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Efficiency of Density Gradient Centrifugation Method (Ludox method) Based on eDNA for the Analysis of
Harmful Algal Bloom Potential. Kyeong-Eun Yoo (0000-0002-2659-5466), Hye-In Ho (0000-0003-0749-531X), Hyunjin
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of Korea; 'Human & Eco Care Center, Konkuk University, Seoul 05029, Republic of Korea; *Pyunghwa Engineering
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Abstract Environmental DNA (eDNA) can exist in both intracellular and extracellular forms in natural
ecosystems. When targeting harmful cyanobacteria, extracellular eDNA indicates the presence of traces of
cyanobacteria, while intracellular eDNA indicates the potential for cyanobacteria to occur. However, identifying
the “actual” potential for harmful cyanobacteria to occur is difficult using the existing sediment eDNA analysis
method, which uses silica beads and cannot distinguish between these two forms of eDNA. This study analyzes
the applicability of a density gradient centrifugation method (Ludox method) that can selectively analyze
intracellular eDNA in sediment to overcome the limitations of conventional sediment eDNA analysis. PCR
was used to amplify the extracted eDNA based on the two different methods, and the relative amount of gene
amplification was compared using electrophoresis and Image J application. While the conventional bead beating
method uses sediment as it is to extract eDNA, it is unknown whether the mic gene amplified from eDNA exists in
the cyanobacterial cell or only outside of the cell. However, since the Ludox method concentrates the intracellular
eDNA of the sediment through filtration and density gradient, only the mic gene present in the cyanobacteria cells
could be amplified. Furthermore, the bead beating method can analyze up to 1 g of sediment at a time, whereas
the Ludox method can analyze 5 g to 30 g at a time. This gram of sediments makes it possible to search for even a
small amount of mic gene that cannot be searched by conventional bead beating method. In this study, the Ludox
method secured sufficient intracellular gene concentration and clearly distinguished intracellular and extracellular
eDNA, enabling more accurate and detailed potential analysis. By using the Ludox method for environmental
RNA expression and next-generation sequencing (NGS) of harmful cyanobacteria in the sediment, it will be
possible to analyze the potential more realistically.
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M =
37 S5-A A} (environmental DNA; eDNA)= Eo|u E
oF, t7] 59 37 Fof EE3}= AE WH (intracellular)
2 Q] H (extracellular)?] DNAS £A31H, 7|4 © 1
AES A £Y3tA g1 g 84 (&, B35, A)
S 2HE 23 AES FAHARE 9 u|dtt) (Ficetola et

al., 2008). eDNAE H& RAMHY 2 A} AJ7F 283
2 A=Y A 29 AL &4 o & ZA
o] EAste] thekgt EofollA & \A o] &=
< G279 2EYUEY AFolA I Z8skar )l (Portt
et al., 2006; Sigsgaard et al., 2015; Harper ef al., 2019). &
3] US EPAE= $%29] eDNAE o] &3}o] Al
A F4o)| A microcysting EZ 3 FZE 4 (cyanotoxin)
Fd g=7 % olFv] =4 (odor material) S st o
2579 WS mUE 3 Ut (Creer et al., 2016; Beng
and Corlett, 2020). E3F Eo|A = ThF3t A4 o] A
A8t microcystis®] EUE oA eDNAE 285}
microcystin BFA) 2| Ad-E whe}dlal ¢lth(Shin and Cho,
1997; Zhang et al., 2022).

gAY A EAstE X279 eDNAE H2FH
o HEAE T ity EHEE AAH =23
(Sassoubre et al., 2016). 272 2T} HA AlE UF
eDNA (intracellular eDNA) FEH 2 $& 9 g2 2o ZX
SHA EHa MxZE Ee AEZY 5o H3E dton oW
AIZE o] EAg) o] 2R diidS AAH
intracellular eDNAZ}F §23] $7FsHA =i, o]& A|x7}
e 3tEfo] AbESHEA A2 o] EA 3= eDNA= Al
E gloZ SZ(lysis)H W AME 2F eDNA (extracellular
eDNA)E WA "}t Alx Q79 &Aoo =& extra-
cellular eDNAE oheFet 34 =24 (B, ALA, =&, &
Hlzjo} 5102 Aa) BAtel A4 aE 4 Yok, w
92 AF, 2o, HE Te)w o] gl s12e) g
of &A5te] ZFAIZE extracellular eDNA FE|Z Ao &
A 4= th(Corinaldesi et al., 2005; Ceccherini et al.,
2007). WetA o]& &8It EAFo| EAsts 2R
O FHAlZ W GPHNEZE apFor FNT 5 glon
gzse B4 7|10 A7k o U SR HRE A
8 4~ 9lth(Bohmann et al., 2014).

A EHEY eDNAE FE3h= 7Y gubA gl WAl
TAHE wAlFEE 083 294 54 £ (silica bead
beating method)©] Tk (Mustafa et al., 2017). 3}X|9k o]23dt
=294 34 292 HAZA fald2FY S

B A3} o] 9o A] intracellular eDNAQ} extracellular eDNA
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o FHE FEY 5 e BAF EARH. 53] E=x
Fo T A =Hol| A extracellular eDNA FEj= A
A& Aol obd, 7H A4 (fake potential) 2= A
Nxzo] AE ARE A5t & 5= 7] w2l A
< T 7} (bluffing potential) & 4= Ut wakA o] & 3
Ast7] YA+ E A S| £A5F= intracellular eDNAS
N oz 238 2 9 Axa] WS uhc x| 283
oF gt} (Turner et al., 2014).

2 aTE N3] 24 YE2F Y BhEe 2
A et ATLE Y3 v AlFA2 YA (nano-silica parti-
cle)®] Ludox &2 ©]-&3t =) U4l&2 (Ludox
method)S 7]&9] 2|3 %24 (silica bead beating met-
hod)¥} ¥ W3} H, o]& 53| Ludox method®] &-&7}
SAE shorst sk

Mz A UH

1. ZAX|HE
B 24 9ER o] 32 Uehts B34 4
o Jamet 374+ YHEE PO 2017~2022

A 59 2FAFRAL} £ASHYAAN Anabaena 49 &
25771 S-Sk A”S AAQste] 20229 7~9€Y Ateld
170 71222 EFE QPAL AA T AR AL Z¢
S 3P F /1Y AFLR AT oA= & )
FAHNY YFFLCWWT), FAHEFTFIGS), 2
¥ (UAD) A& ARt en, didsoA e &9 Ao
FOM), 5 HFHLDO), A3HH D) AFoz A
sk ich(Fig. ).

2. E|¥= Ay

B A& core sampler (Uwitec, Austria)S ©]-83}o] &
oA 2 o2 YT} Core sampler2 2|2 &4
Wk (oF 4°C) 2L A AP vtels)
|
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1P A4 5cm 7HE 02 Zo|o what Eastglt.
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2 EHEL 100mL Z2jogd A|ZH o] go} B4
7HA] A& Apghet Aol WA Bkt

3. 22|™ 52 E2|%H(Silica Bead Beating method:
SBB method)

Silica bead beating method (SBB method)= T3 Z&
< Yo £PHUY. &tE A E 0.5 g2 FF5H

2mL silica bead tubeo]] &4 B2 &, 10 52t vortexing
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Fig. 1. Study area and sites of sediment sampling (red circles) (A: Uiam Reservoir, B: Daechung Reservoir). The black square indicates
Chuncheon Sewage Treatment Plant (CWWT) located in the Uiam Reservoir watershed and the black square indicates intake towers in the
Daechung Reservoir watershed. CWWT: the outlet of the sewage treatment plant, KJS: Junction of the Gongji stream, UAD: Uiam dam,
DM: Munui intake tower, DC: Chudong intake tower, DS: Seohwa stream.

< 5 293 FALE HAER AlZ dAE B4
713, Aol AZE safstict EF g E2E Al
Z 9 DNA %8 FastDNA™ SPIN Kit for Soil (MP
biomedicals, USA)E ©]&3}o] &3t & (Mustafa et al.,
2017), A2 Y531 (deep freezer, —80°C) A H 25}
ot 2 A¥o| A= Ludox method?} H|3}7] 3] 5¢9
HHEZ 0.5g% 107019 conical tubeo]] WFo] GokoH
el BAE 7129 SBB method?] el WHE |20 =
shsact.

4, U 7Y AE2]H (Ludox method)

Ludox method= EZHE2 A5t conical tube] <

Fo 3 [udox-£N (Ludox® HS-40, Grace, USA)E 9]
L3t EF =0 NEE 223 § 229 A2 DNAE
S0t R OE APstglom WS ot 2o &
e E|AE 5g& A B conical tubed] EAE &7
9] 60%2] Ludox ML A7} & 2000G £==Z 158 &
ol YAEZIHL) o]F A5 25 mLE pore size 100
um<} 50 ume] Sieve (LABALPHA, USA)E ©]-&3] size
fractiond}F I, OS2 20 ume] sieveZ T3} A
ZE £33 H, ¢ 47 mm GF/F J3}X] (Whatman, UK)Z2
o1} FE3th Ao FFHE A|EZY DNAE &
eDNA 38t3]of A AAIGE Wof] weba] & F(Miya and
sado, 2019), A2 Y51l (deep freezer, —80°C)o| A X

T _l)l,

gt 2 A AL 7129 SBB method9} H] 3}
Aol HHEY §FL 05g3 5g02 FEIIPOH A
2] 342 Ludox methodE 7]|E 22 3}t

5.PCR&Z

EHE AAE Hyo o EHF9 dXF DNA &
S vlwstz] 98 16S rDNA AR, mic +AAE
A2 PCR TEL Yottt Aol AHE-E primer F
F¢} primerd] 84 =72 Table 13} 2t} (Niibel et al.,
1997; Tsao et al., 2014; Kim et al., 2020b). A& o] AL-&-%
primer= 100 pmol ¥ =2 Al 5% 2™ (Macrogen Co.,
Korea), 10 pmol =2 3|43} AME31¥th PCR 5%
2 Gradient thermal cycler (A300, LongGene, China)< ©]
43to] 3stg o, FZEH PCR AHE2 Dyne Loading
Star (DYNEBIO, Korea)?} £33t H, 2% agarose gel | A]
308 <t 7] %% (MINI-ES, Allsheng, China)3} it} A
719 %0] TY agarose gel > YAloll A UV transilluminator
(WUV-M10, DAIHAN Scientific, Korea)2] z}2]4-& E3|
ZAFe] A2 7] (EOS650D, Canon, Japan)2 #9352
o fAZ % of 4 FZd 4= 2715 sk
ct. Z9 5 agarose gel Ao A Image J (Java 1.8.0, NIH,
USA)E o] &3ste SF A=Y pixel b2 sk, 2+
FE A=Y pixel g2 Blwsto] Gl FE5F (relative

amplification)2 &5+t
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Table 1. Information of primer sequences and target gene used in this study.

. ' ar Melting Amplicon

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

ibC300F TGTTACGCCACCTTCTCTATGTT
n 53 35 300 ZMIB cyclase Kim et al., 2020b
mibC300R CAATCTGTAGCACCATGTTGA gene (mic) v
cyalO6F CGGACGGGTGACTAACGCGTGA . .

60 30 675 16s ribosomal DNA  Niibel et al., 1997

cya781R(a) GACTACTGGGGTATCTAATCCCATT

Temp: Temperature

6. 2-MIB M&tM XX} (mic) 7IMY ASEM

NCBI®] Genbanko| X PseudanabaenasS B £33 E=
5 strain® mic 71HE ARE 0|85t HAE eDNA
of Eqst=s GE2FY mic A7INEE AFH ez &
A8}, o] 300~700bp 2719 SHA HHE IO
2 5to] B8-S P59tk A% 71489 AF+E
£43}7] Y3l Clustal W algorithm (Larkin et al., 2007)2
2 strain AFo] 9] F7|A €S A3 & MEGA 11 (Tamura
et al., 2021)9] maximum likelihood method& A}&3}4
phylogenic treeS 243} th Phylogenic tree®] HEA
2 bootstrap £4] (Kosowski et al., 2007) A&-3) H7}5}
%t}

¥

1. EIME HMx2| Yol = DNASESE

DNA 5% &2 vusty] 8 S E Ag&FS =
Asto] AP WA Hlm B4 Al Sl =
EAE 0.5g2Z2E SBB method2 F&3 eDNAE

259 16S IDNA fH2HERE oty et G279 mic 14
A7A] BE FEZEZ] k2 ", Ludox methodo A=
675bp 3719 16S IDNA FAA}+ & AES AT 4
AR, mic FAREY] FFAMES THEHA] gdoh(Fig.
2A). EHES 5g AHE XA M E SBB method:= 16S
DNA f-AAE Rt BE AR F&F AFo| T
A=A oF9ro ), Ludox methodoﬂfﬂ‘—‘- 16S rDNA S A}
ZEZ AET} 300bpe] mic AR FE AES TAY ¢
Ql3ith (Fig. 2B). 3t Ludox methodo| A= EZAE 05g

& Agolse uun Se& Agole Wl | we 3%
AFES 3ol 4~ Qi) 3 T A3 27_194 HAE _g_

_L4

ZFo]| Al SBB method .t} Ludox methodol| 4] T WL &
A FE 4 A

LN 16S rDNA

Fig. 2. Comparison of eDNA amplification between sediment
pre-treatment method and sediment volume. The volume of sedi-
ment sample was 0.5 g (A) and 5 g (B). “L” indicates density gradient
centrifugation treatment (Ludox method), and “S” indicates physical
bead beating treatment (soil kit method) included in conventional
commercial prep kit. “PC” indicates positive control (cyanobacterial
strain possessing target genes).

2 AdolAl 7129 SBB method®] Az wet g
HEA G2/ FAAE 4 °P°L°* o =E %
7t FEHA| goron, Y% HAES 10719 tubeo] Y
o] gol 5g9 EAES 459 ‘IHE S o ]
= A g3ttt o= SBB method7} 7HA| AL Yl Q1
SHA A 22 SBB methodo| A YHEA O Z AL E+&= silica
bead tube= 2 mL2] microtubeZ4 0.5~1 g2 A|etH E
HES &2 4+ Ath(Roose-Amsaleg et al., 2001; Dineen
et al., 2010). =3t SBB method®] *3] A|oF &2 2F 0.8
g‘ﬂW Fdjo]7] wiZe] g Holl 1g ol HHES A

&3t7] o2 9] EHEY eDNA =0 583 2l
731} 249 A E (resolution)o]] I w]E 4 Qlok

(Santoso et al., 2019). BFH ], Ludox method: conical
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Fig. 3. DNA electrophoresis band of the Uiam Reservoir sediment (A: 16S rDNA, B: mic). “L” indicates Ludox separation treatment, and “S”
indicates bead beating treatment included in conventional commercial prep kit. Each number on the electrophoresis gel indicates name of

sampling site (O UAD, @ JGS, ® CWWT).

whe Al @ Wol 30 g7HH Heish el &
A BA =T o B2 AR wddnh B3 7]E
9] SBB methodS A}E-3}= soil kit= E|FES I 2 A}
&35t7] gl EAE] EA5t= intracellular eDNA2}
extracellular eDNAE 82T 4= Itk (Torti et al., 2015).
HEd ol Ludox methodi= B E3} AlZE £2]5to] DNA
£ FE517] g0l EFE] £A5t= intracellular eDNA
Aggoz BT 4= glt} o] 3t intracellular eDNA
AR F o2 Toldd 4= e FHAIZE Yu|st7] of
2ol §279 WA A Eot AZstA gofd = ol
t} (Vuillemin et al., 2017). W=tA 7]Z£2] SBB methodX:.
o} Ludox method®| E|AE A 2|7} EAEY G227 T4

HAEE 24ste b 0 2829 Jo= ggd

ol 1

2. UE Thj HAREHO| HAEM 58

fol

EHE HA2 B o2 EAE eDNAY| EA4st=
2% A2 g4 205 Hla EAsgoh AR
279 16S tDNA FAA} mic FAA 5% A
= FE9 gt Zol7t EAstth gz 49
£, 7]1Z&9] SBB method= 78 CWWT A& 2| EZE
A9k 16S IDNA §327F B el on, 1 9 HE A7)
of gUT A HFT FHAA mic FHAAE AFHA
okolth ¥hH o] Ludox method® &3 E|FE9] eDNA
oA F27F9 16S IDNA FH-A= 2AZ|ZE B2 ot
3 9 2E JZPAA FALHAT. E3 mice 7ET 8
4ol YUT =9 UAD, CWWT A oA L= gl o,

% o

53] 8¥ol= e AN mic FARTE HAEL, 9
Holl= JGS ARHY EHZANMT mic A7 A= S
o} (Fig. 3B). 3% 99 EFEZNAE G279 16S
DNA §872= ZAPIZE 59 BE A oA SA =k
(Fig. 4A). ¥FH mice 790 ZE A HolA YA=A &
gom 8¥ol= DC Aol ARt HAE, 9Hofl= ZE
AN mic FAR7F LA T} (Fig. 4B). 42 5%
A= ARl FEFS HlawstES W Ludox method
£ SBB method 2T} Haf Sulj o] E9ton, 7¢€ oUus
9 CWWT A EHZoA LA 16S rDNA §4
A 5% 4HeS vwstdS 9 Ludox method®] F3 AF
£ (11,064.54 pixel)©] SBB method®] & AHzE(2,961.96
pixel) ot FE7Fo] oF 378 &=ttt

AFATo| A & 4= ko], 7 AtolA AAIZE Ludox
method®] whe} A% ]$t eDNAO A SBB method®] H]|3|
=2 HERE G2FY | A=A ol $A A
gk viet Zo] A 4= Sl HAEY 87| Ludox
methodol| A d53] B& A L2 )4 0] 7h5sttt. o] v
% SBB method= HA &L A2 AMES7| wizol HF
o EA3t= PCR A3} A (inhibitor)E Al ZH A oA A
2 AASHA ¢ew PCR &&°] G435 g4 5
T} (Alaeddini, 2012; Schrader et al., 2012). ¥tHo]| Ludox
method+= YAEY 9 o3t-55 A EHHZ &
Ast= PCR A 8 A (Inhibitor) &} A|Z7F & o= #2-
A A=, o]2 13| PCR FZo] B} ALsHA o]Fo|7]
Aoz FAHY o]H3 Ludox method®] EAEZ 213
SBB method® o} E|& & st 27 FHAAE
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Fig. 4. DNA electrophoresis band of the Daechung Reservoir sediment (A: 16S rDNA, B: mic). “L” indicates Ludox separation treatment,
and “S” indicates bead beating treatment included in conventional commercial prep kit. Each number on the electrophoresis gel indicates

name of sampling site (O DC, @ DM, ® DS).

uoh LS BT 4 9k Aoz Az,

3. PCR product E7|Ag9| AlSsHx 2M

E|ZE eDNA°| EAst= 279 mic AR G714
98 ABGHOR B4R stol, TR mic 44
A A7IAE Atolo] AleE B4 AlsaelA 9
43 9 JHS gFHFoA EH F2FY mic FAA
= Pseudanabaena, Oscillatoria, Planktothricoides2] mic
AR} v 77k AlTde FASHTH(Fig. 5). &%
3 A FAH mic FHAA= 25 Pseudanabaena
9 mic AR} shte] ASTES FA8HA 2™ P cinerea
of mic 4R NS 77k Ao Liehgrh B3 s
F9o A= DC AFY EHZZFAA TAH mic 43
7} Pseudanabaena®] mic AR} 3o ASES 3
Aatglon g EHHAFNA LR mic FAAEL A
o2 uj 7H7HRT. AN DM A H 9] E| A F-of
A FAE mic A= EEDE (Oscillatoriale)2] mic
A2} o) AlFES olF e E3|, Oscillatoria
D Planktothricoides® mic FAAL} AETHO=Z
+ 7Y wEba o)A WA= 2-MIB= F
2 Pseudanabaena & 'F2F7F QAT o R ATEHH, ff
A5 =3 2o AL Z+Z Pseudanabaena &3}t
Oscillatoria & FZ 57} 2-MIB @A f01Fo =2 oty
o} o] 23 F2F FeiEd d4 AR Assy £
2 HAE eDNAYA BT 4= Q= FollEd A4

25 32 W5 o]B Mo 32 WA U

2 "obst 4~ QIth(Kim et al., 2020a). ©] o= AAT%
(nitrogen fixation), A 27|33 (Gas vesicle), 16S rDNA2}
2715 HAA 2 F Bl fARY AVIAE BAS
3 EZSolA A 5 e 427 BAYETH
Ao] 7HEsto] EFF gE2F 7+ Aol dolA me
83 A2 E AT = UF AL & BHHETH(Damerval er
al., 1989; Hilton et al., 2016). E]=9] Ludox method2 %
3| Bl 2o A5t A E W (intracellular)®] eDNA S
555t AW A A2 YoR §EE o] DNA AHZE
ZA)5}= extracellular eDNAS QA8 W ojatalyg o=z
AAsE7] dzol, EHFolA AA= TS 5= = A2
5o 24 BA0) Fhsaln] ol F B8 FATEE A
219 B4 0 A BAAT] A} S w0l A
o= g

oL

oiN ML oft m

4 =

2213 £2 E2H2 SBB methode= YHF o2 EHF
2o 8ol vl 22, HHBE D2 A7) HE
of E&Eof £A3}= extracellular eDNAQ} intracellular
eDNAE A"H oz 258 5 gl o|8g SAHLS g
A3 falgxs T LS Febgel oA /4
ZF g A O] A9} extracellular eDNAZ Q18 7}
7 AL er Qe gHFo| EAste FldRFY T
A A S AestA wtotstr] ofgoh & AtolA A&
3t Ludox method+= ©]2|3t SBB method?] A4S &4
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’_"0 05 50| MW788980.1 Lyngbya sp. FACHB-722 2-methylisoborneol synthase (mibC) gene
7&[ LC157991.1 Planktothricoides raciborskii SBR1 15 MIB synthase partial sequence
LC157990.1 Planktothricoides raciborskii SBR1 14 MIB synthase partial sequence

LC512931.1 Planktothricoides raciborskii BWN4 gene for 2-methylisoborneol synthase
gof MW293957.1 Planktothricoides raciborskii GIHE-MW2 2-methylisoborneol synthase
70 "H0630885,1 Oscillatoria limosa LBD 305b MIB synthase gene

MW921479.1 Oscillatoria sp. FACHB-1120 2-methylisoborneol synthase (mibC)

100 -L DM (Daechung-Munui) Sept (sediment 0~5cm) 2-MIB synthase

50

MW788977.1 Planktothrix agardhii FACHB-1261 2-methylisoborneol synthase (mibC)

MW788979.1 Planktothricoides raciborskii FACHB-956 2-methylisoborneol synthase (mibC)
KJ658378.1 Planktothrix sp. 328 2-methylisoborneol synthase

1001KJ658377.1 Oscillatoria sp. 327/2 2-methylisoborneol synthase

20 100 LC507458.1 Pseudanabaena yagii NIES-4237 mic gene for 2-methylisoborneol synthase

100} LC507459.1 Pseudanabaena yagii NIES-4238 mic gene for 2-methylisoborneol synthase
MW293956.1 Pseudanabaena yagii GIHE-NHR1 2-methylisoborneol synthase

DC (Daechung-Chudong) Sept (sediment 0~5cm) 2-MIB synthase

100 UAD (Uiam Lake) Aug (sediment 0~5 cm) 2-MIB synthase

80|L-CWWT (C

100

Ti ) Aug (sedi 0~5cm) 2-MIB synthase amplicon#1

100] LCWWT (Chuncheon Wastewater Treatment) Aug (sediment 0~5cm) 2-MIB synthase amplicon#2
CWWT (Chuncheon

T ) July (sedi 0~5cm) 2-MIB synthase

MW921478.1 Pseudanabaena sp. QCS-01 2-methylisoborneol synthase (mibC)
100(MW863656.1 Pseudanabaena sp. FACHB-1277 2-methylisoborneol synthase (mibC)
LC507461.1 Pseudanabaena cinerea NIES-4063 mic gene for 2-methylisoborneol synthase
LC507460.1 Pseudanabaena cinerea NIES-4062 mic gene for 2-methylisoborneol synthase
MW?788974.1 Synechococcus sp. FACHB-1061 2-methylisoborneol synthase (mibC)

MK861971.1 Streptomyces yanglinensis strain 3-10 2-methylisoborneol synthase

100l—1C719185.1 Streptomyces sp. Sanbe1709-3-25 tpc gene for 2-methylisoborneol synthase

Fig. 5. Phylogenic relationships of cyanobacterial 2-MIB synthesis gene (mic) inferred using neighbor-joining and maximum likelihood
analysis. The analyses were conducted based on partial 2-MIB synthesis gene sequence (500 bp). Two strains of Streptomyces possessing
2-MIB synthesis gene were used as outgroups for the analysis. The percentage of replicate trees in which the associated taxa clustered to-
gether in the bootstrap test (500 replicates) are shown next to the branches.
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283 5 9on, ol $o) R} AT %
GERF W A R4S ST S Aot 00
3 Ludox method ZH4o1 4 clztxlo] ezt 5%l
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