J. Lake Sci.(# 7 #+4%), 2027, 39(2):000-000
DOI 10.18307/2027.0232
©2027 by Journal of Lake Sciences

TRES DNA 75 T 75 A BS SO0 28 0 2 MM S R — B M T

FOE, KR, AR, IRES, WA, MRS, & ok, sk T
(1: ZERFESSHE B s A R LA S SRGAEHE S & st =, B 650500)

(2: EFRABA IR PR K ESERE DL, M REHEER, Ma 210023)

(3: WIFEE MBS L, KYD 410014

(4: HHELMR S EE SR E AL E, MY, BY 650500)

(5: MR G EEN AT IRA R, Fal 210019)

(6: VLIFH IR oL, FER 210019)

i ZE: M HIDNA (environmental DNA, eDNA) 72205 O /K AE A 1 W R B 78 e B R T B, (B[R] S8 = 1] 45 R
—BUEIZ RGOV . A ARBA SR IS, EG PR ELE T R UK R S A FE S, R I FE MR A
IS UERAR FT SR AR, BHMEREA T =R =T MIAIE, BB 51 L<0.5%; FRETREA S50 = [0 ik t 8%
ZFE=80%, 0 FEIEAR 7 R AL<0.05; S0 5 JLAT b B AE S 2 FEAH D8 R AL =094 R A 4L SATTE 3% % 7 (PERMANOVA,
R?=0.35, P=0.005), HARIAYIFhF MR E 8 — B ARBFFIESE, ERBIATRAEATIR T, eDNAZ S IBAS n) STHLPs See &
IR 5 2 REVERS T — 30, (RR A5 L T I SRS =2

XHEE: MBI DNA: SO LLSt: MR HoRbrUELL

Assessing the inter-laboratory consistency of environmental DNA metabarcoding for fish
monitoring*®

Luo Mingjie!, Zhang Lijuan'?, Liu Xunjie>?, Sun Jingying®, Yang Yanan®, Yang Jianghua®, Zhang Yong® &
Zhang Xiaowei»24**
(1: School of Ecology and Environmental Sciences, Yunnan University & Yunnan Key Laboratory for Plateau Mountain

Ecology and Restoration of Degraded Environments, Kunming 650500, Yunnan, P.R.China;

2: State Key Laboratory of Water Pollution Control and Green Resource Recycling, School of the Environment, Nanjing
University, Nanjing 210023, PR.China;

3: Geological Experiment and Testing Center of Hunan Province, Changsha, 410014, PR.China;

4: State Key Laboratory of Vegetation Structure, Function and Construction, Yunnan University, Kunming 650500, Yunnan,
P.R.China;

5: Nanjing E-genomics Technology Co.,Ltd. 210019, Nanjing, P.R.China;

6: Jiangsu Provincial Environmental Monitoring Center, Nanjing, PR.China)

Abstract: Environmental DNA (eDNA) is an important tool for monitoring and studying aquatic biodiversity. However, the
consistency of eDNA results among different laboratories has not been well evaluated. In this study, three independent
laboratories processed and sequenced identical freshwater samples using a unified standardized framework, and positive
controls were included to verify the reliability of the experimental workflow. The results showed no false negatives in positive
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control samples across all laboratories, and false-positive sequences accounted for less than 0.5%. For field environmental
samples, the overlap rate of species detection among laboratories was = 80%, and the coefficient of variation for a -diversity
was below 0.05. The relative abundance of commonly detected species exhibited strong cross - laboratory correlations (r =
0.94). Significant differences in microbial community composition were detected by PERMANOVA (R? =0.35, P = 0.005),
whereas the abundance patterns of dominant species were highly consistent across laboratories. This study confirms that
standardized key procedures enable consistent cross-laboratory performance of eDNA metabarcoding in species detection and
biodiversity estimation. Laboratory-specific effects may alter microbial community structure results, and thus, comparisons of
inter-laboratory community structure should be interpreted with caution.
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AR T A (Aristichthys nobilis)+ ¥t (Abbottina rivularis)« R0 (Carassius gibelio)~ i
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Fig. 1 Sampling site for the inter-laboratory comparison of eDNA-based fish monitoring (a) Schematic map of the sampling site. The
red dot indicates the sampling location, and the blue polygon delineates Nanjing City. The blue curve represents the Yangtze River. (b)
Integrated butterfly-type filter. (c) General technical roadmap
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Tab.1 Key Parameters in Each Laboratory

SIS H SHE 1 SEEE 2 = 3
BURY/SY LA 3L 3L 3L
DNA S LALEL Qiagen I.DNeasy- DI DNA $2E0RH & Qiagen I?Neasy.
Blood & Tissue Kits MTO060 Blood & Tissue Kits
PCR 5|1 Teleo2 Teleo2 Teleo2
DNA R4 Takara Taq fig Vazyme Taq fi§ Takara Tag
PCR AR P A 95°C 95 °C 95 °C
PCR il ki fE 56.3 °C 56.3 °C 56.3 °C
PCR K7 & 72 °C 72 °C 72 °C
PCR 7E¥ % 31 35 35
AR & VAHTS Universal DNA VAHTS Universal DNA lon Plus Fragment Library Kit
Library Prep Kit for lllumina Library Prep Kit for lon
V3 Torrent V2
WFTF& Illumina Novaseq 6000 lon Torrent Proton lon Torrent S5 Plus

2.4 £ERFEDT
W HH 57 2 B FastQC  (https://www.bioinformatics.babraham.ac.uk/projects/fastgc/) 5 MultiQCI36li

TEE. Illumina 5 lon Torrent 4G /7448 3 H Fastp 0.20.1071%: Bz 3k 1y 51 F1 BY 1 1 o 5 AR o B
(Q1H <20) ; Hlumina %R 14 FH vsearch (v 2.14.1) 381 —fastq_mergepairs fir -84 & FEA XU 7 51 &
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R FEARFHNED 1 INEXT MilE 5 oMES T 45 R, =AU B Fh 3= = B Y B 3 58 B ) 38
mEE s (B 40 , Hipatigss 1 ISt s 2 p i a T P8, RUURTIN TR O 505
ARSI, S SIS YA E A THE R 95% B E X A mE EE, R =S =7E W £ L
8. #£T Bray-Curtis #525 i NMDS 43 #7745 SR 15 8 7= S 06 = 2 (8] R4 Rl 2L 2 30 40 25 a3 (I
3¢) , PERMANOVA &5 Rt iR, A FSCK S F A AL A7 £ 9% %+ (R2=0.35, P =0.005) ,
HANEHERIERAEE (P=047) 5 Jt4h, FET Jaccard BEESY NMDS 2341 (B 2) [FEIFEE RS
5 = MR AP E R % % % (PERMANOVA R==0.51, P =0.001) , Ui B4 a2 57 R IE T BHE 4504
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Fig.2 Detection of species in positive samples by three laboratories (a) Relative abundance bubble chart of species detected in positive
samples. The X-axis represents the three different laboratories, and the Y-axis denotes the six positive control species. Colors indicate
different laboratories, and bubble size reflects the relative abundance of each species in each laboratory. (b) Proportion of false
positive and true positive sequence counts (logio-transformed) in the total sequence count of each sample. Green represents true
positive species, while red denotes false positive sequences
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E AR & S AR E AR . SEE8 % 1 (Tllumina NovaSeq 6000), /7R & %, & NMDS HE



J B A 5 A A S2 56 % (Ton Torrent “F 5 7 B & B % (B 3¢), HHMAMR HEEZ (K 4a. b).
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Fig.3 Taxonomic composition and within-laboratory a diversity coefficients of variation. (a) Family detection per sample. Each bar
represents one sample, with the X-axis indicating the number of species detected. Colors denote different families. (b) Coefficients of
variation for three o diversity indices across the three laboratories. Lower values indicate smaller variation among replicate samples
within a laboratory. (c) Bray—Curtis dissimilarity of species relative abundance among replicate samples from each laboratory. Each
point represents a replicate sample; different colors indicate different laboratories. (d) Comparison of Bray—Curtis dissimilarities

between and within laboratories. Orange denotes between-laboratory distances; green denotes within-laboratory distances
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AT, BT REWFME S 52N TR ES s, FFEEE —SUGNTF &4 TS, 8=, £
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K PR B BE A P R 7 51 CBRFRVRT ) VD SR8 A e I8 TR I 3 R o RS e, BT & AR
(<0.5%), X AWt 7045 F 1 m] FE 1 FE 0 T] 2005
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TR BOA 12S IRNA 2 H 2, AKERBONAEYEHEBLL B 85 DNA RER MK B=,
WS IR IR E AR . o ZREMETE %L (Shannon. Simpson 518 ), LKA 30 th 25 = 2 4 (1 AH
PR B, AR B R R4 DB32/T 4539—2023.
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Figure 4 Detection of species in field samples by 3 laboratories (a) Relative abundance bubble plot of fish species detected by the
three laboratories. Colors represent different laboratories, and bubble size indicates the mean relative abundance of each species in
each laboratory. (b) Upset plot showing intersections of species detected by the three laboratories. Blue bars indicate the number of

species in each intersection; gray bars represent the total number of species detected by each laboratory; black lines and dots indicate
specific intersections. (c) Species-richness-based iNEXT rarefaction and extrapolation curves for the three laboratories, with
sequencing depth as the reference. Solid lines represent rarefaction curves, dashed lines represent extrapolation curves, and shaded

areas indicate 95 % confidence intervals
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Fig.5 Pairwise comparisons of species relative abundance between 3 laboratories. The lower-left scatter plots represent pairwise
comparisons of species relative abundance (logged) between the laboratories, with each point corresponding to one species and
the black line indicating the fitted linear model. The middle diagonal density plots show the distribution of species relative abundance

for each laboratory. The upper-right panels display the correlation coefficients between the laboratories
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