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J Al fiE(Taberlet et al, 2012)., %3 A & i R E I
I A s ) K A8 R R DNA R BOR HI W A= 1) 2
MAETE T iZKB, TEEAT A ) EAG B — RO X R
(Ficetola et al, 2008; Takahara et al, 2012), eDNA FJk
BTz, ATV R R K . F . 508 . JRIRIAE
BE 40 il 55 (Turner et al, 2015; Klymus et al, 2015;
Wilcox et al, 2015), Jf H H i o D 8 K FE 1 R 5 53
Hr BV A] 3% )2 98 A H ) (Thomsen et al, 2012a. b), MM
FEARCRAEBLAS , W/ RAE T AR X R85 FLAE W iR i T
PR . eDNA FRIR KL FE MR Hb T AL G800 £ 7
AR, TEDIRI RSP R AR e P A 45y T & #E
YEMS

CA=HENT eDNA TR H A5 sk B g 2E 1 7
5% (Deiner et al, 2014; Jane et al, 2015; Sansom et al,
2017), RIUKIKTH eDNA 76 H R &1 T 5 Fefiit,
Hafem s by 1, DU R B 2088 3 31 5 B ik
TR E o AN, SUREE 534 eDNA A B Tk g Ho
Sk SRR ) — 25 R . R, X TFAEE AR L KR
R AR L AT i A T Ry 52 2 BV TR PR Y, eDNA Y
A B S A WEFE AT IH 40 A PR (Yamamoto et al,
2016; O’Donnell et al, 2017), T f# eDNA {E/K A& rh3"
FRORITT B A R X T SRR B T 2 () H (R A e
REFEWMITREIAY EHR YA E) A HEEE X
(Shogren et al, 2017), Xf /K& eDNA A5 fLHL A Y
TR AT B AR P RhaE B8 5 A ) 8 PEAS 19 i 42
— M1, A eDNA HORXF H Ry Fp #E4 738 B2
BRI AERR %) 73 A7 B AR (5 2. 1 eDNA 7E/K 1A
W oA 2 Z R RS, A SRS L K . DT
RN P B 1755 (Deiner et al, 2014; Robison et al,
1981; Saba et al, 2012; Wotton et al, 2001; Maggi,
2013). X EEERYIFN oA LA A H A P 2R 19 52 e By
3 eDNA B2 ELoT A R W9 # A E B89 o e s
LR R 0, M E i eDNA SRBCH 3800 B bR Fh
17 BRI H — B USRS g e py [a) 8, 1 5 Fr 2 A
TN eDNA /K- A e 8 £ (Thalinger et al,
2019), RV T B A A WAL, BRI T B —
A it (Turner et al, 2015), AHF 5% ik H A [ X) iR
(Fenneropenaeus chinensis)fE-& Bir#iFh, HEFFE
IREREE R I FEIAE I F 5T K I8R, A eDNA T B/ A /F
hEEERER BT UM S X KR eDNA i
i N — B E W W (Turner et al, 2015; ZRMi4E,
2020), BRI TURRY) B AH BN AL IEAEN, A
AR T AR A A BB eDNA (123 4 45 5 L AHIFSE
SR RWER ST NS . (1) TEE R F T 8 S ubhi i
ANFEKEREE . H . JER)RAK, BFFE K M o A [ X R

eDNA By AL (2) RERIZTIRYIFIETEN
S8, AU X KA B R R 7 X Sl A A
SRR T h EIXTER eDNA ZE/K 1 4310 KUEE AR
Wi A ER L B B M R T SR AR A LA KA Ak
eDNA FASE B HAD YR BT

1 M5
1.1 RHEuhfir

B b R R T Hp R K R 2 B 5 B T K 7 0 A
FrigifE 101 SRMFEA T 2019 4F 12 H 21 HAEHE
TR A ARE XRS50 A (1990) % Hi [ X R R AF 58 7
T, 7 G R A R L, SR 8 iz, F
3 2R KT B WAL R £ L L R 3 K
JEAKkAE, Hith, RZOKAEIEHET 3 m BN EBUK,
HZKTE 20 m 24 KIRRIK iR JE K FE 10 67 7K IR
T LA E 5 m 2245 B UK (ELAACRAE G AR 4 1
O SNV MERE A A2 5ly), BACREEA B UL 1, SR
KERME R 1,
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Fig.1 Sampling stations in the Yellow Sea in Dec. 2019

12 HHERREFHRMESY
PR E X AR ZORA QI AR C FALTAE |



%2

BB g D E X AR5 DNA (eDNA)MTE B4 i B K =5 P 4048 3

H K (mtDNA CO 147058 . 51W & A 5%
(2019), H:7, COI PF 5 COI PR 1f Jy 3358 PCR 5|4
FHR ) £ BRLBRE S DNA, COI DF 5 COI DR £ 4
JE R PCR5|Y, ¥ 3460 B R B8 PCR 59T
PR B — oy 51 SR A TAY TR(E
) By A R BB o

F1 BUEGIREEKR
Tab.1 Station location and sampling depth

®zZ PR OKRE

E23)3 G KR

1.3 FEXHF eDNA E &

it FH IR BETE XK T e DNA HEAT & 4R o BEHL LA
9 47 mm. FLARN 0.45 pm AYBEIEFAENERERXT 1 L BT
ROKFEE IR (F|ISE, 2019), HAKEER 3 P17 H
AR 3 APIVEXT IR, Fit 75 AFEAS S sk S A
EREE PR/ SRS Q1Y INIk KR I R N A o)
A4S I FRIE, 20 CHA7F BRI HETT DNA $2HL,

1.4 eDNA fZE

IS | ede Latinde Deptn KT KIE KIE i FHI AR & 26T eDNA 21, Em&%ﬁxﬁﬁzﬁ}ﬁﬁ
Station @) ©) (m) Surface Mid Bottom Renshaw Z5(2015) 31 LAwkcadk, HEARIREETR R .
m (A5 TERE KA R 09 70 1 3 2
8694 112.18 3554 56 3 20 48 LA EWSR, BT 2 ml LS,
B2 B Te e [ 250 A5 YA 570 ul 19 Buffer ATL Fl 60 il 925 11
10394 12230 33,00 68 32060 i K V(20 me/ml), WRIERE S , AR ABIR 4151,
10794 12330 3459 79 3 20 70 o o . - ,
12394 12225 3400 51 3 21 33 TEAR K 65 CokHE 3 h KA , 45 15 min
12504 12327 3356 71 3 )1 6 %%Eﬁﬁﬂ?ﬁ’ﬂ%ﬂbﬁ, i TR o 4, S o7 iU HL
13994 122,52 3257 35 3 20 28 I 5F T RIAR ISR
14194 12331 3257 39 3 14 33 QI ES L PIIIA 630 ul iy Buffer AL Fl 630 pl
M TCK OB, WiEZED 15s, HHIREH2); % 2 ml
k2 AHMRAIMSIYMER
Tab.2 Primers and probes used in this study
514 1975 B R Fr BRI
Primer Primer sequence (5'~3") Annealing temperature (C) Size (bp)
COIPF  TTGTAGTTACAGCCCACGCT 56.4 597
COIPR  AAATTATCCCGAAGGCGGGT 56.7
COIDF  AGGGGTAGGAACAGGATGAAC 57.7 106
COIDR  GACACCAGCTAGATGCAGCG 59.1
Probe 5'FAM-TCAGCTAGAATTGCTCATGCCGGAGCTTCAGT-3'BHQI 66.2 106

BLERRIR AWM E] DNeasy B0, 25C
8000 g B> 1 min;

G E.OAENMA 500 pl Buffer AWI, 25C
8000 g #.L> 1 min, P ELAERITA 500 pl Buffer
AW2, 25C 8000 g #.0> 3 min;

@ DA 1.5 ml BB DA T, a8
OFEH YA 100 pl Buffer TE, 25°CH¥E 1 min, 25°C
8000 g &[> 1 min;

eDNA $2CE RS, 37 BRI T G 84t
FETHR I e B ) i, # eDNA AR IR E & T
250 ng/ul (SR RE T PCRRF & B R FRIIARE 5 (1)
DNA AR T 250 ng/ul), WPKHIEATHRE . 124
eDNA K& I EL 10 ul DNA I, FVEB IR eI
HLUK RN B2 PCR €70 #T, LAY 90 pl eDNA ¥

80 CIRAFHH
1.5 rEXER eDNA EEST

PR AT $2 B eDNA FE iR BBI ZE B2 A7 R
/5w ) 2xTagMan Fast gPCR Master Mix (Low Rox)3Z
A2t it PCR AN & 7@ o, & PCR
(Quantitative PCR, qPCR)¥" 14 (1) [z I A Z 2 B ) &
UL A5 2ORR ] 20 pl (KR (55 3). qPCR 4714 [ i
JF: 94C 3 min; 94C 5s, 60C 35s, 40 MEH,
qPCR ¥ 341X 4% A ABI 7500 %52 f PCR A, JRKidR
HEGH DNA SR E eDNA FESLTERA 96 FLARY
Wit 3 4~ qPCR A, &4 96 fLtkixE 3 A-FIHEXT
HR(TCHAR) 5 3 > BH X B (X R L 4 DNA),
JFCRLAR UE i DNA HIRM 107 copies/ul LA 10 475 ()3
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%42 %

B BER 10 copies/pl, JE UG 3RAS ) BT A B85 R 4
Xt T, B eDNA BE S B 2 7 #5 D1 BE
PaRE S IEE R E, D RS SDS 1.4.0.25
A3 CtE, FHA ARl 4 59 1 ih 2k .

#3 EMRHAEE PCREMEXARFAE
Tab.3 Real-time fluorescence quantitative PCR
reaction system and dosage

SRR F JH
Reaction system Dosage (ul)

2xPCR ¥ LI 2xPCR Master Mix 10.0
COI DF (10 pmol/L) 0.4
COI DR (10 pmol/L) 0.4
41 Probe (10 pmol/L) 0.4
4 DNA Template DNA 2.0
&K ddH,0 6.8

1.6 REMBYBHLRELEE

PEPE I R BB 3 U 37(8694 . 10594 F1 13994)
R R 2 DT CRAF: 3 (57 R 40 12 0 SRS o 2 AU 3R A 7
WHE). RIZVIFRYIA RS TAETE R —Mik o i,
RAERS, PR Vg H T R R IURIURY), 7R
Ve A5G 5 B8 T TH B8 2R I b, HEH SR U 25 h 5k BR 1
K DLk AR A KR . SRS , SR
FHRALZE AR Mgk 2 i DL RE SR il 28 SU5 3% o FE S TG
WEAAE, T20CREPRAE, iz kLR
FRRETE-10C Ay, e i B kRl . 2020 4F 1
H 3 HEEER SR = 5 Sr AT AT 5050 . 3 i 1)
RIZVIBY R 3 LA BALRA N 14 151
B YR B AR (K x P x5 . 35 cm x 24 cm x 20 cm),
N3 1000 g LEUIRE LA 10 L AN TifEK . SE56ad #
W, TN TR K 4505628 qPCR A, T Hh [ X R
eDNA f#7E. LA BN, S liRA] 3 AMSEgmd, fril
FWEFUOER, RE 1 L FJZKEEG AR
I EXTEF eDNA B4, ISR, 20C
TRAFTF o JURE 5 1e) B BRAR vh BRI AL 3 L N TIFK
PIRAIE T BRI B — 3 B H 15:00 MRS, 142
171, P SEsm A B fE = Nl T, SIRRAFFE 10T,
KR PRFRTE 6°C Il i) 25 A HF LR, i SE ik
AT S AR PR, I B K vk, S
WEE RS, XTE RS G — 1T eDNA AU BUM
qPCR K&, 2 P S256 A I XTUF eDNA A& 4 . R
K qPCR M ik fml (1.3, 1.4 Fl 1.5),

x4 TRFHRE
Tab.4 Setting of experimental condition

S RZVIBRY AR CPATREARGE
Experimental Surface Artificial Parallel
group sediment (g) seawater (L) samples
8694 1000.00 10.00 3
10594 1000.00 10.00 3
13994 1000.00 10.00 3
%% H Blank 0 10.00 3
1.7 HESH

J A B 2 b AL AL B S ] Excel 2016, R
3.6.3 M HAE I & FF 5% R Studio FRAAALBE

2 HERE5HW

2.1 5|45 R ELeiiE

2% B R S FEL DK RS N 2 B, 514 COl DF/
DR WP 1 T E X EF mtDNA CO 1 K24 106 bp
WHM R B, WK R—W5e . T4 (8 2), 5
BURES R —F0, BT o Y0 ek R 4F

2.2 FEXH CO I EFE qPCR ¥ 1Ay FR & £

ML 3 AT LR A S50 B 19 iR A M i DNA
WeFEAE 10~107 copies/ul 5 N EA BIFRILMEXR R,
Vi B AR BIF 5% 8 7. ) s 11 1 28 B A% o B 1 s 7 v
HF mtDNA CO T FEH P4 .

2.3 thEYER eDNA 97 # i

K 2s B o, 7R 8 Nulifi g . b K
Ferf, IK)Z eDNA # N S R M EZEA R EER
(P=0.003, P=0.0009), B 5250755, JIE)Z K14 eDNA
OB R TR PIZKIEER 5). 8894, 12394 FiI
14194 351 3R)Z eDNA WERTH)Z, Hr, 14194
Ui 3 )7 eDNA Wk B ey , 3L T E X EF eDNA 43
M ARZE D IKZEZE 4).

24 RERBYRMELIE

FNVUBRY B REL 245 R Bon , RIZVTERYTES
TIERT 2 KR s B CR it rp [E 4T EF eDNA,
H1, 8694 5 10594 uifi7ESEEES 1 KBRS ,
4351k 1624.06 1 3453.34 copies/L, i 13994 3 7E
552 KB IR, A 1143.24 copies/L. 3 43¢
W TR B eDNA 5 D1 %05 i) £ 6 A1 96 ¢
o WHIESE 7 K020 4E 1 A 9 H)faTHae HARERE
BARIKF-(3R 6 FIA 5),
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BB g D E X AR5 DNA (eDNA)MTE B4 i B K =5 P 4048 5
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Fig.2 Detection of qPCR production by agarose gel electrophoresis
M: DNA Marker DL 20005 —: fil; +: 1EM%; 4L 3 FUKE A R —REE6 7
M: DNA Marker DL 2000; —: Negative electrode; +: Positive electrode;
Three rows of lanes are for the same sampling station
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Fig.3 The standard curve of qPCR of

F. chinensismtDNA CO I gene

3 itie
31 &SN H eDNA £ FHEI T

AR, PR E R B5 R
oA R o S H AR AR AN TR K 8 B BER A 35 )

BRI A, X eDNA MR EEHEFT 404D , e f8
ST EI B A A £ 4 e A o AN AR RS B L

#z5 EBSMEMUFREKERPEITEF eDNA iRE
Tab.5 Concentrations of F. chinensis eDNA in different
water depths at eight stations in Yellow Sea (copies/L)

w5 xRz Uz JEZ
Station No. Surface Mid Bottom
8694 1898.74 2882.14 3465.42
8894 1818.40 1401.69 2212.25
10594 1616.72 2163.28 2551.10
10794 3582.64 7267.49 9338.28
12394 1789.86 1160.17 3054.33
12594 2689.88 3476.83 3425.31
13994 1415.96 1817.87 2596.97
14194 1735.86 1130.94 1118.00

ERFFE R, b R A R A S S LR 1 Y 5
2 MEEEE . 2B g B (Ophiuroidea) K /N i1
FKNE, FE w5 B it (Suberites domumeula)
OB FRESE, 1990), HLErh [ XS iR X — & I 1, T
DA 000 v 6] T A A7 v 8 A% 300 i Aot A v 1 % B 4y
A T IR)Z KM o TIAG I 285 S 5 33— DA A« A 3]
X EE e DNA JEZ VR FEAIXT R o Rl ZEfE Fn4h
FeAE R A3 IR B 322 eDNA SRR, i T IR
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Fig.4 Concentrations of F. chinensis eDNA in different water depths at eight stations in Yellow Sea
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Tab.6 Variations of environmental DNA concentration of F. chinensis released from the surface substrate (copies/L)

i 5 Station 1d 2d 3d 4d 5d 6d 7d
8694 1624.06 1000.07 281.30 342.61 329.11 153.95 247.09
10594 3453.34 2812.50 1283.75 1039.92 544.87 640.89 270.17
13994 494.87 1143.24 1020.98 687.93 616.26 264.56 188.96
‘3“5)88 I —o— 8694 410594 —e- 13994 PRI BORAE,
2 : p—
g ol 32 FKEEMERT eDNA £ 7 HIF NN
Q
O 2000 _ . .
#1500 L ZE R BN, P EXTIFA) eDNA 75 H SR K& i Sk
= y o 3
® 1288 I S E MR B RJZWR AR A, (H 889412394
0 F1 14194 ARG I 45 5 5 HoAth ol 67 A AHE 25 57 o TERAE S

i5pfa] Time/d

Bl 5 2= NEEH E XU eDNA 3 B A8k

Fig.5 Variation of eDNA concentration of
F. chinensis in laboratory experiments

FITREAE T, X 26 T 2578 BCA /N B U 28 i J2 7K AR
(Turner et al, 2015), 25 EUEJZE KA [ XT iR
eDNA WK TF i o Bboh, AR sk [ — 4 Fh 76 A [
KEBB, H eDNA BB RWAFAE—E 227
(Minamoto et al, 2017; Maruyama et al, 2014), ¥ Fhff
Fa R 2 A B 25 B ], 245 =5 eDNA AR MER

R, X 3 S AKIRBCR M, T ER, AR
S 530 eDNA YR B IR AR B R R 2 — | MR B8 10 35,
AR, FEURTRI Y EIE, MM AT eDNA
FEAE—E R B o, LA iy X5 BT JR o 2 500
HHIE

M3t eDNA 2 BRI

AT KL, eDNA 2 7EKIR SRR Y 2 1] XL [
Rzl FEMERANFEAE v B R4 ) 32 B eDNA
KR, AMUSTEVIREVER T A DU, I+ BT
STEAN (N TE B . R sh A TS PE

3.3



BB g D E X AR5 DNA (eDNA)MTE B4 i B K =5 P 4048 7

AT, SEUTHY A E(Turner et al, 2015), [[] &
FEli eDNA, fHif3)IK)JZ K1k eDNA WRETH&, Miiff
(B = T E S0 . WF9T 3R, eDNA S7EKIE ST
Bz 5%, Hie, BUORY S KRS G170 0
A B S (Leff et al, 1992), #HKIK, DIRYITF&H
2 ) eDNA(Corinaldesi et al, 2005; Dell’Anno et al,
2004), HIJFFEUE: (1) AYr9ZEE . Sh7eFi i i 4
BSTEVURAE R T AV, (TR eDNA
e B TH (Turner et al, 2015); (2) eDNA 0] T

o (8 SR TS MEAURE IR B, S R AP AR, O HaX
SO A 23 W R AZ R T, SRS P AR A, DT A
eDNA [%fi# i [] (Pietramellara et al, 2009), i)
1 eDNA ANWIFLR, WREE L. DAL S B T Ui
YITE eDNA W58 iy B 22k (H R Z 5t o7 HUZ 5l
XTUTERY 1 ) eDNA SEATHEST , A BF58 31 DR
5 EFRARE G A/ R EASE, 2020), R TIARYIXF
Ji) B R 55 119 52 W W 7 1% 2200 AR BIESE HE 7R T UL AR
i FEIE R eDNA 17 20 JE R K AR i Al K52
Wi, AN B RGX — RE MR, B R 2, R T ORWE
R R

34 HEZ eDNA ZEREREXS

FWLR LI, RIZTORY i b E X EF eDNA
Bt AJKIR 7 d JRIET 58 R . TIX 52T A
(2018)%F H [E X F e DNA 7K Hh 5% B3 Bisf [7] (1 AFF 5% 245 SR A7
XS, HEE &3, Bt eDNA f] DLTE KA 5%
B 27d. [FIBHE &0, eDNA RT3 eDNA ¥k B
SN, eDNA WRIER R, A A A 40 K (22 1 4%,
2020), FEBIARMITFEAEIERFANRER Y, H
W BE I FL R S v AR SR BE /N IR, ARBIF ST L
T REY eDNA 5% B B RIAHXT 80 . T3 46, Bk i)
eDNA #i A= YR B A KRS 2 A= e At , 00 B
KEESK, HAEDIRVE R TR EA RV b, IR
MAEANTVE T FETE, FEUN B UE i Bt eDNA 3§
el AR I T R AR, L, DU B eDNA
X REFR BRIl EA R R, RFE A BKER
eDNA 7E5k B i [a] F B W% % % (Dejean et al,
2011), FELUE MRS H, A LIARYE eDNA R B K&
MARTE], Xt eDNA #EAT X4, BE£EAIE 195 [ 5 it
1T qPCR Kl ,  DASLREARUTAR S Bk i T4k o

FE TR B AR AR A AT ST YRR TEE T, BFSE AR
HEAT A B RPE B SRR BETT, AT LA I 45 5 5 i ap
o (BT EX R TIEN eDNA #1768 5 X 4, LIk
D25 SRR 22 , TR eDNA H AR T 4y ffis | 3] H:
K = W b () 4 25 R G ST

2 % X M
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Preliminary Study on the Vertical Distribution of Fenneropenaeus chinensis

Environmental DNA in the Yellow Sea and Its | nfluencing Factors

QIAN Tangyi'?, WANG Weiji**, LI Miao”, SHAN Xiujuan®*", JIN Xianshi**

(1. College of Fisheries and Life Science, Dalian Ocean University, Dalian 116036; 2. Yellow Sea Fisheries Research Institute,
Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture
and Rural Affairs, Shandong Provincial Key Laboratory of Fishery Resources and Eco-Environment, Qingdao 266071,
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Abstract Accurate knowledge of species distributions and population dynamics is the basis for
fishery resource assessments. However, it is difficult to monitor certain species with small populations or
complex life histories. Recently, as a new monitoring technology, environmental DNA (eDNA) has been
widely used in species monitoring, biodiversity assessments, and biomass assessments. In this study,
eDNA technology was employed to understand the distribution of Chinese shrimp during its winter
migration. In December 2019, we collected water samples from three water layers in the south-central
Yellow Sea to test the eDNA of Chinese shrimp Fenneropenaeus chinensis. In addition, laboratory
experiments were carried out on the surficial sediments of the seabed. First, it was found that the eDNA of
Chinese shrimp exhibited a specific vertical distribution in the natural water, which was characterized by a
high concentration in the bottom layer and low concentration in the surface layer. This distribution is
related to the life habits of Chinese shrimp. Second, the surficial sediments would re-suspend and release
eDNA to the surrounding areas under the action of external forces, causing a large impact on the water. In
this study, the surficial sediments were divided into three experimental groups. The maximum amounts of
eDNA released by the three experimental groups were 1624.06, 3453.34, and 1143.24 copies/L, the
effects of which lasted for approximately a week. It is hoped that this study will assist with the eDNA
sampling design in the future.

Key words Environmental DNA; Chinese shrimp; Distribution; Surficial sediment; Biomass
assessment
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