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Abstract; Phytoplankton is a crucial component of lake ecosystems, and understanding its species diversity and community compo-
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sition is essential for grasping the functionality of lake ecosystems. In recent years, environmental DNA (eDNA) technology has in-
creasingly been applied in ecological surveys. However, whether the results based on eDNA technology are in line with those ob-
tained through traditional morphological identification for detecting phytoplankton remains unclear. Additionally, there is a lack of
research on simultaneously detecting both eukaryotic and prokaryotic phytoplankton communities using eDNA technology. In this
study, we compared the results obtained by eDNA technology and morphological identification in detecting the species diversity and
community composition of phytoplankton (including both eukaryotic and prokaryotic ones) in in-situ mesocosms exposed to different
intensities of grazing pressure. The results indicated that; (1) eDNA technology based on the 18S rRNA gene could obtain diversity
of prokaryotic phytoplankton community, the trends in phytoplankton alpha diversity (species diversity and Shannon-Wiener index)
obtained by eDNA technology were consistent with those by morphological identification in the in-situ mesocosms; (2) Compared
with the results of morphological identification, eDNA technology based on the 18S rRNA gene and 16S rRNA gene detected more
species, effectively highlighting differences in community composition among different treatment groups; (3) eDNA technology
based on the 18S rRNA gene demonstrated higher precision in detecting phytoplankton diversity. Despite limitations in monitoring
phytoplankton biomass, eDNA technology exhibited significant advantages over morphological identification in assessing phyto-
plankton biodiversity. This study attempted to apply eDNA technology to simultaneously detect both eukaryotic and prokaryotic phy-
toplankton, it confirms the higher resolution and precision of eDNA technology in detecting phytoplankton species diversity and
community composition, providing more comprehensive data for phytoplankton monitoring. This provides a basis for the broader a-
doption of eDNA technology in the study of phytoplankton diversity and aquatic environmental monitoring.
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Tab.1 Comparison of the detection results of phytoplankton at different taxonomic levels using two methods
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Fig.1 The number of phytoplankton species detected by the two methods at different taxonomy levels:
(a) Eukaryotic phytoplankton; (b) Prokaryotic phytoplankton
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Tab.2 Comparison of dominant genera of phytoplankton detected by two methods
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Fig.2 Comparison of phytoplankton community composition in different treatment groups using
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the two methods: (a)Top 10 community composition at genus level of eukaryotic phytoplankton;
(b) Community composition at genus level of prokaryotic phytoplankton; (c¢) Top 20 relative abundance
heatmap of eukaryotic phytoplankton; (d) Relative abundance heatmap of prokaryotic
phytoplankton ( C represents the control group, F represents the fish addition group, FS represents
the fish and shrimp mixture group, S represents the shrimp addition group; The same as below)
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4 ZIA](# Shannon-Wiener Z FEMEAE HORA .35 22 57 (P<0.05) , ML %€ T3 1Y Shannon-Wiener 2 FE44:

BR A Z A T 2 25 5 (P>0.05)

2.4 FiitEY beta BRI

PCoA i T HFFE A [F) b S LH vh i WAE P B I Z B B RV ZH . 5 T Bray-Curtis B 2543 | X 3745 DNA
F AR NI 252 5 5 FJAR 1) BAZ N G 7 I A ) B 2 AT AR BR /T o T 18S rRNA L R 3 1) 37 458
DNA AR IRAT 19 EAL TR WAL V& 2RI PCoA i BT E AR AR T 22 TTRRR 43512 30.98% Fil 15.67% o
T 2527 S e AT FAZ PRI AE P B V% A1) PCoA v i P A 32 Ak B 1) 5 25 TR 2840 501 S 22.74% i1 14.79%
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HRARML(P>0.05, 3 3) , HANKH Z (A BE T A U A A 1 36 22 5 (P<0.05, 3R 3) 5 X T ISURL PR WA 40 , %F
VR 55 MRV B 20 DA R A0 TR A RS I AL B9 2 AL (P>0.05, 3% 3) , LAy & 2 22 (R BF 98 A 3 A2 7
WEZER(P<0.05, £ 3), FTIHEYEE R TRIFAHY TR AL PCoA 43T R, it & A TR IR Y i
AL TR UAAE ) , 25 A BEAH (8] ) PR AR ) B 94 3 JE B 3 M 22 55 (P>0.05, 38 3) ik A Nl & 1 T T
VAT o F1 55 £ 9 I 1) 35 006 5 8 T 52 AU 3R A W R AR ) B 9 AL S e R SR B A5 RN
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2.5 FFEY TG S IR
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Y8 s R A v | AR W 5 3k (AR B0 1k H6 A e A b PILEH 1) TC 0 25 22 57, (B T 254 M 58 A
PEFRAREL 0 5 T 55 T 16S rRNA FEFIUJT (9205 DNA BoR o 76 B WA 4 Ja /K7 B, X WRh 5 25 9
S B AE B PE PR PR BT ECXT ¢ G080 25 SR 0H , 3L T 18S tRNA FE KNP O FREE DNA Fi R FE S22 K E 1Y
R L AR AE XS B TR O 3 25 5 (P>0.05, (8] 5)  (HAEFE AR AL BIL2H rh 3R 5E DNA R (4 e L) 32 34 g 2%
TR SLEE (P<0.01, B 5) s FE AR R B M L, 2185 DNA BERFITE S5 e A Rl h o E 22 5%
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Fig.3 Phytoplankton alpha diversity in the different treatments detected by the two different ways .
species richness (a) and Shannon-Wiener index (b) of eukaryotic phytoplankton detected by
environmental DNA metabarcoding technology; species richness (¢) and Shannon-Wiener index
(d) of eukaryotic phytoplankton detected by morphology; species richness (e) and Shannon-Wiener
index (f) of prokaryotic phytoplankton detected by environmental DNA metabarcoding technology ;
species richness (g) and Shannon-Wiener index (h) of prokaryotic phytoplankton detected by morphology

(P>0.05,[8 5) , HAAb#EZH th IR 3T DNA BEAR W Fies: 263 B 35 1 TIE 82 % (P<0.01, & 5) o 7R
TFIHAE Y JE KT L, SRR 7 ik (A Ah G RS B M AR EA T X « R0 (0 45 SR8 BT, 3 T 16S rRNA JE PR
PRI DNA B AR RG22 45 0 Wi s H 3R R FioRs: HHORS I 1 7 45 A B =2 [ 3 T 25 22 5+ (P>0.05,
5),
2.6 iFiF1EY alpha SRR EITN

A5 S F B F AT AR 0 B S B DURRE B . RVAORTE 76 B TR IR AE ) ARG I R, 35 18S rRNA 3
PR (9 2R 55 DNA B AR S3HT TS 1Y alpha Z2REMEAS 57 R E0H /N, BT 00 30 (RS B0 4 5 78 JER7 A 9 1
Rl s, 3EF 16S rRNA 3B U P 1 3858 DNA $R 58 4824 %5 i 4541 alpha Z2 8128 5 R 507 4540 B
PR FEEAZIFHAEY T, B REA R & B, W 7 vE SRR 1Y alpha ZFEVEFREEL (R E
& & 1 Shannon-Wiener ZFEMFEE0) M7 F REEA B2 5 (P<0.05, B 5) ; 55 DNA £ AR BT 3545 1)
alpha ZFEPEFR AR S R B/ N T AR % (B 5) UL ASEET 6 AW E R T R3S DNA AR rskid i
alpha ZREVEHEBCBAR I SIS /)N, FUA T m RS Bt o 6 TR AZ TR A 4 , MRS N2l P, T 16S rRNA 3
BN PR 5E DNA $ R iR R £ 5 A R RS /N TIE K E (P<0.05, B 5) , HAn kb B sh
LT 25 X AL b 5% DNA $R i3 Shannon-Wiener ZHEMIREE R R R ERTIES#
Y52 (P<0.05, & 5) s FE AT IMA RGN 5, 7855 DNA $ AR i3 Shannon-Wiener Z2 #8118 50725 7
BB E/NTFIRAELEE (P<0.05, B 5) ;7 MURiR G4l , WA 7 i B745 Y Shannon-Wiener 224 1 5 50725
SRR EESF(P>0.05, B5),
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Fig.4 PCoA ordination and the comparison of difference in phytoplankton community composition
based on Bray-Curtis distance obtained by the two methods; (a) PCoA analysis of eukaryotic
phytoplankton community composition obtained by environmental DNA macrobarcoding technology ;
(b) PCoA analysis of prokaryotic phytoplankton community composition obtained by environmental
DNA macrobarcoding technology; (c¢) PCoA analysis of eukaryotic phytoplankton community
composition obtained by morphological identification; (d) PCoA analysis of prokaryotic
phytoplankton community composition obtained by morphological identification

3 itig
3.1 £F 18S rRNA EFE & RN 1315 DNA B AMB AL LRI H S EREY S ST HaRE
r—%

ELA BIRTSE 2 W1, PR35 DNA AR 15 T 25 25 % 5 R A5 A0 7] 09 20 B0 VR W A 0 22 RE P S fL e 385
Rimet %51 Kulas 2575 X0 RT3 AP B RESE 22 REMERSIN 2 BRI S5 6™ . Huo S50 HLACHIT S & B,
FREE DNA HAR 5T 2452 %5 FT A U PR Shannon-Wiener ZREVESSHURA BEARGHE™ . AR5
FIFHERIEE DNA A (7] %8 ZUA% RSO PR WA A 22 REVESEAT AR , %% BLEE T W0 065 | 49 (9 R385 DNA. AR 7T LU
DARTHE LK SRS B0 R & BT 188 rRNA [ 255 H M7 1O FR 52 DNA 45 AR 5 TH 2525 5 5 Ko il
B BB PRWAARAY alpha ZREMEAS LR 3—F0, 26 T 165 rRNA 6P 5 3 0 7 19 51 88 DNA $E R 56 427
e SR B A SRR I R alpha ZREMEAS (LA AT 22 5 (TR 3) o X —J7 B IIE T 46 T 18S tRNA S
A e U PRE DINA B AR 5 525 e 5 7 PR WE AR ) 2 R ARG O T ELAG A TR RO 8 7, 53— 7 T s A 51
WX RAE DNA K tH A 5 o AR G Rh (0 T 25 . Brown A5 FH 19 R 7 1 Xk Kk 80 V7 WAL 400 1 LG A5 T
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3 TR RS 41 ADONIS il ANOSIM A4 ©
Tab.3 ADONIS and ANOSIM test for phytoplankton community structure

ADONIS ANOSIM
ik TR S e
r P r P
IFHE DNA $i A BRI CvsF 0.716 0.004 1.000 0.006
CvsS 0.648 0.005 0.769 0.006
Cvs FS 0.647 0.002 0.874 0.006
FvsS 0.395 0.048 0.163 0.065
F vs FS 0.405 0.040 0.143 0.104
S vs FS 0.284 0.623 -0.044 0.660
JEAZIE WEAE ) CvsF 0.549 0.005 0.319 0.005
CvsS 0.522 0.013 0.243 0.027
Cvs FS 0.319 0.354 0.019 0.361
FvsS 0.209 0.998 -0.057 0.940
F vs FS 0.486 0.017 0.289 0.010
Svs FS 0.446 0.037 0.213 0.042
AN BRI WA CvsF 0.391 0.366 0.224 0.130
CvsS 0.394 0.276 0.263 0.130
Cvs FS 0.403 0.168 0.254 0.130
FvsS 0.276 1.000 -0.037 0.678
F vs FS 0.253 1.000 -0.089 0.731
Svs FS 0.277 1.000 -0.033 0.678
JRAZ I WEAE ) CvsF 0.322 0.389 0.090 0.459
CvsS 0.296 0.500 0.029 0.459
Cvs FS 0.393 0.111 0.342 0.186
FvsS 0.146 0.923 -0.126 0.832
F vs FS 0.324 0.341 0.083 0.459
Svs FS 0.264 0.653 -0.035 0.587

*Cvs FFIR C 5 F BIALILER, AR A ; P<0.05 UL R

FERI, I A YE AR L, REE DNA SRS il 5 4 ol 22 A (00 RG00 445 SR i 1o, X 6 8.0 o 22 A P ) A D)
SERAMAR 1 AT RE AT 5 (8 FH A 8 3 12 0 1 51 4 (p23SrV_f1 A1 Diam23Sr1) 77 £ PCR 37 Ji& fi 22 (19 %
W G 2 AL AR I P S R A 16S rRINA PR3 FH 51 ) e e A5 A0 B A R
TSP R Z R R R R R IR S A S E A I, 26T 168 rRNA K& [A w5y i 1 19 2R 05 DNA
BORBERLIN 2 5 22 19 R PF B A I Ah 26 (18 1), JF ELRE DX 70 AN [ Ak B[Ry 4L 22 5 (1 4) (HR D
T FEOR 5T A2 S e A R 0 25 5 U0 W] 168 rRNA J [RUE F 51 W 76 SRR PR U AT 0 Rl e T 1 oA e
o ATREFERIAT LLE Y 168 rRNA 5 P51 Hh 345 Y JSURZ 7 10 AL D) P PR DR A T A ity TP A 7 B A
PRI AP L TTHER T ET 16 rRNA JEDR T A SEvEREIE (R X 2L T 168 rRNA JE[
R IR A OB AT AL T % S B B, AR B3 5 16S tRNA 356 (R0 o of JE A, 17 S A 400 140 A 66 1 4T3 8%
e L E— L
3.2 I DNA RAR L SFEERREESHZFHENI M S HEEREAFHANFZEERER
FORER 22 BORITSTE 2 R, M OB 25 S, PR B8 DNA HORIIA T s B AP 2 A R 20 Bk
BAEFREE DNA AR AE R 5 22 (9 P 0 2 A 5 1 M R SRR R ™ L AR R BRERBE DNA HeR
FE R B0 i P R W AL D 0 o 2 R R O TR AR B R v AR AR B I FE R PR HH R | IR S e A
JEZKF_ BRI 20 J& , P55 DNA SORKEINH 111 & im B S50E (R 1) o IR R LB P R B, 3155
DNA HRBERR I tE O Bl HAT LSt (v (9 P2 BB, A2 2 BRI G 7 Fh (% 2) o 3R5E DNA FOR %
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Fig.5 Comparison of precision indicators of the two detection methods at genus level ;
eukaryotic phytoplankton (a, ¢, e, g) and prokaryotic phytoplankton (b, d, f, h)

TR PRh 4= 5 BE X R TR A2 M (18] 3) s X PRI T i AR A B TR W AR A W R 2L R E AT PCoA I3 A & B, 366
155 DNA HOARBERGIN 2 2 4L 2 MW R ALSCAF 6 22 53, S Uk 17 [R) 5 U500 P P 4l 4 T T AT 3o 1) 58 62 00 4 £
PRI T 5 0 IR FR G W (TR ) BEE LU S8 AR P 75 2 e O A A T
B2 (8 3) .

PRIE DNA AR B 21 5 0 £ 2 U AL 0 00 ol 22 A R R A ) 30 9% 4L, T i 2 BRI T LR L,
JEP 5, SIS SR L, T e T A BR5E DNA HORRERS I 2 5 22 i My i 26, G046 A 5 OE
A TR I TP P QOB B Wi R AT 057 RS b 3RBE DNA H AR 5 1
FRIAE Y BRI AR 89 5.55 (K 1) o PRI DNA HORFIE A2 %58 73 A 21 17 1 6 24
TEUAAEIZERE A 11 G9R MR E S5 3 TR BRI K o L, AT R 25 0 2 T AL 1 17K R B et
152 A, RS DNA H AR U AT E 2 98 7% 3505 T WAL 00 Bt 1 0 i Z B ) o 31l - AR AR 1, A
W A A A5 24 M h TG IE R B3R DNA HORPE R 11 RIFWEAY) , T3R8 DNA HOR W BETE PRI 7
IEILEGIN 2 9 6 JEFE Uit b K BUHE 22 (9 PR B 0 SR R S22 A0 2 7 H , 3R5E DNA BRGNS 16
F) o e, BT DNA FORTE IR IR L REAS I 2 51 2 i) P2 M AR D 26 E (36 1), O HLAS Ab B2 1]
K B b S0 2 S5O, T 285 2 2 5 T Gt 0 b 2 ) £ 45 Ak PR TR B 60T . IR I, 5 T 3R 858 DNA 4
AR E PCoA J3H7 45 5 AR JRE A5 2L B v LI 28 e , T 285 S A 20 R DUV HC 1 e Rk 6 22 53 (181 3)

3.3 &T 18S rRNA EE T @ENF IR DNA KA B §iFiFEY S H N BERES TREFERE

TELERIREE DNA SR R 2535 55 G 0 2 S BRI o, /00 % AR Oy 3k 9 7 4 SRR W 1 (0 B
Zhang SEFEXSPRIE DNA SOARNG B PE AN I G B A REAS [T OTU 28 SUARFIY) i AR 1R 8 00 57 2 B0
RPN IFE AR o 8 RURE B9 25 2 M 5 b, A B S 0 17 5 R MOR A B b 22 R M B 2
JET L ARBEIEGE T WIR O R A DA S R G BRI DNA AR S A5 S v 4 AT HOB . B
GEORRW] TERS AP L BT 18S tRNA JE DA v 3 0 A9 PR 358 DNA HOR OR300 T8 25 2 45 (18]
5) 3 fHEIET 16S rRNA JE[H & i 7 (9 3R 858 DNA $OR S5IE A7 S IR W PEHF JC 3% 22 5% 0 18S tRNA
i DA e B 1) R SR AT BRI D O BRI DNA R T i B e, AT b v A it P Al o A2 1 1 4
AR DT Sl G I 25 DR 4 R T AT 2 D B M E N B KOTSRS IR R L R
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WL T 165 rRNA A 538 5 I 1O BRI DNA $ AR 578 2527 505 0SSR T i AR W 40 SR, /0 f4 e 9 ORI
i A R 20 B SRS PR B AL T 2 T R S S B PR BE DNA H AR v A i i R, R, 76 i BR5E DNA
HEAR NG 252 S 5 (5 J I, % 00 T 5 S AORE B R e 5 B PR B8, A8 5 2 W1 [R] i) fdf FTI 3745 DNA
HR I 252 S 58 SR WE R Y AT R I , W7 LA 30 560K 8 F) 4 b 22 REVE S AR RIBE PR AL 2 (H 2
FEGE A W R 7 1 B G5 2 1, T B A 7 2 B A 1 285 SR 0 AT A L 7 A P b )y ok BT A 4 L vl 2
J& , 75 TG54 W T 1 2 R

3.4 BRI DNA BAREENRE

A S )7 M I, BARFRBE DNA 2 R H A A2 A PE L 2 503 &5 R R 32 35 88 4% 1 BR o) 25 40
LTSS ARt A — R R 4 R G T A, PR M S O+ 32 B — s R, I AR BB SE U B G 252
AT

5, ARTEREE DNA B4R IO 260 Z bR R BRVE R . A BFSER I, R IRl B DNA W8 7 i FR O %
P X e R 25 SR = R R 2 B PR DNA B AR A AR [R] A 9 AN FRBE Hh B0 B2, 5 0 1 R [
AW (AT ) DL AN TR BRI 59 DNA BEATHRI, {E 2 H 0 i 26 R [7] R U 19 DNA 4RI RIFAGE—. b,
FRIE DNA HiR 2232 B RAREFR I I IR 0) L K FAR 4 45 22 T DA 22 A BRI, (75 B 5 5 1 S R 485 DNA
ot o p A i R SRR RD , PRI AR 2 X R (R #R 485 DNA BFSE 45 SRR T LB A e — E Bkt ™ .

LU, BRI DNA HEARAETE M P A0 B B B . A B A1 0 e 2 3 TR 51X E A b 4
DNA 2B L K FUARYI R R 75 BLSEAETE 77 A 10, 5 B2 e R BURE 5 W R e 45 R R 5% ™
SRRV TR A R R B 1 L B T R 2 S BOH R (0 5200 2 NS5 36 . TR I, %4 12 5 | 4 v sl P e, 7
A2 ) 2 B0 o R e f YA A, - EL 58 A RO 9P A X A T 92 B 2 R 1 W S e, o S B o i S LA R 32
SUYE YA T W, MR e e S T B B PE AR I BT

FRUR, FR85 DNA FR P AR R AR, Toik LB WSS E YA R, AN REBEAT A W2 B D 2, HE T TG 1 3R 7%
ARSI AR D RSP RAE AR . BRI R WIFR B DNA FEAR T 375 (9 DNA 5 i i
Il TR v S Rl ) A e (ELJR PR g R P DL KRB ol ) 2 Sk LA K. PCR 5 AR AR 22 , FREE DNA R
FERGIN BRI th 52 I % 2 A7) ELA B PE T o R Ah, BRE DNA AR X T A Wik i A O 25 L 5 A
FEVE T b A= A 9 BB 00 25 5 T AT ol = 47 O B F A o

S5, TR DNA HoR (A MW R 5 5 B0 PR Bk — 2B 52 3 AN 7 L TR 90 400 Ao Lo X 5030 1 S
Xt RS DNA 72 S TE R0 EF T R s 2 6L BARINAEAETE NCBI SILVA PR2 FlI Greengenes 2537 FHAR
P AERAE XN SR ST A R B I TR 2 BLTE B 5E OTU 43287 A5 L™ . BRI, AR 3t
WIS Bt P B A S 52 35 R R PR 55 DNA AR HEAT 9 Fh S8 B 1 FIORS B PR 9 0GB BRIk 2
BB P AR IR 58 3% , 38 TT LR 5 R 08 DNA AR AT FHE R 00 , I8 5 R 970 03 B 3 40 b /K SF- F)
R

4 gt

1) AER IR B B T 9 Fh i SE R R v, BT 18S rRNA BER s i 00 7 19 BR 5% DNA HiAR 5B A%
Y TE RN B B PR WEAE ) alpha ZARIEELES—BL,

2) 5L, 5T 16S rRNA FEF Fil 188 rRNA JE [H] &y & i )5 i B 5% DNA $ AR ¥ W] IR AR
W2 R Z RS B, RIBR SR 3 55 22 037 R ) Ah S R EE BE A A0 95 2 L5 B o

3) 5L E ML, BT 188 rRNA BRI vy i il s (1 PR EE DNA HORTEIF AR Y 2 FE A FBA
T RS A
5 B3R

it T ~ IV ILEs 7R (DOL: 10.18307/2024.0511)
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Attached Tab.I Two methods for result detection and statistics
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Attached Tab.II Proportion of common species detected by two methods
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Attached Tab.III Comparison of prokaryotic phytoplankton detected by two methods
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Cyanobium, Geminocystis. Gloeocapsa.
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Pseudanabaenales
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Attached Tab.IV Comparison of eukaryotic phytoplankton detected by two methods
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Bryopsida. Chrysophyceae. Embryophyceae. Eustigmatophyceae. Pinopsida. Polypodiopsida.
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Brassica. Broussonetia. Cenchrus. Chaetopeltis. Characiopodium, Characium. Chlamydomonas. Chlamydopodium. Cryptomonas. Gomphonema. Mougeotia.
Chlorella. Chlorochytrium. Chlorococcum. Chlorogonium. Chloromonas. Cladophora. Coccomyxa. Coelastrella. Pediastrum. Scenedesmus. Spirogyra.
Cosmarium, Cronospumella. Cyclotella, Cylindrocystis. Deasonia, Desmodesmus. Dicranopteris. Dictyosphaerium, Staurastrum, Tetraedron

Discostella. Durinskia. Ecballocystopsis. Esoptrodinium. Eustigmatos. Fistulifera. Franceia. Golenkinia. Gonyostomum.
Haematococcus. Hariotina., Metasequoia. Micractinium. Mnium. Monodus. Monoraphidium. Mychonastes. Myrmecia.
Nannochloropsis. Navicula. Neglectella. Neochloris. Nitzschia. Ochromonas. Oedogonium. Oocystella, Oocystidium.

Oocystis. Opuntia. Oryza. Paraphysomonas. Parvodinium. Phacotus. Phaseolus. Pinus. Planctonema.
Poterioochromonas. Poteriospumella. Prorocentrum. Protodesmus. Prunus. Pseudellipsoidion. Pseudocharaciopsis.
Pseudococcomyxa. Pseudomuriella. Pseudopediastrum. Raphidocelis. Solanum. Spirotaenia. Spumella. Stauridium.

Stephanodiscus. Stigeoclonium. Tovellia. Trachydiscus. Trebouxia. Trichosarcina. Ulothrix. Westella. Wislouchiella

Achnanthes. Arthrodesmus., Chroomonas.

Crucigenia., Peridinium. Quadrigula. Synedra




