAGTACAGCGTCTCAC 800

PSS2F2 SEQ CCTGCTCACATTCAACCGGAA 800

PSS10R2 SEQ AAAGTGTTCTAATTTAGGTTAAGC 800

PSSI1F3 SEQ CATAAGCTTGTCATACCGAAGACG 800

PSS10R3 SEQ GCTGTCTCTTTCATTAAAATTGA 800

PCR=PCR primer, SEQ= sequencing primer, P= Porutnus pelagicus
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eapromsged BIPIOSBUDJ BapIOyIUBY BOPIOUNIO] BIpIOUNIIO] BOPIOUNIIO] Anureyradng
eInAyoeIiqnyg eInAyoeIiqnyg eInkyoeriqnyg rInAyorIqny
BINWOUY eInAyoelqg eInAyoelg eInkyoelg eInAyoelg Jopioeijuf
BIBWAAD09[d BIRIYOUBIQOIPUS( BIBWAAJ09[d BIBWOA009[{ BIBWAAI09[d BIBWOA009[ lopioqns
epodeoo(q epodeoa(g epodeoa(g epodeoo( epodeoo(q epodeoo( 19p10
epLeonyg epLIeOnyg epLIEONyg epLIEONny epLeonyg epLIEONy Iopioradng
BORIISOOR[EUING BORIISOOR[BUUNY BORIISOOR[BUUNT BOBIISOOR[BUING BORIISOOR[EWING BORIISOOR[BUING sse[oqns
BOBIISOOR[RIN BOBIISOOR[BIN BOBIISOOR[BIN BOBIISOOB[BIN BORIISOOR[BI BOBIISOOB[B]N sse[)
BOOBISNI)) BI0BISNI)) BI0BISNI)) BIOBISNI)) BI0B)SNI)) BOOBISNI)) wnjAydgqng
epodoiyiry epodoxyry epodoyry epodoiyury epodoayury epodoyury wnAyq
BOZEJOIN BOZBION BOZBIDIN BOZEBJOIN BOZEJOIN BOZEBJOIN wop3ury|
BloAIBNg eloA1eynyg eloA1BNnyg ejokreynyg BloAIBNg eloAreyng  wopSunpadng
sndap213uoj snandvg UOpOUOU SNOVUDJ  SD3I3 SNUIDADIOPNAS]  SHpIdps Sapooulp)) — SIDJNIL2GNILL] SNUNJAO] p]jAog MLELMEU e

SOMETEM] MEMTTUCBELUBMIAZLEUIL SLUM] LT WL LERBECR IoquImu UoIssaode
Pl ¥ e <= 3 A N
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3.4.3 manlSanamiSuety Cytb waz 16S rRNA

mstiinSanaauedy Cyb 876 polymerase chain reaction c?anw“luwaaﬂﬂgjﬂ?m 50 LI
szneudae 10xHigh Fidelity PCR buffer 5 LLI, 25 mM MgCl, 5 LI, 2.5 mM dNTP mix 4 LI,
primer( SS1,SS11) 2 LUl , High Fidelity PCR Enzyme Mix (Fermentus Life Sciences, USA) 0.5 LLL,

Total DNA 4 |1 t1az H,0 27.5 L1 Tagd] thermal cycling condition #dsie l1/iiAe

Initial denaturation 94°C 1 min
Denaturation 94°C 20 sec
Annealing 52°C 30 sec 35 cycles
Elongation 68°C 2 min
itag  Final elongation 63°C 10 min

' { @ :zl A a <
#a1/51n9 3114 PCR product vuaszuna 1,700 bp (3101 1) auiudunulsmadiouedy

4
=

9 [
Cytb MnfAreenananua (11 Yidien 181 waz1fine) Wo 14 PCR product ndrvair lilisqns
(purification) Taely QIAquick PCR Purification Kit (QITAGEN, Mannheim, Germany) @1UA U1
aov Y A d‘oa Q‘{ﬁl [l a do v Aa A s A w Yy a
YOIUTHNANAA PCR product Nwsgniudrazaslifimsizidvuiinndle lnanuisnlduims
3 I 4 o v A
i MACROGEN Inc. (Korea) lagasausnly ss1 iu sequencing primer iie'ldnadiduiiangle
d Y K 0o o0 w A = g 1 a 9 . .
Inddauusnuar Juhdraviinalo Inadiuvesyuaazsiau l4eenuDy sequencing  primer
Y 4 9 1 9
Seuae 11 v SSIFT waz iU NHaUILAUTY PCR product HFaTudmdu Cyb doseenuuulng
¢ 2 a o v A a s v A
103 2 FuAo SSIF1 uay SSIF2 (S1euiang le Inauaas 1 luasei 2)
A a a g =\ 9 4 Aaaa A ~ 1
msnlSnaReuedy 165 rRNA IFeensznovvecilfnseurilounsal Cyb e Iws

I YA £~ . .. v dal
o3 N19Ae SS20 1Ay SS19 44l thermal cycling condition Adae 11T

Initial denaturation 94°C 1 min
Denaturation 94°C 20 sec
Annealing 50°C 30 sec 35 cycles
Elongation 68°C 1.45 min
itag  Final elongation 63°C 10 min

Y 1
1 a

v Y
#a1/51n5 3118 PCR product vialszanar 1,800 bp (A9 13) daiudald lnswesqmy

G
P

Y
YSinadiduedu 165 rRNA 1101)f10019%anua wagtii PCR  product 1l 1% uSgnsiieds
51z areuiiang 1o InanusEn1¥u5ns (MACROGEN Inc., Korea) Hazias1zWa1d1iina lo
Indnaeaais PCR product Tasld walking primer (BS20F1, BS20F2 1@ BS20F3) (Milounsaiow

Cytb



3.4.4 MANUINUAIBUEY Cyrb 1az 168 rRNA ¥o31ih
A Y v o ' Y 1Y g a 4 v o Jda
13028 1a5IN3398a9199192 191 81301 outgroup  TumsaTIzHANNTUNUTIF
Aav [ qu/ A a <]
IMUINT (phylogenetic relationship) fuiudsdeuniudsunafnuetu Cythb uag 16S rRNA EUBQ“]QJJ
o o A a <] 4 :
8w 10 @3 TumsmndSunadnuevestilald lnswes ss1 waz ss10 Fewenuuvan
< {1 A a < aaa
Yoyandue iy (Porwnus tritiberculatus) Mamnysanadnuelfi luvasal§asen 5o L

= J [ = o = 12 . .. 1 dyd
eendsznou rwAeInunsdivesynzia uall thermal cycling condition Ao l1/iife

Initial denaturation 94°C 1 min
Denaturation 94°C 20 sec
Annealing 50°C 30 sec 35 cycles
Elongation 63°C 4 min
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S. serrata S. transquebarica S. paramamosain S. olivacea
1.Frontal lobe spines
- shape
- height blunt point blunted Triangular Rounded
high moderate Moclerate Cy high low
2. Cheliped
- carpus spines both obvious both obvious inner absent inner absent
outer reduced outer reduced
- propodus obvious IAUFA obvious IAUTA obvious IAUTA Reduced ang 1l
spine
3. Morphometric
130
morphological
ratio
(1) ICS/OCS 0.94 0.98 0.35 0.006
(2) FMSH/FW 0.061 0.43 0.058 0.029
(3) FW/ICW 0.371 0.412 0.377 0.415
FMSH = Frontal median spine height FW = Frontal width ICS = Inner carpus spine
ICW = Inner carapace width OCS = Outer carpus spine
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CVAl = (2.577)(FMSH) + (0.835)(DFMS) + (0.161)(ECW) + (-0.296)(RCL) + (0.109)(RDL) +
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Function
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4.4 MmaminSinafd ez uSIMEY Cyrb naz 16S rRNA vaanzianazifin
A 9 4 1 A a a g ~ [ (]
weld lnswes sS1 uaz $S11 wasingn dwnsoiulsmaRnuedy Cyb ¥091)A10819
18§52 Tae'ld PCR product vl 1,700 bp daumsiind3unafduevosdu 165 rRNA
1814 Inswes $520 naz $S19 wasng 114 PCR product Huunallszana 1,900 bp A
primer 71 1¥lumsiiulSinadiduenina Gy uag 165 rRNA wanaluzilil 12 uag PCR product i

18970 Iwsiwed SS1-SS11 tag $519-8520 uaas13lugii 13

Ss1 SSIF1 SS1F2 SS11
-> -> -> «

ND6 Cytb sl  NDI |

o v A

510 12 urudaaaInsdnsziaIauiiong le InAues PCR product A180nms 19 wswed ssi
naz ssi1 Fududruvesdrduiiinalo'ndvesdu cyb  d 15 SSIFI 1aZSSF2

sequencing primer

(v)

319 13 1@Ag PCR product Y038 Cyrb (1) ffiuSandae SS1-SS11 uaz 165 RNA (V) Tty

151191818 $S20-SS19

[ = 9 A a A g 9] 4 A a

daunsaivesn)ih mamulSuaddue Tagld Inswes ss1 uag sS10 aunsamulSuw
< [l -4 ]

Ao uie'l4 PCR product ¥11@1)5018 4.0 kb waz 143 unspecific band Us1ngIunailsznmisla uag

Y I . . Y 3 9 2R o Aa a do v ad
a30ld sS1 uay $S10 11U sequencing primer 1@M9a03919 eduiUMIAATITHAOWUADUID

Y ' Y

U84 PCR product 19 H- 11a¥ L-strand A28A13000UUY walking primer dUATEHINIA0IA0IN

E4 H
U559U0gATINAIFU PCR product #aved PCR product teraa 13dagali 14
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51 14 uaas PCR product Taold lwsiwes ss1 uaz $810 veafih

_Y

4.4.1 84 Cytb

0o ¥ Ay v a do o a A sy ¥ ¢ o

Wdoyan ldnnmsinngidrauiang lo Inan lann Inswesisam (SS1, SSIFI way

1 % % @ I .
SS1F2) wpynziauazyduaazaa (ngia 74 @2 wazalin 10 42) narailu contig sequence Ae
[ 3 =KX o o 1 G =) = (% o 1 G
T1/5unsy CAP3 Hasnniudshvuad wvisuesou Cyb Taemslssuneounudrnusvesauluy
< § 1
"l:uTmﬂaum%ﬁmmammﬂ,ﬁ'mjﬂu (Portunus  trituberculatus) LLﬁz‘llfN‘]J. Pseudocarcinus  gigas
o 3 =KX o = 091‘ 9 = 1w a
NAIINUUIIMHUAVUIAYDIBY Cyrb VDI NStauaz)in nagwunNANVEY MIAD 1,135 U
4
1nalelna
o 1 a s & .

Bu cyrp vee1ld Y11 Yidien i wazy)dh ianwenn 1,135 Had Te'lna Fail variable

o ! . . . . 9 4 { 4 A J
site 344 ALK UN LD parsimony informative site 332 AU (msnﬁ 14) Wenvsanesnlseneu

.. = Y I 1 A v .. . A
1 (base composition) (9115190 13) gaaalmAunlanyae composition biases VDI G AD
I 3 4 o i
wosisua G Tuidr = 14.27 % Tuafidier =13.77 %, Yu19=12.69 % 1Jv11 = 12.88 % uag i =
A 9 = 1 & o
14.27% Tagnasuddlulnziaazil A+T content (66.83%) W11 G+C content (33.18%) HIANHUE
2

composition biases Tuau Cytbh "UEN‘]JIN?J‘m ( blue swimming crab- Calinectes bellicosus) (Pfeiler et

1 9 E4
al., 2005) uaza1lunqu bitoidea (Tang et al., 2005) FINsavIswUTNUNEIU I guAInpA L

G Tudum1an 3 (third position) YOITHANUFATIN



M319N 13 UAAIANTHVO base composition YOITU Cyrb 1INGIVENY 5 NG

Base composition Nuclotide bias
A C G T A df =3 P
Black 25.55 22.95 14.27 37.24 10.777 0.01 <P <0.05
Green 27.90 18.84 13.77 39.49 15.294 0.001 <P <0.01
Violet 27.93 18.25 12.69 41.13 18.633 P <0.001
White 28.01 19.06 12.88 40.06 16.724 P <0.001
P. pelagicus 26.03 21.31 14.27 38.39 12.358 0.001 <P<0.01

4 ) o v A J . @ @ 4
iioihdeyadwuiiang 1e Ina (nucleotide sequence) vou1|nzia 74 dauazifdh 10 @7 e 14
S a s . . = ' .
111U outgroup 1131w 512H nucleotide divergence (M131NN 15) Waﬂﬁﬂ;]ﬂ average nucleotide
divergence  mglusiiavesifnzia 4 wiiauazi)inogszniie 0.0012 09 0.0080 LATEHINFHATIAT
' =2 & 2 Y . . ' 1 a o 2 o
3E1319.0.1099 D9 0.1981 H9% 1WA U genetic divergence 3¥M I uAazyila U801 11 1)
= 1 a | a . = oA = = Y =
917 Yiiied azafuae Heanrzanuiluwiia (species)  Fansdisuiivznliouiionlanunsdives
. . : [~ . 1A
Western Atlantic shrimp (Farfantepenaeus spp.) (morphotype II) FanedadInilu F. subtilis uatile
Usz1mA1 genetic divergence Tnso1Aedoyaa1n 165 rRNA 08531319 0.04-0.06 tilon)3suiiiouny
siialndifesdio £ subtilis, F. paulensis WY F. notialis FIWNAN genetic divergence Mol
4
1T v W ' ] IS
morphotype II D4 11— 55 1111 #4194 Maggione e al. (2001) 34t&¥U©I1 morphotype I 11921
. . . 1 Y Y . 1 oa Yy A A
reproductively isolatd species UANANUANIANINY F. subtilis mﬂmwuﬂ“lﬂammaw] n3elu
¢ g a 1 : 4 . 1
n3dlve3Y Charybdis FuiluauFnngunilaluied Portunidae  Chu et al,. (1999) 14518911711
Chinese charybdis 4 ¥UA 7O Charybdis affinis ae C. japonica 1M genetic divergence H19910
1 § o o v A J
C. acuta Waz C. firiatus 35H3N 11.5-14.4 % tilomuianindiauiiing 1e'Ing 465 bp meludu cor
J daldy Y A . . 1 a a1 1 a A =l = @
A1l3zanuta1ifiuIIn genetic dicergence 5zMINFUALAIGITEUINFUA thonfTeuneuny
4
1 a v W o 1 1< .
adsznamaneluyiia daiu a1 Yv1a Yiied uazifuae arseslian1izdly reproductively

. - = g . .
isolated species Falanvuiu conspecific species



15197 14 LEAIR KU polymorphic site YDITU Cytb

1111111 1111111111 1111111111 1111111222 2222222222
11112222 3344444555 6667777888 9990001111 1222233334 4444555666 7778899000 1112223334
4823581237 0623458158 0390258147 0395891247 8037925891 2478049258 1473428147 0392581470

BBO1 Cytb
BBO2 Cytb
BB03_Cytb
BBOS_Cytb
BB14 Cytb
BB20 Cytb
RB65_Cytb
RB68 Cytb
RB69_Cytb
RB71 Cytb
RB8O Cytb
RB83 Cytb
SB05 Cytb
SB08 Cytb
SB11 Cytb
SB12 Cytb
SB14 Cytb
TB35 Cytb
TB40 Cytb
TB43 Cytb
TB44 Cytb
TB47_Cytb
TB49 Cytb
RGO6 Cytb
RGO7 Cytb
RG10 Cytb
RG15 Cytb
RG16_Cytb
RG17 Cytb
RG20 Cytb
RG21 Cytb
RG22 Cytb
RG23 Cytb
RG24 Cytb
RG25 Cytb
RG33 Cytb
RG34_Cytb
RG37 Cytb
RG38 Cytb
RWO7 Cytb
RVO1 Cytb
RV02 Cytb
RV11 Cytb
RV12 Cytb
RV13 Cytb
V02 Cytb
TV03_Cytb
TV04 Cytb
TVO5 Cytb
V06 Cytb
RV27 Cytb
RV28 Cytb
RV29 Cytb
RV31 Cytb
TV09 Cytb
TV13 Cytb
RWO3 Cytb
RWO4 Cytb
RWO8_Cytb
RWO9 Cytb
SW02_Cytb
SW03 Cytb
SW04 Cytb
SWO5_Cytb
SW06_Cytb
SW08 Cytb
TW22_Cytb
TW34_Cytb
TW38 Cytb
TW44 Cytb
THW53 Cytb
RW14 Cytb
RW18 Cytb
TW54_Cytb
PPO1 Cytb
PP02_Cytb
PP03_Cytb
PP04 Cytb
PPO5_Cytb
PP06_Cytb
PP07 Cytb
PP08 Cytb
PP09_Cytb
PP10_Cytb

ACCAAAACTC CCTGTTCCTA TTTCTCACTT TTCATCGCAG TATGTTACGC AAACACTACC TTTTTCAATT TCTATCCATT

GTT. ..

AT . T G...C.
GTT....A.T . T G...C.
GTT....A.T . . T . G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.ATA..T T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC T.AT...T .T.T TTT..TG.TT G...C.
GTT....A.T TT....TTC. .CC.AT.TC. ..T.ATA..T ..... C.T.T TTT..TG.TT G...C. .
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T .LC.T.T. . oels TA..C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T .C.T.T.. ..... TA..C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TAT.T .GC.T.T .TCT.TA..T ...C.T.T.. ..... TA..C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T ...C.T.T.. ..TA..C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T ...C.T.T.. ..TA..C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T .GC.T.T .TCT.TA..T ...C.T.T.. .C
.TTCT..AC. TT....TTC. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T ...C.T.T.. . .C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T ...C.T.T.. ..TA..C
.TTCT..AC. TT..G.TT.. ..C..T.T.. CCT..TA..T .GC.T.T .TCT.TA..T ...C.T.T.. .C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T ...C.T.T.. .C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T ...C.T.T.. .C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T .GC.T.T .TCT.TA..T ...C.T.T.. .C
.TTCT..AC. TT....TTC. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T ...C.T.T.. .C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T .C.T.T.. .C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T .C.T.T.. .C
.TTCT..AC. TT....TT.. ..C..T.T.. CCT..TA..T ....GC.T.T .TCT.TA..T ...C.T.T.. ..C
.TTCT..G.T T.C..ATT. ....T.T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C..ATT. c. . T.T.. WCT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C..ATT. «...T.T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C..ATT. ....T.T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C..ATT. .T.T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C..ATT. «...T.T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C..ATT. ... T.T.. LCT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C..ATT.. ..... T.T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C..ATT.. ..... T.T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C. .T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C. .T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C
.TTCT..G.T T.C. .T.. .CT...TT.T ..T.GTAG.T .C.C....A. CTC..TGGC
.TTCT..G.T T.C. .T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C. .T.. J.CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C. .T. CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C. .T. CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C. .T. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.TTCT..G.T T.C. .T.. .CT...T..T ..T.GTAG.T .C.C....A. CTC..TG.C.
.T..TGTC. T.CA..T. .T.A .CTT..TTGT .CT.T..T. ..CCC..T .TCGC.A..C
.T..TGTC. T.CA..T. .T.A .CTT..TTGT ..CT.T..T. ..CCC..T TCGC.A..C
..T..TGTC. T.CA..T. .T.A .CTT..TTGT .CT.T..T. ..CCC..T TC.C.A..C
..T..TGTC. T.CA..T. .T.A .CTT..TTGT .CT.T..T. ..CCC..T .TC.C.A..C
..T..TGTC. T.CA..T..G .T.A .CTTC.TT.T CTC...GT.. ..CT.T..T. ..CCC..T TC.C.A..C
..T..TGTC. T.CA..T..G .T.A .CTT..TTGT CTC...GT.. ..CT.T..T. ..CCC..T TC.C.A..C
..T..TGTC. T.CA..T..G .T.A .CTT..TTGT CTC...GT.. ..CT.T..T. ..CCC..T .TCGC.A..C
..T..TGTC. T.CA..T..G .T.A .CTTC.TTGT CTC...GT.. ..CT.T..T. ..CCC..T TC.C.A..C
..T..TGTC. T.CA..T..G A.GTAG.T.A .CTT..TTGT CTC...GT.. ..CT.T..T. ..CCC..T TC.C.A..C
.T..TGTC. T.CA..T..G A.GTAG.T.A .CTT..TTGT CTC...GT.. ..CT.T..T. ..CCC..T .TCGC.A..C




