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7 AN W 7311 1/v7.p 2 5 kN N [E1 I 5 9 B e <
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PR IR o TIX PR A U P85 DNA H AR 2k il
LW H T KAELETSREF Y 2SR,
15 DNA (eDNA) J& 45 B 32 IR BEAE i v 48 B st
ey, BV DNA B Em, IR e
5 YT R A g EE R N (PCR), 3 3 il
JF o A HrRi i E Th AL R B AR R, BURE
PRI EEE A B AR A, dEdEck, EWNA
KT eDNA MiiE Wk £, 2256 FIH
eDNA FARE W T X AR g 2 =0 Y Fh Z 11
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ATPRERI . HAT, WAARDEEH IS DNA £
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FHEATIRIN, FERTAAES AR T BRI,
AR eDNA i RME TARG T i Re A8 . &0F
b A AR b K 5 ) 2 A A . TE R A
XA, A AH I BFSY, Cowart 25 7 P4 g ML 15 X
50 AR AL GE v A 7 7 F eDNA HiAR T e E )
A, R R B R I X B A, JF
P R AR 5 RAE 7 VLT, DR eDNA BOARAE
SHANTE,  RENE BT Hb X R AR £ R R SRR T
WA, AWFFELL eDNA FER A ik, Tl T
XoF T A B £ v R £ S W B 2 R MR B W D A
5 TE A HC S £y YA 5 £ SIS 40 o 2 B £ 2SR AR A
PEAUEIEREE SR AR AR
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1.1 IEMARE

ARSI I fift FH A R AE AR 349 p R AR A &l
PN T s AR 2871 T 2020 4 3 A 10—11 H %
R B R O 5 T I, AR R A R B S A
(S1~85), EARRAEEM S UL 1, B ECREK
FE 1L, KAEREESEEESBIT-20 °C h& BIRAE,
B 1345 DNA B, KRR TE ARAT 2 505
Fo TELIERTHEATAR R, I g PR A R A 4T
Zed O AL EE 3 U8 E KA I8 R I E AR N
47 mm, fL & 045 um ¥ R & ¢ 48 = W5
(MCE H5%), 765 U 38 KA i 35 75 o 0% 45 AR R
WFE K (ddH,0) VE N BHHEXT R, JEIEE T 2.0 mL
B TC T B0 T ITT—80 °C kA7 2 HE HU DNA.,
{i#fi § DNeasy Blood and Tissue Kit i 5] & (Qiagen,
Hilden, 7 [E) #F1 T3R5 DNA 4280, 1250553 H

https://www.china-fishery.cn

G UL B IS Rk, RSN AL, 1E
28 R A8 2 R K AT [R] . BRI
DNA RS /r%%, B4 20 uL, FF57 B 3R
Y IS LUK 72 F1 Nanodrop 439696 B % A7 5
HAGI, 305X R REAS FREE DNA I R e B I
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Fig. 1 Deception Island sampling sites in March 2020

S1-SS5. sampling sites, the same below.
1.2 PCR ¥ B RMAF

TEHR T 238 19 €0 2538 H 51 ) MiFish-U-F: 5'-
GTCGGTAAAACTCGTGCCAGC-3'Hl MiFish-U-R ;
5-CATAGTGGGGTATCTAATCCCAGTTTG-3%/k:
il 12S rRNA X347 PCR P84 1k &
25 uL, A& A DNA 2 uL, 1E & 18519 (10
umol/L) % 1 uL, ddH,0 8.5 uL, 2xDNA PCR Mix
TR W 12.5 uLo SR UM 2L PCR J7 12 il #8 2K i 5C
&, PCRUIESHL. 95 °C FilA8 1 5 min; 95 °C 7%
PE30s, 56°CIEB Kk 30s, 55 MEFR, [FmF a7 [
PEXTHR, HEBRSCH S B P s . ST
Ilumina MiSeq V- 5 (Z 46 _L i3 R £ 145 AE B2 I
YA RN 1) E X SCE AT R

1.3 HIESTH

OTURX A K THEEEW 5
Ok, RBRARET & M . B Vsearch Fl
cutadapt ZX {4 X AT PR A Kbtk B 1R 20 BR
e B 97% A BLBE K 7 3R 26y AT 484 4 2K R 0T
(OTU), FfFRAZ AR R A48 3R 91 F OTUM, AR
= 7 % OTU 7£ 80 & &£ NCBI: https://www.ncbi.
nlm.nih.gov/FEATYIFN FLXF . 2R, IR 24
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Bif) OTU FREER, HIBRATREEIWFRIA TS

Goit o AT ARWFSELL OTU RN Semh T
J& TR STy B EZREVES T RAEAR ] £
Ky ES . O WA, AT RERAER KR
ARG, WX 2R —2F 0 OTU #1756 7F,
et A BRI R YA KO B RSl
SOOTRIRITRE X 25l s LR R it — 2P
30T . @ a ZREMEST, BT QUIME2 3R {4 47
o ZFEME ST, EHL ACE 48 0 . Chaol 45 %k .
Shannon #54% . Simpson 8% . Pielou ¥4 &, 43
VAU S N . 4 S Y S ol )i SR N
52 % Wik . http://scikit-bio.org/docs/latest/
generated/skbio.diversity.alpha.html#module-skbio.
diversity.alpha, @ g ZHEMEAHT, ABFFEIET Bray-
Curtis } B JH [ 3E1T PCoA 43T, XEASIRIAEAS [B] Y
BEIE AT 0T . @ BEAR T syl 225, F
H R 15 5 pheatmap 12 il 9 F 4 i A, R
H R 1B & ggVennDiagram 12 il Venn [, 4347
2 vl AL FRE OTU,

2 R

2.1 B DNANFEER

$e S PCR i 2 b B £ 57 (4 B 1 ) IR T i
MR R 2 H o AU E 5 MREAS, il
X IR A BR AL R, FERAT R AR P51 1010 628
%, TR 135 891 695 Ak i i T A, FEAHY
5% DNA il il ¥ gt 45 Rk 1 s,

#*1 FiiS eDNA HFFIBLER
Tab.1 Sequence quantity results of eDNA in each station

HEARS MmN BREEWRE ERMAAMERE
sample ID input non-chimeric non-singleton
S1 215113 208 835 191 210
S2 239 657 230007 204 936
S3 214703 208 058 187 376
S4 119 154 116 551 111163
S5 222 001 215724 197 010

22 &FMMLER

1o R T A B 4 SR U OTU 54140 % NCBI
(https://www.ncbi.nlm.nih.gov/) # 17 E B L X, Ff
FABBRAERK M2KA OTU, M3k 20 333 4
AR Tt PS5 3 OTU Xl 4
a2 oA A e it UL 1R 2, R A5 2 B AR
21 H 6% 238 31 Fh (% 2).
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Fi specie
® J& genus
® Bl family
® H order

024 6 810121416182022242628
R ITTHER/A
the no. of taxa
2 HIRBEEOTUXIN MY EMTLEFLER
Fig.2 Result of OTU division and classification taxon

identification of fishes in Deception Island

e BB KT 19 43 25 B8 OTU = FE R EI/N
HEATHEY, Horp S K fa BRI R R R,
mise g WRERE . g aRh b i, &3
WIR T AL DNA FORK AR 4% 8 2 A= 9
PIFEXTERE S H, ATLAE Sk vk fa s | Rl i
J& . kg . A fE A R R

e 3 R TG VAR XS BERT 10 A7 YR 2R
Py b (FH X 32 BE >0.1%) FI48% R AE 5 4 Fb 45 1
25, HSFRE S FER 99.66%, MFEFAT
DIE Y, I 10 SRS YA E T B AR
o 4 R 1R R R 10 A6 09 R iR 2R R
TEA i s ARG B o L, BB RS Sk vk M 7E S1.
S3. S4. S5l giAHXFFEE & A, AR S2 3k
FACSC A I AR 42 B e . TEVIRR AL |, ST
5 S5 uli AW Ah 2 Wi A ARARL L S2 i 5 4 A 4H AR
5 H A S22 OR

2.3 o ZHEMSH
& 5 A Y BT A5 B f0 28 AP A i it 2%

A LT RN R IR B IR B TG, Tk AT
IR ZHAE T

Chaol $8%t K 7263.636~18 965.263, ACE
FEE N 8 351.239~19 423.484, W8 B A7 HaH
AH A 5 Shannon £ #F Pk 48 £l Fl y 5.483~7.837,
Simpson 4= ¥ Z FEPEFE B0 0.931~0.994, —F 5
TS AHT, T Pielou Y957 BE 455Gl 0.620~
0.859, 453 1 B 75 () £ S REVE 1Y o ZREMEFR AL
WAFAE S, Hid S4 3 45 Chaol Fl ACE 48 4%
%, S2 uk /& Pielou A1 Shannon 8 8% &, S3 uf
&1 Chaol I ACE 8 84# =, 1H Pielou 48 £ #A1%,
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R 2 eDNA # & XMLt
Tab.2 Fish species detected by eDNA

H # & i
order family genus species
B E AR JRFLRI AR R R LR R A
PerciformesNototheniidae ~ Trematomus T. loennbergii
& IRIWA FL A £
T. pennellii
AR FL A
T. bernacchii
FEIRJR FLr i
T. tokarevi
R w . fis Jai 8 S RF P A
Dissostichus D. mawsoni
ANGER T
D. eleginoides
N LRt
Notothenia N. rossii
EH A
N. coriiceps
ELid B
Aethotaxis A. mitopteryx
fif) Fi % 1) B it g A A
Gobionotothen G. gibberifrons
FE UK & KR PRI
Pagothenia P. borchgrevinki
Mt & (G
Pleuragramma P. antarctica
mkEH TR AT
Channichthyidae Chionodraco C. hamatus
MRBE S vk 11
C. rastrospinosus
ATt
C. myersi
St oK £ FERERAT UK f
Chaenocephalus C. aceratus
ok A J BRIV £
Chaenodraco C. wilsoni
Bk vk ) R IRHES ok
Champsocephalus C. gunnari
N EIY
Chionobathyscus C. dewitti
INTTY b
Cryodraco C. antarcticus
BiERU EEEIYN
Neopagetopsis N. ionah
LUK KEETIKTE
Pagetopsis P. macropterus
Mokt FETRIR ALK
Pseudochaenichthys P. georgianus
R Bk JE RERIEIE
Bathydraconidae Gymnodraco G. acuticeps
il ) i i i £
Parachaenichthys P. charcoti
iyl TR Ge T
Gerlachea G. australis
Sy LS
Akarotaxis A. nudiceps
-t il Bovichtus sp.1
Bovichtidae Bovichtus
Bovichtus sp.2
(F=wia 2Tt ] A g i e
Artedidraconidae Pogonophryne P. albipinna
HERAR  hE R R e
Eleginopsidae  Eleginops E. maclovinus
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S1 3 5 Chaol Fil Pielou 155U (5 4).
24 P EHEMESHR

BT A R A S F 5 B, R Bray-
Curtis I B4 FEEAT PCoA 4347, XF M REAS ) 6.2
YR S AR E B 2 . SRR S1. S3. S5
BAMR SR 20, 1M S2. S4 2y fh
BN R T H oA 25 (8 6)

25 HAEGXYMESR DN

OTU FJH R #4-2: Venn &, A FEA AL
AR OTU % H K Le B WL 1E 7, d AT 51, S
A RAEE S Z A OTU B i L 4k, S2 o
MR OTU WY b il i, 1 S4 3l A H4FFA OTU
Lb i A1

FIH R A2 6 56 T oKk SF (4 £0 25 ) i 20 B
AL (18] 8) . K R IR B Ik O &) B R TR0 A5 =2 B B 8
T, B R 43 A T R ASURIIE R 05, 2. S4
IR R AR, AR SR R A, AR ]
PIE W, IR A S8 Rl 2 BB 45 0 45 (RE A TR
TEZES, WRARFEARRE ST, W DA T 000 5 i
B S1 AT S5 i s e R o — 3, 1M S1
F1 S5 i 25 ) ol 4 1 2 S e KA SRy U R 5 30
OS2, WNPIRRZE LA, MSrm i fa F4E [ IS
LR R e R — 3, AUAE S3 whi i B A B
AT ERE, HA sl v A AR . kAT I,
Yy 2l B % A Bt AR S o ZREME T
— TR o AV ZAEERREOEL, b S3
DAYSEEW SR E 2 S VT Sy

3 i

ALY, 3G 8% 408 3 T Sl i W
TR ALK, ELEKT B R RS R
RGN, L TR B AR Y A 2 BT (H
W FHT, A7 O & i S 1 2 AR B DRI S Y
FSCBORED, I, T IR & 5 0 Sy Fh
ZRENE . RETR AR R AT, T LA SO £ i e 1 2
AWy Z AR B PR PP BRI G SOy o (AL BE IR A 1)
A 2 0] P R 583 ) A 25 R G R, AR
K HHPRGE DNA AR BT & ik SR ) 2
PEAE, PR5E DNA HOAR T FARA I P S it
PIk B DNA, X —F¢ i AR TERE A S s AR v
ANERXPEYI T AR o ARG A, A
BB IR AN TR R AR, JOvk T R s [a] Y
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Fig.3 Abundance ratio of each genus of fish in Deception Island

R®3HR SIS A & 2
Tab. 3 Statistics of dominant fishes species in

Deception Island identified from eDNA analysis

5 g 0 T 45 5% /0,
BT fmmR Foopspy  TUTRER WA,
ST .. percentage occurrence
no. species identifi order level family
of abundance rate
1 RRESIKE KA R} 53.65 100
C. gunnari Channichthyidae
2 fEgEtkf IR 28.34 100
N. rossii Nototheniidae
3 HENGRTMIKE E5pKkE A 12.54 100
P. georgianus Channichthyidae
4 Bovichtus sp.1"  -faF} 2.82 100
Bovichtidae
5 Bovichtus sp.2* 1.29 100
Bovichtidae
6 HIKEKE P R} 0.41 100
P. borchgrevinki Nototheniidae
7 Hikik 5 pk AL 0.28 100
C. dewitti Channichthyidae
8 EHMENM [epeckes 0.12 100
N. coriiceps Nototheniidae
9 EHImEkE  ahE A 0.11 100
E. maclovinus Eleginopsidae
10 kB IR 0.10 100
G. acuticeps Bathydraconidae

T # RN EBIP At R 0K
Notes: #. Fishes of the genus Bovichtus did not identify to species.
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B A, AT S A A BE PR IR IR A
SERBIERG . MIAEE DNA $R 2 b PR 52 i 458
AN, TEGRAS I PR A B S AR AR IR, AHER
TG AT, AT 4 H IR EE

A 5T B R Ad A 5% DNA £ AR TF 2 0 5
TSR Y Fp 2R PRI A, SRAE S e R SE R O
BT 5 A A, PRIFEGE R . ARG
R 14991 H 6 23 8 31 Mgt tas, fr
157 51 R A B A0 S A o oy 38 TG 6 3k k|
B WAt . BT IR WAL VK £ | Bovichtus spl.Fll
Bovichtus sp2 55

ABIF G S A5 B B ER o SR W A e LA TT
Ji () A% e 466 X ] A v G i, AR Al R A T
YRR SR 2R 514> (Commission for the Conserva-
tion of Antarctic Marine Living Resources, CCAMLR)
RAG AR IE SO DG SCHRYY, BT, 7E e i X
F2 BT e 1% 1 Ml £ S A5 AR A R A B A v
FE M kRt ARk mEikaRaE,
XSG AT I A S5 SR ARAT o 0] AR S A 495 B0 ais
KIL, PABE DNA S5 DA i e/ i g A £
BT kg . BRI ESE, R AR EL S
Ol BRI AR B X %, HLIX S 0 S 2% B A X
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S5

S1

w RIKEZI UK Champsocephalus gunnari
= b8l Notothenia rossii
= TRV EANUK L Pseudochaenichthys georgianus
= Bovichtus spl.
= Bovichtus sp2.
w [ KHUKRE  Pagothenia borchgrevinki
T UK Chionobathyscus dewitti
= B EEW Notothenia coriiceps
= WRME R Eleginops maclovinus
= RIHIEME  Gymnodraco acuticeps
= JAh others
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Fig. 4 Composition of dominant Antarctic fish species at each sampling site
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Fig. 5 Species a diversity index sparsity curves for

&5

different sampling sites on Deception Island

BN, ARG E LA R, R R DGR T 4
b, TS DNA £ AR TCTH RBAMERFEA, (U@
I A ORE B RR v 4 th AR R A AE, A
ZMEESRER W, TR, CAFRAR
X A TR A5 2 A 8 ST B 5% g B Y o YR 9
¥, N Barrera-Oro %" X A6 SUr i £ . B Sk R AR
o, P E A 3 R 2R TF R A 33 ARG
R IRAC SR e A= ) B IR AE AR B A RSk
R AR A HE M R R S ), e M
FEACRE T =5 B A W 1) — By . FEARHFSE T,
WS r Ml RSk A | o R S R ER bR
DNA kg, MAES Mt F 5 p il a2 AR
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R B & X MFEN FER o ZHEEMIER
Tab. 4 a diversity indexes of fish species abundance in

Deception Island

PR aZ FEMEFEEL o diversity indexes
no. Chaol Pielou  Shannon  Simpson ACE
S1 14 634.264  0.629 5.554 0.936 14 752.126
S2 18 965.263 0.859 7.837 0.994 19 423.484
S3 18 232.722 0.642 5.745 0.931 18 817.106
S4 7263.636 0.695 5.483 0.934 83 51.239
S5 16 755.610  0.620 5.537 0.932 17 466.500
0.4+ | @Sl
S 1 @S2
| @53
' @S54
| @55
0.2 §
=X '
o~ i
< '
@ H
«° :
g z
S 0 fommem— s o
= i &
—0.2 !
sS4 :
L ] '
. . H .
-0.4 -0.2 0 0.2
PCOA1: 55.15%
& 6 T Bray-Curtis }EEEMRIERIRS

& 2 F L ERSHT (PCoA)
Fig. 6 Principal Coordinate analysis (PCoA) of

Deception Island fish based on bray-curtis distance matrix

W5 R I 2] B A A 28 A . Uzunova®™ 45 L)
TS Hi RN 2 424 A 5 2CAE 2018 4R JIR—2019 4R 4] JF
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Fig. 7 Venn diagram of the common OTU of different stations in the sea of Deception Island

Numbers represent the number of OTU and percentages represent the percentage of the total number of OTU.

A S Rh ZREE A, DB S e
S PR S, XTHOARMESE S R ZI, S Fimtk
b, {UE RBUE fL s th R TE AT Rk i o
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Fig. 8 Heat map of species-level fish composition in Deception Island water

Sample numbers are shown horizontally, taxonomic units are shown vertically.
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Species diversity of fish in Deception Island waters based on
environmental DNA technology
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Abstract: Deception Island is a volcanic island located southwest of the South Shetland Islands in Antarctica with
more than 20 eruptions over the last two centuries. Under the significantly influence of the island's active volca-
noes, the adjacent water temperature is high, and the concentrations of iron, manganese, silicon, and other ele-
ments are significantly greater, with rich biological resources. Environmental DNA (eDNA) analysis constitutes a
promising tool to study the distribution and diversity of fishes. This technique is based on organisms leaving DNA
in the environment, which can be extracted and sequenced to identify the species from which it originates. This
study explored the potential use of eDNA metabarcoding from seawater samples to detect fish species diversity in
Deception Island. The fish species composition and diversity characteristics in the waters of Deception Island were
detected by high-throughput sequencing of eDNA in this study. Overall, a total of 31 species (1 order 6 families 23
genera) of Antarctic fishes were detected in the environmental samples from five sampling stations around Decep-
tion Island, and most of them were identified in previous surveys of Antarctic fishes using traditional methods.
Some rare fish which were considered difficult to be caught by traditional fishing methods were detected by
eDNA, such as Chionobathyscus dewitti, Akarotaxis nudiceps. OTU abundance was ranked from the largest to the
smallest in taxa at the family level, with Channichthyidae and Nototheniidae accounting for the highest propor-
tions. The dominant fish species were Champsocephalus gunnari, Notothenia rossii, Pseudochaenichthys georgi-
anus, Bovichtus spl., Bovichtus sp2., Pagothenia borchgrevinki, C. dewitti, Notothenia coriiceps, Eleginops
maclovinus. Among the identified fish species from eDNA analysis, C. gunnari and N. rossii had the highest
abundance (53.52% and 28.27%). The sampling stations were divided into nearshore and distant stations accord-
ing to the distance from Deception Island or South Shetland to evaluate the diversity of fish communities in differ-
ent habitats. The alpha diversity index of fish communities was calculated using Chaol, ACE index to characterize
richness, Shannon and Simpson diversity index, and Pielou’s evenness. Moreover, the overall composition pattern
of the data was analyzed by PCoA. The a and B diversity significantly differed between nearshore and distant sites,
but the fish species composition was similar between distant sites. This research demonstrated the utility of eDNA
for species diversity in fish communities, knowledge of which was essential for standardized monitoring of South-
ern Ocean's biodiversity. The eDNA technology was less intrusive to the environment and could provide rapid
detection of fish species in the water of Deception Island, complementing to traditional survey methods. In addi-
tion, our findings can provide data support for fish diversity monitoring and fisheries resource management and
conservation in Deception Island.
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