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Fig. 1

Locations of the 15 fish eDNA metabarcoding fragments and primer pairs on the target mitochondrial genes
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Sequence of the marbled eel (Anguilla marmorata) (GenBank accession number: NC006540) was used as template

33 UMIRAERSIYERER

ANTE] B B i) R U5 SR A AR 0 3 25 S (F=32.39,
p=1.5x107), #& [ 1 g i HE K (v Bt 15) 19 9 il )
KA, 155 (82.76£24.66) %o A WEMIL 1, A B
03. Jr Bt 05 i B e M 0 5, IR 32 53 00 o (68.9+
30.81) % 1 (71.62+27.3) %; A Bt 04, F Bt 08 1 | Bt

11 AR SIS 31 A ) 42.92%; HAx A BL i
Yy Rl U] F B T AR ST A FE 54.58%~ 64.6% i
(K2, % 2),

BT 15 A BOXRE . R a5 WG Ty 5 R Y
MP R 58 & B W ST B8 E B BRI 1.52%. 1.84%.
4.58%. 0.88%. 0.97%. 2.46%. 5.78%. 3.32%. 9.32%.
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Table 1 Summary of 15 fish eDNA metabarcoding fragments analyzed in this study
metabarcoding T Bt XA BIMAFK  HARIEHE K /bp S19F51(5-3") wit#E
JB:01 MiFish-U 128 169 For-GTCGGTAAAACTCGTGCCAGC Miya%:
Rev-CATAGTGGGGTATCTAATCCCAGTTTG
FrBr02 Tele02 128 165 For-AAACTCGTGCCAGCCACC TaberletZ'®!
Rev-GGGTATCTAATCCCAGTTTG
FrBt03 Am12S 128 242 For-AGCCACCGCGGTTATACG EvansZ!!”!
Rev-CAAGTCCTTTGGGTTTTAAGC
FrBr04 128-V5 128 107 For-ACTGGGATTAGATACCCC RiazZ5'¥)
Rev-TAGAACAGGCTCCTCTAG
Fr Bt05 Acl2S 128 392 For-ACTGGGATTAGATACCCCACTATG EvansZ!!”!
Rev-GAGAGTGACGGGCGGTGT
FBL06 AcMDBO07 128 282 For-GCCTATATACCGCCGTCG BylemansZ£!'”!
Rev-GTACACTTACCATGTTACGACTT
FrB:07 NeoFish_3 128 196 For-CGCCGTCGCAAGCTTACCCT MilanZ2)
Rev-AGTGACGGGCGGTGTGTGC
FB:08 Tele01 128 64 For-ACACCGCCCGTCACTCT ValentiniZ(®!
Rev-CTTCCGGTACACTTACCATG
FrB:09 Acl6S 16S 339 For-CCTTTTGCATCATGATTTAGC EvansZ5!!'7]
Rev-CAGGTGGCTGCTTTTAGGC
FrEB10 L2513/H2714 16S 206 For-GCCTGTTTACCAAAAACATCAC Kitano%:!]
Rev-CTCCATAGGGTCTTCTCGTCTT
FrB Fish16S 168 84 For-CGAGAAGACCCTWTGGAGCTTIAG Shaw%5122]
Rev-GGTCGCCCCAACCRAAG
FrBe12 Vel6S 168 335 For-CGAGAAGACCCTATGGAGCTTA EvansZ!!”!
Rev-AATCGTTGAACAAACGAACC
FrE13 Vert-16S-eDNA 16S 284 For-AGACGAGAAGACCCYDTGGAGCTT VencesZ L
Rev-GATCCAACATCGAGGTCGTAA
FrBE14 Fish16S F/D-2R 165 222 For-GACCCTATGGAGCTTTAGAC DiBattista% >’
Rev-CGCTGTTATCCCTADRGTAACT
FrBELS PS1 col 199 For-ACCTGCCTGCCGTATTTGGYGCYTGRGCCGGRATAGT  Balasingham%5)

Rev-ACGCCACCGAGCCARAARCTYATRTTRTTYATTCG

e BB BE AAE B2 (Anguilla marmorata)(GenBank %57 5. NC006540) N 5%

2.29%. 6.21%. 4.14%. 1.71%. 3.17% F1 15.70%( |4 2).,
e AR 0 G A R B 15) B 5% g 5 | 49038 FH 1 e
Zo HB09. Bl B 07, Bt 03 Ml Be 1211
5147 S A B B i R s AL B B =4.14%), 5K

PRl T 7 P 25 e eDNA 9 B 200K

AN TR 2 0 PR R A TR R 3 22 S (F=14.40,
p=7x10"""). i & J& (Aphyosemion). T &5 J& ( Cynoglos-
sus) . 50 J& ( Etheostoma) <5 J& W I & W ML by IX.
g1, A 15 A e B 34U 2RI TE 90% LA L i 4

M0 )& (Thunnus) . FEEJE (Coregonus) 2B H br
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Fig. 2 Fish species resolution rates of 15 eDNA metabarcoding fragments

and overall mean distances of primer pairs in this study
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AU . NMDS 43 #1455 5 ik R ECH 0.13, BEHH
15 /> metabarcoding J Bt Xl 5 AN [R) 4 H A — & A9 i B

4 it
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4o AW IR BT E N — R X PR 9T
eDNA metabarcoding T & ¥ F g 2 10 i 45 o
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SR, 5107 5 0 v A2 PR FT RE S BHAS 7 B 15 1Y)z
N o ARHEZE R B BE . R 5 )T 5 Y T3
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anoscopus tosae). 1y e ( Hapalogenys analis) #J COI
FESESIY . TRE BT R R W Y BOF Sy st AL iR B
KT 821%~9.65% I}, = 40 £ DNA A5 2% i L 4k
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I, G128 B8 3 s G Y A e AR 2 R S R,
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Z AR A i, COL R Be iy W FhAs: H 880 H A e i
(1 128 J B, HARSCREABE AL

WAk, HoAl AY COI B Cytb metabarcoding A B 7]
AE L X DAtk 51 W Pk 0 [a) B, 8 28 eDNA
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157 3 1= 1M ¥ ( Next-generation Sequencing, NGS) - 5 5
PR, T Miya 25 XF 880 i fif B 121 28 28 b7 R I [H 40 4>
1 A 45 R 8 7R, COIL, Cytb 25 85 11 [ 4 it 5 [R 7
TR PR T B S A A 0N A 38 O~ X, BEE |
XE VLT 5 2 i £ 25 DNA B 5 (3 T Sanger
W F, A AT 35 2x600 bp) B 32 A B 514 . Menning
ZELs | Jennings 57, Sultana 45 B Y 7 1) LY X 45 2R L
FH], B Cytb He P EA Ry w5 A8 741, COI A U H
TEIE 5% AT 350 bp [ A8 5 80/, AR G it
FEBGE RS Y. 4 A AW (K 1) fl Zhang 452 %
22 XF 5 Py B EE R mT A, R B 15 DB a2k
COI metabarcoding 1t i i~ Bt 1A o7 T AR X /<7 X,
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B AT 2 W R AR 22 55 [ RN L R B 15 SRR
B i gn S  BUE IS A E S eDNA F 5T 1 % B meta-
barcoding, Jf H 75 Z AR 4 0 5% /K 3 . B bR 28 BF AL 5
Yy AR L, X 510 50 A TR X B A
42 BEHEEREALE

h B EE S Wy AR (6 1, /2, 1B 4), A
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Fig. 3  Fish species resolution rates of 106 genera in this study
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Fig.4 Analysis of non-metric multidimensional scaling (NMDS) for different metabarcoding fragments
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Jr B, R S R ER RIS . R K A
IR it eDNA T8 H A7 76 ™ 5 B, F2 00 i W 20IA
200 bp LA AYRLATE IS FTBE HA B /&1 1 PCR (a0,
{H Bylemans %", Zhang 555 Z2 N F ) & B B
05. J Bt 03 45 Y iy 3 o I ) 540 2t AL ks o 25 H
FARMT B 08, A Bt 04 o A Bt 11, HUR7E ¢ 15y
Br 46 T A B AA AR R 22 57 . s eDNA 1Y 7 A= |
Wik it sl ) 2 AR Oy 52 4%, L WV AT I 1B 6% A i
B eDNA M OWAEFE . 5340 F1ZE L B, Deiner 4501,
Bylemans %51 #E I £ F- Bt eDNA 7] 58 52 1fij AT LA 3T 4
A HbAEAE K AR L A 58 AN #E 22 ff ] metabarcod-
ing 46 A By (H BL 08, FBE 11 F R B 04) E 4731 & £
KLFEME A

Fr 2 COLA 3 iR B, R B 05 i 9 Rl b %
He te, g 1 aE PR CRU8 A% 1R 55 =0.97%) AR T 1
Br o4, BBt 05 i & fa 25 2 RE VR R AT 10 55—k B,
RS Zhang U AR A8 — 8. FEB 09, A
Bro7. FBro3, frBe 12 A U R AR i, (2
FEA W5 v, Ho51 W) T 4 8T 28R B B R
(=4.14%), FAEZEMLT J7 BE 15 B W) F 2% 0 XRS5
H:Ath metabarcoding 5| 4 bbb 5 1 3% B H: Wy Fokes o
BHEAN R B 06, B 130, B 14, A B 10 BAR
K F 200 bp, (A4 Fp 551 458 AR IR
AR I BT REIR R 5190 ¥ 41 300 8 AFAE AR S50, 3K 7
AR B BB 5T i S PR R B ORI B
1589, i A BL 01 F R B 02 MIZE 519 )7 51 . 45 TE 1 1
AE D7 T B AR — B, AR U AR LR A, AR BT
SEEA ] e A B 01, 45 B AR, A B 05, A
B o6, JrBr o1, Fr B 13 2ACHE STk Y 4 A Bl
metabarcoding i Bt . SR, A2 i f 0 5 iR F1 S 2%
B R B S R, AE B — B 5 P {9 metabarcoding
B A 3409, AR A B S ) Zhang 551,
Bylemans %50 {52 5 3 W] - Bt 06 14 4 Fl - 531 2 1
51 W8 M S, {2 NMDS 2 B (& 4) o F B
06 7 LS El 5 R B 05 v B H30T, PR [R] s T 3
A R B UEAT 02 2R M 5 T RE DR A e i 4R
Yok th & H o NMDS I3 Hr g 7w, AREA L [F]—
FERAN TR R Be M B A K 22 5 (18 4). B AN AR
T L i BERA R, i BT R BEERE R 23
PR et o ARBFSEM ) F DL BE 05, R Bt o1 o &,
B3 N, BT S IS R T A
43 EAREARBENARRFREF LW TN

AR FEXT 106 J& 1 28 AP0 45 L 25 S5 0 2 (I
3.3°97), KWW FP A 1 42 % 1 eDNA metabarcoding
PHARCR . N 1S A B SR 5 B H A (6 2),

15 J@ a2 Yy PRl A 1 90%, £k 38 & 2R
B 50%. M T 935 Tl fa 2 i Sk AR 42 7 51 i
K B A LB, b — 20 0 T BEAEALE [F] ) R 44
R—— BB & A 25 B4R B8 ( Pampus argenteus) 5 %k B8
( Pampus echinogaster) ™, [F It 1% J& 125 11 1 KA AL ;
EU AT B A A R AR THU ST ) o ) 35 4% 22 S /DN,
F3( metabarcoding Fr Bt Ak i LS8 2 X or——
4 H & J& ( Coregonus) ™1, 21 15 J& ( Salvelinus) * 11
RZ YR D 43 A T 50°N LLAL FR AL K BB K S8, ¢ Fh
(8] 7] BE A7 7 8 kg 3 % 1Y) ik DXL 32 3 5 - il J ( Sebastes)
W T2 53 AT T APV BAT (U8 IR A I, AN R4
() o AN A7 7E B I %) b BB 1509, Miya 59 7 0 2 Mi-
Fish-UCH B 01) 51 B & & B, 448 g 45 KL £
SRR o3 LA L IR i B ORAF, A i B AR S5 o
e 15 1 2 AL /K NADH JIi %0 i I 3 5(NADH Dehydro-
genase Subunit 5, ND5) 25 B i A e i 4743 80X 43 .
I, Z 8 T A SR BT 5, AV R B
Toik Xt AR IEAT 100% X 43 S5 LA 5 A Wi 22
0 18 B v B TS £ 42 "7 eDNA metabarcoding $£
AR 2 R A e

metabarcoding F B¢ i HF & 5 H 5 5 K Y 25 30 45
) ) B8 i RN A A G LB VAR DG o BE 8% (Konosirus punc-
tatus )P, KOk Psettodes erumei )*", AL (Thymallus
arcticus) P ZE LR R FE I — g5 R B BoR,
16S B HAAE P R BEAEAE 1~2 AN RBUZEIRZ5 ), AR HE
Z R, 128 BFAAE 2~4 4. T 12S BEF B K
X 47 168 11 60% (£ 900 bp : 1 600 bp), Pl 1 1% 3 K Py
M) ZE NG5G o3 A R B I 5], ARG A R T
FRARE 1Y PR SF — A8~ 5F )7 41, Evans Fil Lam-
berti®”, Hinfling 2“9, Bylemans 55 ' g I I\ 2y, 28 KL
K 128 FEP HE 168 FEA T IE 45 T % £12 eDNA metaba-
rcoding #Ric, ARWFFE L HF LSS, SR, 3T 14 %
WA Be iy for B os B (B D A 2945 8 (R 1) Al
M1, 028 168 B RN I 2 B R B ZE 08 K 128 HEH Y 3=
TR B 4B 0 1% 1 metabarcoding F Bt . B 4% H
— IR GER T A R BRI BRI /IS, T H A Bl
SR BE AN FAR (4 Be 07, B 10). AH L B
01, Bt 04 F1 i Bt 08 25, Ji Bt 05 Al Jy Bt 06 55 ) J&:
H 22/~ H /N R ZE R 25 R 20 5 T8 B, A R i) 26 5 T
W DAEHE, BEG 24 A SR 25208 X8 AT g 208 1
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Differences of eDNA metabarcoding fragments in
relative fish species resolution

Chen Zhi"?, Ma Chunlai"?, YeLe"?, Yang Chaojie"?, Wang Haishan '

(1. Key Laboratory of Utilization and Conservation for Tropical Marine Bioresources, Ministry of Education, Hainan Tropical Ocean Uni-
versity, Sanya 572022, China; 2. Hainan Key Laboratory for Conservation and Utilization of Tropical Marine Fishery Resources, Hainan
Tropical Ocean University, Sanya 572022, China)

Abstract: The applicability of environmental DNA (eDNA) metabarcoding fragments to relative fish species had
not been compared. There was a risk of “species loss” in diversity surveys. In order to screen out the best fragments,
we compared the resolution rate differences of 15 eDNA metabarcoding fragments in 106 genera (a total of 935 spe-
cies). The results were as follows: (1) the protein-coding gene (COI, fragment 15) had the highest resolution rate,
but the universality of its corresponding primer pairs was the worst; the overall mean distance based on primer pair
sequence of fragment 09, fragment 11, fragment 07, fragment 03 and fragment 12 were obviously large, suggesting
their eDNA amplification efficiency were possibly low. (2) The resolution rates were significantly affected by the
length of fragments, and the fragment 05, fragment 06, fragment 01, fragment 02 and fragment 13 of ribosomal
genes had a higher resolution rate except fragment 15. (3) Non-metric multidimensional scaling analysis (NMDS)
showed that there were great differences among different genes and different fragments belonging to the same gene.
Therefore, the combination application of multi-fragment and multi-gene should be considered; besides, fragment
01 and fragment 02, and fragment 05 and fragment 06 were close to each other in the NMDS plot. They function of
fish resolution were overlapped. (4) Species groups affected the resolution results, and eDNA studies stilled need to
develop fragments with higher resolution rates. Based on the resolution rate of relative species, the universality of
primer pairs and NMDS analysis, this study recommended fragment 01 (Mifish-U) for 2x150 bp sequencing plat-
form and fragment 05 (Ac128S) for 2x250 bp sequencing platform, supplemented by fragment 13 (Vert-16S-eDNA)
to investigate the diversity of relative fish. This study provided some support for improving the accuracy of fish

eDNA survey results.

Key words: eDNA metabarcoding; relative fish species resolution; 12S; amplicon length; multi-fragments



	1 引言
	2 材料与方法
	2.1 序列下载及筛选
	2.2 metabarcoding片段选择
	2.3 序列截齐
	2.4 遗传距离分析
	2.5 非度量多维尺度分析

	3 结果
	3.1 用于分析的近缘鱼类简介
	3.2 引物简介
	3.3 物种识别率及引物变异情况
	3.4 NMDS结果

	4 讨论
	4.1 COI片段的引物缺陷
	4.2 核糖体片段的比较
	4.3 本研究所用片段的不足及新片段开发的可能性


