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(1. 316022; 2. 316021)
(ITS1/ITS4, EF3/EF4, NS1/NS4) DH-13
323 OTU ,
, NS1/NS4 , EF3/EF4 , ITS1/ITS4 NCBI
S s (Cercozoa, OTU
36.4%) (Dinophyceae, 14.2%) (Stramenopiles, 7.4%)
(Ciliophora, 6.3%); (Ascomycota, 7.4%) (Chytridiomycota,
6.3%) , NS1/NS4 ,
s (Euglenozoa) (Cryptophyta) (Apicomplexa);
ITS1/1TS4 ; EF3/EF4 , ITS1/1TS4
; EF3/EF4 , NS1/NS4 ,
; ; ; 18S rDNA; ITS
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(Rodriguez et al, 2005)

]

(Anderson
et al, 2003),

DH-13 ,
(NS1/NS4
18S rDNA ITS

EF3/EF4 ITS1/ITS4),

>

1.1
2007 4—s5
DH-13 ,
(31°30.103'N, 123°29.844'E), 40m,

10cm 3cm 4
,—20°C ,
1.2 DNA
FastPrep®-24 (MP
Biomedicals ) FastDNA spin kit for soil
DNA , (Bio-Rad )
DNA , PCR
1.3 PCR
DNA PCR (Biometra )
, ITS1/ITS4 NS1/NS4
EF3/EF4, 1 50uL PCR : DNA
2ulL, (10pmol/ L)  1pL, dNTP (2.5mmol/
L) 4uL, 10<PCR buffer ( MgCl,, 1.5mmol/L) 5SuL,
rTaq (5U/uL) 1L, 50uL  PCR
: 95°C 4min; 94°C 30s, 50°C
30s, 72°C 60s, 35 72°C
10min 1% PCR R
DNA (QIAGEN )
1.4
PCR pMD-18T vector (TaKaRa )
16°C , (E.

F1 =ZWEMASIMEFEARER
Tab.1 Particular information of three universal primers
(5°-3")

ITS1 TCCGTAGGTGAACCTGCGG
ITS4 TCCTCCGCTTATTGATATGC
NS1 GTAGTCATATGCTTGTCTC
NS4 CTTCCGTCAATTCCTTTAAG
EF3 TCCTCTAAATGACCAAGTTTG
EF4 GGAAGGGRTGTATTTATTAG

White ef al, 1990

White et al, 1990

Smit et al, 1999

coli) DH5a R s
1.5
RDP (ribosomal database project)
, CHECK- CHIMERA

; BLASTN (www.ncbi.nlm.nih.gov/
BLAST/) ,
ClustalX (Version 1.8) R
MEGA 5 (Kumar et al, 2004),

Neighbor-joining s

bootstrap1000 ; Phylip
DNASIS R DOTUR
OTU(Schloss et al, 2005) ITS1/1TS4 EF3/EF4
NS1/NS4 GenBank

KM067396 — KM067409

KM067410—KM067425 KM067426—KM067449

2
2.1
ITSI/ITS4 EF3/EF4  NS1/NS4 94 100
129 DOTUR
97% OTU, ITS1/ITS4
35 OTU; EF3/EF4 61  OTU; NS1/NS4
80 OTU
2, DOTUR 1
: ITS1/ITS4 EF3/EF4
NS1/NS4 Chao 1 ACE
Shannon-Weiner ,
Simpson , 4
NS1/NS4 , EF3/EF4 ,

ITS1/ITS4 B

NS1/NS4 EF3/EF4 ITS1/1TS4,

>
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R2 FEBMRREMBRYVERMEEYS HFHEL
Tab.2 The microeukaryotic diversity from the surface layer sediments of the East China Sea
Bias-corrected Chao 1 ACE (H") (D)
ITS1/ITS4 library 94 35 99.5 110.901 3.30508 0.0423244
EF3/EF4 library 100 61 145.5 197.446 3.91262 0.0175758
NS1/NS4 library 129 80 291.111 320.706 4.13032 0.0152616
140 9 (Nematoda, I  OTU) (Mollusca, 1
120 1 OTU) (Rotifera, 1 ~ OTU)
10 (Cnidaria, 1  OTU) 8
g L (Plantae, 3  OTU,  1.7%) (Ch-
jz ] - Pt a e lorophyta, 1 ~ OTU) (Tracheophyta, 1
o e o
o ~ ITS1/TS4 2.3 OTUs
0 20 40 60 80 100 120 140 ITS1/ITS4 EF3/EF4  NS1/NS4
BRI (OTU ) EEETI ,
1 OTU , NCBI
Fig.1 Rarefaction curves of three clone librares Taxonomy , 3 4 5
3 4 5
? ’ OTUs (Protist)
Q1T ’ (Fungi) (Plantae) ,
ITS1/1TS4 NS1/NS4  EF3/EF, (Protist) , 50%,
, ITS1/1TS4 NSI1/NS4
’ (Metazoa)OTUs
ITS1/1TS4 4 11 ( 3),
22 OTUs (57.1%) (34.3%)
BLASTN ’ : (Dinophyceae, 9
DHI3 176 OTU 4 24 ; OTU), (Ciliophora, 7 OTU),
2 (Protist, 125 OTU) (Apusozoa, 1  OTU), (Cercozoa, 1  OTU),
( 71%), (Cercozoa, (Stramenopiles, 1 OTU)
64 OTU) (Dinophyceae, 25  OTU) (1 OTU) 3 ,
(Stramenopiles, 13 OTU) (Ascomycota, 10 OTU) :
(Ciliophora, 11 OTU) (Apusozoa, 5 (Basidiomycota, 1 OTU) (Fungi, 2
OTU) (Apicomplexa, 3 OTU) OTU) , (Cnidaria, 1
(Alveolata,2  OTU) (Cryptophyta, 1  OTU) OTU) (Chlorophyta, 1 OTU)
(Euglenozoa,1  OTU) 9
(Fungi) 35 OTU(  19.9%), EF3/EF4 3 6 ( 4),
(Ascomycota, 13 OTU) (Chytridiomycota, 11 (70.5%) (27.9%)
OTU) (Fungi environmental samples, 8 (Cercozoa, 43  OTU)
OTU) (Mucoromycotina, 2 OTU) 4 , (Chytridiomycota, 7 OTU)
(Basidiomycota, 1 ~ OTU) 5 (Fungi, 5 OTU) ,
(Metazoa, 13 OTU, 7.4%) (Ascomycota, 3  OTU) (Mucoromycotina,
(Annelida, 4 OTU) (Brachiopoda, 3 2 OTU) (Tracheo-
OTU) (Platyhelminthes, 1 ~ OTU) phyta, 1  OTU)
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90 Chlorophyta

« Tracheophyta

80 » Cnidaria
Rotifera

= Mollusca

70 = Brachiopoda

» Nematoda

= Platyhelminthes

= Annelida

» Cnidaria

= Alveolata es

= Euglenozoa

= Cryptophyta

= Apicomplexa

= Stramenopiles

= Apusozoa

= Ciliophora

» Dinophyceae

= Cercozoa

= Fungies

» Basidiomycota

= Ascomycota

= Chytridiomycota

= Mucoromycotina

OTUs

Fungi Alveolata  other protist Metazoa Plantae
(35 0TUs) (41 OTUs) (84 OTUs) (13 OTUs) (3 OTUs)

2 DHI3 176  OTU
Fig.2 Species classification for 176 OTUs from station DH-13

Cnidaria, 1 Chlorophyta, 1

environmental samples, |  OTU)
Alveolata es, 1

Stramenopiles, 1 (Chytridiomycota, 4  OTU)

Cercozoa, 1 . NSI/NS4
Apusozoa, 1

\ 10 (Annelida, 4  OTU)

(Platyhelminthes, 1  OTU)

Ci Tracheophyta, 1

1
. ‘ , 2

3 ITS1/ITS4 OTU
Fig.3 Ratio of OTU groups from clone library of primer pairs
ITS1/ITS4
es: (environmental samples)
NS1/NS4 , 4
19 ( 5), ( 77.5%)
, (Cercozoa, 20
OTU) (Dinophyceae, 16  OTU)

(Stramenopiles, 12 OTU) ,
(Euglenozoa, 1 OTU)

(Cryptophyta, 1~ OTU) (Apusozoa, 4 4 EF3/EF4 OTU

7

( 6.25%)

(15%)

(Nematoda,

Mucoromycotina, 2

Fig.4 Ratio of OTU groups from clone library of primer pairs

OTU) (Ciliophora, 4 OTU) EF3/EF4

(Apicomplexa, 3 OTU) (Alveolata es: (environmental samples)
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Mollusca, 1 Rotifera, 1 Cgmg::)ap;yta 1 2 C 6 (Ascomycota)
Brachiopoda, 3 /)- C%trr,g,'%rgyﬁow 4 DHI132F36-A
Nematoda, 1 R3-6 (99%),
Platyhelminthes, P,\\ DHI32F27 DHI32F14 (Axonopus compre-
SSUS) FITS
‘ 16 HRP1 W16 (99%), DHI132F17-c
Phaeosphaeriopsis
sp. TMS-2011 (99%), DH134F09
3 (Acrostalagmus luteoalbus isolate LO3)
- (99%),
\ 4 , (Wang et al, 2012)
\ (Basidiomycota) DHI132F30-B
Alveolata es, 1 (Tremellales) LM477
Euglenozoa, 1
Cryptophyta, 1 (95%)
EF3/EF4
5 NSI/NS4 OTU (Chytridiomycota) (Asco-
Fig.5 Ratio of OTU grou}I)\IsSflr/c;\l;lS Zlone library of primer pairs mycota)2 (7 (Chytridiomycota)
es: (environmental samples) DH133F27 Pavin  Aydat
PA2009B6 (95%),
1 OTU) (Brachiopoda, 3 OTU) DHI31F01-a (Rhizophlyctis rosea JEL 318)
(Mollusca, 1~ OTU) (Rotifera, 93% , DHI34F60 DHI34F06
1 OTU) (Cnidaria, 1  OTU) DHI134F11
(Chlorophyta, 1  OTU) 90% ,
2.4 (Freeman et al, 2009)
24.1 (Ascomycota) DHE134-1
OTUs (Metschnikowia bicuspidate, DQ520881)
, 6 7 8 (99%),
ITS1/ITS4 (Wang et al, 2007) DHE132-10
(Ascomycota) (Basidiomycota) Fungus clone nco32bllcl (99%)
ﬂ{ DH132F36-A
100 |FJ524307.1| Uncultured endophytic fungus clone R3-6
54 {DH132F27
|HQ436053.1| Uncultured fungus clone FITS HRP1 W16
68 DH132F 14 Ascomycota
94 DH132F17-c
97! |HQ630983.1| Phaeosphaeriopsis sp. TMS-2011 voucher MS5p50-47
4,_* DH134F09
511 |KC311495.1| Acrostalagmus luteoalbus isolate L03
|EF060778.1| Tremellales sp. LM477 o
Db132F30-B Basidiomycota
ITi
6 ITS1/ITS4

Fig.6 Phylogenetic tree of Fungi according to clone library of primer pairs ITS1/ITS4
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NS1/NS4 DHI131-1 (Strombidium LLK-2005)
(Chytridiomycota), 8 (94%), DH131-2
DH1331F43 - (Cryptocaryon
polysiphoniae 93% , DHI1321F31 irritans) ,
EF3/EF4 (DH134F60, DH134F06, (Dinophyceae) DH134-12
DH134F11) , (Heterocapsa) (89%), DH133-31
(94%) (Gymnodinium beii) DH131-23
2.4.2 MAST-4 M_
OTUs IND70.7 (94%), MAST-4
s 9 10 11 (Rodriguez-Martinez et al,
ITS1/1TS4 2012) (Apusozoa) DH131-7
(Alveolata) Apusomonas proboscidea
(Stramenopiles) (Apusozoa) (87%) (Cercozoa) DH132F19
(Cercozoa) (Alveolata) Thaumatomastix (93%)
(Ciliophora) (Dinoflagellata) EF3/EF4
(Dinophyceae), ITS1/ITS4 (Cercozoa), ITS1/ITS4
( 9) NS1/NS4 R
(Ciliophora) DH133-5 10 DH131F02-a 4-E2
(Strombidinopsis Sopsis99-1) (98%), (95%), DH131F03 3b-F5
— A e
92 |[HQ191400.1| Uncultured Chytridiomycota clone PA2009B6
DH131F01-a
69 I ING 017175.1| Rhizophlyctis rosea strain JEL 318
DH134F60 Chytridiomycota
70 DH134F06
100 |GQ995417.1| Uncultured Chytridiomycota clone T1P1AeC08
DH134F 11
100— DHE134-1
L |DQ520881.1| Metschnikowia bicuspidata Ascomycota
89 — DHE132-10
100L— |KC675172.1] Uncultured fungus clone nco32b11ct
—
0.01
7 EF3/EF4
Fig.7 Phylogenetic tree of Fungi according to clone library amplificated with primer pairs EF3/EF4
_gsl— |AY032608.1| Chytridium polysiphoniae
100 |GQY95409.1] Uncultured Chytridiomycota clone T2P1AeA04
DH1331F43 Chytridiomycota
|GQ995374.1| Uncultured Chytridiomycota clone T4P1AeG08
| DH1321F31
100! |GQ995421.1| Uncultured Chytridiomycota clone T5P1AeH09
—

0.01

Fig.8 Phylogenetic tree of Fungi according to clone library amplificated with primer pairs NS1/NS4

8 NS1/NS4




812 45
100[ DH133-5
100 |AF399067.1| Strombidinopsis sp. clone Sopsis99-1
DH131-1
100 4* -
1001 — |0Q241750.1] Strombidium sp. LLK-2005 haplotype x | ClioPhora | Alveolata 1
100 |DQ270011.1| Cryptocaryon irritans isolate HDJ3.9
DH131-23 Stramenopiles
95 100 |JN836303.1| Uncultured stramenopile clone M IND70.7
100 DH131-7
4{ Apusozoa
|GU001170.1| Apusomonas proboscidea
DH134-12
o1 100 |:
|AB084099.1| Heterocapsa sp. NIES-614
Dinophyceae | Alveolata 2
99 | DH133-31
100! |DQ198061.1| Gymnodinium beii isolate DRe 1571
DH132F19
Cercozoa
|GQ144681.1| Thaumatomastix sp.
—
0.05
9 ITS1/ITS4
Fig.9 Phylogenetic tree of Protist according to clone library amplificated with primer pairs ITS1/ITS4
(95%), (sea (Ebria tripartite
Snow) DH132F33-a DH133F22 isolate 2)  94% DH133F46
DHI132F15-a Cryothe-
CC-2009¢c  CC-2009¢ , comonas APCC MC5-1Cryo  Thaumatomastix CC002
96% 94% DH131F04-a , 97% 96%
- IS,
98 |FN690384.1| Uncultured cercozoan partial 18S rRNA gene clone 4-E2
{ DH131F04-a
51 100 |DQ303923.1| Ebria tripartita isolate 2
DH133F37
51 — |AF290540.1|Cryothecomonas longipes
99 |GQ144679.1| Cryothecomonas sp. APCC MC5-1Cryo
98 DH132F15-a
|GQ144681.1| Thaumatomastix sp. CC002-Boundary Bay Cercozoa
99 93 DH131F03
60| ™ IFN690383.1| Uncultured cercozoan partial 18S rRNA gene clone 3b-F5
97 |FJ824127.1| Cercozoa sp. CC-2009¢c
DH133F22
100 |FJ824129.1| Cercozoa sp. CC-2009e
DH133F39
|FN263035.1| Uncultured cercozoan 18S rRNA gene clone B12 dil
0.01

10 EF3/EF4
Fig.10 Phylogenetic tree of Protist according to clone library amplificated with primer pairs EF3/EF4
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NS1/NS4
, 4

(Stramenopiles)

(Alveolata)
(Cercozoa)
(Apusozoa) OTUs
(11
(Alveolata)
(Dinoflagellata)
(Dinophyceae) s ITS1/ITS4 s
(Ciliophora) DHI1311F40
Strombidinopsis jeokjo SBNSO0310HJ

(99%), DH132F32

(Ciliophora)

Paradiscoce-

phalus elongatus (98%)

(Dinophyceae) DH1331F18
Euduboscquella
DH1311F04

(95%),

(95%),
Gonyaulax spinifera

DHY1
(99%),

Alexandrium satoanum
DH1331F38
CCW105 90%
Woloszynskia
DH1331F29

DH132F81
cincta (99%),
Lepidodinium chlorophorum

(96%), DHI1341F07 (Heterocapsa

4100'_— DH1324B08
50 |AB178865.1| Haliphthoros sp. NJM 0034

87

DH1311F11
100'|JQ782085.1| Uncultured stramenopile clone 897st19-43
DH1331F06
100 |KC583005.1| Uncultured stramenopile clone RS.12f.10m.367
DH1331F46
100 - |DQ514874.1| Thalassiosira antarctica strain CCMP982
DH1311F14
|FJ800639.1| Uncultured labyrinthulid clone PJS101305 35

51

99

100

99 DH1311F38
63 100'|DQ367045.1| Aplanochytrium sp. Ts1
100 DH1341F20
|GQ144679.1| Cryothecomonas sp. APCC MC5-1Cryo
DH1341F23
|FJ824125.1| Protaspis sp. CC-2009b
0| 99— DH1321F11
|FN690383.1| Uncultured cercozoan clone 3b-F5
DH132F92
99 |GQ144681.1| Thaumatomastix sp. CC002-Boundary Bay

Jﬂ331 FO3
|AY268039.1| Amastigomonas sp. JJP-2003

00— DH132r05
100 IpQ

207567.1| Apusomonas proboscidea strain HFCC47

100

100I DH1311F40
|AJ628250.2| Strombidinopsis jeokjo strain SBNS0310HJ
100 [ DH132F32
100 - |EU684746.1| Paradiscocephalus elongatus
100—— DH1331F18
L |IN934989.1| Euduboscquella sp. ex Favella arcuata isolate OC20

100|: DH1311F04
88 |AF022155.1|AF022155 Gonyaulax spinifera

— DHY1

100! |AY641566.1| Alexandrium satoanum isolate JHW0007-9
DH1331F38

|AY180042.1| Uncultured dinoflagellate clone CCW105

100
100, DH132F81

|FR690459.1| Woloszynskia cincta
DH1331F29

|AY331681.1| Lepidodinium chlorophorum

|FJ549370.1| Heterocapsa sp. HE04
DHR3
99 L |AB120002.1| Gyrodinium fusiforme

11 NS1/NS4
Fig.11

Ciliophora

Dinophyceae

Phylogenetic tree of Protist according to clone library amplificated with primer pairs NS1/NS4

Stramenopiles

Cerocozoa

Apusozoa

Alveolata
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45

HE04)

nium fusiforme

(99%), DHR3

(94%)

Gyrodi-

(Stramenopiles)
DH1324B08
NJM 0034 97%;

OoTu6
Haliphthoros
DHI1311F11
897st19-43

DH1331F06

(99%);

RS.12f.10m.367
(Marine Strameno-
(OTUs 16.8%)
1331F46
(99%);

(95%),

piles) ,

(Acosta et al, 2013);

Thalassiosira CCMP982

1311F14

Labyrinthulid PIS101305 35  98% ;

1311F38 (99%)

(Cercozoa) EF3/EF4 ,
DHI1341F20 DH132F92

Cryothecomonas APCC MC5-1Cryo

tomastix CC002 , 99%  94%,

DH1341F23

Aplanochytrium Tsl

Thauma-

98%, DH1321F11
CC-2009b, 98%
DH1331F03
(96%),
Apusomonas proboscidea HFCC47

(Apusozoa)
Amastigomonas JJP-2003
DH132F05
91%

3

3.1

, EuklA/Euk516r ( ,
2008) nu-SSU-0817/nu-SSU-1196 or 1536 (Borneman
et al, 2000) 18S-42F or 82F/18S-1498R or 1520R
(Takishita et al, 2006) Euk-A/Euk-B (Koid et al, 2012)

(White et
al, 1990; Bernier et al, 1994; Smit et al, 1999),
, Lai  (2007)

ITS1/1TS4

E)

Ascomycota Basidiomycota; Gao
ITS1/ITS4 EF3/EF4 8

(2010)

(2008)
; Nagano ITS1/ITS4

(2012) ITS1/1TS4
; Singh  (2012)

NS1/NS4  ITS1/ITS4

) Smit
EF3/EF4

(1999)

(Anderson ef al,
2003),

3.2

(Protist)
(Fungi), NS1/NS4
(Metazoa)
50%
NSI1/NS4
(Ciliophora)
(Apusozoa)

, ITSI/ITS4
(Dinophyceace)
(Cercozoa)
(Stramenopiles)5 , (Dinophyceae)
(45%  25.8%),
NS1/NS4 3 (Apicomplexa,
Cryptophyta, Euglenozoa),
EF3/EF4
(Cercozoa),

EF3/EF4

, ITS1/ITS4
(Ascomycota)
(Basidiomycota); EF3/EF4
(Ascomycota) (Chytridiomycota)
(Mucoromycotina); NS1/NS4
(Chytridiomycota)
(Lai et al, 2007,



4 815
Nagano ef al, 2010; Singh et al, 2012) , ,43(4): 806—813
Smit (1999)  EF3/EF4 » 2008. 2000 : », 1—105
(Basidiomycota) ' ' ' , 39(4): 627—
(Zygomycota), 632
, , , 2006.
’ 5 . . , 33 (1): 63—67
> urgau R s , 2010.
(2013) EF3/EF4 I >
35(2): 255—260
(Ascomycota) @ 2012
(Basidiomycota) (Chytridiomycota), . ,36(5): 29
> , , 2008.
3.3 , 26(6): 504—509
, , 2001.
. : , 40(6): 51—54
’ ’ Acosta F, Ngugi D K, Stingl U, 2013. Diversity of picoeu-
4 NSI1/NS4 > karyotes at an oligotrophic site off the Northeastern Red Sea
Park Coast. Aquatic Biosystems, 9(1): 16
(2008) 18S-82F/18S- 1520R Anderson I C, Campbell C D, Prosser J I, 2003. Potential bias of

, 90% ,
(Ciliophora, 18%)
(Dinoflagellata, 19%)
(Cercozoa, 20%),

Stramenopiles, 11%)
( p

s (Choanozoa) , Park
(2008)
, ITS1/ITS4 NSI1/NS4
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(Cercozoa) s
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NS4, EF3/EF4, ITS1/1TS4), 18S rDNA ITS
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EFFECTS OF AMPLIFICATION WITH DIFFERENT PRIMERS ON MICROEUKARYOTIC
DIVERSITY IN THE SURFACE LAYER SEDIMENTS OF THE EAST CHINA SEA
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Abstract Three pairs of universal primer (ITS1/ITS4, EF3/EF4 and NS1/NS4) were applied to determine the
amplification specificity and diversity difference in microeukaryotes isolated from surface sediment at station DH-13, on
the East China Sea shelf. After the OTU classification and diversity analysis on 323 valid clones, we demonstrate that the
library generated by the amplification of primer NS1/NS4 obtains the highest diversity, followed by the EF3/EF4, and then
the ITS1/ITS4. Through comparison with NCBI and taxonomical study, we found that the dominant species mainly belong
to the Protista, which includes Cercozoa (accounting for 36.4% of the total OTU), Dinophyceae (14.2%), Stramenopiles
(7.4%) and Ciliophora (6.3%); meanwhile, a part of the species belongs to Fungi, such as Ascomycota (7.4%) and
Chytridiomycota (6.3%). When it comes to the Protista, primer NS1/NS4 demonstrates the highest diversity, and it fits for
the amplification about species of Cercozoa, Dinophyceae and Stramenopiles. Moreover, exclusive species was also
amplified, such as Euglenozoa, Cryptophyta and Apicomplexa. In the course of amplification ITS1/ITS4 fits for the species
of Dinophyceae and Ciliophora, while EF3/EF4 is suitable for Cercozoa. In terms of fungus, ITS1/ITS4 fits for the species
of Ascomycota; EF3/EF4 fits for the species of Ascomycota and Chytridiomycota, while NS1/NS4 merely fits for the genus
Chytridiomycota. The result of phylogenetic analysis reveals that most of the similar sequences in the phylogenetic tree of
Protista amplified by the three pairs of primer were derived from marine environmental samples, whereas the fungal
sequences were derived from both of the soil and ocean, suggesting that three pairs of the primer are fit for the molecular
ecological analysis of Protista in marine sedimentary environment.
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