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Genomic and environmental characteristics of neurotoxin anatoxin-a-producing
cyanobacterium Cuspidothrix issatschenkoi were evaluated. Toxic strains already determined their
genomes differ in the presence or absence of nitrogen-fixing genes and producing cyanotoxins. They
also have many transposon-related genes, which would be related to the diversity of environmental
characteristics of this species. On the other hand, it is difficult to quantify the toxic strains in
water systems because mutations occur in multiple regions in the toxin synthesis gene. It was also
suggested that the distribution of virulent strains, which were not distributed in Japan or appeared
only rarely, may be expanding.



B X C—19, F-19—1, Z—19 (@)

1. MRS FI DTS 5

ERBACLUEWNE « X L5TU T 7877 U TN UKENCHERT D (742 2B
DFENIE, 7 FR T LI DRSO A A E T DN G D, EDTD, WE
OERFBCEBEMNBAEAL L7z 1970 SRR DBIEE T, 74 2 ffFRIEEKY: - MEFOEE R T
—vD—DThDd, £l WFEOMRIZLY, TAH2EBHKT 2L  IL@EAKEIZHEG LTV
D72 N E RFELOEST & HIBRIERALIZ R IR T O 7V — DJE ML - FELOHE
NFPRENTWD (Paerl and Huisman, 2008),

HAROWRICHE T2 EER2GH LT /AT V7%, WiEI 7 ax AT 4 v EEET D
Microcystis aeruginosa TH YV, TNLIMNIHGMREBEAEFET DT /7T U T HEREN#RE
ERTWie (P38, 1994; Hodoki et al. 2012), LA LITAEICZRD | %%T%b%yym%%
HPET D Cuspidothrix issatschenkoi DSVRIE « DY [EH ST LLIL DA 12 SEFLTWBZ LM
Wi ST (Hodoki et al. 2012 & 2013), AFEDOFHKIZOWTIX, TNET, =2 —Y—7
YRERAYO 2 B THEERDGS 1| KT OMESNLTWDLDATH LN, ZIVE TIT B
BENTWHIALITERK TH 72 (Wood et al., 2007; Ballot et al., 2010), —J, HA
TIX 20-30%DIVE TH BRI Shv, MBI H] & 27220 T & @B EE TR R AR PERR DS FAE
LTCW5% (Hodoki et al., 2012 &2013), L2>L., WIS HBIBE & M. aeruginosa X2
AENEETIHBEBEOMHEL L, 7T hFvra HBLOAFEZEETD C
issatschenkoi DWFIEFEBNIMD TH 72y, Z DO Z L, RIS B ARIIATES TR OHE5E
(2L D NKIHE OKERECARA A EORBEMRET D) A7 B3@Emnzn, BNICEBIT 5275
BRI L 0, REERORARER-LETH D,

2. WHEEDOBEK

KHFZEIL, MiREwE T "X v -afia4EpET D C issatschenkoi (DWW, w ARG T D
BESOG TR & MER O 7 LR, BFAMBIVE I 361T 2 PETHENBCER BERr M ORI 22 & | A
A RO EBARFIRELZ AL, S%OT=4 Y » 7 OMBIEHIENIC 0T 72 59 55 2 Al
T HZEEBERE L, 2070, 1) BUEE CTIZHARTHBERE STV 5 A mfk & Ik
DY WENT D, ARG T OER L MOBRREE T ORI, 2) BMRODHHh % 55
ELTeE=2 U 72TV, BN BT D AR OB ESCER B R ME O R 21T - 72,
3. WDk

(1) C issatschenkoi D ) IENT

FAK ARG v X — DB LV 3B L7z ¢ issatschenkoi RM-6 #k% 3 7= 7

3Kk, MEKRIKERDWTT ) AMRNTZAT o7, 728, HEKRICIIEBRBMENZ T
W5, D78, B & O DNA FH AT S TEPER 2 3 Tl R Tl i35 Z LI &
V. BERSEFME & ATREZRBR W BRZE: L7z,  DNA (Z2hZE CTAB VA L » T 24T - 7=,

AR RS OPE L, HiSeq (illumina) (X2 a— b U— REHT & GridION (Oxford
Nanopore Technologies) (ZXk 2w 7 U — RN &AL ETo72, 7. H—0O&RIKST
LEGDHTD, BN Flye il oTr v 7 U — RENFERD de novo 77 V) %4727, %
D%, va— bV — REFTOBRFIZFEH L, Pilon IZX > TERINDEEEZITT- T2, FDOREHE.
4,748,695 bp ODH—DELRYT 7 AFONTZ, T b DBIsIEHZ prokka 1.14.6 [ XV B
T2 — RS (CDS) DFFE L T /T — v a & ToTz, 72, Orthovenn2 (21 ¥ | RM-6 #RI L}
F = 2 F[E (CHARLIE-1) & Kb b AV OWIE (LEG03284) 7> B 4y B S Au7=#k D CDS D Lbls 24T -



776

(2) BRROLLOMENG L LIeE=F) 7

EZHRRILTICH 5 S, iy, ABEMmARE L, 2021 4 11 A5 H 1 BIOHET
FEEIT o7, REOKEZRIL, KEEREZ2 & O—H 0K EHEE ORE &Lz, FHE
D DNA T DY T & Ui, £z, DNAfEHT O 7 ik, WiKkE GF/F 7 4 V5 —ThH
WL, 7 4 H— B Z I L2t 0% DNA filiH & T-20°C CHBRPRTEZE L, DNA Ol
IR CTABVEIZ K > TIT o7z (Hodoki et al. 2012),

4. HHIERCR
(1) C issatschenkoi D/ ) MfFENT

HARCHBERss SNz € isstatschenkoi DA AR & LD 6 BEOWRTE 2R AT, T
MO SIEBRBME R ZENTND 72D, HEEEICTTRERIR VD Pai LB 2170 1ER 2 i
DEREZAT ST, BRELIEDBARF5370 6 D1 < | BIREE TIZRBRERED T ) LABFLATZD
W, MRERET S MR a EFERD RI-6 RO A Th o7z, D72, RI-6 kDY 7 LG
ERRNTT 5 & & IS AN DR E OWI A AT o 72, Z DOFEFR RU-6 kD5 7 L | AT f 0> tRNA

BB L5 £y b rRNA EiaF 28
Te 4,328 fE> = — RELHI (CDS) 23R
NZ(M1), 77 D6+ CEEIT37. 7%
T CRISPR DML 12 B STz, &
oo ZRAEEM S RIS & LT, R
ETFhFTrma DEFENTUFTL,
TN F UG BRE BRI S v,
LovL, 7 = = SFE C ol S -k
LB INTZ A ARY VBB IR S
nighotz, £72. R-6 OF ) A%
SDRMTZ VAR NET DB DR
HEh, AL, 7/ S otpE
RE7ZIT TZ< . HM—FEN CEREEHE
BT 5RMEERBLERENALNLD
(£1), £/, BEETIZY / ADBRE
SNTWVWOLHBEKRIT, TNETNEET LT
JRFRVUNRRRD (1), ZOKRRIELER
Rt DA O RO E BT O ZARMEICBIMR L
TWHIEBREBEZLNT,

4500000

3500000

2000000

2500000
1. C issatschenkoiRM-6 R DEUIRT J L~ v 7
Wl X » GC plot, GC skew, CRISPER, rRNA
(reverse and forward) , tRNA (reverse and forward),

CDS (reverse and forward) # 7R3,

1. HERE Y B SN A RGBT D ik

RM-6 (HA) —
CHAELIE-1

(F==)

LEGE03284

(R R H )

Fo, BARB IOV THRERRE ST

+

RNET ST ¥ a
T ¥ a B AR
AE SV N VS

LDAMDT F ¥ a ARBELR T AR LT L



ZAE B OB OB CRENELTEY \ ZOMEBIIMRIC L > TR -7, 2D,
%ﬁi?ébk?yﬁAk%ﬁ Lo THBRMNEFRHRILL TCVD EBZ BN, ZhE TORF
FETITON TV K 912, BA RGBS T OREDEk A E & PCR 72 E TR - &7 52 L2k
e Tﬁﬂﬁwﬁﬁg%ﬂﬂﬁﬁé DITHNETH D EEZ BT,

(2) BBz GE Lizs=4) 7

EZHRRLTICH 5 S, iy, AEmARE L, 2021 4 11 A5 H 1 BIOHE T
WELIT 272 ZTA, 2O OMEVHREET T ¥ -a, RETF FF T r-a BliE
BAPEATE~FERFIRE S 7z, BEER OGRS FOEERS LV | 76k 5 H AR THE
STV D Cuspidothrix issachenkoi Toh 2 Z EPMERSILTZ, LL, (1) OFEERFEG L
v, RKEOEE \yT/%#VyéW‘mmﬁﬁmﬁmfﬁﬁﬂébﬁﬂ%#ﬁ ftg25z¢&
MEBZHNDTD, BREETIIIN G DT DMICHEBRB ML TWD EBEIXTE RV, £
DIz, BRPEL D RN O D EBROERE NG L L THER DT 2 ED D LE R H D,
— T, 1 DFOEDE O FHE S Y v e AL T ARG T LR EYT Y R ¥
VR RGBE T AR S 472, Hodoki et al. (2013) (2L 5 HAD 88 W TOME TITo7cf
FYT NI T VT OSHARHETIE. ZNLOFEARBEEFIIRESATHARY, YU e
ASNVE TV BB ETIXEFEORMH SN2 L b, BUHENFE L EZ DN TN D
Raphidiopsis raciborskii THDHA[REMENEWEE X BNLT-, £/, X2 bR UAEEG
THHEZE (6-10 A) ISmiiEnz, #1008, VX N 24T D C issatschenkoi
WAL SAVEDSEES TS, BIfE, ZNODOEDOEEEDFKEEZIT>THDHR, ZD 10
FEOMIZ, ZHETHARIZHM L TW D> 20 LB L7 ds o T2 A TR O 040 B3 AR
LT\ D AfREMEDS RIB S Tz,

<G| 3Tk >

Ballot, A., Fastner, J., Lentz, M., Wiedner, C. (2010) First report of anatoxin—a-—
producing cyanobacterium Aphanizomenon issatschenkoi in northeastern Germany
Toxicon 56, 964-971.

Hodoki, Y., Ohbayashi, K., Kobayashi, Y., Okuda, N., Nakano, S.-I. (2012) Detection
and identification of potentially toxic cyanobacteria: ubiquitous distribution
of Microcystis aeruginosa and Cuspidothrix issatschenkoi in Japanese lakes
Harmful Algae (doi:10.1016/j.hal.2012.01.003).

Hodoki, Y., Ohbayashi, K., Kobayashi, Y., Okuda, N., Nakano, S.-I. (2013) Anatoxin—
a—producing Raphidiopsis mediterranea Skuja var. grandis Hill is one ecotype of
non-heterocytous Cuspidothrix issatschenkoi (Usatev) Rajaniemi et al. in
Japanese lakes. Harmful Algae 21-22: 44-53

Paerl, H.W., Huisman, J. (2008) Climate — Blooms like it hot. Science 320, 57-58.

i BRI R AR K (1994) TAa—Z2 0Bl FHE. L KRFHRES

Wood, S.A., Rasmussen, J.P., Holland, P.T., Campbell, R., Crowe, A.L.M., 2007. First
report of the cyanotoxin anatoxin—a from Aphanizomenon issatschenkoi

(cyanobacteria). Journal of Phycology 43, 356-365


https://www.kinokuniya.co.jp/disp/CSfDispListPage_001.jsp?qsd=true&ptk=01&author=%E6%B8%A1%E8%BE%BA+%E7%9C%9F%E5%88%A9%E4%BB%A3
https://www.kinokuniya.co.jp/disp/CSfDispListPage_001.jsp?qsd=true&ptk=01&author=%E5%8E%9F%E7%94%B0+%E5%81%A5%E4%B8%80
https://www.kinokuniya.co.jp/disp/CSfDispListPage_001.jsp?qsd=true&ptk=01&author=%E8%97%A4%E6%9C%A8+%E5%8D%9A%E5%A4%AA

2020 2021

(Park Ho-dong)

(20262686)

(13601)




