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Abstract; In recent years, brown tide is a new type of marine ecological disaster in China, caused by picoalgae. Due to the
small size of individuals, picoalgae is difficult to be identified by the traditionally morphological taxonomy methods. At
present, studies on its outbreak mechanism, ecological distribution, monitoring and prevention methods are less. In this
study, we designed a pair of primers ( V4F/R) in 18S rDNA for eukaryotic microalgae indification and a biomolecular
identification method for brown tide was established. The results of primers sensitivity and specificity evaluation showed that
the primers V4 (F/R) were higher than other primers in amplification specificity, species diversity excavation and dominant
species identification of eukaryotic picoalgae. A total of 136 species of eukaryotic microalgae and picoalgae were detected in
Liaodong bay by this method, including autotrophic type accounting for 60% , mixotrophic type for 30% and heterotrophic
type for 10%. Among them, 56 species have not been reported in Chinese waters, and another 30 species have not been
reported in Liaodong Bay, but reported in other Chinese waters. This study is of great significance for the enrichment of

phytoplankton in Chinese waters and the background database of exotic marine microalgae.
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FEPEAR Y 5 R AR 2 R 0 R Z BT, TR B S WM — R R . LR
PRI ITAEI A 2009 4F T8 25 A REAE A 2 IV 4 BRI (Awreococcus anophagefferens ) ¥5i1 e K i ALk 3400
km? | 451 ) R4 DL SHC R0 T AR S R G B BIR il A FRpib 8 Pep R B, il 1 Y
BRI K A A B T IO A S ORI 7 A B AR | 2014—2015 ARARAR G AEIL AR TS K% 16
B S BT 1 A HRGE B AU BREE ( Nannochloris sp.) Fll 4 A4 TEK 3 ( Ostreococcus tauri ) 4 HoFpte | ER &
BT A I K AP 4 BRYE (Aureococcus anophagefferens ) FIANKAT E 38 Stoeckeria algicida TEIiL ZRVE AP HL
HYTY

537, R AN S T 05 A MEREMOI S REREDT TR LRSS , 45 T, RSO T
EEWEF6 45 S EWE BT, L 18S rDNA [ V4 XAy F AR S PR 6 L AR 5 ) B Ot A T R
KW, SM SRS HORSE BRI, A RO 5

1 HESF®

1.1 FENRE

KT RO TR SRR R AR O
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BHE2 200 wm 728 1 U8 25 B R B PR SRR 4, SRS
0.22 wm AL UM RO BB O, R B s g 00
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;FIJFH E ’/ﬁ‘ﬂ:yi E@EH@%EE 18S tDNA E"J V4 [X% Fig.1 Sampling sites in Liaodong Bay
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17 1 RAE AT IR DNA BOR YLLK TE B GO v 5 A R 6245

2 #R

2.1 PR

DU BT A5 A 3580 A T 3 3RS 77297 R IR 7 50, 28 3k PF 4 A O o 5 8 90 B T 3415 2
70604 %751, o A E] 91% LA b, RIS R R AT S ARSI SR LR 1,
2.2 OTUs RAEFYF IR

Rk — 2L A3 M R E MG KR S h A A B AR R L [ Uparse 44X BT A R il I A R0UF 91 #E AT 3R 26
G307, LA 97 % i — R P 51 IR OTUs FiKSF BN 5L F- 23R4 378 4> OTUs, & B Bk & iR
{4 150 187,183,195,

®1 BARFFIHE OTUs B5it
Table 1 The statistics of effective tags and OTUs numbers

KT SEE SRRy
- AREREL . - o FIKFE L TR
- JidE AL RN £ 1] v JRECH T OTUs BAL A9 OTUs 4L .
I izl S FEfG OTY f
Zb gy DPRPURC BRI gy W g orus e OV Numbero
Season Raw tags  Effective tags Unclassified . . Microalgae microalgae
Raw PE Taxon tags Unique tag number microalgae .
tags OTUs Number species
OTUs Number o
identified
% Spring 85308 79984 74829 68942 59 5828 719 335 150 91
K Summer 90533 85753 80345 72848 374 7124 928 391 187 94
K Autumn 84173 79329 74205 67910 165 6130 933 374 183 98
% Winter 90248 85273 79809 72718 158 6933 1019 415 195 84
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Fig.2 Class level diversity of major taxa in microalgae in spring of Liaodong Bay
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Fig.3 Relative abundance of major taxa for all eukaryotic phytoplankton in spring
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Fig.4 OTUs richness of major taxa for all eukaryotic phytoplankton in summer
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Fig.5 Relative abundance of major taxa for all eukaryotic phytoplankton in summer
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Fig.6 OTUs richness of major taxa for all eukaryotic phytoplankton in autumn
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Fig.7 Relative abundance of major taxa for all eukaryotic phytoplankton in autumn
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Fig.8 OTUs richness of major taxa for all eukaryotic phytoplankton in winter
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Fig.9 Relative abundance of major taxa for all eukaryotic phytoplankton in winter
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Fig.11 Diversity index of each station in Liaodong Bay
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2.3.6 fLHMGEIT

ARG T IR ISR R 2R R R T 0.02 s (T RERIN A BB Ay aiigiit, £ 2) . Hrp
L% H Syndiniales 2 fEHE R, HEEH T 0.34, Ak F L2 T 0,13, R 4 %L H R HR A wOL#
( Noctiluca scintillans ) , ¢ B FK L0 FEARFFD L FFERE] T 0.10, SO AR O, T B I 405
K FEAR PR I AR A K, 59 ANE DU AN 23715 35 M B 8 Fh 4 38 A5 7 45 3 J&8 ( Bathycoccus sp.) 27N
( Micromonas pusilla) 33 ERHE ( Nannochloris sp.) 2741418 ( Teleaulax gracilis) . #618 EUK Fh il & 4 BR 5
(Aureococcus anophagefferens) £ EIEH I .

B B ZC A GBI YU R (Kareniaceae sp.) 854 0¥l T 5 ( Poterioochromonas malhamensis ) .
i1 PR AR HE 8 ( Phaeocystis cordata) I 4 BR ¥ (Aureococcus anophagefferens) (B4 FEREE] H Bl I 1E 7 1R 7
P .

FR2 IRTHBHREAEMSEITR
Table 2 Statistical table of dominant species of phytoplankton in Liaodong Bay

Il Yikh Es = T &S
Phylum Species Spring Summer Autumn Winter
1317 Dinoflagellata JLH B H Syndiniales 1 0.03 0.04 0.02

JEH# H Syndiniales 2 0.34 0.13
% H Syndiniales 3 0.04
FHIFEH Syndiniales 4 0.06
KT 7 8 Duboscquella spl. 0.04 0.02
FLI T 58 8 Duboscquella sp2. 0.02
FL T 58 38 Duboscquella sp3. 0.02
W IGC#E Noctiluca scintillans 0.04 0.02 0.04 0.10
i #2 Dinoflagellata 1 0.05 0.07
2% Dinoflagellata 2 0.08 0.04
Hif iR Neoceratium sp. 0.05
Wi TG B 35 Pyrophacus steinii 0.02
YU J® Karlodinium sp. 0.04 0.08
FEPIEBE Karenia brevis 0.09
WIHBE)E Gyrodinium sp. 0.02 0.02
R 3R} Gymnodiniphycidae 0.05 0.06
Wi B & Scrippsiella sp. 0.04 0.02
43517 Chlorophyta W% 5% Bathycoceus sp. 0.04 0.02 0.02 0.05
HH/NYME B Micromonas pusilla 0.05 0.04 0.03 0.04
B IR Pyramimonas sp. 0.02 0.06
TMIERBEIR Ostreococcus sp. 0.05
TAMER S Nannochloris sp. 0.02 0.06 0.02 0.02
[ 1] Cryptophyceae LF YN 4R Teleaulax gracilis 0.04 0.03 0.02 0.07
SV )R Teleaulax sp. 0.06 0.02 0.03
FA2E % Geminigera cryophila 0.04
i #17 Bacillariophyta KEFUFHERE Thalassiosira oceanica 0.02
477 Chrysophyta e OHET R Poterioochromonas malhamensis 0.03
FEHEHE ] Haptophyta TEERHEEE Calyptrosphaera sp. 0.03
faJEAFFEEE Phaeocystis cordata 0.02
B G EREE Aureococcus anophagefferens 0.08
3 g

3.1 FEPII AT Al
F PN B B PR A FE GBI T S o e GO A5 M e R PR, B v 1 I 4 B8 M 2 RGN 2
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T8 A 18s rDNA K PEFP SN 42 TER B M Y L Eh ZR K
32 EEAEE A RAHIE
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5 76 H AR AR — K rp 25w DI LA s Ar  RIVRIEAE 000 S ie . ARG A B0, 0 78 38 o %) fl ot
A 60% HFF 1L 10% 5578 30% TG TR ML, SREETT BT S Mg [ 1 AV JE: F IR Y, P s [ 1A S e 8
A E SRR T axBe ], AT I B, U= X3 ub A 3R A Al KCF BB RY OTUs %08 178 A, il T
BN R], A5 LA ] ok A

I EA ZRE A 46 A IR AL Rl IR G E IR AL, RS TE RO ISR T A I N T A DL
WA R AER Y S, Sl SRR T SRR PR SR A — e P A M R A
SRR, BA RGBSR B A B A T A B IR IR A BRI e AR S ey ds

SR B R A B EE M NEE IR Bl E IR T BRSO S A N B, A 4 Rl i
BB EFWMUN T AR AR AW 3730 o 7 W At o 288 sl e 77 O 14 7 U R A5 97, e et
C . N.P,H = Fe 3RS, X Fpos 35 07 UHE A F B Heds s UL, FL N2 (6 7R 8 34 (Akashiwo sanguinea) , Y53
VDT L K (Alexandrium tamarense ) . B W # H 3 ( Gymnodinium impudicum ) . 2 S JE 18 ¥ ( Gonyaulax
polygramma ) .2 ETE ¥ ( Cochlodinium polykrikoides) 77l 5725 ¥ ( Heterosigma akashiwo) ' | 5 ¥ i) A 35
RUAA L, A7 W SR T A8 2 42 o R 20 T 2R i AR K 38 191 4N 22 PR i€ V8 3 ( Cochlodinium polykrikoides ) Fil
ZUUBE#E ( Gonyaulax polygramma) o TEFARIGH B IRITRIARIAY , — 2047 T B oo A 5 77 7 U4k
FEFPER L, IR R 21 SRR 5 e i e At 2 il 2 oy BB AR

MV BUE AT LT IBe i 75 A5 A A AR A i 3 L AR I e e e B &
FhOA SRR F AR RUIBCERR 25 H ateoe , HAER BCRIE R e il e, B A FE R ik
FRIGERGE . IR A SCHAT R Fh Z REPE RIS BE AT 5 2 56 T 1 RO i e 9 B ge 1o B 0, i T 4% Bl
LI 18S rDNA H5 DUECAN ], PRI 2% S0 e 9 B SR E B2 et mT BB A7 AT I 22

25 b PREE eDNA HORGEHE T UM OBAL GE I 255 50 R B, AT LUKV = SO RS D Gl e i v 4 4, B et
T o S R 4 SRRSO TR TS R BIR E  RZ RO I AR TR 1Y BB eDNA HEAR BT T B K
P TR 60 e A0 1 R, S T Ay 0] 8 V0 2 25 KU DA R X R SRR 2 522
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