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gubogoggoecu3obpgunnoubobouobobouobboganb

Table 2-1.  Effect of temperature on the analytical result of geosmin in HS-GC/MS

Unit Room temp. (20°C) 40°C 60°C 80°C Standard method (80°C)
Filtarate sample after heating Raw sample
Run 1 12 25 240 240 220
Run 2 12 25 240 240 220
Run 3 ng L’ 12 25 240 240 250
Run 4 11 25 240 240 240
Run 5 11 26 240 250 220
Ave. ng L 12 25 240 240 230

RSD
(n=5)

% 4.6 1.8 1.9 1.9 6.1
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Table 2-2.  Analytical results in three determination methods for geosmin

Geosmin

Raw sample Filtrate sample

Filtrate sample Raw sample Filtrate sample =~ Raw sample

Unit (Standard method) (Standard method)
HS-GC/MS PT-GC/MS SP-GC/MS
Heated at 80°C Heated at 60°C Heated at 80°C
Run 1 650 15 630 15 760 14
Run 2 730 16 630 16 720 14
Run3 ng L' 650 16 580 16 750 14
Run 4 730 16 600 14 740 14
Run 5 730 16 580 14 750 13
Ave. ngL’ 700 16 600 15 740 14
(ii?) % 63 28 42 6.7 28 32
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U O (Gerber and Lechebalier, 1965; Izaguirre et al., 1982; Kikuchi et al., 1983; Jiittner,
1995, Watson et al., 2000; Jittner and Watson, 2007) D 0 OO0 0000 oo ooddn
oo bbbbboobobooooooooogoobobbbobooooboon
(Francis, 1878) DO O OO OO OO0OODOO0OOOO0ODOOOO0OOOOO0OObOOOn
gdddoogoooboboooooooooooggoobbboboooooooo
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00O (eg., Engleetal., 1995)0
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al,, 1994) DO 0OOOOOOOO 2-MIBOOOOODOOOOoOoooooooooo
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gdoobboboboboooooooooooooL oo gogo g
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Fig. 3-1. Lake Shinji, the surrounding area, and sampling points
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Fig. 3-2. Change in the concentration of geosmin in the raw (filled circles) and filtered
(open circles) water; salinity and Chlorophyl-a for surface water, sediment (filled circles)
and extracted water from sediment (open circles) at the western (S-W), central (S-3), and
eastern (S-9) point from 14 April to 1 July 2008. Sediment data sampled 20 June were

convenienbtly shown at 1 July.
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Table. 3-1 0 0O O O

Table 3-1. Change in species composition and cell numbers of major phytoplankton taxa
identified from samples taken from the surface at the central site in Lake Shinji, Japan,
from 22 April to 1 July 2008.

Cell number ( x 10’ L'l)

Date hocystis  Coelosphaeri Psaudo- ) noraphidi dotell
Synechocystis  Coedlosphaerium dictyosphaerium onoraphidium Cyclotdla

22 April 2008 ND 1042 1000 125 19
30 ND 1638 15 267 63
7 May 787 2353 0 375 117
13 924 784 0 198 10
20 2540 640 0 79 95
27 1309 138 0 69 20
20 June 184 17 0 5 23
1 July ND 29 0 5 74

Numbers are consistent with sell numbers counted and averaged in 107 L condensed water by 100-fold

ND no data available
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Fig. 3-3. Change in geosmin concentration in raw (hatched bar) and filtered (white
bar) water samples at the central point, S-3, from 14 April to 1 July 2008 (no data on
20 June). Changes in cell numbers of Coelosphaerium sp. (filled triangles) and
Monoraphidium contortum (filled squares) are also indicated
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Fig. 3-4. Geosmin concentration in each portion (hached bar) obtaine by step dencity
gradient medium from the raw water sampled at the central point (S-3) on 30 April and b

the sediment sampled at the eastern point (S-9) on 7 May 2008.
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Fig. 3-5. A Bright-light optical image and B corresponding fluorescent image under green
light excitation of Coelosphaerium sp. (left) and Puseudodictyosphaerium minusculum
(right) . Prokaryotic Coelosphaerium sp. shows stronger fluorescence excitation at this
wavelength than that of eukaryotic P. minusculum
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Fig. 3-6. Correlation plots between the concentration of geosmin and the cell numbers of
Coelosphaerium sp. in the 6 portions separated from each water sample at the central point.
a 14 April, b 30 April, ¢ 7 May, d 13 May 2008
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Fig. 4-1. Lake Shinji, the surrounding area, and sampling points
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al., 1991) O 23S-R130-16 (5'-GGGTTTCCCCATTCGG-3") DO UOUoogooong
pCROOUOOOOOOOOOOOOOOOODOOPCROODOOOOOY4CO 20
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Table 4-1 Primer Information

Primer name Sequence information Referance

fD1 5'-AGAGTTTGATCCTGGCTCAG-3" | Weisburg et al., 1991
F338 5'-ACTCCTACGGGAGGCAGCAG-3’' | Huong et al., 2007
926 F 5'-AAACTCAAAGGAATTGACGG-3" | Sato et al., 2008
1512 f 5'-GTCGTAACAAGGTAGCCGT-3’ Hiraishi et al., 1997
518r 5'-ATTACCGCGGCTGCTGG-3' Huong et al., 2007
907r 5'-CCGTCAATTCCTTTGAGTTT-3' Huong et al., 2008
rP2 5'-ACGGCTACCTTGTTACGACTT-3" | Weisburg et al., 1991
23S-R130-16 | 5'-GGGTTTCCCCATTCGG-3’ Godo et al., 2017
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Table 4-2. Morphological characteristics of Coelosphaerium sp. collected from Lake Shinji
when the musty odour was present, from 2007 to 2009.

. Number of Length of Width of Thickness Diameter
Collecting Colony
date shape cells per colony colony of colony Cell shape of cells
colony (um) (um) (pm) (pm)
May 2007 SPheriealto ., 4, 13-19 11-15 13-20 Spherical to 2.5
widely oval hemispherical
May 2008 SPhericalto g o) 14-20 12-20 923 Spherical to 2.0-3.0
widely oval hemispherical
herical t herical t
May 2000 SPhericalto ) o 13-17 13-17 13-19 Spherical to 2.5-3.0
widely oval hemispherical
Oct. 2000 SPhericalto 4, o, 15-20 13-17 10-19 Spherical to 2.5-3.0
widely oval hemispherical

Coelosphaeriumsp.0 00O 00O

OO000DD Nageli (1849) O Coelosphaerium D 000000000 DOO0OOO0O
U000 (Komarek and Hindak, 1988; Komarek & Anagnostidis, 1998) U U U0 0O O [0
00000 Codosphaerium O OO OOOOOO Coelosphaeriaceae [1 [ Showella [ [
Codomolon D OO OOOOOOODO Sowela0 0 00O 0OOOOODOODODODOO
ObobooboobuobooboboboboboobOobdCedomolon DO OODOOO
gbooboooboboobuoobooboobobooboobooboobbooo

00000000000 D0DbODOD Codosphaerium OO0 O00ooooog
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Fig. 4-2. Morphological characteristics of Coelosphaerium sp. in the field samples in May
2007, 2008, and 2009. (A—C) Live colonies of Coelosphaerium sp. sampled in May 2007.
(A) Colonies of different sizes. (B) Surface view of colony. (C) Optical section of colony.
(D-L) Colonies preserved in a glutaraldehyde— formaldehyde solution. (D—F) Spherical
colony sampled in May 2007. (D) Surface view of colony. (E) Optical section of colony.

(F) Bottom view of colony. (G-I) Spherical colony sampled in May 2008. (G) Surface view
of colony. (H) Optical section of colony. (I) Bottom view of colony. (J-L) Spherical colony
sampled in May 2009. (J) Surface view of colony. (K) Optical section of colony. (L) Bottom
view of colony.
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Table 4-2. Morphological characteristics of strain G2, isolated from Lake Shinji.

—: Colonies were not formed. (): Rarely observed

Date of Shape of ~ Number Length of Width of Diameter
Cell shape Medium
observation Colony of cells colony colony of cells
(nm) (m) (nm)
2 Nov. 2009 Oval ca.20 20 18 Spherical 4.0-5.0 Ml11
Spherical to
22 Dec. 2009 Spherical ~ 2-4 (12) 16 14 3.5-45 Ml11
hemispherical
Spherical to
23 July 201 Oval 1-4 (16) 18 13 3.5-4.0 1/10 IMK
hemispherical
Spherical to
24 Mar. 2016 - 1-2 - - 2.5-3.0 CA

hemispherical
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10 pm
]

Fig. 4-3. Morphological characteristics of Coel osphaenum sp. isolated in October 2009 from
Lake Shinji and colonies or cells of strain G2. (A-D) Oval colony sampled in October 2009,
preserved in a glutaraldehyde—formaldehyde solution. (A) Surface view of colony. (B)
Optical section of colony. (C) Bottom view of colony. (D) Mucilage was not observed around
the colony after negative staining with India ink. (E-L) Strain G2 in culture.

(E-F) Oval colony after one month of isolation in M11 medium. (E) Surface view of colony.
(F) Optical section of colony. (G-J) Colony composed of 16 cells of strain G2 in 1/10IMK
medium. (G) Surface view of colony. (H) Optical section of colony. (I) Bottom view of
colony. (J) Cells with narrow mucilage revealed by negative staining with India ink.

(K-L) One or two cells in CA medium.
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Fig. 4-4. Phylogenetic tree of Coelosphaerium sp. G2 and the related cyanobacterial group based on
16S rRNA gene sequences (1076 bp). The phylogenetic tree was constructed using the neighbour
joining method and 1000 bootstrap replicates, constructed with MEGA7 software program. Bootstrap
values above 60% are shown at the nodes. The accession numbers are shown to the right of the strain
name. Sequences from Coelosphaerium sp. G2 are indicated in bold. Closed circles indicate geosmin
producers of cyanobacteria. The cell form is indicated to the right of the figure. The scale bar
indicates substitutions per site. The actinomycete Streptomyces coelicolor A3(2) was used as an

outgroup.
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Fig. 4-5. Mass spectrum of (A) a peak in the geosmin standard solution and (B)a peak in
strain G2 that appears to be geosmin.
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Fig. 4-6. Change in geosmin concentration in raw (filled circle) and filtered (open circle)
water samples at the central point, from 16 September to 4 November 2009 (no data on 13
October). Changes in cell numbers of Coelosphaerium sp. (hatched bar) are also indicated

000000000 Codosphaeriumsp.0 000000000 ODO0OOO0OO0OOO0O
gobobbbbuggoobbbuoogdgobiob2bbbboooobboobn
godob odg27obboudogobbbbooono4t0ibbbbooooon
goobbbbuggoobbbuooooobblonb sobbobbouooooobo
g

Fig.4-70 000000000000 Codosphaeriumsp.0 000000 OOOO0O
00000000 OCodosphaeriumsp. 0 0000 O0O00OO00OOODOODOODODOOO

00000 R 009900000000000000000

62



800

y=0.98x +10.1
R2=099

Concentration of geosmin (ng L)

200
0.79
0o @ accccc-oooo oo - --0 ,
0 200 400 600 800
Cell numbers (10° L)

Fig. 4-7. Correlation analysis. Correlation plots between the concentration of geosmin and
cell numbers of Coelosphaerium sp. from September 16 to November 4, 2009. Filled and

open circles indicate raw and filtered sample, respectively.

63



god od

bbb euububuibib G2uugoooood pCcROO
000 Codosphaerium OO 1000000000000 0O0ODOOOOODOO G2000
goboobbtoooooooobboooooobobobibod pPCR-DGGE O OO
UleSIRNAOOUO30U0000ooogoguooboooooooouoooon
geomMSUOboooeuubioooooobobuooooooooooon
00000 Xodosphaerium 00 1000000000000 O0DOO0OOOOOOO
oo

Persson (1983) UU U UUUODOUOOOOODUOLOODOOOOUOOOUooOoOooon
o 3duougoooooug
U oo oouooooaon
U doudouoobooogouoobuooogo
U dougobooouooogo

00000000 Codosphaerium sp.0 0000000 0OO0OOOOOOOOO0O
00000000 Db00b0000o0oDbooDbOo0obOoOn Codosphaerium sp.O
gobuoobouoooooobbuoooooooboooboog (Fig4-7) LU
guooguoboooooonbog 200 bO00booobooobouoobobooogo
Coelosphaeriumsp. OO0 O OO OOOOOOO

goboobotoooooooobobuoooo 2-MIBOOOODODoooooao
0000 (Watson et al. 2016) [0 Coelosphaerium OO0 10 000000000000
gobobobbtoooodguoooobobuoooooooon

0000000000000 (godoetal., 2017) OO Coelosphaerium 00 1000
oot uoodgoud 16S rRNA O

16S-23SRNAITS U U DU D OO0O0O00OUOLObObooogooooooboggo

64



00000000000000000000000000000 4010ngL"'00
Uo0ddodd (Watson, 2003; Krasner et al., 1983; Mallevialle, J. & Suffet, I. H., 1987;
Jensen et al., 1994; Young etal., 1996)0 U O 0O U OO0O0O0O0OODOOOOOOOO0O
20080 90 2400 12ngL'090 3000 27ng L' 000000000 OOOOO
gobbboboboboboboooo o s ooOooobooUUUUoo
0000000 100500 12ngl'00000000000O00D0O00DO0O0
goobboooooboboboooobobooooobbooooobbooooob oo
goobboooooboboboooobobooooobbooooobbooooob oo
ddoooogooooos o000 U0OU0O0OO0OOOOomog (2015)
gdooooouooobb 200000 0o0ouooogg

Joddooomoooboobgoooo e ooooooobooboono
Coelosphaerium sp. DO OO 15°cC 0000000 OODODOOODOO0OOOODODOO
O @0O,1997) Do 0doodoooooooboobooboooooooo
o000 s0b0o0bnoiobooomeg7o 120000 (DOO,198) DOoOOooonO
gboooboobobboobuooboobboobobooboobboo2000b
19930090000 (00,199 Db oobooooooboboobog Ge/Ms
gbooobobooboobuooboobooboobboobooboobboobo
Obob0obobOobboobodCkuetzngaumD O OO0 00000000 OOOOO
gboob00ob0obobobobobobobobobobOoO PhormdiumO D OO
gooboboooon (@©o 199 obobooo nooooobob 3o0obogo G
kuetzingpanumO O OO OOOD0OOO0OOOO0OOODOODOODOODOODOODObDODOO
O00o0O@BdOO0O0O0 20070 5000 2009000000000 CCoelosphaerium sp.
O000o0obOo0oboobooobobooob2o10 0000 Coeosphaerium sp.0 0 OO

goboobbbtoooooooobbbgoooooo

65



O0000O0OCodosphaeriumsp. DO O OODOOODOODOODOODOODODODOO
goobbbbugodobibmoooobbobboooobbbDdd Schrader
etal. (2011) OOOOO0OOO0ODOO Codosphaeriumsp.0 00000000 OO0O0OO
b oogobbobbooodubbDbOdddOikawa and Ishibashi (2004)
O0PhomdiumtenueD 0D 000D 0O 0O0O0OO0O0ODOODOODOODOODOODODODOD
O0000b0b0ob0obobobOUoboUobobOobOooOn Codosphaeriumsp. OO
gogobobobbooooobobobuooooobobboobobbooooobo
gogobobobbooooobbbodooobbboobobbooooobo
gbooobobooboboboboobobobouobobod (Ludwig et al., 2007,
Giglioetal.,2008) DO O OO OO O Coelosphaeriumsp. DO OOOO0OO0OOOOO

goboobbogooooooobn

66



ood bOoaod

ogono ooooooo

U gdbddddduoooodoooooobbbboboobbbbboooogad
godggoobobbbbooboobbbbbbboddddooooooooon
gobobobbbooodobmoooooboouobooobbooobbog
gobgooboboobooobooobboobboboboobboobobog
gobgooboboobooobooobboobboboboobboobobog
gooooboobooobobon HS-GCMS ODOOnb soec ubooboon
Sp-cCMS U 00000000 ooouobooooon

g 28000 0bbdgoobbobboooobobbbbooooobobbooo
gogooooobobobbboboobobbbbobobbotbdddoooooooooo
gogooooobobobbboboobobbbbobobbotbdddoooooooooo
godggoobobobbbbobobobbbbbbboudduoooooooood
godggoobobobbbbobobobbbbbbboudduoooooooood
gobbbboooogobbbuooooobbobbuoooon

U ougggobbobbodggzoe9 0 1odgobobboooooobbobood
godggoobobbbboboobbbbbboddddooooooooon
godggoobobbbboboobbbbbboddddooooooooon
godggoobobbbboboobbbbbboddddooooooooon
godggoobobbbboboobbbbbboddddooooooooon
goobobboooooooobooo

goozoeo7bgz2e0obbggooobggooooooooobggd

67



oo oodado

gubogbdobgboobobobooboobobboobouoboboobd

gbobogboobooboboobooboboobobobobooboboa

guoboguoboooobooobooobooon

goubogbooboboobobobooboobobboobooboboobd

gubodgooboga

gboogbobotgbgbobbobouogbaouboobounoobobd

gboogbgbogogbouogboboouboboubobonbobod

gboogbgbogogbouogboboouboboubobonbobod

gbgbootdotbooboogbobobboobooobnobobobobood

68



Ooon

ERERN

g

gog

oo

gdd

gdd

(1975): dobpobbooogoobobobooooobobobbuogo. goaa

gobooobboogooooobodg @ 1), ooo:31-53.

(1976¢): UL ODOOOOOOOOODOOOOUODLDODDOOOO. UOodog

guooobbboooooood (b 20), 0od:23-58.

(1977 : DoOOoODOOOO000oooooooboboboobobobbbooogoo
guooobbbtd. gogobbbogoooooobbbooon @ 30),

god:25-72.

(1978) : oo ooobobboooooobboooooobn
gobobobboogd. ggoobbbooooobbbbooodg @ 40),

0on:25-52.

(1979 : DOOoOLOOOO0oooooooobbobbbobobooouggo
gooboobbo. bodgogobooboooooobobo @ so), g

0 0:33-62.

(1981 : oo oboobbhoboooooooooooooobobboboboooggao

guooobb.gooobobbboooooobbby @ e ), O

g o:27-54.

69



gdn

ERERN

gog

oo

ggd

gdd

(19822): 0OODOOOOOO. OO0 36(10): 90-94.

(1982b): UL UUOUODOOOOUOOOOubLbOboooooboboobbogo
gobooobobooooon (vip. bboobobbuooooobbobbodad

0 (0 70), O000:23-49,

(1983) : bbb bhoboooooooooooboboboobobobobboouogo
goubugobobogobt v, boobbooobgoobooobd

00 (0 80), 0O0:29-52.

(1984) : oo uoooobobbooooobobbouoooobn
gubobbgooool (IX). bbugooouobboboooooobooobd

0 (@ 90), O0OO:13-37.

(1985) : bbb obbhobuouuooooooobobobbbboobooodgggo
goooouououooobl X). bbb bbbooodoooooooooad

0 (0 100), OO0:23-49.

(1986) : LD ODLODLOOOUOUOUOOUOOoooboobobOboboboboouggg

gooobbobobbodd Xn. bboooodooooooboooboodod

0 (0 110), 000:26-38.

70



god (199) : booudoooogoobbbobbbbodoooooooon
gobbobbooooidb Xy bogbboboobouooooobobobbodd

0 (0 120), 000:1-20.

gooono (19%0): buguoobbobbooooooobbooooobo.bbobo
g ooono, ooogogg

guoooobi, p34s.

Engle C. R., Pounds G. L., van der Ploeg M. (1995) : The cost of off flavor. J. World Aquac.

Soc. 26: 297-306.

goooobod oobobod a9%0): boon

gooon (1992): oo ugoooouoooobuoooogd 9920 0).

gobbobooogdn 34:99-105.

gooono 1995 v obbouogdgbbbbooooaogn (19930 d).

gobobobobooggdn 3s:76-83.

goddnb (008 : JOLODDODOUOOOOOODODO. O 2000000000000

gobooboboodgg pls.

goonb (oo8p) : DO oobobobooodo. 0 4900000000 n

guoooobbn p3.

71



Francis G. (1878) : Poisonous Australian Lake. Nature 18: 11-12.

Fukushima H, Katsube K, Hata Y, Kishi R, Fujiwara S (2007) Rapid separation and
concentration of food-borne pathogens in food samples prior to quantification by
viable-cell counting and realtime PCR. Appl. Environ. Microbiol. 73: 92-100.

doi:10.1128/ AEM.01772-06

gooo, gdd, obbb (003 bbb ogoooooobbbogod
guoobobbbotboooooobbbooooooooobbuoooo

guooo. gogodgd 2e6:277-284.

gooo, gdd, 0obb (o003b): oo oooobbogoooooon
guoobobbboooooobobbbuoooooooobbugoa

guooobobbood.ooobibn 26:285-293.

Gerber, N. N., Lechevalier, H. A. (1965) : Geosmin, an earthy-smelling substance isolated

from actinomycetes. Appl. Microbiol. 13: 935-938.

Giglio S., Jiang J., Saint C. P., Cane D., Monis P. T. (2008) : Isolation and Characterization of
the Gene Associated with Geosmin Production in Cyanobacteria. Environ Sci

Technol. 42: 8027—-8032.

Godo T., Kato K., Kamiya H., Ishitobi Y. (2001) : Observation of wind-induced two-layer

dynamics in Lake Nakaumi, a costal lagoon in Japan. Limnology 2: 137-143.

72



Godo T., Ohtani S., Saki Y., Ishitobi Y. (2011) : Detection of geosmin from Coelosphaerium
kuetzingianum separated by a step density gradient medium from suspended

materials in water in Lake Shinji, Japan. Limnology 12: 253-260.

Godo T., Saki Y., Nojiri Y., Tsujitani M., Sugahara S., Hayashi S., Kamiya H., Ohtani S.,
Seike Y. (2017) : Geosmin-producing Species of Coelosphaerium (Synechococcales,

Cyanobacteria) in Lake Shinji, Japan. Scientific Reports, DOI: 10.1038/srep41928.

gobd, ood, bggoo, gobdg, bod, g (@o1s) : gubooggo

guoobobbbodooooobbbbud. ool e4: 769-773.

o000, 0000, ogboo,0ognog (1984) : DO0O0oO0oOgog Microcystis

aeruginosal 000 0O. ODOOOOO 7:437-442.

Hayes S. J., Hayes K. P., Qobinson B.S. (1991) : Geosmin as an odorous metabolite in culture

of free-living amoeba, Vannella species (Gimnamoebia, Vannelidae). J Protozool 38:

4-47.

Hiraishi A., Inagaki K., Tanimoto Y., Iwasaki M., Kishimoto N., Tanaka H. (1997) :

Phylogenetic characterization of a new thermoacidophilic bacterium isolated from

hot springs in Japan. J Gen Appl Microbiol 43: 295-304.

73



Huong N. L., Itoh K., Miyamoto M., Suyama K., Yamamoto H. (2007) Chlorophenol
hydroxylase activity encoded by TfdB from 2,4-dichlorophenoxyacetic acid
(2,4-D)-degrading Bradyrhizobium sp. strain RD5-C2. Bioscience, Biotechnology

and Biochemistry 71: 1691-1696.

Huong N. L., Itoh K., Suyama K. (2008) : 2,4-dichlorophenoxyacetic acid (2,4-D)- and
2,4,5-trichlorophenoxyacetic acid (2,4,5-T)-degrading bacterial community in
soil-water suspension during the enrichment process. Microbes Environment 23:

142-148.

Ichimura T., Watanabe M. M. (1974) : The Closterium calosporum complex from the Ryukyu

Islands — Variation and taxonomical problems. Mem. Natn. Sci. Mus. Tokyo 7:

89-102.

Ichimura T., Watanabe M. (1977) : An axenic clone of Microcystys aeruginosa Kutz. emend.

Elenkin from Lake Kasumigaura. Bull. Jpn. Soc. Phycol. 25: 177-181.

gogooooooad a97) 17 goboobodd ¢ bobooddg, ggobo

g, odgoobobn,355-373.

Ishitobi Y., Kamiya H., Hayashi K., Gomyoda M. (1989) : The tidal exchange in Lake Shinji

under low discharge conditions. Japanese Journal of Limnology 50: 105-113.

74



Ishitobi Y., Kamiya H., Itogawa H. (1993) : Tidal, meteorological and hydrological effects on
the water level variation in a lagoon, Lake Shinji, Japan. Japanese Journal of

Limnology 54: 69-79.

Izaguirre G, Hwang C. J., Krasner S. W., McGuire M. J. (1982) : Geosmin and
2-methylisoborneol from cyanobacteria in three water supply systems. Appl. Environ.

Microbiol. 43: 708-714.

Jensen S. E., Anders C. L., Goatcher L.J., Perley T., Kenefick S., Hrudey S. E. (1994) :

Actinomycetes as a factor in odour problems affecting drinking water from the North

Saskatchewan River. Water Res. 28: 1393-1401.

Jittner F. (1995) : Physiology and biochemistry of odorous compounds from freshwater

cyanobacteria and algae. Water Sci. Technol. 31: 69-78.

Jittner F., Watson S. B. (2007) : Biochemical and ecological control of geosmin and

2-methylisoborneol in source waters. Appl Environ Micrrobiol 73: 4395-4406.

gog, goboo,bobbod, odd, gggn (1983): g sgpuuuoooon

gooboobod. dgggoboobood 25:83-99.

gag (199): bogubugogooobuogooobobodg. bgooobo

oo 33:98-100.

75



g (19%): bogubbooogoboooooogd @@beb). oo

goboobon 36:104-110.

g (1995 boguobooogoooobooogg @@ 7oLy, ggbooo

goooobno 37:94-98.

goo, g, obob, gggd, bbogd 9% bboodoooooon

guooobbbb.goobn 57:313-326.

god, bogao,obd,ogob, ougo, gogd, gdn (o009 - oo

guoooobbn @oo70dd). bbb bgoooon 49: 113-117.

oo, ogod, oo, ggooo, gggod, bbg, gooo, ggga

2014): U OoOooUoULubbbbbooooooobobbbuoooao

gobbobobooog. gogobn 7e:139-148.

god o14): boggoobbbouoogooooboogod.

gooo, ogd, bobbob, oo, bogdg @a98s) : yuugoooooon

oo @b e2bbbdudesuuunbon). oooobboood

g 30:77-89.

76



gooo,boobo,bod, gggd, oo, bbobo d9%) - 0boogobo
gobbobobooooobbobon aegou 40000199100 30). OOy

goobobno 32:101-125.

Kikuchi T., Kadota S., Suehara H., Nishi A., Tsubaki K., Yano H.,Hariyama K. (1983) :
Odorous metabolites of fungi, Chaetomium globosum KINZE ex FR and Botrytis
cinerea PERS ex FR, and a blue-green algae, Phormidium tenue (MENEGHINTI)

GOMONT. Chem. Pharm. Bull. 31: 659-663.

goooobbggooooo

http://www.data.jma.go.jp/obd/stats/etrn/index.php

Klausen C., M. H. Nicolaisen, B. W. Strobel, F. Warnecke, J. L. Nielsen, N. O.G. Jorgensen
(2005) : Abundance of actinobacteria and production of geosmin and
2-methylisoborneol in Danish streams and fish ponds. FEMS Microbiology Ecology

52:265-278.

Komarek J., Hindak F. (1988) : Taxonomic review of natural populations of the cyanophytes
from the Gomphosphaeria-complex. Arch. Hydrobiol. Suppl. 80 (Algological

Studies 50-53): 203-225.

Komarek, J., Anagnostidis, K. (1998) : Cyanoprokaryota. 1. Teil: Chroococcales In
Susswasserflora von Mitteleuropa 19/1 (eds Ettl, H., Gartner, G., Heynig, H. &

Mollenhauer, D.): 548 pp. (Gustav Fischer, Jena-Stuttgart-Liibeck-Ulm).

77



Komarek J., Kastovsky J., Mares J., Johansen J. R. (2014) : Taxonomic classification of
cyanoprokaryotes (cyanobacterial genera) 2014, using a polyphasic approach.

Preslia 86: 295-335.

Kondo K., Seike Y., Date Y. (1990) : Relationship between phytoplankton occurrencd and
salinity or water temperature in brackish lake Nakanoumi, 1979-1986. Jpn. J. Limnol.

51: 173-184.

gbogod @o13): ybgooogood. oo 1soso3odog, oogd

gog1org

Krasner S. W., Huang C. J., McGuire M. J. (1983) : A standard method for quantification of
earthy-musty odorants in water, sediments and algal cultures. Water Sci. Technol. 15:

127-138.

gd oo,boooo,bod 2o04) : bbb booodoooooooboboo

. ggoboboodd 17:331-342.

Kumar S., Stecher G.,, Tamura K. (2016) : MEGA7: Molecular Evolutionary Genetics

Analysis version 7.0 for bigger datasets. Molecular Biology and Evolution.

Lanciotti E., C. Santini, E. Lupi, D. Burrini (2003) : Actinomycetes, cyanobacteria and algae
causing tastes and odours in water of the River Arno used for the water Supply of

Florence. Journal of Water Supply: Research and Technolohy 52: 489-500.

78



Ludwig F., Medger A., Bornick H., Opitz M., Lang K., Goéttfert M., Roske 1. (2007) :
Identification and expression analyses of putative sesquiterpene syathase gens in

Phormidium sp. and prevalence of geoA-like gens in a drinking water reservoir. Appl

Environ Microbiol 73: 6988-6993.

Mallevialle J., I.LH. Suffet (1987) : Identification and Treatment of Tastes and Odors in

Drinking Water. American Water Wborks Association, Chapter 5.

gooo,gooo, oo, ggoo, oo (@o13) : gugooobgogd

guoobobbbodoodg. bbbiodd 36:143-148.

goubggooongooboooobg ooo) - oo, goobooao

U0 99405: 41-42.

gooo,bboboo,bodg ood): bbnuugooboobboooooobo

gd.gobbooboboodggdd 49:24-29.

Nigeli C. (1849) : Gattungen enzelliger Algen physiologisch und systematisch bearbeitet. 139

pp-, 8 pls. (Friedrich Schulthess, Ziirich,) (in German)

good, bbood o013 : doguuuobbbbboooooooon (2013

gy ob.oboboooooooobog 55:77-79.

79



ooon0 (98y): OO DbObOobuobouood PhormdiumO OO0 OoOOoOoOoOonO

guoooououooooob MIBOUOOUOOoOooooooo. ooooad

30: 872-879.

goonD (1989): bbb booooooboobooD. bbodd 31:908-915.

god, bogoog,obonb (a9s4) - oo —=o0o0o—=00oogo 2e:

831-836.

Nielsen J. L., Klausen C., Nielsen P. H., Burford M., Jargensen N. O. G. (2006) : Detection of

activity among uncultured Actinobacteria in a drinking water reservoir. FEMS

Microbiol Ecol. 55: 432438

goooob @oln): oo 2. goooon.

gooobooo 9% oobbobood. ggoo.

goooo,bobo,bodd @o1y: dggbbouoooobobbooooon

U @ornngo). bbbooogooboobn 53:53-61.

gooboo,bbodod, oo (@o12)y: buodbogoobobbuogooobo

b @orzud)y dd. dgbobobbudoodionbn 54:66-68.

80



goooo,bobbod,bdgg @o4): bbhouoooooobobbooooon

g0 (2012,2013,201400). bO0O0OooboooDooogg 56:65-106.

gogon (19%): bogooboobooddg. gggboobbooodgg «1-34. 00

g, gg.

gooo (1997 : goubnogoooooobobbbooooooooobbb. od

oo 35:35-47.

gooo (o05: Joubnogoooooboobbbuoooooooobbbg. d
goooob, gd letddgodooobobobboggooooooobood

g :197-216.

gooo, gggd, oobu, oo, ogod, obobn (19%): boouaggg
gobobobboooooobb @b gou). ggbobooooogg 38:

115-122.

goou, ggdgg,boboo,ooo,good, bbod, bbb (1997 - 00
gobobobboogoobbobbooog @b b)) obobobobodad

goo 39:72-78.

gooo, ggdgag,bobo,obob,ggogd, bbood, oo (199g) : 00
gooooobobbooooooboobo o b)), ogobooobod

U 40:94-103.

&1



gooo, bbb, bodd, gggob, bbb, bodd (1999 : boooo
gogooobbboobobbobdo @b nogo).bobbbooood

0 41:123-132.

gooo,bobo,bodg, ggd, goboo, bodgd (o00): DOooooo
gogooobobboobbbood @o 1200y oobboobobboood

U 42:89-97.

good, bgoo,gogb,oguo,ood, oo, obd ool) - 0o
goobobbooooooooobibb @oord). guoboobbbod

gouog 43:151-161.

good, ggoo, bgdgo, oo, gon, oggo, obog (oo3) : gu
guouobboooogooooobn (002, 2003 U 0O). Do

gooboobogd 45:117-136.

gooo,bobo,bodg, ggd, goobo, bbb 2o04): 00000 OO
gubggbboobddn o4 UO). DOUOobObDOoobOoobOo

46: 99-111.

gooo, bbb, bodg, ggd, ggboo,bbbog oos): dbooobo

gogoobboboobbood @oos ). doobbboobobobodod

47: 99-1009.

82



godod, bbb, ood, oo, oguoo, ggdg,ooob, ggad, o
g (006): DOUOODOOODODODOOOO0OO0OOODOOOO (20060 0). U

gobobobboogddn 48:108-115.

gogdo, ggoo,ooo,oobob,obb,obboo,bbobo, 0oob

(2007): OO oooooboboooooobn o070 ). OO

guooobbodgd 49:118-125.

gooo, gdd, bbb (@o08): bbupodogoaoobbbbooodogd

oo U L) UUOOOOLLObDbO 50:99-103.

Oikawa E. & Ishibashi Y. (2004) : Species specificity of musty odor producing Phormidium

tenue in Lake Kamafusa. Water Sci. Technol. 49: 41-46.

Percival S., Drabsch P., Glencross B. (2008) : Determining factors affecting muddy-flavour

taint in farmed barramundi. Lates calcarifer Aquaculture 284: 136-143.

Persson P. E. (1983) : Off-flavours in aquatic echosystems — an introduction. \\ater Sci.

Technol. 15: 1-11.

Persson P. E. (1988) : Odorous algal cultures in culture collections. Water Sci. Technol. 20:

211-213.

&3



Pringsheim E. G. (1946) : Pure culture of algae, their preparation and maintenance. : p119.

Cambridge University Press, Cambridge

Rajaniemi-Wacklin P., Anne Rantala, Maria. A. Mugnai, Silvia Turicchia, Stefano Ventura,
Jarka Komarkova, Liisa Lepistd, Kaarina Sivonen (2005) : Correspondence between
phylogeny and morphology of Showella spp. and Woronichinia naegeliana,

cyanobacteria commonly occurring in lakes. J. Phycology 42: 226-232.

Rueckert A., Wood S. A., Cary S. C. (2007) : Development and field assessment of a
quantitative PCR for the detection and enumeration of the noxious bloom-former

Anabaena planktonica. Limnol. Oceanogr. Meth. 5: 474-483.

Safferman R. S., Rosen A. A., Mashini C.I., Morris M.E. (1967) : Earthly-smelling substance

from a blue-green alga. Environ. Sci. Technol. 1: 429-430.

gooooo a993): buoobooo,1993090 17000

goooon (oo7): boogogooob,20070 50 20000

Sato T, Matsumoto K, Okumura T, Yokoi W, Naito E, Yoshida Y, Nomoto K, Ito M, Sawada

H. (2008) : Isolation of lactate-utilizing butyrate-producing bacteria from human

feces and in vivo administration of Anaerostipescaccae strain L2 and

galacto-oligosaccharides in a rat model. FEMS Microbiol. Ecol. 66: 528-536.

&4



goo, bbb, bbod o009: Dbbobbouogoobbobbouooooobo

oo D). bUuooUoobbbOoUuOg 51:79-86

gog,goboo,bbod @o10): bbbobbuogoobbobbuoooooboo

oo D). booooobbbOodggg 52:79-86.

goo, ogogg (o155 :gugubbbobdooooooobboood o1st

). obooobboggooaog 57:69-83.

Schrader K. K., Green B. W., Perschbacher P. W. (2011) : Development of phytoplankton
communities and common off-flavours in a biofloc technology system used for the
culture of channel catfish (Ictalurus punctatus). Aquacultural Engineering 45:

118-126.

Smith J. L., Boyer G. L., Zimba P. V. (2008) : A review of cyanobacterial odorous and
bioactive metabolites: impacts and management alternatives in aquaculture.

Aquaculture 280: 5-20. doi: 10.1016/j.aquaculture.2008.05.007

gooboobobooodn (oo8) : g 200dggobbobboooooonb. b

g ioobboogogoogoooo, bugogobobood.

gooooboooboboob o1y : H22 DOO0ODDbOOODDbOUObDObDOOO
http://www.pref.shimane.lg.jp/shinjiko_nakaumi/suisitu_zyouka torikumi/sinnziko

suisitu.data/22 02 06.pdf

85



Someya T. (1995) : Three-dimensional observation of soil bactcria in organic debris with a

confocal laser scanning microscope. Soil Microorg. 46: 61-69.

000,000, 00,0000, 0000, 00000,0000, 00000,
good (oo3) : boggoogooboobbboodogoooon g

goon 57:115-123.

gogo,obgb, obdgn 989 : gugubgobgbodb.bdoond

20: 328-338.

goog (1989): oo buoooooo. ouooad 31: 876-881.

Sugiura N., Inamori Y., Hosaka Y., Sudo R., Takahashi G. (1994) : Algae enhancing musty
odor production by streptomycetes in Lake Kasumigaura. Hydrobiologia 288:

57-64.

Sugiura N., Utsumi M., Bin Wei, Iwami N., Okano K., Kawauchi Y., Maekawa T. (2004) :
Assessment for the complicated occurrence of nuisance odours from phytoplankton
and environmental factors in a eutrophic lake. Lakes & Reservoirs, (research &

management) 9: 195-201.

goon (@oog): oo oboooouboboooooubo.boobo

0DO0oooo:plo.

86



goonb (o09): bogdoboboobooogubobooooo. ggoboo

goo:9-10.

Tilden J. (1910) : Minnesota Algae Volume I. The Myxophyceae of North America and
Adjacent Regions Including Central America, Greenland, Bermuda, The West Indies

and Hawaii. Report of the Survey. Botanical Series 8: 328 pp., 20 pls. Minneapolis.

Watson S. B., Brownlee B., Satchwill T., McCauley E. (2000) : Quantitative analysis of trace
levels of geosmin and MIB in source and drinking water using headspace SPME.

Water Res. 34: 2818-2828.

Watson S. B. (2003) : Cyanobacterial and eukaryotic algal odour compounds: signals or

by-products? A review of their biological activity. Phycologia 42: 332-350.
Watson S. B., J. Ridal, and G. L. Boyer (2008) : Taste and odour and cyanobacterial toxins:
impairment, prediction, and management in the Great Lakes. Can. J. Fish. Aquat. Sci.

65: 1779-1796.

Watson S. B., Monis P., Baker P., Giglio S. (2016) : Biochemistry and genetics of taste- and

odor-producing cyanobacteria. Harmful Algae 54: 112-127.

Weisburg W. G, Barns S. M., Pelletier D. A., Lane D. J. (1991) : 16S ribosomal DNA

amplification for phylogenetic study. J. Bacteriology 173: 697-703.

87



Westerhoff P., Rodriguez-Hernandez M., Baker L., Sommerfeld M. (2005) : Seasonal
occurrence and degradation of 2-methylisoborneol in water supply reservoirs. \Water

Res. 39: 4899-4912.

oD (1984): bogogoooboooood. gobonD 26: 813-822.

Yamamoto Y., Tanaka K., Komori N. (1994) : Volatile compounds excreted by mysobacteria
isolated from lake water and sediments. Japanese Journal of Limnology 55:

241-245.

ugod oo, oo gd, b oo, ud oo (ool : oo buoooad

guoooobbbouooooooob. ggouoboobon 72:9-17.

gogd, oo, obd ol : guobougbbogbobobobgoboobogd

g cobUmMnbuggg. oo 34:57-64.

gooo, oo, bobod, odg, gggn (1984): g sonuuogoooon

gobobobbood. ggogboboobodd 26: 113-132.

gooo, oo, bobo,bodd, gggn (986): b el oogn

goobooboo. bggogobobod 28:98-101.

Young W. F., Horth H., Crane R., Ogden T., Arnott M. (1996) : Taste and odour threshold

concentrations of potential potable water contaminants. \Water Res. 30: 331-340.

88



Zhang Z., Pawliszyn J. (1993) : Headspace Solid Phase Microextraction. Analytical

Chemistry. 65: 1843-1852.

&9



HEN

goobbbbugggbuoooobbbouoooobboboooogoboon
goobooboogNeOUoobboooooobobbuooooonooobon
gogobobbuooogobobbuooooobobbooooobobobobobon
gogobobboobbbtboooooobbobiodooobooobooooooobooon
gogobbobbugggobobbuoogobobboooobobooooboon
gdoboooobbobbooooobobboooobobobboooooobooon
gogobobbbodgooboooobobbbooooobobobbooooooboobo
ggobbobbodooooodgoouobobbooooobbobbooooooobooo
gogbogooobbobobtooooooobobboooooonbbbooooooobooo
ggoobobbdoooooobobbdooooobnbobbuooooobbbbooo
gogobbbbdoodoooobbbbooooooobbbbooooobboo
gogobbbbdoooguobobobboobbboooouobbbbooooooboboD
gogobbobbdoooduobbbbdooooboooobbbbooooooboboD
gogobbbbuooggobbbbuooooboboobobbbboooooagnn
gogobbbbuoogoobobbuoooobobbuooooobobbbodag
ggobbbbooogobbobuooooobbobboood

gogbobbbboogggobzeostggdgbboogbbooouogogoboon
gdoboogoobbobbooooobbbbbdooooooooooooooboo
gogobbobbuooggobobbuoogobobbobbooooooboboon

gogobbobbuogooobobbuooobboobuoooooboon

90



