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155 DNA 75 U A H AR B 25 27 Mo W J2— 7 167 PP e 2 2 BB e 0 B M B R, S R 9 8 YR TR PRI 26 00 AT 3l ) K £ 25 11y
MR T 2019 4E 7 H R FIFREE DNA 250 BAR M AT THRSE, IR 40 B 1 Z8 k] b T I [0 114 2 53 S R 358 DR -7 %o
VR EEMIRRER . 45 FL B ZR Ui SR WS I B PR 13 )@ 22 Fh 407 DMEEVESFZE B 5T ( Operational Taxonomic Units, OTUs) , ¥
WY 85 J& 60 Flt 4445 4~ OTUs, IEMGZhH 16 J& 17 Bl 212 4~ OTUs, 135 53 J& 44 Fh 1663 4~ OTUs, HA e shY LUK 56 1R
H ( Ploima) FUWLH H ( Diplostraca) A ¥ , 3t 5 i 80%) 63.37% , FRIFHE Y LAKRHE ] ( Cryptomonas ) FIHE 1] ( Ochrophyta) 1 ¥ , 3
R 88.11% IR i sl ¥ b 5 L sh W 1] (Arthropoda ) o5 W55 , 35 91.67% , a2 2 H ( Cypriniformes ) &5 &, I8
69.99% . 55 ZR LT JI] 0 TG A2 WA # LY, PR35 DNA 72 25 B AR AR A4 = o S8 5 Jy T 3 0 TAL G B A8 2 e I A =
B, G FEARBR TR PERMANOVA K3, & IS WEYR] T Ui | b U g SR il 2 R A R i 35 25 5% (P<0.001) . Horh i sh
W TRWERE ) A B 32 43 AR K, AR M S SRR B . il o ZREPERS FIFE ORI Z IR (R A o £
FEMER BEAE S (RIS R, PRI Y RUAN sh B2 0 R T BA S A B S R0 I g R, TUR T R BN 3R
G A= Py PR 5T R AR Ah 5 R B T DA RSN Sh g ) S R R PR R A LI L R L R Ak T R
S, MBI EF ORI B A PR R BB T A, SRR X F U AR W 2 R SRR, W] ZR U A AR )
SRR RIS 25

KRR ZUENT ;IR HE DNA 2500000 AR W) 2 e s RBE 7

Research on the biodiversity of Qinhuai River based on environmental DNA

metabacroding
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1 State Key Laboratory of Pollution Control and Resource Reuse,School of the Environment ,Nanjing University , Nanjing 210023, China
2 Nanjing E-genomics Technology Company Limited ,Nangjing 211100, China

Abstract: Qinhuai River is the mother river of Nanjing, and its biodiversity is seriously threatened by the process of
urbanization. The survey of species resources is the basis of biodiversity protection. Compared with morphological
monitoring, the environmental DNA metabacroding is a simple, efficient and sensitive new monitoring technology. In order
to explore the biodiversity of plankton, zoobenthos and fish in Qinhuai River, the environmental DNA metabacroding was

used to explore it in July 2019, the differences between upstream and downstream of Qinhuai River were analyzed, and the
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relationship between the community composition of Qinhuai River and environmental variables was evaluated. The results
showed that a total of 13 genus, 22 species and 407 operational taxonomic units ( OTUs) of zooplankton, 85 gennus, 60
species and 4445 OTUs of phytoplankton, 16 genus, 17 species and 212 OTUs of zoobenthos, 53 genus, 44 species and
1663 OTUs were detected through the environmental DNA metabacroding. Among them, Ploima and Diplostraca, accounting
for 63.37%, were dominant species in zooplankton community at the order level. The most abundant species in
phytoplankton community at the phylum level were Cryptomonas and Ochrophyta, accounting for 88.11%. The zoobenthos
were dominated by Arthropoda at the phylum level , which accounted for 91.67%. The Cypriniformes accounting for 69.99% ,
were dominants in fish of different samples at the order level. Compared with the historically morphological monitoring data
of Qinhuai River, the environmental DNA metabarcoding technique was more powerful than the morphological method in
assessment of species richness. Through the principal coordinate analysis ( PCoA) and PERMANOVA test, a significant
difference (P<0.001) was found among downstream, the south branch of upstream and the north branch of upstream of
Qinhuai River. Zooplankton, phytoplankton and zoobenthos were more affected by the group of sites than fish. Alpha( )
diversity of downstream in Qinhuai River was poorer than that of upstream, and Alpha(a) diversity of the south branch of
upstream ( Nanjing) was richer than that of the north branch ( Jurong). All of the taxa of Qinhuai River except fish showed
strong relationship between geographical distance (km) and biotic community similarity based on Bray—Curtis distance.
Redundancy analysis ( RDA) showed that organisms with lower trophic levels were more sensitive to changes in the
environmental factors. The main influencing factors in plankton and zoobenthos community distribution were total nitrogen
(TN), total organic carbon (TOC), total phosphorus (TP ), ammonia nitrogen ( NH;-N), chemical oxygen demand
(COD) and dissolved oxygen (DO). While the key factors in fish community distribution were DO, TOC, TN, TP and

COD. Our results can provide a theoretical reference for the protection of the biodiversity of Qinhuai River.

Key Words: Qinhuai River; environmental DNA metabacroding; biodiversity; environmental variables

RIKAEDS RGBS U BR R T 1 0.8% , (HH AR A BE 21 R 28R 6% 1 B AR AL TAE L . e
BT 1 i ) A W) 2 R G HLENAS W R, P 1 5 B SR 364 24H 40 ( World Wide Fund for Nature, WWF) > L3
2014 4E IR IK A HESI Y B9 i BR 21 Ay J1 4888 (Living Planet Index, LP1) & FFE T 83% , BEHIRKEB RS
VI REEARWIE R A SRR A2 3 T T2 B G RNA T T R g IR R R S 2B 4 22 RO
AL I AN

ZRUETT U g A BRI B L4 R BN RS T A AR E R T R I R K AR A S R G, HTET
KRR L ) 2 REE R R /D | BT ISR 32 B b e 2 R AT JR) 5T B 1) /K R AR oA O A B I T
GETTY B R R AT RUK SRR AR SR R AR b B = X 2R A W) 2 R A A A A
W, 1A ) 2 BEPE ARG TR BT R AH AR ARk 4t eSS40 T O i AR, e R LA A A O B Rk
B BRI BT 5T A BT K

% DNA 22 505 AR 2K 5138 100 7 ( High throughput sequencing , HTS ) £ AR 5 4= #1151 DNA & JE
TS A R HTS 3RA5 U ARSI 1 1, sl it A W15 B 28 F BUM T e R I Rh AL A 1%
Gil 26 TEA , BRBE DNA 72 45T % DR ELAT B8 0 (9 0 1 5 ORG JE D R IR JAR T 32 30 17 72 i 6o
KARMFFE R, 3858 DNA 22 5B ] TR AR AR S R G R A Wi 7 R TR A5 | 0t A 2 i I d A
A1) LR RN (2 C SARBETEIE T (CO 1) ™) [18S-V9 rDNA > H1 128 rRNA> 1435112 Tk
RITCHHESIY) B A Y REHE S Y Z FEEESY . RN PREE DNA 2 5B IR K AR 28 JR 8 vh (9 g T B 4
(0 AR AR AEA BRI At 00 A 4 SR W e ] YRGB R A

AT UAZE W] R B9 DR, RIS DNA 2 SEAPAL B IR K A S R G A 2 e 0E  IR5E (1)
ZUEP Y ZREE N (2) BRI EY ZREIE R 22 55 (3) A 2 RevE SRR I 3~ 195G 38, LA O 8 T T
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A AR E R SIS %
1 MR5FZE

1.1 CRERS S DNA FEACR 4R

ZEUETI TRV W, oA m AL PR LR A 280 & IR T 25T AR L e 7 , VR BRI 2 Y8 i e Tl T
KA, F 2019 457 A FEZR RN 3088 32 ASREES, MRS ME B ILE 1.8 1, B4 REE
S SRAE 3L FEKRE  REIFTE 24h N, B 47 300mL K FES ] 0.22wm TCEENE ()7 R BRI YR
AR ) B URAT BN AR (2% 507 5—T A FAT)  IEBREORAF 2 -80°C UKA 1 , L% DNA 411,

" ST~

N
/
/- A

32°10'N

32°00"

31°50"

31°40

119°E

Bl1 HEAREE S E
Fig.1 Sampling sites in Nanjing city of Qinhuai River
F 57 R R LTS

R1 FETRMSA

Table 1 Group of sites in Qinhuai River

341 Group S Sites
ZZUEW R Lower Qinhuai River B 1—13
ZEEN_F RS % The south branch of upper Qinhuai River HBE 14 24—32
ZEYEIT [ #3L5Z The north branch of upper Qinhuai River M7 15—23
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1.2 PR r e

KA KRS (HACH SL1000) BLZ & pH {E AN 42 (DO) 5 SR AR5 BI/KRRAZ [0 5L 86 % )5 78
24h NI 7E S8 HBRAL AR bR . 2 A (NH,-N) SV (TP ) FLEVE (TN £ B S bR HE 7 125 00 & 5 WA 2 #h & (NO, -
N) A AR EE A (NO4-N) i 0.45m B 7K B85 fif H 25+ €33 ( Thermo Fisher 1CS5000+) 22 ; & A7 HLAKk ( TOC ) fift
JH TOC X (HBEE multi N/C 3100) M 5E ; {275 %5 (COD) i JHE A7 COD { ( DR 2800) Ml %€ ,
1.3 DNA $2HUf% PCR 94

i ] MO BIO PowerSoil® DNA 3B iR 51 & ( QIAGEN) $2 8¢ DNA . #2HU 52 i) , fdi ] NanoDrop il & DNA
M B K ot ie . BRI A P2 BREBE ARG PCR 5147 D0, 1E W38 2. 128 5149 PCR ¥ 1S SR & 50
pL, 7% 2xTaq Plus Master Mix 1 25 wWL(W#MERE) , 1 Fi#5 14745 2 pL,DNA 8t 2 pL,ddH,0 19 L, 3 34 K
BHRJE 170 bp; U3 5544 . 95°C TS E 3 min ,95°C AL 15 5,62.4°CiR 2k 20 s,72°C ZEfH 20 5,30 MG, 18S-
V9 3# PCR ¥ 34 5 4A & 50 pL, 437 2xPhanta Max Master Mix 25 wL(IEMERE) , TS 144 2 L, DNA
M 2 wL,ddH,0 19 pL, ¥ 34 F BeAK B 130 bp s 748 55 . 95°C Hi AR P4 3 min,95°C A8 14 20 s,59°C iR k 20 s,72°C
HEMH 15 5,25 PMEAR, COIBIYNAR RS 18S-V9 54 —%L, ¥4 H B K E 310 bp; KW 4544 : 95°C FiAE 1%
2 min,95°C A 15 5,46°CIR K 30 s,72°C ZEfH 40 5,35 DMEFS, PCR 7= 9 FH Bh i 5 6k Fg mi RGN , A
BEMEHR BE R 2% W YRR GelRed , FLPKHLFE 110V, B 3K ] 30min, {8 100bp DNA Ladder %f7=4 DNA
HER BE AT KI5, HUKSEUS , 1] ImageLab W7 AL VKR 5 AU, 5K PCR 937 WA B 19 5417, H 5%
I BT B — | B BTG 3 Ay . B i FHREER 13 PCR =4t T4 A Ab B, 37 A F Qubit I %2 41k 7= 4
WeRE, 2lifl ) DNA ¥ JEBSR KT 2.5 ng/pL,

*2 DNARES|#ER

Table 2 Primer pairs used in this study

I 257 L5 (5'—3") TS5 —3") X3k

Species Forward primer(5'—3") Reverse primer(5'—3") Region

Zuoplanklon[zz] GGWACWGGWTGAACWGTWTAYCCYCC GGRGGRTASACSGTTCASCCSGTSCC col

TR

l;[j:%)r l%kt [24] TCCCTGCCHTTTGTACACAC CCTTCYGCAGGTTCACCTAC 18S-V9

ytoplankton

A S

Zoobenthos 2! GGWACWGGWTGAACWGTWTAYCCYCC GGRGGRTASACSGTTCASCCSGTSCC Ccol

2 .

Fih [26] ACACCGCCCGTCACTCT CTTCCGGTACACTTACCATG 128
is|

i3S9 R=A/G,Y=C/T,S=C/G,W=A/T,H=A/C/T

1.4 =iy

ZHCR R S SRR B A BR A /I E A5 % . fdi ] NEBNext Fast DNA Library Prep Set for Ton Torrent
(E6270) 35 Gt A T 3 SCPE R AR A . R P 68 e R OGS A 322 190 SC P28 o s R A TG A, R0 Qubit 2R 47 SC %
W i, fJa M Chip 530 35 7E Ton Torrent S5 F- 15 47 —ARIF .
1.5 EUME BB EdE ot

FRAG UPARSE K751 L4 97% RYAH{BIE: (18S HT COT) 11 99% (128 ) 8 2 2| #5:4F 194325 8.5 ( Operational
Taxonomic Units,0TUs) , X§ T 18S Fl COI % OTU {ii FIA% WA %44 % ( Ribosomal Database Project, RDP) #4T
932 AE Greengenes ™ Fl SILVA R B4 g rp #E47 1 % 128 OTU AR 2% 51 46 NCBI i 2% 1 1R B8
GenBank HIEATEERE | Ko @ IR —BEM OTU 414, METTHZ B F 8 . Shannon-Weiner 4845 | A8 45
53HT PERMANOVA 556 M AR IR 25 ¢ R S Gt M T R 204 (3.5.3) Y vagan 3, AT AL fb 23 [ {11
R A H ggplot2 40 K% Origin 2020b
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2 HER54H%
2.1 ZEUEWIREE DNA Y)FhiE R
ZEETT 32 SRR AL IAEE DNA Z2 25 R 2% SR K Wy Fh e B2t R a3k 3 B

R3 HHETHE DNA ZERBENRER

Table 3 Results of environmental DNA metabarcoding in Qinhuai River

Y TR AR B a2

Zooplankton Phytoplankton Zoobenthos Fish
J¥%1 Sequences 1109819 972263 240047 615400
4yH T OTUs 407 4445 212 1663
RS JE Results [ Phylum 2 4 7 1
44 Class 5 8 10 1
H Order 7 15 8 14
A} Family 13 44 10 26
J& Genus 13 85 16 53
B Species 22 60 17 44

22 ZEUERYFN A
2.2.1  ZERREIESIY ( HAKF) 404

Lty 32 A AALIFUFEY) H KT REGS S 28U T U Uk 4 sk H ( Ploima) U H ( Diplostraca) M I Y
T8I (unassigned zooplankton ) WIFF SIEL 4 LU, 4351 i [b 31.95% (31.42% F1 27.40% , (B SEAN[F] A4
PR i b 22 SR, 102 9 HAUH H (Diplostraca) o H Rk 95.91% , ki 15 HhiliEik A8 H H (Ploima) i e ik
75.08% , »5 A0 27 F1 28 AR VAR IFIF S (unassigned zooplankton) 15 HLEE = o
222 ZEFERWEAEY (1K) 4340

ZRUETA] P AR ) A A AP RE R B BT ( Cryptomonas ) &1 T ( Ochrophyta ) Je 283171 ( Chlorophyta) , 3
FEHNES AR 46.35% (41.76% F1 5.85% , ()7 51 M EX 1 93.96% , 47 15 B ( Cryptomonas) o Hedsc i,
N 72.53% ; 503 23 ¥ ( Ochrophyta ) % Ho 5 , 19 86.42% , L UFALSE (#0 15—23) S HH, A S0 g,
B o LU S 3 I 95 o7 LU 8 b T i 38 T il (S0 1—13) BR s 6 AR 13 R S (U7 14 s
24—32) , B A i o AR RN R
223 ZUEREHSIY (1T1KF) 4046

ZEUEIT A S ) e A0 B LR v B R A 1T BB 1] (Arthropoda ) TR SN Y1 ( Cridaria) , 3o L
G3H 91.67%F 7.13% , i SUFFIRY 98.8% , HIREAKR ST ( Mollusca) TE BT 5 v 7 HEAUAIR, (B7E s 7 23
T L 45.75%. MRS T IR S BT B JEG AT S A 19 AT SRR A (i €O T B A8
17.78%
2.2.4  FifEtade( HAKY)

AKIE TR A0, 6 14 B, H A 8% B ( Cypriniformes) | UF J i H ( Gobiiformes ) F1 8 ¥ H
( Clupeiformes) FIHE3AFIEE, 5 LAY 51K 69.99% 15.86%F1 5.42% , B H ( Cypriniformes ) 15 32 A~ S Az 5 1
IR, o FIX )R 51.819%—81.34% . BRI AR (A 10 S5 24 FLISAE 25) Sh, ZEHE I 6058 404 5 HoA
2.3 FEWAY N

Shanmon-Weiner H5CH HIACTHMRER 58I o ZHFERE. ZE0E 090 REFEIR UL AP 6 5. 221
TVEIE S04 Shannon-Weiner F8E0HTE 1.22—4.03 Z 0], £ 9 VRliFsh P ZREMR L 22, LRI sh i £
FEPELE T ST 5 ; PRI YY) Shannon-Weiner 48 8UAME I FI Dl 3.64—6.48, LU SRR IAR Y 2 FEVE S LU
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- Ploima - Diplostraca - Calanoida - Flosculariaceae
I cyclopodia [ Philodinida | Adinetida || Unassigned
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Fig.2 Proportion of zooplankton classified in Order level in Qinhuai River

-Ochrophyta - Cryptomonas - Chlorophyta - Discicristata
- Rhodomonas - Chroomonas - Katablepharis - Goniomonas
- Hemiselmis - Cyanophora - Teleaulax - Guillardia

- Porphyridiophyceae - Rhodellophyceae - Unassigned
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B3 FifEmEEEy kTS
Fig.3 Proportion of phytoplankton classified in Phylum level in Qinhuai River

Fuw, EHEAC AT A S P R N BB R 2 R A E B IS B4 Shannon-Weiner $8 503 {8 N
1.23—3.26, % {A Shannon-Weiner 5 50K , 507 31 32 FI R IR s ZREE 2L = Bl a2 2R
& ,Shannon-Weiner ¥§504{H 0 5.22—6.36,
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- Arthropoda - Cnidaria - Mollusca - Porifera
Nemertea - Annelida - Gastrotricha
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B4 FEARESWIIKTE S
Fig.4 Proportion of zoobenthos classified in Phylum level in Qinhuai River
-Cypriniformes - Gobiiformes - Clupeiformes - Anabantiformes
I situriformes I Beloniformes [ Anguilliformes [0 Centrarchiformes
I Cichliformes B MVugitiformes [l Osmeriformes  [Jll Cyprinodontiformes
- Pempheriformes - Salmoniformes Unassigned
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5 HifEMELEKFELLE
Fig.5 Proportion of fish classified in Order level in Qinhuai River

2.4 FEN EREER

M Shannon-Weiner $85CRE , WK 7 WA @R B FHFA RS o ZREMEFIZEZH/N, T RETE B L5
A AFIRE LT U ] 04 22 5, ASWF S 0 BHE 24T T R 4E, IFF) H PERMANOVA X 4 8] 22 5 N Ge o2 L ik fT

WV, o

FEAEfdi T F AR AT, AT IAL 45 3R 3 IRt 2 hh BT [ Fis R IR B2 5. s
PCoA ] PCol il PCo2 JLA#HE 40.65% )22 5, Horp R AN L iFdt 2395 il rd 2 22 7 W 3 TR AL 0 19 PR 1>
FARAR IR 41.99% )25 57 , 65 R 5 12U sh P 200 IR sh P (X WA~ T2 A AR SL R B 35.24% 1 22 5%, EliFrd b
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Fig.6 Alpha(«) diversity in Qinhuai River

B PERMANOVA K556 A] A1, PUZSRIEE [T e 20 ) ¥ A 0 5 35 25 5 (P<0.001) , FAbrsr BT K B S8 %
YRR RS 3 (R ) BN, B N URES ALl S IE AR B 25 5 (2 RPN 3.48% , %M L R &
PRIZR DUk b (0 LA/, b IR DR 3R X it 2l 0 R T A ) RS 3 0 v 22 S Y BT R A R, R 43 31)
H11.34% 17.52% 1 9.44% . Z3 T LA R R R A PR S REVR S5 A b & 25 57

*4 FiENHEEZER(PERMANOVA)
Table 4 PERMANOVA test indicating the differences between groups of Qinhuai River

IyeH TR TR JEEAZh ) a2k
Group Zooplankton Phytoplankton Zoobenthos Fish
A Total R? 0.11344 0.17522 0.0944 0.03477
F 15.675 25.812 12.769 4.0708
P 0.001 *** 0.001*** 0.001 *** 0.001 ***
- LR R? 0.11385 0.16755 0.04995 0.02156
Downstream-south branch of upstream F 23.125 35.826 9.4629 3.6133
P 0.001 *** 0.001 *** 0.001 *** 0.001 ***
- RS R? 0.03502 0.06289 0.06347 0.02524
Downstream-north branch of upstream F 6.0961 11.14 11.385 3.9616
P 0.001 *** 0.001 *** 0.001 *** 0.001 ***
iR S2- BiFAL S R? 0.10468 0.16719 0.11642 0.03415
South branch of upstream- F 16.603 28.508 18.709 4.7738
north branch of upstream P 0.001 *"* 0.001 *** 0.001 *"* 0.001 ***

# %% {E P<0.001 AKF | %
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Fig.7 Alpha(«) diversity in the upstream and downstream of Qinhuai River

2.5 ZUERYR IR B AR A

ZE AN [R) W A 1) 1 28 5 0 25 4K ( Distance decay relationship , DDR) #23#AN—2, 1FIFEShW) 7 I A 4 Al
JEATE Bl P B AR T J0d 5 1) A A AR AL e P 2 3 R T S D B 5 (P <0.001 ), AT Bl 1) 5 il A
S, AT FB A A0 B R sk A TR UL 9,
2.6  FUEWYRIEEIE SEEIR R

N T VN R RS 5 RS T (TN . TOC \NO,-N \NO,-N . TP \NH,-N .COD Il DO) Z ] f) 5 £ , %
HAT T ICRT, G KR TR 5, R BR T 4 B 319 NO,-N F1 NO,-N, 25 A 10 s, Bk
Y45 L UH BT BE YR58 7 (TN TOC TP \NH,-N ,COD F1 DO ) ¥ % 77 i 25 4 AR 6 sl B v A3 W S 3 A 52
Ml ( P<0.001) ; X K fEIE 5491 5, HA HUE 252 W )92 DO\ TOC TN, H:yk & COD il TP, NH,-N XJ H 52 i
ENTE N

SRIREE R 52 KNI 75, VR sl 0 i A58 DR 52 i K/ NHE Y 8 . TN>TOC > TP >NH,-N>DO>COD ; ¥ i
R 0 55 IR 152 i) K /NHEFP A : TOC>TN >DO >TP >COD >NH,-N ; Ji W 3 9 19 3855 K 152 i) K/ NHE o
TOC>COD>TN>TP>NH,-N>DO ; i 2 BR55 PH 5% 0 K /NHESF 2 . TOC>DO>TN>COD>TP

3 it

3.1 FENYIF R LK BUIR
JEBEDI ] ZRUETRT 32 A RAE AL IR DNA 25 5B i HR M0 31 PR 3h 9 13 J& 22 F 407 > OTUs; %
WY 85 J& 60 Ff 4445 4~ OTUs; KM sh# 16 J& 17 F 212 4~ OTUs; 1135 53 J& 44 Ff 1663 4~ OTUs, HH 177
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