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Abstract

This study was carried out in the Bukhan River in the summer of 2014 and 2015, to identify the relationship between
geosmin and the morphological changes in Anabaena. Identification of Anabaena was conducted using morphological and
molecular analyses. Anabaena in this study was similar to Anabaena circinalis, A. crass, and A. spiroides with regard
to regular coils, vegetative cell, akinete shape, and size, hoever, it was distinguishabl from A. crass and A. spiroides
because of its larger trichome coil size. Additionally, the sequences of phycocyanin (PC) gene from Anabaena showed
a 99% genetic similarity with A. circinalis NIES-1647 strain. The coil diameter of trichome ranged from 106 to 899 tm,
and the diameter and abundance showed an insignificant positive correlation (1=0.544, p<0.05). The result of relationship
between the coil diameter and the cell number per 360-degree rotation was kept at 33.8+5.2 cells per 100 /m diameter
despite variable diameter. The average geosmin concentrations in 2014 and 2015 were investigated to be 99 ng/L and
35 ng/L, respectively. A. circinalis cell density contributed considerably to the change in geosmin and was positively
correlated with geosmin concentration (2014; r=0.599, p<0.01, 2015; r=0.559, p<0.01). Our results suggest that geosmin
and coil diameter could be estimated with the help of cell density.
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Fig. 1. Sampling site in the Lake Paldang (SB; Sambongri).
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Table 1. Morphological characteristics of Anabaena circinalis

Sl ol - g

Komakek and

John et al. Li et al. Chung .
Zapomglova This study
2002 2000 1993
(2002) 007 (2000 (1993)
Vegetative cell
Shape Spherical Spherical Spherical Spherical Spherical
barrel-shaped barrel-shaped
Diameter(jim) 8-14 4-11*8-11 10-12 4-14 9-13
Heterocyst
Shape Spherical Spherical or rarely Spherical Spherical Spherical or
oval slightly oval
Diameter (1m) 8-10 9-12 11-13 8-10 9-12*8-11
Akinete Shape Cylindrical Oval Oval Cylindrical Spherical or oval
Diameter (jm) 14-18*25-34 20-28*15-21 13-18%23-31 18-34 11-26*10-22
Distant from Distant from Distant from
heterocyst heterocyst heterocyst
Coil
Shape Irregularly Regularly Screw-like or
screw-like coil screw-like coil circular coil
Diameter (jim) 68-120 96-127 106-899
Distance (im) 25-55 46-71 47-332

= o F olH, 7] 2|7 0] 10~22 yimo] i,
Aol 11~26 umo| i tkTable 1). FHEZA = T
o7 FEsht 7HE ZolAl o g EAskei) =3t
O|FA| L= 2~47 O] Ml THAS FaL FAEHAY
He] oA A UehdthFig. 2). & AtollA AR
Anabaena®] FYAIE, olFAMEet FHEAE
Anabaena circinalis®] A3) A Ao} AR HY
9 3715 Y2 QItKLi et al., 2000; Komarek
and Zapomélova, 2007).
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3, FHEALS] PEet A7) TR o] RO, AL
A7 UAE o] F TS WA A7 2 A 1
O] 74 %= Anabaenac] thgt oA Fa3k 54|
FlthKomarek and Zapomélova, 2007). & 5Lof A
Anabaena?] LA 1748 106~899 ume] H ¢ = theF
gk 32715 Bolon, Bt 254 um(n=451) Ak A
F719] LS A AR FAH AR §
Aol Be se Btk 22l 27 2717} 7
A7) S AL ok g e ehiglen,

e —uw w

845 Moz o= Bl irkFig 2). £
Toll A 2AFEL LA F7)4 o)A Gl Auksa skl
st 37] ApolE Rtk Komdkek and Zapomélova
(2007)= L}412] 7o) 68~120 um, Li et al.(2000)
L 96~127 pm=Z H31Eo] A 2] Hd| 27]7} 2k 120
um Lo} 2 AatefA] LAl 2] 272 X[ 899 im=
e 2 271 712 Aol vl 74y o)4ke]
o] & A o2 2RIE|{tK(Table 1).

Anabaena spiroides, A. crassa Y A. circinalis=
QYA U FREA ] mopnt opj} gy Ho| 1
TFHH S P45k Fea o] A= ul%
3L et al., 2000). £3] A. crassa?} A. circinalis=
QAT F7I FrzAe] 27), wE FARE
AeFe Hol7] wiZol A circinalis= Bl Al FEj A
HstR A crassa® ©57g0] E 7hsAde AYaL 9l
tHKomékek, 2013). 9Fofl A1l Al T FFA| 2L
FRLA o} o] EYERE FHo| olFAN AL
ARIe] U F7)% Sk £318E H91E el
27| 277 & FHo] FHs ST Table 2). A| &
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Fig. 2. Morphology of Anabaena circinalis as seen by light microscope. a-d. Showing various diameter of coils. e-f.
Showing very regular screw-like coils of filaments. g. heterocyst of Anabaena circinalis. h-i. Akinete and
heterocyst of Anabaena circinalis: showing single filament with akinete apart (2-4 cells) from heterocyst. Scale
bars, (a-g: 200 um, h-I: 50 um). A; akinete, H; heterocyst.

W AYAlE TFRIA ] WS e AL glem, A
circinalis:= A. spiroides?} A. crassa 2.t} LAl 2173 0]
e WS 2tk Y3 (conical) o] FHYE 7}
A FHEALS} TR Yo T710) AL A LA
2 A circinalis?] 231 Jejz EXo =z HIEQ)
th(Li et al.,, 2000). & ¢15ofA] &33t Anabaena?]
LAl A7 A7) B+t 200 pmol o2 We A =

712 drerglon UA19] 27 517](100 um ©]3h7}
22 A spiroideset A. crassa®t 2H1s] FHEE Uk
(Table 2).

Komdkek (2013)9] AT} 2|5} Anabaena
flos-aquae (=Dolichospermum flos-aquae; gas vesicle
o] &4 oi 7|Eog £9S W)Lt Anabaena
lemmermannii (=Dalichospermum lemmermannii) 2]

Table 2. Morphological comparison of five species of Anabaena (A. spiroides, A. crassa, A. circinalis: Li et al., 2000; A.

flos-aquae, A. lemmermannii: Komakek, 2013)

A. spiroides A. crassa A.circinalis A. flos-aquae A. lemmermannii
Vegetative cell
Diameter(jim) 5.7-9.2 9.2-14.5 10.3-11.7 4-7 4-6.9
Heterocyst Shape Spherical Spherical Spherical Ellipsoidal Spherical
Akinete Shape Ellipsoidal Ellipsoidal Ellipsoidal Cylindrical Kidney shaped
Coil
Shape Regular Very regular Regular Irregular Irregular
Diameter (1im) 18.8-30.7 32.0-62.5 96.0-127.0 Up to 600 Up to 1600
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Anzbaens HHIER ay-012
[IME4BTEE.1| Anabaens circinalis HIES-1847
| &Y FORRIN. 1| Anahaena spiroides NIES.FE
o |y v Tozaze. | Ansbaens ucrainiza Tacaag
sal WY 702295 1| Anabsena ucrainicd TaCdas
|Fazant 3. 1 Anabacna circinalis mwacanen
|SF423011.1| Anabzens circinalis aywacIoss
|AFA2@001.1| Anabaena cireipalis AVFQCA18C
|FNEE2841 1| Anabaens crassa ABZU0B/SH
|&F428010.1] Ansbaens circinalis Awoc27ac
|SPFAZEO0T. 1| Ansbsens circinslis SNQZITEA
34| |SFA28003.1| Anabsens circinahs SWQCo19A
Ay 11709« Apsbaena circinals phyacayanin

|AYTOE2IAD. 1 AN3bISra COMpIcta GCAR 1408/24

|FNES2aT 11| Anabaena lemmermannil AB2008/E8
\FMSSEaFe. 1| Anshaens lemmermannii smzoneres
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|or geeg1 07| Anabaena lemmermanny mC snm 00ET
(o geea 2| Anabaens lemmermannil o sne 00F8
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|or geeE4. | Anabaena lemmermanai o snm 0021

(o geee 5.1| Ansbsens lemmermannii BT snm 0022
|ayeeeoe. | Anabaena lemmermanni B¢ Anm DD23
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&Y 82808, 1| Anabssns lemmermanni BC Ana 0014
| BDER04. 1| Andbaenz lemmermananl BT anm 0004
|\aressaoz 1 Anabaszna lemmermanni BT ans 0001
|iFnssza51.1) Anabaena flos-aguse sB2208/22

IFNS52250.1) Anabaena fles-aquae mBa0s1T
(&Y 804029, 1| Anabazna flos-aguze coar 1a02013F
|&Y 888805, 1| Ansbsens femmermanni BC Anm 000
&Y TOZ240.1| Anebzenz lemmermannil Tacea7

|sinageze.| Ansbsens flos-aquse oy a aTq
oo [ |AF428008 1] ARFBISNG fl0S-3JUIE Ay QCZE4D
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—
0.0E

Fig. 3. Phylogenetic tree inferred by NJ method within the coiled Anabaena based on the PC gene sequences. The NJ tree
was constructed using the kimura 2-parameter model in MEGA 5.2. The numbers at the nodes are bootstrap values
greater than 50% with 1,000 replications.
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=71 W] Skl So71AEE WhAlo] E4f2] A o8 & Fef o] e o= HarE|gl ot A circinalis= FH

Qo] TFH2AR] UAlE Holi= A circinalis?h= 3§ ZALL] |7} oFel efl S Hol £ FEIR= A7)

o]

B 212l Zfo]7} QA deh EgF AL A circinalis®] U geja oz S EQleh A2 or o] 2A}
FAIEE F71= 9~13 im = FFA 2] 2717FH4~T um % Anabaenal= 7|Zo] 4wz A flosaquae U A
Q1 A flos-aquae2} 4~6.9 um<l A. lemmer mannii 2.t lemmermannii &} LA 0] =7] W7t SAFS A 322]
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Fig. 4. Comparison of Anabaena circinalis cell number and average coil diameter in 2014.
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waha] TS 537} $290fA] 201413t 2015 o
¥ W2 2719 YA 27100 pm oS Ad
Anabaena= A. circinalis ehE Qjch

3.2, EXtdEsE 24

FE Al Ent opy e} EAMEESHE] WRle s
fI5ke]  Anabaenaol] EATh=
phycocyanin gene (PC gene) 2] H7| 4GS Hlul £4
shoilth HE2Ro EAEETHE &Rl o] 16S
rRNAZ} 1831 -4} maker = o]-8 %31 glont &
7ke] Wol7h Alstm, 471M o] 2B fA)
L7t 7] Hlioll T 5= fETHKI, 2010).
187] wj&ofl RNA polymerase beta subunit (rpoB)
o)1} DNA-dependent RNA polymerase (rpoC1) -3-%
A}, Phycocyanin operon (CpC gene) S} 2+ G4 =}
£ o]&ste] Fo] EFE AlEstal QIckNeilan et al.,
1995; Fergusson and Saint, 2000; Ki, 2010). ‘FZF+=
Chl. a ¥4 o}Uz} allophycocyanin, phycocyanin,
phycoerythrin 59 AAE XYl ) SH(Glazer,
1984), o] Fof| PC gene> X275 w75k=tl 21l
9938t A7|MHR AMLE7] wjEo(Neilan et al.,
1995) & AtolAl= PC genes ©]-8-51] Anabaena
o F4L Stk TEE I oA 2
Anabaena PC gene-2 ZZF HNIER cy-0123} -013 2

strain HEE F o3I o]F G7IAES v|=AE
SO EANE|(NCBI)  databaseollA]  HAHRE A,
HNIER cy-012¢} 013-2 Y253 Ao 4] B
1%k Anabaena circinalis NIES-1647  strain
(GeneBank No. IN646763)3 99%2] -5-724] F-AHE
= Yelf Qi) Neighbor-joining ¥ ol 9]t A1 B8
A& AAIBE7] 218 NCBIof| 555 0] Sli= G714 4
o] 4] Anabaena®] phycocyanin®] ¥HAE {42} 5
e 2 02 A7 LIS o] Rk FEY GHRE
& Metsto] AF831giT. B4 27} HNIER cy-0122
Anabaena circinalis strain NIES-16471} 150] &3]
S, NIER c¢y-013+ F= Anabaena circinalis7} 3
FHe 71A] o] 43f) UATKFig. 3). wheha] 2 Lol A
201493 20159 FFs 5I}) oA ST
Anabaena= A. circinalis® THetE| 9l on, A3 ¢+
¢l Kim et al.(2014)+= 2012 E317} =S o) ¥ s
AnabaenaZ A. circinalis® A&x]o] &2 ¢ Lo] A}

2 sl ik

3.3, Anabaena 'W0f E LMol 37[H3|

20149 5317 ofollA AR AFAR 5 A
circinalisg th o= AMIAS] A7 217 =27] E
b ulg, 27 100 um AIERE S A
circinalis®] WAL 74 X e 25l o, 74 21
Aol AMIA ] 2742 ot 236 im = RAFE| ATk L
A A7) 271 AES7E 571 79 30200 $7}
317] Al&ksto], 74 3192 o 320 im, 8Y 142
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Table 3.Variation of percentage per diameter of coil in 2014

- R

Sl ol - g

Diameter Date (month/day)

(um) 7121 7/23 728 7/30  7/31  8/1 8/5 8/6 8/7 8/8 &/11 812 813 8/14 /18
100-200 50.0 429 471 176 72 37 688 696 636 933 250 277 188 59.1
200-300 200 357 529 353 609 556 313 217 364 67 607 508 69.6 100 40.9
300-400 25.0 143 - 471 5.8 3.7 - 8.7 - - 143 200 10.1 - -
400-500 5.0 7.1 - - 10.1 185 - - - 1.5 1.4 - -
500-600 - - - - 10.1 74 - - - -
600-700 - - - - 29 111 - - -
700-800 - - - - 1.4 - - - - -

800< - - - - 1.4 - - - - -

Yo 349 im= A FV18FAtHFig. 4). o] A
circinalis®] 217 AaE shlou), Aol 57}
289 12943} 13 o] A7 o] F7Iet A3ks Hirk
It gk A7 A7) Al oFe) A
(r=0.544, p<0.05, n=15)E X.o A circinalis®] £4]
o] e} HEEs Ao R wetE i Wy 27
O] A circinalis®] #7200 um o]s}e] LA|E0] g
kO, MEZS7F 555 7Y 31Yoll= 217 0] 899 im
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TKTable 3).
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O AMIAIE HlrkaL 715381 3iek ey o At
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o 2717} 270 yim@l o, N27F 543] Stk
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APEaL TR Qlef) LpAdo] SRRt A 77k
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Ao g B}, o]y A= U O 7 A ] Y
T H IS SHR o, 25, U 5o e a8l
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A7 719 131G AlEZaes 2 F9 4
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7] 106~671 um =7]9] |17} I LA 1
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LRt om], UAl9] 217 o] AR AlZ4I EolA]
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Stk dRRY AEE AR A0 ZHE o F T
oo} AZSS ZAsH=T| e A w2lo] W
2 517] giizoll A1) 7| AVIAIS] HolE S
Sh= 74 A2 AlAEe] K= AL Qo 1t
Anabaena®] 7ol 21410 ofd WAE F2 AMIA
o Zdolg dnHor A3 FHs|7t ol
(Walsby and Avery, 1996), AMJA| 9] Aol& 50
2 ST FE BAG £REol} glow AESE
=25t B Azl 279 4 Urk(You et al,
2014). o Q1704 15 Anabaena®) %74} 13]
g Az el AR A fAEER

of
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Fig. 5. Relationships of coil diameter and cell number per 360-degree rotation.
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A lom. Al AadetA o wet o= A veRd
TH(Park, 2013; Tsao et al., 2014). ZAZ|7F 5 X oA
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Fig. 6. Changes of Anabaena circinalis cell number and geosmin in the Bukhan river (July to Aug. 2014 and June to Sep.
2015).
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