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S E, TR B Bk i AN A AR — B4 )t A
i, HE %20 cm. fL#£0.2 cm. Wik 1 mPEEE
Bl N B my JKIR10 em 1R T 7K A A,
MG FHEA210 cm. FL420.2 cm. K28 cm )/
B0 358 N (B /KA b S AN AR G K RTIG /N (R AN 44
BEAT RO, DAORIIE 5 T 7K Rl o ) 4% 1A 48 5 fig A~
PRRIAHIT . FEATLRAEAE & fil M, JBN20 emx20 cmx
10 e fR 28 RF IR 8 P B RHE R A e in N —
SERFRI K, B 1048 B il 7 Y K A k3l 52l
HAERYE) . B NS kgl RFFEE 16 & i
B BUOSEE N RS E .
1.2 ERAFEIR

BSANARBINL m's BAT 58 % AR IR 3k s B
(T KA, FH10% IR SR BN 78 70 1 55 5, 75 7K A7
FIN0.5 m ¥E7K (7K AT 2 R UTIE . L uEAn
THEE) o FEASZKAR P R0 7K A o 37 3 P 1 S IR N
3 L/min, 2 R7KMA MG RE R H, R R A,
BHESEIGEE R oAl EXSNKMFImA2. 4.
8. 16M132ZE Y HE ~12.46 gtk & fifr, 76 7870 LA
T, G —WE— B HEN . BN E b
0. 8h. 16h. 1d. 1.5d. 2d. 3d. 4d. 5d. 6d.
7d. 8dJ10d /5, XFEEAN 7KK EE250 mL/KFE, HEHL
SEATRES L, [F I HL250 mL4E ¥ K AE 9 as (A xR
Yo SRETT R 0. 1% 1 U SR A 1 v SRR
IR B PEAT I AL . = IR A R R A
(26£2)°C, FRUEFRIEM B A B s H
13 =/ FRERE

X34 Z ARG K ARARFIZ) A 40 m(K)x
15 m(%%)x0.3 m(7&)=180 m*] #4778 73 JH B¢, 43 WILE
3AFRIE M N 20 401180 45 E fih . 4 1) HX
NS E 0. 8h. 16h. 1d. 1.5d. 2d. 3d. 4d.
5d. 6d. 7d. 8d%10dJ5 MFRFHIMAKFE2L, FEH3
HAATFE, 25 X R 3 7 N5 N IR L 50
FH I o
1.4 DNA #ZEUK PCRY HEI0IE

K H 2K Wy - AT T vk N AE B fh L P R g Y
DNAYY . {2 COLl 51 F1(5'-
TCAACCAACCACAAAGACATTGGCAC-3').
R1(5- TAGACTTCTGGGTGGCCAAAGAATCA-
31T PCRYH, [ Rifhk & J9: DNTPs 2 L
(2.5 pmol/L), 10xbuffer(#Mg’)2.5 uL, rTag 0.15 puL
(5 U/uL), L Ri#5140%1 uL(10 umol/L), DNABAR
1 uL(50 ng), L /KA T BRI E25 pL. e vifE
2 95°C FAZ 1 Smin; 40K IEFA AL Jy: 95°CAEME
30s, 58°CiE k30s, 72°C 4EH30s, & TE72°C LEAH
10min/5 T4 CHRAE. PCRWT &R 1 %35 5 b

R FL KSR AG I, 487 FHDL DNA Marker (TaKaRa),
Pk LK 5% B — Hoa WSS I PCR ™ ik £ 4
TAY TR A BR A R BT XA . 1S
FP B I SeqMan AT EAT HF . HLxt R N EF-3))
BXT, 153 348 E Bl bR #ECO T 7B
1.5 HEEFRMSIYF TagmaniRENZIT
HClustal(version 2.0.11). DNAMAN. Primer-
Express 3.0.1 X NCBITEZE 5| ¥ % it 1. B (https://
www.ncbi.nlm.nih.gov/tools/primer-blast/), i# i X b
oy B fify 55 L Ath S RE 1L I AR A A VR IR
“F-fifi(Sebastes schlegelii). —t& & fili(Sebastiscus
tertius)~ HRHfl(Scorpaena izensis). HF8 JE fif
(Minous monodactylus)F H A& B fifi (Inimicus ja-
ponicus)1CO 1 F&[F Fy B 5 41, vt 48 & fili s i P
1M TaqManii . F& T Bt i i 51 ¥ SR 6
FHK2PASE R K N T S48 B fih 5 LAt S P 2 421
PRI R SRR S . S AE B IR 1.

®1 BEMEELEHERER

Tab. 1 Sampling information of S. marmoratus and its relative

species
Al Famliy J&Genus FhSpecies
Pl F}Sebastiae T ifl J& Sebastes VF ET-fifiSebastes schlegelii
. . B fift 18 & fi Sebastiscus
<P S =] =
Pl Sebastiac Sebastiscus marmoratus
“FfifiFl Sebastiae Se%a%?i}s%us =t B filiSebastiscus tertius
filh Bt Scorpaenidae fifhJ&Scorpaena  #HAfiScorpaena izensis
R} . HFR Rl Minous
3 EL
Synanceiidae Ve iR Minous monodactylus
Eﬁmﬂ YRt R Inimicus H A G Bl Inimicus japonicus
Synanceiidae B B

1.6 453 M5 |4 TagManiRET RIS IE

fif % @ PCRYUE 51 ¥ I AT 47 1, JF H
7300Plus Real-Time PCRAA I 5| ¥ FIHRE ) 45 7
PEo %6 EBPCRY 1K R Jy: TagMan™ Fast qP-
CR Master Mix(Applied Biosystems™) 10 uL. 1F /&
751 #4+0.4 uL (10 umol/L). DNABEAR2 uL (50 ng).
BREF0.4 pL (10 pmol/L). TEE/KANFFE20 pL. #4
PEIR 2t 50°C I E 2 minik AT UNGHEHEIE, 95°C il
AR VE2min, 45X EFA I 2995 CAZ4:30s, 60°CIR K/
HEAH30s, BAIEFH B P ILER 1,
1.7 155 theDNA EEUK HFEEPCRY 14

X 1.2F011.35%4E (1250 mLFI2 LK B 4247 mm,
FLA20.45 um I BEER 4T 4 22 I8 B (g 24 0 Hh g, 43
T 8 SRR B Al K AR B XS RE . FHDNeasy
Blood and Tissue Kitid 7] & 1TeDNA$ZHL, 1
QuantStudio 3D#{*PCR(Digital PCR, dPCR)# 17
163 fiie DN AV FE ()30 5
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1.8 eDNAKEITE

1 FAR 5 F (version 4.0.3)“basic Trendline” {3 X
ANTR] 73 2R TR BEAT B0 U, TH S 2R T AR
77 ZERIAH OC R A, TR BEAT B E e . I Ex-
cel 2019215 & fil e DN AV J5 25 {34 [ S £ )
FINE I eDNAVK JE G R ik

2 R

2.1 EEHFFFMS IR

IS X e B S A SRRk & R Co T %
R B 1), vt 1 s E i er e PR 5 | ) AR S T
163ty 25 R AR B R 41.6503—6575 bp, HA1 514 4:
HF-6503: 5'-ATTACCGCTGTCCTTCTCCTT-3'.
HR-6575: 5-~ACAATGCTTCTAACAGACCGGAA-
3', #&%+ ~: HPro-6524: FAM-TCTCCCTACCAG
TTCTTGCTGCTGGCAT-TAMRA . #5 & fifi [¥] 5|
Y. BRENT A S St R iR 2= R AL 1
Frs, Fhla) s AL e B Wk 2.
22 WHAEEPCRER

PLoF fi 2R 1 20 LDNA AR, AT 51 ¥R

Nl EicSrrelc® . 21
HPro-6524 ... ... ... ............ fr it o e Mo T Tl ciTlec s )
0

o fih AT A ocperoc e ot coe e e e TiecT Ec e iy
3?‘5@9} erTeyr@ccycudr cylcde S T deucc de S0
PR G- i scTegcaccycndr Ty o i quc deucc de S0
E]ZE 3 fih C&TAT AT C ccyicdecielT ducdeus o de S0
FLET P Al cl&TACYT ST CpicueT T i oG ec A deucyT e S0
R éﬁ AT A & coul QT culcilec cu deciaicicieuccdd S0
Consensus ctaattact gctgtccttctececttctctcecctaccagttctcgetgetgg
HF-6503 21
HPro-6524 28
IT:I%R_%SE}ZS . 28
S 7
) 79
VREC Pl 79
H s Lt 79
?*iﬁa = fifhy 79
Rt 79
Consensus catcacaatgcttctaacagaccgaaatc

1 RWESGIY. W55 HIn Gor s 2 R ol
Fig. 1 Nucleotide variation of primers and probe between S.
marmoratus and its relative species

(O S MR IGAIE , 45 S S 7 4 B il (1) CH{E 20 /2 4,
HASAN T AP R H o IR BT 4 B
iy 51 YRR ET B A R R . KB qPCRITIE M
CHE 3.
23 EANFEFXHFTEEbHeDNARETLIF
=N IR S T A E e DN A LA AR 1k
Fa s L 2, B E e DN AW AT 5 A8 4 ] &,
48hJEiA BIEAE, 3dfa ke, B % AR
FHXT B o
24 EHFEZFH TEEtHeDNAKRETLIFR
35 N FRTE %A T e DN AWK FEE H A& AR £k 4 34 I,
4] 3. eDNAMKEESLIR/D, AETEShIIKTIN G A5, 2 )5
FR RSN, 7205 1K B AH o
25 EAFEXGTEEMHeDNAKRESHFE
BEZEHEXKER
W [F) — FRAE 2 BE N AN TR B 1) ) 300 it AT 3
PG TR 5 5 e DNAVKR BE 2 8] (A S (] 4a),
PG R, FRMEA R (R?=0.70). R LA B (1]
Iy BRI 0—4d(SHTE A & 5 E) FfasE
H: 4—10d(F X P £ PN I E) B, BT AN ) B
IR 23 748 DUy AT AR S ME e i . 5 SR R
Fe i T A0 A& R0 R S A (1) 4b), 7R %I TR B, =
P FRBE %A T eDNAIK B 51 B fith 7258 % 5 2 7] 2
BELRIEMS, 9% RN Density (ind./m’)=6.094x
10 "xeDNA concentrations (copies/L)—1.033, R’=
0.96.
2.6 EHFEFZHTEEHeDNARESHFE
BEZERIEXKR
HEAMIHR S 5 = R 7B X IR
JE 5 e DN AR BE 2 18] %8 Ao S Ve R AT VA, 45
R A AR B 2 (B Sa), M PERR(R =
0.17)0 [FIAEH B 1B 25 23 B3 0—7d(& AT
By J5 )RR 5E B 7T—10d(Er3 A 550 5 A )
B, B A 18] B P 1R 931 % DLy S EAT AH S
M. g R R AR LA R AR (] Sb),

*2 IGEBFEFRIMESI. REHER

Tab. 2 Information of specific primers and probe of S. marmoratus

PCR™¥&
YRR P51 BKIRBET,
Sequences of primers and probe (C) product

length (bp)

JEPCR  FHITERE

T 5. REHT ISR ) 2 4% BR

Location

Genetic distance
VRGP Wbl —EEs IR R H 7 5 fil

S. schlegelii _S. izensis _S. tertius M. monodactylus 1. japonicus

HF-6503:
ATTACCGCTGTCCTTCTCC 54.6 Ls%
TT

HPro-6524: FAM-

TCTCCCTACCAGTTCTTGC 70.0 73 Lk
TGCTGGCAT-TAMRA

HR-6575:

TTCGGTCTGTTAGAAGCAT  54.1 HE%
TGT

0.268 0.287 0.262 0.287 0.320
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TEZIS A1 B, A RIS T eDNAWKEE 515 &
fiyh 7 5 55 2 ) 2 S R PR AR OC, KRN K
%30 A Density (ind./m’)=2.445x10*x eDNA con-
centrations (copies/L)-0.123, R°=0.99.

#3 ETOLERPCRIBIFENSIY, REMSEMIITER

Tab. 3 The specificity of primers and probe of target species by
qPCR

FSpecies CHH Ct value

8 & S, marmoratus 20.440+0.311
= ES. tertius u

RN S, izensis
BB R BM. monodactylus
H AT E4I japonicus

Y ICF1S. schlegelii

c c c Cc

T URIR ARG

Note: U represents undetected

eDNAJ &

eDNA concentration (x10° copies/L)

—%— 4 ind./m?
14 + —e— 8 ind./m?
—4— 16 ind./m?

2.7 ER. ENFEFRHET, eDNAKRESBE b
FEZE ZBXRNEKE S

¥ = N KRR AN IR I S 0 25 R G, 34T
eDNAJKE 516 B i 72 i AR KR R . 45 R
TR SRR I E RO . M TMEAR(E] 6a),
= N AMERR T B B8 3 B e DN AWK B2 5 48 & fih
FrHE T 2 18] A MEAH G R R (B 6b), KFRN:
Density (ind./m?®) =6.017x1 0 °x eDNA concentra-
tions (copies/L) — 0.485, R?>=0.96.
2.8 EEEHEYIEMERT eDNATKE AIIEICEH

EHCE N A = AR E IR TR U B i
FRHA B NS I e DNAVK JE K A5 H (R 47158 5).,
= N ATE SR E B8 ind./m>34 i1 2 16 ind./mH,
eDNAWK G KA B0, Z A/ MAFRIE %S £ HH0.22 ind/
m*3G N E)0.44 ind./m*if, eDNAWKZ K A5 25

—+— 32 ind./m?

—=— 64 ind./m?

0 Id 2d 3d

5d 6d 7d 8d 10d

el

Culture time

2 ENKIEME & illeDNAIK BEAR L A

Fig.2 Variation trend of eDNA concentration of S. marmoratus in indoor tanks
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—e— (.22 ind./m?
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FrFHI IR]
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3 AR E fille DNAUKR FEAZ (L1 1t

Fig.3 Variation trend of eDNA concentrations of S. marmoratus in outdoor ponds
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Bim T =4V N 8), =N AL A e DNA MK

JEE Bt 5 4 8l 77 B LS N T g, (= N AL
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% a y=5.0038e—05x+6.1044 b
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B4 =IRREA&ME T E theDNA S H IR % B 2 MK R
Fig. 4 Correlation between eDNA of S. marmoratus and its culture density in indoor culture
a. AR SRR b. Fa e
a. whole and early stage of release; b. stable stage
044 - - S . - 0.44 r
a y=7.5508e—05x+0.18422
~ R=0.17. P<0.01 ~ 1=0.00024447x—0.12319
E E R*=0.99, P<0.01
" o
~ R ~
ﬁé é\ Early rel ﬁ E‘
= =
g w2 022 f
w2 022 b / =3
_3 [ ";:6 4942::0&70 20594 _E
= . 'R::ﬂ 11, P=0.07 =
o 0 5 10 15 20 25 o 0.11 +
eDN,
0' 1 1 e . . s et N eDN..A concentration lxlll)" copies/L) N N 1 1
0 5 10 15 20 25 10 15 20 25
eDNAJfR i eDNAJK &
eDNA concentration (x10? copies/L) eDNA concentration (x10° copies/L)
K5 EAMRFASAE T E e DNAVR B 5 HIRHA % B 2 [HAH G R &
Fig. 5 Correlation between eDNA of S. marmoratus and its culture density in outdoor culture
a. B SRR, b. AR E )
a. whole and early stage of release; b. stable stage
% =5.4503¢—05x+2.8495 9%
’ "R358, 0.1 b =6.0173¢-05x—0.4846
&g e ’ »’E 2=(.96, P<0.01
5 S
k= L. L . . g 64
me Senn, ey
e e
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3 3
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© 8 F - e . 0 5 10 15 20 © -
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Fig. 6 Joint analysis of the relationship between eDNA of S. marmoratus and its culture density under indoor and outdoor culture
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TagManfREHEREMS SRIE/EY 8 i f2 vh H Xt H
FRFD AT 45 S R 7 2™ A o 5 5t o) e el
e FLaf & #0 PP b AT [RIR 7 41 B, 787 51148 S8R
(PIAL B AT 5 Ve 5 PR BE T, BRI 519 4R
B 51 & R0 T 5 B AR — B R R E R
TE 5 WDARET B RE S PR IR R R, A DA ) fih 2H 21
DNA AR AR St Bl A W, 17 DA A S Fhofs 25 f1
AL ZIDNA IR [FIFE T A AG R AT 5 1%
THIAE B il M S R TaqMandR & GERE S 1
SRR T
3.2 EEfHeDNAEERNH AN S R

EWNKMT, A FRIEE R 2] ) eDNATE
0—2dRf (B Bx W 2 Lt 35, fE2—3d W # & fif
eDNAKEZ FIV%, 3djea TR iRE& . fEEINEAF
T, 0—1d. 1d—3dM13d—10dix 34N E] EX N, 48
file DNAVK FE 73 ) 22 F %, EARIfR . =N
JKH B = AR UL AE <07 2H [t e DN AR & B ARE, 15 5F:

x4 ERNBEUIFERENER eDNAREIZKER
Tab. 4 Ratio of indoor eDNA growth of S. marmoratus resulted
from its culture density doubling

FRIHTEL FHEL FREERE FREEE

B Il Culture  Culture  Culture  Culture
Time(d) density density density density
(ind./m?®) (ind./m*) (ind./m?®) (ind./m?)
4—8 816 16—532 3264
4 1.72 2.19 1.96 1.46
5 3.18 1.32 2.35 1.42
6 2.30 2.41 2.03 1.93
7 1.20 6.60 1.20 1.65
8 2.95 1.68 2.34 1.66
10 1.54 3.23 2.06 1.87
AVE£SD(/r41,
Different groups) 2.15+0.80 2.91+1.93 1.99+0.42 1.66+0.21
AVE£SD(4:1,
Total) 2.18+1.10

R 5 EIOKFEEEHFRIET BN A HeDNAKEEKEH
Tab. 5 Ratio of outdoor eDNA growth of S. marmoratus resulted
from its culture density doubling

FrAH # J¥ Culture FEHH % Culture
I Il density density
Time(d) (ind./m?) (ind./m*)
0.11 —0.22 0.22 — 0.44
1.29 1.73
8 1.66 1.53
10 1.37 1.72
AVE£SD(4341,
Different groups) 1.44+0.19 1.66+0.11
AVE+SD(4:#,
Total) 1.55+0.18

AH0. IXEIKER(Chrysaora pacifica) 8 (Hypoph-
thalmichthys molitrix)=5 W) Fh 5€ A I 77 25 A
— 5 SR SN K B R D] AT RE SR T
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CORRELATION BETWEEN THE DENSITY OF CULTURED SEBASTISCUS
MARMORATUS AND ITS ENVIRONMENTAL DNA

GAO Tian-Xiang', CHEN Zhi’, WANG Xiao-Yan®, ZHANG Hao-Bo’ and SHI Hui-Lai'

(1. School of Fishery, Zhejiang Ocean University, Zhoushan 316022, China; 2. College of Fisheries and Life Science, Hainan
Tropical Ocean University, Sanya 572022, China; 3. National Engineering Research Center for Marine Aquaculture, Zhejiang
Ocean University, Zhoushan 316022, China; 4. Zhejiang Province Key Laboratory of Mariculture and Enhancement, Marine
Fisheries Research Institute of Zhejiang, Zhoushan 316021, China)

Abstract: Environmental DNA (eDNA) analysis has become an important tool for biological resources research. Sebas-
tiscus marmoratus, an important coral reef fish in Zhoushan coastal waters, has high economic value. To explore the re-
lationship between the density of cultured Sebastiscus marmoratus and its eDNA, this study analyzed the CO 1 gene
sequence of Sebastiscus marmoratus and other five relative species based on a set of specific primer and probe. Based
on K2P model, the interspecific genetic distances between Sebastiscus marmoratus and other species were calculated
with the maximum value of 0.3202 between Sebastiscus marmoratus and Inimicus japonicus and the minimum value of
0.2617 between Sebastiscus marmoratus and Sebastiscus tertius. 2, 4, 8, 16 and 32 individuals with average weight of
12.46 g were respectively cultured in five indoor buckets with a volume of 1 m’, and 20, 40 and 80 individuals were re-
spectively in three outdoor ponds with a size of 40 mx15 mx0.3 m. The samples were taken at 0, 8h, 16h, 1d, 1.5d, 2d,
3d, 4d, 5d, 6d, 7d, 8d and 10d for extracting eDNA. It was concluded that eDNA reached a stable stage after 3d and 7d
indoors and outdoors respectively. By fitting the linear correlation function between culture density and eDNA concen-
tration at the stable stage, a highly significant positive correlation was found between culture density and eDNA con-
centration under the two culture conditions (P<0.001, R220.9546). The increase in eDNA concentration was higher in
all indoor groups than that in the outdoor groups. This study provides a basis for eDNA monitoring and evaluation of
Sebastiscus marmoratus resources.

Key words: Zhoushan; Stocking density; eDNA; CO I ; Genetic distance; Positive correlation; Sebastiscus marmoratus
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