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5. n1sA@aIAnNBMEN1IdIad (biochemical characteristics)

mM3fnsmRanaIiUsznavressimuluead Cylindropsermopsis sp. 19 12
“guWut laomsiadimsganfuusivadioad wudwﬁmmﬁm'ﬁﬁué‘nag 2 THia fia (1)
chlorophyll a ﬁflfi'mw@‘]ﬂnﬁml.mqoqm (A max) L9 436-441 w1 luluas ez 679-680
wluuas uaz (2) phycocyanin ﬁﬁmmsgﬂn‘éuumgoqﬂﬁ 633 W luiuas (Table 11)
u.ﬂ'tfiaﬁwmsaﬁ’ﬂmsﬁua"ﬂ'ﬂ@hmsgﬂnﬁuumwud'\‘lmmhtmﬂﬁL‘%'uﬁv'q 12 muﬁuﬁﬁ
uonldludszinalnafdnmsganfuussgagasas phycocyanin uansdllani@uidniay
fafidagluta 617-623 w1luluas Uazd1991n phycocyanin vasloenlunuafGofiuon
'lﬁ’innﬂs:mﬁaaamnﬁuﬁﬁmag'lwﬁw 612-614 urluaiaT (Table 12) nananiiasaan

3

ﬁﬁmm‘sg}ﬂnﬁuumﬁmﬂﬂmﬂLaut'ﬁuﬁu

Table 11 In vivo absorption spectra of Cylindrospermopsis sp.

Strain No. A max (nm)
Chlorophyll a Phycocyanin

51001 441, 679 633
51002 437, 679 633
51003 436, 680 633
51004 438, 679 633
51005 437, 679 633
51006 436 633
51007 437, 679 633
51008 678 633
51009 437, 678 633
51010 436, 679 633
51011 680 633
51012 436, 680 633

- CRJ1 436, 680 633
CRJ2 438, 680 633
CRJ* 436, 680 633
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Table 12 Phycobiliprotein absorption spectra of Cylindrospermopsis sp.

Strain No. A max (nm)

Phycocyanin Others
51001 621 454, 418, 522
51002 623 454, 418, 521
51003 621 454
51004 619 453
51005 622 455, 480
51006 617 519
51007 617 -
51008 621 454, 521
51009 622 454
51010 621 454, 481, 519
51011 617 521
51012 621 452, 519
CRJ1 612 -
CRJ2 614 453
CRJ* 613 454, 479

6. NITANBAIGNBUENIINUTAIEAT (genetic characteristics)

6.1 16S rRNA gene sequence

lunshiameiadufianilaindues 16s rONA vadloolunuaiiy
Cylindrospermopsis sp. TLAWU® 24 FOWUE Usznau 19 muﬁuﬁﬁunnmnﬂi:mﬁ"lnu
(51001-51019) 2 MEWKTINUIzINABDRIATIAY (CRJT Uaz CRJ2) URE 3 TIEWUTIIN
Uszinadiu (KJA1, KIA2 unz KIA3) wuindmaniandlaindues 165 rRNA azagln
2733 1354-1374 bp (Table 13 uax Table 14) Faazduni C. raciborskii muﬁ’u@auﬁ
Sarker uazams (1999) ldmoauly Tandiada gap ud?r wuimsiugainisanalnod
feuiiedlaindumiiauniy C. raciborskii AFO67819

MO AIUITAUINITIN 16S rDNA (%atﬂuﬁmmaaﬁ'uqmmﬁﬁms
auin¥ga) 9N C. raciborskii Aldnmsfinsaiafing 24 EUWWE TN C. raciborskii
2 muﬁ’uﬁ:ﬁﬁﬁagaagm GeneBank (AF067818 URz AF067819) uszdaunuaswut ot
Tuuuafizo 6 B Tausl £ coli tilu outgroup Fariiariinas alignment n&anUL

gruniauaud Wgnldnvarauiinndloinan 112-1488 wn3 E. cofi lay 16S rDNA 1839
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C. raciborskii 3zTF M IRLLEINNL 1376 1laui) DNA sequence similarity §9n7i1 99.5 %
(Table 15) uaziflavnmsaFoduliitaunisudawuin C. racivorskii Hanuaiiaalng
W@ esnuuIN {Figure 13) Tﬂmwnajuag'lu cluster WL HeraaadaanuTIEINuYDd
Saker uaz Neilan (2001) agnalsfianulassaisvasduliitamnnisiisnelivindafionn
intitessndianauandrsvasitwaumualu 165 rDNA 289 C. raciborskii Sivayanav
LiApawefiezuansfiannuduiuiludod famnnsle



52

Table 13 Base sequences of 16S rDNA of Cylindrospermopsis sp. Isolated from

Thailand, Japan and Australia.

551001 \
CGGGTGAGTA
TAATACCGGA
TAGCTAGTTG
GATCAGCCAC
TTTTCCGCAA
GTCGTAAACC
CTAACTCCGT
GGCGTAAAGG
ATAAAAGCGG
AGCGGTGAAA
TAACTGACAC
TAGCCGTAAA
CGCGTTAAGT
GGGGCCCGCA
AAGACTTGAC
AGGTGGTGCA
GCGCARCCCT
ACARACCGGA
ACACGTACTA
AAACCGTAGC
GTAATTGCAG
CACACCATGG
TAAGGTAGGA
//

»51002
GTGAGTAACG
TACCGGATGT
CTAGTTGGTG
CAGCCACACT
TCCGCAATGG
GTAAACCTCT
TCCGTGCCAG
AAAGGGTCTG
AGCGGTGGAA
TGAAATGCGT
GACACTGAGG
GTAAACGATG
TAAGTATCCC
CCGCACAAGC
TTGACATCCT
GTGCATGGCT
ACCCTCGTTT
CCGGAGGAAG
TACTACAATG
TAGCTCAGTT
GCAGGTCAGC
ATGGAAGTTG
AGGACTGGTG
/7

ACGCGTGAGA
TGTGCCGAGA
GTGGTGTAAG
ACTGGGACTG
TGGGCGAAAG
TCTTTTCTCA
GCCAGCAGCC
GTCTGCAGGT
TGGAAACTAC
TGCGTAGATA
TGAGGGACGA
CGATGGATAC
ATCCCGCCTG
CAAGCGGTGG
ATCCTGCGAA
TGGCTGTCGT
CGTTTTTAGT
GGAAGGTGAG
CRAATGCTACG
TCAGTTCAGA
GTCAGCATAC
AAGTTGGTCA
CTGGTGACTG

CGTGAGAATC
GCCGAGAGGT
CTGTAAGGGA
GGGACTGAGA
GCGAARAGCCT
TTTCTCAAGG
CAGCCGCGGT
CAGGTGGAAC
ACTACAGAAC
AGATATCAGG
CGACGAAAGCT
GATACTAGGC
GCCTGGGGAG
GGTGGAGTAT
GCGAATCCTG
GTCGTCAGCT
TTAGTTGCCA
GTGAGGATGA
CTACGGACAG
CAGATCGAAG
ATACTGCAGT
GTCACGCCCG
ACTGGGGTGA

ATCTGGCTCC
GGTGARAGAT
GGACCACCAA
AGACACGGCC
CCTGACGGAG
AGGAAGAAGA
GCGGTAATAC
GGAACTGAAA
AGAACTAGAG
TCAGGAAGAA
ARGCTAGGGG
TAGGCGTGGC
GGGAGTACGC
AGTATGTGGT
TCCTGGTGAA
CAGCTCGTGT
TGCCAGCATT
GATGACGTCA
GACAGAGGGC
TCGAAGGCTG
TGCAGTGAAT
CGCCCGAAGT
GGGTGAAGTC

TGGCTCCAGG
GAAAGATTTA
CCACCAAGGC
CACGGCCCAG
GACGGAGCAA
AAGAAGARAG
AATACGGAGG
TGAAAGTCTG
TAGAGTGCGG
ARAGAACACCG
AGGGGAGCGA
GTGGCTTGTA
TACGCACGCA
GTGGTTTAAT
GCTGAAAGCTA
CGTGTCGTGA
GCATTAAGTT
CGTCAAGTCA
AGGGCAGCGA
GCTGCAACTC
GAATTCGTTC
ARAGTCATTAC
AGTCGTAACA

AGGTCGGGGA
TTATTGCCTG
GGCGTCGATC
CAGACTCCTA
CAATACCGCG
AAGTGACGGT
GGAGGATGCA
GTCTGCTGTT
TGCGGTAGGG
CACCGGTGGC
AGCGAATGGG
TTGTATCGAC
ACGCAAGTGT
TTAATTCGAT
AGCTGGGAGT
CGTGAGATGT
AAGTTGGGCA
AGTCAGCATG
AGCGAAGCCA
CAACTCGCCT
TCGTTCCCGG
CATTACCCCA
GTAACAAGG

TCGGGGATAR
TTGCCTGGAG
GTCGATCAGT
ACTCCTACGG
TACCGCGTGA
TGACGTACTG
ATGCAAGCGT
CTGTTAAAGA
TAGGGGCAAA
GTGGCGAAAG
ATGGGATTAG
TCGACCCGAG
AGTGTGAAAC
TCGATGCAAC
GGAGTGCCTT
GATGTTGGGT
GGGCACTCTA
GCATGCCCCT
GCCAGGGATG
GCCTTCGTGA
CCGGGCCTTG
CCCARACCGAA
AGGT

TAACAGTTGG
GAGATGAGCT
AGTAGCTGGT
CGCGAGGCAG
TGAGGGAGGA
ACTTGAGGAA
AGCGTTATCC
AAAGAGTTTG
GCAAAAGGAA
GAAAGCGTTT
ATTAGATACC
CCGAGCCGTG
GAAARCTCAAA
GCAACGCGAR,
GCCTTAGGGA
TGGGTTAAGT
CTCTAGAGAG
CCCCTTACGT
GGGATGGCAA
TCGTGAAGGA
GCCTTGTACA
ACCGARAGGA

CAGTTGGAAN
ATGAGCTCGC
AGCTGGTCTG
GAGGCAGCAG
GGGAGGAAGG
AGGAATAAGC
TATCCGGAAT
GTTTGGCTTA
AGGAATTCCT
CGTTTTGCTA
ATACCCCAGT
CCGTGCCGGA
TCAARGGAAT
GCGARGAACC
AGGGAGCGCA
TAAGTCCCGC
GAGAGACTGC
TACGTCTTGG
GCAAGCGAAT
AGGAGGAATC
TACACACCGC
AGGAGGGGGA

AAACGACTGC
CGCGTCTGAT
CTGAGAGGAT
CAGTGGGGAA
AGGCTCTTGG
TAAGCATCGG
GGAATGATTG
GCTTAACCAA
TTCCTGGTGT
TGCTAGACCG
CCAGTAGTCC
CCGGAGCTARA
GGAATTGACG
GAACCTTACC
GCGCAGAGAC
CCCGCAACGHA
ACTGCCGGTG
CTTGGGCTAC
GCGAATCCAG
GGAATCGCTA
CACCGCCCGT
GGGGGATGCC

CGACTGCTAA
GTCTCATTAG
AGAGGATGAT
TGGGGAATTT
CTCTTGGGTC
ATCGGCTAAC
GATTGGGCGT
ACCAAATAAD
GGTGTAGCGG
GACCGTAACT
AGTCCTAGCC
GCTARACGCGT
TGACGGGGGC
TTACCAAGAC
GAGACAGGTG
AACGAGCGCA
CGGTGACARR
GCTACACACG
CCAGAAACCG
GCTAGTAATT
CCGTCACACC
TGCCTAAGGT



Table 13 (continued).

>»51003

TGGCGCACGG \ TGAGTAACGC

GACTGCTAAT
TCTGATTAGC
GAGGATGATC
" GGGGAATTTT
TCTTGGGTCG
CATCGGCTTA
ATGATTGGGC
TAACCAAATA
CTGGTGTAGC
TAGACCGTAA
GTAGTCCTAG
GAGCTAACGC
ATTGACGGGG
CCTTACCAAG
CAGAGACAGG
GCAACGAGCG
GCCGGTGACA
GGGCTACACA
ATCCAGAAAC
TCGCTAGTAA
GCCCGTCACA
GATGCCTAAG
/7

>51004

GGGTGAGTAA
AATACCGGAT
AGCTAGTTGG
ATCAGCCACA
TTTCCGCAAT
TCGTAAACCT
TAACTCCGTG
GCGTAARAGGG
TAARAGCGGT
GCGGTGAAAT
AACTGACACT
AGCCGTAAAC
GCGTTAAGTA
GGGCCCGCAC
AGACTTGACA
GGTGGTGCAT
CGCAACCCTC
CAMARCCGGAG
CACGTACTAC
ACCGTAGCTC
AATTGCAGGT
CACCATGGAA
AGGTAGGACT
/7

ACCGGATGTG
TAGTTGGTGG
AGCCACACTG
CCGCAATGGG
TAARRCCTCTT
ACTCCGTGCC
GTAAAGGGTC
ADAGCGGTGG
GGTGAAATGC
CTGACACTGA
CCGTAARCGA
GTTARGTATC
GCCCGCACAR
ACTTGACATC
TGGTGCATGG
CAACCCTCGT
AACCGGAGGA
CGTACTACAA
CGTAGCTCAG
TTGCAGGTCA
CCATGGAAGT
GTAGGACTGG

CGCGTGAGAA
GTGCCGAGAG
TGGTGTAAGG
CTGGGACTGA
GGGCGAAAGC
CTTTTCTCAA
CCAGCAGCCG
TCTGCAGGTG
GGAAACTACA
GCGTAGATAT
GAGGGACGAA
GATGGATACT
TCCCGCCTGG
AAGCGGTGGA
TCCTGCGAAT
GGCTGTCGTC
GTTTTTAGTT
GAAGGTGAGG
AATGCTACGG
AGTTCAGATC
CAGCATACTG
GTTGGTCACG
GGTGACTGGG

GTGAGAATCT
CCGAGAGGTG
TGTAAGGGAC
GGACTGAGAC
CGAAMGCCTG
TTCTCAAGGA
AGCAGCCGCG
TGCAGGTGGA
AARCTACAGA
GTAGATATCA
GGGACGAAAG
TGGATACTAG
CCGCCTGGGGE
GCGGTGGAGT
CTGCGAATCC
CTGTCGTCAG
TTTTAGTTGC
AGGTGAGGAT
TGCTACGGAC
TTCAGATCGA
GCATACTGCA
TGGTCACGCC
TGACTGGGGT

TCTGGCTCCA
GTGAAAGATT
GACCACCAAG
GACACGGCCC
CTGACGGAGC
GGAAGAAGAA
CGGTAATACG
GAACTGAAAG
GAACTAGAGT
CAGGAAGAAC
AGCTAGGGGA
AGGCGTGGCT
GGAGTACGCA
GTATGTGGTT
CCCGGTGARAA
AGCTCGTGTC
GCCAGCATTA
ATGACGTCAA
ACAGAGGGCA
GAAGGCTGCA
CAGTGAATTC
CCCGAAGTCA
GTGAAGTCGT

53

GGCTCCAGGT
AAAGATTTAT
CACCAAGGCG
ACGGCCCAGA
ACGGAGCAAT
AGAAGADAGT
GTAATACGGA
ACTGARAAGTC
ACTAGAGTGC
GGAAGAACAC
CTAGGGGAGC
GCGTGGCTTG
AGTACGCACG
ATGTGGTTTA
TGGTGAAAGC
CTCGTGTCGT
CAGCATTAAG
GACGTCAAGT
AGAGGGCAGC
AGGCTGCAAC
GTGAATTCGT
CGAAGTCATT
GAAGTCGTAA

GGTCGGGGAT
TATTGCCTGG
GCGTCGATCA
AGACTCCTAC
ARTACCGCGT
AGTGACGGTA
GAGGATGCAR
TCTGZTGTTA
GCGGTAGGGG
ACCGGTGGCG
GCGAATGGGA
TGTATCGACC
CGCAAGTGTG
TAATTCGATG
GCTGGGAGTG
GTGAGATGTT
AGTTGGGCAC
GTCAGCATGC
GCAAGCCAGG
ACTCGCCTTC
GTTCCCGGGC
TTACCCCARAC
AACAAGGT

CGGGGATAAC
TGCCTGGAGA
TCGATCAGTA
CTCCTACGGG
ACCGCGTGAG
GACGGTACTT
GGATGCAAGC
TGCTGTTAAA
GGTAGGGGCA
CGGTGGCGAA
GAATGGGATT
TATCGACCCG
CAAGTGTGAA
ATTCGATGCA
TGGGAGTGCC
GAGATGTTGG
TTGGGCACTC
CAGCATGCCC
ADGCCAGGGA
TCGCCTTCGT
TCCCGGGCCT
ACCCCAACCG
CAAGGTAGCC

AACAGTTGGA
AGATGAGCTC
GTAGCTGGTC
GGGAGGCAGC
GAGGGAGGAA
CTTGAGGAAT
GCGTTATCCG
AAGAGTTTGG
CAAAAGGAAT
ARAGCGTTTT
TTAGATACCC
CGAGCCGTGC
AAACTCARARMG
CARACGCGAAG
CCTTAGGGAG
GGGTTAAGTC
TCTAGAGAGA
CCCTTACGTC
GATGGCAAGC
GTGAAGGAGG
CTTGTACACA
CGAAAGGAGG

AGTTGGAAAC
TGAGCTCGCG
GCTGGTCTGA
AGGCAGCAGT
GGAGGAAGGC
GAGGAATAAG
GTTATCCGGA
GAGTTTGGCT
AAAGGAATTC
AGCGTTTTGC
AGATACCCCA
AGCCGTGCCG
ACTCAARAGGA
ACGCGAAGARA
TTAGGGAGCG
GTTAAGTCCC
TAGAGAGACT
CTTACGTCTT
TGGCAMAGCGA
GAAGGAGGAR
TGTACACACC
AAAGGAGGGG
GTA

AACGACTGCT
GCGTCTGATT
TGAGAGGATG
AGTGGGGAAT
GGCTCTTGGG
AAGCATCGGC
GAATGATTGG
CTTAACCARXR
TCCTGGTGTA
GCTAGACCGT
CAGTAGTCCT
CGGAGCTAAC
GAATTGACGG
AACCTTACCA
CGCAGAGACAH
CCGCAACGAG
CTGCCGGTGA
TTGGGCTACA
GAATCCAGAA
AATCGCTAGT
CCGCCCGTCA
GGGATGCCTA



Table 13 (continued).

>51005
TGGCGCACGG
CGACTGCTAR
GTCTGATTAG
AGAGGATGAT
TGGGGAATTT
CTCTTGGGTC
CATCGGCTAA
TGATTGGGCG
AACCAAATAA
TGGTGTAGCG
AGACCGTAAC
TAGTCCTAGC
AGCTAACGCG
TTCGACGGGGG
CTTACCARAGA
AGAGACAGGT
CAACGAGCGC
CCGGTGACAA
GGCTACACAC
TCCAGAAACC
CGCTAGTAAT
CCCGTCACAC
ATGCCTAAGG
//

>51006
TGGCGCACGG
CGACTGCTAA
GTCTGATTAG
AGAGGATGAT
TGGGGAATIT
CTCTITGGGTC
GCATCGGCTA
ATGATTGGGC
TARCCAAATA
CTGGTGTAGC
TAGACCGTAA
GTAGTCCTAG
GAGCTAACGC
ATTGACGGGG
CCTTACCAAG
CAGAGACAGG
GCRACGAGCG
GCCGGTGACA
GGGCTACACA
ATCCAGAAAC
TCGCTAGTAA
GCCCGTCACA
GATGCCTAAG
//

\GTGAGTAACG
TACCGGATGT
CTAGTTGGTG
CAGCCACACT
TCCGCAATGG
GTAAACCTCT
CTCCGTGCCA
TAARGGGTCT
ADGCGGTGGA
GTGAAATGCG
TGACACTGAG
CGTAAACGAT
TTAAGTATCC
CCCGCACAAG
CTTGACATCC
GGTGCATGGC
AACCCTCGTT
ACCGGAGGARA
GTACTACAAT
GTAGCTCAGT
TGCAGGTCAG
CATGGAAGTT
TAGGACTGGT

GTGAGTAACG
TACCGGATGT
CTAGTTGGTG
CAGCCACACT
TCCGCAATGG
GTAAACCTCT
ACTCCGTGCC
GTARAGGGTC
AAAGCGGTGG
GGTGAAATGC
CTGACACTGA
CCGTAAACGA
GTTAAGTATC
GCCCGCACAA
ACTTGACATC
TGGTGCATGG
CAACCCTCGT
ARACCGGAGGA
CGTACTACAA
CGTAGCTCAG
TTGCAGGTCA
CCATGGAAGT
GTAGGACTGG

CGTGAGAATC
GCCGAGAGGT
GTGTAAGGGA
GGGACTGAGA
GCGAAAGCCT
TTTCTCAARGG
GCAGCCGCGG
GCAGGTGGAA
AACTACAGAN
TAGATATCAG
GGACGARAGC
GGATACTAGG
CGCCTGGGGA
CGGTGGAGTA
TGCGAATCCT
TGTCGTCAGC
TTTAGTTGCC
GGTGAGGATG
GCTACGGACA
TCAGATCGAA
CATACTGCAGC
GGTCACGCCC
GACTGGGGTG

CGTGAGAATC
GCCGAGAGGT
GTGTAAGGGA
GGGACTGAGA
GCGAAAGCCT
TTTCTCAAGG
AGCAGGCCGC
TGCAGGTSGA
ARACTACAGA
GTAGATATCA
GGGACGAAAG
TGGATACTAG
CCGCCTGGGG
GCGGTGGAGT
CTGCGAATCC
CTGTCGTCAG
TTTTAGTTGC
AGGTGAGGAT
TGCTACGGAC
TTCAGATCGA
GCATACTGCA
TGGTCACGCC
TGACTGGGGT

54

TGGCTCCAGG
GAARAGATTTA
CCACCARGGC
CACGGCCCAG
GACGGAGCARA
AAGAAGAAAG
TAATACGGAG
CTGAAAGTCT
CTAGAGTGCG
GAAGAACACC
TAGGGGAGCG
CGTGGCTTGT
GTACGCACGC
TGTGGTTTAA
GGTGAAAGCT
TCGTGTCGTG
AGCATTAAGT
ACGTCAAGTC
GAGGGCAGCA
GGCTGCAACT
TGAATTCGTT
GAAGTCATTA
AARGTCGTAAC

TGGCTCCAGG
GARAGATTTA
CCACCAAGGC
CACGGCCCAG
GACGGAGCAA
AAGAAGAAAG
GTAATACGGA
ACTGAAAGTC
ACTAGAGTGC
GGAAGAACAC
CTAGGGGAGC
GCGTGGCTTG
AGTACGCACG
ATGTGGTTTA
TGGTGARMAGC
CTCGTGTCGT
CAGCATTAAG
GACGTCAAGT
AGAGGGCAGC
AGGCTGCAAC
GTGAATTCGT
CGAAGTCATT
GAAGTCGTAA

TCGGGGATAA
TTGCCTGGAG
GTCGATCAGT
ACTCCTACGG
TACCGCGTGA
TGACGTACTT
GATGCAAGCG
GCTGTTAAAG
GTAGGGGCAA
GGTGGCGAAA
AARTGGGATTA
ATCGACCCGA
AAGTGTGARA
TTCGATGCAA
AGGAGTGCCT
AGATGTTGGG
TGGGCACTCT
AGCATGCCCC
AGCCAGGGAT
CGCCTTCGTG
CCCGGGCCTT
CCCCARACCGA
AAGGTAGCCG

TCGGGGATAA
TTGCCTGGAG
GTCGATCAGT
ACTCCTACGG
TACCGCGTGA
TGACGGTACT
GGATGCAAGC
TGCTGTTAAA
GGTAGGGGCA
CGGTGGCGAA
GAATGGGATT
TATCGACCCG
CAAGTGTGAA
ATTCGATGCA
TAGGAGTGCC
GAGATGTTGG
TTGGGCACTC
CAGCATGCCC
AAGCCAGGGA
TCGCCTTCGT
TCCCGGGCCT
ACCCCAACCG
CARGG

CAGTTGGARA
ATGAGCTCGC
AGCTGGTCTG
GAGGCAGCAG
GGGAGGAAGG
GAGGAATAAG
TTATCCGGAA
AGTTTGGCTT
AAGGAATTCC
GCGTTTTGCT
GATACCCCAG
GCCGTGCCGG
CTCAAAGGARA
CGCGARAGAAC
TAGGGAGCGC
TTAAGTCCCG
AGAGAGACTG
TTACGTCTTG
GGCAAGCGARA
AAGGAGGAAT
GTACACACCG
AMGGAGGGGG
T

CAGTTGGAAA
ATGAGCTCGC
AGCTGGTCTG
GAGGCAGCAG
GGGAGGAAGG
TGAGGAATAA
GTTATCCGGA
GAGTTTGGCT
AAAGGAATTC
AGCGTTTTGC
AGATACCCCA
AGCCGTGCCG
ACTCAAAGGA
ACGCGAAGAA
TTAGGGAGCG
GTTAAGTCCC
TAGAGAGACT
CTTACGTCTT
TGGCAAGCGA
GAAGGAGGAA
TGTACACACC
ARARGGAGGGG



Table 13 (continued).

>51007
GGTGAGTAAC
ATACCGGATG
GCTAGTTGGT
TCAGCCACAC
TTCCGCAATG
CGTAAACCTC
AACTCCGTGC
CGTAAAGGGT
AARAGCGGTG
CGGTGAAATG
ACTGACACTG
GCCGTAAACG
CGTTAAGTAT
GGCCCGCACA
GACTTGACAT
GTGGTGCATG
GCAACCCTCG
ARACCGGAGG
ACGTACTACA
CCGTAGCTCA
ATTGCAGGTC
ACCATGGAAG
GGTAGGACTG
//

>51008
GGTGAGTAAC
ATACCGGATG
GCTAGTTGGT
TCAGCCACAC
TTCCGCAATG
CGTAAACCTC
AACTCCGTGC
CGTAAAGGGT
AAAAGCGGTG
CGGTGARATG
ACTGACACTG
GCCGTAAACG
CGTTAAGTAT
GGCCCGCACA
GACTTGACAT
GTGGTGCATG
GCAACCCTCG
AAACCGGAGG
ACGTACTACA
CCGTAGCTCA
ATTGCAGGTC
ACCATGGAAG
GGTAGGACTG
/7

‘CCGTGAGAAT
TGCCGAGAGG
GGTGTAAGGG
TGGGACTGAG
GGCGAAAGCC
TTTTCTCAAG
CAGCAGCCGC
CTGCAGGTGG
GAAACTACAG
CGTAGATATC
AGGGACGAAA
ATGGATACTA
CCCGCCTGGG
AGCGGTGGAG
CCTGCGAATC
GCTGTCGTCA
TTTTTAGTTG
AAGGTGAGGA
ATGCTACGGA
GTTCAGATCG
AGCATACTGC
TTGGTCACGC
GTGACTGGGG

GCGTGAGAMNT
TGCCGAGAGG
GGTGTAAGGG
TGGGACTGAG
GGCGARAAGCC
TTTTCTCAAG
CAGCAGCCGC
CTGCAGGTGG
GARARACTACAG
CGTAGATATC
AGGGACGAAR
ATGGATACTA
CCCGCCTGGG
AGCGGTGGAG
CCTGCGAATC
GCTGTCGTCA
TTTTTAGTTG
AAGGTGAGGA
ATGCTACGGA
GTTCAGATCG
AGCATACTGC
TTGGTCACGC
GTGACTGGGG

CTGGCTCCAG
TGAARAGATTT
ACCACCAAGG
ACACGGCCCA
TGACGGAGCA
GAAGAAGAAR
GGTAATACGG
AACTGARAAGT
AACTAGAGTG
AGGARAGAACA
GCTAGGGGAG
GGCGTGGCTT
GAGTACGCAC
TATGTGGTTT
CTGGTGAAAG
GCTCGTGTCG
CCAGCATTAA
TGACGTCAAG
CAGAGGGCAG
AAGGCTGCAA
AGTGAATTCG
CCGAAGTCAT
TGAAGTCGTA

CTGGCTCCAG
TGAAAGATTT
ACCACCARGG
ACACGGCCCA
TGACGGAGCA
GAAGAAGARAA
GGTAATACGG
AACTGARAAGT
AACTAGAGTG
AGGAAGAACA
GCTAGGGGAG
GGCGTGGCTT
GAGTACGCAC
TATGTGGTTT
CTGGTGAAAG
GCTCGTGTCG
CCAGCATTAA
TGACGTCAAG
CAGAGGGCAG
AAGGCTGCAA
AGTGAATTCG
CCGAAGTCAT
TGAAGTCGTA

55

GTCGGGGATA
ATTGCCTGGA
CGTCGATCAG
GACTCCTACG
ATACCGCGTG
GTGACGGTAC
AGGATGCAAG
CTGCTGTTAA
CGGTAGGGGC
CCGGTGGCGA
CGAATGGGAT
GTATCGACCC
GCAAGTGTGA
AATTCGATGC
CTGGGAGTGC
TGAGATGTTG
GTTGGGCACT
TCAGCATGCC
CAAGCCAGGG
CTCGCCTTCG
TTCCCGGGCC
TACCCCAACC
ACAAGG

GTCGGGGATA
ATTGCCTGGA
CGTCGATCAG
GACTCCTACG
ATACCGCGTG
GTGACGGTAC
AGGATGCAAG
CTGCTGTTARA
CGGTAGGGGC
CCGGTGGCGA
CGARTGGGAT
GTATCGACCC
GCAAGTGTGA
AATTCGATGC
CTGGGAGTGC
TGAGATGTTG
GTTGGGCACT
TCAGCATGCC
CGAGCCAGGG
CTCGCCTTCG
TTCCCGGGCC
TACCCCAACC
ACAAGGT

ACAGTTGGAA
GATGAGCTCG
TAGCTGGTCT
GGAGGCAGCA
AGGGAGGAAG
TTGAGGAATA
CGTTATCCGG
AGAGTTTGGC
AAARGGAATT
ADGCGTTTTIG
TAGATACCCC
GAGCCGTGCC
ARACTCAMAGG
AACGCGARAGA
CTTAGGGAGC
GGTTAAGTCC
CTAGRGAGAC
CCTTACGTCT
ATGGCAAGCG
TGAAGGAGGA
TTGTACACAC
GAAAGGAGGG

ACAGTTGGAA
GATGAGCTCG
TAGCTGGTCT
GGAGGCAGCA
AGGGAGGAAG
TTGAGGAATA
CGTTATCCGG
AGAGTTTGGC
AARAGGAATT
BRAGCGTTTTG
TAGATACCCC
GAGCCGTGCC
AACTCAAAGG
AACGCGAAGA
CTTAGGGAGC
GGTTAAGTCC
CTAGAGAGAC
CCTTACGTCT
ATGGCAAGCG
TGAAGGAGGA
TTGTACACAC
GAAAGGAGGG

ACGACTGCTA
CGTCTGATTA
GAGAGGATGA
GTGGGGAATT
GCTCTTGGGT
AGCATCGGCT
AATGATTGGG
TTAACCAAAT
CCTGGTGTAG
CTAGACCGTA
AGTAGTCCTA
GGAGCTAACG
AATTGACGGG
ACCTTACCAA
GCAGAGACAG
CGCAACGAGC
TGCCGGTGAC
TGGGCTACAC
AATCCAGAAA
ATCGCTAGTA
CGCCCGTCAC
GGATGCCTAA

ACGACTGCTA
CGTCTGATTA
GAGAGGATGA
GTGGGGAATT
GCTCTTGGGT
AGCATCGGCT
AATGATTGGG
TTAACCAAAT
CCTGGTGTAG
CTAGACCGTA
AGTAGTCCTA
GGAGCTAACG
AATTGACGGG
ACCTTACCAA
GCAGAGACAG
CGCAACGAGC
TGCCGGTGAC
TGGGCTACAC
AARTCCAGAAA
ATCGCTAGTA
CGCCCGTCAC
GGATGCCTAA



Table 13 (continued).

51009
GGTGAGTAAC
ATACCGGATG
GCTAGTTGGT
TCAGCCACAC
TTCCGCAATG
CGTARACCTC
AACTCCGTGC
CGTAAAGGGT
ARAAGCGGTG
CGGTGAAATG
ACTGACACTG
GCCGTAAACG
CGTTAAGTAT
GGCCCGCACA
ACTTGACATC
GTGGTGCATG
GCAACCCTCG
AARCCGGAGG
ACGTACTACA
ACCGTAGCTC
AATTGCAGGT
CACCATGGAA
AGGTAGGACT
/7

»51010
GGCGCACGGG
GACTGCTAAT
TCTGATTAGC
AGAGGATGAT
TGGGGAATTT
CTCTTGGGTC
CATCGGCTAC
GATTGGGCGT
ACCARATAAA
GGTGTAGCGG
GACCGTAACT
AGTCCTAGCC
GCTAACGCGT
TGACGGGGGC
TTACCAAGAC
GAGACAGGTG
AACGAGCGCA
CGGTGACAAA
GCTACACACG
CCAGABRACCG
GCTAGTAATT
CCGTCACACC
TGCCTAAGGT
//

GCGTGAGAAT
TGCCGAMAGG
GGTGTAAGGG
TGGGACTGAG
GGCGAAAGCC
TTTTCTCAAG
CAGCAGCCGC
CTGCAGGTGG
GARACTACAG
CGTAGATATC
AGGGACGAAA
ATGGATACTA
CCCGCCTGGG
AGCGGTGGAG
CTGCGAATCC
GCTGTCGTCA
TTTTTAGTTG
AAGGTGAGGA
ATGCTACGGA
AGTTCAGATC
CAGCATACTG
GTTGGTCACG
GGTGACTGGG

TGAGTAACGC
ACCGGATGTG
TAGTTGGTGG
CAGCCACACT
TCCGCAATGG
GTAAACCTCT
TCCGTGCCAA
AAAGGGTCTG
AGCGGTGGANA
TGAAATGCGT
GACACTGAGG
GTAAACGATG
TAAGTATCCC
CCGCACARGC
TTGACATCCT
GTGCATGGCT
ACCCTCGTTT
CCGGAGGAAG
TACTACAATG
TAGCTCAGTT
GCAGGTCAGC
ATGGAAGTTG
AGGACTGGTG

CTGGCTCCAG
TGAARAGATTT
BRCCACCAAGG
ACACGGCCCA
TGACGGAGCA
GAAGAAGARAD
GGTAATACGG
AACTGAAAGT
AACTAGAGTG
AGGAAGAACA
GCTAGGGGAG
GGCGTGGCTT
GAGTACGCAC
TATGTGGTTA
CGGTGAAAGC
GCTCGTGTCG
CCAGCATTAA
TGACGTCAAG
CAGAGGGCAG
GAAGGCTGCA
CAGTGAATTC
CCCGAAGTCA
GTGAAGTCGT

GTGAGAATCT
CCGAGAGGTG
TGTAARGGGAC
GGGACTGAGA
GCGAAAGCCT
TTTCTCARGG
GCAGCCCGGT
CAGGTGGAAC
ACTACAGAALC
AGATATCAGG
GACGAARAGCT
GATACTAGGC
GCCTGGGGAG
GGTGGAGTAT
GCGAATCCTG
GTCGTCAGCT
TTAGTTGCCA
GTGAGGATGA
CTACGGACAG
CAGATCGARAG
ATACTGCAGT
GTCACGCCCG
ACTGGGGTGA

56

GTCGGGGATA
ATTGCCTGGA
CGTCGATCAG
GACTCCTACG
ATACCGCGTG
GTGACGGTAC
AGGATGCAAG
CTGCTGTTAA
CGGTAGGGGC
CCGGTGGCGA
CGAATGGGAT
GTATCGACCC
GCARGTGTGA
ATTCGATGCA
TGGGAGTGCC
TGAGATGTTG
GTTGGGCACT
TCAGCATGCC
CAGAGCCAGG
ACTCGCCTTC
GTTCCCGGGC
TTACCCCAAC
AACAAGGT

GGCTCCAGGT
ARAGATTTAT
CACGCAAGGC
CACGGCCCAG
GACGGAGCAA
AAGAAGADMAG
AATACGGAGG
TGAAARGTCTG
TAGAGTGCGG
ARGAACACCG
AGGGGAGCGA
GTGGCTTGTA
TACGCACGCA
GTGGTTTAAT
GTGAAAGCTG
CGTGTCGTGA
GCATTAAGTT
CGTCAAGTCA
AGGGCAGCGA
CCTGCAACTC
GAATTCGTTC
ARAGTCATTAC
AGTCGTAACA

ACAGTTGGAA
CGATGAGCTCG
TAGCTGGTCT
GGAGGCAGCA
AGGGAGGAAG
TTGAGGAATA
CGTTATCCGG
AGAGTTTGGC
ARANGGAATT
ARGCGTTTTG
TAGATACCCC
GAGCCGTGCC
AACTCAARGG
ACGCGAAGAR
CTTAGGGAGC
GGTTAAGTCC
CTAGAGAGAC
CCTTACGTCT
GATGGCAAGC
GTGAAGGAGG
CTTGTACACA
CGAAAGGAGG

CGGGGATAAC
TGCCTGGAGA
GTCGATCAGT
ACTCCTACGG
TACCGCGTGA
TGACGTACTT
ATGCAAGCGT
CTGTTAAAGA
TAGGGGCARA
GTGGCGAAARG
ATGGGATTAG
TCGACCCGAG
AGTGTGAAAC
TCGATGCAAC
GGAGTGCCTT
GATGTTGGGT
GGGCACTCTA
GCATGCCCCT
GCCAGGGATG
GCCTTCGTGA
CCGGGCCTTG
CCCAACCGAR
AGGT

ACGACTGCTA
CGTCTGATTA
GAGAGGATGA
GTGGGGAATT
GCTCTTGGGT
AGCATCGGCT
AATGATTGGG
TTAACCAAAT
CCTGGTGTAG
CTAGACCGTA
AGTAGTCCTA
GGAGCTAACG
AATTGACGGG
CCTTACCAAG
GCAGAGACAG
CGCAACGAGC
TGCCGGTGAC
TGGGCTACAC
GAATCCAGAR
AATCGCTAGT
CCGCCCGTCA
GGGATGCCTA

AGTTGGAAAC
TGAGCTCGCG
AGCTGGTCTG
GAGGCAGCAG
GGGAGGAAGG
GAGGAATAAG
TATCCGGAAT
GTTTGGCTTA
AGGAATTCCT
CGTTTTGCTA
ATACCCCAGT
CCGTGCCGGA
TCAAARGGAAT
GCGAAGAACC
AGGGAGCGCA
TAAGTCCCGC
GAGAGACTGC
TACGTCTTGG
GCAAGCGRAT
AGGAGGAATC
TACACACCGC
AGGAGGGGGA



Table 13 (continued).

=51011
GGGTGAGTAR
AATACCGGAT
AGCTAGTTGG
ATCAGCCACA
TTTCCGCAAT
TCGTARACCT
TAACTCCGTG
GCGTAAAGGG
TAARAAGCGGT
GCGGTGARAAT
AACTGACACT
AGCCGTAARC
GCGTTAAGTA
GGGCCCGCAC
AGRCTTGACA
GGTGGTGCAT
CGCAACCCTC
CARACCGGAG
CACGTACTAC
ACCGTAGCTC
AATTGCAGGT
CACCATGGAA
AGGTAGGACT
//

>51012
GGTGAGTAAC
ATACCGGATG
GCTAGTTGGT
TCAGCCACAC
TTCCGCAATG
CGTAAACCTC
ARCTCCGTGC
CGTARAGGGT
AARAGCGGTG
CGGTGAAATG
BACTGACACTG
GCCGTARACG
CGTTAAGTAT
GGCCCGCACA
GACTTGACAT
GTGGTGCATG
GCAACCCTCG
ARAACCGGAGS
ACGTACTACA
CCGTAGCTCA
ATTGCAGGTC
ACCATGGAAG
GGTAGGACTG
/7

CGCGTGAGAA
GTGCCGAGAG
TGGTGTAAGG
CTGGCGACTGA
GCGCGCGAAAGC
CTTTTCTCAA
CCAGCAGCCG
TCTGCAGGTG
GGAAACTACA
GCGTAGATAT
GAGGGACGARA
GATGGATACT
TCCCGCCTGG
AAGCGGTGGA
TCCTGCGAAT
GGCTGTCGTC
GTTTTTAGTT
GAAGGTGAGG
AATGCTACGG
AGTTCAGATC
CAGCATACTG
GTTGGTCACG
GGTGACTGGG

GCGTGAGAAT
TGCCGAGAGG
CGTGTAAGGG
TGGGACTGAG
GGCGAAAGCC
TTTTCTCAAG
CAGCAGCCGC
CTGCAGGTGG
GAAACTACAG
CGTAGATATC
AGGGACGAARD
ATGGATACTA
CCCGCCTGGG
AGCGGTGGAG
CCTGCGAATC
GCTGTCGTCA
TTTTTAGTTG
AAGGTGAGGA
ATGCTACGGA
GTTCAGATCG
AGCATACTGC
TTGGTCACGC
GTGACTGGGG

TCTGGCTCCA
GTGAAAGATT
GACCACCAAG
GACACGGCCC
CTGACGGAGC
GGAAGAAGAA
CGGTAATACG
GAACTGANAAG
GAACTAGAGT
CAGGAAGAAC
BGCTAGGGGA
AGGCGTGGCT
GGAGTACGCA
GTATGTGGTT
CCTGGTGAAA
AGCTCGTGTC
GCCAGCATTA
ATGACGTCARA
ACAGAGGGCA
GAAGGCTGCA
CAGTGAATTC
CCCGAAGTCA
GTGRAGTCGT

CTGGCTCCAG
TGAAAGATTT
ACCACCAAGG
ACACGGCCCA
TGACGGAGCA
GAAGAAGAARD
GGTAATACGG
ARCTGAAAGT
AACTAGAGTG
AGGAAGAACA
GCTAGGGGAG
GGCGTGGCTT
GAGTACGCAC
TATGTGGTTT
CTGGTGARAG
GCTCGTGTCG
CCAGCATTAA
TGACGTCAAG
CAGAGGGCAG
AAGGCTGCAA
AGTGAATTCG
CCGAAGTCAT
TGAAGTCGTA

57

GGTCGGGGAT
TATTGCCTGG
GCGTCGATCA
AGACTCCTAC
AATACCGCGT
AGTGACGGTA
GAGGATGCAA
TCTGCTGTTA
GCGGTAGGGG
ACCGGTGGCG
GCGAATGGGA
TGTATCGACC
CGCAAGTGTG
TAATTCGATG
GCTAGGAGTG
GTGAGATGTT
AGTTGGGCAC
GTCAGCATGC
GCAAGCCAGG
ACTCGCCTTC
GTTCCCGGGC
TTACCCCARC
AACAAGGT

GTCGGGGATA
ATTGCCTGGA
CGTCGATCAG
CGACTCCTACG
ATACCGCGTG
GTGACGGTAC
AGGATGCAAG
CTGCTGTTAA
CGGTAGGGGC
CCGGTGGCGA
CGAATGGGAT
GTATCGACCC
GCAAGTGTGA
ARTTCGATGC
CTGGGAGTGC
TGAGATGTTG
GTTGGGCACT
TCAGCATGCC
CGAGCCAGGG
CTCGCCTTCG
TTCCCGGGCC
TACCCCAACC
ACAN

AACAGTTGGA
AGATGAGCTC
GTAGCTGGTC
GGGAGGCAGC
GAGGGAGGAA
CTTGAGGAAT
GCGTTATCCG
AAGAGTTTGG
CAAAAGGAAT
AAAGCGTTTT
TTAGATACCC
CGAGCCGTGC
ARACTCAAAG
CAACGCGAAG
CCTTAGGGAG
GGGTTAAGTC
TCTAGAGAGA
CCCTTACGTC
GATGGCAAGC
GTGAAGGAGG
CTTGTACACA
CGAAAGGAGG

ACAGTTGGAA
GATGAGCTCG
TAGCTGGTCT
GGAGGCAGCA
AGGGAGGAACG
TTGAGGAATA
CGTTATCCGG
AGAGTTTGGC
ADRAAGGAATT
AAGCGTTTTG
TAGATACCCC
GAGCCGTGCC
AACTCAARAGG
AACGCGAALGA
CTTAGGGAGC
GGTTAAGTCC
CTAGAGAGAC
CCTTACGTCT
ATGGCARAGCG
TGAAGGAGGA
TTGTACACAC
GAAAGGAGGG

AACGACTGCT
GCGTCTGATT
TGAGAGGATG
AGTGGGGAAT
GGCTCTTGGG
ARGCATCGGC
GAATGATTGG
CTTAACCARMA
TCCTGGTGTA
GCTAGACCGT
CAGTAGTCCT
CGGAGCTAAC
GAATTGACGG
ARCCTTACCA
CGCAGAGACA
CCGCAACGAG
CTGCCGGTGA
TTGGGCTACA
GAATCCAGAD,
AATCGCTAGT
CCGCCCGTCA
GGGATGCCTA

ACGACTGCTA
CGTCTGATTA
GAGAGGATGA
CGTGGGGAATT
GCTCTTGGGT
AGCATCGGCT
AATGATTGGG
TTAACCAAAT
CCTGGTGTAG
CTAGACCGTA
AGTAGTCCTA
GGAGCTAACG
AATTGACGGG
ACCTTACCARZ
GCAGAGACAG
CGCAACGAGC
TGCCGGTGAC
TGGGCTACAC
AATCCAGAAA
ATCGCTAGTA
CGCCCGTCAC
GGATGCCTARA



Table 13 (continued).

>51013
GTGAGTAACG
TACCGGATGT
CTAGTTGGTG
CAGCCACACT
TCCGCAATGG
GTAAACCTCT
ACTCCGTGCC
GTARAGGGTC
AAAGCGGTGG
GGTGAAATGC
CTGACACTGA
CCGTAAACGA
GTTAAGTATC
GCCCGCACAA
ACTTGACATC
TGGTGCATGG
CAACCCTCGT
AACCGGAGGA
CGTACTACAA
CGTAGCTCAG
TTGCAGGTCA
CCATGGAAGT
GTAGGACTGG
//

»>51014
GGTGAGTAAC
ATACCGGATG
GCTAGTTGGT
TCAGCCACAC
TTCCGCAATG
CGTAARCCTC
AACTCCGTGC
CGTAAAGGGET
AARAGCGGTG
CGGTGARAATG
ACTGACACTG
GCCGTAARMCG
CGTTAAGTAT
GGCCCGCACA
GACTTGACAT
GTGGTGCATG
GCAACCCTCG
ARACCGGAGG
ACGTACTACA
CCGTAGCTCA
ATTGCAGGTC
ACCATGGARG
GGTAGGACTG
/7

CGTGAGAATC
GCCGANAGGT
GTGTAAGGGA
GGGACTGAGA
GCGAAAGCCT
TTTCTCAAGG
AGCAGCCGCG
TGCAGGTGGA
ARACTACAGA
GTAGATATCA
GGGACGAAAG
TGGATACTAG
CCGCCTGGGG
GCGGTGGAGT
CTGCGAATCC
CTGTCGTCAG
TTTTAGTTGC
AGGTGAGGAT
TGCTACGGAC
TTCAGATCGA
GCATACTGCA
TGGTCACGCC
TGACTGGGGT

GCGTGAGAAT
TGCCGAGAGG
GGTGTAAGGG
TGGGACTGAG
GGCGAAAGCC
TTTTCTCAAG
CAGCAGCCGC
CTGCAGGTGG
GALACTACAG
CGTAGATATC
AGGGACGARA
ATGGATACTA
CCCGCCTGGG
AGCGGTGGAG
CCTGCGAATC
GCTGTCGTCA
TTTTTAGTTG
ARGGTGAGGA
ATGCTACGGA
GTTCAGATCG
AGCATACTGC
TTGGTCACGC
GTGACTGGGG

TGGCTCCAGG
GAAAGATTTA
CCACCAAGGC
CACGGCCCAG
GACGGAGCAA
AAGAAGAANG
GTAATACGGA
ACTGAARGTC
ACTAGAGTGT
GGAAGAACAC
CTAGGGGAGC
GCGTGGCTTG
AGTACGCACG
ATGTGGTTTA
TGGTGAARGC
CTCGTGTCGT
CAGCATTARG
GACGTCAAGT
AGAGGGCAGC
AGGCTGCAAC
GTGAATTCGT
CGAAGTCATT
GAAGTCGTAA

CTGGCTCCAG
TGAAAGATTT
ACCACCAAGG
ACACGGCCCA
TGACGGAGCA
GAAGARGAMAR
GGTAATACGG
AACTGAAAGT
AACTAGAGTG
AGGAAGAACA
GCTAGGGGAG
GCGCGTGGCTT
GAGTACGCAC
TATGTGGTTT
CTGGTGAAAG
GCTCGTGTCG
CCAGCATTAR
TGACGTCAAG
CAGAGGGCAG
AAGGCTGCAA
RGTGAATTCG
CCGAAGTCAT
TGAAGTCGTA

58

TCGGGGATAA
TTGCCTGGAG
GTCGATCAGT
ACTCCTACGG
TACCGCGTGA
TGACGGTACT
GGATGCAAGC
TGCTGTTAARD
GGTAGGGGCA
CGGTGGCGAR
GAATGGGATT
TATCGACCCG
CAAGTGTGAA
ATTCGATGCA
TAGGAGTGCC
GAGATGTTGG
TTGGGCACTC
CAGCATGCCC
GAGCCAGGGA
TCGCCTTCGT
TCCCGGGCCT
ACCCCAACCG
CAAGGT

GTCGGGGATA
ATTGCCTGGA
CATCGATCAG
GACTCCTACG
ATACCGCGTG
GTGACGGTAC
AGGATGCAAG
CTGCTGTTAA
CGGTAGGGGC
CCGGTGGCGA
CGAATGGGAT
GTATCGACCC
GCAAGTGTGA
ARTTCGATGC
CTGGGAGTGC
TGAGATGTTG
GTTGGGCACT
TCAGCATGCC
CAAGCCAGGG
CTCGCCTTCG
TTCCCGGGCC
TACCCCAACC
ACAAGGT

CAGTTGGAAN
ATGAGCTCGC
AGCTGGTCTG
GAGGCAGCAG
GGCGAGGAAGG
TGAGGAATAA
GTTATCCGGA
GAGTTTGGCT
AAAGGAATTC
AGCGTTTTGC
AGATACCCCA
AGCCGTGCCG
ACTCAARAGGA
ACGCGAAGAL
TTAGGGAGCG
GTTARAGTCCC
TAGAGAGACT
CTTACGTCTT
TGGCAAGCGA
GAAGGAGGAA
TGTACACACC
BAAGGAGGGG

ACAGTTGGAR
GATGAGCTCG
TAGCTGGTCT
GGAGGCAGCA
AGGGAGGAAG
TTGAGGAATA
CGTTATCCGG
AGAGTTTGGC
AAAAGGAATT
AAGCGTTTTG
TAGATACCCC
GAGCCGTGCC
AACTCAANAGG
AACGCGAAGA
CTTAGGGAGC
GGTTAAGTCC
CTAGAGAGAC
CCTTACGTCT
ATGGCAAGCG
TGAAGGAGGA
TTGTACACAC
GAARGGAGGG

CGACTGCTAA
GTCTGATTAG
AGAGGATGAT
TGGGGAATTT
CTCTTGGGTC
GCATCGGCTA
ATGATTGGGC
TAACCAAATA
CTGGTGTAGC
TAGACCGTAA
GTAGTCCTAG
GAGCTAACGC
ATTGACGGGEG
CCTTACCAAG
CAGAGACAGG
GCAACGAGCG
GCCGGTGACA
GGGCTACACA
ATCCAGARAC
TCGCTAGTAR
GCCCGTCACA
GATGCCTAAG

ACGACTGCTA
CGTCTGATTA
GAGAGGATGA
GTGGGGAATT
GCTCTTGGGT
AGCATCGGCT
AATGATTGGG
TTAACCAAAT
CCTGGTGTAG
CTAGACCGTA
AGTAGTCCTA
GGAGCTAACG
AATTGACGGG
ACCTTACCAA
GCAGAGACAG
CGCAACGAGC
TGCCGGTGAC
TGGGCTACAC
ARTCCAGAAA
ATCGCTAGTA
CGCCCGTCAC
GGATGCCTARA



Table 13 (continued).

>51015

GTGAGTAACG ‘\CGTGAGAATC

TACCGGATGT
CTAGTTGGTG
CAGCCACACT
TCCGCAATGG
GTAAACCTCT
ACTCCGTGCC
GTAAAGGGTC
AAMAGCGGTGG
GGTGABAATGC
CTGACACTGA
CCGTAMAACGA
GTTAAGTATC
GCCCGCACAR
ACTTGACATC
TGGTGCATGG
CARCCCTCGT
AACCGGAGGA
CGTACTACAA
CGTAGCTCAG
TTGCAGGTCA
CCATGGAAGT
GTAGGACTGG
//

>51016
GCGCACGGGT
ACTGCTAATA
CTGATTAGCT
AGGATGATCA
GGGAATTTTIC
CTTGGGTCGT
ATCGGCTAAC
GATTGGGCGT
ACCAAATAARN
GGTGTAGCGG
GACCGTAACT
AGTCCTAGCC
GCTAACGCGT
TGACGGGGGC
TTACCAAGAC
GAGACAGGTG
AACGAGCGCA
CGGTGACARA
GCTACACACG
CCAGARACCG
GCTAGTAATT
CCGTCACACC
TGCCTAAGGT
!/

GCCGAGAGGT
GTGTAAGGGA
GGGACTGAGA
GCGAAAGCCT
TTTCTCAAGG
AGCAGCCGCG
TGCAGGTGGA
ARACTACAGA
GTAGATATCA
GGGACGAARG
TGGATACTAG
CCGCCTGGGG
GCGGTGGAGT
CTGCGAATCC
CTGTCGTCAG
TTTTAGTTGC
AGGTGAGGAT
TGCTACGGAC
TTCAGATCGA
GCATACTGCA
TGGTCACGCC
TGACTGGGGT

GAGTAACGCG
CCGGATGTGC
AGTTGGTGGT
GCCACACTGG
CGCAATGGGC
AAACCTCTTT
TCCGTGCCAG
AARGGGTCTG
AGCGGTGGAA
TGAAATGCGT
GRCACTGAGG
GTAAACGATG
TAAGTATCCC
CCGCACAAGC
TTGACATCCT
GTGCATGGCT
ACCCTCGTTT
CCGGAGGAAG
TACTACAATG
TAGCTCAGTT
GCAGGTCAGC
ATGGAAGTTG
AGGACTGGTG

TGGCTCCAGG
GAAAGATTTA
CCACCAAGGC
CACGGCCCAG
GACGGAGCAA
AAGAAGAAAG
GTAATACGGA
ACTGAAARGTC
ACTAGAGTGT
GGAAGAACAC
CTAGGGGAGC
GCGTGGCTTG
AGTACGCACG
ATGTGGTTTA
TGGTGARAGC
CTCGTGTCGT
CAGCATTAAG
GACGTCAAGT
AGAGGGCAGC
AGGCTGCAAC
GTGAATTCGT
CGAAGTCATT
GAAGTCGTAA

TGAGAATCTG
CGAGAGGTGA
GTAAGGGACC
GACTGAGACA
GARAGCCTGA
TCTCAAGGAA
CAGCCGCGGT
CAGGTGGAAC
ACTACAGAAC
AGATATCAGG
GACGAAAGCT
GATACTAGGC
GCCTGGGGAG
GGTGGAGTAT
GCGRAATCCTG
GTCGTCAGCT
TTAGTTGCCA
GTGAGGATGA
CTACGGACAG
CAGATCGAAG
ATACTGCAGT
GTCACGCCCG
ACTGGGGTGA

59

TCGGGGATAR
TTGCCTGGAG
GTCGATCAGT
ACTCCTACGG
TACCGCGTGA
TGACGGTACT
GGATGCARGC
TGCTGTTARR
GGTAGGGGCA
CGGTGCGCGAA
GAATGGGATT
TATCGACCCG
CAAGTGTGARA
ATTCGATGCA
TAGGAGTGCC
GAGATGTTGG
TTGGGCACTC
CAGCATGCCC
GAGCCAGGGA
TCGCCTTCGT
TCCCGGGCCT
ACCCCAACCG
CAAGGT

GCTCCAGGTC
AAGATTTATT
ACCAAGGCGT
CGGCCCAGAC
CGGAGCAATA
GAAGAAAGTG
AATACGGAGG
TGAAAGTITG
TAGAGTGCGG
AAGARACACCG
AGGGGAGCGA
GTGGCTTGTA
TACGCACGCA
GCTGGTTTAAT
GTGAARGCTG
CGTGTCGTGA
GCATTAAGTT
CGTCAAGTCA
AGGGCAGCGA
GCTGCAACTC
GAATTCGTTC
AAGTCATTAC
AGTCGTAACA

CAGTTGGAAA
ATGAGCTCGC
AGCTGGTCTG
GAGGCAGCAG
GGGAGGAAGG
TGAGGAATAN
GTTATCCGGA
GAGTTTGGCT
ABRAGGAATTC
AGCGTTTTGC
AGATACCCCA
AGCCGTGCCG
ACTCAARGGA
ACGCGAAGAA
TTAGGGAGCG
GTTARGTCCC
TAGAGAGACT
CTTACGTCTT
TGGCAAGCGA
GAAGGAGGAA
TGTACACACC
ARAGGAGGGG

GGGGATAACA
GCCTGGAAAT
CGATCAGTAG
TCCTACGGGA
CCGCGTGAGG
RCGGTACTTG
ATGCAAGCGT
CTGTTAAAGA
TAGGGGCAAA
GTGGCGAARG
ATGGGATTAG
TCGACCCGAG
AGTGTGAAAC
TCGATGCAAC
GGAGTGCCTT
GATGTTGGGT
GGGCACTCTA
GCATGCCCCT
GCCAGGGATG
GCCTTCGTGA
CCGGGCCTTG
CCCAACCGAA
AGG

CGACTGCTAA
GTCTGATTAG
AGAGGATGAT
TGGGGAATTT
CTCTTGGGTC
GCATCGGCTA
ATGATTGGGC
TAACCAAATA
CTGGTGTAGC
TAGACCGTARA
GTAGTCCTAG
GAGCTAACGC
ATTGACGGGG
CCTTACCARG
CAGAGACAGG
GCAACGAGCG
GCCGGTGACA
GGGCTACACA
ATCCAGAAAC
TCGCTAGTAA
GCCCGTCACA
GATGCCTAAG

GTTGGAAACG
GAGCTCGCGT
CTGGTCTGAG
GGCAGCAGTG
GAGGAAGGCT
AGGAATAAGC
TATCCGGAAT
GTTTGGCTTA
AGGAATTCCT
CGTTTTGCTA
ATACCCCAGT
CCGTGCCGGA
TCAARAGGAAT
GCGAAGAACC
AGGGAGCGCA
TAAGTCCCGC
GAGAGACTGC
TACGTCTTGG
GCAAGCGAAT
AGGAGGAATC
TACACACCGC
AGGAGGGGGA



Table 13 (continued).

»>51017
TGGCGCACCG
ACGACTGCTA
CGTCTGATTA
GAGAGGATGA
GTGGGGAATT
GCTCTTGGGT
AGCATCGGCT
AATGATTGGG
TTAACCAAAT
CCTGGTGTAG
CTAGACCGTA
AGTAGTCCTA
GGAGCTAACG
AATTGACGGG
AACCTTACCA
CGCAGAGACA
CCGCAACGAG
CTGCCGGTGA
TTGGGCTACA
GAATCCAGAA
AATCGCTAGT
CCGCCCGTCA
GGGATGCCTA
//

=>51018
GTGAGTAACG
TACCGGATGT
CTAGTTGGTG
CAGCCACACT
TCCGCAATGG
GTAARCCTCT
ACTCCGTGCC
GTAAAGGGTC
ARAGCGGTGG
GGTGAAATGC
CTGACACTGA
CCGTARACGA
GTTAAGTATC
GCCCGCACAA
ACTTGACATC
TGGTGCATGG
CAACCCTCGT
ARACCGGAGGA
CGTACTACAA
CGTAGCTCAG
TTGCAGGTCA
CCATGGAAGT
GTAGGACTGG
//

GGTGAGTAARC
ATACCGGATG
GCTAGTTGGT
TCAGCCACAC
TTCCGCAATG
CGTAAACCTC
AACTCCGTGC
CGTAAAGGGT
AARAGCGGTG
CGGTGAAATG
ACTGACACTG
GCCGTAAACG
CGTTAAGTAT
GGCCCGCACA
AGACTTGACA
GGTGGTGCAT
CGCAACCCTC
CAAACCGGAG
CACGTACTAC
ACCGTAGCTC
AATTGCAGGT
CACCATGGAA
AGGTAGGACT

CGTGAGAATC
GCCGAGAGGT
GTGTAAGGGA
GGGACTGAGA
GCGARAGCCT
TTTCTCAAGG
AGCAGCCGCG
TGCAGGTGGA
AANCTACAGA
GTAGATATCA
GGGACGAAAG
TGGATACTAG
CCGCCTGGGG
GCGGTGGAGT
CTGCGAATCC
CTGTCGTCAG
TTTTAGTTGC
AGGTGAGGAT
TGCTACGGAC
TTCAGATCGA
GCATACTGCA
TGGTCACGCC
TGACTGGGGT

GCGTGAGAAT
TGCCGAGAGG
GGTGTAAGGG
TGGGACTGAG
GGCGAAAGCC
TTTTCTCAAG
CAGCAGCCGC
CTGCAGGTGG
GAAACTACAG
CGTAGATATC
AGGGACGAAA
ATGGATACTA
CCCGCCTGGG
AGCGGTGGAG
TCCTGCGAAT
GGCTGTCGTC
GTTTTTAGTT
GAAGGTGAGG
AATGCTACGG
AGTTCAGATC
CAGCATACTG
GTTGGTCACG
GGTGACTGGG

TGGCTCCAGG
GAANGATTTA
CCACCARAGGC
CACGGCCCAG
GACGGAGCAA
AAGARGAAAG
GTAATACGGA
ACTGAAARGTC
ACTAGAGTGC
GGAAGAACAC
CTAGGGGAGC
GCGTGGCTTG
AGTACGCACG
ATGTGGTTTA
TGGTGAAAGC
CTCGTGTCGT
CAGCATTAAG
GACGTCAAGT
AGAGGGCAGC
AGGCTGCAAC
GTGAATTCGT
CGAAGTCATT
GAAGTCGTAA

60

CTGGCTCCAG
TGAAAGATTT
ACCACCAAGG
ACACGGCCCA
TGACGGAGCA
GAAGAAGARA
GGTAATACGG
AACTGAAAGT
AACTAGAGTG
AGGAAGAACA
GCTAGGGGAG
GGCGTGGCTT
GAGTACGCAC
TATGGTGGTT
CCTGGTGAARN
AGCTCGTGTC
GCCAGCATTA
ATGACGTCARA
ACAGAGGGCA
GAAGGCTGCA
CAGTGAATTC
CCCGAAGTCA
GTGAAGTCGT

TCGGGGATAA
TTGCCTGGAG
GTCGATCAGT
ACTCCTACGG
TACCGCGTGA
TGACGGTACT
GGATGCAAGC
TGCTGTTAAA
GGTAGGGGCA
CGGTGGCGAA
GAATGGGATT
TATCGACCCG
CAAGTGTGAA
ATTCGATGCA
TGGGAGTGCC
GAGATGTTGG
TTGGGCACTC
CAGCATGCCC
GAGCCAGGGA
TCGCCTTCGT
TCCCGGGCCT
ACCCCAACCG
CAAGGTAGCC

GTCGGGGATA
ATTGCCTGGA
CGTCGATCAG
GACTCCTACG
ATACCGCGTG
GTGACGGTAC
AGGATGCAAG
CTGCTGTTAA
CGGTAGGGGC
CCGGTGGCGA
CGAATGGGAT
GTATCGACCC
GCAAGTGTGA
TAATTCGATG
GCTAGGAGTG
GTGAGATGTT
AGTTGGGCAC
GTCAGCATGC
GCGAGCCAGG
ACTCGCCTTC
GTTCCCGGGC
TTACCCCAAC
AACAAGGTAG

CAGTTGGARAA
ATGAGCTCGC
AGCTGGTCTG
GAGGCAGCAG
GGGAGGAAGG
TGAGGAATARA
GTTATCCGGA
GAGTTTGGCT
AARGGAATTC
AGCGTTTTGC
AGATACCCCA
AGCCGTGCCG
ACTCAAAGGA
ACGCGAAGAA
TTCGGGAGCG
GTTAAGTCCC
TAGAGAGACT
CTTACGTCTT
TGGCAAGCGA
GAAGGAGGAA
TGTACACACC
AAAGGAGGGG
GTA

ACAGTTGGAA
GATGAGCTCG
TAGCTGGTCT
GGAGGCAGCA
AGGGAGGAAG
TTGAGGAATA
CGTTATCCGG
AGAGTTTGGC
ARAAGGAATT
AAGCGTTTTG
TAGATACCCC
GAGCCGTGCC
AACTCAAAGG
CAACGCGAAG
CCTTAGGGAG
GGGTTAAGTC
TCTAGAGAGA
CCCTTACGTC
GATGGCAAGC
GTGAAGGAGG
CTTGTACACA
CGARAGGAGG
CCGT

CGACTGCTAA
GTCTGATTAG
AGAGGATGAT
TGGGGAATTT
CTCTTGGGTC
GCATCGGCTA
ATGATTGGGC
TAACCAAATA
CTGGTGTAGC
TAGACCGTAA
GTAGTCCTAG
GAGCTAACGC
ATTGACGGGG
CCTTACCAAG
CAGAGACAGG
GCAACGAGCG
GCCGGTGACA
GGGCTACACA
ATCCAGAAAC
TCGCTAGTAN
GCCCGTCACA
GATGCCTARAG



Table 13 (continued).

»5101%
GGGTGAGTAN
AATACCGGAT
AGCTAGTTGG
ATCAGCCACA
TTTCCGCAAT
TCGTAAACCT
ACTCCGTGCC
TAAAGGGTCT
ADGCGGTGGA
GTGAAATGCG
TGACACTGAG
CGTAAACGAT
TTAAGTATCC
CCCGCACAAG
CTTGACATCC
GGTGCATGGC
AACCCTCGTT
ACCGGAGGAA
GTACTACAAT
GTAGCTCAGT
TGCAGGTCAG
CATGGAAGTT
TAGGACTGGT
//

>CRJ1
GGGTGAGTAA
ARTACCGGAT
AGCTAGTTGG
ATCAGCCACA
TTTCCGCAAT
TCGTAARMACCT
TAACTCCGTG
GCGTAAAGGG
TARMAGCGGT
GCGGTGAAAT
AACTGACACT
AGCCGTAARC
GCGTTAAGTA
GGGCCCGCAC
AGACTTGACA
GGTGGTGCAT
CGCAACCCTC
CADBACCGGAG
CACGTACTAC
ACCGTAGCTC
AATTGCAGGT
CACCATGGGA
AMGGTAGGAC
/7

CGCGTGAGARA
GTGCCGAGAG
TGGTGTAAGG
CTGGGACTGA
GGGCGAAAGC
CTTTTCTCAR
AGCAGCCGCG
GCAGGTGGAA
AACTACAGAR
TAGATATCAG
GGACGARAGC
GGATACTAGG
CGCCTGGGGA
CGGTGGAGTA
TGCGAATCCT
TGTCGTCAGC
TTTAGTTGCC
GGTGAGGATG
GCTACGGACA
TCAGATCGAA
CATACTGCAG
GGTCACGCCC
GACTGGGGTG

CGCGTGAGAA
GTGCCGAGAG
TGGTGTAAGG
CTGGGACTGA
GGGCGARAGC
CTTTTCTCAA
CCAGCAGCCG
TCTGCAGGTG
GGAAACTACA
GCGTAGATAT
GAGGGACGAA
GATGGATACT
TCCCGCCTGG
AAGCGGTGGA
TCCTGCGAAT
GGCTGTCGTC
GTTTTTAGTT
GAAGGTGAGG
AATGCTACGG
AGTTCAGATC
CAGCATACTG
AGTTGGTCAC
TGGTGACTGG

TCTGGCTCCA
GTGAAAGATT
GACCACCAAG
GACACGGCCC
CTGACGGAGC
GGAAGAAGAA
GTATACGGAG
CTGAAAGTCT
CTAGAGTGCG
GAAGAACACC
TAGGGGAGCG
CGTGGCTTGT
GTACGCACGC
TGTGGTTTAA
GGTGAAAGCT
TCGTGTCGTG
AGCATTAAGT
ACGTCAAGTC
GAGGGCAGCA
GGCTGCAACT
TGAATTCGTT
GAAGTCATTA
AAGTCGTAAC

TCTGGCTCCA
GTGAARAGATT
GACCACCAAG
GACACGGCCC
CTGACGGAGC
GGAAGAAGAA
CGGTAATACG
GAACTGAAAG
GAACTAGAGT
CAGGAAGARC
AGCTAGGGGA
AGGCGTGGCT
GGAGTACGCA
GTATGTGGTT
CCTGGTGAAA
AGCTCGTGTC
GCCAGCATTA
ATGACGTCAA
ACAGAGGGCA
GARAGGCTGCA
CAGTGAATTC
GCCCGAAGTC
GGTGAAGTCG

61

GGTCGGGGAT
TATTGCCTGG
GCGTCGATCA
AGACTCCTAC
AATACCGCGT
AGTGACGTAC
GATGCARGCG
GCTGTTAAAG
GTAGGGGCAA
GGTGGCGAARA
AATGGGATTA
ATCGACCCGA
AAGTGTGARA
TTCGATGCAA
AGGAGTGCCT
AGATGTTGGG
TGGGCACTCT
AGCATGCCCC
AGCCAGGGAT
CGCCTTCGTG
CCCGGGCCTT
CCCCAACCGA
AAGG

GGTCGGGGAT
TATTGCCTGG
GCGTCGATCA
AGACTCCTAC
AATACCGCGT
AGTGACGGTA
GAGGATGCAA
TCTGCTGTTA
GCGGTAGGGG
ACCGGTGGCG
GCGAATGGGA
TGTATCGACC
CGCAAGTGTG
TAATTCGATG
GCTGGGAGTG
GTGAGATGTT
AGTTGGGCAC
GTCAGCATGC
GCAAGCCAGG
ACTCGCCTTC
GTTCCCGGGC
ATTACCCCARA
TAACAAGGT

AACAGTTGGA
AGATGAGCTC
GTAGCTGGTC
GGGAGGCAGC
GAGGGAGGAA
TGAGGAATAA
TTATCCGGAA
AGTTTGGCTT
AAGGAATTCC
GCGTTTTGCT
GATACCCCAG
GCCGTGCCGG
CTCAAAGGAA
CGCGAAGAAC
TAGGGAGCGC
TTAAGTCCCG
AGAGAGACTG
TTACGTCTTG
GGCAAGCGAA
BAAGGAGGAAT
GTACACACCG
AAGGAGGGGG

AARCAGTTGGA
AGATGAGCTC
GTAGCTGGTC
GGGAGGCAGC
GAGGGAGGAA
CTTGAGGAAT
GCGTTATCCG
AAGAGTTTGG
CAAARGGAAT
ARAGCGTTTT
TTAGATACCC
CGAGCCGTGC
AAACTCAANG
CARCGCGAAG
CCTTAGGGAG
GGGTTAAGTC
TCTAGAGAGA
CCCTTACGTC
GATGGCAAGC
GTGAAGGAGG
CTTGTACACA
CCGAAAGGAG

AACGACTGCT
GCGTCTGATT
TGAGAGGATG
AGTGGGGAAT
GGCTCTTGGG
GCATCGGCTA
TGATTGGGCG
AACCAAATAA
TGGTGTAGCG
AGACCGTAAC
TAGTCCTAGC
AGCTAACGCG
TTGACGGGGG
CTTACCAAGA
AGAGACAGGT
CAACGAGCGC
CCGGTGACAA
GGCTACACAC
TCCAGAAACC
CGCTAGTAAT
CCCGTCACAC
ATGCCTAAGG

AACGACTGCT
GCGTCTGATT
TGAGAGGATG
AGTGGGGAAT
GGCTCTTGGG
ARGCATCGGC
GAATGATTGG
CTTAACCAAR
TCCTGGTGTA
GCTAGACCAT
CAGTAGTCCT
CGGAGCTAAC
GAATTGACGG
AACCTTACCA
CGCAGAGACA
CCGCARACGAG
CTGCCGGTGA
TTGGGCTACA
GAATCCAGAA
AATCGCTAGT
CCGCCCGTCA
GGGGATGCCT



Table 13 (continued).

>CRJ2
GGTCGAGTAAC
ATACCGGATG
GCTAGTTGGT
TCAGCCACAC
TTCCGCAATG
CGTAAACCTC
AARCTCCGTGC
CGTAAAGGGT
ARAAGCGGTG
CGGTGAAATG
ACTGACACTG
GCCGTAARMLCG
CGTTAAGTAT
GGCCCGCACA
GACTTGACAT
GTGGTGCATG
GCAACCCTCG
ARACCGGAGG
ACGTACTACA
CCGTAGCTCA
ATTGCAGGTC
ACCATGGAAG
GGTAGGACTG
//

>KJAl
CGGGTGAGTA
TAATACCGGA
TAGCTAGTTG
GATCAGCCAC
TTTTCCGCAA
GTCGTAAACC
AACTCCGTGC
CGTAARAGGGT
ARADGCGGTG
CGGTGAAATG
ACTGACACTG
GCCGTAAACG
CGTTAAGTAT
GGCCCGCACA
GACTTGACAT
GTGGTGCATG
GCAACCCTCG
ARBRCCGGAGG
ACGTACTACA
CCGTAGCTCA
ATTGCAGGTC
ACCATGGAAG
GGTAGGACTG
/7

GCGTGAGAAT
TGCCGAGAGG
GGTGTAAGGG
TGGGACTGAG
GGCGAARAGCC
TTTTCTCARG
CAGCAGCCGC
CTGCAGGTGG
GAARCTACAG
CGTAGATATC
AGGGACGAAA
ATGGATACTA
CCCGCCTGGG
AGCGGTGGAG
CCTGCGAATC
GCTGTCGTCA
TTTTTAGTTG
AAGGTGAGGA
ATGCTACGGA
GTTCAGATCG
AGCATACTGC
TTGGTCACGC
GTGACTGGGG

ACGCGTGAGA
TGTGCCGAGA
GTGGTGTAAG
ACTGGGACTG
TGGGCGARAMG
TCTTTTCTCA
CAGCAGCCGC
CTGCAGGTGG
GARACTACAG
CGTAGATATC
AGGGACGAAA
ATGGATACTA
CCCGCCTGGG
AGCGGCTGGAG
CCTGCGAATC
GCTGTCGTCA
TTTTTAGTTG
ARCGGTGAGGA
ATGCTACGGA
GTTCAGATCG
AGCATACTGC
TTGGTCACGC
GTGACTGGGG

CTGGCTCCAG
TGAARAGATTT
ACCACCAAGG
ACACGGCCCA
TGACGGAGCA
GAAGAAGAAR
GGTAATACGG
AACTGAAAGT
AACTAGAGTG
AGGAAGARACA
GCTAGGGGAG
GGCGTGGCTT
GAGTACGCAC
TATGTGGTTT
CTGGTGAAAG
GCTCGTGTCG
CCAGCATTAR
TGACGTCAAG
CAGAGGGCAG
AMRGGCTGCAA
AGTGAATTCG
CCGAAGTCAT
TGAAGTCGTA

ATCTGGCTCC
GGTGAAAGAT
GGACCACCAA
AGACACGGCC
CCTGACGGAG
AGGAAGAAGA
GGTAATACGG
BACTGAAAGT
AACTAGAGTG
AGGAAGAACA
GCTAGGGGAG
GGCGTGGCTT
GAGTACGCAC
TATGTGGTTT
CTGGTGARAG
GCTCGTGTCG
CCAGCATTAA
TGACGTCAAG
CAGAGGGCAG
AAGGCTGCAA
AGTGAATTCG
CCGAAGTCAT
TGAAGTCGTA

62

GTCGGGGATA
ATTGCCTGGA
CGTCGATCAG
GACTCCTACG
ATACCGCGTG
GTGACGGTAC
AGGATGCAAG
CTGCTGTTAA
CGGTAGGGGC
CCGGTGGCGA
CGAATGGGAT
GTATCGACCC
GCAAGTGTGA
AATTCGATGC
CTGGGAGTGC
TCGAGATGTTG
GTTGGGCACT
TCAGCATGCC
CGAGCCAGGG
CTCGCCTTCG
TTCCCGGGCC
TACCCCAACC
ACAAGGTAAG

AGGTCGGGGA
TTATTGCCTG
GGCGTCGATC
CAGACTCCTA
CAATACCGCG
AAGTGACGTA
AGGATGCAALG
CTGCTGTTAA
CGCETAGGGGC
CCGGTGGCGA
CCAATGGGAT
GTATCGACCC
GCAAGTGTGA
AATTCGATGC
CTAGGAGTGC
TCAGATGTTG
GTTGGGCACT
TCAGCATGCC
CRAGCCAGGG
CTCGCCTTCG
TTCCCGGGCC
TACCCCARACC
ACAMGGTT

ACAGTTGGAA
GATGAGCTCG
TAGCTGGTCT
GGAGGCAGCA
AGGGAGGAAG
TTGAGGAATA
CGTTATCCGG
AGAGTTTGGC
AAARAGGAATT
ARAGCGTTTTG
TAGATACCCC
GAGCCGTGCC
AACTCAANGG
AACGCGAAGA
CTTAGGGAGC
GGTTAAGTCC
CTAGAGAGAC
CCTTACGTCT
ATGGCAAGCG
TGAAGGAGGA
TTGTACACAC
GARAGGAGGG
CCGTA

TAACAGTTGG
GAGATGAGCT
AGTAGCTGGT
CGGGAGGCAG
TGAGGGAGGA
CTGAGGAATA
CGTTATCCGG
AGAGTTTGGC
AAMAGGAATT
AAGCGTTTTG
TAGATACCCC
GAGCCGTGCC
AACTCAAMGG
ARCGCGAAGA
CTTAGGGAGC
GGTTAAGTCC
CTAGAGAGAC
CCTTACGTCT
ATGGCAAGCG
TGARGGAGGA
TTGTACACAC
GARAGGAGGG

ACGACTGCTA
CGTCTGATTA
GAGAGGATGA
GTGGGGAATT
GCTCTTGGGT
AGCATCGGCT
AATGATTGGG
TTAACCAAAT
CCTGGTGTAG
CTAGACCGTA
AGTAGTCCTA
GGAGCTAACG
AATTGACGGG
ACCTTACCAA
GCAGAGACAG
CGCAACGAGC
TGCCGGTGAC
TGGGCTACAC
ALTCCAGAAA
ATCGCTAGTA
CGCCCGTCAC
GGATGCCTAA

AAARCGACTGC
CGCGTCTGAT
CTGAGAGGAT
CAGTGGGGAA
AGGCTCTTGG
AGCATCGGCT
AATGATTGGG
TTAACCAAAT
CCTGGTGTAG
CTAGACCGTA
AGTAGTCCTA
GGAGCTAACG
AATTGACGGG
ACCTTACCAA
GCAGAGACAG
CGCAACGAGC
TGCCGGTGAC
TGGGCTACAC
AATCCAGAARA
ATCGCTAGTA
CGCCCGTCAC
GGATGCCTAR



Table 13 (continued).

>KJAZ2

CGGGTGAGTA' ACGCGTGAGA

TAATACCGGA
TAGCTAGTTG
GATCAGCCAC
TTTTCCGCAA
GTCGTAARCC
TARCTCCGTG
GCGTARAGGG
TAARRMGCGGT
GCGGTGARAAT
AACTGACACT
AGCCGTAAAC
GCGTTAAGTA
GGGCCCGCAC
AGACTTGACA
GGTGGTGCAT
CGCAACCCTC
CARRACCGGAG
CACGTACTAC
ACCGTAGCTC
AATTGCAGGT
CACCATGGAA
AGGTAGGACT
//

>KJA3
CGGGTGAGTA
TAATACCGGA
TAGCTAGTTG
GATCAGCCAC
TTTTCCGCAA
GTCGTAAACC
TAACTCCGTG
GCGTAAMAGGG
TARARAGCGGT
GCGGTGRAAT
AACTGACACT
AGCCGTAAAC
GCGTTAAGTA
GGGCCCGCAC
AGACTTGACA
GCTGGTGCAT
CGCAACCCTC
CAMACCGGAG
CACGTACTAC
ACCGTAGCTC
AATTGCAGGT
CACCATGGAA
AGGTAGGACT
/7

TGTGCCGAGA
GTGGTGTAAG
ACTGGGACTG
TGGGCGAANG
TCTTTTCTCA
CCAGCAGCCG
TCTGCAGGTG
GGAAACTACA
GCGTAGATAT
GAGGGACGAA
GATGGATACT
TCCCGCCTGG
AAGCGGTGGA
TCCTGCGAAT
GGCTGTCGTC
GTTTTTAGTT
GAAGGTGAGG
AATGCTACGG
AGTTCAGATC
CAGCATACTG
GTTGGTCACG
GGTGACTGGG

ACGCGTGAGA
TGTGCCGAGA
GTGGTGTAAG
ACTGGGACTG
TGGGCGARAAG
TCTTTTCTCA
CCAGCAGCCG
TCTGCAGGTG
GGAAACTACA
GCGTAGATAT
GAGGGACGAA
GATGGATACT
TCCCGCCTGG
ARAGCGGTGGA
TCCTGCGAAT
GGCTGTCGTC
GTTTTTAGTT
GAAGGTGAGG
AATGCTACGG
AGTTCAGATC
CAGCATACTG
GTTGGTCACG
GGTGACTGGG

ATCTGGCTCC
GGTGAAAGAT
GGACCACCAA
AGACACGGCC
CCTGACGGAG
AGGAAGAAGA
CGGTAATACG
GAACTGAARG
GAACTAGAGT
CAGGAAGAAC
AGCTAGGGGA
AGGCGTGGCT
GGAGTACGCA
GTATGTGGTT
CCTGGTGAAA
AGCTCGTGTC
GCCAGCATTA
ATGACGTCAA
ACAGAGGGCA
CGAAGGCTGCA
CAGTGAATTC
CCCGAAGTCA
GTGAAGTCGT

ATCTGGCTCC
GGTGAARAGAT
GGACCACCARN
AGACACGGCC
CCTGACGGAG
AGGAAGAAGA
CGGTAATACG
GAACTGAAAG
GAACTAGAGT
CAGGAAGAAC
AGCTAGGGGA
AGGCGTGGCT
GGAGTACGCA
GTATGTGGTT
CCTGGTGAARL
AGCTCGTGTC
GCCAGCATTA
ATGACGTCAA
ACAGAGGGCA
GAAGGCTGCA
CAGTGAATTC
CCCGAAGTCA
GTGAAGTCGT

63

AGGTCGGGGA
TTATTGCCTG
GGCGTCGATC
CAGACTCCTA
CAATACCGCG
AAGTGACGTA
GAGGATGCARA
TCTGCTGTTA
GCGGTAGGGGE
ACCGGTGGCG
GCGAATGGGA
TGTATCGACC
CGCAAGTGTG
TAATTCGATG
GCTAGGAGTG
GTGAGATGTT
AGTTGGGCAC
GTCAGCATGC
GCAAGCCAGG
ACTCGCCTTC
GTTCCCGGGC
TTACCCCAAC
AACAAGGTAA

AGGTCGGGGA
TTATTGCCTG
GGCGTCGATC
CAGACTCCTA
CAATACCGCG
AAGTGACGGT
GAGGATGCAA
TCTGCTGTTA
GCCGGTAGGGG
ACCGGTGGCG
GCGAATGGGA
TGTATCGACC
CGCAAGTGTG
TAATTCGATG
GCTAGGAGTG
GTGAGATGTT
AGTTGGGCAC
GTCAGCATGC
GCAAGCCAGG
ACTCGCCTTC
GTTCCCGGGC
TTACCCCARC
AACAAGGTAG

TAACAGTTGG
GAGATGAGCT
AGTAGCTGGT
CGGGAGGCAG
TGAGGGAGGA
CTTGAGGAAT
GCGTTATCCG
AAGAGTTTGG
CAAAAGGAAT
BARGCGTTTT
TTAGATACCC
CGAGCCGTGC
AAACTCAARMG
CAACGCGARG
CCTTAGGGAG
GGGTTAAGTC
TCTAGAGAGA
CCCTTACGTC
GATGGCAAGC
GTGAAGGAGG
CTTGTACACA
CGAAAGGAGG
GCCGT

TAACAGTTGG
GAGATGAGCT
AGTAGCTGGT
CGGGAGGCAG
TGAGGGAGGA
ACTGAGGAAT
GCGTTATCCG
AAGAGTTTGG
CAAMAGGAAT
ARAGCGTTTT
TTAGATACCC
CGAGCCGTGC
AAACTCAAAG
CAACGCGAAG
CCTTAGGGAG
GGGTTAAGTC
TCTAGAGAGA
CCCTTACGTC
GATGGCAAGC
GTGAAGGAGG
CTTGTACACA
CGAAMAGGAGG
CCGT

AAACGACTGC
CGCGTCTGAT
CTGAGAGGAT
CAGTGGGGAA
AGGCTCTTGG
ARGCATCGGC
GAATGATTGG
CTTAACCARA
TCCTGGTGTA
GCTAGACCGT
CAGTAGTCCT
CGGAGCTAAC
GAATTGACGG
AACCTTACCA
CGCAGAGACA
CCGCANACGAG
CTGCCGGTGA
TTGGGCTACA
GAATCCAGAA
AATCGCTAGT
CCGCCCGTCA
GGGATGCCTA

RAACGACTGC
CGCGTCTGAT
CTGAGAGGAT
CAGTGGGGAA
AGGCTCTTGG
AAGCATCGSsC
GAATGATTGG
CTTAACCAAA
TCCTGGTGTA
GCTAGACCGT
CAGTAGTCCT
CGGAGCTAAC
GAATTGACGG
ARCCTTACCA
CGCAGAGACA
CCGCAACGAG
CTGCCGGTGA
TTGGGCTACA
GAATCCAGAA
AATCGCTAGT
CCGCCCGTCA
GGGATGCCTA
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Table 14 Numbers of bases in 16S rRNA sequences of of Cylindrospermopsis sp.

Isolated from Thailand, Japan and Australia.
A

Strain Origin No. of bases Pos. of base diferrence*
51001 Thailand 1,359 1103
51002 Thailand 1,354 864, 1103
51003 Thailand 1,373 -

51004 Thailand 1,358 853
51005 Thailand 1,371 864
51006 Thailand 1,365 375, 376, 864
51007 Thailand 1,356 -

51008 Thailand 1,357 1103
51009 Thailand 1,358 853
51010 Thailand 1,364 1103
51011 Thailand 1,358 864
51012 Thailand 1,354 1103
51013 Thailand 1,356 503, 864, 1103
51014 Thailand 1.357 150
51015 Thailand 1,356 503, 864, 1103
51016 Thailand 1,363 99, 1103
51017 Thailand 1,374 864, 1103
51018 Thailand 1,363 875, 1103
51019 Thailand 1,354 864
CRJ1 Australia 1,359 590
CRJ2 Australia 1,365 1103
KJA1 Japan 1,358 864
KJAZ2 Japan 1,365 864
KJA3 Japan 1,364 864

* After removed all gaps.
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Figure 13 Phylogenetic tree of C. raciborskii constructed from16S rDNA by using the
neighbor-joining method. The scale bar presents 5 base substitution per
1,000 nucleotide position. Bootstrap percentages calculated from 1,000

resampling are indicated at nodes.
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6.2 RUWUW DNA IR&7U83 Short Tandemly Repeated Repetitive (STRR)
Sequences

Tumsiemed STRR sequence 183 C. raciborskii ﬁ':a 24 muﬁuf laply primer
3 fjﬁ’:mﬂ:ﬁ‘lﬁ'mnﬁ'[uwaa‘l*nm’[uuunﬁt‘%u (Mazel et al., 1990) Usznausaaa STRR1F
UWer STRR3F, STRR1F UR: STRR 3R, STRR1R Uf® STRR3R Hé‘amnﬁ'm'mﬁm'i'lu’m
24 DNA satinafia PCR u&? wudt PCR products vaIEmuRuiIINYszinalnoiuaas
wIRoSrwialndifvanuunn Aoetluzay 0.3-5.6 Kb (ol primer #28 STRRIF uas
STRR3F, STRR1F ua: STRR 3R WR=7T72Y 0.6-4.8 Kb lﬁﬂl’ﬁ‘ STRR1R Las STRR3R 1y
-uru:i”lmuﬁunfmnﬂs:mmﬁﬂuﬂmﬁag'lwd'mﬁn'i’un'h fig 713ni9 0.2-5.6 Kb dniL
primer RBIGUIN URE 0.3-6.7 Kb 1u primer sigariy (Table 16) gy lsimanuiazas
STRR-PCR products fildRuvwialngninfildinodnonnlu 13 FUWKEN
Urzinaaasmiaiicy Tﬂuﬁumﬂags:whms:mm 0.1 i3 2.5 Kb (Wilson et al., 2000)

Table 16 The ranged in size of the amplified PCR products of Cylindrospermopsis

spp. isolated from different country.

Combination of Approximately ranged in size (Kb)

primers Thailand Australia Japan

STRR1F and 0.3-5.6 0.3-5.6 0.2-5.6
STRR3F

STRR1F and 0.3-5.6 0.3-5.6 0.2-56
STRR3R

STRR1R and 0.6-4.8 0.6-4.8 0.3-6.7
STRR3R

INMILE primer 3 ¢ 1WHauas DNA band pattern Auandraiuuazenanin
aNuLanaluEURUER99 B3 C. raciborskii (Figure 14) Tﬂuﬁ'&j primer STRR1F-
STRR3F Wa: STRRIR-STRR3R Inadautwialau lasawize Lhoiiofj'uao STRR1R-
STRR3R AA§ainaiiu band pattern YOIMWWUT C. raciborskii finuuandInuiiwliy
ATUUNINTINUMENTUF DTN Fap0aTH T2Winameug 51005 fu 51006 Aluonldan
ﬂatf{mﬁq Fdaandanm :zwitveowug 51007 uas 51008 :miatiwuasliuia
Jmdaray swinomoWug 51009 uax 51010 idliawiuiaan Jndagnomil sswidng
UWUT 51017, 51018 uas 51019 mnﬂaﬂmﬁa“unaq‘nsmqﬁ IMIATauLda wanan
frufuanuandIzning 6 muﬁ'uﬁ'ﬁﬁ trichome wuuaaN&en laun 51004, 51005,
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51007, 51009, 51017 uaz 51019 atn3lsia 1y primer ﬂﬂﬂmudsnﬁ'ﬂns‘imaoﬁg‘: 6 &
Wuglida8iu (Figure 14C and Figure 15) §1m3U primer f7:1i19 STRR1F and
STRR3F u.ﬁm'lﬁtﬁum'lmmnei*m:whamuﬁuﬁﬁuun"lﬁmnﬂs:ma’lwuamq-ﬁ’ﬂmu
Tatawizatnabang 13 muﬁuﬁﬁﬁ trichome WULLIEWATI LLa:mmmﬂunsiuw'mﬁ"Li’
AU UAT 1 muﬁ‘uﬁﬁﬁ trichome wuuNRunatisny (Figure 14A and Figure 16)
Fuiinfoinadn primer § STRR1R-STRR3R S13NI0ULAAIAINUANGAITENINEI0WUT
ﬁunnmnﬂszmmﬁiju uAdIznI19 STRRIF-STRR3F Liaunsnusasnnuuana o le
Lm:NaLﬁui{ﬁwunwiwmUﬁuﬁ:mnﬂs:mﬂaamﬂﬂﬁm'ﬁuﬁu W3 primer g3zning
STRR1F-STRR3R Liansnuaninnuuanedauad DNA band pattern tag) atindlsfi
@ primer ngbinaWasiulumsuaaInuuand11ad band pattern vaIEBRUEN
ﬂs:mﬂrﬁiju (KJA1, KIA2 Uaz KJA3) F'iuunaanmnmuﬁ’uﬁﬂ‘s:mﬂ'lnuua:aammt‘é’u
(Figure 14-16) HAMMINARBIRLANG1ITINT Wilson et al. (2000) lé3u91wl¥37 primer
32119 STRR1R Uaz STRR3R 1% band pattern fAadoin ud primer ¢} STRR1F ua
STRR3F u@aInnuuandalaanii

ﬁ’u‘l;ﬁi’@ummﬁiﬂ%’ﬂomnﬁagavlum‘%'mae band pattern 371 STRR sequence
waad lXlAUNIIangn C. raciborskii sanilu 3 cluster uonaanaalszmaundariniiia

1dun Cluster | - ensWufonuszinalng Cluster Il - MoWuNNUIzinADaRIATIEY
uaz Cluster — Il MoWwuianUssinadiu uazfauaaslitiwihmoiusaindszinalng

waznaalasildudanulndFadu (Figure 17) Tﬂumm:aﬂ']ai‘iamuﬁuﬁ 51014 'ﬁaguuﬁ'a
\@g2ny CRJA E‘i’m’s’umuﬁuﬁmnﬂs:mﬂrﬁﬂmmnLﬂumjuﬁai:mnmuﬁuﬁﬁu‘]ﬁv’muﬂ
%amm‘ma‘gﬂ"nmﬁLﬂﬁ:ﬁ@'f'wmﬂﬁﬂ STRR i{mmmﬁ'}’ﬂnéumuﬁuﬁ: C. raciborskii
mmmeiar‘imﬁﬂmogﬁmam‘ (Ernst, 2003; Finlay, 2002) fitlsznauduatnaiay 3
genotype clusters 1éfun Thai strain cluster (Cluster 1), Australian strain cluster (Cluster
I1) war Japanese strain cluster (Cluster ) Tmmawnaﬂwﬁo Cluster Il ﬁuunaanmtﬂu
das: wazdudnauiudidn ¢ raciborskii sunInEIEIRERGEN
cylindrospermopsin udnmydnwaSsfinudn C. raciborskii, s TRiafiaismne
(toxic strain) uazluad1aasAE (non-toxic strain) ua:‘lv.nsjuﬁa%’wmsﬁmﬁﬁaﬁmmuﬂn
dnatudianadaInUINgIuas Saker Uz Neilan (2001) ag19lsAanuiufitindana
foWuFlu Cluster | mefuﬁa%’wmsﬁw'lﬁ’lmﬁmmﬁqa (Figure 17 uaz Table 17)
luunaaadraumiilddinmnitnaiia STRR sequence UlFasnldnalunns
Fnuamunanuansuasdasiuun e TuwnafiGoRewnandn (cyanobacteria
symbionts) 1w host ¢ %) LTU Nostoc-Gunnera symbiosis {(Rasmussen and Svenning,
1998; Nilsson ef al., 2000) uR: Nostoc-Azolla symbiosis (Zheng ef al., 19993) NN1INaad
ifﬁ;ﬂ'lﬁ’tﬁwhmﬂﬁﬂmﬁmﬂ:ﬁ STRR sequence aarnsniunlglumsinuunszning
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@ UWUS Cylindrospermopsis Awpnldanunaaindoiisuazdnanu lapsunsndangs
nmavugnsTnle wanniifusasliifiudeanudaulosszninigenotype fuana
munsnlunsaimife lasewzatefimpiusnnlsamadduiidnsuem,
genotype 'uammaaLm:uunmnna;u'é‘ummmeiaﬁ'nﬁﬂmaqﬁmﬁm%'



70

1240
[Aje!
1vra
[y}
o
6101s
L1016
6001¢
LO01S
§001¢
$O01S
81018
g101¢
§101§
r101§5
£Iols
ZI01¢
[ols
01015
80015
90015
£00i%
001§
1001

bp

<o

T
SEUEAN 3
.h.ahﬁr&t: oy

T

".H.., 1..HH

LE ey

LR

epEre v

_.__;nﬂ:__..__..“_ .

s § R

Hun: _
115 g

. .... 2 .I-_..u-...'HHlﬂ igrg

ITE
¥4

iti

VR
v
v
o
104D

61015

L1015

60015

L001S

S001§

$o01S

81015

9101§
§101§

¥i0ts
£101§

101§
11018
01015
80015
9001%
£0015
20015
10015

bp

£383

seles

345 s

i L

.

LIy

e -

RIS
L

e

£1 ve B- s

1198 — QR uuu

N sew
=5
[ =Y

——

Hah

-2
R Y

0P O s G M 0 e g s e

v —

.

bl — I

PR )
ar

e o e Y .

,E:!ggna'

Lo
Sy

C. raciborskii,

fingerprint of STRR sequences of

14 DNA

Figure

A: combination of primer STRR1F and STRR3F; B: combination of primer

STRR1F and STRR 3R; C: combination of primer STRR1R and STRR 3R.



71

KJA3
KJAZ
KJAY
CRJ2
CRH
£1014 Straight

81007 Coiled

£1002 Straight

51018 Straight

61010 Straight

51019 Coiled

81017 Coiled

$1018 Straight

51018 Straight

%1013 Straight

61003 Straight

81009 Coiled

51004 Coiled

51008 Straight

§1001 Straight

£1012 Straight

81011 Straight

81008 Suaight

61005 Coiled

T f T T — T T T T = T
055 060 065 070 075 0850 085 0560 095 1.00 |

Figure 15 Phylogenetic tree of C. raciborskii constructed from band pattern difference

of primer combination of STRR1R and STRR3R by using Image Master 2
Delite Ver 2.00 software.
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BEE:

CRJ1
51014 Straight

51015 Straight

51016 Straight

51018 Straight

51013 Straight
51019 Coailed
51007 Coiled

51005 Coiled

51011 Straight
51017 Coiled
51012 Straight

51004 Coiled

51003 Straight

51009 Coiled

51006 Straight

51008 Straight

£1002 Straight

51001 Straight

51010 Straight

T T

065 070 075 080 085 030 085 100 |

Figure 16 Phylogenetic tree of C. raciborskii constructed from band pattern difference
of primer combination of STRR1F and STRR3F by using Image Master 2
Delite Ver 2.00 software.
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Figure 17 Phylogenetic tree of C. raciborskii constructed from total character different

of band pattern analysis of STRR sequence by the neighbor-joining method.

* = Toxin was detected.
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7. USamuansne cylindrospermopsin

MRk ua IR cylindrospermopsin '?'il.ﬂuﬂ'pju alkaloid hepatotoxin ¥i1
Iddautron wssnnlifimsnasgudmivBoufioy lwnoeuidoldaanins
(relative value) ﬁul"'s'umﬁuuﬁ’umuﬁ‘mf 51001 ﬁtmn"lv‘]’mndwtﬁuﬁ‘nﬁ":u*ﬁ’uﬂxg} wazf
Fuuniawmiiiiniesme cylindrospermopsin WaT deoxy-cylindrospermopsin (Li et
al., 2001) laglWFUTinmam Rty 1 sndunBouruiavasiuiile peak vasas
Wigau nuiasinnnUssmaduuasesmandslifosAman e ficoiug
ndazinelng 8 uwus ldun 51001, 51002, 51004, 51008, 51009, 51010, 51011,
uRz 51012 I IAY cylindrospermopsin atluszduipufiageunn (Table 17) lasiawnz
aziwﬁatﬂalﬁuuﬁumuﬁuﬁ AWT?205 “ﬁatﬂumuﬁuﬁﬁ Sarker Uz Neilan (2001) 18510
SRR ERIFETRER TS & Tﬂuﬁmuﬁuﬁ 51009 WAz 51010 JUSumasAwlnatfssnuans
WUS AWT205 uadmuwus 51011 usz 51012 HUfunaansRsnnninainwug AWT205
f9 1.5 1v1 Ua 2.5 inLE ey wazidafsandsznaunuawldiTamamsissann
STRR sequence wm’wmuﬁuﬁ‘lnuneﬁuﬁfﬁwmiﬁumﬁlwmag:'lu. Cluster | ud@oWug
ﬁagﬂu Cluster il Waz Cluster 111 lag&$3an3Re (Figure 17)

Table 17 Relative quantity* of cylindrospermopsin in each sample.

Strain Relative value Strain Relative value
51001 1 51014 0
51002 1.764 51015 0]
51003 o 51016 0
51004 0.603 51017 0
51005 0 51018 0
51006 0 51019 0
51007 0 CRJ1 0
51008 1.300 CRJ2 0
51009 2.188 KJA1 0
51010 2.847 KJAZ 0
51011 3.109 KJA3 0
51012 5.530 AWT 205 2.076
51013 0 monoclonal

Remark: * = Based on peak area
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Abstract

Morphological observations, 16S rDNA sequence analysis and the PCR
fingerprint of short tandemly repeated repetitive (STRR) sequence analysis were
performed to characterize twenty-four strains of toxic ¢cyanobacteria,
Cylindrospermopsis raciborskii, isolated from Thailand, Australia and Japan. All
strains shared common morphological traits characteristic of C. raciborskii and
showed high 16S rDNA sequence similarity, forming a defined cluster. Various
combinations of STRR primers revealed different DNA band patterns and represented
unique band among strains of C. raciborskii. 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 I 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.

Introduction

Cylindrospermopsis raciborskii is known to be a toxic and water-bloom-
forming cyanobacterium. It produces alkaloid hepatotoxin called cylindrospermopsin
(Ohatani er al., 1992) and neurotoxic saxitoxin analogs (Lagos et al., 1992). In 1979,
an outbreak of hepatoenteritis at Solomon Dam, Palm Island, Queensland, required
the hospitalization of 148 people (Byth, 1980). The subsequent surveys suggested
that C. raciborskii is the most likely causative agent of this outbreak (Bourke et al.,
1983; Hawkins et al., 1985).

The description of C. raciborskii in Solomon Dam contained two distinct
morphotypes of trichome, straight and coiled ones. Taxonomic and phylogenetic
studies using the culture strains isolated from Australia revealed that these
morphotypes showed the clear and consistent morphological and physiclogical
defferences (Saker et al., 1999), but all isolates was confirmed by the high level of
similarity of 16S rDNA gene sequences (Saker er al., 1999) and of rpoC1 gene
sequences (Wilson et al., 2000). It has been suggested that all of the C. raciborskii
isolates from Australia belonged to the same species, including straight and coiled
forms (Wilson et al., 2000). In contrast, the highly iterative palindrome (HIP1)
repeated sequence (Sarker and Neilan, 2001) and short tandemly repeated repetitive
(STRR) sequences (Wilson et al., 2000) showed greater variations among isolates of
C. raciborskii. These DNA polymorphism techniques have supposed to be a useful
method for distinguishing a genetic heterogeneity among isolates of C. raciborskii
(Saker et al., 1999).
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The above studies on C. raciborskii limited to the isolates from Australia.
C. raciborskii is a cosmopolitan species found in tropical, subtropical, and temperate
regions (Baker and Humpage 1994). Although it is commonly conjectured that many
free-living microbial species have a global distribution because of their large
abundance that rarely restrict by geographic boundaries (Finlay, 2002; Ernst e? al.,
2003) postulated ecosystem-dependent adaptive radiations of picocyanobacteria. At
present it is difficult to draw conclusion for the above controversion from the poor
understandings so far on taxonomy and ecogeography of cyanobacteria. However,
much attention should be paid to the recent report on polyphasic taxonomy of water-
bloom-forming oscillatorioid cyanobacteria using 75 axenic strains collected
worldwide (Suda er al., 2002). According to them, Planktothrix agardhii and
Planktothrix rubescens could not be separated by 16S rDNA sequences analysis,
morphology, fatty acid composition or G+C content, but were distinguishable by
phycobilin pigment composition, growth at different temperatures and salinities and
DNA-DNA hybridization. P. agardhii distributes worldwide, while P. rubescense
restricts to central-north Europa. Planktothrix peudoagardhii, which was found only
in Thailand and P.R. China, shared the same phenotypic characters as P. agardhii but
were well separated by 16S rDNA sequence analysis from P. agardhii (Suda et al.,
2002). Thus, polyphasic approach using the culture strains of various geographic
origins is required for bacteriological taxonomy, geography and ecology on
cyanobacteria.

Recently we found the occurrence of C. raciborskii in fresh water reservoirs,
dams and ponds in several parts of Thailand (Yongmanitchai et al., 1999;
Chonudomkul et al., 2000) and in Japan and isolated a number of axenic strains of
this species from there. The cylindrospermopsin and deoxycylindrospermopsin were
detected in some strains of C. raciborskii isolated from a reservoir in Thailand (Li ez
al., 2001) but not in some strains. In this study, 24 strains that may be assigned to C.
raciboirskii in morphology were obtained from culture collection and freshly isolated.
The aim of this study is to establish whether or not correlations exist between
cylindrospermopsin production, morphological characteristics and phyletic line, based
on 16S rDNA sequences and STRR sequences.

Materials and Methods

Strains and culture conditions. Twenty four strains of C. raciborskii were
obtained from the NIES-Collection and isolated from lakes, reservoirs and ponds in
Thailand and Japan (Table 1). Strains that were not axenic and/or clonal were purified
and cloned by the micropuppette-washing method (Hoshaw and Rosowski, 1973).
The purity of the strains was checked with bacterial check medium (Watanabe ez al.,
2000) and microscopy. Stock cultures were maintained in screw-capped test tubes (18
x 150 mm) with 10 m! CT medium (Watanabe ez al., 2000) and incubated at 20 + 10,
under a 12h:12h light/dark cycle at 30 Omol/m?/sec provided by day-light fluorescent
lumps (National Co., Ltd., Japan).

Axenic cultures of Cylindrospermopsis used in this study were obtained from
samples by pipet washing technique. The cultures were grown in CT medium
(Watanabe and Hiroki, 1997) at 25°C under daylight fluorescent lamps at an intensity
of 40 Omol/m?/sec and 12:12 h light/dark cycle for 14 days.

Morphology. Strains of Cylindrospermopsis were cultured in 125 ml
Erlenmeyer flask containing 25 ml of CT medium and incubated at 25 °C under
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daylight fluorescent lamps at an intensity of 40 Omol/m%/sec with 12:12 h light/dark
cycle. After 4 weeks, the morphological characteristics were observed using a light-
microscope. Identification of strains were carried out using typical morphological
characteristics such as cell size and shape, heterocyst and akinete formation, efc.
based on Sarker ef al. (1999), Branco and Senna (1991), Komarek and Kling (1991),
Watanabe (1995). For determination of cell dimension, fifty filaments were randomly
selected and the largest and the smallest cells of each filament were measured. The
mean cell size and standard deviation of 100 cells were measured for each strain.

DNA extraction. Ten ml of Cylindrospermopsis culture was harvested by
centrifugation at 15,000 rpm for 10 min. 500 pl of 2% cetyl trimethyl ammonium
bromide (CTAB), 5 pl of mercaptoethanol were added and incubated at S0°C for 1 h.
Cells were homogenized by adding glass beads (0.1 mm of diameter) and beaten with
Mini-Beadbeater'™ machine for 30 sec, 3 times. DNA was extracted with 500 pl of
chloroform: isoamyl alcohol (24: 1) followed by centrifugation at 14,000 rpm for 2
min. DNA was precipitated and purified with QIAEX II kit.

16S rDNA sequence analyses. Amplifications of 16S rDNA were performed
using primers 107F and 1497R. PCR reaction mixture (100 O1) consisted of «-—en-mm--
------ ng genomic DNA, 50 pmol primers, 10XEX Taq™ buffer, 2.5 mM of each
deoxynucleoside triphosphate, 5 units of Takara EX Taq"'™ (Takara Biomedicals,
Otsu, Shiga, Japan). Reaction was carried out in a thermal cycler (Takara PCR
Thermal Cycler Personal, Takara Biomedicals, Japan) which was initialized for 1
cycle at 95°C for 3 min followed by 30 cycles at 94°C for 10 sec, 53°C for 10 sec and
72°C for 1 min 30 sec and terminated by 1 cycle of 72°C for 8 min and finally held at
4°C.

For 16S rDNA sequence determination, about 0.1 pmol of PCR product, 1.5-
2.5 pmol of 16S rRNA gene-sequencing primers (522F, 959R, 882F, 517R, 1185F,
1387R) and Dye namic ET terminator cycle sequencing kit were used to determine the
nucleotide sequence of Cylindrospermopsis. The reaction conditions consisted of 30
cycles at 95°C 20 sec, 50°C 15 sec and 60°C 1 min and finally held at 4°C.
Nucleotide sequences was performed on an automated DNA sequencer (ABI PRISM
™ 310 Genetic Analyzer, Applied Biosystems, Perkin-Elmer Corporation).

Sequences of PCR primer of 16S rDNA

Primer Sequence (5°—37)

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

Phylogenetic analysis. DNA sequences were aligned using the multiple
sequence alignment software, ClustalW1.8. Ambiguous characters in which a
deletion, insertion recorded from any strains were removed from the aligned data.
Phylogenetic and molecular evolutionary analyses were conducted using MEGA
version 2.1 (Kumar ef al., 2001) and a tree was constructed using neighbor-joining
algorithm. Bootstrap analyses were performed with 1,000 replicates.
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STRR sequence analyses. The primers of STRR sequence were developed
from repeated sequence in genome of the cyanobacteria (Mazel, et al., 1990).
Sequence of primers were as followed, STRRIF: (5’-CCCCARTCCCCART-3"),
STRRIR: (SC-GGGGAYTGGGGAYT-B’), STRR3F: (5-CAACAGTCAACAGT-37),
STRR3R: (5'-ACTGTTGACTGTTG-3"). The 50 Ol of PCR reaction mixture
consisted of -----------meeu ng of genomic DNA, 50 pmol of primers, 10XEX Taq'™
buffer, 2.5 mM of each deoxynucleoside triphosphate, 5 units of Takara EX Taq™
(Takara Biomedicals, Otsu, Shiga, Japan). PCR was performed in Takara PCR
Thermal Cycler which was programmed for 1 cycle at 94°C for 10 min; 30 cycles at
94°C for 30 sec, 42°C for 1 min and 65°C for 4 min; 1 cycle of 65°C for 7 min and
finally held at 4°C.

The PCR fingerprint patterns of STRR sequence were analyzed by using
Image Master 2 Delite Ver 2.00 software. The fingerprint patterns were converted to
binary data by scoring the presence or absence of bands for each strain as one or zero.
These data were used to calculate total character differences, which were used to
construct a neighbor-joining tree with PUAP.

Toxin analysis. Each strain was cultured in 10 ml of Jaworski’s medium
(Thompson ef al., 1988) for one month. Toxin was extracted with methanol, after
removal of solvent, the residue was re-dispersed in water and filtered with membrane
filter. The solution was then passed through ODS cartridge (Sep-Pak C18, Waters
Corporation, Massachusetts, USA). The pass-through fraction was collected and
concentrated under reduced pressure. Concentrated samples were analysed with
HPLC-MS for Cylindrospermopsin using TSK-gel Amide-80 column (100x2 mm)
with linear gradient 100 to 60% acetronitrile/water for 30 minutes at 0.2 ml/minute.
Photodiode array (262 nm, SIM) and Ma (M+416 m/z and M-414 m/z) were used as
detectors.

Results

Morphology. The strains were separated into two distinct morphotypes, one
with straight trichomes and another with coiled trichomes (Fig.1). Excepted the
trichome forms, all the strains shared the common morphological characteristics as
outlined below, though a little variations were shown by the different strains. Solitary
trichomes, both coiled and straight ones, were not constricted or slightly constricted at
the cross walls. Cells with gas vesicles, were cylindrical in shape, 1.9 — 6.3 pm wide
and 3.0 — 18.5 um long and the ratio of cell length to cell width was 0.8 — 7.0. The
minimum cell width was 2.7 + 0.6 pm (strain 51011) and the maximum was 4.7 + 0.7
pm (strain 51004). In contrast, the mean and standard deviation for cell length ranged
from 5.8 £ 1.5 pum (strain 51005) to 11.6 £ 3.9 um (strain 51016). End cells were
cylindrical, conical or rounded. Heterocysts were developed from a terminal cell,
being single or in pairs in some strains at one or both ends of the trichome. Some
Thai and Australian strains rarely developed intercalary heterocysts (Fig. 1C).
Terminal heterocysts were never curved, conical, cylindrical or rounded in shape, 1.9
— 7.0 ym wide and 4.4 — 11.9 pum. The minimum width was 2.7 & 0.5 pm (strain
51011) and the maximum was 5.2 4 0.7 pm (strain CRJ*). In contrast, the mean and
standard deviation for heterocyst length ranged from 4.6 & 0.7 pm (strain 51009) to
8.5 + 1.6 pum (strain KJA3). Akinetes were observed in three Thai strains (51013,
51014, 51016), two Australian strains (CRJ1, CRJ2) and three Japanese strains
(KJA1-3). They were formed neighbor to the heterocysts, sometimes two cells distant
from the hetereocysts, solitary, in pairs or rarely up to three in series, being cylindrical
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in shape, 2.8 — 7.0 um wide and 8.5 — 17.1 um long and the ratio of cell length to cell
width was 1.5 — 5.8. The minimum of width was 3.5 + 0.4 pum (strain 51014) and the
maximum was 5.3 = 0.6 um (strain CRJ2). The mean and standard deviation for
akinete length ranged from 11.3 & 2.1 pum (strain 51014) to 14.2 + 2.4 um (strain
KJAZ2). Since standard deviation ranges of strains in cell, heterocyst and akinete sizes
overlapped continuously (Fig. 2), clear divisions cannot be made among the strains on
the basis of quantitative characters. In conclusion, there were no clear differences in
morphology among the strains and the morphological characteristics observed were
very similar to those of C. raciborskii.

Phylogenetic analysis of the conserved regions of 16S tDNA. Near-complete
16S rDNA sequences were determined for 24 C. raciborskii isolates that were
available in axenic cultures. GenBank accession numbers are given in Table. A
phylogenetic tree was reconstructed from an alignment of 33 sequences, including 24
C. raciborskii isolates and the two strains of C. raciborskii Form 1 (coiled:
AF067818) and Form 2 (straight: AFF067819), representatives of the major lineages
of cyanobacteria with Escherichia coli as the outgroup (Fig. 3). The corrected
- sequence alignment, which formed the basis of the phylogenetic analyses,
corresponded to positions 112-1488 according to the E. coli numbering system and
was 1376 bases in length after gaps, inserts, and ambiguous positions had been
removed. All the strains of C. raciborskii including the additional two strains of this
species (AF067818 and AF067819) showed high DNA sequence similanty (Table 2)
exceeding 99.5 %.

Constructed phylogenetic trees revealed that all the C. raciborskii strains
formed a defined cluster, in agreement with the result of Saker and Neilan (2001). The
topology within the C. raciborskii cluster may not be reliable because the numbers of
16S IDNA base differences were so small that insufficient information was given
about the relationships among C. raciborskii strains.

Phylogenetic analysis of STRR sequences. The twenty four strains of C.
raciborskii were analyzed by the combination of three pairs of primers derived from
cyanobacterial repeat sequences, namely STRR1F and STRR3F, STRRIF and STRR
3R, STRRIR and STRR3R. These combinations of primers established the DNA
profiles for each isolates (Fig. 4). The amplified PCR products of
Cylindrospermopsis isolates from Thailand and Australia had the same range in size
but narrow than those from Japan (Table 3).

The various primer combinations presented the various DNA band patterns
and distinguished among strains of C. raciborskii. The greatest variation among the
Thai strains was shown in both primer combinations of STRR1F-STRR3F and
STRRI1R-STRR3R. Clear differences in banding patterns obtained by using primer
combination of STRR1R-STRR3R were observed even among 1solates from the same
ponds; that is, between strains 51005 and 51006 from shrimp pond in Chachoengsao,
between strains 51007 and 51008 from Nong Phai Khaew in Chonburi, strains 51009
and 51010 from Thap Salao Dam in Uthai Thani, strains 51017, 51018 and 51019
from fish pond at Suwannaphum in Roi Et. Furthermore, the different banding
patterns were obtained among all the six strains with coiled trichomes, strains 51004,
51005, 51007, 51009, 51017 and 51019, but this primer combination did not group
strains with coiled trichomes (Figs.4C and 5). The primer combination of STRR1F
and STRR3F showed the variation among the Thai strains and distinguished among
all the thirteen strains with straight trichomes but grouped strain with coiled trichomes
and one with straight trichomes together (Figs. 4A and 6). The primer combination of
STRRI1R-STRR3R showed variation among Japanese strains whereas that of
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STRR1F-STRR3F did not. The same was true among Australian strains. The DNA
fingerprint of primer combination of STRR1F-STRR3R did not show further
differences among strains than those of STRR1F-STRR3F and STRRIR-STRR3R
(Fig. 4B). Each primer combination showed that DNA band patterns of Japanese
strains (KJA1, KJA2 and KJA3) were highly different from the Thai and Australian
strains (Figs. 4-6).

The phylogenetic tree constructed from the binary data of band patterns of
STRR sequence demonstrated that interesting C. raciborskii were separated by the
country into the three clusters, Thai strain cluster (cluster I), Australian strain cluster
(cluster IT) and Japanese strain cluster (cluster 11I) (Fig.7). Among these clusters,
Thai and Australian clusters were relatively close to each other. One of Thai strains,
51014 was closely related with Australian strain (CRJ1) and assigned to cluster 2.
(Fig. 7). Japanese strains formed an independent phylogenetic cluster clearly
separated from the others.

Toxin production. The alkaloid hepatotoxin, cylindrospermopsin was
detected in some Thai strains of Cluster [ but neither in any strains of Clusters II and
IIT nor in the additional strains isolated from same pond of Japan (Table 4 and Fig. 7).

Discussion

All the strains shared the common morphological traits mostly corresponding
to the description of C. raciborskii and formed a defined phylogenetic cluster together
with the two strains of C. raciborskii (AF067818 and AF067819) already reported for
their morphological and growth characteristics. The morphological characteristics
observed in these strains are clearly different from the related species, C.
philippinensis with spiral trichomes and slightly curved, conical shaped heterocysts,
C. africana with rounded end-cells and with long cells showing high ratio of length to
width (1.6-13.2), C. cuspis with conically pointed end-cells and with long cells
showing high ratio of length to width (4.2-22.8) and C. curvispora with strongly
curved, conical shaped heterocysts having rounded end. So the present strains should
be identified as C. raciborskii. The morphological changes in vegetative cell and
heterocyst dimensions of C. raciborskii were induced by different nitrogen sources.
Although the changes recognized does not directly influence on the destiction
between species shown above, the taxonomic and phylogenetic significances of these
morphologically different species must be evaluated by examining the direct
correlation between phenotypic and genotypic diversity.

The two morphological forms, one with straight trichomes and another with
coilded trichomes have been observed in C. raciborskii (Saker et al., 1999).
Taxonomic and phylogenetic studies using the culture strains of these morphotypes
suggested that all of the C. raciborskii isolates from Australia belonged to the same
species, including straight and coiled forms (Saker et al., 1999; Wilson et al., 2000;
Saker and Neilan, 2001). The C. raciborskii strains used in this study also formed a
defined cluster together with the two strains of C. raciborskii used by Saker et al.,
(1999), in agreement with the result of Saker and Neilan (2001). The STRR sequence
analyses using 13 Australian strains indicated that the Australian isolates with coiled
trichomes grouped together, suggesting some linkage between trichome coiling and
genotype (Wilson et al., 2000). However, our strains with coiled trichomes were not
clustered together (Figs. 5-7).

The size of STRR-PCR products were approximately 0.3 to 5.6 kb in Thai
strains and Australian strains and 0.2 to 6.7 kb in Japanese strains that were larger
than previously reported in thirteen isolates of C. raciborskii from Australia, which



87

had ranged in size from approximately 0.1 to 2.5 kb (Wilson et al., 2000). The
combination of primer STRRIR-STRR3R represented the greatest variation among,
strains and clearly distinguished the Cylindrospermopsis clones at strain level.
However, the primer combination of STRR1F-STRR3F showed variation among Thai
strains but little variation among Japanese and Australian strains. These results were
different from Wilson et al. (2000) who reported that the primer combination of
STRRIR and STRR3R has the very similar patterns, while the greatest variation was
seen in the primer combination of STRR1F and STRR3F.

The phylogenetic tree constructed from the binary data of band patterns of
STRR grouped the C. raciborskii strains mostly corresponding to their geographic
origin (Fig. 7), showing that C. raciborskii is composed of at least three genotype
clusters, Thai strain cluster (Cluster I), Australian strain cluster (Cluster IT) and
Japanese strain cluster (Cluster IIT). In particular, Japanese strains formed a clearly
independent cluster from the others. Although it is well known that C. raciborskii
produce the toxin, cylindrospermopsin, the present results clearly showed that there
were toxic and non-toxic strains in C. raciborskii and a great variation in toxin
contents among toxic strains, in agreement with Saker and Neilan (2001).
Interestingly, only Cluster I included the strains with high toxin content (Fig. 7).

The present study clearly showed that STRR sequence was useful method to
distinguish among strains of Cylindrospermopsis, which were isolated from the same
and different habitats and to classify the different genetic clusters. It suggested some
linkage between toxin production and genotype. In particular, Japanese strains seem
to possess their own genotypic characters different from the others, being
geographically differentiated genotype.
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TABLE 1. Strains of Cylindrospermopsis used in this study.

Strain Trichome Sampling place Province/ Country
morphology

51001 Straight Huai Suppradoo Nakhon Ratchasima, Thailand
51002 Straight Pond in Public park Tak, Thailand
51003 Straight Huai Tung Thao Chiang Mai, Thailand
51004 Cotled Pa Chan Reservoir Chiang Rai, Thailand
51005 Coiled Shirmp pond Chachoengsao, Thailand
51006 Straight Shirmp pond Chachoengsao, Thailand
51007 Coiled Nong Phai Khaew Chonburi, Thailand
51008 Straight Nong Phai Khaew Chonburi, Thailand
51009 Coiled Thap Salao Dam Uthai Thani, Thailand
51010 Straight Thap Salao Dam Uthai Tham, Thailand
51011 Straight Kang Kra Chan Dam Phetchaburi, Thailand
51012 Straight Chong Khao Khat Dam Uttaradit, Thailand
51013 Straight Huai Pa Daeng Reservoir Phetchabun, Thailand
51014 Straight Ubolrat Dam Khonkaen, Thailand
51015 Straight Nong Mek Udon Thani, Thailand
51016 Straight Ban Kok Kang Nong Khai, Thailand
51017 Coiled Fish pond at Suwannaphum | Roi Et, Thailand
51018 Straight Fish pond at Suwannaphurn | Roi Et, Thailand
51019 Coiled Fish pond at Suwannaphum [ Roi Et, Thailand
CRJ1* Coiled Palm Island Australia
CRJ2* Straight Palm Island Australia
KJA1 Straight Kuono pond Ibaraki, Japan
KJA2 Straight Kuono pond Ibaraki, Japan
KJA3 Straight Kuono pond Ibaraki, Japan

Remark: * = Strains were obtained by M.M. Watanabe through Dr. Brett Neilan from

Australian Water Quality Center Culture Collection and now maintained in
NIES-Collection at National Institute for Environmental Studies, Japan.
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51004
51008

51006

51007

31008
1009

5101¢

s1011

51012

51013

51014
51015
51016
s1on

51018

51049

CrI

CRrI2

KJAL
KIA2

KIA}

RN

51002

51003

51004

51005

51006

51007

99.8

51008

99.7

51009

99.6

51010

99.7

51011

99.8

51012

99.7

99.8

51013

99.7

99.8

99.8

51014

99.7

99.8

99.8

51015

99.7

99.8

99.8

9.7

51016

9.6

99.8

9.9

99.8[99.8

51017

99.8

¥9.9

9.9

99.899.9

51018

99.6

99.8

99.9

59.8|99.8

51019

99.8

9.7

99.5

995|995

CRJ1

99.7

99.8

9.8

99.8 [99.7

CRJ2

9.7

99.8

100

99.8|99.8

KA1

99.8

100

99.9

99.8 [99.8

99.8

KJA2

99.8

100

99.8

99.8/99.8

99.8 [100

KJA3

99.8

99.9

99.8

99.8]|99.8

FIR([999 (999

RF1

99.6

99.8

99.8

99.8[99.6

99.8|99.8 (99.8

99.7

RF2

9.7

99.8

99.8

99.8 |99.7

9.8 |99.8|99.8

99.8

999

Remark: RF1= C. raciborskii 1 AF067818; RF2 = C. raciborskii 2 AF067819

TABLE 3. Size of the PCR products of C. raciborskii isolated from different

countries.

Combination of

Approximately ranged 1n size (kb)

primers Thailand Australia Japan

STRRIF and 0.3-5.6 0.3-5.6 0.2-5.6
STRR3F

STRRIF and 0.3-5.6 0.3-5.6 0.2-5.6
STRR3R

STRRI1R and 0.6-4.8 0.6-4.8 0.3-6.7

STRR3R
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TABLE 4. Relative quantity* of cylindrospermopsin in each sample,

Strain Relative value Strain Relative value
51001 1 51014 0
51002 1.764 51015 0
51003 0 51016 0
51004 0.603 51017 0
51005 0 51018 0
51006 0 51019 4]
51007 0 CRJ1 0
51008 1.300 CRJ2 0
51009 2.188 KJA1 0
51010 2.847 KJA2 0
51011 3.109 KJA3 0
51012 5.530 AWT 205 2.076
51013 0 monoclonal

Remark: * = Based on peak area
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FIG. 1. Morphology of C. raciborskii (A) straight trichome, (B) coiled trichome and
(C) intercalary heterocyst.
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FIG. 3. Phylogenetic tree of C. raciborskii constructed from16S rDNA by using the
neighbor-joining method. The scale bar presents 5 base substitution per
1,000 nucleotide position. Bootstrap percentages calculated from 1,000
resampling are indicated at nodes.
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