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Identification and Analysis of Geosmin Production Potential of Anabaena stain Isolated from North
Han River using Genetic Methods. Kim, Keon hee, Byung-Jin Lim', Kyoung-A You', Myung-Hwan
Park, Jung Hwan Park, Baik-Ho Kim* and Soon-Jin Hwang* (Department of Environmental Science,
Konkuk University, Seoul 143-701, Korea, 'Han River Environment Research Center, National Institute
of Environmental Research Yangpyung, Gyeonggi 476-823, Korea, ‘Department of Life Science,
Hanyang University, Seoul 133-791, Korea)

Abstract  This study was conducted to identify the bloom-forming Anabaena strains with two phenotypes
(straight-type and coil-type) isolated from North Han River (Sambong-ri Joam-myun) using 16S rDNA sequence.
The odor material producing potential was also examined using the geosmin-synthesizing gene cluster. Despite
of striking morphological difference of the two stains, resembling A. circinalis and A. crassa species, the
phylogenetic analysis using 16S rDNA identified the both strains as a single species of A. circinalis with high
genetic similarity (98% ~ 100%). Also, two Anabaena strains showed to possess the geosmin-synthesizing gene
cluster, indicating that they are capable of producing the odor substance. This study is the first report that
provides the direct evidence of geosmin production in the gene level by A. circinalis in Korea, and provides
important basic information to identify the source alga of geosmin increase and its management in North Han
River.
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geosmin ¥ o] = ¢tk (HRWEMD, 2012; You et
al., 2013). ©A] gFwEe| &£31= Anabaena’} W
Asle] geosmin F7Fe] UQlFow AEF wl 9l
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al., 1989)2] WAJe] Hirgl o]F 25\ whof] Mo
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1. Anabaena strain 22|, HjQF 2! SEf=

Anabaenaz} HEAEE 20121 8Yol B3} 449
ZehH AbEE] X9 (37°34'59.6"N, 127°20'12.2"E)l| A
A5 A 5sle] AFA R A& 9uksie] on, Capil-
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Genomic DNA extraction kit (Macherey-Nagal, USA)
2 Ahgsle] wloke AZS] DNAS F2si9lom, 27}
2] Alg*= lysis £ 2 silica bead9} 37 vortexingd}od
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3. RHXI H7IME 24 (Sequencing)

$52} Z==Z.2 ABI BigDye®” Terminator v3.1 Cycle-
Sequencing kitE- o]-8-sto] ¥L-EAHE AbEel| F2 e,
] FFAAE el $5% 42 ABI373
O0XL DNA analyzer (Perkin-Elmer, USA)Z o] &3} §-
A 4714 9¢ #4555 SolGent, Korea). 414+ ¢
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NCBI (National Center for Biotechnology Information,
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W kgkom, 1000 bp~ 1400bpe] =17]e] §A7} A5
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=13
=]

344 A

ol x| .
00—

'I:Itc'>:1|_

lon

=40t -

=] [ oIy
T@la'r

Ax 2w A9t 971499 A5
3 A A= Clustal W algorithm< E3f &3}y o
Maximum parsimony (MP) B, Maximum likelihood
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Fig. 1. Photo of Anabaena circinalis found in North Han River.
(a): Straight-type (X 100). A; Akinete, H; Heterocyst, V;
Vegetative cells. (b): Coil-type ( X 200). V; Vegetative cells.

ght-type) (Fig. 1a) === YAl (coil-type) (Fig. 1b) e =
AT A AREA L] #A A ol A 124 um
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Table 1. Morphological comparison among Anabaena species with similar phenotypes (Choi et al., 2002; Komérek and Zapomelova 2007).

A. circinalis A. spiroides A. crassa A. planktonica A. solitaria A. mucosa A. ucranica
. Spherical to .
Cell shape Spherical Spherical Spherical or Shortly oval clongated  Spherical oPnerical or
barrel shaped barrel-shaped .. barrel shaped
(citriform)
Trichome width 8~11 6~9 10~15 (1.78~15 6.5~10(12) 7~10 6~10
(wm)
Heterocyst shape Spherical Spherical Spherical Rounded, Spherical Spherical Spherical
y P p P P nearly spherical p p p
Oval, rarely Oval, rarely Oval to almost . .
Akinete shape Oval slightly slightly wide cylindrical c II;r?c?r%cal S\I:/ lilg;lzi]atlo SIC) llll?rltciilor
kindey-shape  kindey-shape  with rounded ends y P
Akinete size 20~28 15~20.8 15~42 15~37 20~45 16~19 15~20
(wm) x15~21 X9~14 X 13~25 x9~21 x10~16 X 16~20 X 16~21
. . Coiling with . .
Diameter Coils . Coils . . Irregular coils,
of coil (um) 68~120 wide  Sieht 40~70 wide ~ Straighttype Straighttype 57200 wide 20~ %
irregularities
s geidoz 71 GAsleleh(Table 1). Tt R 2 w9 fAbsht A2 Be 22 F A9 A4E 7}
A ERuto 2 F straing WEsHA FE317] o8k At} o5 Eo| Anabaena planktonica®} Anabaena
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strain Z+2] 98%2] §AA A== Z2 Fo= A3}
= 9 A7} glvtz Al=E o) Jagadeesan er al. (2009)
¢} Kim et al. 2014)= s FA Fxfot 5 welot
Zo] g 16S IDNAS} 16S rRNA G714 g 348 &
3 95%~96%2] FAH e TYFoE B}
e,

F 2ol YU BRe) Bage YRR Micro-
cystis, Anabaena, Nodularia Z12) 31 Cylindrospermopsis
Zo|A] mIWslA WAl ¢lem (Choi et al., 2012;
Thomazeau et al., 2010), $4A BFE E3) o]S =g}
A Al = 3 o] AsYE o] ¢k (Wilmontte and
Golubic, 1991; Neilan et al., 1995). 3ejdA w3
Aolat Hejg wol} FUI F2l Ao} Fejahae

solitaria®] 739~ A 2°] Z7], FHEA He2] zlo] &
o7 <3 HAnA A A MR o8 Fo2 FREAU,
Bt el oo = BTl FAAE 3
+HM F 2 Y Fo=2 HYETH(Wacklin er
al., 2009; Choi ez al., 2012). o] g 252 £ T
A Al zfolg Bldl® 3ty f3A A5
Hort ttozo= ehd A circinalis®t A. plank-
tonica, A. solitaria®] 7-$-o| = Yehygdo} (Fig. 2). #3+7}
oA B3t A A8 Anabaena strain®] 73-$-0l)
= du)A A A Pej oz FHo] ojE¥ A cra-
ssa®} A. circinalis®] EAE HPoy AERE EI}
AR BB A circinalis ) Zo 7 SgFc}
(Fig. 2). o]¢} Zro] FAAE o] &3t FFHuy-> 3
sloll A 7|18 el Welrt dng A Al LA

9o T £¢ W) T 4 Al AHE A

2a7) SodoA] LS = ER A circinalis
strainSo] HH o2 98%2] $AES Mol BUFo
2 BAEG FA g, 97149 13094 F 2842 =}
0] (2%)= Anabaena circinalis Z WA A3 APAA|
o A3 APFAl 7ol 314 3 (H )] A8 7hs
A& AARHe §3), 5 strain ZF AR 2] A A3} coil
Holohe gejmow HaT Aols A Ax =9
ol o)A W2 oA ar T
o} ol2ldt EAEe] A1l el = HiedE ZAolgh=
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Fig. 2. Phylogenetic relationships of Anabaena taxa inferred using Maximum parsimony, Maximum likelihood and Neighbor-joining analy-
ses. The analysis was based on partial 16S rRNA sequences (1078 bp). Synechococcus sp. and Microcystis aeruginosa were used as
outgroup for the purpose of rooting the analyses. Only bootstrap values of 50% or higher are shown to the left of internal nodes. The
first numbers are from maximum parsimony analyses, second numbers are from Maximum likelihood analyses and third numbers
are from neighbor-joining analyses. Evolutionary analyses were conducted in MEGAG6.
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Anabaena crassa TAC-436
Anabaena crassa TAC-111
Anabaena crassa TAC-443
Anabaena crassa TAC-474
Anabaena crassa TAC-494
Anabaena crassa TAC-514
Anabaena crassa TAC-515
Anabaena crassa TAC-525
Anabaena elliptica TAC-453
Anabaena minispora TAC-554
Anabaena mucosa TAC-425
Anabaena smithii TAC-431
Anabaena smithii TAC-432
Anabaena smithii TAC-450
Anabaena spiroides NIES-79

(59’53'582‘ Anabaena spiroides TAC-27

Anabaena ucrainica TAC-449
Anabaena ucrainica TAC-455
Anabaena crassa TAC-520
Anabaena crassa TAC-485
Anabaena crassa TAC-529
Anabaena viguieri TAC-433
Anabaena ucrainica TAC-448

(31/80/72)‘ Anabaena spiroides NIES-77

Anabaena spiroides NIES-76

Anabaena smithii TAC-428
Anabaena solitaria NIES-80
Anabaena solitaria NIES-78
Anabaena planctonica TAC-561
Anabaena planctonica TAC-472
Anabaena circinalis TAC-585

7174173, el
Anabaena circinalis TAC-553
(60/50/60)— ' Anabaena circinalis TAC-507
Anabaena circinalis TAC-503
Anabaena circinalis TAC-500
Anabaena circinalis TAC-496

(99/99/99) Anabaena linear type isolated North Han R. @

(100/99/100)

(99/99/99)

100/98/99) Anabaena coil type isolated North Han R. @
\—  Anabaena flos-aquae TAC-475
Anabaena flos-aguae TAC-446
Anabaena circinalis NIES-41
Anabaena flos-aquae TAC-99
L Anabaena spiroides TAC-551
Anabaena psendocompacta TAC-538
Anabaena affinis TAC-454

(51/53/51) Anabaena affinis TAC-439

Anabaena affinis NIES-40

Anabaena mendotae TAC-584
(100/96/99) ' Anabaena mendorae TAC-583

Anabaena akankoensis TAC-503
Anabaena lemmermannii TAC-438

(99/99/99) | Anabaena lemmermannii TAC-437

Anabaena variabilis NIES-23

Anabaena cylindrica NIES-19
[ nabaena reniformis TAC-481

A
L Anabaena aphanizomenoides TAC-456

- Synechacoccus sp.

(67/66/67)
(73770073)

(100100/100) | Anabaena reniformis TAC-484

Anabaena reniformis TAC-543
Anabaena reniformis TAC-478
Anabaena oumiana TAC-568
Anabaena oumiana TAC-464

(65/67/64) | Anabaena kisseleviana TAC-34

Anabaena kisseleviana TAC-33
Anabaena flos-aguae NIES-73

L Microcyslis aeruginosa 0.005
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Table 2. DNA nucleotide sequence of geosmin synthesizing gene of Anabaena circinalis isolated from North Han River. Both phenotypes

were completely same sequence. Sequence direction is 5’ to 3'.

1 AAAATGGCTGATGGTGTAATCTCCGCAATGATCTATTCTCCTACCAAAGA 50

51 GAGGTGGAAGAGGAAGGTGAAAATTCTAACTGTGTGCTTGTAGTTGAGCG 100
101 TTTCTTGAATGTGAGTACCCAAGAGGCCGCTAACCTCACTAACGAACTAC 150
151 TCAACTCCCGTTTATACCAATTTGACAACACTGCTGTCACTGAATTACCC 200
201 TCTCTTTTTGAGGAGTACGGAGTAGATCCAGTAGAGCGTGTGAATGTTCT 250
251 CCTTTACATTAAAGGACTTCAAGATTGGCAATCTGGTGGTCACGAGTGGC 300
301 ACATGAGGTCAAGCCGCTATATGAACAAGCAAGAGCCGGATAATTCAGGT 350
351 ACATCTGTGACTTTGGGTGGGCCTACTGGGCTAGGAACATCGGCCGCGCG 400
401 GCTAGAATCCTTATCCACTACTTTGGGTTTGAGAAGGTTTAAAAGTTTTA 450
451 CTCATGTTCCTTATCAAACTGTAGGACCAGTAAAACTGCCTAAGTTTTAT 500
501 ATGCCCTTCTCTACCACCTTAAATCCTAATTTGGATGCCGCACGGAATCA 550
551 TTCCAAAAGAATGGA 565

2% Yerlde Aoz FA7 R ot
A Aol LA HHG Fejd Aol ala] o]
straing Anabaena circinalis®] €]* ¥ o]3 (morpho-
type) 2.2 F|F3she o] uigtA it Ala st

3. Geosmin 44t FXXIe| PCR &=

I 7}A] strain®] A. circinalis®] geosmin JAF 2 A
& A% 224 B e Axe) DNAGIA
geosmin A A2 FF-E FYh STZE AHES
A71g5oz M A £ 7HA] e 2EReA 565
bp =719 F4A @7IM Qo] 100% YA|3H= band7}
vebske (Table 2). 31 9471498 NCBI®| 44}
3] databaseol|A] BLAST ZAM 3+ A3}, Anabaena
ucrainica CHAB strian®} Oscillatoria sp.2] geosmin
A ARkl 22 99%, 81%2) AHEAE Bt o] A
= Ba7) SA|o| E20 8= Anabaena circinaliss= %
o] A Wolol| AA G| geosming HAT 5 9lH
& HojFEeh AAlg B A7 AP AT Anabaena
circinalis °J%FH 7} geosming PAHHS &elstodtt
(HRWEMD, 2012). Geosming A AFs}= A. circinalis=
t) 9k (Tsao et al., 2014)7} Z=-(Su et al., 2013) 5 o}A]
o Aol el v York Tl AL B 972 2
S} 2)2e) mwzA) A7F SANA geosmin Z7}e]
dolE kel W Felo] Fost A8 2 AlFsioiy Als
o). a8y @A A Anabaena circinalisel| ]3¢
geosmin WA 3} W3}S B} HESLA o 3}7] $lsiA
= or e A - Aud 477 Lesk

§ e

rie
a3
-+
el

2| 3 pACAM WA SlE

Anabaena strain®] 16S tDNA 97]AMYg& o] L3 & 4
9] A3 geosmin FA FAA] &S Ea) o]F v
E49] A AabsE S FAEH. 84 (7= <53

Az il

T 29w AR 2ol ¥el WS Anabacnat:
AN Y F AN e el s ek ol
[

= Alze] Z7)9} AMFA A HEH Aol s vEh S
™, A. circinalis @ A. crassa$} §-AF3t A EAES
He3Foh 2=V 16S tDNA AlES 2 Sad34 2 &
At A, A Ay 25 FU3E A circinalis %
o2 FAHAUAF98%~100%2] F4% FAtw). =3
24183 YAIE strain ZFol|A] geosming 3R
A2L F7ke] WA E o, B37}) Ao S8 Anabae-
na circinalisi= 32| e Weolol| AAgle] geosming
AR = 9l E BAFQioh & A+ A= 44k
$ZFo|| Al A. circinalis®] geosmin AJAbel] g 213 A ]
215 AlFshe 3 HxY RuEA J37} A6
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