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Hematodinium spp. ; s s
ITS1 SSuU )
(Hamilton et al, 2010; Jensen et 1
al, 2010; Small et al, 2012) 1.1 DNA
, (Portunus
Trituberculatus) (Scylla paramamosain,
S. Serrata [ , 2008]) s 2012
(<9ppt), 6—9
Hematodinium spp. ¢ 1y
(>18ppt) , Xu (2010) (Texas A&M University) J. Gain
(Stentiford et al, 2005) ,
( 99%) ,Li  (2013) 95% , DNA
, , 200uL , ( 8000r/min)
(Hematodinium sp.) 3 ; 500uL ,
(Callinectes sapidus) 3 , ; )
, ,  EZNA™ DNA (Omega
Bio-Tek, USA) DNA
1.2
( : 5'-CCTGGCTCGATAGA
, GTTG-3; : 5'-TCCTCCGCTTATTGATATGC-3";
(5.8S ITS1 ITS2 ), Hamilton et al, 2010) 5.8S
rDNA 12 (ITS1,1TS2) PCR
, : I1xPCR ,
, 1.5mmol/L.  MgCl,, 0.4mmol/L.  dNTPs, 0.1mg/mL
, BSA, 0.02U/uL Tag (TaKaRa, ),
] 0.5pmol/uL, 1uL DNA ( 50ng) PCR
F 1 KIARATH rDNA FIIRIE. BERFALE
Tab. 1 Sources, hosts, and sample sizes of rDNA sequences used in this study
«C )
(SD) Pt(Portunus trituberculatus) 12 19 C001(5), CO15(5), CO19(9)
Pt(Portunus trituberculatus) 18 23 050909(2), 051017(8), 060922(7), 080920(6)
, ¥4) Sp(Scylla paramamosain) 6 8 060921(8)
Pt(Portunus trituberculatus) 2 Shi et al, unpubl. JQ692310, JQ928405
- SpiScrtlaparamamosain) 2046 STOUS(E), STOL0O) STO20(S
’ Cal(Callinectes sapidus) 6 '8 42710), 462(8)
(US) 1 Hanif et al, 2013 JQ815886
Nep(Nephrops norvegicus) 4 Hamilton et al, 2010 DQ871209, 12, EU096124, 15
> Can(Cancer pagurus) 1 Hamilton et al, 2010 DQ871211
(EU) Pag(Pagurus bernhardus) 2 Hamilton et al, 2010 EU096216, DQ871213
Car(Carcinus maenas) 13 Hamilton et al, 2010 DQ871210, EF675760—65, EU096220—25
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:95°C 2 , 94°C 30

57°C 45 72°C 30 35 ,
72°C 10 1%((W1V)

, (EtBr) ,

E.ZN.A™ (Omega Bio-Tek,
USA), ( 1.2 kb)
TaKaRa T
pMD™ 19 T-Vector,
DH5a X-Gal IPTG

, (

)
1.3
(Hematodinium

sp.) , NCBI

(www.nlm.nih.gov) ITS1
ITS2 ( D, 2

(Accession nos. JQ928405, JQ692310), 20
(DQ871209—DQ871213, EF675760—EF675765,
EU096214—EU096225), 1

(JQ815886) MacVector 13.0 (MacVector Inc.,
) Muscle (Edgar, 2004)
PAUP 4.0(Swofford, 2002)
, , (Neighbor-joining, NJ)
(Maximum-likelihood, ML)
, 1000 (bootstrapping)
S (Statistical Parsimony Network,
SPN) , TCS (Clement et al, 2000)
(Haplotype)
2
2.1
PCR , 56
96 ;
1203—1208bp ( ),
ITS1  427bp, ITS2  393bp
18 , 1218—
1221bp ,
(Shi et al, unpubl.) GenBank
(JQ928405, JQ692310) 99.1%—

99.9%;
Hanif
(JQ815886; Hanif er al, 2013) (
99.8%—99.9%) ,
14 (Haplotype);
STO041a 45 ,
45.9%, 060922  STO030 15
13, 153% 13.3%,
(<10%)
(SD) (Z1) (GD) )
3 , ST041a ,
52.6%; 8 )
ST041a 060922, 24.2%
45.5%; 5 ,
ST041a  STO030, 58.7% 28.3%
, (Pt)
(Sp)
10 ,

ST041a 060922 , 22.7%
34.1%; ) 5 )
ST030 ST041a ,

24.1% 64.8%( 2)
2.2
( D
14 (1
1 ) ST041a
; s ST041a
2.3
(CH) (US) ; D)
0.027; (EU)
, 0.236  0.259,
, 0.001—0.003,
« 3)
(SD ZJ GD)
« 3, (0.001—



484

46

x2 UANBRBFRELRRKPIHLEME
Tab. 2 The frequencies of 14 haplotype in all geographic and host populations

(Haplotype)
ST030 ST041a 080920a 080920b ST010b ST041b 050909a 050909b 060922 ST009¢ CO15 CO001 JQ692310 JQ928405
SD 19 0.0% 52.6% 0.0% 0.0% 0.0%  0.0% 0.0% 0.0% 0.0% 0.0% 21.1% 26.3% 0.0% 0.0%
Z] 33 0.0% 242% 12.1% 6.1% 0.0%  0.0% 3.0% 3.0% 45.5% 0.0% 0.0% 0.0% 3.0% 3.0%
GD 46 28.3% 58.7% 0.0% 0.0% 4.3% 43% 0.0% 0.0% 0.0% 43% 0.0% 0.0% 0.0% 0.0%
Pt 44 0.0% 22.7% 9.1% 4.5% 0.0%  0.0% 2.3% 2.3% 34.1% 0.0% 9.1% 11.4% 2.3% 2.3%
Sp 54 24.1% 64.8% 0.0% 0.0% 3.7%  3.7% 0.0% 0.0% 0.0% 3.7% 0.0% 0.0% 0.0% 0.0%
98 13.3% 459% 4.1% 2.0% 2.0% 2.0% 1.0% 1.0% 153% 2.0% 4.1% 5.1% 1.0% 1.0%
; SD, VAR ; GD, ; Pt ; Sp,
ST041a
ST010b
050909b 060922
050909a
080920a
080920b
JQ692310 -
Q928405
1 14 rDNA TCS
Fig. 1 The TCS network of the 14 rDNA haplotypes observed along Chinese coast
0.003) (0.001—0.004) (2 ,
; b b b
; (PH) (Sp) ( )
(0.002) (0.001—0.003) R ( 2

(ML) (NL)

rDNA
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R3 TR ZEBEEERED)
Tab.3 The pairwise genetic distances (D) among populations
from different geographic locations and hosts

CH usS
. cH 0.002
us 0.027 0.001
EU 0.236 0.259 0.003
SD VA
SD 0.001
° zZ1 0.002 0.004
GD 0.001 0.003 0.001
Pt
. Pt 0.003
Sp 0.002 0.001
: "CH, ; US, ; EU, ; °SD, VAR
GD, ; °Pt, ; Sp,
R H. perezi
( D=0.027),
(D=0.236) Small
(Small et al 2013),
H. perezi ,
( , 2007a; Xu et al, 2010; Li et al,
2013)
, H. perezi

E

2.7%—4.3% (Hudson et al, 1996; Jensen et
al, 2010; Small et al, 2013),
(Litaker et al, 2007; Stern et al,
2012) Small

>

, H.
perezi( ),
R H. perezi (H.
perezi ; Small et al, 2012; Small, 2013)
Jesen (2010) H. sp.,

(H. perezi ) ,

H. perezi , Hematodinium
H. perezi >
(Appleton et al, 1998; Li et al, 2011)
, H. perezi
( ) ;
Hematodinium
99.7%—99.9%,
( 97.3% 76.4%),
, 14
, ST041a ,
2 (
1) ( 2,
Hematodinium
, Pagenkopp Lohan (2012; 2013)
Hematodinium  (  H. perezi,
Genotype ),
b 7 b
Hematodinium

(Hamilton et al, 2010) ,
«“ (host generalist)”
(Hamilton et al, 2010; Pagenkopp Lohan et al, 2012)
, Hematodinium spp.
(>18ppt; Stentiford et al, 2005),
(<9ppt)
(Li et al, 2008)
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Fig.2 Phylogenetic analysis on Hematodinium spp. in
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GENETIC DIVERSITY OF PARASITIC DINOFLAGELLATE HEMATODINIUM SP.
ALONG CHINESE COAST

XIAO Jie"?, ZHANG Xue-Lei"*2, LIU Rui-Juan"?, LI Cai-Wen®

(1. The First Institute of Oceanography, State Oceanic Administration, Qingdao 266061, China; 2. Key Lab of Science and Engineering
for Marine Ecological Environment, Qingdao 266061, China; 3. Key Lab of Marine Ecology and Environmental Sciences, Institute of
Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract Parasitic dinoflagellate Hematodinium spp. infects marine crustaceans worldwide. We studied the nucleotide
sequence variations of rDNA genes (5.8S, ITS1, and ITS2) and investigated the genetic variations among Hematodinium
populations from three geographic locations in China (Shandong, Zhejiang, and Guangdong) and two hosts (Portunus
trituberculatus and Scylla paramamosain). We observed 14 haplotypes in total, and one haplotype (ST041a) was detected
in all geographic and host populations in relatively high frequency. Further genetic analysis revealed that the genetic
difference among the three geographic populations and those infecting different hosts were not significant. Furthermore,
the Chinese strain was a monophyletic clade and assigned tentatively as H. perezi Genotype II. It was genetically closer to
the strain infecting blue crabs in the eastern coasts of the U.S. (genetic distance D=0.027), while divergent from the
European populations (D=0.236). It can be confirmed that Hematodinium spp. was a “host generalists”, which may infect
various crustaceans in an epidemic region. Therefore, cautions shall be taken in aquaculture practice, such as culturing
different crustacean species in the same ponds and introduction among crab stocks along the coasts of China.

Key words parasitic dinoflagellate; crustacean; genetic variation; geographic distribution; ribosomal DNA



