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eDNA 6d
, -80°C -20°C, 3 eDNA
eDNA -80°C a b c (0d ) 36
(Deiner et al, 2015; , 2016; Dogdu et al, 2016; 7 15 30 o60d 9
Minamoto et al, 2016; Tsuji et al, 2016) s eDNA eDNA (2016)
eDNA , (2016) PCR(digital PCR, dPCR)
Doi  (2015)
, ( ,2007) 1.3
eDNA 1.2 (b c )
(absolute )
quantification) (next-generation ,
sequencing, NGS) eDNA , eDNA
eDNA , 1.2 ,
eDNA 2017 5 20 3 176.5g
, 1.2
1 eDNA | 63 50mL
1.1 2
F2 ZARITESERE
(Sepiella japonica) > Tab.2  Group setup of secondary filtration
3.0—7.2cm, 24—127¢g
a 12 ,—20°C
1.2 A b-1 12 -20°C
b-2 12 -20°C
0.1% o1 12
c-2 12
(29°58'40.81"N, 122°12'57.47"E) 3 eDNA
2017 4 15 155.9¢ (od ) 60
«C ) 10L 7 15 30 60d 15
Imin eDNA eDNA ,b-1 c-1
Imin, ;b2 c-2 47mm 0.22pum
10L 11000 10% ,
( ), 15mL ,
0.01% 47mm 0.45um eDNA
39 100mL PCR 1.2
(Combisart 3-branch stainless steel 1.4 « + »
manifold, GM-0.33A pump) 1
_ . . N 2018
R1 =7 eDNARGFHZENERERER
Tab.l1 The group setup of three eDNA preservation methods 2018
a 12 ,—20°C R 450mL
b 12 R -20°C -20°C (a ), -20°C
c 12

® )

58 94d a b
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5 s b 0.59—0.95 (0.77+0.18) 0.57—0.69
eDNA 12S rRNA (0.64+0.06) 0.21—0.45 (0.36%0.13) 0.05—0.38 (0.19+
metabarcoding 0.17) , ( )
Miya (2015) eDNA 7d 154 (a
1.5 )CDNA , 133 + 9 (b ) 133
SPSS13.0 eDNA + ” (¢ ) 1597d) 1.25 (7d) 1.20(15d)
. 1.07  (15d); 30d 60d b ,
T (student’s t test), F a c 2.1(30d) 1.05 (30d) 7.67(60d)
2.69  (60d) (0d)
g (0d: F=0,
; ( ) P=1; 7d: F=42.95, P=0.0062; 15d: F=27.46, P=0.0118;
(one-way analysis of variance, one-way  30d: F=78.57, P=0.0026; 60d: F=216.61, P=0.0006)
ANOVA) P=0.05, «
* ) eDNA (copies/uL) 1 3
2 4000
E%(::'- 3000
2.1 eDNA < 3 2000
’ = §, 1000 :
0 o 7d 15d 30d 60d
a b ¢ ) ~atf - bt - cf
(a : F=418.13,
P<0.001; b : F=146.21, P<0.001; ¢ : F=248.95, ! eDNA PCR ,
Fig.1 Results of three eDNA preservation methods quantified
P<0.001) 7 15 30 60d eDNA by digital PCR
Fz 3 Z=MIRTFF L eDNA K15 = (copies/pL) (P EHFRIEE)
Tab.3 eDNA yield of three preservation methods (copies/uL) (mean = SD)
(d) a b c
0 3501—3819(3653+160) 3501—3819(3653+160) 3501—3819(3653+160)
7 3268—3631(3455+182) 2090—2317(2172+126) 2683—2825(2768+175)
15 2386—2646(2515+130) 1974—2274(2090+161) 2269—2452(2353+292)
30 686—899(779+109) 1538—1726(1637+94) 1442—1634(1556£101)
60 149 211(182+31 ) 1332 1445(1390+57) 471—582(516+58)
2.2 eDNA (15—604d), eDNA
b-1 b-2 0d  eDNA , @ ) 2 4 b2
(7d, ~ 1400
P=0.0212; 15d, P=0.0071; 30d, P=0.0011; 60d, P= 2 1200
172
0.0003) b-2 eDNA b-1 £ 1000
8 800
1.81 1.60 2.09 4095 c-1 c¢-2 B 600
7d  30d eDNA . c-2 /{j:i 400
eDNA c-1  (7d, P=0.0196; 15d, 5 203
P=0.0732; 30d, P=0.0056) c-2 eDNA 0d 7d 15d 30d 60d
~azf ~b-148  -«b-2¢4 ~c14A c-2¢8
c-1 1.21 1.28 2.04 (60d c-1
2 PCR
c-2 0)

(15d )

Fig.2 Results of quantitative detection by digital PCR for
different groups after secondary filtration
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Tab.4 The eDNA yield of three preservation methods after secondary filtration (mean £+ SD)

(d)

a b-1 b-2 c-1 c-2
0 1067—1206(1182+105)  1067—1206(1182+105)  1067—1206(1182+105)  1067—1206(1182+105) 1067—1206(1182+105)
7 1048—1148(1092+51) 550—605(583+29) 916—1123(1050£116) 786—873(816+50) 926—1048(987+61)
15 731—846(782+59) 467—556(511+45) 750—884(817+67) 331—378(355+24) 386—519(453+67)
30 69—101(81£17) 329—374(347+24) 688—778(725+47) 93—164(126+36) 239—282(257+22)
60 0 97—132(111£19) 514—588(550+37) 0 0
eDNA a 74  OTU, 14 OTU
096 1.04 895 (60d a eDNA 0)(7d, 14 ,
P=0.6033; 15d, P=0.5298; 30d, P=0.0002; 60d, Lateolabrax maculatus  a b ,
P=0.0001) b a ( 6) profiling
2.3 58d , a
observed species Pleuronichthys cornutus (16.52%) & Lophius
> ) litulon (13.12%) Gymnothorax minor (9.7%)
( 3 )ab 8442— Pseudorhombus cinnamoneus (8.56%)
32924 (24004+9527) 33455—58348 (50080+11404), Jaydia lineata (8.43%),
OoTU 21—40 (29.5+7.97) 24—45 Gymnothorax minor (13.75%) Larimichthys
(34.25+8.98)( 5) b eDNA pamoides (12.19%) Paralichthys olivaceus
a ., a 108691 (2.6842.00) a b  (8.18%)  #i#lk Lophius litulon (7.69%)
Tag (P=0.0115) b 5 Johnius grypotus (6.56%)( 4)
OTU a (3, 5), a , Shannon
1.09—1.24 (1.15+£0.06) , ,a b
(P=0.4567) ,a b Shannon , 10
(P=0.0221) , eDNA ,
; (5 ab (G
60F u 2 8\ 2
o1 13
" a-
L b-2 \
50 a-3 \/ b-1
b-3 1
40 - ﬁj a2 b a 22
- a5 (g 2 14 o AD
2 mb-5 23 \ 7 4
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Fig.3 Rarefaction curve of the observed fish species (left) and the OTU information (right)
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Tab.5 Fish species information of eDNA samples after NGS (the next-generation sequencing) and analysis of the significance

P Tag OTU Chao Ace Shannon Simpson
a 8442— 21— 21— 21.38— 1.72— 0.15—
32924(24004+£9527)  40(29.5+7.97) 42.5(32.149.96) 43.04(33.81£9.77)  2.11(1.83%0.16)  0.24(0.20+0.03)
b 33455— 24— 24.33— 25— 1.86— 0.14—
58348(50080+11404)  45(34.25+8.98) 59.5(40.77+14.12) 58.83(45.42+13.99) 2.25(2.11£0.15)  0.21(0.17+0.03)
P 0.0115 0.4567 0.299 0.172 0.0221 0.2009

*6 FEREAREMERMEM

Tab.6  Fish species that have significant differences in abundance

a b
p
. 0—126(28+54) 0—0.71(0.16+0.31) 0—8394(2095+3626) 0—0.99(0.64+0.46) 0.0496
Dysomma anguillare
0—470(96+208) 0—0.15(0.05+0.07) 5—5150(2631+3648) 0.85—0.99(0.95+0.07) 0
Harpadon nehereus
. 0—70(14+31) 0—0.12(0.02+0.05) 0—501(139+219) 0—1(0.38+0.52) 0.0135
Saurida elongata
MD
. .'E . 0—139(63+67) 0—0.26(0.1+0.12) 1—2154(873+913) 0.74—1(0.90+0.12) 0
Engraulis japonicus
Coelorinchus 0—39(8+17) 0—0.1(0.02+0.04) 0—340(68+151) 0—1(0.38+0.52) 0.0048
multispinulosus
Amblychaeturichthys 0—144(31+63) 0—0.08(0.02+0.03) 0—5416(1724+2483) 0—0.99(0.57+0.53) 0.0039
hexanema
0—6333(1267+2831) 0—1(0.4+0.54) 0 0 0

Lateolabrax maculatus

7—5632(1288+2436) 0.01—0.92(0.23+0.38)  63—11017(3066+4585)  0.08—0.98(0.77+0.38)  0.0405

Johnius grypotus
. . 0—304(99+124) 0—0.41(0.09+0.18) 0—22718(5699+9652) 0—0.88(0.70+0.43) 0.0323
Larimichthys polyactis
. . i . 0 0 0—245(50+108) 0—1(0.4+0.55) 0
Sillago japonica
. By 0 0 0—16(3+7) 0—1(0.4+0.55) 0
Minous monodactylus
Cynoglossus 0—6(2+4) 0—0.09(0.02+0.04) 0—19(4+8) 0—1(0.38+0.52) 0.0176
abbreviatus
. 0—1312(422+604) 0—0.38(0.1+0.17) 1—5114(1767+2095) 0.62—1(0.90+0.17) 0
Pampus echinogaster
fir 0 0 0—8(2+8) 0—1(0.4+0.55) 0
Gymnura sp.
2.4 94d (Tag number: P=0.0945; OTU
94d eDNA ,5 number: P=0.2977) ( 7) Chao Simpson
2 3 (P=0.0319; P=0.023),
) profiling
observed species ( a b
6, ) a b 52571—58790 (Proteobacteria; a: 67.18%, b: 62.45%),
(56296+3582) 47563—52589 (50574+2895), OTU (Actinobacteria; a: 17.04%,
63—82 (73.249.71) 44—81 (59.2+20.81) a b:2.67%) (Bacteroidetes; a: 3.98%, b:
OTU b , b 1.105—  1426%)( 6, ) eDNA

1.118 (1.114+0.007)  0.938—1.782 (1.384+0.424)
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Fig.4 The profiling histogram at species level
3 2
3.1 eDNA
,7d Jo (Trachurus japonicus)
69.03%—83.5% (76.1%+7.24%) (¢ c-1 c¢c2 ) , eDNA ,
60d eDNA eDNA (Jo et al, 2019) Yamanaka
(¢ :471—582 (516£58)) (2017) eDNA
5 (15d )
« + ” eDNA ( R ,a eDNA b b-1
2016; , 2016) , eDNA ¢ c1 ¢2 eDNA
30 60d , 1.25—1.59 (7d) 1.07—1.20
(b b-1 b2 ) eDNA (15d) 7d , eDNA
(a )eDNA 2.10—8.95(5.74£3.12) 92.39%—94.58%
5 R eDNA )
, b ) s eDNA
(@ ) 15d 30—60d
DNA , Ficetola a “ +
(2008) Thomsen (2012a,b) Minamoto (2016) ” (¢ c-1 ¢2) 0—64.29% (30.19%+26.11%)
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eDNA



1104

50

HEXVEE

o

I

—
L

100

NUNADFDEL
80

20

0

10000 20000 30000 40000 50000 60000

TGO

6

m a1
a-2
ma-3
b-1
H b-2
m b-3

HBXIFE (%)

)

Fig.5 Log-scaled percentage heat map at species level

100

80

60

20

‘ EUFH—@
FITHRRG
Sp.

JJ
Ei
&
i
&
%

il )
ﬁ DI ITRE

BTG
EUBRE

ABLE
REEIRS
hED

%&\ﬁii‘é%

i lhe
Aewrrse

o
Ti
&

¥

=5
TIRTEE

POFSEON  JRBRGHE
TSI

BB S5 300 R 5 I 8 6Bt
|

B TS A S
)
&
il
&

30 52} 0 8

b
o
2]

S ST U OB
390 3508 360 300 B B 6 30
b I

I TR OHF DN O T i
B

S
1))

3045 5 G} 1 GBI OB T

ST
R
3

00000 f0NNCONENENNOECCOENOEN

(S R BB 1 RS 00 - 8 >3 16 5 152 5 0 B A 24 1T B

s

\
/

Fig.6 Rarefaction curve of observed micro-organisms species (left) and profiling histogram at genus level (right)



5 DNA 1105
KT WMEY DNAHASBENFEAGEERERFRELSN
Tab.7 Micro-organism information of eDNA samples after NGS and analysis of the significance
P Tag number OTU number Ace Chao Shannon Simpson
52571— 63— 64.33— 68— 1.81— 0.18—
a 58790(56296+3582)  82(73.249.71)  83.34(75.93+£10.27) 105(89+19) 2.55(2.18£0.37)  0.31(0.23%0.07)
b 47563— 44— 46.95— 54— 0.89— 0.28—
52589(50574+2895)  81(59.2+20.81)  82.62(59.03+20.43)  95(68.67£22.85)  2.23(1.73£0.73)  0.67(0.44+0.20)
P 0.0945 0.2977 0.2905 0.0319 0.1124 0.023
3.2 —80°C ; Rodgers Cowart
, eDNA ,
eDNA ( ), , eDNA
eDNA (Takahara et al, 2013; Yamamoto et (Cowart et al, 2018; Rodgers et al, 2018)
al, 2016; Minamoto et al, 2017) eDNA —-80°C ( ,
, 2012), DNA
, eDNA ( ,2001)
.27 .3 ¢DNA DNA
eDNA eDNA (Tsuji et al, 2016; Jo et al, 2019),
, 24h (
)
, ( )
, eDNA -80°C (Deiner et al,
2015; , 2016; Dogdu et al, 2016; Minamoto et
’ ’ ’ al, 2016; Tsuji et al, 2016)
¢DNA ¢DNA —20—45°C
Minamoto ~ (2017) eDNA (Deiner et al, 2015;
Renshaw et al, 2015; Wegleitner et al, 2015; Minamoto
> et al, 2016; Yamanaka et al, 2017; Seymour et al,
) 2018) R
) ( -80°C) eDNA
eDNA ,
eDNA , 94d a b
3.3 a Tag number
eDNA (Deiner b |, 2.1 22 23
et al, 2015) 0.22um (Kingdom) eDNA
Deiner  (2015) , ,
94d OTU , , —
eDNA eDNA
eDNA
eDNA ,—20°C ,b Tag a
eDNA 15d ( OTU (P=0.4567) eDNA
2.1 22 ), metabarcoding ,
(Strickler et al, 2015) (2017) OTU number

DNA
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ESTABLISHMENT AND OPTIMIZATION OF THE EDNA PRESERVATION METHOD
FOR ZHOUSHAN COASTAL WATERS

CHEN Zhi', CHEN Jian-Wei’, WANG Xiao-Yan’, GAO Tian-Xiang®, LIU Yan’

(1. College of Fisheries and Life Science, Hainan Tropical Ocean University, Sanya 572022, China; 2. BGI-Qingdao, BGI-Shenzhen,
Qingdao 266555, China; 3. National Engineering Research Center of Marine Facilities Aquaculture, Zhejiang Ocean University,
Zhoushan 316022, China; 4. Fisheries College, Zhejiang Ocean University, Zhoushan 316022, China; 5. South China Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract In recent years, environmental DNA (eDNA) has been widely used in the research of aquatic biodiversity.
We use absolute quantification and high-throughput sequencing to establish and optimize the preservation methods of
eDNA for Zhoushan coastal waters. Three eDNA preservation methods were tested and compared, including freeze at
—20°C, in alcohol at room temperature, and in alcohol at —20°C. The results show that the yield of preservation in alcohol
at —20°C was 0.78—1.06 (7d), 0.89—1.80 (15d), 1.05—2.75 (30d), and 2.69 (60d) times higher than that of preservation in
alcohol at room temperature. However, both alcohol methods have problems of eDNA enrichment material leaking and
filter membrane adhesion. The yield of freeze at —20°C in short term was 1.25—1.59 (7d) and 1.07—1.20 (15d) times
higher than that in alcohol. The degradation rate of eDNA in alcohol was lower than that in freeze. The yield of samples
preserved in alcohol was 1.99—2.10 times (30d) and 2.84—7.64 (60d) times higher than that of samples preserved in
freeze. In addition, the yield of eDNA was significantly increased by secondary filtration. The concentration of enriched
group increased the yield to 1.60—4.95 (alcohol at —20°C) and 1.21—2.04 (alcohol at room temperature) times higher than
that of unenriched group. We find that samples preserved in cold alcohol were better than those preserved with freeze in
many aspects, including the total tags of high-throughput sequencing, the abundance of fish species, and the diversity index.
The eDNA degradation rate of a micro-organism is slower than that of macro-organism. The optimal preservation methods
of animals of a different kingdom might be different. The optimal preservation for eDNA collected from Zhoushan coastal
waters was established first time, which provided a reference for eDNA preservation in similar water region.
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