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Ecogenetical Characteristics of Dolichospermum in Bukhan River
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Abstract

This study analyzed the occurrence pattern of Dolichospermum (= Anabaena) in the Bukhan river from March 2012
to December 2014 in order to identify the genotypes of Dolichospermum. Furthermore, 16S rRNA were analyzed to
identify the genotypes of Dolichospermum that occurred in 2015 which were then compared to the reference
sequence deposited at NCBI. During this period, the occurrence of Dolichospermum was highly correlated to water
temperature. In the year 2012 and 2013, Dolichospermum appeared in Lake Cheongpyeong (CP), Sambong (SB), and
Lake Paldang (P2) between July and August. However, in 2014, it appeared in SB and P2, but not in CP. This
reduction in appearance was attributed to the decreased inflow to Lake Uiam as a result of low rainfall in 2014 as
compared to 2012. In July 2015, the Dolichospermum 16S rRNA genotype was confirmed in five locations; Lake
Cheongpyeong (CP), Seojong (SJ), Songchon Sewage Treatment Plant (SC), Joan (P4), and Lake Paldang (PD).
Anabaena crassa of spiral clone, A. planctonica of linear clone, and A. circinalis of spiral clone exhibited high
genetic similarity with the reference sequence. The 16r RNA genotype showed approximately 3 % sequence variation
between the locations and were more similar to each other in locations that were closer.
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1. Introduction

FEYEs Eo] DA viuE EFEvbe §X4 o
&7 SE1E 98 0¥ ¥9& ddste g5t vk H
o= Q& z&7F FAHS AFAZLE ST FAFH
PFAHAA FILS ThedE FotR th(Park, 2007).
I FAL o8 oHFE FH, ZRUWEAS do
712 <ttt ey ZFUEAAS Microcystis,
Anabaena, Oscillatoria &°] 33t TS, G5 <t
24e gr3] HAstd 2RAREAE Y5t UrhJung
et al., 2018, NIER, 2016).

Hx2F 22 geosmin® 2-MIB 59 EF& A5t
H, 34 FdA 2 HdY 59 AN E YA §she
T2 #FEd FZHA 4TS £ Geosmine 19653 =9
Gerberell 2JsA B 5 YoH, 1968 A= 2/ Symploca
muscorum| A A= Zo] HXZ R IE Y HGerber
and Lechevalier 1965; Medsker et al., 1968).

Geosming A= EZF+= Dolichospermum (= Anabaena),
Oscillatoria 2 Phormidium 4 S22 RI% 31 ) tHPark
and Ryu, 1993; Park et al., 2017; Safferman et al.,, 1967)
g2 FA A= 20119 119 5903 FACA 54
719 o]# A Dolichospermum® W#FH F2 22 geosmin
o =7} AA F7FSHA, 20129 Aol dgzolA FF
ERJ7MA Dolichospermum® WZF S4l0] <5t o]Fu] ¥y
oz FXE o8 dd A4S =HSUHHRWEMD,
2013; You et al., 2013).

9E2FY g 32 & 4 4% Co, 3L =

e}

X

< pH % oyt LYY & J7IE dojd & Atk
(Havens, 2008; Soranno, 1997). 53], =3 &A%<
Halo] HIZbstH 7SSl mE Fidse 92F A

Atell FEFS
2014).
Dolichospermum™ Z& FZ2F& T23 499 5=
Sol & Fejet =277t tgEA WS thMiranda et al.,
2005; Yamamoto and Nakahara, 2009b). T ®j =7
of Wzt AEU FAE FHste 540 2FHA 589
LRE AT F oy, Y T WA FHA WS
Dolichospermum| A= HIWH3] o dtH(Otsyka et al,
2000, Shafik et al., 2003, Youn et al., 2018). 32 <l1x}dl
9% FeH WHale= FAF(genotype)d] ArolelA YERG &
A ¥ (phenotype)ol ™, EAAYEZH W& 0|83 genotype
gRloz o/ HYE FE + Us o= wodTh
Aol A AT genotyped WIS AE HFEERFA
Prochlorococcus7t 7430l & FFol| wat o9 genotype
o] gggdo] R tHMoore and Chisholm, 1999; Nyree
et al.,, 2001; Urbach et al,, 1998). Yellowstone hot spring
matol] AASe L2 FEZF/A Synechococcus= 37HA
genotype (>10% 16S rRNA sequence variation)©] 1%
R, 279 F23} ZHolo] wat genotypeo] BEFTH
(Ruff-Roberts et al., 1994). =g ZZ29] 5130 Loiredl

u] A tkBlenckner et al, 2002, Noh et al,

Al Microcystis®] iAol dojks o 7]F st A
o wet 8 genotype®] 3 &o] WaATh(Enora et al,
2009). FEVYEE B S AA Microcystis®] @ ol AX
o wet Wssle AS A A7V AASHKim et
, 2010) Dolichospermum< 1%t A= fIAth o4
9»] AH 2 genotype> #Fo WE £F QIAY JFo=
FAFY "ot =2 F A= T E KT o
E3xZo A Dolichospermum® L. genotype WHolo| wWE
phenotype ] @r"]oi T 5389 L7FE 9 F don,
Ad Al e FAATH AREHE AAE AT
FAs Aoz ¥
2 Age 539 201 L,Z_]—,—Ei 2014374219 Dolichosper-
mum EQ ZEFYE AT FA T olsE IS,
201539 &Q3 Dolichospermum®] F71HE EAHo 7 7t
AA ¥ genotypes lstaith

:{o

S ¥

!
2

2. Materials and Methods

21 =AKK|A & 7|7t
EAAR L 53G5A T 47 A FP5E A
ﬂoi 239 A 2APESR A3 o}@E}(Flg . &4
F A PWE(CP), A4E(SB), 23E(P)E AR
3020123 3€RE 20149 29744 AR AH 2 F
Aelth 16S rRNA genotype 91L& FH5(CP),
(ST), &3+ ZHSC), ZoKP4), BFE(P2) AR
Aoz 393, 20159 7€ AES AF 8T

=

2.2 Dolichospermum sp. M| =3 & i._WéR?_l =M
NEE EE5E AR 4°C9 4=z

vtst 3, Dolichospermum® A E55 206}7] o g}
gdoz IFFAHAFTEE 1%, viv). 1FH ASPN,

EZFZIEY %o W v £ A9, Sedgw1ck-
Rafter counting chamberE ©]&3Fo] €43 &v]Z(Nikon
eclipse 80i)22 1008114 1,0008] 2 Alo]2 53 9 AF

1..S€.9PLE

3..51.E€0LE

Gyeongan stream
\
N
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[ 1 1
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Fig. 1. Map showing the sampling sites in Bukhan river.
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A
T °

gk F&E YSI 6600 meter? EFANA FHHAL
20129914 201439 922 71433 (http://www.weather.
gokr) AEE o] &3t

2.3 Dolichospermum sp. = M= 22| & PCR

Dolichospermum® G4 ME= AFHE TS5l Capillary
o g FUERAYE, H1F)d wet Esich 2
Dolichospermum®] DNA 5% DNA Mini Spin kit (Qiagen,
Valencia, CA)9| protocol & WTh FEH A8l 16S
DNAE ZZ3}7] 9% primerZ CYAL06F (CGG/ACG/
GGT/GAG/TAA/CGC/GTG/A)/CYAT81R(GAC/TAC/T(A)GG
/GGT/ATC/TAA/TCC/CA(T)T/T)E ©]-& 35+ th(Niibel et al.,
1997). PCR solg™ 2X Taq smart mix 2 (Solgent, Korea)
< AMgetgl e Az Wi wEt 2X Taq PCR smart mix
2 12.5pL, primer 0.2uM, 538 DNA 25uLd €449 =
F4E Avtstd HF 25uLE AZS4Th PCR Wg %
AL 95°CAA 58I %7] denaturationg = F, 95°C
(denaturation)| 4] 20%, 59 °C (annealing)1A 1%, 72°C
(elongation)°| Al 135 353 ¥HESIG o™, HFHOR 72°C
oA 1087 clongation 716ttt £Z¥E PCR &L
1.5 % agarose geldlA ZH71¥9&(100V, 25 min)3t4 band<]
a71E dstAth

24 H7IME EM A HSE A

P71 82 ma 2 A (Korea)oll A Standard-Seq £4& 93
st @71AE £4& 918 A9k BigDye (R) Terminator
v3.1 Cycle Sequencing kit (Applied Biosystems, CA)S A&
5F9 1, E42 ABI PRISM 3730xI DNA analyzer (Applied
Biosystems, CA)E ol &3ttt 4% @74 92 NCBI
oA AFste BLASTE o83t 58 @714 L% ¥
AR TE A G E L2 BioEdite] Cluster W2 (Larkin
et al, 2007)2 B3I, AIEEE MEGA 5.2 program
9] neighbor-joining tree algorithm® 2 2}/d3}% tHTamura
et al., 2011).

3. Results and Discussion

3.1 Dolichospermum &8 2EF 24

20129 %H 20149714 b3 FA FHS(CP), HE
(SB) ¥ ZQ35(P2) AAHE Dolichospermum 8 AEE
ZAVEFAtHFig. 2). 20129 7€ ~897A Dolichospermum
A 2dqFES CPoIA 16.8 x 10° cells/mL, SBolA 19.7 x
10° cells/mL & P2oll A 11.1 x 10° cells/mLY 3L, L 19.8
~33.7°C HYZ ZAE AT 20139 7€ ~ 8L+ CPollA
74 cells/mL, SBOlA] 117 cellssmL % P24 114 cells/mL
[, F2 163~288°C R AMEHIATE 201490
= CPAllA &R &k, SBolA 13.9 x 10° cells/mL &
P20l A 8.4 x10° cellsymL QiL, F&L& 21.1~283°C BY
A THFig. 2).
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Fig. 2. Relationship between water temperature and Doli-
chospermum cell density: (a) Cheongpyeong (CP),
(b) Sambong (SB), (c) Paldang (P2).

Table 1. Annual rainfall and number of rainy days in Chun-

Cheon
Rainfall
Site Year
(mm) (days)
2012 1324 111
ChunCheon 2013 1740 125
2014 677 90

201492 FHAHY AFH e gt 201249
2013\ d %0l HlE dokth Eebd AR AR 20124
3} 201499 Z+ZES 647mm Zol7t AL, 201333
2014d ¥l 1,063 mme] o7t e ES Zede
= 20129 201439 Rol7b <k 21UolPH, 2013dF
201492 3599 Ho|7F Wti(Table 1). 201293 20139
Ay 4 4 Zole 416 mm, 1482 A G
, 2012390 Dolichospermum® Z7V= G 5oA A5}
g FA FFEE s gt F FEsAA o
AH30E Aoz FIHTKByun et al., 2014). 20143
£ 201293 20139 WiH] 39 F719 BeFol ot
A FAIZE0] Z718le] SB9F P29l A Dolichospermum©] &3
A3 whde] CPolAE EA3A gdth
Dolichospermum= T2 3+, 9FFF =5 59

o B3 fFoNM FHEA akinete)E TEO] HF
7hErgkol oyt el 2ol F4EW wolste ®
Z 2 EtH(Yamamoto and Nakahara, 2009a). &8 XE

ojN 4

oo 2

)

2L o off ox
0 o & o¥
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Wolg2 20~25°CollA 7HE w2 Aoz HIHITHLI
et al, 2013; Park et al, 2014). Xo] S SBS} P2 A H <
FL0] 209~249°C Ato]2 ZAFHo] FHIAY wolg
9 =YL AoR FAEUW(Kim et el, 2015), 2o I3
FA olF FAE AT FYFo] E9E0] CPAA
£ Dolichospermum©] Z33HA &S Aoz AlgHG
1233} 1439 Dolichospermum &3 A3 Aole 7350l
gt FA9 olFel g%t AeF, HIZAAN FHEAZ
EA st dotste] FAEAE AR dgHA

3.2 16S rRNA2| genotype =l

EdFoNA B2 E Dolichospermum®] cloneE< %
71?1 699 bpoll A &A= Gich BLAST &4 23, &
cloneS< & Anabaena planctonica®t 99%=Z F3
FAEZE A Yebt Y8 A circinalis® FAFE} 3
kth AR clone FZ Anabaena crassa$t 99%= 2
FAIEE YeEMIReH, 1 9o A spiroides, A. circinalis,

fe

2o
o huoee

K
g0

l

AYT01542 Anabaena planctonica TAC421 T

—— GLI197642 anabaena ucrainica CHAB2155
AYT701540 Anabaena planctonica Inba2

AB551455 Anabaena plancfonica TAC472
EUT80159 Anabaena circinalis

ABB51463 Anabaena circinalis TAC496

83

ABGR1467 Anabaena circinalis TACS0T
EUT20160 Anabaena circinalis EH-3

ABB51479 Anabaena plancfonica TACH61

GLU197643 Anabsaena ucrainica CHAB1431
AYT701543 Anabaena plancionica TAC422

Anabaena (straight form}{(CP)

Anabaena (straight form)(5dJ)

64
51 I; Anabaena(straight form)(P4)}
61

1 AB551483 Anabaena circinalis TAC585 AT

Anabaena (straight form}(SC-0)

D. crassum™ % SAFstA T

Dolichospermum genotype< ZHZH 22 ZA % (Group A)
I G F (Group B)LE EZHIATE Group A= JHAFY
GI7IMEEC] &39I Group BE 2 YA clones
o] &3t th(Fig. 3).

Group AEx &3 clone?l A'®t NCBI®| SAE Doli-
chospermum F71AER A"Z AMEA HAJLH, Group B
T 5935 B(E3HF clone)9t B'(NCBIS |71A4EQ)=2 A
EA Ak A'? B' Dolichospermum B71XE<2 9714
4 84 F 49 B8 A 510bp WollA tFE 3
% o9 o7} vEsith FHF R UAHAFERT LT
H7IAE] wolrt Bol Uehgen, Ax 1+ Ayt "old
FE HG7IAEY Zeol7t ARk A7IAEY Aole HAF ol
Ao} 16bp, APl 17bp8 AtolE UERH ATHTable 2).

olgdt ol A EHEYOl w2 16S rRNAS At
2 wo]l JEE HEIT F344 Wol 16S rRNA 725
wet 54 regiondl FFHO AAS doyr] fEe F

Group A

A"

Anabaena(straight fomm){P2)

58

Anabaena (coil form)(CFP)

23 37 Anabaena (coil form){P2)
ABb551469 Anabaena crassa TACH14
AYT01564 Anabaena spircides NIES-79
AYT01563 Anabaena spiroides NIES-77
73 ABGR51471 Anabaena crassa TACH20
1 Anabaena (coil form)}{SJ)

ABbB51461 Anabaena crassa TAC485

LC096269 Dolichospermum crassunt

LC096266 Dolichospermum crassum
AB551472 Anabaena crassa TAC525
AB551446 Anabaena crassa TAC443
AB551439 Anabaena crassa TAC111

—
0.001

Anabaena (coil form)(SC-0)

Anabaensa (coil form}{P4)

Group B
BB

Fig. 3. Phylogenetic relationships of Dolichospermum taxa using neighbor-joining tree algorithm. The algorithm was
based on partial 16S rRNA sequence (699 bp). The Clones used were isolated single Dolichospermum cell

from Bukhan river.
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Table 2. Sequence comparisons among Dolichospermum with
similar morphology

Straight Cp SJ SC P4 P2

Cp -

SJ 3 -

SC 6 5 -

P4 6 5 6 -

P2 16 16 17 15 -
Coil CP SJ SC P4 P2
CP -

SJ 4 -

SC 5 8 -

P4 6 3 9 -

P2 6 10 12 7 -

(species) ZF Hlae] o] o]&FTh(Rebecca et al, 2007;
Stackebrandt and Goebel, 1994). &2 FoA Yelvys &
7149 Aole EFRAH SHAA thFetA Earsa 9l
on, 3UTY 2~3% A Aole FHA HoFTL=E
#EE F AL ALR HASITHKim et al., 2014).
AXE Dolichospermum 1&0 A% YA 1F2 B'S
B3 HellA ZF Attt genotyped] AFolE UERANL
W 7k AR el ZABAE W ESHTE A'e P4E
71ZoZ P2¢} SC, SI7F 7h7ke XA 7+ Z8 2F|(Cluster)
7F F92H, B'E CP, SC9 P2, PAZ 7M7he AXT o2
7R E8l2H HAUh FANA genotype T4 EH A
AY 2, BF, Y 5 A FFS Hony 5
< #3134 "ol Z 9FS F& trigger2 LT
T Aoz HEATKGabrielle et al., 2003; Yang et
al., 2014) Dolichospermum Z@%< CP, SB, P2 oA
29 W3t Aol E}em, ol F20| genotyped
% shte] 249 AR #gdh
E34A 3T Dolichospermum genotype
o] 3%9] AolE AP I 2= AL AJSAT o)%
1=

e ATE dERF Owg A A4 8 994 2RTE
[e]

22 genotype THFEd AEH Mol wE A
E(Gene pool)9] o1& FHTL F Y& A2 FHHATL
4. Conclusion

B A3 B33 £ Dolichospermum® geno-
types <137l 98l 2012 3€HH 20143 12€71A
Dolichospermum® 3723 EA39 . TG 201590
Z3A Dolichospermum® genotypes 213171 ¢l 16S
RNAS B4 3, NCBIYl 528 g71A &3 H &4
shA T

ZAF 717t B9t Dolichospermum 32 F29 W39}
AFgol &kl Dolichospermum<s 20121 3d3 201339 7
oA 88 Atolo]l FPFIZ(CP), AHE(SB), TZ3(P2)ollA

a2z ssix| M35 A15, 2019

339k 201430 = 48T BFIoA & 3
t 93 gtk ol 20129 % diH] Z-9
Z

gzl frido] o5 ol ARdUS A

20154 7%011 FHZ(CP), AE(S)), $&54227(S0),
Z2HP4), ZFE(P2) &9 571 ?q;é’.]oﬂfﬂ Dolichospermum
16S rRNA genotypes &1t Dolichospermum 8714
a8 \4—**'3‘39] clone®] Anabaena crassa®t A7 FAI=
7F =k, AAE clone?! Anabaena planctonica®t 737
11—/\]-_._7]- =gom YA clone?l A. circinalis®t= A}
=7} =9t 16r RNA genotype= A4 3+ 3% Wle 47
AE Zpol7b YRR, 7k A bl SE2FH H At

1AL 3% Aole TrFT FZ 2810l SJste] Wolrt
dojd F ok FE LRl F F20] tiggerZ A& AL
2 BaHen, 847
T 59 agld 9ty
et

A9l Dolichospermum genotype
HIIME A7t Bg A2 #
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