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DNA (environmental DNA, eDNA)", eDNA 4% A ] WAL RN YFFEEA2ZETIL, eDNA 7EK
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FEHEN, BFFERWT, R PCR J7 ik T]
B LU 22y o ey e 2t 000 9k T A BURORI M A Y
PG E i PCR(QPCR) J2& H Hi 5T eDNA HEA 3 #r
YRR SRR WL . BRI, SRR R
B, 5 qPCR AL, W% PCR (ddPCR)
Fe R X IR FEA Th eDNA AYRG R B 3 007 i
S A A e o A7 g R, HAT, ddPCR
FARC T T 25 eDNA it

[ A b 1% (Platyrhina sinensis) 3 J& T30 &
f1 44 (Chondrichthyes) fif H (Myliobatiformes) [#] 5
g R} (Platyrhinidae) A1 8% J& (Platyrhina), /N
JREE IS, FEAMTIRFEA, RE
FRUF PGS (5 VS V) S i v, 2 3V G 4 1
MELEERYZ—. BHEi, CAANDRKTHEHE
Jad A A L LK . KA SREIE . AR IR A
F o AERREME I AY A A 2H DA B 5 2R 1 R B
AL SR #2018 4F, Chen %5 X2k H
WV LU 3 1) v ] A B 8RR AT T TR I A
I DNA 0805347, 3302 H AT ¢ T b [ A B
e E BTN A b ic sk o AT R A AR R PR
R, RSO AR AZ . BT
Hhah 122, AR H AL B A R s m ik,
WORBR TR Z, g il I8 & 7 20R
R TERORMERE . I, {H ] eDNA 43t 8
BB B 10 A5 RN v [ AT Jad 66 108 VS A 0 A X
KAy, HAT, E AN A UL OCT b [ A

eDNA 4 M7 77 T B BF 55 #0438 o A% BF 55 2% i ff 1]
eDNA 5 BRI HE A, %R A T o B
5 W A O TT A5 o ek e A 56 ) A
0% (9 45 VS M) R TagMan 8%F, DLW S 15T
30 [ A B A S e ARG R A
AR ] A B 9 9 5 cDINA 3 B 0 6 52 i el

1 MESTHE

1.1 #ERE

KA Hb S AN TV AE S LU T AR SRR AR VD it
BRI (P 1) r ] AT B A o 32 B 46 > b i PR
o REITHNEE M CRIALEAE TRERERD
XX, A BREE (4 M AE ). eDNA ZKFE 22
HAVE# REETE Mo KRR 43502 2017 4 12 J
19 H . 201844 H 13 H M 20184F 7 H 14 H .
i 6 NMAF N 5 L w0 SR AR SEATHBURE, RAE
HI R EE R 0.1% MU BRI O BT SR K T
THFEAL PR, I A 8 1 2l oK AE R X IR, 7K
SR S 2ok A il v /K R 2R, I L0 R
MY J0T o S0 AT A8 VR N B ™ A 30 ST W VL
KEFENY) SR ARG, I 4 BT VTV K 2= 3
Yy B AR BEZE 2 R R I U T
1.2 DNA fZHUK PCR # $#833F

SR A% 1y -G A5 e DA e ] A R 46 UL A P B
HU DNA, i Fi AT B 2R 40 i f0, 2% ¢ S8 T 6 T
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R B FE L5
Zhoushan 0 mountain

island island

B

B2 o KIERAER e

water sampling stations e 4
A SRR B8

fixed network stations

0.5 km
Taohga
E— S

il

: :
R oY

1 HE R R R RAE S L ]

Fig. 1 Stations of P. sinensis and water samples
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A (con i H 51 % Fi(5'-TCAACCAACCACA
AAGACATTGGCAC-3 "), R,(5 -TAGACTTCTG

GGTGGCCAAAGAATCA-3 ") #E T PCR ¥ 4§ 1,

W& % . DNTPs 2 pL (2.5 pumol/L), 10xbuffer
(% Mg 2.5 uL, rTaq 0.15 uL(5 U/uL), b FiE5]
Y14 1 uL(10 pmol/L), DNA #i#z 1 pL(50 ng), ##
Al KA ST AR 25 uL, RN FEF: 95 °C TR
P 5 min; 40 PGSR R 95 °C A5 30's, 58 °C
Bk 30s, 72°CIEM 30 s, FZ&AE 72 °C FEAH 10
min J5 T 4 °C{#£4%. PCR =¥ iR 1% B g
T B G HL DK T R AT, P gk v Yk R o — ELEH 5
f) PCR F=#% 2 TAY TR (1) Bedn A BRZA
A AT R I o A 9 B 4 SeqMan X1
PEATPRE . B RN T Fahext, IR b
] [ B % COT IR B4l

1.3 HE R BEEEFRM 5 4 R R T RIS E

FErP G, E A R R R N G R
[K AT B 6 (P. tangi) —Ff,  PRHCAS S50 5% 117 R 1A
Jo3 BEAE R B UE Y Fh . f# ] Primer Express 3.0 # 4
JEF v [ A B AR COL A BEE TR B 11 5
TagMan FE T VOIS [ AR EF fr 2B T
A TR (Bl B ABRA RS . TagMan £
B sumfdi ) FAM (FOER) #E7Ric, 3% TAMRA
HEAT A o Af S I 28O %E Bt PCR (quantitative
real-time PCR, qPCR) %l 5 | ) FIARET B9 FRE -4k

qPCR S W & & 2K FH 20 uL & & ;. Premix Ex
Tag10 pL, 1EJZ 10519145 0.4 uL (10 pmol/L), DNA
R 2 uL (50 ng), #R%F 0.4 pL(10 pmol/L), #A8 4l
IKANFE 2 20 pLo 3 N FR Y . FAR Mk 94 °C
10s; 94°C5s, 60°C23s, 45 MMEH, qPCR P~
14 Y #% 5 ThermoFisher 7300 Plus Real-Time PCR
System,

1.4 eDNA REVE E=HM

SIS NI BIIR(a Y % NSy RGPS N U i K K i
JE T ZHR L eDNA, HARSRIBUL IR . (i 5%
47 mm, fLIZ 0.45 um BIREFR LT 4k 2R B (2%
W) fhiE, K eDNA & HERNIER M, H g H
GO E G A GRS, BT -80 °CIR1fF. [
B it 98 A PR FRL Y 4 v oK AR Ol BRI AR Ll
DNeasy Blood and Tissue Kit i ] & #£ 1T eDNA 2
W, BEJS P BERR Y 5% iQuantTM BR dsDNA Quant-
itation Kit (0.05~1000 ng/uL) #% & & & 46 ML 57 &
T H R MR . X R EUAY eDNA B A Al

R E K7 2: 2 E /) sponsored by China Society of Fisheries

QuantStudio™ 3D %1 7 PCR X # 17 eDNA & & 45
Mo BN AR ZR 5 < [ A bl B4 S 1 5 | 9 SR % 1Y
BT AN B GE” T qPCR B iiE AH 7] o $A006 20 45 14 -
50 °C ¥ F 2 min #F47 UNG F#80E , 95 °C Az
2 min, 45 RIGHLFEH 95°C AL 5s, 60 °C il
KAEA 23 s, X THBERARA KEE, Btk eDNA
A (B 2 pL 35INE) 4 pl) J5 47931 o BB
ERMARTFER EHETHE I RS, BEERA
KA #EAT PCRY™ 1S, A Jm B3 FH O iz i
eDNA ¥ ¥ .

1.5 IS

fifi ] SPSS 18.0 % fF:XF /K K eDNA ¥ JiF 5 %
FES . SREER R E T 22 5 W PO o

2 4R

21 HEPREEEMERRERL

“2018 4F 4 A 14 H—2018 4 7 A 14 H M[A]
HORAER P E A R 21 B, HYRERED SRS,
4 0.228 2 FE/d. “2017 4 10 H 1 H—2017 4F 12
H 19 B WRIMCRAE R 12 BRSNS, H IR
J90.104 3 ., “20174F 12 A 20 H—20184F 4 H
13 H IR AL i [ A 6 2 5 8, 78 3 /A ) Bt
R AU D (R 1),

x1 PEHAREERRERER

Tab.1 Sampling information of P. sinensis

SZREME R BV R H ke AU R
71':# I ] total number average number
sampling date
of samples of samples
2017-10-01—2017-12-19 12 12/115
2017-12-20—2018-04-13 5 5/80
2018-04-14—2018-07-14 21 21/92
ZRORFE SR O A A . AL D A

BONFRIR, ek, Ea S (® . 7H
KR HY¥ R T 26 °C, 12 A4 HKEZER
AR, FE15~16 °C 5o RFEIK I SCRAE SR BT
HARME BN 2 B,
2.2 FEFRESESF S IR E R E U
i 1t A 5 0 EC A e 6% COT TRl B
FEHILERT, B 0 S 5 | ) R T b [ 1]
Ji 85 £ 7 1A T 2 2 636~2 769 bp i B AL (5] 2),
AE T AEN Y1 7 BER/ R 134 bp, H51Y)
4 ZF-F-2636: 5 '-GCAGGAGCTTCTGTGGACT-
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SRAERTHIKGR B R A = Bt

Tab.2 Water temperature and sediment information of sampling stations

TRE HURE bR HKRJZWEPC  surface temperature
stations sediment 20174 12H19H 20185F4H13H 20184E7H14H
Dec. 19,2017 Apr. 13,2018 Jul. 14,2018

A TERR. A gravels, reefs 15.2 15.4 26.7
Bl A, YY) reefs, fine sand 15.3 15.6 26.6
B2 A 417 reefs, fine sand 15 15.6 26.4
Cl1 A YD reefs, fine sand 15.1 15.9 26.8
C2 EF . 47 reefs, fine sand 15.3 15.7 26.6
D M7y fine sand 152 15.8 26.5

TAACTATT-3", ZR-F-2769: 5'-ACATCTAGCGG-

GAGTCTCTTCCATTCTG-3", #%4l N Zpro-2671:

FAM-ACATCTAGCGGGAGTCTCTTCCATTCTG-
TAMRA (% 3).

YA B RPA R B GCAGGAGCTTCTGTGGACT TAACHAT T 27
ZR—F—%6? ................................... ACAILOTAGCEGGACT TG TCCATT T RN Zg
40 By Y A I
AN Eilzs) e T YT RN GC AGGAGCTTCTGTGGACTTAACH A ETTTTCCI"%%M%%%&CT 67
: )R8 GCAGGAGCTICTGTGGACTTAACSATTI VUV 8/ WIACA GG AT A GCCT 67
ZE-F-2630 . . o oottt e
2 L
ZPTO-26T1 v e et et e e e [AGCAAIAATCTCTCASTATCACACAT(

& 2

W% P sinensis CAATTAATTTTATTACTACTATCATCAATATAAAACT,
¥ P tangi CAATTAATTTTATTACTACTATCATCAATATAAAACCE

PEFRBEEES Y. R FIIS5 KB BEREERFRL

Fig.2 Nucleotide variation of primers and probe between P. sinensis and P. tangi

=3

PEFREES RS RHER

Tab.3 Information of specific primers and probe of P. sinensis

4 L 512 [ 2 5 M

519 B AR% 751 1B KIEE/(°C) Pclfcfli#ﬁngiibp ¥ BT different nucleotide number
sequences of primers and probe Tn 1 p th locations - —
eng H KPR EE  P. tangi
ZF-F-2636: GCAGGAGCTTCTGTGGACTTAACTATT 60.4 134 Lt 1
Zpro-2671: FAM-ACATCTAGCGGGAGTCTCTTCCAT 65.6 L 9
TCTG-TAMRA
ZR-F-2769: ACATCTAGCGGGAGTCTCTTCCATTCTG 61.6 HE 5

28 qPCR " S40AE, o [ 14T B B 5 S 5 | 9
FRET O v 1] A A o HH BRSO 5 o, &
U D88, g AT G R i R AT B 605 25 1 6
TREIRRAGYH, RINPITE. qPCR KL Cr
EIR 4, BEIRGREY, KUFRTBOHT1Y

F4 ETEHXEZPCRAFEHRRES| .

RETF R MIIELS R
Tab. 4 Specificity verification results of primers and

probes of P. sinensis by qPCR
L/

species
FEFFESE P, sinensis
HICRIREE  P. tangi

Cla

C, value

16.81+0.2124
ARA

undetected

https://www.china-fishery.cn

SR RA R AR, 0 T AL i [
A B} 605 4 0 T X

23 BFPCREEZ

B PCR W5 R R, T 20184F 7 H 14
H 2R 48 B /KRR R 21 1Y) e DNA MR fe i, Hik
JE 2017 4F 12 H 19 H REEMIKFE (£ 5). T 2018
A4 H 13 HIRERAEE KRS, e D0 7 4
[ A B % eDNA,  HIREERIE (] 3).

24 SEMSR
B —Bf 18] R B RAF & T+ E B B 8% eDNA
K B oh) BT EMERE R, 2017
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5 TRFEHLSHTEHE L eDNA RE
Tab.5 eDNA concentration of P. sinensis

from different stations

eDNAKE/(1~/4 uL) eDNA concentration

SAER

stations 2017-12-19 2018-04-13 2018-07-14
A U 18] U
Bl 21+44 7+3.6 433+75
B2 24+4.6 6.3+25 80.7+9.1
Cl 143 +3.1 U 35+53
C2 27+4.6 U 122+ 14.1
D 24755 U 423+9.1

22 i RN TR . BR ASREE RSN, HoR
4 A RAE RLAE 3 AN SRAL I (] 2 ) 25 77 e A e 3% 22
St LRI R, YRR AL R R ]
REJZ 52 T ] DA 6 eDNA YRR IR R

F7 AEIRFEE eDNA REER BEME T
Tab. 7 Significance analysis of eDNA concentration

difference among different sampling date

W URTRE TR IARER , 2% A s bR % .
Notes: U indicates below the detection limit, the number are expressed as
AVE + SD.

140 ¢
—_ 122
3 120}
< .8
E § 100 +
§§ 20 | 80.7
w3 60|
{§<Zc 40 433 , 23
<Q I 24 27
z 14.3.24.7
3 S0 63

0 0|_| o,z“—'looo 0
123456 123456 123456
PREFs

sampling sites

E3 AEAE. AEH ST EFREEE eDNA KE
AR AR B AR R BEAL A 1LA, 2.B1, 3.B2, 4.Cl, 5.C2,
6.D.

Fig. 3 eDNA concentration of P. sinensis at
different time and stations

The numbers in the horizontal coordinates represent the sampling sites:
1.A,2.B1,3.B2,4.C1,5.C2,6.D.

4E12 H19 H. 2018 4F4 H 13 H. 2018 4E7 H14 H
A. Bl, B2, Cl, C2. D& 6 1 REE S Z K
eDNA 73T N R [0 B A E R B 2 7 (3£ 6).
Bl — RAF &R RAFI 1] A 6 £ 7
SRR J5 2250 [l —RAf s ZE AN [RRAE IS [] Py

*6 HXRHLIEeDNAKREESREEMSH

Tab. 6 Significance analysis of eDNA concentration

difference among each sampling stations

AL [A] FiE Pl
sampling date F-value P-value
2017-12-19 18.1 321x10°
2018-04-13 11.08 3.56x
2018-07-14 71.21 1.69x10°

R E K7 2: 2 E /) sponsored by China Society of Fisheries

KAE R FlE P
sampling stations F-value P-value
A 65 535.00 —
Bl 34.22 5.24x10™
B2 123.77 1.33x107
Cl 74.63 5.77x10°
Cc2 167.99 5.40x107
D 24.51 1.30x10°
3 Wik

3.1 ERREEAE RS AR

55 0 e S PR 514 AR A WD B — ) 2
eDNA R FE N HZ —, fHELT9 34759k
RS PEAEIN 9% (W0 SYBR green 1 34 BLiE), f55%
PERE I J7 6 (anf H TaqMan #4851 ) HA 8 5 (19 5r
S AT RS P, REAS BTG HR R (B B PR 2
By =P, HETHEE T TagMan #5119 eDNA K
MEAR T Z W HTAIKAEAY . Ficetola 57
X AAZ Y Fh 2E E 4 i (Rana catesbeiana) WY 32
WY, R E AR KB B A4 AR AR /D, IR AT R
eDNA J7 A AW ok, JF HE el 1
eDNA J5 LA K A A B R G AT RS Al A7k
Tillotson %™ fifi | TagMan 841 7E/NEH KB T
eDNA ¥ i 5 21 fF: (Oncorhynchus nerka) =F ¥ 2 |H]
FAAESRFU M€ 8 X R . Knudsen 5™ £ X K VG ¥
filf (Clupea harengus). KV (Gadus morhua) .
B 9N Eb B £ (Platichthys flesus). WX 8 (Pleur-
onectes platesa) T K VG ¥ 5 (Scomber scombrus)
KA T TagMan ¥REF, I+ SR FH T X s
FPTE D 27 (vt AR 2 iy A0 A g S AR Ak
HI eDNA £ I £ A 1A v [ B X HR (Fenneropen-
aeus chinensis) "= %) 5 B 1 # WOCR A TagMan #%F
o ik, Wang 55" | TagMan #8417 4% 1
BB K vt /NE A DL S AR R — R B
WA 8 1 (Sciaenops ocellatus) F)53 75 o AAWFFEH,
5 v 6] AT s 46 037 [ AT B % 1) COL P 9 A 7 LT
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weit 1A E R 6 4 S P 5 1 AT TagMan $84
TES RS B AR S R b, AU v 1 AT B
B R A ) FHAE LS 5 o R BIBTBTH 5 1 A
TagMan $REFARL, AT T F LA i o T 1A s 6 %
TR ENES RE A .

3.2 eDNA KMFARHESRHEE

ARSI eDNA =AM AR, UEBH 7%
e AR T [ A B3 6% 0 05 W i T AT o AR i
] VA o o PR S R 00, A A 11 3 g rp
A g R R b EEM AL B. CE3AR
FE S R AR 92 d21 B, SFI94EK 0.228 3
FE. {H eDNA 5 &4 45 R AR s DA 7 Hp
VA 3 % PR 15 5 . eDNA E B K I R AE H b
Pl BEE ARG 0 T AR S MR E, X528
A 1) eDNA E 5kl 25 1 — 22, 48177, eDNA
S BRI AR 1 v R A R A BRI R . 2018 4F 7
H14H, 28BN ARHH—EEREN 3706 g
Hh ] A B 0%, ddPCR A6 A1 35 A Hp ) AT J
5 eDNA IYF71E o KM eDNA 731 I HEZ 2]
TR, KR . KRR S 5 E B M
BAEHZ RN, FEOKEE T ARERER
[ [ Jt 8% eDNA 731

3.3 WRIFMER P E F RS H IR O

JE BT H [ A1 s 065 110 0 A 5 T S 5 AR YR S
B EAT T 3 IR A AR R A . A T3 RHUEE
H A BE A DU 3 K (A b A7 A v ] 1] B % eDNA, 1%
R E A R — D E X, BT 2200
gER R, A, Bl, B2, Cl. C2. D6 RS
Z[H] 1Y) eDNA 4> 745 DUEUFTEM & 25 57 0 15
A S A R R D R, ATRE R A
SRR B AR AT . RRAR O (IR AT L), i
fRAE S BA A, (AHAERERNAEY ., &
B v [ A B R XA MR AF AN R B, X 50
i 38 B v [ AT Bt 8 ) < U0 A 2 ) P A — 3

IR Hh ] A1 Bt 8 P S0 A TR A B2 . B, B2,
Cl. C2. D5 RAEAH, DL D ATV E i
% | Rifefed, {HiZ i eDNA 5185 DB I
e ——B2., C2 2 4b 1Y eDNA ¥ B4R = T Eimg
% . ERGX R LR AR, AR ATRESE D A
MK RESE (30~50 cm), 1fif B2, C2 RkE ST
MR, SEOK Y SRR, i E A
Ja % 25 F- AR PV FOK TR fe 3l i . A I R,
Hh ] A B 0 32 A B /K IR 60 m BTREIE Y, AR

https://www.china-fishery.cn

5T B AR A 30 17 7K 38 BT 5 3] vl () A
A, IR HA K R X T eDNA A, 2
F B Y R K X AT BB A B 22 B0 1 v [ AT S
I3 o

o [ A R 0 LA S . TR — R R TRLR
FERTEIN P22 R TR, B A midh, HAR 54
eDNA KA S AL — S 2017 4F 12 H 19 H
20184F 4 H 13 H ., 20184F 7 H 14 H 3 Af[aj4H
(B A7 S 25 5 o X TR 2 X v [ A g
B oA ELAT A S 3 R o SRR TR C2 S RIS
Je Ry LAY . 4 i K 3R i R B IR (15.7 °C),
H eDNA W BEAIC TR DAL BR 5 17 7 H 7K 48 s i
(26.6 °C) i, H: eDNA ¥ Fik (122.0 £ 14.1) 4™/
4uL, E'EMLE TS eDNA 45 5 L ATHIBL, 3%
BHZE<2017 4F 12 F 20 H—20184F 4 7 13 H"& %
S WA W0 AR BE ARG, & Al T v [ A e
B b

AR, ERRASBR LW T 2 MR R A 1)
WG BRI | AR 2 i AR Ve L R AR AR
R A, PR U 5 M T U
Sy A E R FE W OR T B KR K F A AN
Tv) F 0L 88 R B R AE DA 52 ) 8 28 4 3
T4 PR 22 ] R S v [ A 66 ) LR RS 1 EE SR A
AT, TR RIS DNA WFH A7
3, RS T v E A R A S LR 3 AN R A
e, R\MIBEOARIE & Tizafme ., R
Fril 2 Bk 1k e 5 v A R 50 1 fed b S E,
AL PR ] A s 06 o) A 8 PR B LA i 2 LA B
MRS N R IFFAE, KITART . TRAb iRt £
IR T R B PR 28R A5 2 ) v [ 1A o A A
W AR o3 AR AR, T — AR .

R A LRK KRR TR ARG LERT B XA
(1 F AL L IR A& i fl o K )
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Qualitative and quantitative analysis of Platyrhina sinensis based on
eDNA methods in Zhoushan offshore

GAO Tianxiang ', ZHANG Haobo’>, WANG Xiaoyan’, CHEN Zhi*

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

Abstract: Environmental DNA (eDNA) is the general term of DNA released by organisms in ice, soil, air, water,
sediment and other environments, which has been widely used in field investigation of aquatic biological resources
in recent years. Platyrhina sinensis is mainly distributed in the western area of the North Pacific Ocean, and the
coastal area of Zhoushan may be the northern limit of its distribution. In order to explore the feasibility of eDNA
technology in the detection of P. sinensis, the qualitative and quantitative detection of P. sinensis in Zhoushan off-
shore was carried out based on eDNA technology at the same time. In this study, the COI gene sequences of P. sin-
ensis and Platyrhina tangi were compared and analyzed. Primer Express 3.0 software was used to design specific
primers and TagMan probe of P. sinensis. Three fixed net survey stations A, B and C were designed in Zhujiajian
offshore, Zhoushan, and samples of P. sinensis were collected regularly. Water samples (stations A, B1, B2, C1,
C2 and D) were collected on December 19, 2017, April 14, 2018 and July 14, 2018, respectively, and eDNA
droplet digital PCR detection was carried out. Significant difference analysis was conducted between eDNA detec-
tion results and water temperature and sampling sites. The results showed that: the concentrations of eDNA of P.
sinensis were different at different stations and at different times. The effects of water sampling sites on eDNA
concentration of P. sinensis were significant, and there were significant differences in eDNA at different sampling
sites in different seasons. This study showed that eDNA detection was sensitive. Water temperature, water depth
and substrate quality all affected the distribution of P. sinensis. The results of this study lay a foundation for eDNA
tracking and monitoring of P. sinensis in other sea areas.

Key words: Platyrhina sinensis; environmental DNA, eDNA; cytochrome ¢ oxidase subunit I (COI) gene; Tag-
Man; droplet digital PCR
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