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(Octopus sinensis)
%k
1,2 3 3 3 3 1,20
(1. 266003; 2.
266003; 3. 325400)
2020  6~12 44 ,
) , I (COoil)
, Kimura-2-Parameter (K2P) s
, 12~15
s 15~19 ; ;
, 100%, (
) ; ,
, 4 0.320%0.121, 6
0.001 11; , , K2P 0.14%,
2.96%~12.11%
; ; ; ; cor
Q959.216 doi: 10.11693/hyhz20210900225
(Octopus sinensis d’Orbigny, 1841) Norman(2000) « ”
(Mollusca) (Cephalopoda) Norman  (2005)
(Octopoda) (Octopodidae) (Octopus), « ”
1834 , d’Orbigny , (0. vulgaris
, Wakansansaizue complex species), O. insularis  O. tetricus O. cf.
, 1841 tetricus  O. americanus (Amor et al, 2017a, 2017b; Van

— (d’Orbigny, 1835-1848) Sasaki(1929)
(0. vulgaris) , ,
« 21 ,
(Sakaguchi et al, 2000, 2005), Warnke

(2004) 16S rRNA colll

>

, , E-mail: jhli123@163.com
: R , E-mail: xdzheng@ouc.edu.cn

12021-09-29, :2021-11-16

Nieuwenhove et al, 2019; Avendaiio et al, 2020)
Gleadall(2016) « ”
O. sinensis d’Orbigny, 1841
(2017b)

Amor

, NJKJ-2019-003 , 32170536
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2 b ( b
1988),
( , 2007, 2009; , 2011; ,
2011; , 2012; , 2013; ,

2019; Li et al, 2020) , ) )

22 )
Roper  (1983) Norman (1997b) Liao
(2009), (TL, total length)

(TW, total weight) (ML, mantle length)

(MW, mantle width) (VML, ventral mantle
length) (HW, head width) (FL, funnel
length) (FFL, free funnel length)

(WD, web depth) (WF, web formula)

(AL, arm length) (AF, arm formula) (AW,

“ 77( , 2006) arm width) (SNR3, sucker number on
R 3rd arm of right side) (SNL3, sucker
number on 3rd arm of left side) (SD, sucker
diameter) (LL, ligula length) (CaL,
1 calamus length)
1.1 1.3
2020 6~12 ( 5 1
) ) Amor
44 ,  -30°C (2017b)
1.2 ,
37 (15 ,
Fx1 EEETINHHERER
Tab.1 Sample information for morphological multivariate analysis
+ +
NJLD 15 97.47+24.45 22 116.95+32.00
ND 4 136.57%£23.29 2 118.76 £4.54
YL 4 108.79+22.60 8 119.51£11.72
1z 2 106.55418.45 5 95.60+9.68
SP 10 114.56+15.59 10 120.18+11.52
+ mm
ALLI: / x100; ALRI: / ALLI3 ALLI4 ALRI1 ALRI2 ALRI3 ALRI4
x100; AWI: / x100; CalLl: / AWI SDIn SDIe SNL3 SNR3 LLI CaLl,
x100; FLI: / x100; FFLI:
/ x100; HWI: / x100; Brzeski  (1988)
LLI: / x100; MWI: / (SPSS 25.0)
x100; OALI: / x100; SDIn: ( ) ’ s
/ x100; SDIe: /
x100; WDI: / x100
19 ML VML ’
MWI HWI FLI FFLI ALLIl ALLI2 ALLI3 Pi(%)= /
ALLI4 ALRI1 ALRI2 ALRI3 ALRI4 AWI SDIn x100%, M
SNL3 SNR3 WDI, 22 ML VML Py(%)= /
MWI HWI FLI FFLI WDI ALLI1 ALLI2 x100%, 2)
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:Z,];lAi/Zf:lBi , (3) 218.1~531.1), 2>3>4>1,
b} Ai Bl l 4 ’ 3 .
Lk ’
( 80%(OAI 78.1~96.4), 123~151;
) (AWI 14.6~29.5), (WDI
’ 15.9~26.2), C>D>B>E>A;
(SPSS 25.0)
(SDIn 6.0~13.9),
1.4 CoI
12~15 1~2 ; ,
, , 1% (LLI
, CTAB DNA,
0.6~1.2), 50% (CaLl 34.2~65.5)

Primer-F: 5'-GGTCAACAAATCATAAAGATATTGG-3',
Primer-R: 5-TAAACTTCAGGGTGACCAAAAAATCA-3'

(Folmer et al, 1994) col , PCR :
H,O 19 uL, Mix  25uL,F R 2.5 uL, DNA
1 uL PCR 94 °C 4 min, 94°C 10,
55 °C 20 s, 72 °C 30 s, 32 , 72 °C
5 min s
23
, DNASTAR SeqMan
, MEGA X (Kumar et al,
2018) Clustal W ,
GenBank ( OK001740~
0KO001762) DnaSP v5 (Librado et al, 2009)
, 23 col
GenBank (0. vulgaris) (0.
sinensis) O. americanus O. insularis O. tetricus

O. cf. tetricus  COI ( 2 ,
Vampyroteuthis infernalis (AB385880)
,  ModelFinder (Kalyaanamoorthy et al, 2017)

, IQ-TREE
(Nguyen et al, 2015)

, MEGA
X (Kumar et al, 2018) Kimura-2-Parameter
(K2P) ,
2
2.1

b

117.5~133.9 mm, 593.1~998.0 mm,
2 140.0 g; s
; (MWI 60.3~75.0),
(HWI 30.1~65.7); ;
(FLI 30.8~58.2),
70% (FFLI 51.5~80.6), (ALI

*2 BATHEEBXUARRFZLER COIF7)
Tab.2 COI sequences used for the construction of maximum
likelihood phylogenetic tree

23 OK001740~0OK001762 ( )

AB430546~AB430548, HQ846154,
KUS525758, KU525759, HQ846110,
NC006353

KU525762~KU525765

Octopus sinensis 8

Octopus vulgaris 4

Octopus 13 MT022413~MT022423, MT022425,
americanus MT022426
Octopus 4 KP056552~KP056555
insularis
. KJ605247, KJ605249~KJ605253,
Octopus tetricus 8 KJ605255, K1605256
Octopus cf. 15 KJ605262~KJ605269,
tetricus KJ605271~KJ605276, KJ605278
Vampyroteuthis 1 AB385880
infernalis
2.2
5 ,
3, 1 46.565%,
2 13.152%, 3
9.005%, 4 6.164%, 5
5.800%, 80.686% 1 .,
HWI ALLI1 ALLI2
ALLI3 ALLI4 ALRI1 ALRI2 ALRI3 ALRI4
SDIn SNL3 SNR3, 2
ML VML, 3
FFLI WDI, 4 MWI,
5 FLI AWI
4 ,
4, 1 47.060%,
2 13.121%, 3 9.461%,
4 6.151%, 75.794%
1, HWI

FLT ALLI1 ALLI2 ALLI3 ALLI4 ALRI1 ALRI2
ALRI3 ALRI4 AWI SDIn SDIe SNL3 SNR3,
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F3 MEERAESHEERS AR EMNREKE
Tab.3 Contribution and load of principal components on
morphological characteristics of female populations

x4 HEEBFAESHEERS M AGEMTEE
Tab.4 Contribution and load of principal components on
morphological characteristics of male populations

1 2 3 4 5
ML -0.014 0.909 -0.307 0.101 0.125
VML -0.013 0.847 -0.336 0.087 0.179
MWI 0.267 -0.171 -0.178 0.714 0.459
HWI 0.655 -0.231 0.029 -0.360 0.243
FLI 0.052 -0.549  -0.498 -0.280 0.392
FFLI 0.084 0.013 0.739 0.396 —0.086
ALLI1 0.883 -0.104 -0.152 0.037 —0.046
ALLI2 0.906 -0.120 -0.110 0.178 -0.006
ALLI3 0911 -0.070  -0.086  -0.095 -0.171
ALLI4 0.941 -0.047 -0.022 0.035 -0.167
ALRI1 0.865 -0.075 -0.095 0.217 0.045
ALRI2 0.853 -0.102 -0.205 0.217 —0.111
ALRI3 0.941 -0.038 -0.018 -0.060 -0.115
ALRI4 0.934 -0.019 0.052 0.029 0.002
AWI 0.216 0.170 0.556 -0.163 0.657
SDIn 0.787 0.006 0.338 -0.147 0.262
SNL3 0.652 0.543 0.174 -0.170  -0.060
SNR3 0.727 0.357 0.216 -0.167  -0.155
WDI -0.407 -0.264 0.283 0.180 -0.087
8.847 2.499 1.711 1.171 1.102
(%) 46.565 13.152 9.005 6.164 5.800
(%) 80.686
2 ML VML LLI,
MWI FFLI WDI,
4 CaLl
1 2
1 , (SP) Y
, , (NJLD)
(ND YL JZ) ;
, (SP) Y ,
(NJLD ND YL JZ) Y

2.3

: ¥1=4.002X,+0.505X,-78.379
: ¥,=3.394X,+0.480X,-66.822
1 ¥3=2.789X,+0.489X,-63.418
1 Y4=4.123X,+0.572X,-95.204

1 2 3 4
ML -0.138 0.786 -0.449 0.122
VML 0.074 0.765 -0.465 0.073
MWI 0.095 0.543 0.626 -0.069
HWI 0.682 0.110 0.203 -0.300
FLI 0.505 -0.547 -0.387 -0.388
FFLI -0.186 0.480 0.503 -0.348
WDI -0.442 0.282 0.340 -0.260
ALLI 0.881 -0.047 -0.112 -0.095
ALLI2 0.931 0.036 0.035 -0.128
ALLI3 0.920 0.068 -0.112 -0.130
ALLI4 0.959 0.019 0.023 -0.064
ALRII 0.909 -0.118 -0.097 -0.027
ALRI2 0.900 -0.040 -0.131 -0.130
ALRI3 0.882 0.167 0.180 -0.159
ALRI4 0.910 0.113 -0.078 0.004
AWI 0.807 -0.217 0.178 0.185
SDIn 0.559 -0.328 -0.102 0.206
SDIe 0.777 0.289 -0.065 0.072
SNL3 0.767 0.371 0.079 0.289
SNR3 0.713 0.285 0.311 0.403
LLI -0.171 0.346 -0.563 0.211
CaLl 0.164 -0.353 0.392 0.661
10.353 2.887 2.081 1.353
(%) 47.060 13.121 9.461 6.151
(%) 75.794
: ¥5=5.605X,+0.619X,-126.995
,X; SDIn X, SNR3
Y,=-0.060X,+6.093.X,+0.716X;5+1.727X,—
151.038

Xy

1 Y,=-0.121X,+4.634X,+2.428
X5+1.628X,—129.550
: ¥3=—0.009X,+2.660X,+1.320X5+1.514X,—113.413

1 Y,=0.073X1+4.737X,+1.593X3+1.678X,~137.916
: Y5=0.081.X1+3.255X,+3.266X3+2.177X,—225.186

, X, ALRIl X, SDIn X; SDIe
SNR3
2, (SP)
, (NJLD)
(ND YL JZ) ,
( 5 6),
66.0%  84.2%, ,
(SP) 100%
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Fig.1 The scatter plot of principal component analysis
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Fig.2 Scatter plots of discriminant analysis
NILD: , ND: ,YL: LIZ: , SP:
RS MEHRHERHINSIRER
Tab. 5 Discriminant results of female populations
/%
P, Py
22 10 7 0 5 0 45.5 83.3
2 1 0 1 0 0 0.0 0.0
8 0 0 8 0 0 100.0 88.9
5 1 0 0 3 1 60.0 37.5
10 0 0 0 0 10 100.0 100.0
1% 66.0
2.4 )
5 > s (NJLD) (ND) (YL)
3 5 2 Jz)



2 : (Octopus sinensis)

491

=6 EMRHAN A DAL

Tab.6  Discriminant results of male populations

/%

P] Pz
15 12 0 0 3 0 80.0 92.3
4 0 3 0 1 0 75.0 100.0
7 0 0 6 1 0 85.7 100.0
2 1 0 0 1 0 50.0 50.0
10 0 0 0 0 10 100.0 100.0
/% 84.2
25 20 15 10 5 0 0 5 10 15 20 25
L ) . ) X _ YL — X ) ) ) :
NJLD
ND JzZ
JZ ND
SP
ii:3 Vi3
3
Fig.3 Diagram of cluster analysis
NJLD: , ND: ,YL: ,I1Z: , SP:
,NJLD YL JZ , 2.96%~12.11% (  7),
ND , NJLD
, -
25 Cor ( OK001749 ),
(Nhap) 4 B 5
(Hy) 0.320%0.121, S 6 , O. tetricus O. cf.
(K) 0.672, () tetricus  O. vulgaris O. americanus ,
0.001 11 K2P , , O. insularis
0.14%, )

F£7 KPHEETHETF col ERBFEIREES

Tab.7 Interspecies genetic distance under K2P model based on COI gene

O. sinensis O. vulgaris O. americanus O. insularis O. tetricus
O. sinensis 0.001 4 —
O. vulgaris 0.029 6 0.0300 —
O. americanus 0.0319 0.0323 0.025 4 —
O. insularis 0.1211 0.1219 0.121 4 0.118 3 —
O. tetricus 0.030 3 0.030 9 0.037 2 0.032 6 0.1212 —
O. cf. tetricus 0.029 7 0.029 5 0.036 3 0.036 2 0.124 1 0.029 5
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Fig.4 Maximum likelihood phylogenetic tree constructed using COI gene
: TIM2+F+G4 ,
3 5
9 b B
3.1
2
s 9
b
’ (Bello, 1995; Brakoniecki, 1996; Von Byern et
2019
( ) al, 2010), R
11 . .
(Pomiankowski et al,
201
, (2018) 6 1995: Norman et al, 1997a; O’Dor et al, 1998),
b
2 B
’ b
(SP) 5 (NJLD) ,
(ND YL J7) , ( 5 6), 4
(J2) (ND) , ALRIl1 SDIn SDIe  SNR3,
( 1~ 3 (J2) SDIe  SNR3

Gleadall(2016)
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113 ER)

Octopus sinensis d’Orbigny, 1841 ,
) ) Gleadall(2016)
(Gleadall, 2016) (Norman , ,
et al, 2014; Gleadall, 2016) ( 8), (2021)
(1)
12~15 1~2 —_— Aggregata
( 13 14 ); (2) octaculeata,
80%, 119~152  ; (3) ,
Toll(1988) R ) >
*8 FERDLEINFEILER
Tab.8 Comparison of morphological identification characteristics
(Gleadall, 2016) (Norman et al, 2014; Gleadall, 2016)
120~ 14" 120~15" 15"~19"
(SNR3) 123~151 119~152 154~192
(SNL3) 151~263 207~273 320~350
(LLI) 1.0 1.2~1.8 3.1~3.5
3.2 col ) s
col Nhap
4 ,Hy 0320%0.121, 7 0.001 11
, 165 rRNA
, B g BKAN L S A RAFYAE S E AT L
, FRERMT EREL, ¢ RAERENLEET
57 AR E LA A S 5 R, AL
OK001749
( 4),Avendano (2020) COI ’ , . 2006,
, 7 1. (4): 26-28.
O. americanus S 168 rRNA s , , , 2013.
O. ameiricanus , - > 2005):
968-974.
, OK001749 . . oL 2021 (
s s : ) [J]
,52(5): 1323-1331.
K2P s s s , 2011.
1. ,
0.14%, 35(10): 81-85.
2% (7), , , ., 2012, 90
(4 (HSP90) (1. ,36(9): 1367-1375.
’ s , R , 2019. FAXDC2
’ [1]. , 43(8): 56-63.
, 2018. (Octopus ocellatus)
[D]. : 1 14-19.
4 s s s , 2011. (Octopus vulgaris)
[]. , 42(2):
317-323.

, 2019,

> > s 5
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MORPHOLOGICAL AND GENETIC DIVERSITY ANALYSIS OF OCTOPUS SINENSIS
IN NANJI ISLANDS

LI Jia-Hua"?, CHEN Shun’, CHEN Wan-Dong®, XIE Shang-Wei®, NI Xiao-Pin’, 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; 3. Nanji Islands National Marine Nature Reserve
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Abstract Forty-four medium- to large-sized octopuses were collected from Nanji Islands in Zhejiang Province from
June to December 2020, and the main morphological characteristics were described. The morphological diversity of this
octopus and its differences between O. vulgaris were investigated by multivariate analysis. The cytochrome ¢ oxidase
subunit I (COJ) sequences were used to calculate the genetic diversity parameters and to construct the maximum likelihood
phylogenetic tree. In addition, the Kimura-2-Parameter (K2P) genetic distance was also calculated. Results showed that
this octopus was in line with the redescribed O. sinensis in morphological features, while they had some significant
differences with O. vulgaris. First, the enlarged suckers on arms 2 and 3 of males were between the 12" and the 15" in
population from Nanji Islands, and O. vulgaris were between the 15™ and the 19" instead. Secondly, the number of suckers
on the hectocotylus of the Nanji Islands group was less than that in O. vulgaris. Thirdly, the male samples from Nanji
Islands had a shorter ligula than O. vulgaris. In the principal component and discriminant analysis, O. vulgaris can be
clearly distinguished from the other 4 populations with the discrimination ratio of O. vulgaris reaching 100%, while there
was overlap among the other 4 groups. And the cluster analysis showed that the population of Nanji Islands was closely
related to O. sinensis, both of which had a large distance from O. vulgaris. In genetic diversity analysis, there were four
haplotypes in Nanji Islands population, and the diversity of haplotypes (Hy) is 0.320+0.121. Besides, six polymorphic
sites were examined, and the nucleotide diversity was 0.001 11. The phylogenetic tree showed that the octopus of Nanji
Islands had the closest relationship with O. sinensis. Moreover, the K2P genetic distance between Nanji Islands population
and O. sinensis was 0.14%, while among Nanji Islands population and O. vulgaris species complex ranged from
2.96%~12.11%. Therefore, samples from Nanji Islands can be determined as O. sinensis by the morphological and
molecular analysis.
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