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DNA, &I E BRI B % T . Saito! 0 &
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23 = T mtDNA, R IR J5T L AR A v] 45 7 2 1)
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B, HAEA N TEHE RS, RGCREAFEHM
BX 17K PR B DNAFE i, X mtDNA. nuDNAK B f
1 J7 b (nuDNA/mtDNA) ) A8 4k i F2 34T T 58 540
r, AR AR BHA AT R R AE SRR . ABER

e T 4 S PR PR B DNA E BA 14 R, K
S B TRUIAL i AR 7 23 A R T A B R BT T B
SOt TSI I BOR S, AU B THEREZ YR 1
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SEMEINSR AL 1 AT HE Mk
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1.1 KiI854 A TZEHERMIMEDNAM AR E
ySEMIny

202344 H10—13H, fEWdbE 5 B e 5
SRARA X R W rp O JF J KT 9 4 N T A S
IGHAR, B ERIE SR . 5 AR BORAE
IKARFFEEDNAKE Fh(F 1) A T B BH S 06 10 6], 1
f1(6)2) 5 M (202) 7 il & 7= T WA s A4 — B
=, AT R 2950 m*. FKIRZ0.6 m, KAk
PRRIZ130 m’ . 76 BFEERAE T, 2> BIxb b, e £ sk
Jiti N THFHEFOET OF, FERG -5 U0 7 4 52 B8 Ja S
W 5 £ ] JE B IR . AN S EG TR, P T KR
WS K A3 PR — B, DA G PR S R 35 T4
eDNAK ARV . KAFEHT, 8 B A/ 2 LRI
P KK B2 U, BT 10% S (3 VAR i v T
B 10min, I LGB ALK BE20K, LUE B /MEDNA
FABAETG Y. B RST IR B W SR A3 E K
FE, RAETERG 12h N 58 BCE 25 6 . A8 FH AN B85 4N

F1 KT8, HEL A\ TEESIRNIMEDNARERER
Tab. 1 Environmental DNA collection information for full artificial propagation experiments of male and female A. dabryanus
7t Pond i} 8] Time I M Bt Spawning stage B A4 1E Specific operation KAE/KAE Water sample collection (L)

T 4 Male 4.10 8:00 E- YL ¥ 2x3=6
4.1011:10 ZhE i3kpg iyt 2x3=6

4.10 16:00 Y ¥ 2x3=6

4.1022:30 Bh e ¥ 2x3=6

4.11 9:00 i EH R L T 2x3=6

4.1121:00 FIEE S — Rk ¥ 2x3=6

4.12 9:00 BHESE _RE L x 2x3=6

4.1221:00 EHE R R b 7 2x3=6

4.13 9:00 B =R - ¥ 2x3=6

4.13 21:00 BIHfE S = K x 2x3=6

Mt Female  4.10 10:35 LA WM e R P R AT 5 2x3=6
4.1011:00 BIH AT O £ R = AR AT 5 2x3=6

4.10 16:00 E-YEL] ¥ 2x3=6

4.1022:30 Bohh e BN S 2x3=6

4.11 9:00 FIEESE—RE Lk ¥ 2x3=6

4.11 21:00 BIHEE— R b x 2x3=6

4.12 9:00 EREH R b 7 2x3=6

4.1221:00 Y N ¥ 2x3=6

4.13 9:00 PR =R L x 2x3=6

4.13 21:00 YEIEE SN W 7 2x3=6
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VU2 Hl e 25 8 FH £L42£0.45 pm B 4247 mmif)
T R — 16 W VR 5 2T 4 B AT I 08 . 7E L JE S5 R
J&, FBE W DB i ThT 5 PN 728 I, NS mL
T B LB R IRILH T, I T20CIRAF. JEEAE
A [F)DNA#E BUR F Qiagen DNeasy PowerWater Kit
B, RIS ERE AR IR SO k1T . SRAIddPCR
it BT AT FE i ({ mtDNAFInuDNAZEAT & & H . 5K
0 1ot R v L 19 14 6 R (O B G i 7)) A 4 6T 1
(KATEFIE K AIDNA), B B E3NEE, B
PGSR RIWE B S TSN AR 51
&t 5 PA(copies/uL) R~ o BN SN H AR BT 2L
AL T 100001, B AAE IR N3 IR B 5
VN
1.2 KII845 7 M 5|98 TagManiR § B9 1% 1+ &
¥ iE

MR [ S A B R A5 2 A (NCBDBR UK
L e A )b () 2R A4 4% 1] X (D-loop) A1 A% 2
RAGIFE 5" £ 45 b 4665 (Acipenser sinensis).
& B Wi 63 (Acipenser gueldenstaedtii)~ 4 1A F] V. F
(Acipenser baerii)~ % V4 4 LU 57 3 (Scaphirhynchus
platorynchus)~ 15 K8 (Huso dauricus). AR 3% P [A]
Fesethm . PR AR« 338 Bk B A%
JE U], ) H Oligo 7 A AE KL i Y D-loop FIRAG 1 X
BETF T 4 5140 55 TaqMandi 6™ #R5E S 3 b7
1t 6-78 3t % )t & (6-Carboxyfluorescein, 6-FAM), 3"
uify 42 1ffi 2 A ¥4 K 71 (Black hole quencher-1, BHQ-
1), D-loop L35 #1751: 5-GCATCTGGCTTCT
ATCTC-3; R 5I #7541 5-CAACCATATGCCAG
ACATA-3"; {41 F51): 5'-6-FAM-TTCCATTAACA
GCTAGATTCCCCATAACT-BHQ-1-3', " 1 7= ¥
KJENT2 bpe RAGIZE:R LiF 51 W17 %1: 5'-GTCG
CGTGATCCTGGAGATT-3'; Fii#51#)751: 5-GTT
GACCCTGAGGCTTCCAA-3'; #RE 7 41: 5-6-FAM-
CCTTCAACGTCCCTCACCAGC-BHQ-1-3', ¥ 14
FBKEE N118 bpe T A 51 S5 4R 4 P 41 id i
NCBI GenBank b}, PLHRRRARE H A5 440 () 4 57k
SiETTRE. SIS IREN A AN TR R
AR 2 A E B

VLT S R SR (443, 838 83) [
VLR W 2 Bl IR IR G ) (L EE 5k KR
Hemiculter tchangi~ W) il Distoechodon tumiro-
stris~ A JEiLeiocassis crassilabris. JE&1 1 Mega-
lobrama pellegrini~ % V) 8 Sinibotia supercilia-
ris~ ¥ 60 Culter alburnus =13 2181 Anchery-
throculter kurematsui~ & & i1 21 8 Ancherythrocul-
ter nigrocauda~ 15 [KEChanodichthys dabryi 1¢f

Hemibarbus maculatus #&Hypophthalmichthys moli-
trix~ W Pseudolaubuca sinensis) ] € LA FE A,
K F bR B K 2 DNA &, 78 Hh B RF Bk A
AR S A TR H 0 I Bio-Rad QX200 Auto-
DG Droplet Digital" PCR% %t - 8 17 ddPCRH™
1 LABGIE 5] 45 TaqMand® B 1045 S 2

DAV 1 2 R HDN A AR, 7E53—59°C P
i 3 VT 67 dAPCRY 4 1) f f B K R B« ddPCR
AR R AR FLN20.0 pl, 45 2.0 pL DNASK
B+ 1.8 uLf 100 nmol/L | R 51 ¥ 0.5 pLi¥)
100 nmol/L¥K £+ 10.0 pL 2xddPCR Supermix for
Probes (A& dUTP) }23.9 uLIC B ol /K . A FH i
A2 BER K 20.0 pL BN 5 70.0 pLAs iR AR R
(Droplet Generator Oil for Probes)fE 1l i 4= 54X
il . K 96 FL AR B T ddPCRAX it AT
19, B RCE : 96°C FAZ M 10min; B 5 #E477401
TEFR, ALFHO4CASPE30s, of N2 A 5 ¥ 3B K 1 min;
B J598°C ZEfH 10min, 4 CLRAF . TEF LN,
96 LK & T Bio-Rad QX200 52 U 1 iE 4T 9% )

=S, I I QuantaSoftik £ % Wi 3k 4T 1 3

WA S BRTE A E, A& BT B 3 EEA VA%
Z PR AR DNA [ 206 X6 ¥4 B (copies/uL). I 5 456 &
SISk R, Lk AR D-loop 5| 4 1) i A8 K IR
N S5°C, 1% 5 K RAGIH| W) I #3838 KR B N
57°C.

DUB E KT 63 3 R 2L DN A AR, % 313
Wi BEE EAT WA REM R, R IRRAR 120 1/4, 1/8-+--
/512394 B 2 FE AR, FE 1020 A [F) 3 & 1Y DN AR
B 2536 BEFE i 4% 4 [ 44 R AT ddPCRY™ 18, JF:
0 HAG I T A MR o K D5 A DNAJK FE {8
178 IR (log, o) Fe 48, DARRRE A5 BB AR AR, X450
WG TDNAMR EE R YA bR, HEAT 21 (113 5 7 3
CRTRRRAE I 2. S IR M R BRI AR A 5
IAE & BRI H R B 1 G 3R, 408 L 1 A (LA )
% & (Limit of Detection, LOD), J J& £ i & & 7
Prig sk,
1.3 RS

K FBF (] 7 41 B o A Y 6 5 AR
mtDNASE, nuDNAVKEKAZT L (nuDNA/mtDNA)
(A8 ph e 3 T, AN [ S B M et
mtDNA 5 nuDNAWK FE (19 #H 5 M 3EAT PFA4, 8 i #
ML Rl ZE J Pearsontf % R £ 7 Bt bl —F AE
A TE W B 2 b o R UMY K VT 6 e R A
I 1 ' mtDNA 5 nuDNAK B K H: EEAR 2R AT 2
27 2259 M M Tukey HSDA 36, 55 3 1% /K T Jy P<
0.05% . T R 43 T R RT RAL Y IERA.3 3ER 8
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2.1 SRR RMIIES

Z 7 HI LT 85 SRR B, A 78T IR 514
TREF Ry 39 1 B W BAE KL 63 5 Fok 240 ]
BIFE B BT IR 2 5, BA B B FhRe ik
[T, ddPCRAS I 25 S B, KT 628 ki 4 D-loop
1% 2 TR RAG 15 R 1 R 57 1 51 ) Jx TaqMandR &Y
FERILEIDNAH ™ A e e A 3815 5, ARAEHAhIT
S S G Fh I 52 3 B B (K] 1afiT1b).

I AR YR P P AR R AL AR v T 26, mtDNA
WIUEAEAR AT 2 ¥ ddPCR = 4% FiE 2457.00 copies/pL,
7 U 11 28 7 72 K y= —0.356x+2.02 (R°=0.995), 4 %]
GRS R 22 51245 B 0k B mtDN A [ s AR AR I 15 1L
0.07 copies/uL (K 1c). #%IEKIRAGT (nuDNA)WI UG

RN B2 ddPCR =413 B 932.50 copies/uL, AxifE
it 25 77 F2 Hy= —0.407x+1.86 (R°=0.991), 4 ¥] 1A £
R B 22 12848 B, 1A 2 nuDNA 1) f5 1A I 58] 18
0.11 copies/uL(K 1d).
2.2 KIIHEETIETmDNAKRENTILIEE
FERE Wt b, AS[R) S5 M B I mtDN AR
PIFAE B AR (P<0.05) . T EHREEEE /S, mtDNA
Y 55 3 T 5 5 LA (9.76%10° copies/ulL), £
R EFHTKT-(3.67%107 copies/uL)KI271% . B 5 ¥
5—14h Py IVE T B (5.37%10°—5.49%10° copies/uL),
£ K 2924h 5 K 5 2 B T K F (4.53%10°—1.18%
10° copies/uL, [ 2a). 7EME 55 U AE J5, mDNA
Y B R T I3 B fi i 18.(1.46x 10 copies/uL), J9
LI T /K T (1.84%10° copies/uL) 1845 . B J5 12hN
B A B LA K T(6.09% 107 copies/uL), H.#E£136h1
I AT BEAST WU B AR AL IR BE, B i 4 Fe 7 AR E (AR
IKPHRFE(2.00%10°—2.35%10° copies/uL; [ 2b).
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= f@ EHL% Bk ¥ Dilution times
N 7000 s e
§ 6000 §
Q =} L
w2 5000 % 1.0
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S 22000 =
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FEEEESEE S EE Eway g L0
HIKESHMENELNEE & EE e
LEXEEREER QYN & T s 4 s .
= %HTE g: Bk B Dilution times

K1 T AHAD-loopdZ il X 15 1% 2 K RAGT KT 63 ddPCR 5| W RHR B (45 7 ML I8 TE RTPR 1 Hh 2%

Fig. 1
nuclear RAG1 genes

Specificity assessment and standard curve of the ddPCR primers and probes for A. dabryanus based on mitochondrial D-loop and

a. R R D-loop#z il X I ddPCR 5| ¥ FIHREN 5 5 M SR 45 2R b. A% RAGIEE I 11 ddPCR 5| W R ER &4 - PRI IE 25 3R ; ¢. D-loop#2 il X
ddPCR | I RIERE bRtk 2R; d. #ERAG 13 [l dPCR 51 W AIEREh vt i 2

a. Specificity validation of ddPCR primers and probes for the mitochondrial D-loop control region; b. specificity validation of ddPCR
primers and probes for the nuclear RAGI gene; c. standard curve for primers and probes for the mitochondrial D-loop control region;

d. standard curve for primers and probes for the nuclear RAGI gene
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23 T3 E5ET T2 P nuDNAK E ke

TEME. HEE T, AN [F AR BinuDNARK EE 35
T E(P<0.05) . TEMEfAEOREERE S, nuDNA
R B 5 5 T v FLAE 1205 3K B (7.69% 107 copies/
ul), N EFE AT KF(5.88 copies/uL) 113015, Fifi j5 75
12h 52 3 T B % B4 E 11K B (<1.00x 10 copies/pL,
P<0.05; ¥ 3a). 7EMEM BT ORERIE S, nuDNAWKE 2
ol b T ik B 16 48 (1.32%10° copies/pL), % 58 AT 7k
F-(1.05%10” copies/uL) FI & 1348, B 5 12h il F
B4 I 4 2 7 S5 7K S G B .(0.10—2.83)%10° copies/
uL (Bl 3b).

2.4 KT EFEIAHIK A P nuDNA/mtDNALL B H)
Ej]n_.\x'ﬂ_',

TE e £ vt R, AN [R) B B B R R L
(nuDNA/mtDNA) LU B 1 77 7 B & 1) 30 74 28 1k (P<
0.05). M FFAE B 1E J5, nuDNA/mtDNA LU AE 1R
Tt 5k B WEAE (0.14), B EKTH T K F-(0.02) E A7 .
Bt )i, 1% LA TE 120 G R B 4 RR 7R R A b
f(<0.02; ] 4a). 7EMEEFFUN)E, nuDNA/mtDNA LY
THIEFIIE(E (0.09), B J524h N T Pk B 5L 1E(0.02),

105
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45

30

15
0

mtDNAJf &

I 5 B& A [ I A2 5E ££0.03—0.05 (1] 4b).

ANEVETE B, M b KR T I mtDNA S
nuDNAVK K840 FEAE B 25 A S (] 5). MEfa %
B T AR 5% 1 58 58 (= —0.38, P=0.31), 1B 7E Z 5 o 1]
3 W58 (=0.99, P<0.01), F7£ Z58 J5 U AR R 5 ok
IER 9% (=0.90, P<0.01). M 17 5% Fr B R B H
53 IE A R (EH BT 7=0.96, P<0.01. ZJti=091,
P<0.01 )2 B34 J5 r=0.84, P<0.01). H&4& k3, B
HE 71 Y1068 (L ) IR mtDN A B 43 73l AnuDNA 1) 125
1165,
3 Wig
31 K188 13 12 P mtDNA SnuDNA B Eh7AS I5
S IR

KT N TSR R, M M b KA
A5 DNA (mtDNA 5 nuDNA)IR &AL AR T %6}
I FAF e N, AT AER TR N BREAT N B R A, H
TEW NI P SR LA — e ER . BiRk
Wi, P I mtDN AR AR50 5 B 3 BTt
FFIE BN EAE, fx il ik BHE AT /K027 65, Bl f5 IR

/

,_ll_ll_ll_||—||—|

mtDNA concentration (x10* copies/pL)

8:00 11:10 16:00 22:30

4H10H 4H10H 4H10H 4H10H 4H11H 4A11H 4H12H 4HI12H 4H13H 4HI13H
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SoHnar B
150 1o I
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37 Zgfirh

TG

B2 KILHF S5 (A B i mDNAMWR AL
Fig. 2 The variation of mtDNA concentration in male and female ponds of 4. dabryanus during the spawning period
a. KVLHF ZE54 HA (] (i mtDNAVR B AZ 4 b, K VL 6T S8 HA (R £ i mtDNAVR B A2 1k

a. Variation of mtDNA concentration in the male pond of 4. dabryanus during the spawning period; b. variation of mtDNA concentration in

the female pond of 4. dabryanus during the spawning period
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T TE Y S AE 240 Y [R1 VR 22 A /K T i M vt R )
mtDNAJK B AEFT O J5 RIZ T =, g8 fis, (H7E
12—36h N T3 SR 4 R4 7K 1, BV i 7K Pk e
1) BE 4K, $E 7N ME P SRR I mDNA 4> 715 5 7E /KR
B A2 HE RS 18 . nuDNAWK 150 28 A0 AE
T et P 2 AN [, A TP nuDN AR
TEFERE J5 1 JE S Bk 2 AR, 172 B2 1201 2E
iR SR, {H 5 VA T IA B AT K 130465, Bl f5
Z112h A [l 7% 2 3R K T A, i £ it nuDN A
FELEGE I 5 S R T =8 B AH (136%), I T 12h g iR
T (A 78 2 PR AR KT, B R S e R k-
PUE kA 20, B AT L, nuDNAXT 258 F 44 5
NEBUER, (L ILAE AR AR b (15 B B TRT B S5 58 F-mtDNA .
# 5t b (nuDNA/mtDNA) 7 A1 &5 5 B, b 72
R J5 A 18] Y B LU A 04(0.14), FFTF24h ) T B#
2 AR H M I TR S LT HF N R
24—36h P H B — /N B 1) (R0, U AE S 0 B
KPR 2, R BAZ R LLATS T HR R KV LB B AT N )
KA. DRI, B HERS 5 K AR e DNAR Z AR 4k
Mg R M 14, nuDNAJK AR AL 5 K T mtDNA,

il

nuDNA &
nuDNA concentration (x10? copies/uL)

S = N W kA L O 3
T

{EmtDNA R 465 ¥ B FTHF 420 3] K F-nuDNA,
ERNTEEZMT, HR SH O =
ZR A% B EEAT ) DRl AT ST U B I A B DN AR
b 32 RS T AR R AR B RS . O A B R A
FEERIDNA. TR & & dobifk Ll iz
AR, RS 5 /KA mtDNAMK FE(9.76x10° copies/
uL) % % & T-nuDNA (2.95x10° copies/pL, P<0.01),
55 SatioZ i BF Fr 45 B — BN, EAFEE IR,
T #213t H nuDNA ) I (i B mtDNA H 3L 1 29 12h(1)
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Fig. 3 The variation of nuDNA concentration in male and female ponds of A. dabryanus during the spawning period
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a. Variation of nuDNA concentration in the male pond of 4. dabryanus during the spawning period; b. variation of nuDNA concentration in

the female pond of A. dabryanus during the spawning period
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a. Variation of nuDNA/mtDNA concentration ratio in the male pond of 4. dabryanus during the spawning period; b. variation of nuDNA/

mtDNA concentration ratio in the female pond of 4. dabryanus during the spawning period
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ENVIRONMENTAL DNA DYNAMICS DURING REPRODUCTIVE ACTIVITY OF
THE ACIPENSER DABRYANUS IN CAPTIVE BREEDING SYSTEMS

SHEN Xiao-Xue"?, MAN Li-Jun"’, LIU Qing-Juan">, LI Sha’, LIU Huan-Zhang' and YU Dan'

(1. Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. China Three Gorges Corporation, Wuhan 430000, China)

Abstract: We applied digital PCR targeting mitochondrial DNA (mtDNA) and nuclear DNA (nuDNA) markers to
investigate environmental DNA (eDNA) dynamics during artificial propagation of the critically endangered Yangtze
sturgeon (Acipenser dabryanus). Species-specific primers and TagMan probes were designed to quantify mtDNA and
nuDNA concentrations and their ratio (nuDNA/mtDNA) across different reproductive stages. Both mtDNA and
nuDNA levels increased rapidly and reached their peaks after spawning. In the male pond, concentrations rose to 27-
fold (mtDNA) and 130-fold (nuDNA) of pre-spawning levels following sperm release; in the female pond, concentra-
tions increased to 8-fold (mtDNA) and 13-fold (nuDNA) after ovulation. The nuDNA/mtDNA ratio peaked at 0.14 and
0.09 in the male and female ponds, respectively. Overall, peak mtDNA concentrations were approximately 11—12 times
higher than those of nuDNA and remained detectable for 24—36h, indicating greater persistence. In contrast, nuDNA
concentrations declined sharply within 12h post-spawning, demonstrating high temporal sensitivity to spawning events.
Our findings demonstrate that eDNA monitoring effectively captures molecular signatures and temporal patterns of A4.
dabryanus reproductive activity, offering a robust, non-invasive tool for studying the reproductive ecology and inform-
ing conservation strategies for endangered fish species.

Key words: Environmental DNA; Spawning; Digital PCR; mtDNA; nuDNA; Acipenser dabryanus


https://doi.org/10.1016/j.talanta.2017.06.020
https://doi.org/10.3390/biom15030360
https://doi.org/10.1016/j.theriogenology.2019.06.038
https://doi.org/10.1016/j.jenvman.2022.116310
https://doi.org/10.1016/j.jenvman.2022.116310
https://doi.org/10.1186/gb-2007-8-9-227
https://doi.org/10.1002/ece3.4802
https://doi.org/10.1002/ece3.4802
https://doi.org/10.1002/edn3.236
https://doi.org/10.1002/edn3.159
https://doi.org/10.1002/edn3.94

	1 材料与方法
	1.1 长江鲟全人工繁殖期间的环境DNA样品采集及实验
	1.2 长江鲟特异性引物和TaqMan探针的设计及验证
	1.3 数据分析

	2 结果
	2.1 引物和探针特异性验证结果
	2.2 长江鲟繁殖过程中mtDNA浓度的变化趋势
	2.3 长江鲟繁殖过程中nuDNA浓度的变化趋势
	2.4 长江鲟繁殖期水体中nuDNA/mtDNA比值的动态变化

	3 讨论
	3.1 长江鲟繁殖过程中mtDNA与nuDNA的动态变化与机理解释
	3.2 mtDNA与nuDNA在繁殖活动检测中的适用性
	3.3 应用展望与局限性

	4 结论
	参考文献

