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Abstract  Understanding the selective feeding behavior of zooplankton on phytoplankton is essential for
evaluating the nutrient cycle and energy flow in the food web. Although many studies have been conducted
regarding the feeding behaviors of zooplankton through gut content analyses, there are limitations in the visual
identification of digested contents using a microscope. DNA techniques have been applied to overcome these
limitations since they can detect and amplify small amounts of prey DNA remaining in the gut contents. We
designed a method to extract prey DNA from the gut contents of the whole body of the copepod specimen
and tested the resolution of DNA identification for the prey phytoplankton. The common brackish species,
Sinocalanus tenellus, were collected from Saemangeum Reservoir in different sites and seasons, and gut
content DNA was extracted using 2.5% bleach treatment for 2 min for removal of potential contamination
sources existing in preserved specimens without dissolution of the body. The sequences of the extracted
gut contents were confirmed using BLASTn suite based on the NCBI database. The phytoplankton species
detected in the gut showed temporal and spatial differences. Although DNA analysis of small copepod gut
contents has been suggested as an effective method to examine the dynamics of primary prey sources at the
genus or species level, uncertainties such as misidentification and limitations in the detailed information of the
composition still exist.
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g SHJAE Fa3t A= FEUT gtk (Knisely and
Geller et al., 1986; Sailley et al., 2015; Oh et al., 2020). &
3] Q77+ AGAHANA TEETIE FHAA &
Asto] WA hFES AA| 6k (Rakhesh er al., 2013;
Chen et al., 2018), o172] F Holo]7| w&Eo| oj&z}
4 FA SHAA FoE 9TS P3rh(Chang et al.,
2014). o]&} Zo] A BEY AHAE 1A} AE= AG
st gold W 87k79 8 9% wigo] AlF7t W3t
of W& 8779 4] EA tigt AR SAHAY
Z 9 B3 wobstr] 918 FL23ktt (Uye, 2011). F2
87k o 44 E4S Ho Ags] £4517] flal A 3l
F 4 AYEE = e AA 47 24 71HE F
231 A 237t R3E3 Itk (Ho et al., 2017; Hirai et
al., 2018; Yeh et al., 2020). 23U HEE 53 JULE
F2 NS 2% 94RE YR FEs|de A
SHA] 9, AR FAEAY 9 WEEo] ofd A
QRO FHARE Qs L EE 7ol EATUT & =&
o= olet &2 ZAIE WAsty| s 827 A E @l
ol il R 9 Bt fAAE AASIY 4317
T £ AEZEFIAE FAAT SE-HESHE HHE A
Lotk AlF7t B0 2 A4 §4 AolE Hlu- &
Atz Y +9 WolA=E g& FHiz £33 Avte
2 dF QAR ZE AASETH(Oda et al., 2019). & W 4]
EETAE 24 7IE &0 Aol F AHE AAst

O

-

& St

ERTETE

1. ZAKIA

20209 2¢¥, 59, 89 ¥ 11€¥of A AqEE W &
st 32 T F4H (Sitel; N35°49'17.03", E126°
37'38.60M ¢ AEEE7) =2 5 Y H (Site2; N35°45
23.82", B126°32'22.08"2 AA3te] wo| 817 BAS o
g Aot T|p oA k= 8Z4F S. renellus A
S AR SET. S. tenellus®] Z7] (Prosomal length)= T 2F
1.0 mm (Kimoto et al., 1986)°]9, 0.7~26.6 psud] ¥ 4
5 HYolA AAgtt(Uye er al., 2000). S. tenellus=
A A4S 71X ™ (Hada and Uye et al., 1991; Chen et al.,
2018), A W S EZSHIE MAS 28 9 AEEH=
Y AFHE E25 25 U 8% 9 FY3

o} (Hada and Uye et al., 1991).

A A oozt & 4= QU= oF T AHEETIAE £
1 LE polyethylene®
o ARt 4~5%2] Lugol’s solution €4 2] & 24
AlZE ol AAFE A5 WL siphonl &2 A AL T
AR Fo| dHESE FHlsto] FHAn|H (Zeiss Axio
imager A2, Germany) 2.2 x600~1,0005}4 54 4 &
FAS 54 72759 F$ KMnO.¥ (Hendey et al.,
1974)% o|-&3te] ARE AAFstL IFEES TS0
X 1000~25005}o| A 545+t
Sinocalanus tenellusZ A8317] 43 2+ AHY +=4&
E43% ¥ Bl o2 HE WA £=2] 0 & Y| E (Kitahara
zooplankton net; pore size 100 um, diameter 0.3 m)E °F
1m/s9) 9% £E2 374 Bol&d &% dol A
d fj71A] vhESHEth Y E A= —20°ColA ¥5 =
watg e, E&An]A (Leica S8 APO, Germany)2. 2 &
A 7 2 e dS FAsH] Hsl g AR R Hiel
gl 70% EREE 175t Y HAstTt

3. SESUIE gl MY 2

230 DNA A7 Algg EaAz} EEl Ao
2 X 3% o] (Greenstone et al., 2012; Oh et al., 2019; Chae
et al., 2021), & Ao 2ztF /HA 2#9] DNAE A
Astet AlE-g BMA G SAAIUEF 54%)F 34
sto] ARESHGTE 82 JiAl YR AUEEo] IS
n A A e NS HESH] 8 A2s=et AAIRE
o] M& AALES FAsHATH(Figs. 1, 2). &<l Aifof w}
2t 877 AEe 25%% 34T ATg A (Fotg e
AHEF 5.4%)° 227 A st S/ 23] AAE H
Bead Ruptor (Omni International, Kennesaw, GA)Z w23}
% Dneasy Blood & Tissue kit (QIAGEN, Hilden, Germany)

olgstel HAAE FENAT. Aehs Az A9 F

st HF s&7F 2.5%7F HES SAE JUMR F 2
7+ 2 & ZF 37)7}F 0.45 um<l GF/F (NC 45 ST,
WhatmanTM) S22 2 33t H SHr4-2 23] A& sk
Dneasy PowerWater kit (QIAGEN, Hilden, Germany)& ©]
gotol SAAE FHoAA A4 22 B AR
Aue) wet Ao HF A4 SEE Fol7] 9
o 2% $3F S0uL2 Eo| FEFAt F5 DNAL
—~20°C oJ3}2 W5 Rstor

Mr mo
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Fig. 1. Microscopic observation to determine effective time for unnecessary DNA removal, but not allowing dissolution of gut contents

from the specimen.
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Fig. 2. Electrophoresis detection results (A) 18S rRNA for de-
tecting Chlorophyceae using primer A (Table 1); (B) PC-IGS for
detecting Microcystis using primer B (Table 1); B: blank; D: dis-
tilled water (negative control); R: raw water(control); T: treated
water sample by 2.5% commercial bleach solution (2, 4, 6, 8, and
10 minutes); first lane of each gel: Ladder using 100 bp molecular
marker.

4. SEEZIE PLIEE DNA 2N

AccuPower Hot start PCR PreMix (Bioneer, Korea)ol| Z}
AEZoA &% FAHA(1 uL)2} universal algal 23S rRNA
£ glAlst= Zato]H (Tablel-(C), forward®} reveres ZHZ;
1uL)E H71ste] #& 3] 20uLE Thermal cycler (Bio-
rad, California, USA)| A S &4 AH9-§ (polymerase
chain reaction, PCR)2 33}t FZ% PCR AHEL
1.5% o}7}2A A (AccuPrep® PCR/Gel DNA Purification
Kit (50 reactions) [K-3038])2 Ag3sle] EE3st9, &
2% Hi=+ Bioneer Co. (Daejeon, Korea)ol|A] capillary
sequencings 53 YWFLE H7IAES 245
t}. Molecular Evolutionary Genetics Analysis (MEGA7)
5 Agsto] AL HES SANYH BLASTHS
3 FAME (identity) 7} 2 Al EAE AHSHGTH(NCBI

Resource Coordinators, 2014). Collection (nr/nt) ©|©] & H|
o| 2o HAHY FEFS ¢HE 2T} (Dinophyceae,
taxid:2864), %7} (Bacillariophyceae, taxid:33849), 32
27} (Chrysophyceae, taxid:2825), B=7 (Cyanophyceae,
taxid:1117), 27} (Chlorophyceae, taxid:3166), F-=34
27} (Buglenophycea, taxid:2704141), 2H X227} (Crypto-
phyceae, taxid:3027)2.2 A3}t Identity (%)7} 97%
oY S A T wdFlon, 97% vHY BS
o= Identity (%)5 7122 A9 5719 & de=
Maximum Composite Likelihood (Neighbor-Joining Tree)
£ 0]83}l9 AE 4 (Phylogenetic tree)oll Al A7} 713
7hE L2 AR AFrolA e AlR7E 22
7B 1 B &l Sk 270 ol T Fo AR
ToE ERE Ay AT ERTLoE A A
B4 HEH TE55 WeE Ad 4 A 1 35T
< Hlasty] s AEE $2 shS OTUs (Operational
Taxonomic Units) 2.2 7}A3}o] Witlo|ojasll o g A)Zks}
SHTE DNA %2 2 22 mhgold 294S Hasts]
A8 2 BES 22 2aEglen, SUAA g B &
4 9 EdE 7FE AR

Z47} 2 pEk

kJ

= > =
Zt A F AN +2 FES ST 2o
Table 29} Zeh. RZ17.9) A wole] FFe F< vt
B Ao ARSYIE 2YS 245 A3
] o)

Au& o] gdte] F AHoA A 2 55 AL

7 AR ARE F2AE FRIsHYth(Table 3, Fig. 4). 8
4 Aot 24, 59 9 11¥o0|A F47} Site2 2T} Sitel
oA theFstA Ueton, $8FL AXER 7474 o

€ Fo2 SSAAT F AHANAME TLT Fo=
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Table 1. Primers used for confirming the DNA removal efficiency (A, B) and detecting S. fenellus food sources (C).

Target organism Primer Sequence(5'-3") Base pair Ref.
(A) Chlorophyceac ChloroF TGGCCTATCTTGTTGGTCTGT 473 Moro ef al., 2009
(18S rRNA) ChloroR GAATCAACCTGACAAGGCAAC
94°C, 3 min — 35 cycles [94°C, 1 min — 55°C, 1 min — 72°C, 1 min] — 72°C, 10 min
) ) cpc57F AACCTATGTAGCTTTAGGAGTACC 300 Kim et al.. 2010
O s cpe3S6R CTTAAGAAACGACCTTGAGAATC

94°C, 5 min — 35cycles [94°C, 1 min — 60°C, 1 min — 72°C, 1 min] — 72°C, 5 min

p23SrV_fl

(C) Universal algal p23SEV_rl

(23S rRNA)

GGACAGAAAGACCCTATGAA
TCAGCCTGTTATCCCTAGAG

~400 Yang et al., 2018

94°C, 2 min — 35 cycles [94°C, 20s — 55°C, 30s — 72°C, 30s] — 72°C, 10 min

Table 2. Water factors at two sites and seasons in Saemangeum reservoir.

February May August November
Water quality

Sitel Site2 Sitel Site2 Sitel Site2 Sitel Site2
Water temperature 4.3 4.5 18.2 17.5 32.0 31.0 15.1 15.1
Salinity 14.0 14.9 18.8 22.8 0.2 0.7 11.7 18.1
pH 8.9 8.5 8.7 8.7 7.9 8.6 8.3 8.1
Dissolved oxygen 14.5 14.2 7.8 8.2 43 5.6 7.4 6.8
Chemical oxygen 24 1.6 14.4 11.2 7.2 0.4 2.4 24
Demand
Chl-a 14.9 6.2 12.7 2.9 0.9 2.5 1.9 0.9
Total nitrogen 1.585 1.862 1.483 1.058 2.140 1.789 0.896 0.792
Total phosphorus 0.253 0.098 0.139 0.017 0.215 0.139 0.041 0.048

Table 3. Species numbers of phytoplankton and density (cells mL™") (relative abundance %) of dominant species at two sites and seasons in Sea-

mangeum reservoir.

Sitel Site2
Species Dominant species Cells mL" Species Dominant species Cells mL"
number P (Abundance%) number P (Abundance%)
Feb 23 Chaetoceros sp. 879 (26.4) 20 Chaetoceros sp. 2321(25.0)
May 17 Cyclotella choctawhatcheeana 3062 (40.8) 9 Cyclotella choctawhatcheeana 2432(52.7)
Aug 23 Coelastrum sphaericum 272(21.6) 30 Planktothrix rubescens 1896 (30.5)
Nov 18 Skeletonema dohrnii 10544 (78.0) 14 Skeletonema dohrnii 2715 (78.7)

ZAE AT oA =2 E-@8k= Chaetoceros sp.2t
247y 293} 1190 $Hs= AL
1, 3|t 7)4 BEFA A ASH= Cyclotella
5ol S-SR A7t BHHd 8
dof| A 2004 EEFr= thE AL AIZIED H B

o, GEQ 52739 Coelastrum sphaericum™}; ‘g2

Skeletonema dohrnii~ Z
2 B4EY

choctawhatcheeana+= 5

739) Planktothrix rubescens7} 933} tt2 AA o] H|3j
W5 o] A3 AOE Uepit theba AR azE
29 HolBAL AT HHS 9 FL B U HUe
ofsh Aol A3 e Ao BaEn
(Blenckner et al., 2002; Lee et al., 2014).
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- stored separately in glass vials
Sample filledwith 70% ethanol

Fig. 3. Experimental design. (R) Identification of phytoplankton species in raw water (food environment), (T) Test for removal of extracel-
lular DNA (Validation of gut contents analysis), (S) Analyses of phytoplankton community in the gut contents of S. fenellus (food).
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10000-

Cells mL'
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Bacillariophyceae
Chlorophyceae
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Cryptophyceae

0 E— [ | Cyanophyceae

[l Dinophyceae

Feb May Aug Nov Feb May Aug Nov

Fig. 4. Each Class density (cells mL™") of phytoplankton at two sites in Seamangeum reservoir.

Sitel-Feb Site1-May

B D R T S1 82 S3 R T S1 S2 S3 R T S1 S2 S3 R T S1 S2 S3

Site2-Feb Site2-May

B D R T S1 82 S3 R T S1 82 S3 R T S1 82 S3 R T S1 S2 S3

Fig. 5. Electrophoresis detection results, B: blank; D: distilled water (negative control); R: raw water (control); T: treated water sample by
2.5% commercial bleach solution for 2 minutes; first lane of each gel: Ladder using 100 bp molecular marker.

29 4 Qe Zetolug A7ietel PR W A7195S A RSt 87%F AYSE A= o AEEIaE &
B F, AZRE Zebo]m o] base pair XA WEZF AR FF RS U] 93 2744 AF el
AW AR W AT A EAUT BT 5 9 Bastchn Budtel WES ZPW AL FE4T AY
o 2

A7H AgT A WH FEAL FAS] 2L A

i

o) 450 AHE WA Aels) WES wwG 2 A B4 Aw S ) AR AT FEE AY
S, 9% Al ASHIE BFolH ALT WA A T idemi B 1 EOE 491 FHo FUT 7 B E 5
folAt BRI gob, & AP NEF AR W 02 Rolt AOR veht 83 ERZOE Bestgn

2 B3 A2k A4 9% HBAY DNAS AASGE  (Fig 6). 959 Aol @ 927 SBoIA o &
LEEEDEP EEEDEFEITHDE S DGR EICE SRR SN VRCEEES N TES
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Table 4. The summary of detected dominant signal information based on the direct capillary sequencing.

Site Month Samples Organisms (taxid) Identity (%) Query (%)
R Order Oscillatoriales (KM458382.1) 90.91 13
Feb S1 Ankistrodesmus sp. (MF716577.1) 98.6 74
e
S2 Ankistrodesmus sp. (MF716577.1) 97.65 62
S3 Order Chaetopeltidales (KT713392.1) 95.45 22
R Cyanobacterium endosymbiont (AP018341.1) 86.84 23
M S1 Dinophysis acuta (KP826905.1) 83.33 65
a
Y S2 Class Chlorophyceae Fig 6-Phylogenetic tree (1)
S3 Synechococcus sp. (MK351651.1) 94.44 29
Sitel R Scendesmus acunae (MF716573.1) 83.45 14
T No match in BLASTn suite
Au S1 Order Chlamydomonadales (MF482963.1) or Order Tetrasporales 100 6
g (MF484668.1)
S2 Nitzschia palea (AP018511.1) or Trachelomonas sp. (KT305205.1) 100 22
S3 Ankistrodesmus sp. (MF716577.1) 97.18 73
R Dinophysis acuta (KP826905.1) 78.79 49
N S1 Ankistrodesmus sp. (MF716577.1) 97.16 73
ov
S2 Synechococcus sp. (CP0309373.1) 97.21 92
S3 Order Chlamydomonadales (MF485331.1) 87.96 17
R No match in BLASTn suite
Feb S1 Dinophysis acuta (KP826905.1) 87.63 18
e
S2 Dinophysis fortii (KP826909.1) 93.02 19
S3 Aphanothece clathrata var. rosea (MW652744.1) 88.07 71
R Synechococcus sp. (CP039373.1) 97.16 39
T Genus Dunaliella Fig 6-Phylogenetic tree (2)
May S1 Leptolyngbya sp. (KM458323.1) 94.12 96
S2 Dinophysis acuta (KP826905.1) 88.27 72
Site2 S3 Dinophysis acuta (KP826905.1) 81.94 41
R Synechococcus sp. (CP039373.1) 98.85 65
A S1 Order Synechococcales Fig 6-Phylogenetic tree (3)
u
& S2 Order Chaetopeltidales (KT713392.1) 97.73 16
S3 Pandorina morum (MH511706.1) 78.35 54
R Halamphora sp. (MZ469823.1) 100 20
N S1 Order Chaetopeltidales (KT713392.1) 97.22 6
ov
S2 Ankistrodesmus sp. (MF716577.1) 83.82 6
S3 No match in BLASTn suite
gzl &3kt AEEgaEe] AZHom, AuE T ABEYAE SSo] DAY oloh B Aol
5 W A2 Aolol] wet Afolst AR Btk AulE & Avld BT A% BAo) AgHE Az Ao
2 olgste] BT ABIYAE 2 £4Y AL FE A B Mol Wk ofUieh (@A EH-1L, 8 BA-
7ol S-Agh RBHH, 5de Y4 AE BY AdeAs 50ml) SUo R AZE YA AT 4 e 24T
2 wx7h gz 9 ojunzzpo] Sdste] thh At Ao} 87 ) AlEs} BajEle] 2Rjets $AA el 3
® A% Uehith 58 @04 24 Aneld Bok g oo sjolst Ao woHth B Ang 249 AL
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Phylogenetic tree (1)

MK351627.1 Uncultured Scenedes
‘ Chlorophyceae; Sphaeropleales; Scenedesmaceae
KM462875.1 Chlorosarcina brevispinosa

Chlorophyceae; Chlorosarcinales; Chlorosarcina
MHS11706.1 Pandorina morum Site2-

Chlorophyceae; Chlamyfomonadales; Volvocaceae
MH844574.1 Tetraflagellochloris mauritanica

Chlorophyceae; Tetraflagellochloris
Sitel-May-C2

—————— MHS511727.1 Pandorina colemaniae
1 0.2

= O
—/TT TI

Phylogenetic tree (2)

JQ039089.1 Dunaliella tertiolecta
Chlorophyceae; Dunaliella
unaliella parva
Chloro hyceac Dunaliella

143540.1

KP826905.1 Dinophysis acuta
MF716577.1 Ankistrodesmus sp.

% KX530454.1 Dunaliella salina

E= FUX 24 253

Phylogenetic tree (3)

CP006271.1 Synechococcus sp.
Cyanobacteria; Synechococcales

BX548175.1 Prochlorococcus marinus
Cyanobacteria; Synechococcales

CP018346.1 Prochlorococcus sp.

— Site2-Aug-C1
1

Fig. 6. Phylogenetic tree using MEGA (Neighbor-Joining Tree, Maximum Composite Likelihood) up to the top 5 species based on identity

(%).

Class
Chlorophyceae
DA

Sitel

D. fortii *D. acuta Leptolynghya sp>

A. clathrata

Site2

Fig. 7. Venn diagram of phytoplankton species detected from S. tenellus’ gut contents among sites and season (*: phytoplankton species de-

tected twice in repeats within the same season; N: no overlap species).

Aotel U L AT
! Az shio
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AN RE Thre] AZ 2§
A 247 7 % o
CLIPIER

DEERP
o Uthit 298 B, 22t 5 A
ALY A5ot 2247 QRGN A2E ABEYaE
o] BE A5 g A0 Mol 374 W 5
£ go|Ust 8ZF F2 HARE Hol

L AoE A,

2R Fa M4 A Mets B43] S8 A
¥ g AEY ABEYAE F59 FH oy

£ dictolojag o= AlZ3elich(Fig. 7). €% &5 (5
Z7}-Order Chlamydomonadales, Order Chaetopeltidales,
Ankistrodesmus sp.; g Z7F-Synechococcus sp.; SHEZ
Z-Dinophysis acuta)& £ A& 9 A-A FFHS
2 AEHN oW AN B AR HEEH AE
ZPIEL ZA5HK] Yol AAHoZ YuEs W AlF
ZHA Zpolof whet S. tenelluse] 78 44 dAF2 Aol
ASFS BHPGth XA 19 AL, 52719 Ankistrodesmus
sp. ¥ Chlamydomonadale Zo] £% AZHo] Z5 &2
2 HEHo Zx7}o] 7H RIWSHA A4
o2 EAENY. 8Hd= =&
27} (Order Chlamydomonadales, Order Tetrasporales,

Ankistrodesmus sp.) 2 2 U7 (Trachelomonas sp.)<

L u=
'C“'\L"I'I"Tr:L

Z& (Nitzschia palea), =

Y A0 Gt AEEYLLC] YA, o
L AL ol gstel AWA Y ASE BT Ao
Hl3) chopst

A 89l AEEZHIE T4 02 A

A vebd A dAskAT. & A4 7R ok &



Hol g H4ska ol wet 9] g2
BEYAE F ST F/he Row
AS w27, G2 U Sunzol

o]
o oH AEEFIE EFFS A wat
=

positive) @ |24l (false-negative)> S 4= Uttt & A+
o] B4 AT oot IHH ATt F FEE o,
IS FARRE B4 oA Ho gt 295 7] sl
Fo7F at=EH WHAHQ SHAANE HAe TeAol
A=t dA WEZF 1" A AR A- 1-8Y,
A 2-59)F dFe = 3 AEEA AN XH 19
8Y A BN = AEEFIEC] HEHA ¢ ¥4, A
A 29] 59 A BAAE Dunaliella?} HEE0] Yooz
asiett g AEEHIE T2 oE XA € AdY
ANao A A AEEHA @oron dulg EAoAE &
ZE|2] oottt webA o]et T A= AR 7F BXL
9 24 Y F9 edETE AN Zato|H o I E
9 Eold RZO=E Q% AR 4 dAE wdd
o}.
HH, A d 29 24 ¥+ R) B 11¥€ 247 W
£E AR (S3)AA= AEEE Wer FRAEHPJe Y
BLASTn W&ol Al A AE2EFTE0] A&EHA &
o} false-negative®™ WHHE| ATt B Ao A& Capillary
Sequencing #4& &3 SZ2H FAX 5 A7 A
F7IMEE Bt e e AEd= Yetal BLASTn
= 38 7 AR 5 sty g T2 §ASA
T}(Gibbs et al., 1989; NCBI Resource Coordinators, 2014).
olg|gt B4 EAZ AR Y tE TEY /AT FAl
TEHE °lF 93 (double-peak)?] TS =2 4 3l
1, AR R A AEY BEYXE Q3 o] ol Y
A 7HsAd 0] XSt (Hill et al., 2014).
2 dFodA= 247 fUEEY & ¥
I FAA B2 HE TS Ik A
o2 stk FEETIEY A AAY aF A
ASEFIE M2 BEo] EVlsdt A7t ge

g B dFoAE ozt dAHE Bastr] Qg &
| RS 1¢hste o ASstanh oebA AR F
o FAAEL TES At AEEA A0 A, Bt
AEE st e v dH n53 Aas

—

< FF AR E40A Ao o & HER AR5k

A A ekt & Ao A &85t capillary sequencing £4]
e 22 9 FES FAAE R ERdeS 53
sto] 0] 98] ERIS 12 tiitelA A 5 k= A
I vgHQ1 SHofA Feo] At F¥o] Jloy, V&
9 ARl S A Bt ZEe B4 gsty] )
Me F7HEQ A7 288 Ao wdtdrh

22 dstA 8= e AAHI7IAEEAH
(Next-generation sequencing)< HFoZ A9 H7]
MNE ARE 4S5 = PHOE BE NEZS DNA 4
71 g9 FhoR2 HHPE = capillary sequencingd} EE
Zh M|zo A et @Y 714 DNA €714 gol 42 =
dHom 27| g7 HE 7 FAAE 2F &
Qg 4= Qlt}(Reis-Filho, 2009; Kircher et al., 2010). =Uj
QoA o) F, P FAHFFE T vy Y TEES
R NGSE A83to AdEE= A7 A7 22
BIE 9JO v (Leray et al., 2013; Jo et al., 2020; Kou et
al., 2020), TEETIES WL 3 AF A= 7%
gk Aot ks 2 Aol AE3 HUEE E4
53t oF FAR AA A HHE 5= HYAIzk
z24d 59 8ol wet bttt FESHIE ERT
of Ago] 7t A2 AtrHTh HYH YUH-EENA
FARE FEZ Lol & dolA AHEE capillary
sequencing®] AMH EAS B3 Ztoln| Y AFAYS &
Q1et Flol NGSE &7 A&t ohefet A EHA 2
AETY A tRorolA F ok, A 34
9 ARl vlu F Hot Js JRE
©2 7} =th(Reis-Filho, 2009).

n2 ofd
tlo
4y 1
0, off

Kol
=

2

x .|°.|.

SEEGAE] AREYAES HEHoR HAsE
=40 B3t olshs <A HolAs Y B olFo
Fasith A HRE F ANEE 22 PHe &
Y AARE oz sl A8sHA g, 44

Sinocalanus tenellusS hHAFL

S 2335}t 272 A 9E o DNAZ A|ATE= b
2.5%2 3N ABE ZRA (oI RAUEE 5.4%)

o 223+ At} FRFE 23] AT H FAAE F=



Act. +2H FHAE 23S IRNAS FE310] AGE
A A3}t Capillary sequencing ¥4 23}, {49}
T+ 4 2747 AUEEoNA gt R (2% =
@R, R, SHERT), A x| &3}
=ETAEC] AEHNeH, AttaE W AJE3t ZHo]
2t Aolet BAFE Hloh A S 0|85t T4
S3IE 2F A9 B¢ F2%e] AT I, 5

AR} B4 (capillary sequencing) Z

NN« T TS O o | o SN T

2 N m e AN b omr B o o oh

49 §7 ol 4
2 wa7 gar 9 shHmzzel $Aste] tha 4
A% Uehith B A7l 4 A8 JUeE 24
st 9% fA% AA AAY PES SEE HA
A 5o Sl et okt FREYAE BF
Hgol 75 Ao ARt

MRS X (Aoldhstn 4a4R), @82 (38l
WP E), A4 (AN 24, B (Aol et
B @4, AN EAYEE 8- oUATE ATE

)

MR |I0IE AdAA: 43d, 284, 24 9 AF: A
A, 237, BHR, AL AAX, 232, 2AY, 4

A, Az A AA]
OfsHEHA & =&olle olsidA FES AA7F g+
HH| o] =82 2020W % AR (RS Yoz F

FATATE AYS Wot +4F 7| 2ATAL Y (NRE-
2020R1C1C1009066).
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