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) AS AT 2 BOE e RIS A ZREPERRAR . I
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TR B EER L

LRIK DNA AER—Fh i A7 7 T A% AEY)
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B Gintis® AR AT LLRAE U R G DNA 4508
i, ThARAEOTE T 3 AN R IR A BRI CO T
SEPH P S HEAT LU AT, GIESE CO 13k 751 fE
o7 8 RS [ B A ) 11 358 4% 22 R s A% 404k
FREE o (HA/DHFST ¥ I R B R P AS 3 R R Bk
FT 1AL ZREVE AT 0 e B, sk 45 2 e R A
CO T H116S rRNA 741 T 16 4> =Ptk T (Portunus
trituberculatus)FEAS, 58 ZIRAH L 4 78 A0
SRS PSR CO THEN, & 1 AR SR A7 5 A
2 FEAAE Y 16S IRNA HEPK B B ARST, diEssms
AN EAF B AE rb E R S MR, 5,
MABFE TSI S5 T, BEAR IR CRAE Hb S Y
Vi) ) AL 0 1% 2 5 W B A3 A PR 45 % o X — i T
HIEN TAESEA W I

ARG AEF N TAE R RERE L, SR TR EW
WA RFSR 7 A8 R R A B AR R AR,
PR RLIR DNA, 201 5 LS BEIKE Y CO 1
M 16S tRNA FEH P, P4, TR EHA R AR A
FEUR 19 38245 Z2 R Bast A% ARk, B 20 A
AR SR A 11 33 BB B /N A A S R I OC
Fo DI B R AR o I 0 R 1 e B R i
WAL BT LIRS %

1 M#EFE

1.1 SEIE#e

KA EVR 7 NE R AR E AR, DR
AR R Hb 1) 243 0] ) B BRE 5 43 S P BT 3, it
LA W I/NRJEZS BFE, 505000 widt i
) WP TV = ) AN RS BTV ), BN R
RBEZSRFE, o500 G 5 0e) | 5 (L
ERHE) . RIBATTLEIMN . WEE T DM
RITM) BREARREA 1) BARCR A 05 . B LA
1 F1Z6 1o SREMIGERE M 52502, S AH B A
g, AP T-80 CukFa&H .
1.2 XBHE
1.2.1 EFEZE DNA RIS HEN 4554
FEAR P BEALIE L 30 SMA B AMARILZ 100 mg
JEFRWLIAL, YRR R T, IFIA 475 pL
2H A 3% 9% v (10 mmol/L Tris-Hel, pH 8.0;
50 mmol/L EDTA, pH 8.0), Ft/MREA1, FAKYIN

N E 9 10% K4 SDS H120 pg/mL & FEFK, 55 C
SU0 2 VB E, Y - A5 0 DDA 1R H
NanoDrop 77 /GG BTN E R & DNA 1R R4l
J, —80 CHAE# A,

N \\'2\" S
4000’0" % g
3500'0"
3000'0"
%5 o TWILE Y Huanghua
o VL= H Lianyungang
WiTL3 3% Jiashan
S iYL =[] Sanmen
WiTT-FH Pingyang
P ® 3@#/H ] Xiamen
® 7R Guangzhou
1 | |

115°0'0"

P A R (8 R A s
Fig. 1 Sampling sites of Exopalaemon carinicauda
population off the coast of China
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x1 HEGEBEEREANARBEEERL. RiEMS
Tab.1 Number of samples and sampling locations of
different populations of Exopalaemon carinicauda in China.

FEk RS s b 221/CB) 2B0/0N)

population sa;r;;éle location longitude latitude
Wit Zhebei 30 WiiTtEE 12092 30.84
#ith Zhezhong 30 W= 121.39 29.10
WiF§ Zhenan 30 WiTOFRH S 12078 27.32
¥ Bohai Sea 30 yde#EERE 117.33 0 38.41
#f} Huanghai Sea 30 LHRERW 119.17  34.60
HIE (AT 30 WimgeM 12139 29.10
East China Sea (Zhejiang)
K (R 30 gmE@jg] 11810 24.46
East China Sea (Fujian)
Wi South China Sea 30 SN 11356 22.85
122 ZHEEBRREVIE HREAFZRik

DNA 1% 16S rRNA F1 CO I 2 Bemy 5|9 )%
%% (rpie NRILHE E Z AR ) GBT35896-
2018, Hrr,

16S rRNA FE[H By 38 1 5 1 97 51 A
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AR: 5'-CGCCTGTTTATCAAAAACAT-3'
BR: 5-CCGGTCTGAACTCAGATCACG-3’

CO TN Fr Betf iy 5 | Wy e 51
L1490: 5-GGTCAACAAATCATAAAGATATTGG-3'
H2198: 5“TAAACTTCAGGGTGACCAAAAAATCA-3'

WX 51 434 LA T AR T AR A A R
CikEy'

PCR 2/ 20 pL JWAKZR: 10 pL 2xTaq Plus
Master Mix, [ T##514/4% 1 pL 514)(100 pmol/L),
R 2 pl, ddH,O #h % 20 L PCR W FEF: 95 C
M 5 min; 95 “C7PE 45 s, 48 ‘CiEk 30s, 72 C
FEAH 1 min, 35 PMEH; 72 CHEfH 5 min,

PCR ¥ 47255 1%30 g Wi R e mi K G0
FHEI AR R SR LRI R IE 5%

¥ PCR =Wkt BigA: TAY TR AR
oEl, AT
123 BFEANKMNGEEERZESITSH  FH
BioEdit A5 14 51 Witk 17 4w 4R IF 4 LA
TH#A#, M ClustalX B{FZE LG, B5UIT04
R B L LX) DNA 5915 A MEGA7.0!"!
AL P 9 BB 4L A, . P AIERAE | A3t
A5 S e, J17F Kimura’s 2-parameter Z%{
B AN R AR ] 9 35t A% BE 25 . DNASPS.0
AR ARG RR DNA BYRf5RL . AR
RIZFEE(H) ., P TRZEFEK) . ZITRZ
AHEP)FBESE . KA Arlequin3.1 K41
3T ST 7 B (AMOVA) A B B ) 33t 44 43
fb & B (F-statistics, Fg), & B i (Nm) H 2 =X
Nm=1-Fy4F A5

2 HERE5HH

2.1 BEANKHNEERERFSISH

SCE SRR T 7 AN R R R AR AR 4
JERZH DNA -5 2 %5144 PCR ¥ i85, 4%
]BENT 7 AH R AT AR DNA EH ¥
G F B ik BLAST 4387 oA, #iArds i Booy
2 16S rRNA Fl CO T 3 K Bt . B4t Clutal X
FJEHERE, 5317 515 bp A CO T HBtFl 520 bp
[ 16S rRNA F B, FI ] MEGA7.0 1443 it &
BB 16S rRNA F1 CO T BN, 45 R W% 2,

T2 TABEEANEEEMEA COI016S rRNA EE
FEEImMEAR L E

Tab.2 Comparisons of the base composition of CO I and
16S rRNA gene fragment sequences among seven wild
populations of Exopalaemon carinicauda in China

%

H PRI

REHAR IR

ile;it;i population T ¢ A ¢ AT
Wit 315 221 271 193 58.6
Zhebei
W 31,5 221 271 193 58.6
Zhezhong
Wird 31.6 221 271 192 58.7
Zhenan
FHE 31.53 22.10 27.10 19.27  58.63
average value
b DA 314 221 273 192 58.7
Bohai Sea

ol ik 31.5 221 272 192 58.7

Huanghai Sea

IR (L) 31.5 22,1 27.1 193 58.6
East China Sea

(Zhejiang)

FWp(maE) 315 221 271 193 586
East China Sea

(Fujian)
[EaREs 31.6 221 27.1 193 58.7
South China
Sea
SEIH 31.51 22.10 27.16 19.26  58.66
average value
Wit 328 207 293 172 621
Zhebei
Wirp 329 20.7 293 17.1 62.2
Zhezhong
WirE 32.8 209 290 173 61.8
Zhenan
FHE 32.83 20.77 29.20 17.20  62.03
average value
it 329 207 29.1 173 62.0
Bohai Sea

16S rRNA i 32.8 208 29.1 173 61.9

Huanghai Sea

AR CHTIL) 329 207 293 17.1 62.2
East China Sea

(Zhejiang)

IR (R ) 329 208 29.1 17.2 62.0
East China Sea

(Fujian)

i 32.8 208 292 172 62.0
South China Sea

FHME 32.86 20.76 29.16 17.22  62.02

average value
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ERAE, B R R AR B) A5 Fh o 58 1 &
AR, Hp, COTHEIK 4 FhagE T,
C. A. G IWFHETETHAF 31.51%. 21.10%.
27.14%. 19.26%, HHH) A+T (58.65%) % & HA ik
T C+G (41.35%); 1M 16S rRNA J:HH T, C,
A, GFE &N 32.86% . 20.76% . 29.16% .
17.22%, Hrf A+T FimikE] 62.02% . B4 3E 4R
T BRI D G W

FLER 2 2SR FIREAR: /NREEJPFI) CO 1
FE IR B B 2 A, T b RN R R AR 2 ] 5 4 —
B, WrFEAR LRI AR T ™ 1%, G 1K 1%, &
A+T TR 1% KRREFHIH) CO T KK i
A EES, FTEREAMTHEREL, ¥
FEAR T SR, A R, Mg, /D
RS 16S rRNA FE A (K ms L4 i, @7 Ak
AW T tewrdb Fd s & e 1%, m#dtsy G

AT R AR, FERRUEF SRS 16S rRNA FE[H
MBS 2 AN L, il . AR GHTIL) . R (R
VAT T S E N 32.9%, 7556, ZRifE(HT
TOFEATRY A F s im AN 29.3%, 1 G & &t ik
K 17.1%, Bz, BHEEAYFA 16S rRNA J& K A B
1AL, T UL A+T S TH CO T &M,
22 BEANHEGEESHEESHT

FIFH DNAsp7.0 T15 H 455 IR A B B
kit te ZHEMS 5L 3,
221 ETFCOIERRFISH LK COTHENA
FPA KB, TR R R A R AR () A7 —
AL 2286 . 78 CO 1 JLHPHIH, LRz 63
MBSO T 7 MR AR co 1 7o 3
FE 43 RS SRR S A I R R i 2
(12 Ffr), TR 3 A5 i SR A B 2 (5 F)

MNP S, 3 AW L0 1 9 B2 R A

®3 ETFCOIFI16S rRNA EFFERHEBEEBQYN 7 MK EESHESHILR

Tab.3 Comparisons of genetic diversity parameters among seven populations of Exopalaemon carinicauda
based on CO I and 16S rRNA gene fragment sequences

TR S K AT RR 2 R F8 5 Pi

; - [ 7l 22 R o b
I REHA e THORERIEHD oy e p LAY
ene onulation haplotype number haplotype olvmorphic loci  2Verage number of nucleotide diversity
g pop plotyp diversity pofymorp nucleotide differences index
Wit Zhebei 8 0.687 10 2.694 0.00431
With Zhezhong 10 0.761 13 3.103 0.00477
Wi Zhenan 7 0.726 10 2.959 0.00455
1 Bohai Sea 6 0.516 9 1.358 0.00220
#51f} Huanghai Sea 12 0.809 14 3.352 0.00497
COo1l 7RI (W) 10 0.761 13 3.103 0.00477
East China Sea
(Zhejiang)
FRGICEYES) 6 0.506 9 1.224 0.00185
East China Sea (Fujian)
2R 5 0.353 8 0.906 0.00140
South China Sea
Wit Zhebei 6 0.508 7 1.163 0.00177
With Zhezhong 8 0.717 10 2.586 0.00364
WiF§ Zhenan 6 0.514 8 1.169 0.00234
#1; Bohai Sea 5 0.348 7 0.877 0.00143
% {#F Huanghai Sea 9 0.801 11 2.944 0.00403
16S rRNA - %15 (W7 IT) 8 0.717 10 2.586 0.00364
East China Sea
(Zhejiang)
FRGEICEYES) 4 0.327 5 0.669 0.00133
East China Sea (Fujian)
2R 3 0.265 4 0.574 0.00102

South China Sea
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&1 HA K A1 Pi Y22 5538 53518 0.687~0.761 .
2.694~3.103 F1 0.00431~0.00477., Hd 1 Pi (& JH €
W ERAS AL 2R R E DY, 3 Rk %R
B TR s s Al 2R, bW s, AR
MEAEHTIL . HeAh, Wi REA I R R A 10
A ZBNLEE(PYVE 134, 1E 3 AR R
2. NKREFIE, NS AR X E R
FERFEAAR Y Hd K A1 Pi 9 7R 573 L4390 ok 0.353~
0.809. 0.906~3.352 F1 0.00140~0.00497, #ifF#E
s e Z A iy, M ARk A ki A
2N S E(P) WS I iR, RIBIRZ, T
WiAKe 0T 7 NEEURRY Hd F0 P E R B, BRT
B AL, HABE AR AR A <K Pi(<0.005) 7 Hd
(>0.5)"3M %, i Hd (% PRyt L Z AR
222 ETF 168 RNA EEFF S M 16S
rRNA SHFAE, FEH R AR A B b
FETEAL 2500 (3 2) 76 16S rRNA KL 751 h, 2k
K g 41 ANASSFA . 22T 7 ME R AEFEMA CO T
JEA LB 30 A AL, B AR 3 AT ) A
R 22(9 Fl), BRI S0 0 BAS Ba5e /0 (3 Fi .

MNREEFSIE, 3 AR Hd. K Fil Pi AR
AEFE 43504 0.508~0.717 ,1.163~2.586 £ 0.00140~
0.00364, fAiEmMBfE 2.5 CO T4 —5L,
Wirbdsem . Wb e DA BB RN 22 A0 A
B(PE, Wi . Witk WRREF S
A, AW AE R AR AR Hd, K FPi 284k
43514 0.265~0.821.0.574~2.944 i1 0.00102~
0.00403, fn b 5 BUE i F 2 507 S 5(P), fiefs
5 CO T 2SR BERHAN S L ZFE i,
B A . A3, A 16S rRNA (143 #45 SR AT
RFAIXF ) CO T{E(FE 2).

R4 Hd #1 Pi i, A CO 1 7kl LIEFR
R AR 13815 2R KB R 3 1Y B
R (T VL), il AR M (RR & b, R
AR, T 16S rRNA J7 ¥ RECA BB UMY : BT
FUARHE ATV LA R, TN | 2RV (R ) P TR AT
2.3 BHEKEMBEES LS
231 ETFCO1ERRFTISH HT COTHRRK
JFHI) AMOVA 7T RIL%E 4. NFHE,
A R A 0 a8 A% AR S AR N AR 5 o 32 5,

RN AR S E 080 95.92%, FEARIA] A28 S48
H 4.08%. B B IR AR ] (14 35t A% FE 28 i 1
BB WK S K 6, INEFIIRGEE S), #
AU A R AR ] 19 38 A% R S AR/ R 0.193, Wi
S5Wirg R Z A 0.204, 1ML 5 Wi E & okl
0.223, WRREFINE (£ 6), REGEHEA MY
(i) P B, A I A st A I B SRR R . BT LA i
FRE I RER 2 8] AL B B B kR 0311, Hk 2
T 5 g Vi R (R A R W 1 5 R Vg (A 2 B AR ],
Wi A IR #AE 029 DL by /R
(R SRl BE IR Z [ AL IR 5, [N 0.228.
ANTEATE He /N RUBE e 371 v ) e KA B R — o

F4 BFEABRTAMEHEHEEN CO1IERM
DFERERSH

Tab. 4 Rank analysis of molecular variation in the CO I
gene among seven populations of Exopalaemon carinicauda

BRI [ T R4S ESES%
source of  degrees of sumof variance  percentage of
variation freedom  squares components  variation

BEA ] 4 64.254  0.09882 4.08

among

population

2N 205 1276.617  5.57827 95.92

within

population

x5 EFCOIMNRERINEREQIREHEK
Kumara2-parameter i % 25 58

Tab.5 CO I-based Kumara2-parameter genetic distances
for small-scale sequential populations of Exopalaemon

carinicauda
HEURR I il e i
population Zhebei Zhezhong Zhenan
Wit Zhebei 0
Wi Zhezhong 0.193 0
WiF§ Zhenan 0.223 0.204 0

HTF CO T FEEMAFE R EFREAR ] st
Ao BT S W3 7 3k 8. WIRREIRI] Fy (H
TR Es R woR, IREE R A AR ] A 5 AL
1 ZBE 0.08724~0.47328 Z[A] o /N B
Wi 5 W0 AR 2 8] LR R S R AR 2 ]
AT A% 73 Ak R B0 0.08724 F 0.09272
(E7), #/0hT 0.1, TERNEFH] EGEE ), 40k
BB T oA I B 25 8, I s o 1k R 3k
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R o B R(E B i SR i R 22 8], 4r Ak
RECH 0.47328, H/MERTAEEE) SRR

6], LML R BN 0.12813, /R BEEE S Hh
b5 W 8] 17046 R E0(0.16411)i8E2 /N

Fo6 ETFCOIMARERIEREBMEK Kumara2-parameter 1= 55 5
Tab. 6 CO I-based Kumara2-parameter genetic distances for large-scale sequential populations of Exopalaemon carinicauda

BRI it it AR (HTIL) AR (TR ) it
population Bohai Sea  Huanghai Sea East China Sea (Zhejiang) East China Sea (Fujian) South China Sea

#1F Bohai Sea 0

B} Huanghai Sea 0.252 0

IR (IR IT) 0.279 0.235 0

East China Sea (Zhejiang)

IR (R ) 0.298 0.268 0.233 0

East China Sea (Fujian)

Fgif} South China Sea 0.311 0.290 0.261 0.228 0

x7 NMNREFFIEEBIEMEE COIERBEIUR

BIARALZT)MERRE) LR
Tab.7 Comparisons of genetic differentiation coefficients
(below diagonal) and gene flows (above) of CO I genes
among 3 small-scale populations in Exopalaemon
carinicauda Zhejiang

BEMK B population #7dt Zhebei #i Zhezhong #iF§ Zhenan

Wit Zhebei 0 2.446 1.273
Wi Zhezhong 0.08724" 0 2.616
Wimd Zhenan 0.16411" 0.09272" 0

T * R 2% 5 L (P<0.05); **37R 2% F) i 3 (P<0.01).
Note: * means significant difference (P<0.05); ** means extremely
significant difference (P<0.01).

2.3.2 ETF 16S rRNA EFEF S T 16S

rRNA JEHFH ) AMOVA 43 Hras 3R L3 9, 36 [H
N = LN RN I NS s N e s o
7.24%FH1 92.76%. BEARMNBBEET TS, 5
CO T ML —3 . A I URER AR ] At e BE S A
AR ILE 10 f1k 11, DIRERS L 3 4R
A [B]  3 A% B B JE R B2, #E 0.134~0.157 Z[H]
(F 11)o Hor, wirdv i b m) fe/0s, Wik 5 Wird e
Ko FERNERFF) EGEE 1), BB F co 1L, [H
FE R B AE AR 1) 243 [ 5 B R Azs , KXo 7 1) 35 £ 1
B BT LA R R VR AR 2 (] 1) 5t A% B S o
KH 0.246,

®8 KREFIEEBWEEE COIEFEEAMURBGIRET)MERR(L)LE

Tab. 8 Comparisons of genetic differentiation coefficients (below diagonal) and gene flows (above) of CO I
genes among S large-scale sequence populations Exopalaemon carinicauda in China

FEAR U i B IR (W) RIGE(Hi ) 2423
population Bohai Sea Huanghai Sea East China Sea (Zhejiang) East China Sea (Fujian) South China Sea
i Bohai Sea 0 0.696 0.355 0.304 0.278
#7fF Huanghai sea 0.26421" 0 0.879 0.436 0.314
7R (Wi {T)East China Sea (Zhejiang)  0.41328" 0.22142" 0 0.919 0.536
7R (ffi 4 )East China Sea (Fujian) 0.45143" 0.36428" 0.21380" 0 1.701
R South China Sea 0.47328" 0.44328" 0.31821" 0.12813" 0

FE: * 38 25 57 .35 (P<0.05); ** 3R 22 5 .35 (P<0.01).

Note: * means significant difference (P<0.05); ** means extremely significant difference (P<0.01).

FF 16S rRNA KL AR TEH R AR 7]
(B AL AL AT e R LR 12 N3k 13, PP REIA
Z I8 3B AE 43 A TE 0.02787~0.26781., M/INRLJE
I, 3 HEARREI AL A, S0 ik RECER
INTF 0.1 (58 12)0 NKRIEFINE R 13), KUT

CO 1, HERIA]IY 434k 2R 505 R A 11 [ B B k0
Fb, i 5 R I R A IR] A A e Ak R B K R
0.26781, MF& 13 HikBREFEH, A 3 HEFHIBS R
MWL ARG S ARIGmE . RIGHES5EE)
BEAAR (8] 19 382 1% 01k R BB AR /N BLAR B, 30
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RIAI B AE A R S, R4, i co 1 5
16S rRNA AHXF N (ME, & 35 105t 1% B 25 Fls 4%
b R BCERE AR N—2E

®9 BEAITAEMEE 16S rRNA EFH)
DTFERERST
Tab. 9 Rank analysis of molecular variation in the 16S
rRNA gene among seven populations of Exopalaemon carinicauda

KU AmE FHM TERAS EREN%
source of  degrees of  sum of variance  percentage of
variation freedom squares  components variation

iV Nz 12 108.854 0.02787 7.24

among

population

BEIR Y 196 854.277 3.54798 92.76

within

population

® 10 ETF 16S rRNA HI/NREFFIERE BN
3N BHAREIERERS
Tab. 10 16S rRNA-based Kumara2-parameter genetic

distances for small-scale sequential populations of
Exopalaemon carinicauda

BEAK IR population #7dt Zhebei #firh Zhezhong #iF§ Zhenan
Wit Zhebei 0
Wik Zhezhong 0.134 0
WiF Zhenan 0.157 0.140 0

® 11 ETF16SrRNAWKREFIIEREBT
5 A BHKEYIRERE R

Tab. 11 16S rRNA-based Kumara2-parameter genetic

distances for large-scale sequential populations of

Exopalaemon carinicauda
oot AR R

FRIECCRAN
A (H L) East China South

Sea China
(Fujian) Sea

Bohai Huanghai East China Sea
Sea Sea (Zhengjiang)

MR IR

population

IR 0

Bohai Sea

g5 0.185 0

Huanghai

Sea

RiGEHIL) 0219 0.171 0

East China

Sea

(Zhejiang)

RKiF(fEa) 0239 0.191 0.165 0

East China
Sea

(Fujian)
v 0.246  0.222 0.183 0.156 0

South China
Sea

x 12 INREFFIEEE 16S rRNA EEEE SR
RE&TMERRL) KR
Tab. 12 Comparisons of genetic differentiation coefficients
(below diagonal) and gene flows (above) of CO I genes
among 3 small-scale populations of Exopalaemon
carinicauda in Zhejiang

FER K IR population  #idb Zhebei #7 Zhezhong #iF§ Zhenan

Wit Zhebei 0 8.720 2.609
Wi Zhezhong 0.02787 0 8.023
WiF Zhenan 0.08745" 0.03022 0

T R 25 5 B3 (P<0.05); **R 25 F 4l i 3 (P<0.01).
Note: * means significant difference (P<0.05); ** means significant
difference (P<0.01).

3 itig

R IR AR DNA 37504 B 8 1Y
(A+T)BFEw P, CO T A1 16S rRNA A 751 Bt
Sy BT AL R R AR B 45 R . X 5 BOR K I
(Neocaridina palmata)[ls]\ B HT KR (Neocaridina
denticulate)!" " F B A 78 #F (Macrobrachium nippo-
nense)!' VA PSRN RR DNA 23 Hr4s FAM—
B, RABEBIR D G ARG TTEHES YL
Fifk DNA 1 Hhfi AT & s i,

31 HEHFEATMEE S FE

AL ZREVE IR AR YR N R L S R, ]
LS ey Aol A SR SHE AR 1 15 ) /N D Rk B 45
ARARIE 1 i a5 U b Hd A0 PR R
PR L ZREME RIS S50, 4T Hd A Py,
RIS T 0.5 Fil 0.005 14 B B2 AR (E
R AR RHAE T % Hd X Piviv s (4 24
PSR, B HA>0.5 A1 Pi<0.005, Tk [V i 4
B VIR AE R AL i R v ] RE 28 D i ISR, SRS
FH— AN/ A 8RR et e B Pt 1 P,
WA R AR B SRR W B, (BT IR AL 5+
ARTRR . & Hd AR Pi G AE KA AW AU L,
W F5 0 [ ER (Exopalaemon modestus)* . 4T %% HF
(Cherax quadricarinatus)™, B ATBEF(Macrobrachium
nipponense)! VEERA MBI L . Rid, A#F5EH
A VR AR 9 515 Z AR PR IR B Ik Hd Ik P
2, XA RER R R IR 32 B PR B I R 5
ARSI, 5 LA AR ) 66 A1 O s e /b 1 4

WeAh, LEF—FEUR, BAHAIEIREY mtDNA
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R 13 KREF5IEKE 16S rRNA EREES U EHGIALZ T MERR(L)LER

Tab. 13 Comparisons of genetic differentiation coefficients (below diagonal) and gene flows (above) of CO I
genes among S large-scale sequence populations of Exopalaemon carinicauda in China

R i B 7RI (W) ARG (Hi ) [E2his3
population Bohai Sea  Huanghai Sea East China Sea (Zhejiang) East China Sea (Fujian) South China Sea
#0116 Bohai Sea 0 0.997 0.864 0.775 0.683
# 1 Huanghai Sea 0.20045" 0 2.136 1.261 0.813
7R (Wi 7T )East China Sea (Zhejiang) 0.22422™ 0.10478" 0 2.389 1.077
7R (i 7 )East China Sea (Fujian) 0.24378" 0.16549" 0.09474™ 0 1.930
R South China Sea 0.26781" 0.23514" 0.18835" 0.11467" 0

R 22 508 35 (P<0.05); **7R 22 57 4% {3 (P<0.01).

Note: * means significant difference (P<0.05); ** means significant difference (P<0.01).

JPIIE] Hd H1 Pi EL(EER R, RBIBERIY S IE 2
REvER T AR5, CO T/ 16S rRNA FEPH
A3 AT R T AR 3R AR R R (AR G A 2 AP
2 FRIE—3 . H)E, M T 16S rRNA, CO 1
AT AR EE H F P E R, BonA HEE
FE BB 2R E . NHAb RS 5CE, W
FAR AR | 250 B(P) E AR R COT
Oy MR T AR R 45 T R T, IO PR R Gk A
H1HY 16S rRNA LR P4 HA7 T & iR sr i, it
A R 588 T CO T PRI S S AR o A R P4
7 H At 0 7K A AR IR ST — A, 2 4R
e IpE gy 7 4 A b [ B X ER (Fenneropenaeus
chinensis)BEVR) 16S rRNA Fl CO T 3P F B35
FEHFE, & PL 16S rRNA JEKH ML CO T JE K ZHH i
r . RAEZPVST T R E T 14 FAH R
(Parasesarma sp.)iJ CO 1 fll 16S rRNA FE[H ¥ 31,
7R COT Ml 16S rRNA F K 751 [6] 14 22 543 51 Ry
5.7%~14.5%F1 1.5%~12.1%, CO T K2R F R
JZ 16S IRNA 11 2 f5 L4 1. 16S rRNA FH L CO 1
FE R AL R, S — A PR S 0 5L R 5,
DL ZEP72051 40 2B i O BiF 5 1 S R — 458
[A B, CO 11 16S rRNA #RJ& HEAT P Fh 4 2 9P R
BUBEDH, DX (] IR N 9 5 7 RG2AE5E . B
PRSI T e CO 1 LR & &P,
16S rRNA JE A iy FHAR X RSP, i & Tt
PRI S AR b R GEdE AL A r 2 5123,
3.2 HEHFEANTMBEES LR

1 I B AN A% Tk R B0H R A B R [ 4)
Pl AS [ BE A ) (1 A AR AR RS s A1k 35 %L

KFH, BAE L R E<0.05 Fos BEIR A AETE ML/
534k, 0.05~0.15 FRFELET A 431, 0.15~0.25 &
R =Y o A NS I 3 0l R ES R e N
AR R AR ] a8 1% AR, CO 13 H 4 #r
J5 5 T A 1 45 SR RIS KT 16S rRNA ., P AN 5L K]
TRIREEFF 5 R R 0] 0 0 AR () it 1%
oAb RECER IR B T M 35 (P<0.01), J£F CO 13
PR 43 BT B9 /N IRUBE e 165 8 1A MR AR T 5 1 o0 fk &R
B, WAL EER 5T e AR A A% ot R B R 22
S i 3 (P<0.01), W7 P BE AR S T AL T R R A
1) 355 531k R BOh 3 25 5 (P<0.05), # T 16S
rRNA 3 43 BT 1 /N RUBE TP 9103 2 1A B A ] 35t
oAb R0, WAL RV ORI e B AR st 15 4 Ak R B
LR AWA I AE S A FE NS JLA
Hi BRI 9 A e — R 2 e A ) LA
B ALE R, RN B, bk R B
PO ) 25 5 BB T o s . MR 3 AN b R
X [E], 16S TRNA /347 7% T/ 7 5]
A R AR (8] 3515 o3P0 19 20 B AR s DA IX
gy, WAL S5 LU 5 X 2 XTREHRZ
], L R EER<0.05, FWIX 2 XHREMARA] L
FETEM N8 AL 434k, AMOVA 45 5B, X 2
FER PR AR S i L AR S i A, IR & B
A T 3 A8 e A A A B PO R i 2 BEiA
O BRI LAA FE o0 R —BEARRT . B L B R
ANRBETF A 3 A FEAR ] 9 52 4% BE B ARIE 400
Hit, KA 16S rRNA 2 ik ASGERE R H /R
JE T AN BER B2 1 22 5, AU B T REAR (8] 1) b
PRI BRI B AN AL o T CO T HEPR 04 7 25 s bk



552 4

EHLEE: T CO LA 16S rRNA FEFH 33 48715 Hig oh BV 7 6 R AR R R A% 2 B0 173

2 KRR R] A B AL AL B R R AR, Ak R BB
FE 0.9 FFHIT, BTLAX AR NP2 S REARY, 3T
CO I /i, XAREA M IRBE 2 O R0, 7E KN B
P L, R 7 3k 30 B A - SRR A ) 1 38 £
fbo Hr, COT HIEHFIE, bR 5400 (R ) B
PRTa) Sy v B 4 A A, AR BT A BRI Z R R AE A
FESAL 404k T 16S rRNA J7 48 A 3 X REARE]
EAER A, R, AT AR P ik 45 5 it
RETE AN s 45 BEIR ] B AZ o A B 25 57

T[] fr 225 PR (Nim) -5 188 01 22 B0 T
K MHFHRIN, FI43 R 3 R, Sz IR ) AN ]
JER AL 24 Nm<1 B, FEDIGass, ey
FEAR LR, 24 I<Nm<4 B, FERGEHE, 3%
AL TF AR KOF; 2 Nm>4 B, 38 K28 i i,
WAL AKCE R 5, AR g, okifk Cco T 3t
P Nm {4 0.278~2.616, FEH AR T34
ARFS . Ho, /N RUEE e 5 B AR [ B 6 DX 4 o0 v
LR, BAE bt T o KT KRE I
SRR 5 R U R ) AR ] A b S5 SR TR it A,
HABFEAR A A SE AT AL 55 . 168 tTRNA LY
Nm {EH 0.683~8.720, P M55 E|5mARAS . H
W N P B0 RS R) 10 356 PR3 b s, RORUBEE
JF B B 1] 5 R v 28 i 55 7K 7 o U BN RO 371
BRI B) gt A5 40 Ak 55, 1 A RS BRAA 0] 38t £4 4 L 22
K—2e, XF LA R AR R Z B i B R N S
i B 2 ) 0 B B, M B e, R DN O
o an, EhREREAR S H AR Z A0 Nm (E#<1,
Ut A VA T AR 5 b B A 22 i) 1) s % 3 A 7K P-4
S, 3 % BLGE  D DR AT R R PR T IR X A
BRAMTEREES AR, gy 5H
7 DX ) A L R AZ R /L . B AT ROl
B IR TR EEERK, VO EiaE s, Sk
Vg 3R N T 5 I AR U R R R B AR Y A% 4y
o o A2 ORI ST 45 SR SR SN T R AR
L ZREHEAIR, A Tl B HL A A 1 T,
FHZF

4 Hig

B FESE RAT A 7 of I R AR A
BEZHER EERE, (ARAPRO R EREA

B BER I S R 3g i D, BERRIC SR T B2
W53k, CO I H1 16S rRNA B 5543 H J5 :
HRE - Hh Sz e AR A R R AR s 1 2 A
PR o 0 B (B B A (O RUBE R ) I RE AR
CO 1 5k or ¥ ) i — 26 o P 5 (Rl B 5 4
YITE SR RE A O, B R A IR TR TG sh v A R,
iy PR B A B S, AN [ s B AR R ] LR R A
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Analysis and comparison of population genetic diversity of Exopalaemon
carinicauda along the Chinese coast based on CO I and 16S rRNA
gene sequences

YUAN Hangyang, ZHOU Wankai, ZHENG Zeyan, LIN Guoxi, XU Yongjian
School of Marine Sciences, Ningbo University, Ningbo 315832, China

Abstract: As an endemic economic shrimp along the coast of China, the ridge-tailed white shrimp Exopalaemon
carinicauda has biological advantages such as strong reproductive ability, environmental adaptability, and a fast
growth cycle. To investigate the genetic variation of different geographic populations of E. carinicauda in the
China sea, we set up two spatial sequence samples, including 3 small-scale sequence samples (northern Zhejiang,
central Zhejiang, and southern Zhejiang) and 5 large-scale sequence samples [Bohai Sea, Yellow Sea, East China
Sea (Zhejiang), East China Sea (Fujian), and South China Sea]. These samples underwent PCR product
purification and sequencing and a total of 210 samples of E. carinicauda from seven wild populations were
sequenced for CO I and 16S rRNA gene sequences. The CO I gene sequence of 515 bps with 58.65% A+T content
and the 16S rRNA gene sequence of 520 bps with 62.02% A+T content were obtained and the analysis results of
two gene sequences in population genetic diversity were consistent with those of the Yellow Sea population having
the highest genetic diversity and the population from the South China Sea having the lowest genetic diversity. The
results of AMOVA analysis were consistent. The differences between the two gene sequence analyses were as
follows: the CO I gene sequence analysis detected 63 variable sites, with a haplotype diversity (Hd) of
0.353-0.809 and a nucleotide diversity (Pi) of 0.00140-0.00497, while the 16S rRNA gene sequence analysis
detected 41 variable sites, with an Hd of 0.265-0.801 and a Pi of 0.00102—0.00403. The CO I gene showed greater
variation and was able to discriminate between samples in smaller-scale spatial sequences. The results of the
present study provide basic data for the conservation of Exopalaemon carinicauda germplasm resources.
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