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A Protocol of Ludox Treatment for Physiological and Molecular Biological Research of Freshwater
Cyanobacteria. Keonhee Kim (0000-0002-5725-1447), Kyeong-eun Yoo' (0000-0002-2659-5466), Hye-in Ho' (0000-0003-
0749-531X), Chaehong Park (0000-0003-1080-0733), Hyunjin Kim? (0000-0001-5600-3655) and Soon-Jin Hwang"* (0000-
0001-7083-5036) (Human and Ecocare center, Konkuk University, Seoul 05029, Republic of Korea; 'Environmental Health
Science, Sanghuh Life Science College, Konkuk University, Seoul 05029, Republic of Korea; *Pyunghwa Engineering
Consultants, Gwanyang Doosan Venture Digm, Anyang-si, Gyeonggi-do 14056, Republic of Korea)

Abstract  Cyanobacterial resting cells, such as akinetes, are important seed cells for cyanobacteria’s early
development and bloom. Due to their importance, various methods have been attempted to isolate resting cells
present in the sediment. Ludox is a solution mainly used for cell separation in marine sediments, but finding an
accurate method for use in freshwater is difficult. This study compared the two most commonly used Ludox
methods (direct sediment treatment and sediment distilled water suspension treatment). Furthermore, we proposed
a highly efficient method for isolating cyanobacterial resting cells and eDNA amplification from freshwater
sediments. Most of the resting cells found in the sediment were akinete to the Nostocale and were similar to
those of Dolichospermum, Cylindrospermum, and Aphanizomenon. Twenty times more akinetes were found in
the conical tube column using the sediment that had no treatment than in the sample treated by suspending the
sediment in distilled water. Akinete separated through Ludox were mainly spread over the upper and lower layers
in the column rather than concentrated at a specific depth in the column layer. The mibC, Geo, and 16S rDNA
genes were successfully amplified using the sediment directly in the sample. However, the amplification products
of all genes were not found in the sample in which the sediment was suspended in distilled water. Therefore, 5
g to 10 g of sediment is used without pretreatment when isolating cyanobacterial resting cells from freshwater
sediment. Cell isolation and gene amplification efficiency are high when four times the volume of Ludox is
added. The Ludox treatment method presented in this study isolates cyanobacterial resting cells in freshwater
sediment, and the same efficiency may not appear in other biotas. Therefore, to apply Ludox to the separation of
other biotas, it is necessary to conduct a pre-experiment to determine the sediment pretreatment method and the
water layer where the target organism exists.
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2000; Kaplan-Levy et al., 2010). I3 o2 JFTEL
FHER (akinete) Tt ¥ ZAE AT olF F
o EH 2 230] AR AYAFS R 6jZTH (Yamamoto
and Nakahara, 2009; Suikkanen et al., 2010; Sukenik et al.,
2019). o]2fd FHEA= dF E27Y 27 DA F
a3 KA = Z-gsto] d2F A 7dez 4
Z Qlth(Sukenik ef al., 2019). o] 3t o]F=2 Y2 H &
A 719E 7R HAES ddez A7 3= 3
on, EHZo EAtE g2 7o FHAE BExol 9Ux
£ Hofsts AL d2F HA AR (hotspot) R HE
Fo ALALE wotste o T3 FRE AFsta ot
(Stéhl-Delbanco and Hansson, 2002).

F279 FHAZe 2Rz wEbA o FH
ot 2715 Ui ol HAEZREH E9317] SlsiA
L tjorst WPHES 88313 QITh(Thiel and Wolk, 1983;
Sukenik e al., 2007; Wood et al., 2021). G844 F
HEAE BEstE gjE2ZF Q0 BH S 2R panning method
(Matsuoka and Fukuyo, 2000)7} &2 dTLoflA ARSI
QT (Kang et al., 2008; Kim et al., 2014). Panning method
TRl AT H, 29 d&FolA T4
o2 FUEAE Beel Yoz 4
o] ZalT o] o RA] o] HEe] FUEA 27] <
ol wo] &= gitt. 312 panning method®] E4J4t
AFALY] AT wet FHER E2eg (yield)o] 2
Al Zpolupm], A A|7to] @2 Ae}7] wZol &4
A B ofggo] 2R3} (Kang er al., 2008). E3] YA}
7 e ME 2 FAE HHE] ol panning
mehtod 2§ ZFoA EHE YA} FHIAE FE3
22317] mj$ oJFr} ol meshE |83 FHER of
55 B Y 28 A7 A5 F7HA7IE 9L
2 Ag3te] L& 9 Wow A5k FUEAY Wole]
n|& 7bs/do] =t} Panning method®| A1 S 3|23}
I} §jF FdtEoko| A SPT (sodium polytungstate) A 2F
& AR FREA Belrh RAE o o 3 WL 3
Aol ZA3+%Th(Kang ez al., 2008). 7 A3+ wjw}ch
2% FH Y AokS SR =9 vl RFoF st=A,
sodium J# 22 Q3 GolA 2EA] BlFEA7E EA)
sh=d, M 27k AlFe = FAAA EAE & A

3] ge SAHel ZApshelc

A}

G #okoll A= ©]# 7 panning method®] ZA|H
< AR} v FAFE YA} (nano silica particle) A&
o Ludox 8912 o]§3tel SHEERY FUEAE B
g5t A7) AP Uk (De Jonge and Bouwman, 1977;
Bolch, 1997). Ludox &2 U (nano) 27|19 H#4Y4A}
(silica particle)7} S 29]Z= (colloid) FEH|Z &A|3t= &
HogH fFEFIE N2 A &4 off EF=2
E Al oeo] FzlEjo] nlF 2to]E LT (Burgess,
2001). o]t HlF Aol EHAE EAsts FHEAL
Aot BAHE AAE aF o s B £ gloy o
£ &3 meshE ©]-&3 A5 o 28F= AIgE
o] 24 a2 4= Slth. Ludox &HZ o] &3t EFAE
29 B2 At 8" AAE o] EAsHA| &
on EHEE AR AMSte AT HHES SRS
4 nAgHo|| HEsto] AESt= T 7HA| HHoE A
TFEH 1t} (De Jonge and Bouwman, 1977; Zhao et al., 2012;
Legrand et al., 2017). ©]&3t T 7}A] 5 QoA ojAF Al

9 A E Az " 1AEHS HTFstAY
HEYE 23] ol AFst= AT F2 ot Yol
7}tk (Xu et al., 2010; Briski et al., 2013). o] X H G
70 HHBN JFUE Y25 FUEAS Held)
7| 9190 Ludox $94& 8T AT Al o v]v]ahe),
HHog AEZHIE AZE EEste A9 Ludox
HE ATt AHE7E ok B So] 71E9 sigFEE
2-83t Ludox &4 A2|¥ 4% ¢ sjged< 1
oA FREA ol2lo] 25 % SAUBET A
€ 23] A o] diFEolth (Schwinghamer,
1981; Ichinomiya et al., 2004; Du et al., 2009). ©|2 <I3]
3 Y8 EAtts dFEE E2FY FHEA
2o AH AEs7)= of7 e, ojef T WO
=2 a%E ST 5 itk

wepd 2 ATE 7 Bol SEEE T /4 Ludox &
o Aol W (3R4 B EE AWRDE w0

=
=]

ot N o

iy

Horoth 2 o L

2 7o s BB dxs WAl /19 R A4 A7S
S0A o), FEEA B 9 497 ZERE] ¥
£ Ludox A& AN}

ERTETE
1. E[XE i
HEE2 24 wA9 HEE +9(36°2220"N, 127°29'

18"E)°ll Al core sampler (Uwitec, Austria)E ©]-&3}4 F
A} E|ZE (sediment core)E $Z o2 A3+ Core
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sampler= T E A&
o A4z utsiga A z
of w2t stk 22E HH=2 100mL ZFEd
Azl gob &4 A7HA] B Adt oA e

Fatach AYE HHE oA FHER Ax7} 7 @

o] (1,964 cells g ") WA A BE AAst] 2 AF /‘]'

&3t

0_1..

2. Ludox X{2|diH A

( XIx '.ll'.l_l)

ARolA AAE FHHES & =3 F

R2 ™ 50 mL conical tube®]] A4 B Ludox HS-40
(Sigmaaldrich, USA)<& 20 mL F7}s8l% ot B4
conical tubeE vortex|A] 58 F<t M st A2 &
33t H 2,000rpm £ 2 158 5o AR5 o
A& 29 conical tubes ZHAFA AW H EF 4mLY
Aed 51 10mLE e Eestglon FHEAL
o 22 B&< 53] A3f conical tube 3HE2] E =

5= spatularg °]&sto] FoWnh °ol&& 47 10
um =9 sieveZ G257 MEZE ET35Hth(Fig. 1a). Al
3zo] Eol9E LudoxES A3 A A3} T]‘ﬂ 32 F7T
2 33] o] AAEA. SieveZ BT FE2F AIEE I
3t7] Y3l 3% SRS 10mLE F-83F H 7"&1 #7249
(amber vial)ol] B3I F2F AEZY {FH%} 252
Ludox® ZX g " 10mLE GF/F o1} (Whatman, UK)
Z B3t en gordlE & U= LudoxE &3] AlA
st7] 18 32 SR 5mLE 33 o) FYUsk] AlA st
et

3. Ludox x{2|thH B (E84 SiEH

oA AFE HHES F TF T, 52 AFoo
conical tube®] &A EUth EHEF 28] F3] (10 mL)
7 g 3% FRSE AN 22 v A AERE F
Al vortexsto] EAES dEStGiTH dE
mL9| LudoxE H7}sti A ?ﬂﬁlt‘“ﬂ# YT Yo
vortex®} A4EE BHE AX ¥, conical tubed] EF
mLE #3lez gsgtt U A 359 30mLE 10
mLA 37| Uieo] mslog Fejst¢ltt(Fig. 1b). E£3F
FHEAS £ A& 7o57] 918) conical tube dhk
9] ElFE 52 FoHAH ©]& 10 um F= (pore size)
9] sieveZ AU o] =27 MEZE EstAch A A=
Hil FU3H sieveet AlZo] Eo]9)E= LudoxE 32 &

T2 AFsHeH sieveo] Holdle 2R AlZE 3

(am

=
A ZR42 4T 5 2H X2 amber via)o] A 27

NS - 23T - Bzl
(@) (b)
]‘ 1
— ©~1 cm)
L Upper layer
®----<4mL

a0 (1~35 cm)
Lower layer(1)
2@ ----210 mL

(3.5~7.0 cm)
Lower layer(2)
25.““"10 mL

30

(0.0~1.0 cm)

8

Upper layer
— (7.0~10.5 cm)
2@ -4 mL 20 Lower layer(3)
(1.0~3.5 cm) —_
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15 Lower layer 15 r 10 mL

®-----210mL =
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N ' ! ’ l ' ‘ ‘ | A Treatment §
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|| B Treatment

@ ~--sPellet (Sediment) e----==@

Fig. 1. Sampling layer of the conical tube water column in each
Ludox treatments. (a) Sediment directly mixed with Ludox (A
treatment), (b) Sediment dilluted by distilled water before mixed
with Ludox (B treatment).

shoith Yx R AE $4% 222 93 oj3t HAHE A
A $U o2 Sy,

4. 227 MZEAS

Ludox& &3 23" &=

400X W& A4St FUER AEE Tzko] 24
S WeAt BE A9A Yk B, Tzl LA
u o] dsu AAH P AE, WZo] LASA T
o] ulojgli AE, 5zto] el AE7} Wobd Hlojgl
L AE AZ 2919 Tizke] B sheE AE
£ BE A5ttt Fig. 2). FUEA o]0l = F2F Al

27h AR Zste] Attt 92 F FHEA}
Az 23 (Park, 2018)9 4 A|A|SH FHEZAF A|xo] 3
7| FFR-AIR o] Blg)o] mEkA & sEolA S5
onj, FHEZ 0] NEE T 7| R F 74
A A8 Jun, 1993; Park, 2012a, b).

5.DNAF= U =

J

% 714 Ludox A& #}4E& 53| ¢47 mm GF/F 9T}
(Whatman, UK)o]| {3} 555 G257 A2 DNAE= ¢
£ eDNA 3}3]o A A Agt DNA &9l ok 3
23}ttt (Minamoto er al., 2021). F£&0] 4EH AR
B X357 A7FA] 2AL WS (deep freezer, —80°C)°ﬂ

YFEASAT Ludox A7 W & 27 16S

2::
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Fig. 2. Cyanobacterial akinete cells to be counted in this study (a) Normal cells. (b) The shell is intact, but the inside is partially empty. (c)
The shell is intact, but completely empty inside. (d) The shell is open and the inside is empty. (e) The inside of the cell is empty and the
shell is transformed. (f) The inside of the cell is empty and part of the shell is missing.

Table 1. Primers sequences and amplification information for target gene in this study

Melting

Amplicon

Primer Sequences (5'-3") temp Cycle (bp) Target gene Reference

3139F CTAGACCMATGCGGGTTTTA '
53°C 40 569 Geosmin synthease ., 0/ 1 2014

3708R CCATTCTTTRGAATGMTT gene (geo)

ibC300F  TGTTACGCCACCTTCTCTATGTT i
i 62°C 35 300 2-MIB cyclase Kim et al., 2020
mibC300R  CAATCTGTAGCACCATGTTGA gene (mic)
Cya359F GGGGAATYTTCCGCAATGGG i

va 60°C 30 446 165 ribosomal DNA  Nelian et al., 1999
cya781R(a)  GACTACTGGGGTATCTAATCCCATT Niibel ef al., 1997

1DNA B4 B|wst7] 98] PCR S5 353k A
Holl AH&E Primer T/ &4 272 Table 13 2t
(Niibel et al., 1997; Neilan et al., 1999; Tsao et al., 2014,
Kim et al., 2020). PCR 5% Thermal cycler (A300,
LongGene, China)g o]-§3t] 43519100, 2Z5 PCR
(Polymerase Chain Reaction) AH&-2 E-gel™ Power Snap
electrophoresis system (Thermo Fisher Scientific, USA)<
AH&8Ee] 2% agarose gelolAl A7 95S AT £
E-gel™ Power Snap Camera (Thermo Fisher Scientific,
USA)Z §37 $F oAF 9 SFAEY 3718 &3t
ot A7]1%9% A= Image J (ver. 1.53t, NIH, USA) T2
IHE o] &3t M7 gF AR 225 E amplicon band 2]

A A" (color information)S EA5}gon, o] 7|Hto g2
5 7FA Ludox A& ¥ mE A2 FZ2EL v

shert.

oy

2 Tt
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Fig. 3. The morphotype of akinete observed in this study. Classified into 3 morphotypes. Only 2 cells of morphotype C cells were found in
all samples. ‘Doli’ means Dolichospermum spp., ‘Aph’ means Aphanizomenon spp., ‘Cyli’ means Cylindrospermum spp.

O] FAAMZ7L WotElo] ARl HZAAZEN A 3
7} Morphotype (FH)o2 E7FT 4= At (Fig. 3a).
Morphotype A2l A Zo]&= 17.8~21.9 umo|H, &
< 159~21.6 umZ FFof| 77t FHE e it
Morphotype B&} C AlZ&= o] 77h JFEEHN 2
o|e} Z9] vjg&2 Z+z 1.99} 252 Zol7t FHh 4Gl
t}. Morphotype B A|Z 9] Zo]9} Z2 13.5~37.6 um<}
8.1~18.6 um©] 1 2™ Morphotype C A|3E£2] ZAo|Q} Z2o
23.4~27.1 um&} 10.2~10.4 umZ Morphotype B Al| 3£ 2}
Morphotype C A|EZ& FE|Z 2 A3 Zo]7} FARIR LS
U A|3Ee] -2 Morphotype B A|EZ7} C H|ZEt} 28] 7}
7to] Z ek T Morphotype A9t Bi= A|329] & 219
FUAEZ AAF7 AnjF e g B BEEH= v
Morphotype Ci= & €] Wi 5 FEHE HEH
ek

LudoxE ©|-&sto] 28 FHEZA A2 Fe+= crum-
ble (A 12X AY &) 4] gtk F 719 A
T RFoAN FUT FFY MxESo] AHEHNCH theF

3 2SO €Al dFEE 2R FHEA AEZ 2
7] H$jol 3= At (Park, 2018; Li et al., 2000) (Fig. 3a,
b). Morphotype A®} B N|Z2= B Dolichospermum<:2)
FHxZA =27] Lo ZE e, dojo & vl& (L/W
ratio) T3t Dolichospermum® FHER} AEZ 0] Hejo| E
= YTt} Morphotype C NIZ= Dolichospermum 5t o}
Y&t Cylindrospermopsis®}t Aphanizomenon®| &HEXA}
Az =27] 9 L/W ratio Heloll ZFEUCE FFolA &
A€ AZAE FolA A2 3 & FER7F FAUAY
EA8A] G MEZ7F o4 2Rk ol A Aol

A AZ7F FEH A7 Bk FHEAT} dolshs 11
ANA HzA 7L gl o A2 9 vortex ¥ 9
£ PR QA Nx EdirL £l AR ud
H o} (Goldberg, 2008; Dong et al., 2023).

2. Ludox Al2tHH0)| [}2 E|ME HXEME 22| 52
H|:
LudoxE 23 AZ3HA HWH) A2 ZA A= 3714

Morphotype®] FHEZA} A7} 2F SAFGon, Ht
1,695 cells g' 0.2 =X EE] ALARAM1,964+
804 cells g )&}t AR AZUEE Q1T 4= 91T} (Fig.
4a). A A FY A4S 4mLoA F 869 cells mL™'9] FH
ZA7F 2R e, 5159 10mLAlA % o]¢} FAFg
861 cells g '9] FHEA7} ZA)5+Act HA 2 3129 F
Az gHoAE THER A E7 BrAE R &gt o]
ot o2 deE A Eo) LudoxE A= gH(B A 2LH)
A 2lZol A= 270 Morphotype M Z7F TAE Qo
= 1,033 cells g ' 22 APy ARCTE Q| ZYE7}L dolct
(Fig. 4b). 45 4mLoA FHEZA NEZ= DA 5 cells
g ' Ao, 3129 10mLoA oF 147 cells g ' &
2 AAYTHY B wegS o AEY=s oF 7o) W%
t}. 3FA] 9k tube B2 pellet& 2 ZA31= EZ & E350|
A BF 880cells g9 FHEA NE7} ZA)5tGoH o
B Aol A HAE FHEALY] oF 85%2 HiEE
o] #Foz EeHA ¢ EAHZ dotglof HF«M =
A FUEE «lﬂlﬂt} B S HEagS o =3
oA TAYE FHEAE HEE 31 (Low layer(])) 10

—
.
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Fig. 4. Distribution of akinete cells in the water column layer and the sediment pellet surface layer according to the Ludox treatment meth-
od. (a) Sediment directly mixed with Ludox (A treatment), (b) Sediment dilluted by distilled water before mixed with Ludox (B treatment).

mLo|| EA5t¢ o o]Q|o] =FolA FHER} Aﬂa‘—ﬁ—
A=A ok E3 B Ao 302 Bie &
HER} A2 tiFgo] FEA|Z} ‘Q"hﬁ‘lﬂ‘% 8RS
GAAMETF APEEE] voQl= DA ZH o, YR F
FH T} ZASH FHEA AEE hRE EHE pellet
ol Al AAE Ut 313 (Low layer (1), (2))9] 20 mLoJ A &
W22 A Z7F DAE 2] okokot R Th(Platelets) FE|
o] EFUATL o 2R ol EF U= A
£ 50 pm, ZAE 350 pm7tA] oR- ThFet 2712 EA 8t

Fom 3.5cmEh Ao A= AR gttt

Ludox& o|&3F ot B 5 FolA g HA=S
£ LudoxE &3 EdAA= 45 1~2mLo ‘:H-r
Y HAREF AZ7E 245t 2w

ot m.ﬁ&

ﬂlI

_I_4

2 golEgc (Xu
et al., 2010). JFEHZ9] AZF( nematod) 257 9
3 LudoxE A& AHEEE oA Z AS5F 2.5 cmolA

Fx5o] 9= AL 8¢5t th(De Jonge and Bouwman,
1977). skARE 2 AAoA A Ao FHER A=
}‘:0_111 ok ol g} oA = AL g on AS o =

TUbE stSolA=E A5G B A2 ZolA =
WLo W2 2 % 10mLoIAE FREZA} T
At} ©]5 50 mL conical tube 7|22 Zlo|Z FHALS}
}Z0] | cmol| 2R} AZU=eF 17 "ol 2.5cmo]
£ AZEE7} fARE A28 FHEZA7E 248
L= & 35cmo|th é—, LudoxZ 20 mL 7}
o] pellet FlHES A &3t =3 &

stk A5 AAH uloNE R 4

0

¢

o o rfr Mo fE i ok 3“:

ol

16S rDNA mibC gys .
1o sy U L
—_— u L =
500bp U L —
11,613 18,740 ./ / an
pixel pixel ——
5,647 565
- pixel pixel

Fig. 5. Comparison of gene amplification rate according to Ludox
treatment method (A treatment method). Amplicon of all genes
was not found in samples using B treatment method. ‘U’ means
upper layer, and ‘L’ means lower layer. The pixel numbers under
the electrophoresis bands are Image J analysis values.

ASHEE Yulst7| ok sHEY pelletd} FEEE 4
AAE 9Ju|gc} (Oxford, 1989). E A0 ZEZgT
FHo}(dormant stage)E EEot= AN ME A5
AHESE o A5 HAREE whetof (decanted) AHE-
S} t} (Briski ez al., 2013). B Ao A& 43 3.5cmiE
o} ot o 3 (3.5~10.5 cm)ollA= FHEA AlZ7F A
& HAER] Fokon sigte] wo|Eato| E (Beidellite
platelets) 22 FAH == EFAAEC] =] AdAh

=)
o
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Prepare 5 g of Sediment

Ludox reagent is added 4 times
the sediment volume

Y

Vortexing under most
powerful to 5 min.

Centrifugation in
3,000 rpm and 5 min

Y

Separation 13 mL of
supernatant by pipette

Y
Cyanobacterial cell
separation
using a sieve (2 10 ym)

A

Repeat the washing process until the
distilled water passed through the
sieve is transparent

Washing over three times
using DDW

Harvesting cells using DDW twice
the volume of sediment

{Filtering and extract intracellualr eDNA
Analysis of morphological characteristic
Fig. 6. Protocol of ludox treatments for cyanobacterial resting cells
(or akinete) in freshwater sediment.

A

Separated cyanobacterial

cell is stored in an amber
vial and refrigerated.

(Bergaya and Lagaly, 2013; Landman et al., 2014). ©}2hA]
Ludox® %3] S28e|4] Hel8 AEES conical wbe
459 EF HolodA nErg EAr] Hus A4S
0.0~3.5cm #313 Zo] YA B2tz AL = wH

Atk A HFYHE §
16S rDNA 73 A+e} 2-MIB A4 4R (mibC)e 5=
Abee] EAEReH B AEe T3 28 A=
Me FA3% S24E0] A8 HEHA Fdth(Fig. 5). F
A2 ZFo A Geosmin A A= SHEA 3k
th LudoxE 23 A3t A A2 F33 545 257

oA GER] 168 DNA $AAF ZEAZo0] PRE YO
o 5 559 AR SEFF Aole 1.6¥= 35T

oA o &Stk vhd| mibC GAAE F2 4mLo A3
dol| A FE&o] 53] o wheH 5 AR A%
SEFI vlustge o oF 10819 2 2ol & vEhi it

X

b=

N
ol
gal
Ofor

oleist Hewuel e fH% FE Holk
o FUEA A YE Ffol7} FaF Ao B
],

we
ceth £33 B Aoz EeE F4 Az o] of
o] B HISN: S Ul FA
ZA)5h= Z 29} H|wEFHS W intracellualr eDNA+

A4 %‘—Xﬁﬁm et olgg Aol HE Ato]9 RA
Zpol7h dRlo 2 wekEth AAAHQ FHEA NEE H
417171 913l A= Ludox 9] H|F(1.31)°] BAstA|Rt F
HES destA H7HE /42 <18 Ludox7} 345
AoH ol vFo ag U AR Aok HY
E27E 298 #3504 279 16S DNA= 3 A
Aol Eazgt vhdo] F2F2] 2-MIB 4 #3A= 4mL
Al—zwoﬂk] q} _E'__o] l‘ﬂ__,_ 1:]- o]E_ Esﬂ E]x%zloﬂ =
A= 2-MIB 3H4 Y28 THEA} A2 th=2A A
3 4mLo| HFEo] EXst= AR wdd = QUth &
3k B Aol EAstE thFe] wo]Egto] Ex(Beidellite
platelets)& At/ e ol A E ] nano 27| = EA AT,
Ludox®] t#&Y=7}F 2k wolEeto| EdrE} A s}
ZAA = 50 umF-E] ZA 1= 350um oA 2 27|17} F7}s5t
A =t} (Landman er al., 2014). |2 <18} GF/FE o|-&3t
eDNA o3} B oA o2 8] HAfdLS LS = 3
< B0k ofy e} o] EX5h= DNAE F&ste 4483
7FA| AL Q17] wjZofl eDNA & & (Yield)= HaAl7]+=
ddo=z A 4= Atk (Burgess, 2001). A A2 F A=
FZoA HolEgto| Edto] WAE oY B A} H

Bolsie ) 2717k A WA B A4} Aol o
B53 @ DNA 22 750l 2 4 vAA g Ao
= wekEr

A A X]SHO]'%‘\E]' 2 é_] 75-‘—}§ s
&°| 7P¥ £& Ludox AHEHE oh5 3 2t ©
FE5tA] g2 EHAE 5~10 g 50 mL conical tubeol] &
=t} @ LudoxZE 20~40 mL A7}5tch ojuf ® A Ey}
Ludox Z7}F2] Bl &2 1:4 ¥]&E {A3ch ® Ludoxt
E|AES vortexE 5 min F¢F £33t} o] IA oA =7
7t 2 HA3E AT ZA 2= EHE] F2FE o] 8l
= FHEA AZ7F oA oA "ot @ £3E E3

< 3,000 rpmof A 58 F2t AAEETT o] T A
H|E Zpolo] W F(layer)©] FAHHIL, FHEA= 5



71 &= 50 mL conical
'r] g o] &3l A= 13
XE_,EH 2 waljo] (decanting) ¥

= o|-g3to] & Pelletd 7
=87 on 2AAES —EE]UPE} wFef 2-MIB 9 W=
FE Ao o £3 ARG 45 4mLiks
AHga e BEpsitt 6 Bl o2 Baldt 4252 sieve (pore

of AlZo) Zojlt LudoxE 33 o4 MAUTE. Sieves]
FUZA AZE AHSUA sieved B35HE TR

S fj7tA] AFR @ AlAE 423 § 10~20mL
2 Agsle] ZXMA| R Y (amber vial)ol] He=t) ALFS
EZAEgFo 2u)E 7|02 Aot}

Ludox= @& 2S04 HAE EAst= ge A
E5S #a5] s ARt jlon AEFERE A
Wio] o Bt ofzt FUS BEL elA=E A
ol Zpo|7} ZA gt} £ Ludox AHE EAof whaha A
2] 9] mlAgE Zol7t 2T ¢ lon ol AYZ
Tof| FFE v = Utk QR Hor FEETIAE F
Hol Ba Yo E A5HS wehfo] (decanting) £
gatglon ol AEZE Fol= A EAVE HA g=
t}. 1R 9t 38 AR} (eDNA)S EA5l= B oA E

A& Pellet £ 39 stdto] EAste Hlo|Ego|ER
(Beidellite platelets)©] FUE H¢ SHFAA =5 &

(yield)& #aAZ 4= 7] W2 o] vl FsfoF et &
AFolA AASHE Ludox A2 FEAS] 4
st 2R AlZ2Ee 2935, oj59 RS #4st
7] A RN FEEFIECIU HARFR 2ol
OE Aedolde 4 22ago] YeuA ge
Atk wEhA g e 22E 8 LudoxE 289
7l fsiM= Aol BdE AAE] B " giddEel &

Ashe +5& sorst ALAAGe] WEA] P ash,

tal
0]

= 9E2FY FEAEs 9279 27T
oo A%t NSA ol o2 FRAJCR
3o EAsks FHEAEZE 23] A o
9] A=t LudoxE HFEHHES] NZE
F2 BEHE Yol Frobe Bt AN
2 dFolNE 7HE ®ol AHgE= 7
7FA] Ludox Ho‘ﬂ(ﬂ@ A¥A, HHw SHT A
2= Hlasta, g 5];‘4:'0“*“] H2F FUAEZe 2
2 # FAA FF 280 2 e Adsiid. HA

28t Ludox XM2|H 101

=olA THE FHAZE diFE EFEEY FHEAR
A Dolichospermum, Cylindrospermum, Aphanizomenon<2]
FREA Yejo} fAEIAT HABE FR40] Aesio]
A Amnch H42 I)2 A48 A=A 204 o
W FREAT} HAHYOH FRSE W HE 2o
A B ER) e AT TR pellet B2 E EZo]4
TAHG LudoxE F31 3 HelE FAZAE 539
E4 doloA 27| Hrhs F2 45T st5ol 94
HAUA T HH =S T2 ARERE AR mibC, Geo,
16S rDNA 442} BE FZAEO] EMH"* ou HAE
ZR42 AU AR BE $AR FZHE
o] WAL otrh Wt B HHEN 2R F
HAZE EEshs Afole 5~10¢9 HAES AA
glo] a2 ARgste, B A= 48] 739 LudoxE A
7tg o AlE 22 9 A% SF aeo] st B 4
FollA AAISHE Ludox A2 G4E 250 EA5t
© 927 FUAEE 28] A BHeEN e A
=M FLT B0 YA &S o Ut mhEbA
o2 A= 22 LudoxE 3&37] AsiA= H4=
X2 B d el EASe 35S Tfste A
AAY o] =A] Fasi

MRS A48 (AFHetn A4S A Bsthet Fade
A MY FEATIE), H7L (AL A3
sarder BRuABEY A7), B8 (AT e
s e aksto st 84 R ATS Y AATE), BHE (A
st A4S\ AERest FRAN AN s
T34, AR (FAA BEAAYoIY £HATY), T
A (AFHeE A5 ATt AR A 34

M= Adad: A28, Ferl Pie: 128 &
AT, 3L, 2, Anid
o] s

|

mlo

38, 22 A2AT: HAS
A4 AR, ATAE: PAF, Ferl, AR Gz,
29, A7 25 327, 284

OaHEtA| o] =&+ olaiTA =< AA7t ¢l
H7H| 2 A+ S AEAE7IEYY A" A A%
A BH 7|& erAr 9l ‘-%lidﬂ 9]x]7]¥F USBL ROV 2
S 243 s &5 HYE £4 Ve A 3A
o 93l 3= & th (2022003040003).
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