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Identification and Phylogenetic Analysis of Cylindrospermopsis spp.

Isolated in Thailand by Molecular Techniques
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Hanua 175 unas wu'lsonluwuafiSuRy 37 §28819 Sn¥aeD9 trichome fiwuiing 2

uuU AouUUIFUATI UATULULINRDD anwmz3Uinwae heterocyst 'r"';ﬁa;j 2 WUBLTUNAY A
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Tunsfnmanwaensugwinouaaaasing heterocyst waz akinete 183

o

Cylindrospermopsis sp. 24 muﬁuﬁ: @inUszinalng 19 muﬁuhf pamANRN 2 MuRUG
ua:njf{v. 3 @MW) wuhfianuuandnaiirune U5 wazmITAF IR UadLTad U
nvuadianwoclam lmiionty C. raciborskii mMsdnsInad s szinuldun
é’nwmzmnﬁmﬂLm:qmugﬁﬁmm:ﬁwm 12 mpRuimlznalnoilinandondo
nm uanmni{mﬁlﬂﬂ:ﬁmﬁﬂ‘s:naumaa'saﬂ'i'ﬂq'lm‘naﬁﬁ'laiﬁmmuﬂnGi'mﬁ'v.

mMTieTeiaauinedlolnduas 16S rDNA WU IWINLBITH 16S rDNA 31N
24 TpWuilaagszning 1354-1374 bp Warmsfiouseuined indwuiniinana
milauiuannnin 99.5% daurasldifinitlannwaiiGomaiianulndSatuuaniia
ﬁmmnmné’u'laﬁi’mmnwﬁmummnsimﬂu cluster L&8NY

NMTATIVFALUALANN DNA saawmaiia PCR 189 short tandemly repeated
repetitive (STRR) 1@t ¥ primer MALHUAGIAIULANGIIVEY band pattern T=winay
ﬁ’m‘fmm YUATD95U DNA naI9INMIYN PCR p31tni19 0.3 §9 5.6 Kb ¢ primer
T:WiW STRR1R U STRR3R 'lv?naﬁﬁ:qﬂﬁuam’lﬁ’tﬁummumnGm IUFITONLNNGY
mﬂﬁuﬁ'ﬁ‘ﬁ trichome WLLINRUAUAZULUDIRFUATIDANINNY ﬁauaﬁwuﬂumuﬁuﬁﬁuun
eonundaindoain agnelsfianu primer nndlinamdaniulunsuonaiawuian
ﬂs:tnanjﬁuaanmnmuﬁuﬁﬁuq é’u‘hﬁi’mmmsﬁﬁﬂﬁummnﬁa;‘.]ﬂ STRR uHnay
ﬁuﬁﬁouumamﬂu 3 cluster Gl"IJJLL“EiGﬁ"]LﬁGlYI‘NJ"}fIﬂ'IﬁGﬁ— FIMIUNIRNT IR BWY
wizlu Cluster | Jadmoiuginsntdnnlszmelng gumuiuinnlsamadinla
WUIINMTRTNaTAY
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The objectives of this research are to study diversity and isolate axenic cultures
of a toxic cyanobacterium, Cylindrospermopsis in Thailand. Morphological,
physiclogical, biochemical and molecular characteristics were carried out for taxonomic
studies. The cyanobacterium was observed in 37 samples out of 175 collected. Two
trichome formations, namely straight and coiled, and two heterocyst shapes, i.e., spear
head and oval, were recorded. Single trichome isolation yielded 19 axenic cultures,

Morphological observations on sizes of vegetative cell, heterocyst and akinete
were performed to characterize twenty-four strains of Cylindrospermopsis spp. (19
strains from Thailand, 2 strains from Australia and 3 strains from Japan). Although
differences in size, shape and formation were noticed, all strains shared common
morphological traits characteristic of C. raciborskii. Twelve strains from Thailand were
subjected to physiological studied. The results revealed similar growth patterns and
temperature tolerance among them. Pigment composition of the twelve strains also
gave similar findings.

Analysis of 165 rDNA sequences was conducted to determine their phylogenetic
relationship. The size of nucleotide fragments of 24 strains were in the range of 1354-
1373 bp. All strains showed high 16S rDNA sequence similarity over 99.5% and
formed a defined cluster after alignment and construction of phylogenetic tree.

PCR fingerprint of short tandemly repeated repetitive (STRR) sequence analysis
was also carried out. Various combinations of STRR primers revealed different DNA
band patterns and represented unique band among strains of Cylindrospermopsis. Size
of amplified PCR products ranged from 0.3 to 5.6 Kb. The greatest variations of band
patterns were found in combination of primers STRR1R and STRR3R which were able
to obviously distinguished coiled trichomes from straight trichomes, even cultures
isolated from the same populations. All primer combinations were clearly shown that
Japanese strains are highly significant differences from Thai strains and Australian
strains. Constructed phylogenetic tree revealed that the C. raciborskii strains were
separated into the three genotypic clusters which is mostly corresponding to the
geographic origins of strains. Toxic strains were restricted to Cluster | composed of Thai
strains. In particular, the Japanese strains formed a clearly distinct cluster from others
and were not toxic, suggesting a geographically differentiated genotype.

Keywords toxic cyanobacteria, Cylindrospermopsis, Thailand, phylogenetics
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mnm-:ﬁunéaﬁwhoq AamTaouudasmidnsnenmandl and uaz
NITUIUMINNTIINGT FTHANIZNUFD ST UURAURZEMWLIARDUNITIINTIE 39
nizqubitiadmngnisal glnifadyu (eutrophication) Lfian'm'luumimf'\ﬁﬁmmmq
g TR ﬂmsc'nLﬁuﬁanﬁumao‘éaﬁ%ﬁﬂgo%uua:mmnﬂznawaaﬁmﬁﬁi‘ﬂqmn
FuTuin '[91mam:atjw‘z‘ioﬁ%nﬁun'lﬂ-ﬁ'ﬁv*maqmpsz‘f T Lﬁ'aqﬂnﬂ-uﬂnﬂ Wanas
INHAT uaztﬁamsqﬂmunﬁu tﬂuﬂaé’us‘nﬁ’tyﬁtia'lﬁtﬁﬂg'[mﬂm'ﬁ'u
n'mﬁﬂg'[mﬁm-ﬁ'uﬁ'fln""f‘{'aﬁ%ﬁﬂinmnﬁ-ﬂﬁ'ﬂua:m%ﬁu (algae) wauTia
Wydivlaademad sierassmisfinuesianuuandeiuauifadonaioldszns
Liu qmmﬂmf'l smunfimaaiuazgama drethasulunguunszwylaszasy
(diatom) uszaniofide (green algae) iluinwininn dmlugaianssnummid
L‘Fmamnﬁqﬂ famunlmaneiaudengruzwulamluuuaiiy (cyanobacteria) n3a
amiumdounuiniu (blue-green algae) mnﬁqﬂ mafiinrasmniminiuan
vinluundniy vziinansznulasasidamsdrseiiavasdadiin Tumanslddszlumiann
ﬁ"\'uawu‘.uﬁ' TﬂuLa.m:azhai‘ialunsiwaa'l*nuﬂuuunﬁf-’maqa Microcystis fiwuimany
sRafisansnudaamsAn 16un Microcystis aeruginosa, M. viridis, M. wesenbergii Uaz
M. flos-aquae udﬁﬁﬂﬁwun’mﬁﬁ:ﬂ fio Microcystis aeruginosa Kutz. Emend. Elenkin.
(Bishop ef al., 1959) &1IWWN Microcystis Gonlaona Microcystin Hnm A
aanONTaaLTadaL (hepatotoxin) mm;uuswaamiﬁvﬁuagﬁ'm:u:nmﬁ'ls'ﬁ’umfﬁu
YN muasss iy uazawiataddadilasussimin (@vmiat, 2542)
ﬂaqﬂ'mmsia'li"mmuuﬁaﬁ"ﬂanﬁgo'lumﬂauzjutna:xmﬂ%'auﬁﬂé’aﬂs:auﬂrymm?
wWindulnaswmaimaimwing SasansinzieWidalgmadmdansianisunds
vnudn ﬁ'qwuiﬂﬁmm"\Unmmqaﬁmmmwﬁﬂmsﬁﬂﬁtﬂummqéﬁﬁmﬁﬁalv‘ﬁﬁﬂmi
auatniNrYeIlaial FasiRpaniuig daitinfawonwdoduivilnmbluunds
iinaeigavlavesmmissinmwinguiiwawn sedimunsalafuams
Avvinemniouazialiifice nisane g wenaniifonsIwaang 1Bu nnaufimma
ﬁﬁmoﬂizmnﬁﬁﬂﬁ’uqaﬁﬂ"aomuhr.ma:aaui"l wanindwihfiamiotwiiawdn
Wlanlilddala muensanuivihlfifianmsuindaifiaamsfitfordaeiuszuy
sz n (Falconer, 1989)
Tﬂuﬁﬂs:mﬁ'lnuﬁ‘:oag;'lmm%'au%u"ﬁoLﬂuamwu’mé'auﬁl.ﬁaé'imuvian‘mﬁry
wulavasmuing mnmsﬁ‘lﬂawui'\uwa'aﬁ'mm:Juviq'luﬂs:mﬁ'lnuﬁ'mé'uﬂs:auﬂtym
masyidulastgenamivassamie ua:t‘fiamm's‘%'mhuunwui'lﬁ‘m'lmpjtﬂumuﬁu
findamAsfiduduany fawirezdeliinsnuniensfaaudnsufsanulgwii
fiadn uviﬁﬁﬂmmﬂﬂumw'l:ﬂs:mnﬂ‘r’iag’luﬁuun'l’&'ﬁ’m’mumiatfﬁﬁmwhu’r’in‘ﬁn
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Rwlwiswdunaian wisududuszrnshudasfianldumsAsnnamieidu
Fananmnilszth snsrelitfedfanimaiuhodfldfetunasdsimaniuda
atinalsfiaul r:gmﬁLﬁﬂ%u'luﬂs:mﬁ'lnuﬂ'ﬂﬂ'ﬁ'ﬂwuwaﬁa:ﬁ'\'lﬁ'qﬂﬂaw’%amhuo'mﬁ
Aoatasrunanlauaslwanuidydenaofiezifiaiulusmiaa

'l*nuﬂuttnnﬁﬁuﬁuﬁﬁé‘nﬂmtﬂumum'a‘lunaiu Cylindrospermopsis 11130
@319 alkaloid hepatotoxin ﬁﬁ"un'ﬁ’l cylindrospermopsin (Ohtani et al., 1992) UR/:
neurotoxin Til38N731 saxitoxin analogs (Lagos et af., 1999) 1uil a.a. 1979 lafAanns
szu1avalsnauUsnIEUTl Solomon Dam, Palm Island uua35 Queensland Ta3
UssinanamaTiiy Tﬂuﬁpj’ﬂ'mﬁtﬁ"ﬁ'un'w%’nm'lﬂnwmmﬂﬁa 148 311 (Byth, 1980;
Bourke, et al., 1983) %adamwui"w&’ﬂwmsi'li{'l'ﬁ’quﬁﬁ C. raciborskii \33Qagatanun
LUl

Holuuuinitlésimuufismswy Cylindrospermopsis spp. 'lmmeiufﬁwhm
1 dratfiudin dan uamiarh fi"mnmﬂmmﬂs:mﬁ'lnuﬁv'o'luy_lmmmu trichome Uuy
m‘é'u:nua:uumé’umoﬁﬁgﬂhwm heterocyst uuunasSuazuunuluvan (Yongmanitchai
et al, 1999; Chonudomkul et al., 2000) dasnldfimunwinafiusnluedufinem iy
cylindrospermopsin WAt deoxycylindrospermopsin W C. raciborskii ﬁl.l.ﬂﬂ‘il"m Ei‘ldlﬁuﬁ"l
Tudszinalng (Li et al., 2001).

loonluuuafiGuluing Cylindrospermopsis TRULINAUANMUENITIAFTIUINGA
paniilu 8 alldd leun C. raciborskii, C. africana, C. cuspis, C. philippinensis (Komarek
and Kling, 1991), C. curvisspora (Watanabe, 1995), C. allantoidispora, C. catemaco Uazx
C. tavernae (Komakova, 1998) lasmsfinmaulnglidaeildmnmnunsaiilu
FITUTIR TIFNITIATISRAN M1 trichome YWIATANTRIUNG (vegetative cell)
'zm'muazgﬂ"nwau heterocyst ianﬂammau‘%nmuﬁhﬁmmﬂﬁ (Komarek and Kling,
1991) udfiassnanznadauusinsininanodnuusedn 9iadu inliluifgriu
fifitanmbsimudumsiaiuunfndsdnraenidugwinguisiainudior dniu
Tayanwangwurmaaiisduniiunumeswnnlumsfnsmduaunsuimuvasnd
unig T.ﬂumm:azhoi‘ion'n'l'ﬁ’ﬁ’agamao 16S rRNA fiwlu  Cylindrospermopsis LWan133
uunluszauadds laomnidayal/iwnesianuduiusuesdraviiauwins Fai)
i loo lwwuafiGoluiiva C. raciborskii ﬁﬁouﬂ’a:ﬁgﬂ‘nwaa trichome 2 wUUT
WANGIINNBLSEWEY (uuTuinden uszuuuiduase) ndudianulndianedidaums
fsalagluslidifionriu (Sarker et al., 1999; Sarker and Neilan, 2001; Li et al., 2000;
Li et al., 2001) uazHaiisroamAuidninbu DNA-dependent RNA polymerase (rpoC1)
1w €. raciborskii Lﬂuﬁduﬁgnaﬁ'ﬂu"ﬁaﬂwﬁﬁa (Wilson et al., 2000) wazenuisniiunly
Frolundinsmusynsaimudwdoanu



G'f'mmsﬁﬂiagamnmﬁmﬂ:ﬁ 16S rRNA fuanltlunisfinaimiiaiu
AruFuTusiFaiiawinirraslamluwuaiiduiislimsdaduunidulydedgndas
wazuiuindwinlunsdinas Pseudoanabaena, Arthrospira Waz Spirulina ussluunants
Faolwmsdaduunyinldieiin (Wimotte, 1994)

Wilmotte et al. (1994) faladiamsdaiaviitnilolnalu 16S rRNA fiuwns
Voo lunuafiGodidy Trichodesmium sp. NIBB1067 uazndssnlaarasuly
FTUUINITUSILENIAIRWIN Trichodesmium NIBB1067 NUOscillatoria PCC7515 fia11y
Tna%anu laofiszauanuiniiauis 94.9 %

Otsuka ef al. (1998) laATITRAINLITAUINNTEO Microcystis 15 &8
Winf finszerweglu 5 sUEF Fuunmndnsuensd@uguing wazasdilsznavmes
phycobilin 2 7Ra)laolivaysuasfiu 165 (RNA ua:wui'lﬁu'muﬂﬁﬂ'nulnﬁtﬁuamqﬁuq
nysuuan lasfianumlanzasdrduiailelndgann @nfandion 100%) na9fid
ATNUANAINWITUFIUINGUEzTHATY phycobilin Audmuniiua13aTUTs 1w M.
viridis TAC17, M. wesenbergii TAC38 UWRT M. aeruginosa TAC71 farnnndauiaunui
100%

uT f.¢1. 1999 Otsuka WREATHT LEILATIEVEN ITS (internal transcribed
spacer) ﬁag's:wi'mss rDNA fill 23S rDNA U813 Microcystis 47 EuWug lapaisenlal
FuInIININaila maximum likelihood WAz DNA distance uazianiliiAuirausn
Wi Microcystis aaniilu 3 naw (cluster) néuﬁnﬁaﬂi:nanﬁdumuﬁ’uﬁﬁaﬁ’nm‘sﬁuua:
ligfasie nﬁuﬁaaalﬂumnﬁuﬁﬁ‘lﬂﬁmmsﬁu ua:néuﬁmmﬂumuﬁufﬁa‘s’ﬂa
TR %ammsnaqﬂ'lﬁ’iﬂmaaﬁamaaﬁu‘lﬁi’mmms‘hﬂﬁuanﬁommuﬂnmoma
AU UL 89AUIENBUVEY phycobilin ua:é‘nwmxmaﬁuqnsmLmuuﬁumaﬁmsuam
aaN IANALAN MU "i'mmﬂ-ﬁ'ﬂ’agamaas‘hé’uﬁmﬂa‘lmﬂuﬁu fanuduulidantags
iaflouiy 165 rONA atinglsfiauanumdanlumoiiinilalnduas 165-23s ITS #
§IgIINGI 93.3-100%

Sarker wazame (1999) laarrsudinuiiniloIndvuaidn 16S rRNA 109
C. raciborskii i} trichome LUUNABILRELILIFUATIWLITAMUnTantly 99.8% &4
Antayruaaduies rRNA luwlomlunuafiSeinasda ‘]ﬁag;lu Order Nostocales
mmmmu'ﬂ'ﬁ‘lun’nﬁ'ﬂmﬁumns‘hv‘fuﬁﬁ'mwm'wua:wuh Cylindrospermopsis in13
Infidveiudnadug lapfidnnuniownnnin 92% Tnofidngogan 94.7% (Haifiouiy
A. cylindrica NIES19 G533 IWifinirfimeifasmsmainduifiaderiu uaziidiaang
mﬁauﬁ;mﬁo 97% Lﬁatﬁuuﬁ'u Nostoc URE Cylindrospermum

uanmnﬁﬁ'ﬂﬁ'ﬁmshmﬂﬁﬂﬁuq maar&ﬁuqmaﬂ{ VU DNA polymorphism 31
HlunsfinmanuduulmISUIWINE W03 C. raciborskii EWUESN 9 @883



Sarker uaz Neilan (2001) FLAEREW HIP (highly iterative palindrome) (HIP1) U&:
Wilson Llazeitus (2000) 1aé3asziu STRR (short tandemly repeated repetitive uasle
WEGIDIRINLANG1NTEWINY C. raciborskii @1UWUEE19 9 dmTuaIt STRR sequences
anAunuluwdlunseslsoluuunfiiods Calothrix lan Marzel uazamiz lull a.a. 1990
Lauwydniidszanm 100 gasdeiluuuazusazgalsznaudniiindlalng 7 e ﬂaqﬁm‘fﬁ
n5ls STRR u primers Tlun1svinta1uRuWDNA Lﬁaﬁnmm‘sm:mumam’ugmm‘lﬂ‘n
Uﬂmmﬂﬁﬁ'uﬁag‘i’mﬁu Gunnera (Rasmussen and Svenning, 1998; Nilsson et al.,
2000) unz Azofla (Zheng et al., 1999)
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1.

Lﬁaﬁﬁ‘n%mmws’m:mwaﬂmuﬂuuuaﬁf‘%uﬁu Cylindrospermopsis sp. Tu
unanindanlssina

Lﬁaﬁ’ﬂuunmuﬁuﬁﬂ%qnﬁr (axenic culture) vadlourlunuaiGofy
Cylindrospermopsis sp. Lﬁam'sﬁ’m‘huund’ﬁUmﬂﬁﬂmoa%ﬁuqﬂmﬂ{
WiadnwauvaInuatpuaslso luwua i3 oWy Cylindrospermopsis sp.

PNToYan NI IWINDY §33inon uazfued



adnsoluarisnis
1. n1d1srvuatiiucIatini
ﬁ'lm\ﬁ’nﬁaua:tﬁuv‘harjﬁmfﬂmnd'lotﬁudﬁ o uasildag ﬁ'mnmﬂvaa
Ussing mstiiuaaad19ld plankton net YUNAF 25 um niuaTreumtwilonvas
lopluwpafiSoRy Cylindrospermopsis sp. A20NH8IANTIAULRY srathefinylon
TuuuafiZoRuiasyvimsausniiiosdu Tasneiia repeated pipetting and washing
(Hoshaw and Rosowski, 1973) Wa3 enrich 1ua1m137 CT medium (lchimura, 1971) "r"}i'.l

gautlsznausail

Ca({NO,),.4H,0 15 mg
KNO;3 10 mg
B-Naz-glycerophosphate 5 mg
MgSQ,.7H,0 4 mg
Vitamin B12 0.01 ng
Biotin 0.01 ng
Thiamine HCI 1 Hg
PIV metals 0.3 ml
TAPS 40 mg
Distilled water 99.7 ml
pH 8.2

PIV metals (Provasoli and Pintner, 1959)

FeCl;.6H,0 19.6 mg
MnCl,.4H,0 3.6 mg
ZnS0,.7H,0 2.2 mg
CoCl,.6H,0O 0.4 mg
NaMo0O,.2H,0 0.25 mg
Na,EDTA.2H,0 100 mg
Distilled water 100 ml

[ - a =3 a
2. myAaugnanRnduIanSa1uinaila repeated pipetting and washing

]
et fidutuasuluta 1 mﬂu"li’luﬁummuquqmuqﬁﬁ 25°C AUy
WRIUITUAIM 2,000 fux uas dark:light period = 12:12 T2l IUFINAURAUNISITTYAI8an
wén Fakunusniuil 2 dmnaia repeated pipetting and washing 13Uty aule
unialgat W30 axenic culture TasvimiaTierauluomis CTYT (Watanabe et al., 2000)

J . oy L= - = L
nlsznaudan CT medium 100 HaARAT yeast extract 10 FadnTy uas tryptone 20
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fadnfu nasnnuuludusmauguannzuiadauuiu 3-4 §law Inhanaresay
dnwpaeareg emidasuunlagadondnmsuad Saker uazAz (1999), Watanabe
(1995), Branco and Senna (1991) usz Komarek and Kling (1991) dall

3. AITANBIANBMINIITMIININE (morphological characteristics)
msAnwanEuIFUIWInglsznavdiszlNuazwIaues trichome U9
3 ] (3 3 A’ P = :Y
28 Tad FUTN dumbiuarsunIauad heterocyst (rafilflunsfinmazioslu CT
medium luan1zadauTduUIN 2-3 O

4. NMSANMAaNEMKENIAIIZINGN (physiological characteristics)
MSANF AN NN NETTEINNUSZNaUMINIAUNRRATIAINTRS Y 8aTINT
- s Pri [ y & . - o P g Vl Aol
WiInwae Warimawizidsdlue s CT medium 71 25°C uanINUAILAANIIHR
2403In1719 LU1astan (nitrogen free medium) MyviaWaaWai® (phosphorus free
medium) uazBnFwavasgunniidaniiedn M3 heterocyst URTMIAT akinete

5. nsAnvIan¥MENI9BILall (biochemical characteristics)
nﬁﬁnmmﬁdmﬁﬁwmﬁmﬂzﬁmﬁﬂsznaumaawﬂ’fﬂq'luunaﬂﬂumﬂﬁﬂm's

TAAITMIYANTUURINILLAIDY spectrophotometer (Shimadzu, model UV-160) Y13 in vivo

WAz in vitro

6. NITANBIANBMENIINUSAIENS (genetic characteristics)
m‘:ﬁnﬂ’lé'msm:moﬁuqmﬁﬂ%’maal%au‘%qﬂ%' tsznavaas
6.1 N1531ATIZW 16S RNA gene sequence
6.1.1 nawzifiodloo luwuafGefilflunsdnsndsznaudie
axenic culture U89 Cylindrospermopsis TIMIA 24 moWus lasuonldanysznalng
19 oW anlsznadite 3 EERUT wazInUssinaeamande 2 aowus uazld
Anabaena 1{lu out-group Yinmawiziipadonanualunsnaiuuia 250 fiaddas Al

=

& Py . a_aa . w
DIMIREITE CT medium YSu1as 50 Naddas Ulﬂ“ﬁllﬁx‘lﬂ?"l&ll'lll] 2,000 lux qnwmu

u

. - ' o " “ o o
25°C B2939:8319 12:12 12l anldanududwoasAisasns

6.1.2 NMIENA genomic DNA 1adlosnluwuaiiGey

Wga Cylindrospermopsis Awrzianalustos exponential Y31 10
fiaddas Iiiaisanisefiannusa 15,000 saudau win 10 W vaznawrasiite
UNAVEIREAIY 2% cetyl trimethyl ammonium bromide (CTAB) 500 pl U
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mercaptoethanol 5 ul W&IINLLT 50 °C win 1 10 dasnantwlfiaasuanday
L@%89 Mini-Beadbeater  (Midauauia 0.1 ua) uiu 30 3wl 3 a3y vinasana

DNA laanst@us1srinarats 500 pul fivsznaude chioroform : isoamyl alcohol (24 : 1)
T LASaa AR 14,000 s0UGEWTA U 2 WA d1@znaw DNA ﬁi@ﬂ.ﬂﬁﬂﬁh?@ﬂ%
@738 QIAEX I kit

6.1.3 NITLWNITHIUTY DNA a7eaia PCR
#FIMIU 16S rRNA gene 14 universal primers Fwiv oo lu
wualsy 2 THe ée 107F uaz 1497R lapddquiiiadlaing LTwaat

107F
5-GGCGCACGGGTGAGTAANNNNNN-3'

1497R
5-ACGGCTACCTTGTTACGACNNNNN-3'.

oA P ] n‘«’ . g d'd T
UARToIM RN MINEY DNA (Li, 1998) Ifasuaufil 10XEXTaq
buffer (Takara Biomedicals, Otsu, Shiga, Japan) 100 pl Wuanans uszdsznauane

genomic DNA 10 ng
primer 50 pmol
Takara EX Taq' " * 25 U
dNTP 25 mM

sanizmniedjisonvinlu Takara PCR Thermal Cycler (Takara
Biomedicals, Otsu, Shiga, Japan) SURI8NT denature 71 95°C W 3 WIT 1 591 MAD
IINRUAINIRIEU DNA 30 501 Taunns denaturation i 84°C 1A 10 3wt dads
annealing # 53°C w14 10 5W# WAz extension @ 72°C W 1.5 ufi garNuIN
qmﬁ{}ﬁ'ﬁ' 72°C #n 8 W vasInIuwYANg purified PCR product lagl® Wizard PCR
purification system
6.1.4 NMyaTsiaauiiiailaindua916S rRNA gene

Tunisiensrdeuiinailalneauag Cylindrospermopsis 16S rDNA
1% primer 8 wia leun
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Frimer Sequence {5 —3")

107F GGCGCACGGGTGAGTAA
1497R ACGGCTACCTTGTTACGAC
522F CAGCAGCCGCGGTAATAC
959R TTCGCGTTGCATCGAATTAA
882F CCGCCTGGGGAGTACG
517R ACCGCGGCTGCTGGCACG
1185F GTGGGGATGACGTCAAGTC
1387R GCGGCGGTGTGTACAAGGC

1@ e1in PCR product 31078 6.1.3 U3anmyssunm 0.1 pmol Waz
primer wsiazsiiaviuine 1.5-2.5 pmol anTiazwaraviiindlaindlauls Dye namic ET
terminator cycle sequencing kit T3lFan1zdmTuUARTuriwan 30 sou Usznaudiy
95°C 20 AW 50°C 15 AU Uar 60°C 1 wIN qmﬁm%’nqumuqﬁﬁ' a°c Tavldindas
automated DNA sequencer {ABl PRISM ™ 310 Genetic Analyzer, Applied Biosystems,

Perkin-Elmer Corporation)

6.2 NTIaTIzRa uRNW DNA Tuduwa9 Short Tandemly Repeated
Repetitive (STRR) Sequences
6.2.1 N13&Na DNA N13ana genomic DNA vav oo luuunii3y
3B mnswdulnuds 6.1.2

6.2.2 NITRUIIUINTU DNA somniia PCR
d3U STRR gene 17 primers 4 T (Mazel, et al., 1990) fa
STRR1F: (5-CCCCARTCCCCART-3")
STRR1R: (5-GGGGAYTGGGGAYT-3Y)
STRR3F: (5-CAACAGTCAACAGT-3")
STRR3R: (5"-ACTGTTGACTGTTIG-3")
UHAonsiiusiuaudu DNA (Li, 1998) 197 10XEX Taq'™ buffer 50
i Eudnansa: fusznavdy

genomic DNA 10 ng
primer 50 pmol
Takara EX TaqTM 2.5 U

dNTP 2.5 mbd
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snznafiadfjizonvinly Takara PCR Thermal Cycler (Takara
Biomedicals, Otsu, Shiga, Japan) (33618013 denature 11 94°C W% 10 41#i 1 78U
NAINNBUAINITLRLTU DNA 30 581 lagns denaturation i 94°C win 30 Fuafl de
@18 annealing 71 42°C ¥ 1 W17 uaz extension i 65°C WA 4 WAl FANY TN
qnmqﬁﬁ 65°C an 7 wif

6.2.3 N159LA TR band pattern 189 STRR PCR products
N1SILASIEW band pattern 189 STRR PCR products vinlu agarose
gel electrophresis (Mupid 0832, Advanced Co., Ltd., Tokyo) Tapls agarose 1%

6.3 Phylogenetic analysis
6.3.1 165 rRNA
drdreuiiaeilondildannisdineiaay automate DNA
sequencer Vi UTaslElUsuNTL Clustalw 1.8 B minyimsaiuasiw il
FTauwinislagiflusunsy Mega 2.1 (Kumar et al., 2001) laainaia neighbour-joining f
Yi1N17T bootstrap MUK 1,000 G

6.3.2 a1uANW DNA 189 STRR gene

¥iINN139LATIEW band pattern 183 STRR gene S Tannuas tmage
Master 2 Delite Version 2.00 lagiyadfi band pattern uaa1WuwW DNA tJudn binary
@ =1 uaz il = 0) mﬁa;&aﬁl'lﬁmﬁ’]mmé’nwm:mwuﬂn@mLm:ﬁwm'ﬁa%"mm:
Antsveu G Taunislaumaiia neighbour-joining fasldsinsy PUAP

7. nﬁ‘if‘llﬂ‘i’lzﬁaﬁ‘iﬁﬂcylindrospermopsin

msheTevarsiuslulooluwuafGe Cylindrospermopsis 1finaiia HPLC/MS
ﬁ:m'}nmnwnLgmLfnasﬂummﬁ Jaworski's medium (Thompson et al.,, 1988) #1141
TahIn TuﬁLLaqﬂduQuqquﬁﬁ 25°C auuuRIUIzUNIL 2,000 lux WaE dark:light
period = 12:12 T2la9 PINUBETASTIRUTULN 10 H83E0s Hnanisusnioadua
s TAndsmmues vasane lssmsauwhimeldganma araoaznowd
Wwidamapinan 1 fsdaas udansasibansaszuia 0.45 lulaswes dasazars
1alunserinuadunias ODS (Sep-Pak C18, Waters Corporation, Massachsetts, USA)
Wusnlaidiuadunsas udnhusmobidudumeldgyannia sihdaseilaly
Aaisienn HPLC/MS lagldnaauit TSK-gel Amide-80 (Tosoh Corporation, Tokyo,

Japan) 1u1a 100x2 JadLuas 14 mobile phase UYsznaudaw linear gradient 100 119 60 %
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acetonitrile/in 8@3711na 0.2 Dafdaasw# wazld Photodiode array (71 262 wiluiuas,
SIM) 334N Ma (M+416 m/z uas M-414 m/z) iu detector

= &
HALLKRZADTNITW
1. AITAITIVUARZLAVGAIBHIINN

PnMsdTauranidaronue 176 unds Iu 64 Sandarosmeamiia axuaan
WGeanite nManat mMaeziuoan wazniale (Figure 1 uaz Table 1) WUNMSUWWINTEY
yadloluiuafliFoRsdoutrontaslu 24 Fande saudaatnafing 38 dra01a
dN1 IV trichome AWLIN 2 LUL ABUUULFUATY (straight trichome) LRsLULY®
&7 (coiled trichome) (Figure 2) aufiletaedsoauly (Saker uazams, 1999) lu
MU 26 FIDHNIWLLAWITULLLAUATI 4 §RDHNWLLIAWIZLULIAING B2 uazdn 8 @2
BENIWLTI) 2 WL (Table 2) uanmnﬁﬁoé’cm@Lﬁuﬂ’nmmnﬁhwaaé’nwm:gﬂhwaa
heterocyst ﬁﬁagﬂi 2 uuuguny e yUlunen (spear-head) uaz3uly (oval) (Figure 3) &

saulnaludCylindrospermopsis sp. ﬁwu%:ﬁgﬂ"ﬂd trichome WULLFBATIURE heterocyst
sulaj
u

= d’v =9

2. n1iﬁﬂltﬂﬂaﬁﬂﬁ%ﬁ:USqnﬁm1ﬂmﬂuﬂ repeated pipetting and washing
AsaaRen i Le Cylindrospermopsis sp. luanwmz axenic culture a’mﬁgaﬂuﬂ 37
shata@ivlulsanelng) dromaila repeated pipetting and washing sunsouenler
nInua 19 auWus Usznauee 13 fuWUE trichome L UULY L{UATI UAZ 6 FIUWUT
trichome (JunvuvaLNRe7 (Table 3) Imuaﬂﬁﬁuﬁﬁmmﬁé’nwmwaa trichome AILN&
W9y C. raciborskii (Table 4) G iuan UﬁufﬁwuLﬂuahu‘lmg'lmméaﬁwﬁ;ﬂan
(Sarker et al., 1999) wananiaslduan Cylindrospermopsis sp. fimuludssinasasas
Bo uazdsemadyuldan 2 sz 3 mpWuiaudey SeiminannudnSeadrennd
wnIvuvaslasy msma\rﬁmwnmwfmﬁwﬁmfﬁﬁ'v?qmﬂﬁLﬁaamnﬂ'ﬂmﬂuﬁiw
Mudiladrfinsuon axenic culture Ba9gMIBRETsRailddISe luswand 15 GRUNII
(51001 — 51012, CRJ1, CRJ2 uaz CRJY) lFiludunulunis@nwsioazidoania
Fugnwingn ai3zAnen Faadl issniduaeiufuenldluszozusnvoslasonisy ue
rlumsﬁn'mmaar&ﬁu‘gmaﬂﬂﬁﬁu’mum 24 ayWuf (51001-51019, CRJ1, CRJ2, KAJ1,
KAJ2 Uaz KAJ3) auWuT Cylindrospermopsis sp. ﬁtmumﬁu%'ﬂmﬂa%iﬁuwﬁﬂ HIARY
\NHATANRAT 3 WS Ao Bioresource Laboratory (MAIT19aT3IN0N) Waaludnas
MY (FONDUAUA T WAIMIHRAN U T 811N T) LLa:ﬁ’aaUﬁu"?m’mwl:férual.ffaLf;a
(ﬁlmﬂuﬁm‘%aaﬁanmo) wananiteleeniAulda Culture collection 189 National

Institute for Environmental Studies 1189 Tsukuba ﬂ?:m?lmiﬂu
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Table 1 Sampling sites.
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No.

Place

Province Usage

1 Lam Takhong Dam Nakhon Ratchasima | Agriculture, consumption
and recreation

2 Lam Phra Phloeng Dam Nakhon Ratchasima | Agriculture and
consumption

3 Non Thai Nakhon Ratchasima | None

4 B;Jng Jasam 1 Nakhon Ratchasima | Agriculture

5 Bung Jasam 2 Nakhon Ratchasima | Agriculture

6 Huai Suppradoo Nakhon Ratchasima | Agriculture and recreation

7 Bung Kra Ton Nakhon Ratchasima | Consumption

8 Huai Chora Khe Mak Buri Ram Agriculture and recreation

Reservoir

9 Ban Khra Dueng Buri Ram None

10 | Huai Talat Reservoir Buri Ram Agriculture and recreation

11 | Huai Sawai Reservoir Buri Ram Agriculture and recreation

12 | Huai Kan Lueng Reservoir | Buri Ram Agriculture

13 | Pend in Buri Ram Park Buri Ram None

14 | Krong Ma Now Reservoir Buri Ram Agriculture and
consumption

15 | Lam Nang Rong Dam Buri Ram Agriculture, consumption
and recreation

16 | Huai Lam Pok Reservoir Surin Agriculture

17 | Huai Sanaeng Reservoir Surin Agriculture and recreation

18 | Fish Pond Wat Ban Surin Raising fish

Chaneng
19 | Huai Kra Lao Surin Agriculture




Table 1 (continued).
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No. Place Province Usage
20 | Pond Near Rajapat Institute Ubon Ratchatani | None
21 | Pond in Wat Thung Sri Muang | Ubon Ratchatani | None
22 | Sirinthon Dam Ubon Ratchatani | Agriculture, consumption
and recreation
23 | Chulaphorn Dam Chaiyaphum Agriculture and recreation
24 | Ubolrat Dam Khonkaen Agriculture and recreation
25 | Nong Pra Jak Udon Tani Recreation
26 | Huai Luang Dam Udon Tani Agriculture
27 | Pond in Udon Thani Udon Tani None
28 | Nong Mek Udon Tani Agriculture
29 | Ban Bang Pun Nong Khai None
30 | Fish Pond in Fishery Station 1 | Nong Khai Raising Fish
31 | Fish Pond in Fishery Station 2 | Nong Khai Raising Fish
32 | Fish Pond in Fishery Station 3 | Nong Khai Raising Fish
33 | Fish Pond in Fishery Station 4 | Nong Khai Raising Fish
34 | Bung Kan Nong Khai Recreation
35 | Nong Bo Nak Reservoir Nong Khai Agriculture
36 | Ban Kok Kang Nong Khai None
37 | Ban Tha Rai That Charoen Nong Khai None
38 |Ban Had Phaeng Nakhon Phanom |Agriculture
39 |[Somdet Pra Srinakarin Public Sakhon Nakhon Recreation
Park
40 |[Nam Un Dam Sakhon Nakhon Agriculture
41 |Nam Phung Dam Sakhon Nakhon | Agriculture




Table 1 (continued).
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No. Place Province Usage

42 |Huai Deak Reservoir Sakhon Nakhon | Agriculture

43 |Lam Pao Dam Kalasin Agriculture

44 |Pond in Kalasin Kalasin None

45 |Huai Pong Reservoir Kalasin Agriculture

46 |Pla Koon Reservoir Roi Et Agriculture

47 |Tawatchai Reservoir Roi Et Agriculture

48 |Bung Palanchai Roi Et Recreation

49 |Fish Pond in Fishery Research |Roi Et Raising Fish
Center 1

50 |Fish Pond in Fishery Research |Roi Et Raising Fish
Center 2

51 |[Fish Pond in Fishery Research |Roi Et Raising Fish
Center 3

52 |[Fish Pond in Fishery Research |Roi Et Raising Fish
Center 4

53 |Fish Pond in Fishery Research |Roi Et Raising Fish
Center 5

54 |Nong Tha Chok Reservoir Roi Et Agriculture

55 [Ban Non Mai Roi Et None

56 |Fish Pond At Suwannaphum 1 |Roi Et Raising Fish

57 |Fish Pond At Suwannaphum2 |Roi Et Raising Fish

58 |Nong Phu Yaso Thon Agriculture

59 (Nong Bo Mau Reservoir Yaso Thon Agriculture

60 |Nong Luang Amnat Charoen Agriculture

61 |Duck Pond At Mahasarakham None
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No.

Place Province Usage
Phayakhaphumphisai
62 |Duck Pond Nakhon Pathom |[None
63 |Pond in Somdet Park Kanchana Buri None
64 |Khun Pan Dam Kanchana Buri Agriculture, consumption
and recreation
65 |Tha Thung Na Dam Kanchana Buri Agriculture and consumption
66 |Srinakarin Dam Kanchana Buri Agriculture, consumption
and recreation
67 |(Khao Laem Dam Kanchana Buri Agriculture, consumption
and recreation
68 |[Home Putae Kanchana Buri None
69 |Muang Thong Tani Bangkok None
70 |Pond Near Don Muang Airport |Bangkok None
71 |Pond Around Chitrarada Palace | Bangkok None
72 |Suan Luang Rama X Public Bangkok Recreation
Park
73 |Pond Near Bang Na Bangkok None
74 |Fish Pond in Kasetsart Bangkok Raising Fish
University 1
75 |Fish Pond in Kasetsart Bangkok Raising Fish
University 2
76 |Fish Pond in Kasetsart Bangkok Raising Fish
University 3
77 |Shirmp Pond Chachoengsao Raising shrimp
78 |Bang Prong Samut Prakan None
79 |Pond in Hua Chiew University |Samut Prakan None




Table 1 (continued).
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No. Place Province Usage
80 |Pond in Wutvittaya School Chon Buri None
81 |Nong Phai Khaew Chon Buri None
82 |Pond Near Nong Yai Chon Buri None
83 |Bang Phra Reservoir Chon Buri Agriculture
84 |Fish Pond in Bang Phra Chon Buri Raising fish
Reservoir 1
85 |Fish Pond in Bang Phra Chon Buri Raising fish
Reservoir 1
86 |Fish Pond in Bang Phra Chon Buri Raising fish
Reservoir 1
87 |Nong Khlo Reservoir Chon Buri Agriculture
88 |Mab Pra Chan Reservoir Chon Buri Consumption
89 |Nong Klang Dong Reservoir Chon Buri Agriculture
90 (Pond in Kasetsart University Chon Buri None
91 |Ban Mun Chitr Reservoir Chon Buri Agriculture
92 |Dok Krai Reservair Rayong Agriculture
93 INong Pra Lai Reservoir Rayong Agriculture
94 |Khao Chuk Reservoir Rayong Agriculture
95 |EM Gardern Trat None
96 |Duck Pond Trat None
97 |[Ban Plet Nai Trat None
98 |Pa Sak Chonsit Dam Lopburi Agriculture and consumption
99 |Huai Sup Lek Reservoir Lopburi Agriculture and consumption
100 | Huai Som Reservoir Lopburi Agriculture and consumption
101 [ Duck Pond Lopburi None




Table 1 (continued).
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No. v Place Province Usage
102 | Fish Pond 1 Ban Don Tan Lopburi Raising fish
103 |Fish Pond 2 Lopburi Raising fish
104 | Sub Ta Khien Reservoir Lopburi Recreation
105 | Ban Fai Reservoir Lopburi Recreation
106 | Pu Cae Gardern Saraburi None
107 |Kang Kra Chan Dam Phetchaburi Agriculture, consumption
and recreation
108 | Phet Dam Phetchaburi Agriculture
109 |Pran Buri Dam Prachuap Agriculture
Khirikhan
110 | Shimp Pond At Ngao Ranong Raising shimp
111|Ban Ngao Ranong None
112 |Ban Bun Ya Ban Ranong None
113 |Huai Ta Khang Reservoir Ranong Agriculture
114 | Public Park At Phuket Phuket None
115 |Klong Bang Yai Phuket Consumption
116 |Ban Wat Dam Phuket Consumption and recreation
117 |Ban Manik Phuket Consumption
118 | Pond At Phuket Phuket Ncne
119 |Fish Pond At Thap Put Phangnga Raising fish
120 | Somdet Phrasrinakharin Park Phangnga None
121 |Pond At Khabi Khabi None
122| Tran Bok Khor Ra Nee National | Khabi Recresation
Park
123 | Pond Near Rajapat Institute Songkhia None




Table 1 (continued).
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No. Place Province Usage

124 | Samila Songkhla None

125 | Ratchaprapa Dam Suratthani Agriculture, consumption

and recreation

126 | Pond At Suratthani Suratthani None

127 |Huai Pa Daeng Reservoir Phetchabun Agriculture

128 | Huai Aee Mine Dam Phetchabun Agriculture

129 |Ban Klong Kra Chang Phetchabun None

130 | Nong Naree Gardern Park Phetchabun None

131 |Nam Nac Phetchabun Recreation

132 |Pond in Mae LA 1 Sing Buri None

133 |Pond in Mae LA 2 Sing Buri None

134 [Huai Som Khem Reservoir Phitsanulok Recreation

135 |Pond in Phitsanulok Prison1 Phitsanulok None

136 |Pond in Phitsanulok Prison2 Phitsanulok None

137 |Bung Sri Fi FPhichit Recreation

138 |Wastewater Treatment Pond in |Phichit Waste water treatment
Phichit

139 [Mae Man Reservoir Phrae Agriculture

140 |Mae Thang Reservoir Phrae Agriculture

141 |Fish Pond in Ban Mae Kam Phrae Raising fish
Mee Sri Phum

142 |Fish Pond Ban Noen Perm Uthai Thani Raising fish

143 | Thap Salao Dam Uthai Thani Agriculture

144 [Ban Nam Rob Uthai Thani Agriculture

145 [Hin Cha Ngok Kamphaeng Phet |Agriculture




Table 1 (contnued)

No. Place

146 |Pond in Rajapatl Institute
147 | Boeng Boraphet
148 |Huai Khong Kral Reservarr

145 [Phumiphon Dam

150 |Pond in Tak Public Park
151 |Wastewater Treatmoent Pond

152 |Suan Luang Rama X Public
Park

153 |Huai Khong Maceng Cham Bon

Reservoir
154 |Huai Nam Cham Researvorr
155 [Huai Dua Voak Reservoir

156 | Sirikit Dam

157 | Chong Khao Khat Dam

158 Upper Huar King Reservonr

159 |Ang Kam Ruaservon

160 | Mae Mor Scdimentation Pond
161 1Mae Chang Resonvor

162 Haur Sar Reservor

163 Kiew Lom Dam

164 Kwan Phayvao

165 Fish Pond Wang Fa Fao

Province
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Table 1 (continued).
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No. Place Province Usage

166 | Pa Chan Reservoir Chiang Rai Agriculture

167 |Ban Chang Khao Reservoir Chiang Rai Agriculture

168 |Mae Kuang Udom Thara Dam |Chiang Mai Agriculture, consumption

and recreation

169 | Ang Khaeo in Chiang Mai Chiang Mai Consumption and recreation
University

170 [Huai Tung Thao Reservoir Chiang Mai Recreation

171 1 Suan Luang Rama X Public Chiang Mai Receration
Park

172 |Fish Pond 1 Pathum Thani Raising fish

173 |Fish Pond 2 Pathum Thani Raising fish

174 |Fish Pond 3 Pathum Thani Raising fish

175 ' Pond in Thanyaruk Hospital Pathum Thani None

176 |Pond at Wat Chong Klang Mae Hong Son None
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Table 2 Different morphological characteristics of Cylindrospermopsis sp. found in

freshwater reservoirs, dams and ponds in Thailand.

Place

Province Trichome Heterocyst
Straight | Coiled | Oval | Spear head

Huai suppradoo Nakhon Ratchasima + - + -
Bung Jasam 2 Nakhon Ratchasima + - + -
Ubolrat Dam Khonkaen + - + -
Nong Pra Jak Udon Thani + - + -
Huai Luang Dam Udon Thani + - + -
Nong Mek Udon Thani + - + -
Ban Bang Pon Nong Khai - + + y
Fish pond in Fishery Nong Khai - + + -
Station 3
Ban Kok Kang Nong Khai + - + -
Somdet Pra Srinakarin Sakhon Nakhon + - + -
Public Park
Fish pond at Roi Et + + + -
Suwannaphum 1
Fish pond at Roi Et + + + -
Suwannaphum 1
Tha Thung Na Dam Kanchana Buri + - + -
Kang Kra Chan Dam Phetcha Buri + - + -
Pran Buri Dam Prachuap Khirikhan + - + -
Pa Sak Chonsit Dam Lopburi + - + .
Sup Lek Reservoir Lopburi + + + -
Shirmp pond Chachoengsao + + + +
Nong Phai Khaew Chonburi + + + | -




Table 2 (continued)
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Place Province Trichome Heterocyst
Straight | Coiled | Oval | Spear head

Fish pond in Bang Phra Chonburi + + + -
Reservoir
Pond near Don Muang Bangkok + - + -
Airport
Fish pond in KU 1 Bangkok + + + -
Fish pond in KU 2 Bangkok + + + -
Pond in Thanyaruk hospital |Pathum Thani - + + -
Klong 5 Pathum Thani + - + -
Thap Salao Dam Uthai Thani + - + -
Pond in Public Park Tak + - + -
Wastewater treatment pond |Tak + - + -
Chong Khao Khat Dam Uttaradit + - + +
Huai Sai Reservoir Lampang + - + -
Pa Chan Reservoir Chiang Rai - + + -
Huai Tung Thao reservoir Chiang Mai + - + +
Suan Luang Rama IX public |Chiang Mai + - + -
park
Mae Man Reservoir Phrae + - + -
Mae Thang Reservoir Phrae + - + -
Huai Pa Daeng Reservoir Phetchabun + - + -
Pond in Phitsanulok prison Phitsanulok + - + -
Pond at Wat Chong Klang Mae Hong Son + - + -




Figure 2 Two forms of trichome of Cylindrospermopsis sp. (a) straight and (b) coiled.

Figure 3 Shapes of heterocyst of Cylindrospermopsis sp. (a) spear head (b) ovoid.
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Table 3 Axenic cultures of Cylindrospermopsis sp. obtained from various sources.

Strain No. |, Forms of Trichome Sources
51001 Straight Huai Suppradoo, Nakhon Ratchasima
51002 Straight Pond In Public Park, Tak
51003 Straight Huai Tung Thao, Chiang Mai
51004 Coiled Pa Chan Reservoir, Chiang Rai
51005 Coiled Shirmp Pond, Chachoengsao
51006 Straight Shirmp Pond, Chachoengsao
51007 Coiled Nong Phai Khaew, Chonburi
51008 Straight Nong Phai Khaew, Chonburi
51009 Coiled Thap Salao Dam, Uthai Thani
51010 Straight Thap Salao Dam, Uthai Thani
51011 Straight Kang Kra Chan Dam, Phetchaburi
21012 Straight Chong Khao Khat Dam, Uttaradit
51013 Straight Huai Pa Daeng Reservoir, Phetchabun
51014 Straight Ubolrat Dam, Khon Kaen
51015 Straight Nong Mek, Udon Thani
51016 Straight Ban Kok Kang, Nong Khai
51017 Coiled Fish Pond at Suwannaphum1, Roi Et
51018 Straight Fish Pond at Suwannaphum1, Roi Et
51019 Coiled Fish Pond at Suwannaphum2, Roi Et
CRJ1 : Coiled Palm Island, Austraria#
CRJ2 Straight Palm Island, Austraria®
CRJ* Coiled Palm Island, Austraria#
KJA1 Straight Lake Kuono, |baraki, Japan
KJA2 Straight Lake Kuono, Ibaraki, Japan
KJA3 Straight Lake Kuono, Ibaraki, Japan

Courtesy of Dr. M.M. Watanabe, National Institute of Environmental Studies, Tsukuba,

Japan
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Table 4 Trichome characteristics of Cylindrospermopsis spp. isolated from Thailand,

Australia and Japan.

Trichome
Strain Coiled
Type Apical cell Cross wall
diameter (Lm)
51001 | Straight Conical rounded | Not constricted -
51002 | Straight Cylindrical Not constricted -
rounded
51003 | Straight Conical pointed Not constricted -
51004 | Irregularly coiled Conical rounded | Not constricted 12.1-12.4
51005 | Irregularly coiled Cylindrical or Various degree 10.8-15.7
conical ounded of cross wall
constriction
51006 | Straight Pointed Not constricted -
51007 | Irregularly coiled Cylindrical or Not constricted 12.1-18.2
conical ounded
51008 | Straight Conical rounded | Various degree -
of cross wall
constriction
51009 | Irregularly coiled Cylindrical Not constricted 9.7-17.0
rounded
51010 | Straight Conical rounded | Various degree -
or pointed of cross wall
constriction
51011 | Straight Cylindrical round | Not constricted -
51012 | Straight or slightly Cylindrical or Not constricted -
curved conical rounded
51013 | Straight or slightly Sharp pointed Not constricted -
curved (rarely regular
coiled)
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Table 4 (continued).
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A Trichome
Strain Coiled
Type Apical cell Cross wall
diameter (um)
51014 | Straight Conical rounded | Not constricted -
51015 | Straight slightly curved | Cylindrical or Not constricted -
conical rounded
51016 | Straight Cylindrical or Not constricted -
conical rounded
51017 | lrregularly coiled Cylindrical Not constricted ND
rounded
51018 | Straight slightly curved | Cylindrical or Not constricted -
conical rounded
or pointed
51019 | Irregularly coiled Cylindrical Not constricted 12.1-26.9
rounded
CRJ1 | Regularly coiled Conical rounded | Not constricted ND
CRJ2 | Straight slightly curved | Cylindrical or Not constricted -
conical rounded
CRJ* | Irregularly coiled Cylindrical or Not constricted ND
(except around conical rounded
heterocyst)
KJA1 | Straight Cylindrical or Not constricted -
conical rounded
KJAZ2 | Straight Cylindrical or Not constricted -
conical rounded
KJA3 | Straight Cylindrical or Not constricted -
conical rounded

* ND = Not determined
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3. MIANBIANBMENEMEIWINGT (morphological characteristics)

Tumis@nEmasmguing hmMawza g Cylindrospermopsis sp. ¥ 24
moRug luanmzwesduinasgmie 15813 CT medium goanpil 25°C amuiduuas
2000 lux T38M:E919 = 12:12 F2lu9 wn 4 FUa s nasntuinidretvnasesoy
ANBUENWIMFIWINIMondaIRanTIeiuss ldunvwiavadssd (Table 5) uaruwia
183 heterocyst (Table 6) "ﬁommmﬁ?ﬂ'lé'ﬁaﬁ' L*ﬁﬂé‘ﬂnﬁﬁgﬂhmnm:mﬂ PYUIANIY
1.9-6.3 um URZEI 3.0-18.5 um AAUFARIUAIIVEILAUNI 0.8-7.0 &Y trichome
a19i) heterocyst (terminal) fianaduladunil nians 2 duuasfuvianiie 1.9-7.0
UM WRZEIRAY 3.3-11.9 pm Aadudasinanusi:anuniiy 0.9-5.2

wvannilaananuuansdIuaazlit trichome n:uau 2 WUy AUUVNADIURS
meﬁummm muwuﬁnmuﬂuanwm.n'lnaLﬂuonumn 'l@um vinmmiadiuirada
trichome 13 2 wuu liiflsapnan wialfMRoadnitas molwasdi gas vacuoles
m:muagliﬁ"‘)'lﬂ asiraddulngiduniinszuen dauanie 1.9 - 6.3 um uaz
172 3.0 — 18.5 pm MdRaduzwinvanuemdsanuniildiegzning 0.8 - 7.0
\TRERILWUS 51011 a:ﬁmmmmuﬁqﬂ @8 2.7 £ 0.6 pm UAZRIUAUT 51004 ilvuna
L*ﬁﬂﬁn’i’ﬁoﬁqﬂ (4.7 + 0.7 pm) Inumziimoiug 51005 a:ﬁwaﬂamaﬁuﬁ‘:uﬁqﬂag
313110 5.8 £ 1.5 pm UATRIWWUT 51016 ﬁm'mr_rn'ﬁqﬂ 11.6 + 3.9 um (Figure 4) (TR
aransay trichome 3159 3Inszuan wiagunTio wionay FMIULTAA heterocyst
fvammnniraslasmsaraiwaadids, wiaimang uszaraliisalmedwdon
wioaumagaasin tﬂuﬁﬁ'\ﬁamGri'unamuﬁuq‘ﬁuun‘ls‘m’mnﬂs:ma’lﬂuua:aamml.ﬁu
FUITORFITRS heterocyst u‘%t’lmm‘sdnmdmuﬁﬁunﬁ intercalary heterocyst (Figure
5) 33 vdITad heterocyst (luviauanfizlimisnizuan wiagunie wianay vua
n¥19 1.9 — 7.0 pm UzHI 3.0 — 11.9 pm &IWRUS 51011 ﬁmmﬂamuﬁqﬂ (Ewdvany
LTadUNF) 2.7 £ 0.5 pm uazEuWUE CRJ* mnﬂizmﬁaammtﬁuﬁmmmni’wﬁqﬂ 52 %
0.7 um (Table 6 uaz Figure 6) luvnzAianusalaviadsaTad heterocyst =8y
312w 4.6 £ 0.7 pm (IwenoWuf 51009) fi9 8.5 £ 1.6 pm (luauWuF KIA3) akinete i
T TunuafideehaiwsasitamiansiniialuanzuedanihiiBadanady
wmﬁm‘lﬂﬁmuﬁ’uﬁf 1¢iun 51013, 51014 uaz 51016 (InUszinalny) CRI1 uaz CRJ2
@EndszindadRaniiy) UWas KJAT, KJA2 Laz KJA3 (mnﬂ‘s:mﬂﬁjﬂt&) Aniaua
akinete dinagidany heterocyst wiaWwpana 2 Lad dnlngnoiuasdidon vreess
87N 2 IrRdayAnnundausnainiu lidaswy akinete ¥ ndl 3 Lad (Figure 7) 3
Sdlunsinizuanawianiig 2.8 — 7.0 um uaztn? 8.5 — 17.8 um Y ldiisadiusening
A7NLIRBAIINNTI 1.5 — 5.8 (Table 7 Was Figure 8) muﬁ'uﬁ 51014 fuu1a akinete
u.ﬂuﬁqﬂm‘é'%u 3.5 + 0.4 pm URTAIWUE CRJ2 ﬁmmﬂni’wﬁqmm‘é’us.s + 0.6 pm NY
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§1U8Y akinete 83z 11.3 + 2.1 pm (lumoWut 51014) &9 14.2 + 2.4 pm (e
ﬁ'm'f KJA2) 91N Figure 4, 6 Uaz 8 uiiulainmavansadlng heterocyst uas akinete
manunatazanuemlndidoatusnlimunsolfibudnsasililunsuonwiada
nﬁumuﬁuﬁdﬁalndﬂmﬁ mné’num:maﬁ’m_ﬁ_mﬁﬂmmaamuﬁuﬁﬁ‘:muﬂﬁﬁﬁnum:ﬁ
IndifimsadaanniumuTssenwaawuiras C. raciborskii (AF067818 and AF067819)
Aflpunaumia uamnm‘fmuﬁuﬁﬁv’muﬂﬁﬁmnmmnemmas'ffmgl_l"sw ANBUEaLN
unnan C. philippinensis ﬁﬁ trichome WUULNRBIULAS heterocyst nIINToLalaIEn
Yoy Jefinuny C. africana fisadaulapnanun uasla1vasdadIuIznI9nI
81780aMUNTITEN I 1.6-13.2 Tuumsf C. cuspis ﬁmaﬁ'@ﬁuﬂmugﬂnﬂmmauua:i’i
f1EIRAFEIUTETNINAMNITIAIAIUNTNADUTNEITINT 4.2-22.8 &U C. curvispora
3:§l heterocyst flautalanwizaafia 3UnTe Uaipuu uazdandalds Jsmusnazdlos
'l‘ﬁ'ﬁ'nmm:maé’mﬁ'mﬁnm'hmuﬁuﬁ Cylindrospermopsis Awsnldvonuaiiiin C.
raciborskii \infAipauTulasnaludnwus 31]'71\1-11aa'lmm"[uuuaﬁt‘%’na:tﬂ‘éuu'lﬂmu
snzwaden looamzagreBiunasulasoneziiantwaotnann dniudafianud
Lﬂuadﬂaﬁoﬁa:d’aﬁmﬁ:ﬁ'ﬁ’agamoﬁuqmmua:m‘hu'ﬂ'ﬁ'lum'sﬁnmnwﬁmaqnm
354 &M C. raciborskiil 1aTiTBurisuniiifiagineues tichome 1 2 LUy (Saker
et al., 1999) 3 a3Ulein C. raciborskii ronaafinululsinasesandoinaldfidon
USRI trichome LULNALIULRZULULEUATI (Saker et al., 1999; Wilson et al., 2000;
Saker and Neilan, 2001) Fslun1sansnaToinondutonafl Saker unzanzldmonuly
(1999) TauMafisiann Saker and Neilan (2001) l&dnsumdy agvlsiaunmisdinmed
drauiiandlalnduas STRR W C. raciborskii 13 Eﬂuﬁuﬁﬁu.un"lﬁ'mnﬂumaaaﬂmﬂﬁu
mmsn%’anaﬁumuﬁufﬁﬁ trichome menﬁm‘swagﬁwﬁ'w?jr‘lﬁtﬁuﬁamwﬁuﬁuﬁ

TWIFUINALAN BN IIWUENTIY (Wilson et al., 2000)
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Table 5 Vegetative cell size of Cylindrospenmnopsis sp.

Strain Size (um)
Width Length L : W ratio

51001 2.04.0 3.5-12.0 1.2-3.7
51002 3.04.5 4.0-10.0 (12.0) 0.9-3.3
51003 3.0-5.0 4.5-13.0 1.0-34
51004 3.0-6.0 4.0-12.0 1.0-3.3
51005 3.0-55 3.0-8.5 1.0-23
51006 2.5-5.0 4.0-13.0(18.5) 0.8-4.0
51007 3.04.5 4.0-11.0 1.0-3.7
51008 3.5-6.0 5.0-13.5 (20.0) 1.14.6
51009 3.0-55 (3.5) 4.5-10.00 (13.5) 1.0-3.4
51010 2.6-5.2 3.7-14.1(21.5) 1.1-4.8
51011 1.9-3.3 (3.7) 5.6-16.3 (17.8) 1.7-7.0
51012 2644 4.1-104 1.1-3.9
51013 2.2-3.7 4.4-13.0 (15.6) 1.34.7
51014 2248 4.4-18.5 (20.4) 1.4-6.0
51015 3.04.38 5.2-18.5 (22.2) 0.9-5.5
51016 3.3-5.6 6.3-18.5 (22.2) 1.3-5.0
51017 2.6-4.1 5.2-15.6 1447
51018 3.04.8 5.2-14.0 (19.3) 1.1-4.4
51019 3.04.8 4.4-13.7 1.3-3.6
CRJ1 2644 4.8-10.7 1.2-3.6
CRJ2 264.0 4.4-13.0 1.5-4.4
CRJ*® 3.3-6.3 4.4-14.1 (16.7) 1.0-3.8
KJA1 22-37 4.8-14.8 (15.9) 1.6-6.3
KJA2 3.044 (5.2) 6.3- 15.6 (17.8) 1648
KJA3 2644 5.6-16.8 (17.4) 1.7-6.4
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Figure 4 Vegetative cell dimension of Cylindrospermopsis sp. Isolated from Thailand,

Australia and Japan. Spots indicate mean and narrow lines indicate standard

deviation.
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Heterocyst characteristics of Cylindrospermopsis spp.

Strain \ Shape Inter Size (um)
calary Width Length | L:W ratio
51001 | Cylindrical or ovoid or conical; + 2244 | 3.7-74 | 1.2-2.8
rounded end
51002 | Ovoid or conical; rounded or + 1.9-3.7 | 3.7-89 | 1.3-3.3
slightly narrowed towards the end
51003 | Long conical; slightly narrow + 26-44 | 52-11.9 | 0.94.0
towards the end, (slightly curved)
51004 | Ovoid, rounded end + 3.34.8 | 4.1-8.1 | 1.1-2.0
51005 | Sphaerical or ovoid; rounded end + 3.0-5.2 | 3.7-6.7 | 1.0-2.0
51006 | Cylindrical or conical; slightly + 22-44 | 48-11.5 | 1.344
narrow towards the end, (slightly
curved)
51007 | Ovoid; rounded end - 2.6-4.8 3.7-9.3 | 1.04.1
51008 | Ovoid or conical; rounded end + 2641 | 4485 | 1.3-26
51009 | Ovoid or spherical, rounded end + 26-52 | 3.3-59 | 1.0-2.0
51010 | Conical or ovoid; rounded end or + 2.2-4.4 44-8.1 | 1.2-3.0
slightly narrow towards the end,
{slightly curved) :
51011 | Cylindrical or ovoid or conical; + 1.9-4.1 | 44-104 | 1.7-5.2
rounded end
51012 | Conical or ovoid; rounded end or + 2244 | 44107 | 1.5-3.8
slightly narrow towards the end,
(slightly curved)
51013 | Cylindrical; rounded end - 22-37 | 4893 | 1.9-35
51014 | Cylindrical or ovoid; rounded end - 26-56 | 5.2-10.0(1.0-28
51015 | Cylindrical or ovoid or conical; - NC NC
rounded end
51016 | Conical; rounded end or slightly - 3.3-5.6 | 5,5-10.0 | 1.2-2.7
narrow towards the end
51017 | Cylindrical or conical; rounded end - 2644 | 48-89 | 1.6-3.0
(straight or slightly curved)
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Table 6 (continued).
Strain \ Shape Inter Size (“m)
calary Width Length | L:W ratio
51018 | Conical or ovoid; rounded end or - 2.6-44 | 44-93 | 1.3-25
slightly narrow tow.ards the end,
(slightly curved)
51019 | Conical or ovoid; rounded end 3.0-4.8 4.8-8.5 | 1.2-2.2
CRJ1 | Conical; pointed, slightly curved + 3048 | 4885 | 1525
CRJ2 | Conical; rounded end + 26-44 | 59-10.7 | 1.6-3.5
CRJ* | Conical; rounded end - 3.7-7.0 | 5.2-8.1 [ 1.0-15
KJA1 | Cylindrical or conical; rounded end - 2.6-4.1 48-85 | 14-29
KJA2 | Cylindrical or conical; rounded end - 2.6-3.7 | 5.2-104 | 1.5-31
KJA3 | Cylindrical or conical; rounded end - 2647 | 56-11.9 | 1.7-4.1

AN

Figure 5 Special cell structure appear to be intercalary heterocyst observed in some

Cylindrospermopsis sp. isolated from Thailand.
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Figure 6 Heterocyst cell dimension of Cylindrospermopsis sp. Isolated from Thailand,
Australia and Japan. Spots indicate mean and narrow lines indicate standard

deviation.
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Table 7 Akinete characteristics of Cylindrospermopsis spp.

\

Strain# Shape Position Size (pm)
Width Length L:wW ratio
51013 | Long Intercalary, solitary cell, 3.04.8 | 10.4-15.6 2.7-5.1
cylindrical, attached to heterocyst
rounded poles or 2 cells distance
51014 | cylindrical, Intercalary, solitary cell 2.84.2 | 8.5-164 2.0-5.8
rounded poles or in pair, attached to
heterocyst or 2-4 cells
distance
51016 | cylindrical, Intercalary, solitary cell 3.5-64 | 8.5-171 1.5-4.8
rounded poles or in pair, attached to
heterocyst
CRJ1 | Cylindrical and | Intercaraly, solitary orin | 3.7-5.9 | 9.6-14.1 1.5-3.1
curved, pairs, attached to (6.7)
rounded poles heterocyst or 2 cells
distance
CRJ2 | Cylindrical, Intercaraly, solitary or in 4.4-7.0 8.9-14.8 1.7-3.1
rounded poles pairs or 4 cells in series,
attached to heterocyst
or 2 cells distance
KJA1 Cylindrical, Intercaraly, solitary or in 2.8-4.2 7.8-15 2.0-4.4
rounded poles pairs or 3 cells in series,
attached to heterocyst
KJA2 | Cylindrical, Intercaraly, solitary orin | 2.8-4.2 10-17.8 2.4-58
rounded poles pairs, attached to
heterocyst
KJA3 Cylindrical, Intercaraly, solitary or in 2.8-4.2 7.8-16.4 2.2-4.8

rounded poles

pairs, attached to

heterocyst

# Only some strains produced akinete in laboratory condition
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Figure 8 Akinete cell dimension of Cylindrospermopsis sp. Isolated from Thailand,
Australia and Japan. Spots indicate mean and narrow lines indicate standard

deviation.
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4. MEANBIANHEMINIIAEII=IN (physiological characteristics)
4.1 AaNHMENT19131W VD3 Cylindrospermopsis sp.
MIANBIANBUENIRIIEY Cylindrospermopsis sp. 1dHIMINARAIALY 12
muﬁm:f (51001-51012) L"fJuGT’JLmu'lumsﬁnmLﬂaamnLﬂumuﬁ'uﬁﬁunn'lﬁ'lm:u:um
yaslasamsy lunmsnsdndldannznasmulasld ©T medium wuinimuaddan
maIalndifssiu (Figure 9) TapfisuWug 51002 fidanmaetyroaai 9.9x10°
iwasdafaddas nulu 4 ot lwaaeficonug 51003 fanmasiyiumsgegad

.
- '

w =1 [ o A - 7 v e
0.2700 T4 mumuwuﬁ 51011 Joammuadyaigan 1.6x10" ipaddaliadfay uszo:

-

- °

o ~ [ a =1 [ -
VANAUITUUAZTIDWUT 51009 TaaMITYINWITFIEn 0.1387 T ludlain 3
(Table 8)

Table 8 Specific growth rate of Cylindrospermopsis sp. isolated from Thailand in CT

medium at 25°C.

Strain | Specific Growth Rate (day’) Strain | Specific Growth Rate (day™)
51001 0.1425 51007 0.1871
51002 0.2306 51008 0.1976
51003 0.2700 51009 0.1387
51004 0.1706 51010 0.2211
51005 0.1626 | 51011 0.1803
51006 0.1932 51012 0.1875
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medium at 25°C.
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4.2 naznasntivnalulanianasnisiodwuasn1sasng heterocyst
E‘ £ ] ;,d L :4‘ r s
tH839N heterocyst (utraawianhdninnindnlunisadslulasiawanania @3
& - r ll I ol o LY - 4 oo e
wwidlathsslgon luuuafidoiiluemisniinaemmsednsuysallooluwuefidoiine:
. g P ' . -
1daF heterocyst n1imanasiidnwtedniwnavrasnisvnalulasiaudanisiniigninle
P v o . A . P SRR e
s lunuafiZafinduunsig heterocyst 8n (Figure 10) TIAWUI M TaITudUA
. ' oM A & v & ° ~ X
trichome sxulnnlainy heterocyst tliaBudunsinnzians 9z 117U heterocyst LRNTU
o J ] -3 -] QA e F- :‘ 3
lunnmeWuginasay adialsiany heterocyst azfag Alawaupedudon Sedau
- » J AA -1 -.; -] ] x L ;
TsvzuandIninulusumdnifieunivuas:dl neterocyst atinarasdiu uananit
’ L Lo s [ IJ L] ; -r )
IINMIGAILNRBIIANTIANAIBgNIIMIIzIAsINIIL 1 §dJad wudilsoaluuna
J “-’l - Lo -l . []
AFofisuninua (EniTumowug 51004 usr 51007) Iinmsaia heterocyst aimuluse
. LG . . { - '
trichome (Table 9) At"Y intercalary heterocyst (Figure 5) fiwulu Anabaena @alsiand
L . - “ &
Fwwutuiunnau innzanruenInmmaaivoslronluwuafiGoinaiiasd
. & “ a ' v &
heterocyst WU terminal YRy F3dufiwgiuitnnsaie heterocyst mMulusmoaziiluau
o X ol PR o f . & [Y)
aauntiatuniaun losluuuafiiSoiiazutisay trichome sanilugaadu
J £ ° J . . we g
luanzfiigaduiang lulasau (Binsideslu nirogen free medium) aaWus
i - - [ . [ A = e
51004 433 trichome dnmozvaindyl fdaTnnaiysga Aaludlai 4 Hiwuau
8 | e e - -~ - -~ 5
angatly 3.28x10° wwaddadadfasluynsfimowug 51012 Jdanmusigdge laoly
[ g ol 6 » [ o 1 8 A [} = ael'
TR NALINUTTASIANGS 3.10x10° 1 TRAFDNANANT 1w TanirasiiunaFuiiasn
naMugTnlunmsedlulasieuatnaman laivindu iassnnwy heterocyst Lhau
Lo e d L=
vn trichome TuEuWUE 51004 (97.06%) Iuszos 2 flamiusn TupasimaWug 51012
377U heterocyst LRE 62.53% 83 trichome Nanaa uaztialutasa1ii 4 (Table

10)

< 100 _

S

= 80 .
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free CT medium.

lsolate No.

b

51007 51008 51009 51010 51011 51012

0 week
m 1 week
g2 weeks
03 weeks
4 weeks

Frequency of heterocyst formation of Cylindrospermopsis sp. in nitrogen-

Table 9 Formation of special cell structure appear to be intercalary heterocyst of
Cylindrospermopsis sp. in nitrogen-free CT medium.
Intercalary heterocyst formation (%)
Strain No.
0 week 1 week 2 weeks 3 weeks 4 weeks

51001 0 1.73 1.26 6.40 14.06
51002 0 1.00 0.40 0.06 0.20
51003 0 2.13 3.53 1.53 3.66
51004 0 0 0 0 0
51005 0 0.06 0.06 0 0.26
51006 o} 2.20 0.06 0.06 0
51007 0 0 o 0 0
51008 0 0.66 0 0.66 1.40
51009 0 0.06 0 0 0
51010 0 0 0 0.06 0
51011 0 0.13 0.40 0.46 3.73
51012 0 0 0 0.06 0.40
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Table 10 Frequency of heterocyst formation of Cylindrospermopsis sp. isolated

from Tnailand in nitrogen-free CT medium.

\

A No. Heterocyst formation (%)
0 week 1 week 2 weeks 3 weeks 4 weeks
51001 2.06 23.80 31.20 45.06 71.60
51002 1.40 74.66 92.46 71.93 85.46
51003 7.86 43.13 79.00 92.00 81.73
51004 17.13 42.80 97.06 81.73 74.53
51005 40.93 80.53 93.73 65.46 69.66
51006 1.93 51.60 86.60 83.46 63.13
51007 1.33 27.06 40.46 42.53 60.06
51008 9.33 52.20 33.60 74.46 67.93
51009 14.40 68.13 76.80 67.60 79.13
51010 2.53 6.66 67.13 26.33 73.73
51011 0.06 8.86 25.06 35.46 76.80
51012 0.33 3.06 5.60 15.13 62.53

4.3 HABDIPMUNAADNITIVIYUALNITHTI heterocyst

IINYInua 12 muﬁuﬁﬁﬁﬁmmmﬁaunammqnmqﬁ (25, 30, 35 uaz 40°C) §ia
matsigwuitiamualiaininwiyled 40°C 7 mpug (51002, 51004, 51005,
51006, 51008, 51010 uax 51011) swsnsyldlédnigan 30°c TavmoWus 51005 3
E‘fﬂﬂmsm‘%tyquﬂﬁ ODeoonm  L¥iNNU 2.089 1w 30 AUVBINMIIATIBEY UAE 5 muﬁ’uﬁﬁ
Wia (51001, 51003, 51007, 51009 WAz 51012) m‘%m_,‘ld’ﬁﬁqﬂﬁ 35°C lapmuWug
51007 ﬁé’m’m’mﬁmgoqwﬁ ODsoonm YN 2.146 MRITIMWIHELI LTS 30 1t
(Figure 11)

moﬁ"mnauaoqquﬁeiamsa%’w heterocyst WU71 Cylindrospermopsis sp. 1)
M3IaT heterocyst annfigafignndl 30°C lunnanuuf lasfisowug 51006 &ia
hetrocyst lutfiaumn trichome (98.33%) u.a:mnia:qlmtﬁmﬁ'um'm‘%ryﬁqmﬂqﬁﬁtﬂu
qmﬂqi‘lﬁhuﬂmmnﬁﬁuﬁé’mﬁn'ma’%muqofgm'ﬁuﬁ’u Taheziflasnainanudams
'lumeumn'luﬁwﬁ%am:sj’u’lﬁ’ﬁnnsa%’n heterocyst (Figure 12)
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Figure 11 Effect of temperature on growth of Cylindrospermopsis sp. isolated from

Thailand.
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Figure 11 (continued).
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Figure 12 Effect of temperature on heterocyst formation of Cylindrospermopsis sp.

isolated from Thailand.



