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, , Poynton (Labbé, 1895; Narasimhamurti, 1979; Poynton et
(1992) Aggregata dobelli A. al, 1992; Gestal et al, 2000, 2005, 2010; Sardella et al,
millerorum Gestal  (1999) 2000), » Ren

(2019) ,
A. octopiana ' (
, 2021)
Kope¢nd  (2006)
’ 1
18S rRNA 1.1

(26°16'N, 119°47'E)
(27°29'N, 121°01'E), .

Aggregata eberthi  A. octopiana ,

(Castellanos-Martinez et al, 2013; Tedesco et al, 31,
2017) ,
(D
F1 HAETRHBERPEEERER
Tab.1 Sampling information of O. sinensis infected by Aggregata
(mm) (@

1 Q 126 483.1 OUC-LSGB-202006070301
2 Q 128 577.4 OUC-LSGB-202006070302
3 3 110 290.8 OUC-LSGB-202006070303
4 3 133 745.4 OUC-LSGB-202006070304
5 3 143 959.2 OUC-LSGB-202006070305
6 3 125 465.5 OUC-LSGB-202006070306
7 3 109 768.7 OUC-LSGB-202006070307
8 3 146 782.1 OUC-LSGB-202006070308
9 3 126 604.4 OUC-LSGB-202006070309
10 3 148 773.3 OUC-LSGB-202006070310
11 3 128 365.9 OUC-LSGB-202006210311
12 3 113 674.2 OUC-LSGB-202007240312
13 3 121 450.8 OUC-LSGB-202007240313
14 Q 90 358.6 OUC-LSGB-202009120314
15 3 96 465.4 OUC-LSGB-202009120315
16 Q 118 599.8 OUC-LSGB-202009160316
17 Q 123 10711 OUC-LSGB-202010240317
18 3 134 878.8 OUC-LSGB-202010240318
19 3 140 349.2 OUC-LSGB-202010240319
20 Q 114 494.9 OUC-LSGB-202010240320
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(mm) ©)
21 Q 131 934.8 OUC-LSGB-202010240321
22 3 73 139.2 OUC-LSGB-202010240322
23 a8 132 1283.1 OUC-LSGB-202010240323
24 Q 199 2140.0 OUC-LSGB-202010240324
25 Q 77 169.4 OUC-LSGB-202010240325
26 Q 131 674.8 OUC-LSGB-202010240326
27 a8 70 130.8 OUC-LSGB-202010240327
28 Q 92 652.6 OUC-LSGB-202010240328
29 a8 103 451.9 OUC-LSGB-202010240329
30 Q 115 615.6 OUC-LSGB-202010240330
31 Q 151 1143.7 OUC-LSGB-202010240331

1.2

, (Olympus BX53)

: (um) :

(Leica RM2016) 5 um,
(Culling et al, 1985), )
(SEM) :
2.5% 4 h,

CO, ,
(Gestal et al, 1999) (VEGA3)
(TEM) ,
2.5% 4 h,

, (JEM1200)

DNA
600 pL :
; K ; -

DNA (Sambrook et al, 1989),
DNA -20°C
DNA

50 mg

18S rRNA ,

Primerl-F: 5-GGGGGTATTTGTATTTAAC
AAGCA-3’, Primerl-R: 5-CCTACGGAAACCTTGTT
ACGA-3' (Castellanos-Martinez et al, 2013)

800 bp, PCR 50 uL PCR ,
5 puL 10xPCR buffer, dNTPs 0.2 mmol/L, MgCl,

2mmol/L, Primerl-F 0.25 pumol/L, Primerl-R
0.25 umol/L, DNA 100 ng, Tag DNA 2U
194 °C 10 min, 35
94 °C 1 min, 51 °C 1 min, 72 °C
1 min, 72 °C 10 min 1.5%
18S rRNA GenBank (Nos:
MW577122 MW577123 MW577124 MW577125
MW577126 MW577127 MW577128 MW577129
MW577130 MW577131)
DNASTAR Segman
, 18S rRNA
GenBank Blast ,
18S rRNA , Eimeria bovis
(U77084) E. arnyi (AY613853) )
MEGA 6.0 Clustal W
(Tamura et al, 2013),
, gap )
jModelTest 2.1 (Darriba et al, 2012)
., AIC ,
GTR+G

(Maximum Likelihood, ML)
Inference, BI), MEGA 6.0

(Bayesian
MrBayes
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3.2 (Ronquist et al, 2012) , OUC-LSGB-HE0045
(ML) , 1000 2.2
(B1) 31 (18 13
(Markov chain Monte ), (total weight, TW)  130.8—2140.0 g,
Carlo, MCMC) 100 , 1000 (mantle length, ML)  70—199 mm,
, 1 000 (1
0.01 , 25%
FigTree 1.4.2 (n=10) , , 653.6—806.5
(Rambaut et al, 2008) um [(717.3#55.9) pm], 588.1—787.1 pum
2 [(663.3£58.2) um] (  2a) (n=30)
, 22.4—26.1 um [(24.3+0.8) um],
2.1 , , Aggregata octaculeata sp. 20.5—24.6 um [(22.4+1.0) um] ( 2b, 2c)
nov. _ _ (n=30)
(Octopus sinensis)
, ( 3d, 3e, 3f) 16.5—20.8 um
(26°16'N, 119°47'E) [(17.94£1.0) pum], 14.9—19.6 um [(16.840.9)
(27°29'N, 121°01E) um] (- 3e3n)
, , oct= , ' '
aculeata= , (ds) (- 3f)
(n=10), , 22.2—28.6 um [(25.6£1.9)
umj, 3.0—5.0 um [(4.0£0.7) um] ( 2d)
1
Fig.1 Distribution of Aggregata
la. =2cm; b. , =2 mm; C.
=2mm ca: i
( 3a), ( 3d—=3)),
(3D
3d—3j) ( 3c) 8—13 ( 3i,3))
, ( 30 2.3 18S rRNA

(3D,

Aggregatidae
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, A. sinensis  A. octopiana
, A. eberthi '
A. octaculeata
, [(Aggregatidae+
Cryptosporidiidae) + Haemogregarinidae] + Adeleidae
( 4
3
(Gestal et al,
2002, 2005, 2010)
2 )
Fig.2 Morphology of Aggregata
a ( ) 2100 um: b, 24.3%22.4 um, ,
« ) £ 20 um; c. () -2 A. bathytherma (28.7%27.9 um) (Gestal et al,
um; d. (GE 12pm 2010) ( 2) , A. octaculeata
3
Fig.3 Histological section of Aggregata and morphology of sporocysts under SEM and TEM
la. ( ) 2100 pm; b. ( ),
020 um; c. ( ), 220 pum; d. ( ), 120 um; e.
, , OW: , Sp: 5 um; f. , ( )
5um; g. , 12 um; h. , OW: ,iw: , :
1 pm;i. 8 ( 22 um; j. , 13 ( ), 22 um
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Adelina dimidiata X
100/100 Adelina grylli Adeleidae
100/100 Adelina bambarooniae

100/94 ——— Hepatozoon catesbianae .
100/70 L Hepatozoon canis Haemogregarinidae
94/59 Cryptosporidium wrairi

75/54 97I70 gryptospon‘gfum parlvum y
ryptosporidium meleagridis o
100/70 1007100 Cryptosporidium canis Cryptosporidiidae
Cryptosporidium felis
Aggregata sinensis TW.1
Aggregata sinensis JS.3
100/100 Aggregata sinensis SD.1
99/94 —————Aggregata sinensis JS.2
100/84 ————— Aggregata sinensis JS.1
99/92 —————————— Aggregata octopiana
Aggregata octopiana RV1
%Aggregata eberthi
Aggregata eberthi RV2 A tid
100/100 —————— Aggregata octaculeata 1 ggregatidae
————————— Aggregata octaculeata 2
- Aggregata octaculeata 3
———————— Aggregata octaculeata 4
100/100 - Aggregata octaculeata 5
Aggregata octaculeata 6
Aggregata octaculeata 7
Aggregata octaculeata 8
Aggregata octaculeata 9
————————— Aggregata octaculeata 10
100/100 —— Eimeria bovis
L Fimeria amyi ’

Eimeriidae

4 18S
Fig.4 Phylogenetic relationships of Conoidasida by maximum likelihood and Bayesian methods
GTR+G , (. ) (G )

17.9x16.8 um, A. octopiana A. octaculeata ( 3d,
(11—15 pm) (Gestal et al, 3f), , A. octopiana

1999) , A. octaculeata (Gestal et al, 1999; Castellanos-Martinez et al, 2013),
A. octopiana (Poynton et al, 1992;

(Guerra et al, Gestal et al, 2000, 2005, 2010; Sardella et al, 2000) (
2010; Amor et al, 2014; Gleadall, 2016) 2) A. octaculeata
25.6 um, A. bathytherma
(49 um) (Gestal et al, 2010)
F2 MEKBABENSHWHRFEAEMEEZHFEMLLER

Tab.2 Comparison in morphology of the sporogonic stages for species of Aggregata from cephalopod hosts

(nm) (nm) (nm)
Aggregata eberthi Sepia officinalis 8.5 — 3 16.0 Labbé, 1895
Aggregata kudoi Sepia elliptica 12.0 — 6—12 17.0 Narasimhamurti, 1979
Aggregata andresi Martialia hyadesi 9.7 8.2 3 16.0—20.0 Gestal et al, 2005
Aggregata sagittata Todarodes sagittatus 17.0 15.0 4—8 12.0 Gestal et al, 2000
Vulcanoctopus
Aggregata bathytherma hydrothermalis 28.7 27.9 14—17 49.0 Gestal et al, 2010
Aggregata dobelli Enteroctopus dofleini 23.0 21.0 9—22 21.0 Poynton et al, 1992
Aggregata patagonica Enteroctopus megalocyathus ~ 13.0 12.0 8 18.0 Sardella et al, 2000
. . 11.0— Schneider, 1875
Aggregata octopiana Octopus vulgaris 150 — 8 20.0 Gestal et al, 1999
Aggregata millerorum Octopus bimaculoides 16.0 14.0 8—10 24.0 Poynton et al, 1992
Aggregata valdessensis Octopus tehuelchus 10.0 10.0 4—8 17.0 Sardella et al, 2000
. . Amphioctopus fangsiao 20.6 20.3 7—18 22.8
Aggregata sinensis Octopus minor 20.9 20.3 5-16 217 2021

Aggregata octaculeata sp. nov. Octopus sinensis 243 22.4 8—13 25.6
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(Castellanos-Martinez et al, 2019)

A. octopiana

: : (Mladineo
et al, 2007),

(Mladineo et al, 2007; Castellanos-Martinez et

al, 2019),

( 3a),
(Hochberg, 1990),
(Poynton et al, 1992)
(Gleadall, 2016), ,
A. octaculeata
A. octopiana , ,
4
) Aggregata
octaculeata sp. nov., ,
18S rRNA
[( A. sinensis + A. octopiana) + A.
eberthi] + A. octaculeata
Bt BK AL S A RAGFYAE P E AR S
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MORPHOLOGICAL AND MOLECULAR CHARACTERIZATION OF ANEW SPECIES
OF AGGREGATA (APICOMPLEXA: AGGREGATIDAE) INFECTING OCTOPUS
SINENSIS

REN Jing*?, HE Wei-Tong"? ~WANG Li-Hua®? TANG Yan"? ZHENG Xiao-Dong"?

(1. Institute of Evolution & Marine Biodiversity, Ocean University of China, Qingdao 266003, China; 2. Key Laboratory of Mariculture,
Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract Aggregata (Apicomplexa: Conoidasida: Aggregatidae) is one of the commonest parasites that parasitizes in
the digestive tract of cephalopods. A new species of parasitic Aggregata, i.e., Aggregata octaculeata sp. nov., was
identified in Octopus sinensis (Mollusca: Octopodidae) in the waters of Zhejiang and Fujian Provinces based on
morphological characters and 18S ribosomal RNA (18S rRNA) gene sequences. Morphological characteristics were
described and measured in electron microscopy and light microscopy. Aggregata octaculeata is distinguishable in
sporocyst structure (shape, size), number and size of the sporozoites, especially the different forms of sporocyst wall
surfaces that possess projections or are spiny. The size of the oocysts is 653.6—806.5 um in length and 588.1—787.1 um in
width. Mature sporocysts within oocysts are typically spherical to slightly subovoid and sporocysts are 22.4—26.1 um in
length and 20.5—24.6 um in width. Sporozoites are typically spiral within sporocysts. Sporozoites are 22.2—28.6 um in
length and 3.0—5.0 um in width. The phylogenetic tree constructed based on 18S rRNA indicates that A. octaculeata
belongs to the genus Aggregata. Molecular phylogenetic analyses support the morphological results. Morphological
characteristics combined with molecular data show that A. octaculeata is a new species of the genus Aggregata in a host
that lives in western Pacific waters.

Key words Aggregata octaculeata; new species; Octopus sinensis; morphology; 18S rRNA



