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DNA ¥ ARFR T RZVIY T A5 DNA FRAZALSFAARRTROLR, FMLEETRMAARAREE4dF
SEEREU, ZIREEEE ., ERRESEME 0. 6. 12, 18, 24, 72, 144, 264, 384 /NP HEFTHURE, 1B
A5 DNA F BE & il o Se i 38 6 1178 i PCR AN . &5 5%, REZVIFY 1Y IR 5T DNA 7R IR AE W REBR IS 72 h
PR 28L& = KT, 5K A A9 35 DNAH B AL AR AR AR AR . k)™ LM mIE 8, ERAL
DNA [ fif 04 55 K ot 6 15 52 53 35 17/ 56 (P=0.000 5), 5 pH £ {35 IEAHE (P=0.04), ¥iI 32 TIHY i 3F 18
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IREERE S P — e — o IR N AR AE I A Al 20 HE Y DL oy I R A, R BN O R ER B
DNA A9 FEERJEP, I IERE S P HEH DNA 2 )5, 8 i 5 & 4% 28 S0 (polymerase chain reaction,
PCR) ¥4 H#r DNA F Br, #E—2EK 000 A1 3R 55 DNA Fr#ar 1045 B, LLIS B HUCE — XA 5% 4
YEEMB Y, B LM T LA, H55 DNA £ R C Spkg A0 0 H T AR A PR 58 Mo () Wy St o
Py Fp i A7 AE 5 45) (A58 o . RONDON 4550 A 4= 3384 i i 2 A 355 DNA 5% - BE T A= W iy 2 4
PE, JFE IR TR DNA X — AR, Mk, P55 DNA £R & T 2008 4F I 4 9l iff 52 34 L H
TR R AL AW DA 2010 4ETFU , Bl S I 326 % B PCR £ R (QPCR) #1 DNA Z B i H0R 1
I, P85 DNA BRI EE S B R A7 5 B 8221 R B 0E & o Ay A = 0> 70,
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IAESR, ARFRT R, AR T3 — XU AR Y AT DU o SR (K AE . TRAESE) IF SR
A5 DNA FARKMN R, 35— 87 24k 42 A A ] G e 2 3 AR S0 . 5850 A 2 W Jy i 40
[, 5 DNAFARAW UL ZEARATER/R . WA BEY., Bk, BE NI AL
B W T B s %R @ i PCR B AR 16 H A% DNA FBL, Xt DNA B BRI T 1 pg, SE&4 0k
A EE, XK B A A o RS H B s 1 AR XS T R A S 00 2 3 1 IR i AR A% 58 7 R
NHRFIWE, S5 A, X TF YRS s o sg . i T R EE 7 X5 I BIAR MER R T4 5
AWM AR, H5E DNA H AR A B R IR T A S W A vT A7 S AERA M . SR 1m0 VR SR8 2442 28 W
FB, 5% DNA FRVRAEAE — S0 fg, Qnke o b 3 5 40 0 F Be A7 Rtk — 2B ik, 34 5% DNA 7£
WP IR AR AT R i AN B A o 3 ) A R S () AT R 1 R R T SN, I ) A,
SR AT 5T U ) EE S TSR . T XS A BE DNA B 8l 01 24 S PR 52 i (R I IF o, vl 28 s A B
DNA B4 X} F JE i B 38 /R 3 50, AnAE AN TR B Mo 3R 8E  , nl ARG ) D A BE AR AE a2 2R BOA
5% DNA #din, 57 =R M4 W )& 3 PR 85 AE W) i 2

YERH AR, HATIE DNA BIF5E 8 JR BR T X IR KRR B e el . A e 4edl, RN
pH!' 45 A BE A8 1 2 K /R PR35 DNA AR L2 (R 22 . R AE Y R IR T f8 AW, 28
IR RS AERZ VIR T, Wik, RZVORY R DNA R ESCHE . BEr, X TFREZ
UURRY) Hh B BR85S DNA SRR, I8 DNA FER Z TP th A8 4k i) FE 258w R AR AR J, 75 %
P RIR R . AR NSRS AT SRR A Y, LUK AEY 8 BinA Y, il RE
RIZVTHYPEHOAEE DNA W7, K58 T B AR T KR R)Z VTR 34 58 DNA & & 421k
HRMABZRNRTR, Bn T RIZVURY A% DNA X T RIS R B L, AR5
DNA R 3l J1 22 i it =%

1 MR57F%
1.1 g E

AWF5E LA H A KREE ¥ (Grandidierella japonica){E i B AWy, SIARNFKAEYFERE, T T
4 H/NAB R LI 5E, RT3 M PATHEAM I S AEA, SRR LREES
BB S B 2 5 AR IR AT ISR, ARG BT G H A RS 250Kk A S0 50 =S /K A 97 0H

A /N E A 141 250 mL BE4F (DURAN, fE[E), H3EAH 70 ¢ f1 951> (HARIO WS-10BR, H
A VTR A 180 mL A T /K (BE 77 WL US EPA A T4 i /K Bic 75", A S b 9 /K 78 0 =22
AT AR KR P A Rl K . SC s s, 4 20/ B T g AT R S5 A 10, 20, 30 Al
50 HHAREF KRG A AL, B4, CAMDA, Frfi/MREEA 25 C HRM T
W RS A /R E P IR AR REGE 4d R i, ZIRash i, RS H 5
JERIEE 0, 6. 12, 18, 24, 72, 144, 264, 384 /NAFHEATHURE, AR IR DA A4 S 56 21 AR rh B
1.5 g Tl A HHF 03 mLKKE, A w T
P85 DNA 42805 qPCR 437, 7K BE AT 41 B 4K R1 hRshRtRR
I ESR R F S R 0. 72, 144, 264, Table 1  Setup of lab-scale experiment

384 /NI, ASHKI 1 YR BEAR K g pH. DO SEERAl WA PRGN eb/g NETEK/mL PR/
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A CTAB(cetyltrimethylammonium bromide) 77 15 #2 BUIA 55 DNA,  HAKERAE 7 #2 S UL SCHik b g i,
B 2% B R 55 DNA AL 2 9 7 F 200 pl TE 28 vh ik . 2% ] DNeasy Blood & Tissue Kit £ 14
(QIAGEN, 7 [ ) 45 M H 7 K 5 3 (1% 35 ¥ 41 21 DNA, % JH§ Qubit 3.0 Fluorometer {¥ #& (Thermo Fisher
Scientific, 3% &) I & M s 4 2 21 5L B DNA W .

1.3 SEAJEE & PCR(QPCR)

TE 4T qPCR FRUEYI I 45 I, AR WFSE A8 3 %5 PCR 514, 38 4 26 [ [ 57 AR W R A5 B b
(NCBI) Z4f ¢ Primer-BLAST T 2335, 5I¥ 751 K PCR B K I BE WL 3% 2. qPCR FrifEd) hy (1
519y 413F 1 413R 38 i3 15 48 PCR R W4 B4 4lifb )5 =4, bt i Be K B 413 bp.  ZliAb )5 45
HE Yy Mk 238 5 Qubit 3.0 Fluorometer {5 %2 , i 1fii 3@ i =8 (1) 1H 545 AR 19 1) DNA R Be#% I
B Z RS RUME, F-20 °C R

aNy

€= %60b M

A c MEREY H DNA #5 D14, copies-ul™; a Maifb)5 RIARUEYI MW, gul™; b iy DNA B
KJE, bp; N, M BTARANEE S 555

*2 SIYFFIKRPCRIRBIEE

Table 2 Nucleotide sequence of primers and PCR annealing temperature

542 B FES (5'~3") PR /bp P HbRX Bk C
126F GTTTTAGGTGCTTGGGCCAG

126 RACOIZEH 60
126R AGCATGCGCTGTTACTGAGA
413F CTTCGTTTTAGGTGCTTGGGC

413 LORIIRCOIIE A 55
413R AGGAGGCCCCTGCTAAATGA

FEEAT QPCR Kz TTA I FE 5 3R 5% DNA i BE & i i, RS20 9 31 5% DNA AR 5 FATH
PIUEAT 2 ROF-4T qPCR K2l , 44> 96 FL B I A A 45 2 2045 D1 %k 1. 100 100, 1000, 1000 i
qPCR b 9 F11 3 A28 (1 4T HRAE & o B> qPCR [ AR & 7 20 uL, 42 4& 10 pL LightCycler® 480
SYBR Green I Master (ROCHE, #i1:), 1E/ 5|4 126F 5 126R 4% 0.3 umol L™, 5 uL & B 4E7K 10 15 #
LB 5E DNA 2B . qPCR 2 )i 7E LightCycler® 480 Instrument I1 {X #§ b #E47, T 467E 95 C F 2%
PE 3 min; ZJEHEAY R IFMEIR 50K : 95 °C T#ME30s, 7£ 60 C Fikk 30s, 7£ 72 C T 4E
i1 1 ming PHIRES R JE, SEAJER AR T, AR IR A A ith 2 0 18 A7 200 qPCR e g If 31 58 s 3R 45
DNA H iy (135 D15k .

1.4 KB

JKARERER B . S ML 3 4 Mother Tool CD-4307 SD i 48 20 T 45 M I A I 5 , 175 i 48038 1
Fuso DO-5509 ¥ &4 I 5& , pH 18 i LAQUA Twin pH 35 , 7K kE P i 41 14 2 4508 i3 BD Accuri™
C6 it =X 4 A AT
1.5 WESH

IR T IAIE AR B X A5 DNA & & A8 s, AR5 R H T LAY (general linear model,
GLM) #EAT UE 2B o BRI A5 DNA R i LA iR R £ R A, LA qPCR A I s 1) 3R 2 VAR
855 DNA F B f7E ¢ 5 20 (%) B ik %8 (P i A0 i B AL R AR P AR AR i, DA B AR it rh iy 2E
PR SIS E . pH. B WMAEN AR, SUREIEHETE 2 EE S EAE . BT
K SRR MMM e R E, Wik, FIHSH AR B SR A AR AR5
JITE5 B (B0 BT Y 7E RIE T (MUAS 3.6.0)1) Jz HAE R IF % A5 R Studio™ |47
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2 HER518
2.1 IfiZ DNA Tk

A FEAE S B A HRE LS qPCR AN, SR AR, IR, AR AR5 P AN [R] 52 5

HZ A A3 DNA 544 . segediE], i qPCR
00 H R 3R 55 DNA R BEAs (b an &1 1 T, il
M FE B R AR AE X 1 5256 10 7] 2R 5% DNA 45
B fEoh S T S 0L E A #RiEY, 4458
5 v BR 5% DNA 1 48 00 it 3 50055 51 R 0.044
0.021. 0.029 1 0.005 5h™', 4 4 528 4H £ 20T
Y B35 5% DNA & it fE H A KRB B IR Z
J5 (0 h)y R RE, ELEHFEIT 205, HEA
FEAIL 2 5 000 copies-g ' AT, FFMRFFIEX —5
R Ao BRULLASE, 7649 4 B A AR A 5
W4 (A, B)RIZUVIERYH, 5 DNA B &
IR TAY F RS (C, D).
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Fig. 1 Variation of eDNA content in surface sediment

HEEDNAH JE/(copies - g7)

during experimental period

ARWEFE P 4 45050 4 R Z DU b IR BE DNA & BH7E H R KBRS 2 Jm ol B %, 789056
#HAT 720 5, BIRERMOKT . SADRIST R, KK RS DNA 78 HirAE W BB G 7E 1~14d
ZJa, BEARE O I 0K, HAS G B 5 A58 S AR b T 17— KOF o SR T IR 2 IR e R )
FREE DNA, M CHF78 22 @R T 742 2 000, 4000, 6000, 12 600 a J5 {846 i . AHBFSE 5 LALE
R EZEXH D, ARSI DNA RN B R Z VTR AR 2 e, X 360 % )2 TR
TS DNA 5K A& i 38 5% DNA AT A H A AR L0 28R RRAE . AT RE Y J DR 3R 2 DU 5 /K 4k
B, P B PR DNA AL i B AR A B SOK R RL, Rk, T35 & A A9 R4 DNA B
A R AR L RRAE
22 KRZT

ST ], 4% S0 A KRR ORGSR AN 2 B . A% S ER A OK AR TR TS B S B AE H AR K
BEEBBRZ ) (0h) B F R, ELRIEFT 72 h J5 AR ERMK S EAKFE . BRILLIAN, TEAEYE
RS (A, B, C)/KMES, BIGEHERINTAEYEEESMWLEA (D), XrgEH T4AY
FEREWEBRHANTAERZWANE, SEGEHTEEEY,

SCORHANE], &SI UKAE TR pH, R L WAL R IE 3 R . & SRR KA T Y
pHTEH ARZEERRZE Oh) 2% LA, 75
S B HEAT 264 h )5 pH R FETE 8 247 BRUL LA

20 000 000
wSKIHA A SKHRZEB e SKKRZIC < SLERAID

S A A SR AL (A KB, 0

PHIE FAWEEREHLRA B, C. Do £ 1oumomoll
HEWAUKEE RO EE A KB RBIR 2R 2 ‘%

(PETNEEET ST TN T }

FFTE 2.69~2.7% FeAv s BRULLISE, ‘LW R AR i i i
MG F 52 90 2L (A) KB o A T A ) 2 P e L

FSCEE 4] (B, C, D)o LA /KEFIH T
RAEHARRBEEREZ G (0h) 418 FFF, (e
Kt 7264 W5, HSERERE 45 Sm! £

2 LIGHAE)E SLINEKEPITERBANT K
Fig. 2 Variation of viable bacteria count in water sample
during experimental period
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Fig. 3 Variation of pH, salinity, dissolved oxygen, and conductivity in water sample during experimental period
s BRICLASN, TEAEW) F AR A SCE 2 (A) KA, SRR TAEY RS SLEA B, C,
D), 4 S40 2 AE S g I 1A) — B AL T BRSO , PRI, KR v 0 4 A A0 2R A S5 200 200 1) D AR 0 A
E, RFH YRS

FE 4 S5 R I K R S50, BRGNS R R B ARk i g, RIS TR R
th BE T R] T R R, TTRE Y LR AR W) MR RE A TR RS R S L SN N TR A AT AL S5 B I ) 2 2D
PeREAR . SFEGUED G BT, pH, hE | B SRR R R 2 )L B, AT RERY
PRS2 S I i TP Y B 0 K o B I ] B4R 28 k. S EUROBLAR NI IR I Ot WS R IR
JZUURY R E DNA & 59 A W) F B IEAHCOCR o ARSI il , Yfh 4 5305
DNA & it 5 8l — @ A8 B R M R AR AR OGO &R, TR A KON 0.03~0.93. /A FA 85 DNA 5/EY)
JE 22 (DRG0 A0 O &R H T i AR WA, H B TR 5 & B 2 D UE W] T BREE DNA fA7E € Al 1T B
FEER AT RENE . %3 HEDNARBMRERSHETE
23 T XEMEEYAS I XM EVALR

AR5 b R E LY IR % DNA F Bi % Table 3 Results of general linear regression between eDNA
i 3 2% 15 B 0 A 0 N e decay rate and environmental variables

B opH. R R IR R PR, PR MIRR R AT P
K T S50 ER B 5 R B DNA P B B i ok 2 AW 3.34 4.02 1.830 0.41
B SE5 & (155 & ¥=3 673, P=0.005), ST B 0.000 006 0.000 017 0.366 0.72
pH 53R DNA F B [ i it 2 52 W 2 1F A 06 06 pH 830.2 387.2 2.144 0.04
/% ([EI Uﬂ /% %&:830'2’ P:0-04)o ﬁi %*E . E,\ hE -6 022 1549 —3.888 0.000 5

W . R OK S SRS DNA B AR 300 w00 e
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RO i o 6 S IE A C S R AR B3, I R0 510 3.34. 0.000 006, 300,

WAL SR K B, BT DNA BEf R 5K R B MAHC R, HEHRERS
PIIREE T B R AL 5 pH 2 B EIEAHCCR, 76 pH B M M IE 00 N R R LT IF 5 B0
Wi, AR SR AR EIEMH R TSR TR & W AOK T, B, 8
AR e B S8 45 SR 6 T TR VS G JE A A5 DNA IR AT — & S H M E .

24 FENNHIFE DNA B A

BT DNA $ARJE T LA 4 BRI EE I F B, H A A e o B2 4R p TR S M 28
W, TR SR AR Y R S AT B . R AR A BN N R IR R e R A Y,
ELATHE LA L A Bk, E s SR B 3R 2 DR B b B BR B DNA, ] DL IR JES G A= 4 0 L
BT PE B, DI T W ROR o AR WE S & IR JZ DT h 1 35 55 DNA 5 K 44 v i 0 855
DNA HA R AR (L RFAF , Bk, [RRE AT DA R 28 AE 6 — IX ok ¢ J it i) PN ) 34 5 Joi i A8 Ak o
WEI 2503 3t H 8 75 57 15 32 2 DU Th (9 3R 55 DNA #4770 1 AE B3R e lRE I oY, th R MR 2R
e ¥R5E DNA ARME X F 14 H LLIN I B SR IR BRI 45 /R 2 o

HAT, A XIEE DNA MiF5E R 2ok A BAMRIE, ok A BN NFRIRER KD . REERIE,
B ZRE, MESETM AR, TR E BT A48 b5 2 R0K 2 0 WAL bR S B 4= 9
PEFEAR, TEX—H3 T, 5T DNA H AR B X H 5 R 5% W I 550 o3 AR s SR e 381) 458 K ) 4 1 4 THPE
3 %ig

1) 38 32 /N 52 30 A AP K IS VR B8 R B, TR AR R Z DR T () IR 55 DNA 75 IR A W iR R Bk s
72h N, BEREMIR B BN & JKF, HARRRRE 5 K R 1 31 55 DNA 5 AE L.

2) LT SR ME A A HT & B, A5 DNA PR R S KR EFERENMHLLR, 5
pH fF#E B3 IEM K R, XL, RZTIEY AR5 DNA X 8 i 8 ARk B A — 2 48 m

B
. O H AR RUR S T Bl T R b Bz b . WP RE VPR LA AR SC R 548 5|
2 F XM
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Abstract Environmental DNA (eDNA) is an emerging tool for environmental and ecological monitoring in
recent years. To clarify the effects of environment variables on the variation of eDNA in surface sediment,
through the lab-scale experiments which could simulate marine environment and choose benthic organism
Grandidierella japonica as target species with 4 groups of different bioabundance, the relationship between the
variation of eDNA in surface sediment and ambient environment variables was investigated by using
environmental DNA technology. After Grandidierella japonica were cultured for 4 days, and they were taken
out from the experimental devices, then the following experiments start-up. The surface sediment samples and
water samples were collected at 0, 6, 12, 18, 24, 72, 144, 264, 384 h from the start-up of the eperiments, the
eDNA was extracted from these surface sediment samples and target eDNA copy numbers were determined by
quantitative PCR with species-specific primers. The results showed that after removal of Grandidierella
Jjaponica, environmental DNA in surface sediment decreased to low level within 72 hours, which was similar to
the decreasing characteristics of environmental DNA in water. The general linear modelling regression showed
that the eDNA decay rate was significantly and negatively (P=0.000 5) related to the water salinity and
significantly and positively (P=0.04) related to the pH value, indicating that environment DNA in surface
sediment could reflect the changes of surrounding environment at a certain degree. This study provide a
reference for promoting the application of eDNA and profoundly studying its effects on environment variables.
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