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2B (P.cuspidata). Z 44255 (P multistriata) FIEVEIRIZEEEE (P,
braziliana). Z§5U=EIE#EE (P. delicatissima). R RIZE R ESN, HE
T8 VSR BB o BRI T N AR VR 2 B IRHUZE TR A, B ERE LU
ToRBEIMEKXP 6 TRAT 2 5IWZETE B (P. mutiseries)

2501 T Ik 12 BRBIZE B #E T SSUnrDNA . LSUnrDNA A1 5.8S rDNA K&
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N

3 AT ITS 7 40 () — G &5 0 5 b SR 1 2 2 (CBCs:
compensatory base changes) . Ik X[ FUZF LB ITS-1 A1 ITS-2 — 24544 (1) CBCs

P2



T 2

ST, Sk BT RS B R T L L ) SR A8 25 T T R A AT A TR

ATERGRE BT, WHABRIARERL(ND) K20k (MP) Filge /)it
WIEME) T B R G RG , ZHIUZE TR MR RISE B BRI A AR,
MR ZETE#: (P cuspidata) FIfhZZ55FUZETE#: (P. psedudodelicatissima) 17
TE—ANEEM, EHET =ML R G P #TCE X 4 ok . IR R &R
G R, BRI TR B SRR AT BRI SR  OC R o 45 IR
NIRRT ESI A PAEIOES” ST VeSS A Y Pl P S
i,

KEEI: RWEEEE: ZFEPE; nDNA; DNA i85, Rauilifl

II



ABSTRACT

ABSTRACT

Pseudo-nitzschia is a diatom genus with species which are red tide causative
species with world-wide distribution. The Pseudo-nitzshcia strains were isolated from
Southeast China Sea and cultivated in lab.Morphological studies on Pseudo-nitzchia
speices include the morphological observation under LM, SEM and TEM, and the
description of morphological characteristics and classification. As for the molecular
study,the SSU nrDNA . LSU nrDNA and 5.8S ,ITS rDNA gene sequences were
clones,sequenced and then used as DNA markers for genetic analysis and
phylogenetic studies.The main purpose of this dissertation centered on following five
aspects: the morphological classification, molecular identification, the interspecies
and intra speices differences analysis,geographical genetic difference and
phylogenetic relation.The main results were showed as follows:

12 strains of Pseudo-nitzschia isolated from the coast of Southeast China Sea
including, Holiday Bay of Hainan , Hongkong, Daya bay of
Guangzhou,Xiamen, Taiwan Strait and Yangtse River estuary. According to the
morphylogical charaters, five speices were identified:P. Pungens. P. cuspidata. P.
multistriata. P. braziliana and P. delicatissima.Except for P. braziliana,other four
speices are potential toxic species.Besides these 12 Pseudo-nitzchia strains,six toxic P.
multiseries strains from Canada were also studied in this dissertation.

The genetic diversity of SSUnrDNA,LSUnrDNA ,5.8S rDNA and ITS were
analysed and the phylogenetic tree based on these gene sequences were constructed
The results show that:the average length of SSUnrDNA is about 1745bp which
contains 103 varible sites and 44 informative varible sites;the average length of
LSUnrDNA is about 822bp which contains 50 varible sites and 32 informative varible
sites; the average length of 5.8S rDNA and ITS gene sequence is about 822bp which
contains 439 varible sites of 1209bp including gaps and 401 informative varible sites
of 1209bp including gaps.As a whole,the SSUnrDNA and LSUnrDNA gene
sequences are more conservative and 5.8S rDNA,ITS gene sequence is more varible
in Pseudo-nitzschia species.The LSUnrDNA of delicatssima exist relatively high

diversity within the same spieces.Except for P. delicatissima,the genetic diversity of

1



ABSTRACT

SSUnrDNA and LSUnrDNA within the same speices of Pseudo-nitzschia spieces in
this study are relatively low.According to the CBCs analysis of the ITS-1and ITS-2 of
strains in this study,the P. pungens from Xiamen and Yangze estuary may form
reproductive isolation.

The secondary structure of ITS sequences were forcasted by Mold software on
line and their CBCs were calculated by cbcsanalyzer software.According to the CBCs
analysis of the ITS-1 and ITS-2of strains in this study,the P. pungens from Xiamen
and Yangze estuary may form reproductive isolation.

In the phylogeny study, the P. multisereis and P. pungens form monopoly
respectively in all phylogenetic tree.And the P. cuspidata and P.psedudodelicatissima
cannot be distinguished in all phylogenetic tree and form a complexity.According to
the phylogeny tree,the phylogenetic relationship between the Nitzschia,
Fragilariopsis and Pseudo-nitzschia were also explored.The results show that the
phylogenetic relationship between Fragilariopsis and Pseudo-nitzschi is closer than

that of Nitzschia and Pseudo-nitzschia.

Key words: Pseudo-nitzschia; nrDNA; diversity; the secondary structure of DNA;

phylogeny
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U35 % ¥ (Pseudo-nitzschia) & — 2% WM M EE, J8 T RESET]
(Bacillariophyta), P14t 4N (Pennatae), % 5t4% H (Aulonorphidinals), 2% JE
FH(Nizschiaceae), | 2/ AAEPIAR. WAy T AGH FIFGHIIE . 198 T4FEAEINEE K
M fEte £ 7 By R A T R s I B R 5 R b se i, SR8 AAET,
100 2 Nt ag . S0 50K DLA0L 25 T8 B g 7= A — T pl 22 1k B 2 — B0 B IR
(Domoicacid ,fIFXDA) , “EREM GWHEREA VIS, HIDAG S ILEFR
CAZ 8 5 1k D17 (Amnesic Shellfish Poisoning, ASP). AZKEr 7 i0H BEIRYS Yt
(R DU R G R MK . V5 . PPN . iR AT AR 1 AT
RPN TP e R R R, IR — ORI B R 7 R B A o H I ARk H
IUAUZE T8 7 B MR A JE R B BRI 5 W h R i o ANATTRR BN 28 TE 3
R — AR R EE, RTINS 1SS TE BT, ARSI BRSNS T
TR TR R
1.1 PEREARED LR

“RIZE T B ILAE AR 18994 Peragallo H4W 'S P, AANZE KR
(Nitzschia). {HJ2& 1125 K #:  [¥INitzschia seriataflINitzschia fraudulenta 5 3%
TV B FCAR MR LG 20 B A i BE O, 40 A 22 S IR, P DA AT ST R A
P  Ja AR A AL A2 4, Hustedt AR 1958 AT T H B A4
IR0« BN TLZETE SR PINEF 5 (Fragilariopsis) < [MI7EEA A
HAR K ALY, HaslefE 19724E " Fragilariopsisth V5 4 25 8 10— AN &6 4y, 1M
Round?5 Al 4y Fragilariopsisfr JE 4 ENEZETEBAAA-AE— € 1220, LU 0GE 2
P FLARBE O B — & o HaslefE FLAL T #UZE IR NS L 28 0 Jw - (A4 Nitzschia
sigmoideae. Nitzschia spathulataeflINitzschia dissipatae) AL )E, B
FEVCKHAUZE TS A — AN B 8 . BRI 19944F, A J8 kS T 85 5
7. (Hasle, 1994). mutul WL, fUSEIE BN 73 FMAL— BAAAE SN USR8
TEaAs BRI ANZE S HEAT 73 R SRS, e 51y e il i) E 2 A

PUZE TG BEAT SR 7K (1) 5 58 A6 2 W AUBE T 3t T BASE B, (H 2 4025 T 3 e e )
(RITEAS 73 S 20U HIE 5T e b AR 28 4 1) 22 SR IX 431 o 2 2 IR TS 2 X0 AIE
st REURTEI AN S AE TS O LL B, FeTiANE, RIARSUARAFE, Thar. fLgom
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WS E R, seimIBAR, A B L SLEUBAR, BEMNEL (F
1, 20060, XEEANGHET K TCIEAE G BAEE N X 3, D20 B BRI E L B3
FH LT S 0eBE, W UZE TR AT %08 o 40 Mo e 11 1) e FE AR — AN B AUZE B
B PR ) 56 TE AR AL, AR 7 T ) 0 JEE AU 38 T 38 ] 4 DAy NS (Sko T, 1999) 5 52
>3 u m[f) Ay Pseudo-nitzschia seriata groupfl#%: P. seriata.f.seriata,
P. seriata.f.obtusa, P. australis, P. pungens, P. multiseries, P. pungiformis,
P. fraudulenta, P. subfraulenta, P. pacifica, P. hemii; 5¢ 1 % fE<3 u mf A
Pseudo-nitzschia delicatissima group f#%: P. delicatissima, P. pseudodelicatissima,
P. cuspidata, P. lineola, P. turgidula, P. turgiduloide, P. inflatula. X Fi4r 2%+ 72 [
i W] KT /N T3 1 iRy RSP SR TR i i LB (R0 T 8 52 1 5 P 5
A A3 w mUZE TR R, 3X M 2807 VAT B Jr MRV . o FLAE S an
JL 5 T R DR/ B E T AAT TR A7 4 B 2 B P e s A 5, 43 3 R 15 R ) LA
0 M 58 52k B 2 A A BN ) R PR A

BEAE BRI I3 i, % B R R B e — RN, BB T
—EEH AR B LW JE [l FR T P. pungens AT P. multiseries 18 i £F HL
TRAMEBIMHI T, XA, £45 410, EEr EARE RS MR Ok 3
30 AMFf (Lundholm et al.,2003, Gao et al.,2006) (W% 1.1). HurZMWILA P.

australis, P. turgidula, P. cusipadata, P. delicatissima, P. multiseries, P. multistriata,P.

pseudodelicatissma, P. fraudulenta, P. pungens, P. seriata, P. calliantha 11 Fifilz= /£
W HA 74 DA 68/ (Johanna fehling et al.,2004). P. pseudodelicatissima J&: 75
Rer=4: DA ISAEAES 1o
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Tab 1.1 The recorded 30 Pseudo-nitzschia species(The species with the line arethe

potential toxic species)

$1°1 % Species name

"3 44 (Species

name in Chinese

K

P. americana (Hasle) Fryxell, 1993

EMIEYE i

BEM: 5FrF (Lundholm et al.,2002)
FR#: 4 2% (Lundholm et al.,2002)
Jb3e: SEEHuAAEJE . (Lundholm et al.,2002) ,
Rhode & (Lundholm et al.,2002)
B2EM: &F] (Lundholm et al.,2002) ,
%73 (Lundholm et al.,2002)

JEM: F99E  (Lundholm et al.,2002)
ZiEgW: #E (Lundholm et al.,2002)
W: HZA  (Lundholm et al.,2002)

HE (3, 2006)

P. antarctica Manguin, 1978

P (Van L& Sam L,1978)

P .australis Frenguelli, 1973

TRPHIUZE T8

MRl 5Z /K% (Cusack, Raine, & Patching,2004)
W% (Hasle & Lundholm 2005, Lundholm et al.,2006)
6390 : & nA4EJE /N (Hasle & Lundholm,2005)
KT (Hasle & Lundholm,2005)
F3e: B (Hasle & Lundholm,2005)
JEM: mdE (Hasle & Lundholm,2005)
WH: FHE QiY.Z,1994)

P. brasiliana Lundholm,Hasle et
Fryxell, 2002

(WULEYEJ20

JE2EW: SBP4EF (Lundholm et al.,2002)
497539  (Lundholm et al.,2002)
FigE: D= YD (Lundholm et al.,2002)
B 74 (Lundholm et al.,2002)
AvH: 56E (Lundholm et al.,2002)
HiE (Y, 2006)

P. caciantha Lundholm, Moestrup
et Hasle, 2003

TETEAUZE 8

gk (Trena K et al.,2005)
V5% (Lundholm N, Moestrup @,2003)
= KF| (Amato et al.,2007)

P.calliantha Lundholm, Moestrup et

Hasle, 2003

MEETL

WM (Hasle & Lundholm 2005, Lundholm et al., 2006)
TE (4%, 2006)

P. cuspidata (Hasle), 1993

SR ZE T

K HU5: Canary & (Lundholm et al.,2006.)
b= P2 P55 (Lundholm et al.,2006)
WA H R BR+ (Lundholm et al.,2006)

P. decipiens Lundholm et Moestrup,
2006

JbEM: AP (Cusack et al.,2004;Lundholm et al.,2006)
KVGEEHU5: Canary & (Lundholm et al.,2006)

P. delicatissima (Cleve) Heiden, 1928

ESEEEJ20

We: FEJEF (Caraus 2002) ,PHEEA (Varela et al.,1982)
WRl: P13 ((Hasle & Lundholm 2005, Lundholm et al.,2006)
%K% (Cusack, Raine, & Patching,2004)
B AF] (Amato et al 2005, Lundholm et al.,2006)
%4 (Lundholm et al.,2006)
VEEEZ (Amato et al.,2005)
JESE M BPEEF (Lundholm et al.,2006)
Wi: HEFEH (Lundholm et al,.2006)

HA  (Lundholm et al.,2006)
P. dolorosa Lundholm et Moestrup, WR: %2 /K% (Lundholm et al.,2006)
2006 ®AF  (Lundholm et al.,2006)

#7452 (Lundholm et al.,2006)
JbZeM: SEEINAAE)JEN. (Lundholm et al.,2006)

P. fraudulenta (Cleve) Hasle, 1965

WUKFIWE (Hallegraeff et al.,1994)
EENFAEB WM (Villac et al., 1996 )
5 (Hernandez-Becerrill et al.,1998)
Fr75>% (Rhodes et al., 1998)

Fif#R#E (Ferrario et al.,2002)
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%% K% (Cusack et al.,2004;Skov et al.,1999)
iR by e e (FEPH22 H Al =2 2 5 SRR 38 2 (8] Hasle, Lange &
Syvertsen,1996)

P. galaxiae Lundholm et Moestrup,
2002

b 3E N 55 V5 BF(Lundholm & Moestrup 2002;Lundholm et al.,2006)
WA B B 18 K+ (Lundholm & Moestrup 2002;Lundholm et a.,2006)

P. granii (Hasle) Hasle, 1964

P. heimii Manguin, 1957

DB

PRIV E S, s, DEfE . IREAE (4%, 20060

P. inflatula (Hasle) Hasle, 1965

Z&[H (Nina L et al.,2002)

P. linea Lundholm, Hasle et
Fryxell , 2002

LI ZE B

AL EE (B8, 2006)

S V4 EHS (Apalache Bay and Tampa Bay)

TR ER & e #Et 2, Narragansett Bay P8 (Halong Bay) (2547,
2006)

P. lineola (Cleve) Hasle, 2002

B RVERPUEERR S (21°E, 47°S)  (Philipp A et al.,2007)
S R e (R AR N R 10 i TR R AR Y B R RE 2 [H]) (Gasto'n O et al.,2008)

P. micropora Priisholm et
Moestrup , 2002

#iF§ (Nina L et al.,2002)

P. multiseries (Hasle) Hasle, 1995

EZTEE A

MR : JIZZ (Evans et al.,2004), #[H (Evans et al.,2004),
Raine, & Patching,2004)

Jb3Eyn: SEEINAAEJE W (Hasle & Lundholm 2005;Lundholm et al.,2006),
New Brunswick (Evans et al. 2004), Nova Scotia (Kim, Garbary & McLachlan
2004, Evans et al. 2004), Prince Edward (Evans et al. 2004)

. HAS (Hasle & Lundholm,2005)

%' # (Evans et al.,2004)

HEZE# (Yang & Hodgkiss,2002)

% /K % (Cusack,

P. multistriata (Takano) Takano, 1993

EZ2EVE 5 At

F KA (Orsini et al.,2002)

H A (Takano,1993)

BiPE % (Rhodes et al.,2000)

Wi &3 (Yang & Hodgkiss,2002)
7:H (E.nezan et al.,2007)

P. obtusa (Hasle) Hasle et
Lundholm, 1965

Ex: B (Hasle & Lundholm,2005)
%% (Hasle & Lundholm,2005)

P. prolongatoides (Hasle) Hasle, 1965

Antarctic and the subantarctic islands: Antarctica (Scott & Thomas,2005).

P. pseudodelicatissima (Hasle) Hasle

emend, 2003

FAZTE IS TE B

KR : v:E (Bornet et al.,2005)
%% JR2% (Cusack, Raine, & Patching,2004)
W% (Hasle & Lundholm 2005, Lundholm et al.,2006)

1 EFHE (Yang & Hodgkiss,2002)

P. pungens (Cleve) Hasle, 1993

ENEESI20

Wel: LIRS (Chepurnov et al.,2006) ,i%E (Chepurnov et al.,2006) 7%
(Evans et al..2005) ,% /K *% (Cusack, Raine & Patching2004) , fif %
(Chepurnov et al.,2006) ,#ij%j%° (Hasle & Lundholm 2005;Lundholm et al.,

2006)

K & Canary & (Gil-Rodriguez et al.,2003) .ZE¥: &&VEEF (Lundholm

etal ,2006); FIHEE (V.Sastre,2007)

R WW: #iFd (Hasle & Lundholm.,2005)

PP E 3 (Yang & Hodgkiss,2002)

P. pungiformis (Hasle) Hasle, 1971

%K% (Colin Pybus,1996)

P. seriata (Cleve) Peragallo f.
seriata Lundholm et al., 1994

B IHIEE I B

Pseudo-nitzschia seriata f. obtusa (Hasle) Hasle
Wa: FH gl (Caraus et al.,2002)

PHHEA (Varela et al., 1982)
Pseudo-nitzschia seriata (Cleve) H. Peragallo
WRMl: P13 (Hasle & Lundholm 2005, Lundholm et al.,2006)

&%  (Hasle & Lundholm,2005)

%K% (Cusack et al.,2004)

Wik (Hasle & Lundholm,2005)
KVG¥E Canarys) (Gil-Rodriguez et al.,2003)
JE2E9H: Nova Scotia  (Kim et al.,2004)
PR GRZR, 1998)

P. sinica Qi et Wang, 1996

TR

)% (Qi'Y Z,Wang J& Zheng L,1996)
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P. subcurvata (Hasle) Fryxell, 1964

B ANT E M (Scott & Thomas 2005), Ross Sea (Lundholm et al 2006)

P. subfraudulenta (Hasle) Hasle,
1965

NAVEZE -3/t

FEOAMAAN IR, K. ROPEER BB K a e % (347,
2006)
R FWE (247, 2006)

P. subpacifica (Hasle) Hasle, 1965

MR /K2~ (Cusack et al.,2004),

VGt (Hasle & Lundholm 2005;Lundholm et al.,2006)
v E (E.nezan et al.,2007)
W E F# (Yang & Hodgkiss,2002)

P. turgidula (Hustedt) Hasle, 1993 Fi I (Scott & Thomas,2005)

fEZ# (Yang & Hodgkiss,2002)

P. turgiduloides (Hasle) Hasle, 1997 M (Akira Ishikawa,2000)

Fiff £ (Gasto'n O. Almandoz et al.,2007)

PS5 T2 v R R v il i DR 22 R R Rl IR AR 2 — o 1965 AP & it
YO A R I AU S8 TE e 34T T &, 439028 P. pungens 1 P. delicatissima
(J§ifir 4 A N. pungens 1 N. delicatissima) (&f4E, 1965). 20 22 90 4EAHT,

Z (1994) “EARIE T T — DN UL B BT P. sinica(h HIUZETE 5 ) S R

AR A SRR o BTN | AU I AR (S S RIBE S B L T AR

FEIRE E A S 0k TRIZEEEER 7 ANF:P. australis, P. delicatissima, P.

pseudodelicatissima, P. pungens, P. multiseries, P. seriata, P. sinica . Yang &

Hodgkiss (2002) fEAFUH/KIRICR T 8 FiHUZETE#: P. pseudodelicatissima,

P. pungens, P. turgidula, P. subpacifica, P. subfraudulenta, P. delicatissima,

P. multistriata, P. multiseries. T4 (1998) &Rl 7 KIT LG K] 4 Fhipl=%

JE#:: P.pungens , P. multiseries, P. delicatissima, P. multistriata. =473 & Ux i

ML B 13 MUZETE BRI 2E: P americana(E MHUZETE ),

P. brasiliana( . PG #UZE L), P. caciantha(f£ TGN 25 L), P. calliantha(Bl 4035

JEE), P. cuspidata(ZS 404235 . 340), P. delicatissima(Z2 55 U5 L), P. heimii(i I

WIZETEE), P. linea(Zk TEHLZE TE i), P. multiseries(Z 414025 TEv44),

P. multistriata( 2 404U 25 £, P. subfraudulenta(Ml O350 25 TE ),

P. pseudodelitissima(#A 22 55 #0125 JE ) A1 P. pungens(ARHIIUZE TE i) (254, 2006).
g LRk, o B H AT CAdsk IR IR EAT 18 A (LR 1.2), fE Lkt

e N A B s, E G fRE s R 9 Fh: P australis,

P. turgidula, P. pseudodelicatissima, P. pungens, P. seriata, P. delicatissima,

P. multistriata, P. multiseries, P. calliantha (Gao et al.,2006; %47, 2006). T

BB BRI BAC 5T, Tha LB, B3 A SR KR R R A T T 9T
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CARZIIE (Bates, 1998; Bates et al.,1989, 1998; xiffixk. fL¥}, 1997; #°F.
2755, 19985 BRI FERE, 2003). {HIE TR KB EA SR T
W [F AR, AR, FrEEe ) R, e E LA e g [k
Ao b R (RO S5 R 7 sl H AR IR R . B H AR Ik, AR
[ 3 T8 AU EE T S R I rh B (AR OGRS . SR, T ETE DA Ky
T TR 2R B 5 /b . Yang & Hodgkiss (2002) M A5 7K 8050 2 3K 1514 8 Flfil
S5, A HPLC K00 7 B2 P. multiseries LAAM-EANRH, Li Aifeng 25 (2005)
WK R  B E UL E K IR IR S 8 32 T 3 Ao A8 R I, R 8 AR, 0 81 3%
AT M58 HPLC Al 1 3R IE AR P W I 20 B 3RAG 1 4 T2 3L, thARAS
MR RIEE BFEE, 2007). 1A ZE T EIE )5 2 R0 HLBR L,
AR S e B LU A A, [ Py A0 HORh 2R e i T — AR, B #eFAi
PRI FARMEX 43 o A, FAUZEIEEE, ARS8, AR RITE
ANFERE, AHPE I ZE SR, AT SEE TR ZE B85 1 R AW R 5T o

* 1.2 Bl EER D ICR AU R EMRS 210

Tab 1.2 The recorded Pseudo-nitzschia species and their distribution in China

Fi2k Species name 43A4f Distribution

FNUZE T 3 JETTHIEL (24, 20060, FFHEMFEHE (247, 2006)

P. americana

ELPE LSS T M I R BRUG . SHEL (B4, 2006), | AR KIS (254, 2006)
P. brasiliana Tk (24, 20060, WFEER H S R0

TETEAUSE T A FEH (24, 2006)

P. caciantha

VeI A FHENM G (24, 2006)

P. calliantha

RANFUZE T i sk g s (B4, 20060, | RN (47, 2006), R H
P. cuspidata R

ES VeS| KL (2547, 20065 AWF9T); FrHE (Yang & Hodgkiss,2002; 2547,
P. delicatissima 2006); SVEEEEE CARIGD; ) AR R, 2000)

RPN ZE T i s, (44, 2006)

P. heimii

LICUE T TR (454, 2006)

P. linea

EEPE I 9k, 20000, FEHE (Yang & Hodgkiss,2002; 254, 2006), KT
P. multiseries IR (2547, 2006 T4, 2006)

EZIE/E 2 JTHRKIA (%4, 2006, Tk (%4, 2006; Yang & Hodgkiss,2002
P. multistriata HERA R HS CRrg0, KILDWEEE (E40%, 2006)

AR AU ZZ T i KAL R (24, 2006)

P. subfraudulenta

U IUE T KAL O (24, 2006), FFHE (245, 2006)
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P. pseudodelitissima

IRAUZZ Y i KAT I (2245, 2006; E4:8%, 2006), FrkifEtl (Yang & Hodgkiss,
P. pungens 2000; 447, 2006), I THHE L CRBIGD; T AR GEREM, 2000)
P. subpacifica FFHE (Yang & Hodgkiss, 2002)

P. australis JUAR GRS, 20000

BN SE TR

P. sinica J 775 (Qiet Wang, 1996)

RIS IR i

P. seriata Fritk (Yang & Hodgkiss, 2002), "% B2k, 2000)
B¥IEVESIALS

P. turgidula FFHE (Yang & Hodgkiss, 2002)

1.2 PIEREND FRERARGZHNTAR
1.2.1 nrDNA FFIfEf

W6 53 T A2 0 U S 231 AR ) 2 B RAE A0 27 5 B A 4 ke
H) 2 N . FEFTH 77, DNAJEFIIR A 4 BT A d5e 15452 (1 H R 4
AR ) I8 AR R, AR AR AN IR Bk T st A% ) Jo i TR ZH DN A B i
JP A1) [ 22 S5 (R0 A5 AN [F) R/ R TR )RS [ AN R 22 8]y o DNAFF FIA AT EUA 5
MR 31408, En] TR 2> 7RG R A 22 5 (M0F9T, SRS
(¥ 2 DNA P FEHE /A7 T Genbank fi5 {58 T-FI1S ZEE 5T M B LU . 73 TR S|
NAUZE AL Gy R, BERAN A R 2 b 1) BISEB ML S e 2
LR BT R ek, TSR FEE MG . 2) BAZERE RIS
HARRE SN, FEIPA B ZE AR R ZE 5, I RS 22 e g RS . PR
JEAR M ZE AE b, BOHHRNR NG R, TWES T FBUHMTLE T

I RE I HDNATRIE R, 31— R ) 53 153 R A AL G oy R M ALl |,
UEPEAT AR AL B A3 41 (B0 2 — AN BRJLANE K7 B 4 2k 43 Sbm e, AN [+ 114 53
THEYFEARX IR R IR R A% 22 5 LA R BA 1 SR T i 3t
A8 22 St R A TSI T 1)

LEBRE AT RN FH 05 22 (K A2 A% B ARDNA. (fRIFRnrDNAD o FLAZAE W) (K4%
Wi ADNAH P51, £9100-2004 45 UL, i HE 71 7E — g, H1 18SnrDNA
(LSU), 5.8SnrDNAF128SnrDNA(SSU)AL i — A4 By, = A= — AN AT ARNA
TETE RN AR, 55— A 5% 3% 8] [ DX (R FRITS- 147 1-5.8S A118SnrDNA 2 [0]), 26 4%
S ) B DX (TR FRITS-247 T-5.8SnrDNA F128SnrDNA 2 [ #% BT 1) . ITSX AL FEITS-1
FTS-2, HHAFITS-1. 5.8SIRNAFITS-14Fx HITS, ITSH A nrDNA [ i A
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