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PINH LOAI LOAI TAO PROROCENTRUM SP. PHAN LAP PUGC
O THANH PHO HAI PHONG DUA VAO TRINH TU NUCLEOTIT
CUA CAC POAN GIEN18S rDNA VA ITS1-5,8S-ITS2

PANG DIEM HONG, HOANG MINH HIEN, HOANG LAN ANH

Chi Prorocentrum thudc nganh Dinoflagel-
latae bao gom 31 loai to bién véi cau tric t€ bao
rat giong nhau [9]. Nguoi ta thay ching cé mat &
nhiing noi xuét hién thuy triéu dé hoac c6 su “nd
hoa” clia ca tao doc va khong doc. Doc t6 DSP
(Diarrhetic shellfish poisoning) c6 trong cic loai
tdo gidp song troi ndi hodc s6ng ddy, hdu hét
thudc chi Dinophysis hoac chi Prorocentrum,
gay anh huong dén hé tiéu hda clia nguoi. Hién
tugng “nd hoa” clia céc loai tdo ndy trén bién va
O céc thay vuc thuong kéo theo su nhiém doc cho
cac loai hai san va con nguoi khi an phai ching.
Do vay, viéc phat hién va ngan chan su nd hoa
cla tao doc 1a rat can thiét va ¢6 y nghia thuc tién
to 16n trong viéc giam thiéu nhiing tic dong x4u
clia chiing t6i moi truong, dac biét la d6i véi cong
viéc nuoi trong hai san va bao dam an toan thuc
pham [6, 9]. C4c nghién ctu vé su “nd hoa” clia
tdo doc bao gom viéc xdc dinh va thong ké céc
loai tao gay doc va hai, su phan bo cua ching
trong khong gian, thoi gian va cic yéu t0 moi
truong lién quan dén hién tugng bung phat s6
lugng tao doc [1] va cac bién phap phong ngira
giam thiéu tdc hai clia ching. Phuong phdp phan
loai truyén thong dua trén céc diac diém hinh théi
¢6 vai tro quan trong trong viéc xac dinh cac loai
tdo, tuy nhién, c¢6 rat nhiéu khé khan khi gap
nhitng loai ¢6 kha nang bién ddi hinh thdi dé
thich Gng trong nhiing diéu kién séng khac nhau
hodc nhiing loai rat giong nhau vé mat hinh thai
va nhitng bién thai nay cla ching lai rat kho
phan biét dudi kinh hién vi [6, 7]. Hién nay, bén

Vién Cong nghé sinh hoc
CHU VAN THUOC

Vién Tai nguyén va Moi truong bién

canh cdc phuong phdp phan loai truyén thong,
cac ky thuat sinh hoc phan tir da dugc st dung
nham gop phan phan loai mot céch chinh xdc hon
cac loai tao.

Trong bai bdo nay, ching toi trinh bay cac
két qua budc dau phan loai loai tao
Prorocentrum sp. thu dugc tai thanh pho Hai
Phong béing phuong phdp dua vao cdc dac diém
hinh thai két hop véi so sanh trinh tu nucleotit
ctia cac doan gien 18S rDNA, ITSI-5,8S-1TS2.
Trén co s& cac két qua thu dugc, tén va moi
quan hé vé phat sinh ching loai giita loai ma
ching t6i phan 1ap duoc véi cic loai
Prorocentrum spp. khac da dugc cong bo tai
Ngan hang gien thé giéi GENEBANK.

I. PHUONG PHAP NGHIEN CUU

1. Vatlieu

- Vat mau Prorocentrum sp. dugc phan lap &
Do Son, thanh phé Hai Phong do Vién Tai
nguyén va Moi trudng bién cung cap. Do thuan
khiét theo tiéu chuin hinh thdi cha tdo duogc
kiém tra dudi kinh hién vi laser quét Axiovert
100M cua hang CarlZeiis.

- Céc trinh tu cta cdac doan gien 18S rDNA
va ITS1-5,8S-ITS2 cta 10 loai Prorocentrum da
duoc cong bo tai Ngan hang gien GENEBANK
(bang 1) da dugc st dung.

- Vecto pCRR®2.1, ching vi khudn E.coli

Cong trinh duogc su hé tro cua Chuong trinh khoa hoc KC.09.19 va Chuong trinh diéu tra nghién ciu iing

dung cong nghé bién.
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DH5a va cdc hoéa chat chudn cha hang
Invitrogen.

2. Phuong phap

- T4ch chiét DNA téng s6 ctia Prorocentrum
sp. theo phuong phap da cong bo [5].

- C4c doan gien 18S rDNA va ITS1-5,8S-1TS2
dugc nhan bing k§ thuat PCR tir DNA tdng s6 v6i
cac cap moi dac hiéu: 18S-F (5’-GAGAGGG-
AGCCTGAGAAACG-3’) va 18S-R (5’-GGCAT-
CACAGACCTGTTATTGC-3’), ITS-F (5’-TCCG-
TAGGTGAACCTGCGG-3’) va ITS-R (5’-CGA-
CGCAAGAAGTAGACTCG-3).

- Diéu kién va thanh phéan cta phan tng PCR

theo nhu cong bo [4, 5].

- Qué trinh tich dong cidc doan gien nhan
duoc, duge tién hanh theo cong bo [4, 5, 8].

- Trinh tu nucleotit ctia cac doan gien 18S
rDNA va ITS1-5,8S-ITS2 & mau nghién ctu dugc
thuc hién trén mdy doc trinh tu tu dong ABI
PRISM®3100-Avant Genetic Analyzer (ABI, M§)
cta Vién Cong nghé sinh hoc.

- Dua trén chuong trinh Clustal X Multiple
Sequence Alignment Program (version 1.81,
June 2000) va DNASTAR, ching toi xay dung
cay phat sinh chung loai cta loai Prorocentrum
sp. thu thap tai Hai Phong véi trinh tu cla céac
loai Prorocentrum c6 san tai GENEBANK.

Bdng 1

Cac loai Prorocentrum co trinh tu cua cac doan gien 18S rDNA va ITS1-5,8S-ITS2
duoc sit dung dé phan tich su da dang di truyén

STT Tén khoa hoc So (h,Il‘gl;ItS))mn GEI;J/I];B?NK Gien ma hda

1 Prorocentrum lima (Ehrenberg) Dodge 1975 39448 Y16235 18SrDNA

2 P. arenarium Faust 1994 72679 Y16234 18SrDNA

3 P. maculosum Faust 1993 72680 Y 16236 18SrDNA

4 P. concavum Fukuyo 1981 72681 Y16237 18SrDNA

5 P. panamenisis sp. nov. 72678 Y16233 18SrDNA

6 P. micans Ehrenberg 1834 2945 AJ415519 18SrDNA

7 P. minimum var. triangulatum Hulburt 1959 39449 AJ415520 18STDNA

8 P. minimum (Pavillard) Schiller 1933 39449 Y16238 18SrDNA

9 P. mexicanum Osorio Tafall 1942 72677 Y16232 18SrDNA
10 | P. emarginatum Fukuyo 1981 72682 Y16239 18SrDNA
11 | P. micans Ehrenberg 1834 2945 AF208245 | ITSI-5,8S-1TS2
12 | P. minimum (Pavillard) Schiller 1933 39449 AF352370 | ITSI-5,85-1TS2
13 | P. minimum var. triangulatum Hulburt 1959 39449 AF208244 | ITSI1-5,85-1TS2
14 | P. triestinum Schiller 1918 39450 AF208246 | ITS1-5,8S-ITS2
15 | P.mininmum var. mariae-lebourae Hulburt 1959 39449 AF352371 | ITSI1-5,85-1TS2

II. KET QUA NGHIEN CUU

1. Mo ta hinh thai caa loai Prorocentrum sp.
dugc phan lap tai Hai Phong

Duéi kinh hién vi lazer quét, Prorocentrum
sp. la cdc don bao chuyén dong; t€ bao gin
giong hinh ovan, dai 32,58-35,33 um, rong
22,84-23,66 pm. Nhu vay, dua vao cic dac diém
hinh thdi, vat mau Prorocentrum sp. ma ching
t0i phan lap duogc tai Hai Phong c6 thé dugc xép
vao loai Prorocentrum mexicanum Osorio Tafall
1942,
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Hinh 1. Hinh théi t&€ bao cua loai Prorocentrum
sp. thu tai Hai Phong du6i kinh hién vi lazer quot.



2. Tach chiét DNA tong s6

Két qua tach DNA t6ng s6 clia Prorocentrum
sp. dugc trinh bay trén hinh 2 cho thdy DNA c6
chat lugng tot, khong bi dit gdy, phu hop dé lam
nguyén liéu cho cac nghién ctu ti€p theo.

2 3 4

M 1

Hinh 2. Anh dién di kiém tra DNA ciia
Prorocentrum sp.
Giéng 1: macko 1Kb; giéng 1-4: mau DNA tach tir
Prorocentrum sp.

3. Nhan cac doan gien 18S rDNA va ITS1-
5,8S-ITS2 bang ky thuat PCR

1 2 M

1,0 kb — [N
0,6 kb —

Hinh 3. Pién di san pham PCR cia loai
Prorocentrum sp.

Cot M: thang chudn ctia DNA c¢6 kich thuéc 1
kb; cot 1: san pham PCR véi cap méi 18S F-R; cot 2:
san pham PCR véi cap moi ITS F-R.

Dé phan lap va tdch dong mot phan clia cdc
doan gien 18S rDNA va ITS1-5,8S-ITS2 cua
Prorocentrum sp., chung t6i da thiét k& cac cap
moi dic hiéu 18S F-R va ITS F-R dua vao trinh
tu nucleotit ciia cac doan gien 18S rDNA va
ITS1-5,8S-ITS2 cua chi Prorocentrum da duoc
cong bo tai
(GENEBANK). Trong d6, theo tinh todn ly
thuyét, san pham PCR sé c6 kich thudc khoing

Ngan hang gien quoc t&

1,0 kb d6i v6i cap moi 18S F-R va 0,6 kb véi cap
moi ITS F-R. San phdm PCR cua Prorocentrum
sp. v6i hai cdp moi néi trén duoc chi ra trén hinh
3. Két qua cho thdy ching t6i da nhan dugc cac
doan gien 18S rDNA va ITS1-5,8S-ITS2 c6 kich
thuée tuong tng khoang 1,0 kp va 0,6 kp. Kich
thu6c clia cac san phdm PCR ma ching toi thu
dugc phut hop v6i khoang cdch gitta hai moi va
kich thudc theo tinh todn ly thuyét.

4. Tach dong cac doan gien 18S rDNA va
ITS1-5,8S-1TS2
1 23 4 5 6 7 M

1,0kb —»

Ll —

Hinh 4. Di¢n di san pham PCR kiém tra cdc
doan gien 18S rDNA va ITS1-5,8S-1TS2 véi cap
mo6i 18S R-F va ITS F-R da duogc gin vao vecto

tach dong pCR?2.1.

Cot M: thang chudn ctia DNA c6 kich thuéc 1
kb; cot 1-4: cac dong t€ bao mang vecto tdi t6 hop
gin doan gien 18S rDNA; cot 5-7: cdc dong t€ bao
mang vecto tai t6 hgp gin doan gien ITS1-5,8S-ITS2.

1 2 3 45 6 7 M

Hinh 5. Phan tich enzym gi6i han cac plasmit
t4i t6 hop mang céc doan gien 18S rDNA va
ITS1-5,8S-ITS2.

Cot M: thang chudn DNA c6 kich thuéc 1 kb; cot 1-
3: vecto pCR®2.1 di gan sin phim PCR cha doan
gien18S rDNA; cot 4-7: vecto pCR*2.1 di gén san pham
PCR cua doan gien ITS1-5,8S-ITS2.
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Cac doan gien nhan dugc da duogc ti€én hanh
tach dong, xac dinh trinh tu theo cac cong bo [3,
4, 7]. Bé khang dinh c6 phai 1a vecto téi t6 hop
mang cic doan gien 18S rDNA va ITS1-5,8S-
ITS2 mong muoén khong, ching t6i ti€én hanh
phan ing PCR-checking céc khuén lac trang véi
hai cap méi 18S F-R va ITS F-R (hinh 4) va cat
DNA plasmit tdi t6 hop v6i enzym gi6i han
EcoRI (hinh 5). Két qua trén cac hinh 4, 5 thu
dugc da ching to ring cac doan gien ma ching
toi mong muén da dugc gian thanh cong vao
vecto tdch dong pCRR2.1. Tiép theo, cdc dong
plasmit tdi t6 hop néi trén dugc tdch chiét va
tinh sach mot lugng 16n dé doc trinh tu.

5. So sanh trinh tu nucleotit ctia cac doan gien
18S rDNA va ITS1-58S-ITS2 cua cac loai
Prorocentrum
Ching t6i da tién hanh so sanh cac trinh tu thu

dugc ctia Prorocentrum sp. v6i 10 trinh tu ciia doan

gien 18S rDNA ctia 9 loai Prorocentrum khac (hinh

6) va véi 5 trinh tu cta doan gien ITS1-5,8S-ITS2

cua 3 loai Prorocentrum khac da dugc cong bé tai

Ngan hang gien quoc € (hinh 7). Két qua & cac

hinh 6 va 7 cho thay c6 su sai khac cta céc trinh tu

nay gitta cac loai Prorocentrum vé6i nhau. Ty 18

phan tram tuong dong cta ting cap trinh tu cla cc

loai Prorocentrum dugc thong ké dudi dang ma

tran tam gidc tai cac bang 2 va 3. Theo két qua &
céc bang 2 va 3, ching t6i thdy do tuong dong cua
doan gien 18S rDNA giita cac loai Prorocentrum 1a
tr 92-100% va clia doan gien ITS1-5,8S-ITS2 1a tir
77-99%. Nhu vay, viéc doc va so sanh céc trinh tu
cta cdc doan gien 18S rDNA va ITSI-5,8S-1TS2
trong chi Prorocentrum 13 cong cu rét hitu hiéu dé
kiém tra va xac dinh m6i quan hé phat sinh chling
loai trong cting mot loai va dudi loai ¢ nhiing diéu
kién dia ly, sinh thai khac nhau. Diéu nay duoc chi
ra khi so sanh 2 nhém P. minimum vé6i nhau, do
tuong dong cua doan gien 18S rDNA giita hai
nhom P. minimum 1a 100% (bang 2) nhung véi
doan gien ITS1-5,8S-ITS2 1a 99,3-99,5% (bang 3).
Cling trén bang 2, ching ta nhan thdy ring
Prorocentrum sp. c6 do tuong dong cao nhat, dat
dén 999% khi so sanh v6i P. mexicanum
(Y16232), tiép d6 99,8% v6i P. micans
(AJ415519), 99,6% v6i P. minimum (AJ415520 va
Y16238), 96,5% v6i P. concavum (Y16237),
96,4% v6i P. panamensis (Y16233), 95,6% véi P.
emarginatum (Y16239) va thap nhat 1a 94,1% véi
P. arenarium (Y16234) va P. maculosum
(Y16236). Két hop véi céc dac diém hinh théi cha
Prorocentrum sp. miéu ta & phan IL.1 véi két qua
phan tich trinh ty ctia doan gien 18S rDNA trén
day, ching toi két luan rang Prorocentrum sp.
thudc loai Prorocentrum mexicanum.
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GAGAGGGAGCCT GAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGECGCGCAAATTACC
GAGAGGGAGCCT GAGAAACGGCTACCACAT CTAAGGAAGGCAGCAGGCGCGCAAATTACC
GAGAGGGAGCCT GAGAAACGGCTACCACAT CTAAGGAAGGCAGCAGGCGCGCAAATTACC
GAGAGGGAGCCT GAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGECGCGCAAATTACC
GAGAGGGAGCCT GAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGECGCGCAAATTACC
GAGAGGGAGCCCGAGACAT GGCTACCACAT CTAAGGAAGGCAGCAGGCGCGCAAATTACC
GAGAGGGAGCCT GAGAAACGGCTACCACATCTAAGGAAGGCAGCAGGECGCGTAAATTACC
GAGAGGGAGCCT GAGAAATAGCTACCACATCTAAGGAAGGCAGCAGGECGCGCAAATTACC
GAGAGGGAGCCT GAGAAATAGCTACCACAT CTAAGGAAGGCAGCAGGCGCGCAAATTACC
GAGAGGGAGCCT GAGAAATAGCTACCACAT CTAAGGAAGGCAGCAGGCGCGCAAATTACC
GAGAGGGAGCCT GAGAAATAGCTACCACATCTAAGGAAGGCAGCAGGECGCGCAAATTACC
*kkkkhkkhkkkkhk*x *kxk*x % Khkkkhkhkhkhkhkdhkhkdkhkdhhkdhkxdkhxdkdhkhrdrxdkhhxd*x **xk*hkx*x*k
CAATCCT GACACAGGGAGGTAGTGACAAGAAATAACAATACAGGGCATAATTGTCTTGTA
CAATCCT GACACAGGGAGGTAGTGACAAGAAATAACAATACAGGGCATAATTGTCTTGTA
CAATCCT GACACAGGGAGGTAGT GACAAGAAATAACAATACAGGCCATATCTGTCTTGTA
CAATCCT GACACAGGGAGGTAGT GACAAGAAATAACAATACAGGCCATATCTGTCTTGTA
CAATCCT GACACAGGGAGGTAGTGACAAGAAATAACAATACAGGGCATATCTGTCTTGTA
CAATCCT GACACAGGGAGGTAGTGACAAGAAATAACAATACACGGCATATTTGICTTGTA
CAATCCT GACACAGGGAGGTAGT GACAAGAAATAACAATACAAGCCATCCATGTCTTGTA
CAATCCT GACATAGGGAGGTAGT GACAAGAAATAACAATACAGGCCATTCTTGTCTTGTA
CAATCCT GACACAGGGAGGTAGTGACAAGAAATAACAAT ACAGGGCATCCATGTCTTGTA
CAATCCT GACACAGGGAGGTAGT GACAAGAAATAACAATACAGGGCATCCATGTCTTGTA
CAATCCT GACACAGGGAGGTAGT GACAAGAAATAACAATACAGGGCATCCATGTCTTGTA
B R I R R R R R O Xk kkkkkk*k
ATTGGAATGAGTAGAATTTAAATCCCTTTACGAGTACCAAT TGGAGGGCAAGTCTGGTGC
ATTGGAATGAGTAGAATTTAAATCCCTTTACGAGTACCAAT TGGAGGGCAAGTCTGGTGC
ATTGGAATGAGTAGAATTTAAATCCCT TTACGAGT ACCAAT TGGAGGGCAAGTCTGGTGC
ATTGGAATGAGTAGAATTTAAATCCCT TTACGAGT ACCAAT TGGAGGGCAAGTCTGGTGC
ATTGGAATGAGTAGAATTTAAATCCCTTTACGAGTACCAAT TGGAGGGCAAGTCTGGTGC
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ATTGGAATGAGTAGAATTTAAATCCCTTTACGAGTACCAAT TGGAGGGCAAGTCTGGTGC
ATTGGAATGAGT AGAACTCAAACT CCTCTACAAGT ACCGAT TGGAGGGCAAGTCTGGTGC
ATTGGAATGAGTAGAACTTAAATCCCT TTGCGAGT ACCAAT TGGAGGGCAAGTCTGGTGC
ATTGGAATGAGTAGAACTTAAATCTCTTTGT GAGTACCAAT TGGAGGGCAAGTCTGGTGC
ATTGGAATGAGTAGAACTTAAATCTCTTTGT GAGTACCAAT TGGAGGGCAAGTCTGGTGC
ATTGGAATGAGTAGAATTTAAATCTCTTTATGAGTACCAAT TGGAGGGCAAGTCTGGTGC
*hkkk Kk khkhkkhkkhkxkkxk*k*x * **k*k **x  *x khkkhkhk KAAk*kkdk XAk dkkdkhkhkhkxkhkhkkxkk
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGT TGT TGCGGT TAAAAAGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGT TGT TGCGGT TAAAAAGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGT TGT TGCGGT TAAAAAGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGT TGT TGCGGT TAAAAAGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGT TGT TGCGGT TAAAAAGC
CAGCAGCCGCGGTAATTCCAGCTCCAATGGECGTATATTAAAGT TGT TGCGGT TAAAAAGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGT TGT TGCGGT TAAAAAGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCGTATATTAAAGT TGT TGCGGT TAAAAAGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCATATATTAAAGT TGT TGCGGT TAAAAAGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCATATATTAAAGT TGT TGCGGT TAAAAAGC
CAGCAGCCGCGGTAATTCCAGCTCCAATAGCATATATTAAAGT TGT TGCGGT TAAAAAGC
khkkkkhhkhkhkhkkhhkhkhhkdhkhhhkdhkhkhhdhhk, **k *hkkdhkkhkhhkkdhkhhhkkhhhhhhhhkkhhhhhkhx*k
TCGTAGT TGGATTTCTGCCGAGGACGACCGGT CCGCCCTCTGEGT GAGTATCTGECTCGG
TCGTAGT TGGAT TTCTGCCGAGGACGACCGGT CCGCCCTCTGEGTGAGTATCTGGECTCGG
TCGTAGT TGGATTTCTGCCGAGGACGACCGGT CCGCCCTCTGEGT GAGTATCTGECTCGG
TCGTAGT TGGATTTCTGCCGAGGACGACCGGT CCGCCCTCTGEGT GAGTATCTGECTCGG
TCGTAGT TGGAT TTCTGCCGAGGACGACCGGT CCGCC- TCTGGGTGAGTATCTGGECTCGG
TCGTAGT TGGAAGT CTGCCTAGGAAGACT GGT CCGCCCTCCGEGTGAGTATCTGGECTCGG
TCGTAGT TGGACT TCTGCT GAGGACGACCGGT CCGCCCT CTGEGT GAGCATCTGECTCGG
TCGTAGT CGGATTTCTGCCGAGGACGACCGGT CCGCCCTCTGEGT GAGTATCTGECTCGG
TCGTAGT CGGAT TTCTGCCGAGGACAACCGGT CCACCCTCTGEGTGAGCATCTGECTTGA
TCGTAGT CGGAT TTCTGCCGAGGACAACCGGT CCACCCTCTGGEGTGAGCATCTGECTTGA
TCGTAGT CGGATTTCTGCCGAGGACAACCGGT CCGCCCT CTGEGECGAGCATCTGECTTGA
kkkkkhkk kK% * kk kK * Kk kk *kk *kkkkkhkkkk *k *kk *kkk *khkkhkkkhkkkk %

CCTGGGCATCTTCTTGGAGAACGT AGCT GCACT TGACT GT GTGGT GCGGT ATCCAGGACT
CCTGGGCATCTTCTTGGAGAACGT AGCT GCACT TGACT GTGTGGT GCGGT ATCCAGGACT
CCTGGGCATCTTCTTGGAGAACGT AGCTGCACT TGACTGT GT GGT GCGGTATCCAGGACT
CCTGGGCATCTTCTTGGAGAACGT AGCT GCACT TGACTGT GT GGT GCGGTATCCAGGACT
CCTGGGCATCTTCTTGGAGAACGT AGCT GCACT TGACT GTGTGGT GCGGT ATCCAGGACT
CCTGGGCATTTTCTTGGAGAATGTAGGT GCACT TGGCTGTGT GGT GCGGTATCCAGGACC
CCTTGGCATCTTCTTGGAGAACGCAACT GCACT TGACTGT GT GGT GCGGCAT CCAGGACT
CCTGGGCATCTTCTTGGAAAGCGT GGCTGCACT TGAT TGT GT GGCGCGGT AGCCAGGGECT
TCTGGGCATCTTCT TGGAGAGCGT AGCT GCACT TGACT GTGT GGT GCGGT ATCCAGGACT
TCTGGGCATCTTCTTGGAGAGCGTA- CTGCACTTGACTGTGTGGTGCGGT ATCCAGGACT
TCTGGGCATCTTCTTGGAGAGCGTAGCTGCACT TGACT GTGTGGTGCGGT ATCCAGGACT
Xk *kkhkkkk *xkkkkkhkkk X * Xk kkkkkk ¥k Kk kkhkk*x *k*k*x * F*xkkk X

TTTACTTTGAGGAAATTAGAGT GTTTCAAGCAGGCT TACGCCTTGAATACATTAGCATGG
TTTACTTTGAGGAAATTAGAGT GT TTCAAGCAGGCT TACGCCT TGAATACATTAGCATGG
TTTACTTTGAGGAAATTAGAGT GT TTCAAGCAGGCT TACGCCT TGAATACATTAGCATGG
TTTACTTTGAGGAAATTAGAGT GTTTCAAGCAGGCT TACGCCTTGAATACATTAGCATGG
TTTACTTTGAGGAAATTAGAGT GTTTCAAGCAGGCT TACGCCTTGAATACATTAGCATGG
TGTACTTTGAGGAAATTAGAGT GT TTCAAGCAGGCTGATGCCTTGTATACGT TAGCATGG
TTTACTTTGAGGAAATTAGAGT GT TTCAAGCAGGCACACGCTTTGAATACATTAGCATGG
TTTACTTTGAGGAAATTAGAGT GTTTCAAGCAGGCGCATGCTTTGAATACTTTAGCATGG
TTTACTTTGAGGAAATTAGAGT GTCCTAAGCAGGCCCATGCCATAAATACATTAGCATGG
TTTACTTTGAGGAAATTAGAGT GT CCTAAGCAGGCCCATGCCATATATACATTAGCATGG
TTTACTTTGAGGAAAT TAGAGT GTCCCAAGCAGGCCCATGCCATAAATACGT TAGCATGG
* khkkhkhkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkkkx kkhkkkkk Kk * k% * kkkk K*hkkhkkkkhkkkk
AATAATAAGATAGGACCTCGGT TCTATTTTGT TGGT TTCTAGAGCTGAGG- TAATGATTA
AATAATAAGATAGGACCTCGGT TCTATTTTGT TGGT TTCTAGAGCTGAGG- TAATGATTA
AATAATAAGATAGGACCTCGGT TCTATTTTGT TGGT TTCTAGAGCTGAGG- TAATGATTA
AATAATAAGATAGGACCTCGGT TCTATTTTGT TGGT TTCTAGAGCTGAAG- TAATGATTA
AATAATAAGATAGGACCTCGGT TCTATTTTGT TGGT TTCTAGAGCTGAGG- TAATGATTA
CATACTAAGATAGGACCTCGGT TCTATTTTGI TGGT TTCTAGAGCTGAGG- TAATGGTTA
AATAATAAGATAGGACCTTGGT TCTATTTTGT TGGT TTCTAGAGCCGAGGGTAATGATTG
AATAATAAGATAGGACCTCTGITCTATTTTGT TGGT TTCTAGAGCAGAGG- TAATGATTA
AATAATAAGGTAGGACCTACTCTCTATTTTGI TGGT TTCTAGAGCAGAGG- TAATGGTCA
AATAATAAGGTAGGACCTACTCTCTATTTTGI TGGT TTCTAGAGCA- AGG- TAATGGTCA
AATAATAGGGTAGGACCTTTTCTCTATTTTGT TGGT TTCTAGAGCAGAGG- TAATGGTCA

Xk k% **k * K*hkkkkkk*k EIE R R I R R R I I * * *k*k*k*k*x *
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AJ415520
Y16238
Y16232
Prorocentrum sp
AJ415519
Y16239
Y16233
Y16237
Y16234
Y16235
Y16236

AJ415520
Y16238
Y16232
Prorocentrum sp
AJ415519
Y16239
Y16233
Y16237
Y16234
Y16235
Y16236

AJ415520
Y16238
Y16232
Prorocentrum sp
AJ415519
Y16239
Y16233
Y16237
Y16234
Y16235
Y16236

AJ415520
Y16238
Y16232
Prorocentrum sp
AJ415519
Y16239
Y16233
Y16237
Y16234
Y16235
Y16236

AJ415520
Y16238
Y16232
Prorocentrum sp
AJ415519
Y16239
Y16233
Y16237
Y16234
Y16235
Y16236

AJ415520

Y16238

Y16232
Prorocentrum sp
AJ415519

Y16239

Y16233

Y16237

ATAGGGATAGT TGGGGGCATTCGTATTTAACTGTCAGAGGTGAAATTCTTGGATTTGI TA
ATAGGGATAGT TGGGGGCATTCGTATTTAACTGT CAGAGGTGAAATTCTTGGATTTGI TA
ATAGGGATAGI TGGGGEGECATTCGTATTTAACTGTCAGAGGTGAAATTCTTGGATTTGI TA
ATAGGGATAGI TGGGGEGECATTCGTATTTAACTGTCAGAGGTGAAATTCTTGGATTTGI TA
ATAGGGATAGT TGGGGGCATTCGTATTTAACTGTCAGAGGTGAAATTCTTGGATTTGI TA
ATAGGGATAGT TGGGGGTGT TCGTACTTAATTGT CAGAGGTGAAATTCTTGGATTTGI TA
ATAGGGATAGI TGGGGEGECATTCGAAT TTAACTGTCAGAGGTGAAATTCTTGGATTTGI TA
ATAGGGATAGI TGGGGEGECACTCGTATTTAACTGTCAGAGGTGAAATTCTTGGATTTGI TA
ATGGGGATAGT TGGGGGTATTCGTATTTGACTGT CAGAGGTGAAATTCTTGGATTTGTCA
ATGGGGATAGI TGEGEGTATTCGTATTTGACTGT CAGAGGT GAAATTCTTGGATTTGI CA
ATGGGGATAGI TGGEGEGTATTCGTATTTGACTGT CAGAGGT GAAATTCTTGGATTTGI CA
*kk kkhkkkkhkkkhkhkkhkkhkkkhkk*k kkk Kk kk Kk kkhkkhkkhkkhkkhkhkkhkkhkkhkkhhkkhkkhkkhkkhkhkkhkkhkhkkhkhkkhkkhkkk %
AAGACGGACTACT GCGAAAGCATTTGCCAAGGATGT TTTCATTGATCAAGAACGAAAGT T
AAGACGGACTACT GCGAAAGCATTTGCCAAGGATGT TTTCATTGATCAAGAACGAAAGT T
AAGACGGACTACT GCGAAAGCATTTGCCAAGGATGT TTTCATTGAT CAAGAACGAAAGT T
AAGACGGACTACT GCGAAAGCATTTGCCAAGGATGT TTTCATTGATCAAGAACGAAAGT T
AAGACGGACTACT GCGAAAGCATTTGCCAAGGATGT TTTCATTGATCAAGAACGAAAGT T
AAGACGGACAACT GCGAAAGCATTCGCCAAGGATGT TCTCATTGAT CAAGAACGAAAGT T
AAGATGGACTACT GCGAAAGCATTTGCCAAAGATGT TTTCATTGAT CAAGAACGAAAGT T
AAGACGAACTACT GCGAAAGCATTTGCCAGGGATGI TTTCATTGATCAAGAACGAAAGT T
AAGACGAACCAATGCGAAAGCATTTGCCAGAGATGT TTTCCTTGATCAAGAACGAAAGT T
AAGACGAACCAATGCGAAAGCATTT- CCAGAGATGT TTTCCTTGATCAAGAACGAAAGT T
AAGACGAACCAAT GCGAAAGCATTTGCCAGAGATGT TTTCCTTGAT CAAGAACGAAAGT T
*kk*k * *kk * *hkkkkAkkkkhkkkkk * % % kkkhkkhkk K*k *hxkkkAkkkkdkhkhkkhkkxhkkkkxkk
AGGGGATCGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACCATGCCGACTAGAG
AGGGGAT CGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACCATGCCGACTAGAG
AGGGGAT CGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACCATGCCGACTAGAG
AGGGGATCGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACCATGCCGACTAGAG
AGGGGATCGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACCATGCCGACTAGAG
AGGGGAT CGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACCATGCCGACTAGAG
AGGGGATCGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACCATGCCGACTAGAG
AGGGGATCGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACAATGCCAACTAGAG
AGGGGAT CGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACTATGCCAACTAGAG
AGGGGAT CGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACTATGCCAACTAGAG
AGGGGATCGAAGACGAT CAGATACCGT CCTAGT CTTAACCATAAACTATGCCAACTAGAG
khkkhkkhhkhkhkhkdhkhkhhkdhkhhhdhhhhdhhdhdhhdhdhdhdhdhkhhh*d*x *hkk*x*x ***kk**x%
ATTGGAGGTCGT TATTTATACGACTCCTTCAGCACCTTATGAGAAATCAAAGT CTTTGGG
ATTGGAGGTCGT TATTTATACGACTCCTTCAGCACCTTATGAGAAATCAAAGT CTTTGGG
ATTGGAGGTCGT TATCTATACGACTCCTTCAGCACCTTATGAGAAATCAAAGTCTTTGGG
ATTGGAGGT CGT TATCTATACGACTCCTTCAGCACCTTATGAGAAATCAAAGTCTTTGGG
ATTGGAGGTCGT TATCTATACGACTCCTTCAGCACCTTATGAGAAATCAAAGT CTTTGGG
ATTGGAGGCCGT TATCTATGI GGCTCCTTCAGCACCT TATGAGAAATCAAAGTATTTGGG
ATTGGAGGT TGT TATCTTCTCGACTCCTCCAGCACCT TATGAGAAATCAAAGTCTTTGGG
ATTGGAGGT CGT TAGCTATACGACTCCTTCAGCACCT TATGAGAAATCAAAGT CCTTGGG
ATTGGAGGTCGT TATGT TGACGACTCTTTCGGCACCT TATGAGAAATCAAAGT CTTTGGG
ATTGGAGGT- GTTATGT TGACGACTCTTTCGGCACCT TATGAGAAATCAAAGT CTTTGGG
ATTGGAGGTCGTTAGATTTACGACTCTTTCGGCACCT TATGAGAAATCAAAGTCTTTGGG
*kkkkkkk*k * Kk k% * * Kkkk k Kk F*hkkhkhkkhkkhkhkhkhkhkhkhkhkhkhkkhkkhkhkkkx *k k k%
TTCCGGGEGEGEGAGT ATGGT CGCAAGGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACC
TTCCGGGEGEGEGAGT ATGGT CGCAAGGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACC
TTCCGGGGEGAGT ATGGT CGCAAGGCT GAAACT TAAAGGAAT TGACGGAAGGGCACCACC
TTCCGGGGEEGAGT ATGGT CGCAAGGCT GAAACT TAAAGGAAT TGACGGAAGGGCACCACC
TTCCGGGEGEGEGAGT ATGGT CGCAAGGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACC
TTCCGGGGGEGAGT ATGGT CGCAAGGCT GAAACT TAAAGGAAT TGACGGAAGGGCACCACC
TTCCGGGGEGAGT AT GGT CGCAAGGCT GAAACT TAAAGGAAT TGACGGAAGGGCACCACC
TTCCGGGEGEGEGAGT ATGGT CGCAAGGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACC
TTCCGGGEGEGEGAGT ATGGT CGCAAGGCTGAAACT TAAAGGAAT TGACGGAAGGGCACCACC
TTCCGGGGGEGAGT ATGGT CGCAAGGCT GAAACT TAAAGGAAT TGACGGAAGGGCACCACC
TTCCGGGGGEGAGT ATGGT CGCAAGGCT GAAACT TAAAGGAAT TGACGGAAGGGCACCACC
R R E R EEEEEEEEEEEEEEEEEEEEEEEEEEE SRS EEEEEEE SRR E R
AGGAGTGGAGCCTGCGGCTTAATTTGACT CAACACGGGEG- AAACTTACCAGGT CCAGACA
AGGAGT GGAGCCT GCGGECTTAATTTGACT CAACACGGGGGAAACT TACCAGGT CCAGACA
AGGAGT GGAGCCT GCGGECTTAATTTGACT CAACACGGGGGAAACT TACCAGGT CCAGACA
AGGAGTGGAGCCTGCGGCTTAATTTGACT CAACACGGGEG- AAACTTACCAGGT CCAGACA
AGGAGTGGAGCCTGCGGCTTAATTTGACT CAACACGGGEG- AAACTTACCAGGT CCAGACA
AGGAGT GGAGCCT GCGGCTTAATTTGACT CAACACGGEEG- AAACTTACCAGGT CCAGACA
AGGAGT GGAGCCT GCGGCTTAATTTGACT CAACACGGEEG- AAACTTACCAGGT CCGGACA
AGGAGTGGAGCCTGCGGCTTAATTTGACT CAACACGGGEG- AAACTTACCAGGT CCAGACA



Y16234 AGGAGTGGAGCCTGCGGCTTAATTTGACT CAACACGGGEG- AAACTTACCAGGT CCGGACA

Y16235 AGGAGTGGAGCCT GCGGCT TAATTTGACT CAACACGGGEG- AAACTTACCAGGT CCGGACA
Y16236 AGGAGTGGAGCCTGCGGCTTAATTTGACT CAACACGGGG- AAACTTACCAGGT CCGGACA
EE R R R R R R R R R R R R R R R R O
AJ415520 TAGTAAGGATTGACAGATTGATAGCTCTTTCTTGATTCTATGGGT GGT GGTGCATGGCCG
Y16238 TAGTAAGGATTGACAGATTGATAGCTCTTTCTTGATTCTATGGGTGGT GGTGCATGGCCG
Y16232 TAGTAAGGATTGACAGATTGATAGCTCTTTCTTGATTCTATGGGT GGT GGTGCATGGCCG
Prorocentrum sp. TAGTAAGGATTGACAGATTGATAGCTCTTTCTTGATTCTAT GGGT GGT GGTGCATGGCCG
AJ415519 TAGTAAGGATTGACAGATTGATAGCTCTTTCTTGATTCTATGGGTGGT GGTGCATGGCCG
Y16239 TAGTTAGGATTGACAGATTGATAGCTCTTTCTTGATTCTATGGGTGGT GGTGCATGGCCG
Y16233 TAGTAAGGATTGACAGATTGATAGCTCTTTCTTGATTCTATGGGT GGT GGT GCATGGCCG
Y16237 TAGTAAGGATGGACAGATTGATAGCTCTTTCTTGATTCTATGGGT GGT GGT GCATGGCCG
Y16234 TAGTAAGGATTGACAGATTGACAGCTCTTTCTTGATTCTATGGGTGGT GGTGCATGGCCG
Y16235 TAGTAAGGATTGACAGATTGACAGCTCTTTCTTGATTCTATGGGTGGT GGTGCATGGCCG
Y16236 TAGTAAGGATTGACAGATTGACAGCTCTTTCTTGATTCTATGGGT GGT GGT GCATGGCCG
R R I S S R R I R R R
AJ415520 TTCTTAGTTGGTGGAGT GATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACCTG
Y16238 TTCTTAGTTGGTGGAGT GATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACCTG
Y16232 TTCTTAGTTGGTGGAGTGATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACCTG
Prorocentrum sp. TTCTTAGTTGGTGGAGTGATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACCTG
AJ415519 TTCTTAGTTGGTGGAGT GATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACCTG
Y16239 TTCTTAGTTGGTGGAGTGATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACCTG
Y16233 TTCTTAGTTGGTGGAGTGATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACCTG
Y16237 TTCTTAGTTGGTGGAGT GATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACCTG
Y16234 TTCTTAGTTGGTGGAGT GATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACTTG
Y16235 TTCTTAGTTGGTGGAGTGATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACTTG
Y16236 TTCTTAGTTGGTGGAGTGATTTGTCTGGT TAATTCCGT TAACGAACGAGACCTTAACTTG
khkkhkkhhkhkhkhkdhkhhhdhkhhhdhhdhdhhdhdhhdhdhhdhdhddhdhddhdhhrhk,x*x *%
AJ415520 CTAAATAGT TACACGTAACTTCGGT TACGT GGGCAACTTCTTAGAGGGACTTTG CGTGT
Y16238 CTAAATAGT TACACGTAACTTCGGT TACGT GGGCAACTTCTTAGAGGGACTTTG CGTGT
Y16232 CTAAATAGT TACACGTAACTTCGGT TACGT GGGCAACTTCTTAGAGGGACTTTG CGTGT
Prorocentrum sp. CTAAATAGT TACACGTAACTTCGGT TACGTGGGCAACTTCTTAGAGGGACTTTG CGTGT
AJ415519 CTAAATAGT TACACGTAACTCCGGT TACGT GGGCAACTTCTTAGAGGGACTTTG CGTGT
Y16239 CTAAATAGCTACACATAACT CCAGT CATGT GGGCAGCTTCTTAGAGGGACTTTG TGTGT
Y16233 CTAAATAGT TACATGTAATTTCGGT TATGT GGGCAACTTCTTAGAGGGACTTTG CGTGT
Y16237 CTAAATAGT TACACGTAACTCTGGCTACGT GGGCAGCTTCT TAGAGGGACTTTGCTGTGT
Y16234 CTGAATAGCTACATCTAACTCCGGT TACATGGGCAGCTTCTTAGAGGGACTTTGCTGTGT
Y16235 CTGAATAGCTACATCTAACTCCGGT TACATGGGCAGCTTCT TAGAGGGACTTTGCTGTGT
Y16236 CTGAATAGCTACATCTAACTCCGGT TACATGGGCAGCTTCTTAGAGGGACTTTGCTGTGT
Xk *Xkkkk K*kkk * k% % * * khkkkkh*x *Ahkdkkk*kkhkdkhkhkhkhkkkkkx*k * k k%
AJ415520 CTAACGCAAGCGAAGT TTGAGGCAATAACAGGTCTGTGATGCC
Y16238 CTAACGCAAGGAAGT TTGAGGCAATAACAGGTCTGTGATGCC
Y16232 CTAACGCAAGGAAGT TTGAGGCAATAACAGGTCTGTGATGCC
Prorocentrum sp. CTAACGCAAGGAAGT TTGAGGCAATAACAGGTCTGTGATGCC
AJ415519 CTAACGCAAGGAAGT TTGAGGCAATAACAGGTCTGTGATGCC
Y16239 CTAACGCAAGGAAGT TTGAGGCAATAACAGGTCTGTGATGCC
Y16233 CTAACGCAAGCGAAGT TTGAGGCAATAACAGGTCTGTGATGCC
Y16237 CTAACGCAAGCGAAGT TTGAGGCAATAACAGGTCTGTGATGCC
Y16234 CTAACGCAAGGAAGT TTGAGGCAATAACAGGTCTGTGATGCC
Y16235 CTAACGCAAGGAAGT TTGAGGCAATAACAGGTCTGTGATGCC
Y16236 CTAACGCAAGCGAAGT TTGAGGCAATAACAGGTCTGTGATGCC

IR R I R O R kO R O R O

Hinh 6. So sanh trinh tu nucleotit ciia doan gien 18S rDNA ctia Prorocentrum sp. véi 10 trinh tu cia doan
gien nay cta 9 loai Prorocentrum khac: P. minimum c6 ma s6 tai Ngan gang gien quoc € la AJ 415520 va
Y16238, P. mexicanum-Y 16232; P. micans-AJ415519; P. emarginatum-Y16239; P. panamensis-Y 16233;
P. concavum-Y16237; P. arenarium-Y 16234; P. lima-Y 16235; P. maculosum-Y 16236.

AF208245 GCACGCATCCAATAGATTCACTGTGAACT CGA- ACTCGT GAGGGT CTGGGTTGGGGTGGA
Prorocent rum sp. GCACGCATCCAATCGATTCACTGTGAACGAAC- TTTTGTGAGGGT CTGGGTGAGGGT GGA
AF208244 GCACGCATCCATTCGAATCATTGT GAACAACA- GTTGGTGAGGCTCTGGGTGGGGATGGA
AF352371 GCACGCATCCATTCGAATCATTGT GAACAACA- GTTGGT GAGGCTCTGGGTGGGGATGGA
AF352370 GCACGCATCCATTCGAATCATTGT GAACAACA- GTTGGTGAGGCTCTGGGTGGGGATGGA
AF208246 GCACGCATCCAACCAAATCACCGT GAATAACACGT TGGT GAAGCT CTGGGTGGGGATGGA

kkkkkhkkhkkkkk * kk % *k kk*k * k*kkk Kk K*khkkkhkkk*k *k kkhkk*k
AF208245 GATAGCATCAAT GCCCT TATGCAGGCGCT CGAGGGECAGTAAGCCAGGATTGGACTGTCTT
Pror ocentrum sp. GATTGCATCAATCCCCT TATGCAGGCGCT CGAGGGCAGTAAGCCAGGCTTGGATTGICTT
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AF208244

GATAGCATCGAT GCCCCCAT GCAGAGACT CAAGGGCAGCAAGCCAGGECTCAGACCGTICTT

AF352371 GATAGCAT CGACGCCCCCAT GCAGAGACT CAAGGGCAGCAAGCCAGGCTCAGACCGTCTT
AF352370 GATAGCATCGACGCCCCCATGCAGAGACT CAAGGGCAGCAAGCCAGGCTCAGACCGTCTT
AF208246 GATAGCATCGATTCCCCCATGCAGAC- TTCAAGGGCACTGGECCAGGT GCGGACCGTCTT
*k*k K*kkk*k * * k% *kkkkk Kk K*khkkkhkk*k *kkkkk * % *k k k%
AF208245 CCTTTCCTGT CCCTGCTGCCATGT CTTCAACTTGCTACAAAGCATTTATTGTTCCATTTG
Pror ocentrum sp. CCTTGCCTGCCCCTGCTGCCATCGCTTCAACTTGCTATTCAGCATTTATTGTTTC-- TTT
AF208244 CTGTGCCTGTCCTTGCTGTCG- GGTGTCTTCCTGATCTTCTGTGTITTTTGAATTC----T
AF352371 CTGTGCCTGTCCTTGCTGTCG GGTGTCTTCCTGATCTTCTGTGTTTTTGAATTC- - - - T
AF352370 CTGTGCCTGTCCTTGCTGTCG- GGTGTCTTCCTGATCTTCTGTGTITTTTGAATTC----T
AF208246 CT GCATCTGCGCCT GCTGCCA- ATTGT CT TTTGACT TATTGGTTTCT TCATATOC— ---T
* k% * kkkk*k * * * %
AF208245 TTCTCGAGTGGT TATCCACTTGTTTATTGTATTACAACT TTCAGCGACGGATGTCTCGEC
Prorocentrum sp. TCTTCGAGTGGT TATCCACTTATTCATCGCATTACAACT TTCAGCGACGGATGTCTCGGEC
AF208244 CTCCTGAGTGGTC- TCCACTCTCACATCTACTTACAACTTTCAGCGACGGATGTCTCGGEC
AF352371 CTCCTGAGT GGTC- TCCACTCTCACATCTACTTACAACTTTCAGCGACGGATGTCTCGEC
AF352370 CTCTTGAGT GGTC- TCCACTCTCACATCTACTTACAACTTTCAGCGACGGATGTCTCGEC
AF208246 ATCTCTTGT GGCT TGT TCCACATGT CTTCTCATACAACTTTCAGCGATGGATGTCTCGGC
* Kk k% kkhkkhkkkhkkhkkhhkkhkhkhkkhkk, * khkhkkhkkkkhkhkkkk*k
AF208245 TCGAACAACGAT GAAGGGCGCAGCGAAGT GT GATAAGCATTGT GAATTGCAGAAT TCCGT
Prorocentrum sp. TCGAACAACGAT GAAGGGCGCAGCGAAGT GTGATAAGCATTGT GAATTGCAGAATTCCGT
AF208244 TCGAACAACGAT GAAGGGCGCAGCGAAGT GTGATAAGCATTGT GAATTGCAGAATTCCGT
AF352371 TCGAACAACGAT GAAGGGCGCAGCGAAGT GT GATAAGCATTGT GAATTGCAGAAT TCCGT
AF352370 TCGAACAACGAT GAAGGGCGCAGCGAAGT GT GATAAGCATTGT GAATTGCAGAAT TCCGT
AF208246 TCGAACAACGAT GAAGGGCGCAGCGAAGT GTGATAAGCATTGT GAATTGCAGAATTCCGT
R R E R EEEEEEEEEEEEEEREEEEEEEEEEEE SRS EEEEEEE SRR R EE R
AF208245 GAACCAATAGGGACT TGAACGTATACT GCCCTTTCGGGATATCCCT GAAAGCATGCCTGC
Prorocentrum sp. GAACCAATAGGGACTTGAACGTACACTGCGCTTTCGGGATATCCCT GAAAGCATGCCTGC
AF208244 GAACCAATAGGGACTTGAACGTATACTGCGCTTTCGGGATATCCCT GAAAGCATGCCTGC
AF352371 GAACCAATAGAGACT TGAACGTATACT GCGCTTTCGGGATATCCCT GAAAGCATGCCTGC
AF352370 GAACCAATAGGGACT TGAACGTATACT GCCCTTTCGGGATATCCCT GAAAGCATGCCTGC
AF208246 GAACCAATAGGGACTTGAACGTATACTGCGCTTTCGGGATATCCCT GAAAGCATGCCTGC
EE R R R R R I R R R R R
AF208245 TTCAGTGTCTATTCTTTTTCATTCCAGCGATCTTGGGT TTCCAGCGTCCCTTGTGTGTCT
Prorocent rum sp. TTCAGTGTCTATTCTTTTTCATTCCAGCGACCTGGT TTCTCCAGAGT CGCTTGCGTGTCT
AF208244 TTCAGTGTCTATTCTGTATCATTCCAGCT- TCTGGCCTGTCCAGAA- CCCTTGTIGTGTTT
AF352371 TTCAGTGTCTATTCTGTATCATTCCAGCT- TCTGGCCTGTCCAGAA- CCCTTGTGTGTTT
AF352370 TTCAGTGTCTATTCTGTATCATTCCAGCT- TCTGGCATGTCCAGAA- CCCTTGTIGTGTTT
AF208246 TTCAGTGTCTAATTCATTTCATTCCAGCAACCTGGT- TTTCCAGTGCTGCTTGGGTGTAT
*kkkkkkkkk*x X * kkkhkkkkhkkkkk **x % * *kk k% Xk kk*k*k *kk*k *
AF208245 TTGTGCGT TAGAGCGCT CGCCT TGCGCAGCCT TTGACGCATTTAAT GCA- CAGGGACCCC
Prorocent rum sp. TTGTGCGTTAGGECGCTCGCTTCT TGCGGCCCT TGACGCAT TCAATGCA- CAGGGACCCC
AF208244 CTGTGTGCCAGGGCGCCC- - - - - - TGCGGCCTCTGGCGCATTCAGI GCA- CAGGGTCTTC
AF352371 CTGTGTGCCAGGGCGCCC- - - - - - TGCGGCCTCTGGCGCATTCAGI GCA- CAGGGTCTTC
AF352370 CTGTGTGCCAGGGECECCE: - - - - - TGCGGCCTCTGGECCCATTCAGI GCA- CAGGGTCTTC
AF208246 TTGTGTGTCAGTGICCTT- - - - - - - TTTGCCTTTGACACATTGAGCTCATCAGGT TTTCC
*kk*x * * % * *% * k% *%*k * *Xk*k*k X **x kK k%
AF208245 TCGCACAAGCAACTAGAAGAGCCTC- - TTGGCGTTTCCTTGTTGTCTTGCCTGCGAGGAG
Prorocent rum sp. TTGCACAAGCAACTAGAAGACCCTC- - TGEGCGTTTCCTTGTTGT CTTGCAT GCGAGCGG
AF208244 CCACGCAAGCAACTAGAAGAGTGTC - TCTGATGCTATCTGTTGCCTTGT TGT TGGGCAT
AF352371 CCACGCAAGCAACTAGAAGAGTGTC - TCTGATGCTATCTGTTGCCTTGT TGTTGGGTAT
AF352370 CCACGCAAGCAACTAGAAGAGTGTC- - TCTGATGCTATCTGT TGCCTTGT CGTTGGGCAT
AF208246 TTGCGCAAGCAATTAGAAGGGT GT TATTATGAOGCT ATCTGTTTGCTTGT TTGCTAAGGG
* *kkkkhkkk Xhkkkkkx X * * * %k k% * k k%
AF208245 GGCCTTGCCATCCAGT GCCTAGCGCACTCCA
Prorocent rum sp. GCGCTTTGCCATCCAGTGCAGAACGCACTCCA
AF208244 GGCCTTGCTGTCTAGT GCCCAGCGCACTCCT
AF352371 GGCCTTGCTGTCTAGT GCCCAGCGCACTCCT
AF352370 GGCCTTGCTGT CTAGT GCCCAGCGCACTCCT
AF208246 AAGCTTGGCTTGCAGT GCCTTGTGCACTCAA

* k% * * k% k% * kk k Kk %k

Hinh 7. So sanh trinh tu nucleotit cia doan gien ITS1-5,8S-ITS2 cua Prorocentrum sp. véi 5 trinh
tu nucleotit cua doan gien nay cua 3 loai khac: P. micans v&i ma s6 ky hiéu tai Ngan hang gien
quoc t€ la AF208245, P. minimum-AF208244, AF352371, AF352370 va P. triestinum-AF208246.
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Bdng 2

Ty 1¢ % tuong dong (ma tran tam giac trén) va khoang cach di truyén (ma tran tam giac duéi)
cua doan gien 18S rDNA giita cac loai trong chi Prorocentrum

Ty 1é % tuong dong

1 (2|34 5 6 7 8 9 10 | 11
1 99,6(99,8/99,9196,4 94,3 94,0 | 94,3 | 96,7 99,6 95,7 | 1
= | 2104 99,6(99,7/196,4 194,21 93,9 99,2 | 96,6 | 100 |95,6| 2
/(% 3102(/04 99,9/96,4 94,1 |93,8 | 94,1 | 96,5 [99,6|95,6| 3
& 14(01(03|0,1 96,4194,2194,0| 94,2 | 96,5 [99,7 95,7 | 4
T | 5(3,7|3,7|3,7]3.6 92,9192,9192,7|94,2 19631928 5
fé 6 [5,8/59(6,159]| 73 99,9199,0 | 94,3 194,2191,8| 6
:0 7 16,0/6,1162|6,1| 7,2 | 0,1 98,5 193,9(93,8|91,8| 7
S 1 8159(59]6,1]60]75]1,0] 1,1 94,2 19421920 8
£ 19[33/34[35[34]60/[59]6,1 |59 96,6 (93,6 9
ST 04(00(04(03|3,7({59|61 | 59 | 34 95,6 | 10
11 [44/46|46|45|7,6 | 89| 88 | 87 | 69 | 4,6 11

1 (2|3 ]4]| 5 6 7 8 9 10 | 11

AJ415519
AJ415520
Prorocentrum sp.
Y16232
Y16233
Y16234

Y 16235
Y16236

Y 16237
Y16238
Y16239

Bdng 3

Ty 1é % tuong dong (ma tran tam giac trén) va khoang cach di truyén (ma tran
tam giac duéi) cua doan gien ITS1-5,8S-ITS2 giita cac loai trong chi Prorocentrum

Ty 1¢ % tuong dong

1 2 3 4 5 6
. 1 80,3 79,6 99,3 99,5 79,9 1 | AF208244
25 2 |25 77,4 80,1 79,6 91,5 2 | AF208245
;:’,J = | 3 | 282 | 309 79,2 79,0 77,4 3 | AF208246
s._ | 4 0,7 | 249 28,5 99,1 79,9 4 | AF352370
ST 15 [ o5 | 257 | 288 0.9 791 | 5 | AF352371

6 24,5 10,3 32,5 24.5 25,4 6 Prorocentrum sp.
1 2 3 4 5 6

6. Xay dung cay phat sinh chung loai cua
mot so loai Prorocentrum

Dua vao khoang cach di truyén cta doan gien
18S rDNA tir mot s6 loai Prorocentrum khac nhau
va bang chuong trinh DNASTAR dé tinh toan kha
nang I6n nhat c6 thé xdy ra, chiing toi xay dung
cdy phat sinh ching loai cta cic loai
Prorocentrum nay (hinh 8). Ciy phat sinh chung
loai cho thay cac loai nay dugc chia thanh 2 nhém:
nhom tht nhat c6 duy nhat 1 loai la P.
emarginatum va nhom thit 2 gom cac loai con lai;
trong do6, lai dugc chia ra lam 2 nhém nho: nhém
nho thit nhat gobm cac loai: P. aenarium, P. lima,
P. maculosum, P. concavum va P. panamensis va
nhém nhd tht 2 gébm: Prorocentrum sp., P.
mexicanum, P. micans va P. minimum.

Prorocentrum sp. nam ngay canh loai P.
mexicanum trong cay phat sinh chiing loai, c6 hé
s0 dong dang di truyén cao nhat 99,9% va ching
chi ¢6 khac biét nhau & 1 nucleotit khi so sanh
trinh tu nucleotit ciia doan gien 18S rDNA. Su
khéc biét & 1 nucleotit ndy c6 thé chi 1a su khac
biét & trong cung loai P. mexicanum. Nhu vay,
Prorocentrum sp. c¢6 thé 1a loai Prorocentrum
mexicanum va két qua phan loai nay cling phit hop
v6i viéc phan loai dua vao cdc dic diém hinh thdi
ma chidng toi da dé cap O trén.

Sau khi da xac dinh dugc Prorocentrum sp. 1a
loai Prorocentrum mexicanum, trinh tu nucleotit cia
doan gien ITSI-5,8S-ITS2 cha loai Prorocentrum
mexicanum nay da dugc dang ky tai Ngan hang gien
quoc t€, v6i so dang ky duge cip la AY 886 763.
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Y 16234 P. arenarium
I: Y16235 P. lima
Y16236 P. maculosum

Y16237 P. concavum

Y 16233 P. panamensis
Prorocentrum sp.

Y 16232 P. mexicanum
AJ415519 P. micans
AJ415520 P. minimum
Y 16238 P. minimum

39

Y 16239 P. emarginatum

I
2

I
0

Hinh 8. Cay phat sinh chling loai cia mot s6 loai Prorocentrum dua trén so sanh
trinh tu nucleotit cua doan gien 18S rDNA.

1. KET LUAN

1. Ching t6i da phan lap, tich dong va doc
thanh cong trinh tu nucleotit clia cdc doan gien 18S
DNA va ITS1-5,8S-ITS2 cua loai Prorocentrum
sp. phan lap dugc tai Hai Phong.

2. Dua trén cdc dic diém hinh thdi va so
sanh trinh tu nucleotit ctia cidc doan gien 18S
rDNA va ITS1-5,8S-ITS2 cua loai Prorocentrum
sp. v6i cac trinh ty tuong ung cua cac
Prorocentrum khac da dugc cong bo tai Ngan
hang gien quéc t€, da cho phép ching to6i xac
dinh loai tdo nay la Prorocentrum mexicanum.

3. Trinh tu nucleotit cia doan gien ITSI-
5,8S-ITS2 cua loai Prorocentrum mexicanum
thu dugc tai Hai Phong c6 s6 dang ky tai Ngan
hang gien quoc t€ 1a AY 886 763.
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TAXONOMY OF PROROCENTRUM SP. SAMPLED
FROM HAIPHONG CITY BY BASING ON THE NUCLEOTIDE

SEQUENCES OF THE 18S rDNA AND ITS1-5.8S-ITS2 GENE FRAGMENTS

DANG DIEM HONG, HOANG MINH HIEN, HOANG LAN ANH, CHU VAN THUOC

SUMMARY

The nucleotide sequences of the 18S rDNA and ITS1-5.8S-ITS2 gene fragments were determined in
Prorocentrum sp., which was collected from Haiphong city, Vietnam in 2004. The length of the 18S rDNA
and ITS1-5.8S-ITS2 gene fragments in Prorocentrum sp. were 1059 bp and 657bp, respectly. By comparing
the Prorocentrum sp. sequence data with the published sequences of P. lima, P. arenarium, P. maculosum, P.
concavum, P. panamensis, P. micans, P. minimum, P. mexicanum, P. emarginatum and P.triestinum in the
GeneBank and constructing the phylogenetic tree, the phylogenetic relationships between Prorocentrum sp.
and the ten other Prorocentrum species were established. The classification of Prorocentrum species based on
the 18S rRNA gene coincided with the classification based on the ITS1-5.8S-ITS2 gene. The results showed
that the genetic distances between the species within these two groups were low. The similar of these
Prorocentrum species was 94% and they were divided into two groups. The first group included P.
emarginatum. The second group included other species with 2 subgroups; the first subgroup included P.
arenarium, P. lima, P. maculosum, P. concavum and P. panamensis and the second subgroup included
Prorocentrum sp., P. mexicanum, P. micans and P. minimum. Among these species, Prorocentrum sp. had a
close phylogenetic relationship with P. mexicanum (99.9%). The morphological characteristics of
Prorocentrum sp. also showed a relatively high similarity with P. mexicanum. It has been shown that
Prorocentrum sp. collected from Haiphong belonged to the species P. mexicanum. The nucleotide sequence of
the ITS1-5.8S-ITS2 gene fragments of P. mexicanum (collected from Haiphong) was submitted to the
GeneBank with accession number-AY886 763.

Ngay nhdn bai: 11-05-2005
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