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RARNEES TR

£ %Y F B RHET HRF ELE’
(. EAREERAAT SR EHE 2013065 2. REKRIERF B Bk < BAEHE T v
FRoE SR S F RIS IR SR R0 WK T 266071)

HE I K, IR DNA % 4 7 3 K (eDNA metabarcoding) & K £ £ & R4 £ 4 £ M T &
AR TR AR iz A, BB e N E A A M E I, eDNA EATE A R #
BRPFEEF AN AN ENAELRL, BAKEIERE XY cDNA H#E Il 5 HFH reads $1 5
ERTAEFENENHEEAEAE, E—AFHGF2AHNELKRRE R, eDNAWEE, I3
HEYNREFHESABERE, AL TARAEEW TR EETS I LA BEKEKFH
eDNA 2 E ik, H PCR ¥ ¥t A FET Wik, XHEERSTHAKY eDNA 4k 5 H5
HENF reads B EZ T HFELMEXRR? A, KAAREZRETELHT, BFE 2R BELEZHNL
Y1 Xt B (Penaeus vannamei)#7 5 & %t ¥ (Penaeus merguiensis), *TH DNA F #4771 Bl )R &,
WM B A KE T EEF 8 eDNA B A, HARIE TSN ERE, XEBKT I WREHTH.
Dtk HHEAR, KK eDNA B4 BB AN M BHE SR ENE#HE. £RET, %2 /N4 DNA
BARRERE 116, GRENTFERTIEGR N 2 N reads BLE K 13/24(F F 4HEF/ L
MIEMER), TH, BERRBIEEMHEKRKFERMNI MRERAL, SIWEEEN 1.5%. B,
RAE 7 ANLhAKGFNEREN &R FEFEE 2 MY reads B 5 xE SAEEAR 2 A4 A
DNA I J& He A 2 18] 8 2 1 B VA 204 2k PR, KR o eDNA 41 5% 5 H g 3@ B | 7 reads %8| £ W B & 4
K&, B y=0.0716x+0.7043 (r>=0.9824). % Lk, R K N IiE eDNA % 5 A B A Bl K & &
MABRENTATHRMET AHIEE, GOV ESEDNA ZAHEFE RN EEFHRRRT B,
KR T DNA Z4HA; PCRI| MR HEENF; AEBHXR; £0FAE
hESHES $9322 XEIREEE A XEHES 2095-9869(2021)05-0024-07
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P4 S DA 20 0 S B R R 35 Tl SR K e b S
16 25 /N AR 25 A Bt (Minamoto et al; Moyer et al, 2014;
Pilliod et al, 2013; Thomsen et al, 2012; Doi et al,
2017), A ZVTRIASE H AR K R G (Doi et al, 2017,
Lacoursiereroussel et al, 2016), & Z 2 I E
Z5(Jo et al, 2017), W5 N B#R2LK5L(# ] eDNA
T ARG AR DB R BRI S . Ko R, Hr
SEASE PR AR ECE FIJE T eDNA ZZ&TE S H;
AR AAT ) W F reads $2 18] B B 5 A9 A O
5. Evans 4§(2016)1% 11 T — AN & S MBI 11
HOUE S , IR 7K A4 o P A~ A KR sk A= ) o AT 2 B
55 eDNA 72 5 TE A H AR ARAT 1 =38 1 7 reads 202
1EAHS; Hanfling 25(2016)%F FAs T —> KR WA Y
Kigusm a2k LR S eDNA 22 5B H AR 15 3
A = 3 P reads B0 (B AUAHSGTE, 25 R —F
SEIEAHZE; Thomsen SF(2016)F 58 AN, 44 a2
eDNA /=i &0 7 reads RS2 “Bl 1 43285 9,
eDNA 72 £ i 4 A A5 1 T A 355 v g A= i 55
LG il 5 5 s LW & o AT ATRL, eDNA % 5%
TS E A HAT P EE 75 b 2 B AT RE KAk
S IR AR RN A B e HLA N R A S R A T

SRMT, 38 3k XoF 8 & 3 14 A 6 Sk 12 47 A 2 A 05
9, KICYRTRZEA I eDNA o 5 745 R 1
reads FCRVEAL H AR R o AR W AR G EGE: 52 9T A
AEAS 2 BB A9 540 ¢ R 245 R (Lim et al, 2016), 57 H T
LMY E] eDNA LM eDNA F 3 = &
WP 250 2 AN AP I BCeE S R LR . Hor,
S EERAE S R B B R . (D) AR, R
[F ¥ & eDNA & HE R F AR (Kelly et al, 2016);
(2)PCR ¥ ¥ fe v, i@ FH 5 XA [ P Fh DNA 777E
i fA P (Elbrecht et al, 2015; Pinol et al, 2015), & K
Ry eDNA 438, H PCR ¥ B4R AFEAES 9
T far bk, X R EEARCIRZAS T /KR eDNA a5 Him
T reads BUE R 2 2R LI LR N TIHITX
AN, ARWFFRAE LI B AT, B 2 A E
TGP, X DNA R T AN LB A, BN
F SR KR s 4E 31 eDNA A FE S, BRAFIE TR 5
M IEICEE, SREAR T 510 m A i T4, DL B,
PRIT eDNA 7% 5T 4 A I ol 6 4 %o 450 o 1) v A
PE, BN KE eDNA 72 25 5 AR Wil 7k A= A 9y ¢
U5 8 i AT AT PSR B R

1 HR5HE

1.1 LW ARIEIT

111 FHAmeyidF L SN/ PO NEIEY

Pl HERRA BT, ASBIFSE SE B0 A ik L 2 N[
JE TSR T B eDNA FESY, LUK PCR
LR RGP DNA B #% 5 |k A0 S 5615 24 %
B m/ MRS

SCIORERIIERE T 2 Bl WXTHE . MLAREEXTER(Penaeus
vannamei) F1 88 75 XT #F (Penaeus merguiensis), ‘B[
R B#¥I1 ] (Arthropoda) . % 4X(Malacostraca) . +
JE H (Decapoda) . %] U} £} (Penaeidae) . X U} & (Penaeus),
SR UL [R) & i 2k R
112 BAADNA e RIESEB -5
P T 324 B 2 FPXTERIL 4140 DNA, Z4lifk
J i B R A R B 3 BT A(GE, SEEDR IR,
Ft DNA ¥ % 20 ng/pL (£1%), —20°CIAFERH,
1.1.3 #:# eDNA #941& A THEH eDNA H4&
RS, i 7 A SCERAL - A PLYATEE X MR A S5 T X R
DNA it/ i 10 1.1:2,1:4,1:8,1:10,
1250 #1110 100 BB 2) IR, HIRG S DNA £
e B —3k . UL PHPEXT R 2 21 49 513 ML i X R D
ST ATUR DNA B o BEBIPEXT IR 1 4. FHEiRICE
DNA #iif o FEHFEME 3 NHEE,

¥ BRI eDNA EAHEMES eDNA % 5%
TE SR IN FBE AR DNA

1.2 @ASIEIEE

2% 83 J5 2 il Y M DNA SIE 508 15 (5
BRI EFE, RUFREIR T Leray % (2013)#E1E
MR 313 bp MIZbIfA CO I B F5I/E A REm
eDNA Hir B, A BRKEGE ., FEmEEE .
YRh S R e, Hoa Y bR S )T )
W1, MAERERARAFE K,

&1 COIEMAPCR¥yHE5IMER
Tab.1  Primer sets of CO I used for PCR amplification
519 e iR K
Primer Sequence (5'~3") 7,/C

mlCO I intF GGWACWGGWTGAACWGTWTA 62
YCCYCC

jgHCO2198 TAIACYTCIGGRTGICCRAARAAY 61
CA

1.3 PCR y i

PCR ¥ 4 {k & . 2xRapid Tag Master Mix
(Vazyme) 25 puL, b Fi#514)(mlCO I intF/jgHCO2198)
(10 mmol/L)4% 2 uL, DNA 4% 5 pL, JCHE K £ SF AL
AR 50 uL.

T HESRY MR Sk, ffH Touch down PCR
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2 R 42 4%

MEFEF : 95°CHIZSME 10 min; 95°C75E 30 s, 62°CiB
K 30s, 72°CHEM 30s, 16 MEH; 95CAEME 30,
50°CiEk 30s, 72°CHEA 30s, 25 MEH; 72°C HEA
3 min; 4°CI-7F o

FH 1 %30 i Wi B8 s FEL VARSI PCR 7= Jo f: ,  1H]
DL2000 DNA marker, H#FrZ57 294 300 bp, HkikHL
VK& B — H S A PCR =9 1T i H e

14 MFRERER

¥ RT3 PCR 77 Hik = B B G A W RHCA R
A, PEAT s . R A 1llumina Miseq - 5 01 ¥ .

Fie B 97 Yo AU XTI 52 52 5 90 (S 35 SR 41 ) it A 7
OTU(operational taxonomic units)5R 28, 7RI
LBri & P (chimera, FiE T 2 DARFIIEEF
G FIERUEE P T HF 5, 193] OTU RIEL5R,
SRIGRIANE] OTU BYARER PN AT 45 R R . FE4h
HRERT, 2 NCBI 2~ L5040 % (https:/www.ncbi.
nlm.nih.gov/) K #1702 2= (5 B bsiE, [RIEHE A
EEZERIAY DNA FIEHEAE BT & (http:/www.
fisherybarcode.cn) % 71 B 45 R A T4 B KL 1E o

15 #iE4biE

Gt A e 3R U Y RS reads X, DABT
FHEAT reads FUmANE A EEME, #H1THF, (A
FE S0P 25 5 19 reads BT, FHF 228088 5047 o

TEMEFEC AR ARNT, 5. eDNAFEMRA 2 ™M
i, 4398 A, By SEPRZY5 PCR KW RPIHAR
DNA (4 n; 25 PCR R IR YIAHR DNA it
W x; BAERT, S5 2 MR
DNA 3N A § TG BN ¢; PCR =Y &8
wT reads BN yo B BAIE LN . 7€ PCR ¥4
BIARIER T, S50 2 NMYIFIKYEAR DNA
Fb 3 [ 5E ; PCR & 3 S FEER R R IRk 2 M8 50 K
B Ny %), W@l reads 00T DL
eDNA i 2 M Fhrg X &, BIERA X))

y_A:2 XnA:/l"xx—A 1)
VB 2¢ Xng Xp
SIS (2):
y=A"x (2)
2 HERESWH
2.1 PCR¥ LR
DI TAEHLAY 7 2H eDNA &G FE 5 Kok BRZHFE 5

AREARL, i eDNA Z2 5838 H 519381 T PCR §°

W2 1%BR SRS LIS, 25 SR oK, BHEX
HEFD 7 ASEER I R P18t 300 bp A2 400 HAR A
Bt, BAMEXTRETCY = (F 1),

1 BRUIRBERE I Fht DA D0 2

Results of agarose gel electrophoresis

Fig.1

Marker: DNA marker DL2000; [ ~VI435I 55640 T ~VII
{5 PCR ™9y, 414 3 AN A5 AR5 1 kI BV X I
55 2~3 PKIE 5P 2 A PR IR
Marker: DNA marker DL2000; Lanes [ ~VII: PCR products

of the 7 samples, with 3 parallel groups; Lane 1(From right):
Negative control; Lane 2~3(From right): Positive control

2.2 MFEFEE

221 FHAEFMAEER AWFFEX; 7 ASLu e I
21 /> PCR =Y A7 T il iy o Ge it il iy
FASHIFEIIRK A, s 99.80%L) b FEHI Ay BE
43 A F 301~350 bp Z[H](E 2). G IR A %L
JPH1 674,205 4%, JFHF-HHE R 312.41 bp,

2. 120
RER
fT 5 g 100
E55 80
Ko &
RS E 60
g g); 40
2B 20
Moo &
B g =0 Q \} I \} N\ Q \} Q
}é'\f"@%"}“@@s"
N N N N N N &
D M M 2
FPBIKBE ST X ]
Distributional interval of the sequence length/bp
K2 DR K A gt

Fig.2 Result of distributional interval of the sequence length

222 HEFLALER K reads HET LR KE
AFEAD reads SEHOTJR , X 674,205 AT FIHEAT 4y
P F BAERE, R ARUFII(FIIKETE 301~350
2], LA ST R S i B 75 o A LA g
HF)HY reads. 2% S804 il P reads Kb Hr 26
HRAREIE 20 SR 1103 AT
94,774 Z5F 81, BEAE ity TE R Y 194 8535 6F IR A PLGA %
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XHURSE reads 2039k 11,097 Fi1 20,494, — &) EL
B0 13/24; SEE4 1Y 3 41 FATRESLERTS 95,208 2%
FE, — % reads ULLIE M 18/23; S AHIITRY 3 41
TTREFEARTS 95,572 55 F%), & reads EULLIEH N
77/73; SEE IV 3 AFATAE IR 95,250 %751,

% reads BUIUAE K 67/44; K 4H V 1 3 4HFATREAL
RS 94,408 5% 5, 3 reads BXILIE Ny 43/24; ¢
IR VIY 3 4 PATREIL SRS 94,640 550751, — 7 reads
BLAE R 127/35; SCERAUVI 3 4 FATRE L3RS
95,526 £5JF51), 3% reads X IL{H M 187/23,

£2 ERWARBHF IR KL LR

Tab.2 Results of taxonomic information and numbers of reads

i H Items

5 Groups

Bt DNA ¥ LU (35 35 0 HR/ JLAN X EF) eSS o
Ratio of DNA template I II 111 v W VI VI Taxonomic
(P. merguiensis/P. vannamei) results
BiHR DNA W 5 Ll (28 75 %R/ FLAN I X UF)
Ratio of DNA template /1 2/1 4/1 8/1 10/1 50/1 100/1 —
(P. merguiensis/P. vannamei)
Q NG Al A 3 M2, :|: 3
3 AIFATREY Reads 2 11,007 13,928 16,353 19,165 20,197 24,731 28,355 B XT,H .
Reads of three duplicates P. merguiensis
ML 2 Vi X
20,494 17,808 15,505 12,585 11,272 6816 3487 JL,VJ{J%XT%.
P. vannamei
Reads 34 %5 b (B (88 75 IR/ L4R 58 %57 0F)
Ratio of average reads 13/24  18/23  77/73  67/44  43/24 127/35 187/23 —
(P. merguiensis/P. vannamer)
2.2.3 RABAR PCR 38695 P ipfs & WM BOEER: 1=0.0716x+0.7043 (2=0.9824)([&l 3).

H 2 A0l DNA WEE LI 10 1 (253 X8R/ PLaA 3%
XFERYRF, 2 IR DNA & AR, § g e
Hh 32 R 5 WX AN )R 0 1 i e 5 S 1 3 8 e ) 22
B, ek EEIE T YR TSI R reads B2EH . MR ¥

AXQYEEA:
A= iﬁ 3)
X

A TGRS, reads FIELLAE, THE1E
FNEAMEFR P S E RV 2 DY DNA 11
L% 66/67, 4352, PCR Y HMHPGAEHR T, F
YRR K 1/67, 290 1.5%, BIZ5147ERl— PCR
R, FURER G FEXT AR X EF DNA AR 145 5
L LYY EXTEF DNA B K297 1.5%.

2.2.4 eDNA 2055 18 20 5 reads 69 4 % &

DAAS S 00 20 % YRS 4 P 2R 7 X R DNA 5 L4
TEXTHF DNA Y FUAE M AR, DA S0 2 A ot e 2
I 6 T VR R A 2R XU 5 M LYN XTI reads -3
B A AR, 20 eDNA 45 v i & I 5
reads B REC R I £ A Q)M TR AT,
T 1o 1 25 SR b, 2 R IR Y reads $02 HE I 4R PCR
Ktk DNA 2 FhXTRAY DNA F M7 5 30 =k 2o
KR, XR2 P9 7 AL reads XL I
PCR 54t DNA FCAE ) 2 208 65— o2 [l 9 43
Mr, A3 eDNA A5 il sl 5 reads S0AY PR

.0716x+0.7043
y=0r2=0.9824

Number of reads of
P. merguiensis/P. vannamei

JFLAAEENT iFreads$i
O = N W H LV O o0 O

45 57 o B Yo i read sBl/

2‘0 4I0 6b 8‘0 I(I)O 12.0
AR H 2B 5 X HFDNA/ FLANEEXT HFDNA
Template DNA of P. merguiensis/P. vannamei
B3 2 ANl e e 0 45 R A e 51 8 L (L
SRR A 56 R
Fig.3 The curve of ratio of two species”
reads and ratio of template DNA

(=]

FIH eDNA 72 TGS £ AR PEAR K AR AN [E] 4
Pl AR B, R R S B W TR 2 —.
SAES A )T MG, eDNA % 5B H R BA 184k
(R CINE Y= T ER O S BN A 8187 WA S B 1 E R
FHZAE AR W K A i A i, — B 2R R SR T )
fE, HAKIR T eDNA MELISE 2 F 5, HEEIK
eDNA 5435 24 ; PCR ¥ Haf], 5|5t AR Fp2% DNA
RRORR ) i B340 25 3 B0) RN TR] 3 2 ] 1 R S
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eDNA 72 55U R 45 ARHE T I FH i fe KB As . s
eDNA 7 55TV Ht H7 AR A6 I 2 5% A 1 R G 85 1 132 3
() R RSB, R AR 2 i A i 5 el )
S50 reads BUMBCA R R, FEAHEAEP LY RS
eDNA i, 55 eDNA i 542U eDNA 2 fIH H
) eDNA #itl5 PCR ;=W () i 2 7 45 1 5% 3 4
PR G Z, R AT — N S RN, AR 52
eDNA 7B HE AR EE R, Frid, oz
HiX 3 PR ERMBRECER, MR e
PR B FR [ LR, RORMERR FLESE ) eDNA
AT I BN IR R

G RXE P R B A 30 k2 —, #IFT DNA
FAIA AR it i, 2 RO E 4 51 eDNA ¥4
KM i, R GER) & —Fh eDNA B2 . 65149
T i o () BB S5, ETTER R eDNA (il i U )7
reads ZUFIIKY) eDNA 2 MEF LR, (Eal L
WCF NS AL B B 45 5

3.1 BREH#EtK PCR ¥ iEHI5| ¥R T

I Z Y eDNA JR AR PCR ¥ R0 H) F
BLF A Z —, fiijZ& PCR T FE i [ 6 AR RIFE AR DNA
Bl 3 21 A7 7E I 311 (Kanagawa, 2003), PRig |, 5l
W1 A 0 SEAZ T R FNASEAR. DNA B I [R] J IX B 9 4
AR A R AT DL S I —— X B B 56 2R, (H ST R
rPSE LA SE IR, AR — N O 7 05 L AT 2 3 3L
AHRE B B BORBEAS, T =4, ik, @5
YR AT R BRI DL AR AS BC A5 o SR, AR
TR 2 ) PCR 8, BRIV (5 157 w3k 1)
WHBY, 519455 e B AR A FEAR DNA 5]
WA X BP AN GC Bg3E 7 & = KT AS [A] (Acinas
et al, 2005), GC &1t 51 Y454 J1%5# (Fonseca,
2018), K T HEE Rk DNA o454 X BEI L 20 B 1)
—EME, MRS | DR 2, ABFIE S8R
W UL %) [7) T A L 498 Y o B A 8 5 o AR A O S G
X4 o (R, 356 35 R A k2 R BB P45 B 1Y)
FEBEENZE, REL mtDNA F11 CO T FH A
BAE AR H 3

AL RS YR A A, B e
g S b 5] W ) O A B2 R ANl o B GE AT MY R BR, Y
eDNA A Ff MLZH T X6 BF R 8855 X DNA 41 A% HE 451
1L B R I AR AR XS R P Fh reads £ HE 5 R
1324, RIEY HIEHRBEMARQ), SIS 5
M 2 Fh DNA 25k 66/67, Bl PCR ¥4 197 14
RN 1/67, 29 1.5%. W] WLkFE PLYY X IR A 7%
XTURG £ AT B eDNA RSB )™ A= 1975 | ) D 7 7 2

BN, FEam SR BaT il e, 2
ol R A e JRE R[], 20 000 48 A ) i oy 2 202
TR AN RIS AR A << 2 R BE AN [R) 7™ A2 1) o S 25
eDNA Z A BB BRI R R b, BTk
IR AT 28 P AT DR A D SRR 4, DA T AR e A v
5140068 AN TR AR i A AS [+ T S5 B89 P e IR

3.2 eDNA A5 5H@EENFF reads HHIHE X 1E

MR SEPRIABEAEAET , A 820 B eDNA %
SIS E AR A3 Hr 558 = reads 205 RRINEEA A )
I ER, NEYF] eDNA LUK I\ eDNA 53] 25 18 &
Dy 235 SR 1 T A 2o A v A B2 O 2R WU A B S F
B, ARAFGEORBCALZE N B RN, FEEIEHE eDNA
5l =Y reads B2 IR R RN, #EEIE
HIRYIE PCR 72 L & 2% (Harper et al, 2019), %
L BB BRI I T reads B8 SZ H RN AR 2R 1)
SO, R L ASREAS [A] Y reads BUE = — B2
O RIS K 2, AWFRCR T HEARN I 2 4
Yifh reads B HLAE, F T2 HE S50 eDNA ¥ ()
HHEE

Gi i M S50 4H 1Y reads SEA B (-5 PCR AR AR
eDNA {2 g8, sEAT—Jndetk Ml b, e
31 eDNA 4185 38 U ¥ reads 200 pREE R
y=0.0716x + 0.7043 (+*=0.9824), 2= A 4L H0] 2
N7 PCR 4 34 o B v i e £y A B8 (R B2 5 | 0 I 47T
Y HEPEIREOH A, RRREN, B 0G e AR e AR
AR S A R S R iR 22 B TS
Yo RN, TG Hy : YIRBKEE T A 2R
TR A LA X HE ) DNA B, 7] 38 3 155 38 5 0 5
() reads $CHET ) 2 AWy Fp 0 A AR 6

TELBREAED, ATRE R THIR eDNA (1) ISR AF
EES, X AT E B S, 558, PCR
PHIEIF AR 2R LURECH 2 s, HAEE
HABR AT R RGEIR S, X LU RAR 2 T8 ALk
PR AR B —E W (st e T £, mil
T reads BL5 WA eDNA & & S EAE,
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Preliminary Study on the Quantitative Analysis of Environmental
DNA M etabarcoding under Ideal Conditions

MU Ming'?, LI Ang?, ZHAO Xinning'? LIU Shufang®’, ZHUANG Zhimeng®

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences; Laboratory for Marine Fisheries Science and Food Production
Processes, Pilot National Laboratory of Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China)

Abstract In recent years, environmental DNA (eDNA) metabarcoding has been widely used in the
field of biological investigation, which includes species detection and biodiversity assessment. eDNA
metabarcoding has the potential to rapidly assess species abundances in communities, making it a promising
investigation tool in resource conservation and management. Although previous reports concerning eDNA
metabarcoding found that the high-throughput sequencing (HTS) reads were related to the biomass in the
natural environmental sample, a clear quantitative relationship was not found in this study. In the field and
laboratory, the enrichment efficiency of eDNA is difficult to evaluate. Meanwhile, primer bias inevitably
occurs in the eDNA amplification process, resulting in uncertainty in the eDNA HTS results, which
restricts the application of eDNA metabarcoding for biological resource investigations. Assuming that the
eDNA is completely recovered, and there is no primer bias during PCR amplification, an ideal state for
deciphering whether there is a linear relationship between the eDNA and HTS reads is created. In this
study, under controlled conditions in the laboratory, a sister group was selected (Penaeus vannamei and
Penaeus merguiensis) and their DNA samples were mixed in different proportions to simulate eDNA
samples enriched from natural waters. In this way, the recovery of the sample and primer bias was at
optimal levels. Then, this eDNA template was used to explore the accuracy of eDNA metabarcoding in
detecting species biomass. The results showed that when the concentration ratio of the DNA templates of
two species was 1:1, the HTS ratio of the two species was 13/24 (P. merguiensis/ P. vannamei). Therefore,
even between the closest relatives there is still a slight primer bias (primer migration rate: 1.5%). At the
same time, the HTS results from the seven test groups showed an obvious linear relationship between the
composition of eDNA in the water and the number of high-throughput sequencing reads, that is,
3=0.0716x+0.7043 (+*=0.9824). In summary, this study provides direct evidence to verify the feasibility of
eDNA metabarcoding in monitoring aquatic biological resources, and also provides ideas for the
subsequent quantitative study of DNA metabarcoding.
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