4085 B Wl B % U R Vol.40, No.1
2019 & 2 H PROGRESS IN FISHERY SCIENCES Feb., 2019

DOI: 10.19663/j.issn2095-9869.20180620001 http://www.yykxjz.cn/

W, BT, Tk, BT, BOVEE TS, Yok, H EXTURA Y PRl A SR B DNAK I B AR 1 g s KA. ol B
ik, 2019, 40(1): 12-19

Li M, Shan XJ, Wang WJ, Lii D, Dai FQ, Ding XS, Wu HH. Establishment and optimization of environmental DNA detection
techniques for assessment of Fenneropenaeus chinensis biomass. Progress in Fishery Sciences, 2019, 40(1): 12-19

h [E X iR A Y = 1 B IR S DNA #35 R
HEI RN

5 WY R EHE4T B T
wrEaY TN Rykok
(1. BWPREPERAFEFERL #2408 LI 2013065 2. SRk 5 H AR S B R 9056 0 i ol B2
HEYre i FIRELR R HS 2660715 3. AV ARl AT RRAE KR N R
INARA WL R SR IR T g 000 s R EDK P RHAR R BE B0 K= F T H 5 2660715
4. FUFEFERFAKT 54428 I 201306)

BE I 4 %k, IR DNA(Environmental DNA, eDNA)S R 1E K — Fb 37 09 K £ £ 4 & 77 5 KR
Mk, AKEESRANFRTBH) Z A2 HARN ., W LZHFETN. AW ETFHEET @,
KT, MOFFREITIFN eDNA HARBEREF L FEH cDNA BE 7 H FRIM T AN HRER
By, M4 B Ear R ST —E &K EN eDNA L RBERE, s, b Toaba 4053
£, TEWABEREFE T DNA 2% DNA KB ANTE, B, 4 FRES %4 E %
JI R ElHy eDNA B % 5 B 7 % . AR#F % A B %t #F (Fenneropenaeus chinensis) % #F % &t 4., % A
JRIE % E & eDNA, 454 5 44 DNA SR EBUA | & 18 eDNA, #HIE F A 47 mm Y 3% 3 4 4
JE.HBRAAE . RBREE. BABEE 4 B R RE, M RERFELILEANLE 045,08,
12, 5umFE 44N E, FAEKEERES00ml, 1L, 2LE3 A ME, SRE T, BEMT. EE
IBEKNBRBAHREEREAFESTN TS EEQNET WP, HF, 045 um W3 H
SFUEREILIR 2 L AMERE 4400 2 69 DNA # I3 & %, FFRFEWE LT —F F E X IF eDNA #A
WBERE, B TPESTNAEHE, hesd Extamom il ke ETFHRET L4,
KA FE XTEF; eDNA; #r; it

FESES S931  XEARIREE A XEHRS  2095-9869(2019)01-0012-08

ISR A S A MR EY 2 EE A R BARF A 5 Y RS AR AT W
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Wl oY E e kR, W] LA AR A
i PRI DNA R Bz, SR 5 I &0 38 g )3 S 2 e
it PCR SRR AT A E M e 75387, H) eDNA
(Environmental DNA, eDNA)$; K (Ficetola et al, 2008;
Haile et al, 2009; Bohmann et al, 2014; Evans €t al,
2017, HFFEIHAE, 2018), XFEANE R —FhH AP Fl
W Ty i BK AR A A R SR, T HIRh
] {22 5, ORI eDNA 19 /0 5 eDNA H BifYy
KNS AHIE] (Geerts et al, 2018), Ht, FFXFAS[H] Y
WFEE X G0 R A R BY eDNA & 2 530071, DI
iR B FE ST ROER

H 20 22 80 4EAR LK, i EIXTHR(Fenneropenaeus
chinensis) %% I ™ # #E1R , H A Al £ 7= E 2R IE T
FETH RO GRS, 2015)0 BCTRAII, HAMAREN
Tk RE 14055, HBHARBCR AT D, AR Ge T ufE
VIR WD . PR, oA T BEAE E R 2 48 b [ X IR 9
SRR, &I R A HEL TR, A5 LI
T EXTER BN S, SR FHIEREL B 4E eDNA, 454
DNeasy Blood and Tissue kit #£H0 eDNA, /& i FH 5K
5 E T PCR(ZEXSSE i) 73BT DNA R, #5721 —
38 T EXHERTIT A eDNA HAREEAE, BN
H ] X MR A7 M0 R O TP A B A — i B T ik

1 M5
11 $#2HsIWigit

X v [0S O ) R A 200 D € 2R Tl SR A T A T
(CO RN BT 19, 75 GenBank il

KR E X eF CO T HMIF4), FIH BioEdit il
MEGA7 #4575 b XF, i Primer Premier 6
5 Beacon Designer 8 3 fFiit5|¥ 5%, IFHE
NCBI Ml E# 475198 bl 519 h A TAY
TR R A RAR AR, FEHEEILE 1,

1.2 FhEXERALAZE S DNA 2B PCR §it

b [ SR L 2B E 2016 4F 7 A it el %
TRVR A AR T EXTER, 20 CIR-AT

DNA $&BCRBUES M - -7 i ik, B
RS BRI A5(2012) 09 J5 BRSO B i ele it e
LI DNA IR R RS 50 ng/pl, FH 1.5 ml CHE
D20 CHE7E% . PCR 25 pl {K % ;. 10xTaq Buffer
2.5 ul, dNTPs(4% 2.5 mmol/L)0.5 ul, TESZIHGI#(CO |
PF/CO I PR) (10 mmol/L) % 0.5 pl, Tag DNA
Polymerase (5 U/ul) 0.5 pl, ikl DNA(50 ng/ul) 1 pl,
MgCl, (25 mmol/L) 1.5 pl, ddH,0 18 ul, PCR W :
94 CHIALM: 3 min; 94°CAEE 30 s, 60°CiE k 30 s,
72°CHEH 1 min, 35 PMEFF; 72°CELEH 10 min, 5l
WYX} CO 1 DF/CO T DR [ WA 3R 5 i 55055 1
% CO I PF/CO I PR Al

1.3 EHBRNREmREEF

¥ 1.2 H11¥) PCR F=#4lifl, ##3] pMD-18-T Jit
MR b, AL ARG S h, #F LB
PRS- H G 5 3 E s 3R, SRR R P59 KGR 64T
Bk DNA $2HC, Kokl DNA RS E e, —80°C
PREE

%1 PEXTER mDNA CO 1 &F PCR # #5452
Tab.1 Primer pairs for mtDNA CO [ of F. chinensis

1% ElE7 2]l IR JGR B R FNUN
Primer Primer sequence (5'~3") Annealing temperature (C) Size (bp)
COI PF TTGTAGTTACAGCCCACGCT 56.4 597
COI PR AAATTATCCCGAAGGCGGGT 56.7
COI DF AGGGGTAGGAACAGGATGAAC 57.7 106
COI DR GACACCAGCTAGATGCAGCG 59.1
Probe FAM-TCAGCTAGAATTGCTCATGCCGGAGCTTCAGT-BHQ! 66.2 106

1.3.1 PCR F#shit # 1.2 4 PCR 7= ¥ 2%H)
TN W R i L DK R AT AL, R R UK AR B — ELIH 52
(=il Gel Extraction Kit(OMEGA)RH| & itfT
VIBE I, 4k PCR F=#1—-20C A7, EARSIER
e AT R L

132 FEFEiEil Wit aifb i) PCR 7= ik
%) pMD-18-T Jiihi#k A& (TaKaRa) I (FLAAHEAE L
VLA K 10 pl YA 100 pl DHS0 852 25
40l (TaKaRa)H, KA 30 min; 42°CHGK 1 min, ¥

L TR AL RAZ S InA 1 ml SOC 5573,
37°C 150 v/min HE¥7%EFE 1 h;y B 150 pl B WO H %
17E LB R F%E F(& Amp. X-gal. IPTG) -, 37°C
BRI R PR 6 AR TE A E T 1.5 ml
BOERESE, BROEE T AY TR B A R
O ENNY 5 HEGE 2 AL R R 5%

1.3.3 AFE S & B 2o ad B I SR 1 R
Plasmid Mini Kit(OMEGA )il & 17 Bkl DNA $#H
(RS MUl ), #=IGESRE, %Mt



14 ook B

2 R %40 &

JETHR I DNA WREE, R ARl 10° copies/ul
PRifEfh, —80CIRATT .

1.4 eDNA H#EGRRE

SIS KR KR 2R 5 B B K B
SE K= 8% R o B DO R SRR, FRE A
55m. %% 3.6m. & 1.2m, FEHEAKEEFRSR 14 m?,
Horr, XFTURFHRE N 27 g, B 180 RRER(H EXT
LANTOLENG IS & 6 1o € B S MR (YN L&

SCYG KRR T RV NR « BEHUE AR N 47 mm
FIBE AT AE R . R PR AR . JREBRIRER N . JE JE Rt
4 FObE IO (A 6 , g o i AR 4l L ALAR R/ N 0.45
0.8, 1.2, 5 um 4 PEEREE, BOK R E 500ml, 1L,
2L 3 3 ABEEE, [A)—FEA (BRIl F [A)—fLAR 5 ] — 4
Jo ) 0 i B AR R AR AR A KRR 3 IREEAR .
Hh, FEFRFEIMA K FTHL 6 A FATREAE Ry B X R
it 150 MFEAS , IGRFETR)Z K, RO H 25
VBB AT R, R U T JC R K vk i e T
T S T S U K557 O I SR £ ) Sy, A R L
K, A 1.5 ml B8 RIS FRIC, 20 CHRAF
HZE 1T DNA 25,

1.5 eDNA f£E

F| ] DNeasy Blood and Tissue Kit(Qiagen, f&[F)
RFN & DNA, S8 Renshaw 55(2015)11 /7 9+
InRASCHE o K BRI R RIS L FH BT 0K B AR BT AR 2
MR, A 2 ml B9 TR, JIA 570 pl Buffer ATL
F1 60 ul 25 1A K, RETRAT, EIEAKW 3 h (W E&
F 15 min 2252 @ER 1) A 630 ul Buffer AL, A
BERZVHIRATs M 630 pul LK LB, WIEEHIRS
B2 ml B0 AR A WS 3 IR 5 3] DNeasy &0
FE R (B0 B BE AR B A R 700 pl), % 8000 g
B0 1 min, FEUEMIEER ;s B B O AE R ACHT IR
&, N 500 ul Buffer AW1 , %5 i 8000 g #5.(» 1 min,
FRUE TR SRS s B B DA AT R, A
500 ul Buffer AW2, % 12000 g B.0> 3 min, FFIEW
PR s W B O ART 1.5 ml .08 H, 7EE L
FEFEFRIA 50 pl Buffer TE, ZF{EMHFE 1 min, FiR
8000 g B.0 1 min; HE F—LRELIHE K DNA =i,
1.6 eDNA HIEEHNH

F A $2HU eDNA FE 5k BBI AE B2 A R
4y A 2x TagMan Fast gPCR Master Mix (Low Rox)
SERFSEEE B PCR A & #1708 . PCR
RZK 20 ul /K& 10 pl 2xTagMan Fast qPCR

Master Mix, 0.4 pl 1IE[A1514#)(10 pmol/L), 0.4 pl J [7]5]
1(10 umol/L), 0.4 ul #%4%H(10 umol/L), 2 ul #4 DNA,
6.8 ul PCR 7K. ¥ N F2F R ML (1)94°C
A 3 ming (2)94°CAEHE 5s, 60°CiE KIEfH 34 s,
40 MEA

PRl S BE > eDNA FE S 3 NEE, IE—K
FERAY 9 A H A (RIS [e]— LA 15 ] — A JoiT A g e
i YEAH MR KB (3 A~ qPCR HE x3 REUFEE
52, B 96 FLARM 3 AN TCAEAR A (0T HE LUK ¥5 e
MR)RE, FRiESHEEE M 107 copies/ul LL 10 175 R k6
P& E] 10° copies/ul, ) eDNA ¥4 UL EHCF-H{H
SO R R FH 48 XF E =k 4 M. T Applied
Biosystems ABI 7500 U 5¢ & PCR {3 F1 96 fL#(Thermo
Fisher)if 17 qPCR 43 , i FH R4 #f SDS1.4.0.25 H
ST Ct A bR HE N 4 S5 i 6

1.7 HiESH

BOES T SAEEAE R3.0.2 #fF ik T, fH
GAM HEATHIZRALA IR ZE 4 HITE 95% 1 B A5 X Al LAY

2 HERE5HH

2.1 Sl¥sRHE

ARSI Y S T 597 bp F1 106 bp 1)
Pk H A B, SIS o e —5, HEs
& NCBI Ml 4858 Blast e, HER RS
JEHEE 5 A B Rl R R 100%, [R5 140 S e
1 XTAR LI 2H 21 DNA 4 PCR 3 5% 5 3505 W5 Jie v vk
R AR 2GS 0E, HH SR — s, S5 1
B .

Bl 1 FEXFEF mtDNA CO 1 i s 45 5
Amplification of mtDNA CO [ of F. chinensis

Fig.1

M: DNA Marker DL 2000; ki 1~4: 5|%) CO I PF/PR #J
PCR *¥); Jkif 6~9: 5% CO I DF/DR [#] PCR /¥
M: DNA Marker DL 2000; Lane 1~4: PCR products of CO I
PF/PR; Lane 6~9: PCR products of CO I DF/DR
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2.2 INEDNAHRFRE

HORAE 132 MREA . FRFEMBAK O 6 45 B ES
LR AR SR AT AR 36 4>, TOIEFEIG BB
RIRIRER LA 30 4>, LM BAYFLAE R/NA 0.45 um,
TERLYE 300 ml AKAEJE MWK E; Je Rl 24 4>, b
ML R /NA 0.45 um, FELE 150 ml K KRS 3
FE, MFLAEK/INHD 0.8 pm ERR, FE337E 350 ml 7K
FEJG 5%

AT DNA KEERAES LB, FASE 1
JOT . AH R FLAR (A 8 Rk 0 TRl — IR R KR, B IS 2F
A JE I P FH B R i e, o B DR T T A A
T 35 P R

2.3 DNA il

P E TR LA 4140 DNA 203 J2vfe B #45%
=, L PCR =Wy e iRl H i) 451 2 — (& 1),

eDNA e UG, M O C TR B s,
DNA ¥ J& e /IME A 12.23 ng/ul, Fx KM 173.68 ng/ul,
H KRS DNAFESY Asgo nm/Pogo nm THFE 1.8~2.0 Z [H]
WA SO ARG AL, eDNA W M 4 B 4
1R, 3155 HRORE Y S5 B it H X MR 8 A R HL A e —
AR, MAh, PFhZ W) 22 5 530 T A A eDNA
R 5 BTl A
24 FREHZRNHE

WS 9B E B PCR ¥, REGRIEIOGIH
1754k 1 3h A= i b = ER CO T PR bR th £k 59
LR (K 2), IRZRAYAHC RS R*=0.993, [H])5 75 2
R Y==3.531x+40.975, UiHA A 55 76 7 B 10 JB0RE AR
A B R B R RS R, T ST bR vE R
2R BEME 101 S e R R CO T 3R R4 4

35+

30

5 F9E3HE Threshold cycle

15t

2 3 1 5 6 7
T i o R
Log start quantity/copy number
&2 FRERHIE CO T HK ) qPCR brifEfiZk
Fig.2 The standard curve of qPCR of
F. chinensisCO I gene

25 RIEERBREEUKE0Hi%E

T 3 SO E B PCR AN & BL(E 3. 1K 4),
FEUEMEAR H PG ZE NGO, AR —# . W —fL&
VR B A [ AR B KA, b DB A K FEAR BREOR
FrE2HLE) DNA ¥ (copies/ul) f2 7= (copies) i K .
TEUE A HBE ZE MG M T, AR —# . RRFFLE
(D8 St B AR R AR KRR, DRBRALARBR A, $RELY
DNA R Ko y= sk /N o 38 0 X0 Bir A A S R, 4
KR, fiH 0.45 pm MBS LR 4R BRI UE 2 L K
FEREAS 42 LR ) DNA B9 B2 55 55 , o 1750 copies/ul,
H I eDNA =i tiip K, B I, Bl BURE/K 52 19
FEHEIN, PrEE B eDNA [9#R BE S 7™ 2 19~ S (B 13 1 i
EAEBOCRIGE, (B T RS S B A —
SEMR2E, FEUR ALY eDNA R E K= 8tk 2
JEAR IR RO R

3 itie

SfLgjid ik, eDNA HARBEH LTS
e, BT REUE SR A, N TR R
AR, b7 1 R A b s n A3 S TR IR
B, (HORTRIZKAEREE 71 . eDNA & 4E 7775 X eDNA
f) 3 7 34 2 0 W v S PR 5 E B O B 7 AR R TR
(Minamoto et al, 2016; Geerts et al, 2018),

3.1 KkERE

Moyer Z£(2014)XWiyERZK . HEK . IRZEK
ST R, RIZKGIRZKMBERBLS, AilgHEAER
W 2%, AR b, AW RERKEE 15 ml
ZI10L A%, LL1L5 2L FFERees et al, 2014),
AR KB, TENEBER A M FEZ T, R KRR
K, 3K73 DNA #8502 , W drda ), 0T
A Az R BRI, B UGEUE 2 LK E
32 eDNA B&EFH*

eDNA & 877 1530 A W RS 1€ (Thomsen et al,
2012). B.0(Klymus et al, 2015)% g€ (Jerde et al,
201 1) =AMk s RS DTTE TR AR O RS A T/ IMATR
JKAERY eDNA &4, 2% T FR5 i SO A Tk A
EFOKAERRG . BT HirA 22 A Y s,
AR N TR, ASRAS RS H b 5 A x4
AN, AT AR P A R A, R R B AR SR AR
IKFE, DIBGIn B ARFp ks 2%, JEIHGE A b E X R X
FhgE IR R P Fh . BEAh, BRI A R T
FEAORAE, AW 1 eDNA [ R fif o

KA R RN A B 8 DNA F B e
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Fig.3 Concentration of eDNA enriched by different membrane and volume of filtered water
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0.1~10 pm 22 [&](Turner et al, 2014), 5243 4 1 it
FLAEXT T 5 % eDNA ZCHEE  HAT, fmch g
A 4 Fh BEEELFHE Jerde et al, 2011), THARET4Ef5
(Goldberg et al, 2011), ZRHK MR HS % (Takahara et al,
2012), JE e (Thomsen et al, 2012). #5 7l B X}
eDNA 15 LR T BRI &, A FBFFER
RN i G IR AN R o AT A, ] Tl — L AR
AN [ B S5 ) 38 B ok 30 ] — AR RO R (Y I [R]AS [m] -
Hr, 0.45 wm A3 21 4 5O 7 Ve deo , IR AR
Xif H E R e DNA B & 2R ek
3.3 eDNA HJIRE

FIFT, eDNA H2H T B I — -5 B o
(Costas et al, 2007; Deiner et al, 2014)-5 5\l Ak #4357
B (Minamoto et al, 2012; Sigsgaard et al, 2017),
1y — S8 0 — 5 Ik 5 R G A L AR AR, B T LAE
fRPGT R DNA #iFE8 2, M T AW FE iy
FEPERTIN 35 AT, A BT AN BB TE B s e b A )
i, XTI YA LA R S, HAE B SRk
HEEAEE /N, BEDKALE TR DNA J& T, b
T AR H AR AT R I 5 A A,
WA LA R S HRH eDNA L X T & iy ik
FH, {3 &£ 1 £ %4 DNeasy Blood and Tissue Kit
(Qiagen, 7% [¥ )Y PowerWater DNA Isolation Kit
(MOBIO Laboratories, 3¢ )MF15] & . A 775 &
F M GX eDNA A H BCR 80 X He 43 Hr (Deiner
et al, 2015; Eichmiller et al, 2016), ik} DNeasy
Blood and Tissue Kit R #4T, 7] — 5 & XA [H H
PR AT BEAETE 22 5 o PRI, ARS8 IO A %o o B ) 0
FEXF G eDNA HORBRAE IR AR & L BRI .

3.4 eDNA HIEEDH

H 5L R e SOt 8 PCR o thnic
YR SE G PCR 25 Bt iy BB 2,
Hebert Z5(2005)F5E R, #E eDNA MR EBRALAIIE 5
T, 4 SRR DUV K T4 DNA, B
TRk e, ETPRKEZES SHFAERRNEE,
mtDNA ' CO I JEH TG T Hk M B 4 6 KR
B4R BE (R EAE, 2011), [RIE, Z@%ARi0 T
A Y 1G5 HE R 5 R T S R S R,
TagMan FREHE Gkl A TR R 2 vk, e Hk
i B BH 25 SR 0y 7= 2 . 25 i B U R S 4 Wi % R i
XFUR SRR T RE = A B e, L RE CO 1 3R
Ry H B, RIER A TaqMan $REFESHET 79
Y7 PCR.

4 NG5

ARWFFEH I SN PO E B PCR #EATAIN, o E
KH 045 um BRI LR DR LS DE 2 L KBRS
DNeasy Blood and Tissue Kit i{if] & 42 H eDNA, B
Rl 2 i) DNA $8 ¥R 2, 9120 T —&4 X
[EI XS BT eDNA £ AR B EAE TR .

BO : B B KT AL AT i K T AR P
KR FA R SRR LIPS IRALLER B I5AA
RERBEEBRFIAEFLTZERN B!

£ % X M
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Establishment and Optimization of Environmental DNA Detection
Techniques for Assessment of Fenneropenaeus chinensis Biomass
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Abstract In recent years, environmental DNA (eDNA) technology has developed rapidly as a new
method for investigation of aquatic organisms and has been widely used in the field of aquatic ecosystem
research for species detection, biodiversity evaluation, and biomass assessment. However, few studies
have specifically evaluated the effects of different eDNA enrichment and extraction methods on the
results of the eDNA technology operation process to establish a set of optimal eDNA technology
operation procedures for specific research subjects. In addition, because of differences in living habits
between species, the amount of DNA released from different species and the size of DNA fragments are
different. Therefore, different eDNA enrichment and extraction methods should be adopted for different
research subjects. In this study, Fenneropenaeus chinensis was used as the research object, and eDNA was
enriched by the membrane method, and eDNA was extracted by combining a blood and tissue DNA
extraction kit. A filter membrane with a diameter of 47 mm, a nitrocellulose membrane, a polycarbonate
membrane, and a nylon membrane were used, and each membrane was set to 0.45 um, 0.8 pum, 1.2 pm,
and 5 pum according to pore size. With 4 gradients, the sampling water volume was set to three gradients
of 500 ml, 1 L, and 2 L. The experimental results showed that the membrane material size, pore size of the
membrane, and the volume of the sampled water had certain influences on the qualitative and quantitative
analysis of F. chinensis. The 0.45 um glass fiber membrane filter and 2 L water sample detected the
greatest DNA copy number. Based on this, a set of operational procedures for F. chinensis prawn eDNA
technology was established to improve the detection rate of F. chinensis, which provided the basis for
subsequent distribution monitoring and biomass assessment of F. chinensis.
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