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, S3400 )
(2007) 1.3 ITS
(Nitzschia longissima) 18S 1.3.1 DNA 1.0 ml
rRNA rbcL , , 6000 r/min 8 min UNIQ-10
, (2005) DNA )
, DNA 30 ul
DNA
) 1.3.2 PCR ITS P2,
5'-GTAGGTGAACCTGC(AG)AAGGATCA-3’ P4,
ITS 5'-CGACA(TG) ATGCTTAA(AG)TTCAGC(AG)GG-3/,
18S rDNA 3’ 24S rDNA 5’
, PCR GeneAmp PCR system 5600( Perkin
, , Elmer) 20 ul, DNA
, 2 ul, Mg** 1.5 mmol/L,  dNTP 0.2
mmol/L, 0.2 umol/L, Taq 1 PCR
94°C, 5 min, 94°C
1 50 s, 50°C 1 min, 72°C 1 min 30
1.1 ) 72°C 8 min 1.0%
/2 , 1.3.3 PCR BioSpin Gel
, Extraction Kit ( ) PCR ,
PCR pMD 18-T
E.coli IM109
s , PCR
: NSP NATO NC PN PN 1.3.4
25C ( )
:20°C, 4000—50001x(L:D = 12h:12h) 14
(N.closterium f. 1.4.1
minutissima, NFC) (P.tricornutum,  1.4.1.1 ( )
PTB) (BSTFA) SIGMA-ALDRICH ,
, , TEDIA , 14%
18°C, 2000 1x, L:D = 12h:12h BF;-CH;0H ALLTECH )
1.2 TEDIA ,
(Olympus BX60) 14.1.2 QP2010 - (
( SHIMADZU ), 30 m x0.25 mmx0.25 pm SPB-50
, 2007) , ( SUPELCO ); (
24 h, 3 4 LABCONCO ) ,
1 3 , 100°C
3 min )
, 1.4.1.3 2500 ml
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, 4000
r/min s , —207C
1.4.2 20 mg ,
Bligh (1959) ; 2 ml 5%—
6% ( 4 1) , 1
min, ,60°C 2 h, , 15 ml
1 ml, HCI(1 1) pH 1;
( 1 496ml 3 , lg
12 h, ,
100 pl BSTFA, , 60 2 h, N, ,
, GC-MS
143 GC-EIMS-
TIC , NIST
WILEY
3, 2,
, (Squared
Euclidean distant) ,
(SPSS16.0)
2 R
2.1
6 , NFC(
) PTB( )
, 4
( , 1965 ab), NSP PN
(Pseudo-nitzschia), NATO NC L6
(Cylindrotheca), Fig.1 LM and SEM photos of the 6 microalgal strains
s a. PN ; b. PN ; ¢c. NSP ;
2.1.1 NFC PTB NEC , , d. NSP ;e. (Phaeodactylum tricornutum,
. PTB) ; £ (Nitzschia
’ ’ closterium f. Minutissima, NFC) ;
12 pm,  2—3pm PTB ’ 2. NATO . h. NC A B CDE
) F lopm,G H 20 pm
, ’ 21.2 PN NSP ,
( , 1965 a,b) PN NSP ;
6—8 um 10 pum, PN
3 pm, ( le) , » PN 1/5 ( 1b),
NFC PTB NSP 1/6 ,

( le » PN ;
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5—9 um, ( 1a) NSP , F1 6MREMAZEBIEEES
13—3 um ( 1ec d) Tab.1 The degree of genetic distance between the pairs of the
: Hm, > six microalgal strains
(1965) (Pseudo-nitzschia pungens NSP PN NATO NC NFC___ PIB
Hasle) (Pseudo-nitzschia delicatissima) NSP _ _ _ _ _ _
PN 0.651 — — — — —
2.1.3 NATO NC NATO NC NATO  0.983  1.271 - — — —
R , NC NC 0.967 1.050 0.637 — — —
NATO ( 1gh NFC 1212 1322 1394 1196 — —
PTB 1.216 1.327 1.383 1.200  0.005 —
2.2 ITS
PTB NFC
6 ITS NCBI . . . .
EF553459.1 (Nitzschia closterium f. Minutissim)
ITS BLAST R .
EF553458.1 (Phaeodactylum tricornutum) ,
NSP blastn (Pseudo-
. . L 99% NC
nitzschia delicatissima) PN (Pseudo-
. . s (FI864278
nitzschia pungens Hasle),
. AF289049) R
NATO (Cylin-
drotheca closterium; 63r DQ336157.1 Pseudo-nitzschia decipiens
NC 61{{ EU327370.1 Pseudo-nitzschia galaxiae
> 68/'DQ329205.1 Pseudo-nitzschia subcurvata
73 DQ329208.1 Pseudo-nitzschia delicatissima
6 ITS , é’kNSP
MEGA4 Pairwise 60|LEU327365.1 Pseudo-nitzschia brasiliana
Distainces EU302796.1 Pseudo-nitzschia multiseries
(D 1, 8§|_(7DQ166533.1 Pseudo-nitzschia pungens
691 PN
- NC
,NSP PN NATO NC PTB
— FJ864278.1 Cylindrotheca fusiformis
NFC , 65
0651 0637 0.005 _|AF289049.1 Cylindrotheca closterium
: ' ' %8 NATO
NSP PN NATO  NC PTB 98| L Ays574381.1 Nitzschia pusilla
NFC ITS EF553459.1 Nitzschia closterium f. minutissima
> 98 EF553458.1 Phaeodactylum tricornutum
6 ITS 100f NRC
NCBI 98 PTB
ITS s DQ897642.1 Skeletonema costatum
ClustalX4.0 DNA DQ116741.1 Dunaliella salina
MEGA4 100|— AY465116.1 Prorocentrum donghaiense
EU244467.1 Prorocentrum micans
25 | AB233377.1  Alexandrium tamarense
100 AJ304827.1 Alexandrium minutum
( 2 —] L
0.05 DQ176667.1 Alexandrium lusitanicum
, .
(PN NSP) 2 ITS

B

Fig.2 Phylogenetic relationship of the studied strains based on the ITS sequences

information
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2.3 )
2.3.1 1.4.2 , (Alonso et al, 1992; Renaud et al,
NSP NATO NC NFC PTB PN 1995; Volkman et al, 1989)
6 34 , : Cl6:1(n-7) PTB NFC
(2 , 2, 2821%  24.78%, 4
7, 15
£2 SHCESRISIIEL R R( )
Tab.2 Results of the fatty acid analysis in the microalgal strains (percentage of the total fatty acids)
PTB NFC NC NATO NSP PN
1 C12:0 — — 0.15 — — —
2 C13:0 — — 0.5 — — —
3 C14:0 8.21 6.17 10.41 9.96 23.24 31.51
4 C15:0 — 0.24 0.7 0.31 0.73 6.41
5 12Me-C15:0 — — — 0.38 — 1.41
6 13Me-C15:0 — — 3.55 0.85 2.16 0.62
7 C16:0 17.99 12.61 8.86 9.59 7.78 —
8 14Me-C16:0 — — 2.6 0.7 — —
9 C16:1(n-5) 3.58 1.29 — — — —
10 C16:1(n-7) 28.21 24.78 0.89 4.45 — 4.12
11 C16:1(n-9) —_ — 15.12 17.07 31.52 24.1
12 C16:2(n-4) 7.04 5.22 5.35 5.03 2.3 2.53
13 C16:2(n-6) — 1.12 2.71 — 5.66 —
14 C16:3(n-3) 7.95 6.93 — 10.25 — 8.2
15 C16:3(n-6) — — 7.2 — 4.47 —
16 C16:4(n-3) — 1.76 - - - —
17 C18:0 0.75 0.84 1.01 0.41 0.81 0.59
18 C18:1(n-7) 1.87 1.38 — — — —
19 C18:1(n-9) 0.99 1.03 11.93 2.78 10.18 1.74
20 C18:1(n-11) — — 1.73 — 1.25 —
21 C18:2(n-6) — 0.79 1.02 — 0.69 —
22 C18:3(n-6) — — 4.88 3.03 —_ —_
23 C18:3(n-3) — — — 0.91 — -
24 C18:5(n-3) — — — 1.52 — —
25 C19:1(n-9) — — 2.13 — 0.87 —
26 3,7,11,15-M-C20:0 — — — — — 3.32
27 C20:4(n-6) — — 3.96 8.49 1.16 0.9
28 C20:4(n-5) — - — — 0.52 -
29 C20:5(n-3) 19.98 28.82 12.82 22.13 3.56 11.55
30 C22:4(n-7) — — — 1.11 — —
31 €22:5(n-3) — 0.81 — — — —
32 C22:6(n-3) 3.14 1.87 2.28 1.03 — 0.28
33 C24:0 — 2.99 0.2 — 0.76 —
34 C26:0 — — — — 1.34 2.72

W
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e
)
°©

1.35 — — — —
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6
2.3.2
, (Squared
Euclidean distant) ,
(SPSS16.0)
(3 , 6
3 :NSP PN NC NATO
PTB NFC 7 ,L,NSP PN
; 4 , NC NATO ;
PTB NFC ,
REAASHBIERR
o 0 5 10 15 20 25
0y : : : : :
w3
PTB
NFC J
NC
NATO
NSP
PN Q

Fig. 3  Cluster analysis of the microalgal strains based on
the fatty acid analysis

233 () 142
5 (NSP NC
NFC PTB PN) , NATO
EI CI , ,
5 (Ghosh et al, 1998; Volkman et al,1997)
13 ( 3), 3 C27 4

C28 6 C29 1

x3 SMERARDRIEER

Tab.3  Sterols identified from five microalgal strains

1 C27:2(A5,22/27Nor,24Me) C;0Hs,08i
2 C27:1(AS) C;0Hs5408Si
3 C27:2(AS5 ,24) C50Hs,0S1
4 C28:1(A5/24Me) C3Hs60Si
5 C28:2 C;3Hs4081
6 C28:2(A5,24(28)/24Me) C3Hs,08i
7 C28:3 (A4,7,22/24Me) C;51H5,08Si
8 C29:0 Cs3,HgoOSi
9 C29:1 C5,H530Si
10 C29:1(A5/24Ethyl) C3,Hs;0Si
11 C29:1 (A5/4, 24 Me) C3,Hs;0Si
12 C29:1 (A7/4, 24 Me) C3,Hs50Si
13 C29:2(A5,22/24Ethyl) C;3,Hs5608Si
14 Unknown
Cm:n(AX/y) ,m , N
. X >y
5 ( 4): 4
A5 s 4 5
s 4- 4-
(Volkman, 2003), C28:3(A4,7,22/24Me)
[ 4 5 ( )] PTB
NFC s PTB
63.2%, C28:3(A4,7,22/24Me)

NSP PN  C27:1(A5) C27:2(AS,24)

R4 WEPHEBEK

Tab.4 Sterol composition from different microalgal strains

4 5 () 4 5 () 4 ()

PTB 6(21.2) 7(63.2) - 14(15.6)

NFC 6(81.7), 4(3.3) 7(4.4) 11(4.0),12(6.6) —

NC 2(24.15), 3(13.15), 10(1.08) — — 14(3.58), 8(58.04)
NSP 1(1.41), 2(55.62), 6(27.95) 13(2.94) — — 14(3.2), 5(8.88)
PN 2(41.79), 3(56.93), 10(0.73) — — 9(0.55)

2
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A COMPARATIVE STUDY ON THE IDENTIFICATION OF
NITZSCHIA-RELATED SPECIES

LIU Bao-Ning, LIU Chen, ZHOU Cheng-Xu, WU Xiao-Kai, SUN Xue, XU Ji-Lin
(Key Laboratory of Applied Marine Biotechnology (Ningbo University), Ministry of Education, Ningbo, 315211)

Abstract Nitzschia spp. belongs to a common group of pennate diatom. Some species in this genus have subtle morphological
differences, which make them difficult to be properly identified based on their morphological profiles only. In this paper, three taxo-
nomical methods, namely microscopy observation, internal transcribed spacer sequence (ITS) sequence analysis, and microalgal fatty
acids and sterols analysis, were used in the study of four field samples, which were preliminary identified to be Nitzschia genus and two
closely related species, i.e., Nitzschia closterium f. Minutissima and Phaeodactylum tricornutum, using morphological method. We
found that more information could be obtained by applying multiple methods in identifying microalgal strains than using only one
method. Similar taxonomic results were obtained using these three methods. From the study, three field samples were identified to be
Pseudo-nitzschia pungens Hasle, Pseudo-nitzschia delicatissima, and Cylindrotheca closterium, respectively. However, we were only
able to identify to the fourth strain as Cylindrotheca genus. The results also showed that Nitzschia closterium f. Minutissim belongs to
Naviculales, Phaeodactylaceae, Phaeodactylum, consistent with previous findings.

Key words Nitzschia; related species; taxonomy; comparative study



