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INEE DNA TE7K K A 17 B8 B (8] B9
e — ) §= Y ES O NS T

o BEEY THEs TAmY
wERY 5B T' RZaow!
(1. "PEUK=RIEZEFR BRI R T ARR A G TR es kR E MRS INRAML TR S
ABRAEELGTRE HE 2660715 2. FHEFER2E SR G ERLREEFIL R 5
YRR E FE  266071; 3. R RAETERESRE B 201306)

HE HKBHAHEFEDANLOGSABISRRPEDFNERM. AT, XTEREHERETF S
WA URBEABEEF O NABET S, DAL FRNKEEE, DNA £HEE R 5 HE
DNA(Environmental DNA, eDNA)# £ & DA F W@ AR, 5T eDNA 7 K. A n T4 &
WY, RAAEXREFTNHFEFIR AN TERERATERSEEMNMEREE, KR
H [E] Xt 4 (Fenneropenaeus chinensis) 7 #F 5 &t 4., 45 & 5L B 7% . & PCR & E 44 7 AP I%  eDNA
Ve R ] B PR AR L, AT R 15 BV U (Akaike Information Criterion, AIC), #% 3 7 #i& T eDNA [
BE R A ST A, 2 RE S, Y eDNA B LR 5, eDNA EREKFHEE S E
fMERFR, HEFEFOFEGRENY 30 d AL, AHXEENGEAXN D AN TSNS 2 E
TR AR AR AR, DA A [ a8 By SRR IR 2 [ B K

XK§BIA I DNA; FHEE; FE T

FESES S931  XEHRIEEE A XEHS  2095-9869(2020)01-0051-07

R RS 21 AT E Rz — AP 3 A A8 AR A8 15 5N IR XE (Mackenzie et al,
(Dudgeon, 2010; 4 f1:5%, 2015; Evans et al, 2018). 2005; Dejean et al, 2011), & T sofR L FIRME, DNA
SR, XA SEBOREIEE M, WHEKEAY FREE ARSI HEKAE LSRG T, Killk
FhEE o0 A 5 R e 2h 2578 1k B4 RS 1 B e 2 i 1 1) e H AE MR 40 4 ) DNA(RED eDNA)(Bohmann et al,
KPEi% (Thomsen et al, 2015), FEAIEN THACH IR 2014; BFHIESE, 2018), ML cDNA 32 Y
NGB RRR A TE S RS, R e A A S EAE o SRS AL IR AT E R LA W
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&K, MAEBRGETEHLETF &R Bii, kL
5% FH 3 A2 M) K6 (Goldberg et al, 2015; Davison
et al, 2017), A ZHPEPE (Drummond et al, 2015;
Majaneva et al, 2018). 445 ¥4 (Pillioddavid et al,
2013; Tillotson et al, 2018). 125 (Yamanaka et al,
2016) L4 K HoAh 5 1 (Sigsgaard et al, 2016, 2017)##F
F,

T eDNA W5 Fefift, HAEIE &k, K
1M, AR FREE A7 P TR0 2 B 52 M s 00 ) 2 1
e N T REW K eDNA H A i 1 1 FH 21 7K
ARG ST, %858 eDNA FEK IR A £F
B i) A9 I A F S eDNA FEFREE Hh (177 B8 I ] 2
TR U1K eDNA RUKIEZ 5, eDNA 7EFR 85 ih 52247
TERT ] (Dejean et al, 2011), F4K, B HH 5T 20,
eDNA 7E /K4 B 15 B B % (Dejean et al, 2011;
Strickler et al, 2015), {HASN[E AP R EA A B LTS
g1, HBL eDNA 1 3H %4 A A A (Minamoto et al,
2017), M- FECAFYFREL T eDNA TEK A
17 B B RIAS TR o AR 5% LA Hf [ X6 I (Fenneropenaeus
chinensis) A BFFERT 2, 454 2t & PCR,
Il eDNA TE/K A 77 BRI IA], AR, 4558 eDNA [#
fife 2 S B [ Z [ O R . AR B TR KSR
4t eDNA HYHURE | BB IUAL | AR S50 7 Rk it
Ko vi P AR B

1 #wREFE
1.1 B 2HsI9i%it

ARl ESPOR NN EE ¥ RN IR e g U= a2 S
(CO 1)HHNEITHFHES 9. 7 GenBank $d % b
K& E X IR R/R DNA (mtDNA) CO [ K4 E4)
(GenBank &35 gbHQ700930.1), F|f BioEdit Fl
MEGA7 #3475 b X, {8 Primer Premier 6
5 Beacon Designer 8 iS5 5#Er, IHAE
NCBI Ml b3t 175 e St o

R 1 X RE SR 1 P E X AR CO T LAY
H i) A B 597 bp %38 PCR 514(CO 1 PF: TTGT
AGTTACAGCCCACGCT, CO [ PR: AAATTATCCC-
GAAGGCGGGT)5 1 Xf H H Bt 106 bp M2 E
## PCR 5|#)(CO 1 DF: AGGGGTAGGAACAGGATG-
AAC, CO I DR: GACACCAGCTAGATGCAGCG,
Probe: 5FAM-TCAGCTAGAATTGCTCATGCCGGA-
GCTTCAGT-3'BHQI), Hr, i@ PCR 5|4 Hk
2% FORLARE i DNA, 2 PCR 514y 3 69 H i F
BoAE PCR 519y 38 H Y R BE—iR 5. 514

A AE T A9 TR () e A RS /A Ao
1.2 FEXHFALAAEZE DNA REUE PCR §1E

SO AT A AR LA 42U 2016 AF B
M FEIR IR A AR A E X R, —20°CIRAE

HEXTUF LA 440 DNA  AY$2 BCR BUE 55 Y i —
A5 BT, RS , RSN
T DNA e B F#i B2 50 ng/pl, H 1.5 ml L
B 20°C A, 25 pl PCR JBA & : 10xTaq
Buffer 2.5 ul, dNTPs (4% 2.5 mmol/L) 0.5 ul, 1EJZ[f
51#1(CO 1 PF/CO I PR)(10 mmol/L)4% 0.5 ul, Taq
DNA Polymerase(5 U/ul) 0.5 pl, ##z DNA (50 ng/ul)
1 ul, MgCl, (25 mmol/L) 1.5 pl, ddH,O 18 pl, PCR ¥
BRI 460 94 CHUAEYE 3 min; 94°C 30s, 60°C 30s,
72°C 1 min, ¥ 34 35 MER; 72°CEIEH 10 min,
PCR W) H1 2% I B B W 58 e vl VK A A T A T

1.3 EXTEF mtDNA CO | EE T E N FRAFR A&
&

¥ 1.2 & PCR F=¥J M Gel Extraction Kit (OMEGA )i
Fl e i aif ., Fraif iy PCR P24 3% pMD-18-T
Jii bi 3% 1 (TaKaRa) I, 54k A DHSa 8372 25 40 iy
(TaKaRa), HJGTES Amp. X-gal Jz IPTG () LB [l
PR R0 Fad iR, Gl LI BRET R S, PR
8 MNHEMARETE, HHET 1.5 ml BB FE 8 h,
PRS2 T AR TRE () e A BRZ w1 o

HRAE I 45 5, BEMGE B2 5 AL ) I Y R I%
F%. B35 24 h 5, {1/ Plasmid Mini Kit I (OMEGA)
HEAT BORLAR E S DNA $#2H, DNA $2BCERs , fii
SO GG EE TR N I SR DB, S5 f A
F| 10% copies/ul, —80°CIEFER .

DL I S0 R 4 R U B B A TR

14 HSAX&E

T K eDNA FEK A i A7 B B[R], 20200 fRIE
KR —E R eDNA,  H 76 JF 0A 46 0 i) by =
eDNA BIRERCE L, UL A= P AN W7 1l ) 7K 44 o R il
DNA [ sEaaah B, Kk, 35 27 [ K 4
HR FRIE SR R — B a], K eDNA B —E =
R B 51 A iR KR B B

ARSI i KA A H K = B 22 0 5T B v T
TR ST T 7K 7 st A A e o LR I 5 B itk (5 R
N AT E R B — A, HFRGE I A R
) eDNA), FEFHMIK 5.5 m, F& 3.6 m, & 1.2m, i
KRR RUR 14 m®, A EXTER 180 H, Rk
PR R 27 go M NER 25 L /KAE FER AT B2 1)
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A AR PREE DNA TE/KA A7 B I 18] B A AT 58— LA v [ X 4 g £51 53

T G EUER S RS 5 %, ERAAE, MNH TR
FARFF A H 2 BORE 58 5 (R R SR A A7 2 B v [ X6
WRRAS | R B 3 s AL B A O TAE L)

BURE TAEZ IR Dejean 45 (2008) ) J7 3 LA B
P, A% 24 h MOKARNERL 15 ml ZKFE, 25 50 ml G
BN, RN, fEE.OE NN 3 mol/L S FRENIA
W 1.5 ml SIKZEE 33 ml, A3 SEATREAR, 20
CHAAF EEIAT eDNA $2H, AKFERERH R 2018
£ 1 H 12 H2 A 7 H, BUEERHE 4K 08:00,

1.5 eDNA I2E

% | DNeasy Blood and Tissue kit (Qiagen, Hilden,
T FE)KF BT eDNA RUHEEL, $2HU 28 Ficetola
£(2008). Dejean Z5¥(2008)5 Renshaw 55£(2015), JF
HEATAR N i, FHEEAREE UL R

BrKEE KA S, 4°C 9000 g B0 1 h, ¥ |
— LB IR DIEY 2E . A 2 ml G
HEDE Y, A 570 ul /Y Buffer ATL 5 60 pl f%E
i K, WIERHIRA), HE/KE 3 h EEVEY 5
e, AEIE, B 15 min BEBEIR SO
LA, 2400 58 UG IR TERR T 15 s HAR P BR
F RO G U Bk T, Horp, )5 —4 T DNA
VeMEH 60 ul Buffer TE, 1fidEiA5 & H Buffer AE,

eDNA $2HUSE UG , 31 BV RS S B TG
DA RE , # eDNA FEAVREE R T 250 ng/ul, LK
HTH B . B4 eDNA BESIEL 10 Wl FHESIR S
HE I HL VKR B2 PCR 22 40T, A% 50 ul eDNA ¥
W T—80°CIR-AT -

1.6 eDNA HIEEHT

JIr A 20U eDNA 5K A BBI A finBl2= A7 B
/A F] 2xTagMan Fast qPCR Master Mix(Low Rox)3JZH
P E it PCRORG & #E 78 1431 PCR R H] 20 pl
K% . 10 ul 2xTagMan Fast gPCR Master Mix, 1E/X
651 97(10 pmol/L)4% 0.4 ul, 0.4 pl #%%H(10 pmol/L),
2 ul #EHT DNA, 6.8 ul PCR 20K, ¥4 i i % H
Wik . 94 CHIZALYE 3 min; 94°C7AEYE 55, 60°CiE k
GEMH 34 s, 40 DEH,

PCR ¥"3# ] ABI 7500 %5 & PCR {XF1 96 £L
Mi(Thermo Fisher), FrifEfh DNA S5 AKRFIWKE eDNA
FEMIHE T 3 ANEE B4 96 TG T 3 ANBAMEXT IR
BibR) 5 3 A FHMEXT B EXTEREE 40 DNA), ArifE
i PL 10 F5HREE R M 107 copies/ul FiBEE 10! copies/pl.,
SEHRE R FHAE X 8 ik 5317, eDNA 45 DUEC A P
PSR, N H RS SDS1.4.0.25 [ 5

T C A KA bR 2 51 il £k
1.7 BIESH
FT AIC EHE T & T eDNA i 7] [F5 i A5

A (Burnham, 2002; Wickham, 2009), JFA 5cdifdi
R3.5.0 #7403, RZEFEHIFE 95% M EAF X LA .

2 ZER59H

2.1 SI¥%FRERIE

PCR J7 W14 2% S5 e Wi e Jie rEL KA, 45 5L
/%, 5l#%} CO 1 PF/PR 5 CO I DF/DR Zh 1
597 bp 5 106 bp W H I 7 B, SHUMS A 58 2 —3L,
KA — L SE, JoAe (8 1), IEM P TY
SR S AR

K1 5% CO1PF/PR 5 CO I DF/DR 4 14k
Fig.1 Amplification of primer CO [ PF/PR and CO [ DF/DR

M: DNA Marker DL 2000; Jkif 1~4 24%5[%) CO 1 PF/PR [
PCR #); ¥Ki& 6~9 y751%) CO I DF/DR i) PCR /4
M: DNA Marker DL 2000; Lane 1~4: PCR products of CO |
PF/PR; Lane 6~9: PCR products of CO [ DF/DR

22 HRAEMKENKEIFARIEE

i AT g E B PCR §74%, PCR A& RS AR
P AR, A E R h EXTEF Cco T JH
IbREZE (B 2), I IIRPEN K=-3.15, HXHR
B R=0.994, [IAHFEN y=3.24x+37.47, UiIALER
TR BORLAR HE S DNA R BE U N B R4 2k %
F, RUIAHIFGE 37 B A5 1 i 2 405 M b S e v [
XTHR CO T JEH PP

2.3 eDNA #i

fifi 2R SN O BTG TR FN VR B eDNA i &
B, KEBITHEA Y Acso nm/Aoso nm TR T 1.8, HAK
ERE Y Aogo mn/Poso nm TELTE 1.8~2.0 Z[H], H eDNA
PR it e B 3l FAIG, URH KR eDNA & 50 HoK
Rrh i 2, IS DNA giEEIK,
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3516

N w
[ (=]
T T

Il FAEFFAME Thershold cycle
[ 3]
(=)

151

1 2 3 4 5 6 7
o R TR B
log start quantity/copy number
K2 E X CO T B AQ-PCR AR il £k
Fig.2 Standard curve of AQ-PCR of
Fenneropenaeus chinensisCO [ gene

2.4 eDNA &R

K25 B 58, 7F eDNA BRBEIR L L1505, b
L] Y HERS , KR eDNA F4 % D1 % 55 1 ] 5 7 A
KR, 1 RQOI8 4 1 H 12 HH#mt4 15 ml
IR A ) DNA #5 D1L50h 3.76x10%, i 5 27 K
(2018 4F 2 JI 7 HOHK AT, & 15 ml ZKIERH1) eDNA
P DU RS R 711, Ak, 3T AIC T GAM
(Gaussian) ., GAM(Inverse.Gaussian), GLM, —Jt—
W BE B — 0 R 1 5 BRI e DNA R fift 5 Bif 1]
Z I 56 R 1S F P, 2 BH GAM(Gaussian)fi %I 1)
4+ eDNA [ SR Z PSR L AIC {Hf/h
(AIC=472.0694)(F 1), [N, HAXRE R Bk
(R*=0.984) (1 3), 1}iHH GAM(Gaussian)fi % i B 4 52
Bt eDNA [ FE St 5 i ] 2Z ] 1Y 56 2R

F1 ET AIC EXREEIESE
Tab.1 The choice of model based on AIC value

Ui H Items GAM (gaussian) GAM (inverse.gaussian) GLM —JC—IK Linear —JC _IK Quadratic
AIC 472.0694 497.6066 518.5996 518.5996 491.4329
R 0.984 0.977 0.8969 0.8969 0.9635
Deviance explained 98.9% 96.6% — — —

40000 | BE TE K PREE Th B Wi 9 P £ (Levy-Booth et al, 2007),

35000 — GAM(Gaussian) SO LR 0 P R EECR IR . IRJE . pH. 55b

—— GAM(Inverse.Gaussian) . N " e
30000 | —— GLM(Gaussian) FeRE IR A 2E KA G 3 S — R A SR EY)

—JLIK Quadratic
—I6—K$U-E Linear

25000 r

eDNA of Fenneropenaeus chinensis/copies

z
)]
o N
E § 20000}
?E% >
15000 |
5
10000
5000 t
0 L

1 3 5 7 9 1113 1517 19 21 23 25 27
i) /R
Time/d

K3 i EXTEE eDNA REAFE -5 ] 2 8] 1 06 R 05
Fig.3 Relationship fitting between degradation of eDNA
and time in Fenneropenaeus chinensis

3 itig

eDNA (/A6 H 24 32 B HCPR T8 T30 4R 5 o i
R, R, FRR R EACE A /R eDNA BAS Hi 26
WA —EWRM . Hoh, BT AR AR R RS,
— BN PR XS eDNA K Hh 31 = AR AT A T 240
AN . eDNA MAEMIIRRE G AKIREE IS, "R
RPERAFAE , W AEA Pl TOHUBORL s LR Y

[K % (Barnes et al, 2014; Strickler et al, 2015; Tsuji et al,
2016),

3.1 KFE eDNA 55 F K eDNA EH R BRI X 5

eDNA i B IR A KRS J5 , Bl & B () (8 2%
b, — Mg d th K R B i o it ok /N e B 2 R ik 1)
AR, e R, AR AR SRR TR, eDNA
TEAR R AL 7 152 m T gk B g . BE /N
300~400 bp Y eDNA 7E AN SZE0 4 il A4 257 T ik
TEKIK P EFEEfF7E 7 d (Zhu, 2006; Dejean et al,
2011), 7 d J5A/REAG I 2] ) eDNA W2 <100 bp Z45
1% Bt DNA . A B 98 R H S 98 )6  # PCR
(TagMan )4 48 T —B: H ) A Be K/ R 106 bp %8
F Bt eDNA, £ T % H Bt eDNA 78 /K & Hh ity 84 15 )]
R, 2R A, KA B eDNA M5, Wi
eDNA TE/KIRAF R i [ R AR S, Ho5e e fk g 20
TE30d, (HE, KH Bt eDNA HESS T i mf H Sz e
B B9 4E ¥ 15 B (Hinfling et al, 2016; Bista et al,
2017)o [RIAS, 3t 5 e s AFF 5% 5 i T X A 2
KHPBITER, P IGFF 5T KW eDNA BB, LIk
PR AE I FE RO o Jo Z2Q017)BEH T 1 X REME 4 14
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A AR PREE DNA TE/KA A7 B I 18] B A AT 58— LA v [ X 4 g £51 55

719 bp MK Bt eDNA 5195 1 XTREME Y H4 127 bp
1Y% Be eDNA 19514, 53 1 b SE 52 5E & PCR
XA 5% f1 (Trachurus japonicus) k4T 1 48 By &4 T K&
AW, FREAY K R B Y eDNA BEAS T IR B
PEAS A= 42t A RO P A7 i o 0 W AR 4 Sl
Bt eDNA FEK AR it 88 i) 9 AN TR], #EUAE 1)
eDNA AR MEAT A Py 5 PEAL 5 W FP I 28 2 245 50 A W
M, BT RERE Y 1K A Bt eDNA W59 LY 1k H
TR BH B AKIRR) DNA, 1A 2K i
BRI DNA, DLk 2 AN R A i 1 2 5]
58 H Bt eDNA 1Y Z2FRCR T FEUW LI 1R 2% .

3.2 ANEYHIEFL eDNA fE/K A hE B R E B X Bl

— M KA SRR eDNA TEAKAK A7 B
BFE R 7~30 d, AHASIA] 8 AR W R S 00 26 3 SRR IEAS
[A], B eDNA A3 KA [A] (Minamoto et al, 2017),
FEH eDNA Y2 /0 5 e DNA F Bt 1 A/ 45 A A [H]
(Geerts et al, 2018). Kk, XIARPFIMN T, HE
LAY DNA TER5E o 977 B i [ B[] . Thomsen 4§
(2012)BF5¢ & B, #1757 9) /2 1 (Pel obates fuscus) Fil it
JLWE(Triturus cristatus)isf, FRFE /KK H eDNA )2 Fil
B ()N W3, (DR RS BR S L 7KK eDNA [ TR
WM, 7~14 d J5, eDNA 5E4Ff#; 1 Goldberg
£5(2013) LATR 7K B2 (Potamopyrgus antipodar um) A F 5%
X, fE 15 CHERAE T 1 IR IRK IR — B ) 56
HBER, AMHBERRK AT DNA RRIETEIREE
PR 14~42 do AR SETANRIBEFEAILL, b R
JIr BE L) eDNA TE KR 077 B i R i, B2 A
F R FEE R A ARG S R A R IS, DR
BRI K %) eDNA IR . AL, A58 T UK
R R 5 5 b 7 b 6T R 8 BE K, & eDNA TEZKAA
HAE B RV Y SR 22—

3.3 INERFEFIT eDNA 75 B8 B i8] 5 82 0

B T AP AS B A 3 s 2 S 1 R A7 B B TS
[F41, P45 K i 22 3,25 2 B0 eDNA TEK R A7 84
AP 22 5. CABIER, RE S eDNA /Y FFff 3
R B F A 56 2¢ & (Strickler et al, 2015; Lacoursiére-
Roussel et al, 2016), Strickler Z(2015)WF5F T £ H 4
I (Lithobates catesbeianus) B¢ i 2 K /& H1 () eDNA 43
BIFE 5°C . 25°CHI 30°CHYSAF T BRI AL, ALY
A5 eDNA Wy AHIES, 5CHY eDNA 1R i 2%
%, FER G ZAF N RAEY R E RS R NS
1, AL T AT 80 B0 eDNA IREAR . AT
FET AR TEA R EIRASCTRIEL TIRfFR, 5

KB, eDNA BIFEMFHEBHNEE . HIL, XFF
H SRR 5, BEE 277 8B A8 Ak, KR & A8 1k
HIOK IR ) eDNA [ A R & 2R A8 f . LA,
IR, pH. LHMEE LI KIL2EST eDNA AYRE
- AETE— E RY32 0 (Pilliod et al, 2013; Barnes et al,
2014; Eichmiller et al, 2014, 2016a. b). {Hf&, LI L
3% DA~ AR B an o] 520 e DNA 14 F4 A 1 AT 28
R HATE R eDNA AR HERIEAY H bR fh2E B 2 1w,
fifpke RPN T-X eDNA FEff B 26 TS,

4 NG

I eDNA FEK A P A7 B i ] A BE, St A
Bt eDNA 1E/R I P REAS 7 B 1A 30 d Zafr, T LA
PR A BRI 8 T 5 L 0 5 3 A0 SR A SR L K
TR ZHE ) eDNA FEA#77 1%, AT eDNA FOR B4
ST E K A A 25 R GE B 5 U B8 5 Al

BUS : s Bt BK A BRI R K T AR
RITAKF B R A H AT F SR E AT L IRAL LR
BISAAR L& EAERM G BT o He)!
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Studying the Retention Time of Fenneropenaeus chinensis eDNA in Water

LI Miao'?, SHAN Xiujuanl’m, WANG Weijil’z, DING Xiaosongl’3,
DAI Fangqun'?, LU Ding', WU Huanhuan'

(1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Devel opment of
Marine Fisheries, Ministry of Agriculture and Rural Affairs; Shandong Provincial Key Laboratory of Fishery Resources and
Ecological Environment, Qingdao 266071; 2. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot
National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071;

3. College of Marine Sciences, Shanghai Ocean University, Shanghai  201306)

Abstract Accurate knowledge of species distribution and population dynamics is the basis of
conservation biology. However, for certain species that have a special life history and very few
populations, species distribution detection becomes extremely difficult. The combination of DNA barcode
technology and environmental DNA (eDNA) has solved these difficulties. Currently, this method has been
applied successfully to biological testing, biodiversity assessment, biomass assessment, fish migration,
and other research. Given the ease of degradation of eDNA and its low level in the environment, exploring
its persistence in the environment is critical for accurate qualitative and quantitative analysis. In this study,
Fenneropenaeus chinensis was used as the research subject. The degradation of eDNA in a water
environment was quantitatively analyzed by real-time fluorescent quantitative PCR. The relationship
between eDNA degradation rate and time was explored. The most suitable eDNA was selected based on
Akaike Information Criterion (AIC). A statistical model of degradation of eDNA over time was used. The
experimental results showed that the level of eDNA in water is negatively correlated with time. After the
source of eDNA was removed, its residence time in the environment was about one month. The aim of
this research was to provide a theoretical basis for the qualitative detection and quantitative assessment of
rationally planned species, with a view to minimizing experimental error caused by human factors.
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