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Abstract

Red tide is a major public hazard in the global ocean. Zhejiang coastal area is the most frequent
and serious red tide disaster in China. In order to accurately understand the occurrence of red tide
and microbial community during the occurrence of the red tide in the East China Sea, ecological
environmental studies were implemented in Zhejiang coastal sea area in June 2018. The results
showed that nutrient concentrations of N and P were generally high in this area, and DIN concen-
trations in most areas exceeded the permitted limit of Chinese seawater quality grade 1. Harmful
algal bloom (HAB) broke out in Yushan sea area and the causative algae was Prorocentrum
donghaiense, with cell density of 8.16 x 108/L and the concentrations of chlorophyll a was 42.12
mg/m3. Metagenomic analysis based on the I[llumina Miseq high throughput sequencing technolo-
gy was applied in investigation area. A total of 16 phyla Bacteria were detected from the samples.
Proteobacteria was the dominant group of the total sequences. Other abundant groups include
phylum Cyanobacteria and Bacteroidetes. Some differences in bacterial community compositions
between HAB and the nearby seawater were observed. The predominant bacteria in the red tide
occurrence area were Proteobacteria, comprising 46.1% of the relative abundance, while the
predominant bacteria in the nearby sea area comprised 42.0% of the relative abundance.
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1. 51§

TREE USRI — K AE . R X ZP IR R, JTRRER A ARk S, I
(1430 PR AN i T R P Bk R, PR R 5 RS I AL S PR AR 1) B H 267 E, LR ROA 2 At R 0l O i
(IR A AR BE [ 1] 2N LA B B0, Wb i KAV, LUK H 7 10 & I BRI A
B g AR, W LVREK B IR 2%, KA E TR B A A, A ] AR O T A
AR A B 2] o TR B R EC S AU 1933 4R R A AR WL U I (OB G AR . FRIE T 4 MR
il Jm A CHNT A RS AR (2000~2010 £E)FIAH K SCHR BT R, 2000~2010 4, WiV iEEILid
SEEFRE 316 WK, BRI T 9.1 /5 km®. b, HEAFRE R 57K, RIFERED 2.2 km'.
11 48] 7R 9¢ 35 45 WL A LR Bk B 1 2.43 4470 JUHE AR G B IE kA B AR 1
KA BRI POEIG KA, XN R A A (S5 AR A IR IE i T K I TE AR, R 45
LR PR R S T R T RO B3] [4] 5]

TR I EKAIIEGE, B T SMEE T ARV RN, 5 RABNMAENREAR TSR R. £
TR AR IR AR RV 2 A I SRR F o W TR B R SRAE R 2 R AR, TS
SIRE A AN IR AR, T I B AR S RE XS U7 40 0 e A R B F R [6], 4R AR REdy
S BE A L2 b R BB 7], (RN T B AR S I, 7R I O] REAEAE A AR R ATL R 7E 45
FERANG AN B AR B ) o R T e A AR .
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Figure 1. Sampling sites of high frequency area of red tide in Zhejiang
sea area
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Table 1. Analyzing methods and equipment of marine ecological environmental investigations

=1L OBFESHRREES A AR R &

o H RFETT WARIWARES T iEFRIR YRR
WHEEE a EI=PIYN IR GB17378.7-2007(8.2) Cary50 43 66X
K GO-FLOW Rk #% CTD % GB/T12763.2-2007 YS16600 % Z UK FAX
hrE GO-FLOW %K% CTD ¥ GB/T12763.2-2007 YSI6600 % 5K A
COD GO-FLOW Ru/K#% Bl mEmg ek GB17378.4-2007(32) VITLAB {5 53 Hr%
pH GO-FLOW KK #% I LA GB17378.4-2007(26) PB-21pH i}
WEMEREERE:  GO-FLOW R/K# skt tadk EPA365.5-1997 QuAAtro JiL 343 HrX
W% GO-FLOW R/K#  Hishikifthtadk EPA353.4-1997 QuAAtro i34 HrX
TR LA GO-FLOW XK%%  VishiEgfthtaik EPA353.4-1997 QuAAtro JiEI 4 Hr X
2R GO-FLOW K/K#%  ishiEifthtaik EPA349.0-1997 QuAAtro JitBI 11X
EEN GO-FLOW K/K#%  ishiEifthtaik EPA366.0-1997 QuAAtro i34 HrX
FIFIEY) CO-FLOW REFOK ik WAE Bis GB17378.7-2007(5) Leica DM4000B {2 %5%

oK T 723 46 P B

23, WEMBEESH

PE AR R AR DX N AT W SR A KRR, TR TIAE VIR TE 73 M. &L DNA R TIANGEN TIANamp Soil
DNA Kit WA &5, IebrdEiiAR e WP RS AT A fE ARV RH A R A Rl 42 8 16S 7 3 BRI 20
AR EUFE R PR B UAE D) 16S TRNA ZE K] V3-V4 1] 45 X (597 1) : 341F-CCTACGGGNGGCWGCAG;
805R-GACTACHVGGGTATCTAATCC) M 7 3T i 3347 #H B2 B & 4% 1], B2 Tllumina MiSeq BUA 3#i(250
bp x )M -1 & FEBUT A E o HARSEIHRAE . BRI ST I 0 kS SR 1.

2.4. BIRAbIE

KA AIE H 1 LF I i 45 2%, A ODVA.0 Bt & S e Ai . FIH 16S &
RN AR, JHIL R 15 2 SRR E AN A

3. 458
3.1. iBKKR

2018 4 6 H AR T T /KM R A, FEKBRF UM E R WE 2. & B 091 05 A 1550 a0
K2 Bz

Table 2. Statistical results of major monitoring indicators

= 2. BEEEERENGITER

VSRR B v ] FIME
H4E R a (mg/m’) 13 0.36~42.12 6.18
i FhEEL 13 75 (&it)

W FJE(x10%L) 13 0.4~816 162
LIRS 13 0.58~3.12 1.86

IKI(C) 13 21.2~23.7 223

hE 13 20.7~32.3 293

R4 (mg/L) 13 6.54~15.1 8.30

aBLY pH 13 8.03~8.60 8.20
YN TE B 3 (mg/L) 13 <0.001~0.030 0.008
b2 5 S (mg/L) 13 0.36~8.29 131
TEHLE (mg/L) 13 0.051~0.998 0.414
TEPERERR 3 (mg/L) 13 0.311~1.26 0.648
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Figure 2. Distribution of main environmental factors

2. FRIMEEFFHESHE

DOI: 10.12677/ije.2019.83021 161 A RS

N


https://doi.org/10.12677/ije.2019.83021

ZHRE K QRAKTARHEY (GB3097-1997), Frill 255 b Jo L BRI 14 526 B2 6 A2 g 7K K BB A R 5
Ho MUK B i 5 e, YIMEN 0.414 mg/L, 91.7%RE it — 28K bnifE, P AR E&, L THuM
B O MACE R E & R B T H e Xk SRR IR 0.013 mg/L, Hrb 41.7%FF Sl —3%
HEKERAE, P AT S EHL R L RS . HRBAKFRSH 3 i — 2 Kb e[ 12]

3.2. FiEEY

A AL E PRI 6 7] 20 B 38 J& 56 Fft, HrpiEdE 30 Fl, 5 53.6%; HEE 21 R0, A 37.5%;
S PREE PR BTN BB 1R, &5 1.8%. EEMIH Hillea sp. 781§ 5 H i (Prorocentrum
donghaiense). ") 45 (Skeletonema costatum)®s. HMIFFEIIME AN 1.03 x 107/L. M4EE a S RIMEN
3.16 mg/m’, PAREHEAENERER a f B IFEERSRE 3). H AP rE )5 MR R IR, 7R
IR AL X IR (12018) 4 3 a 750N 42.12 mg/m’, VR4 E E N 8.16 x 10°/L, Horh AR g 5
i 98.5%, FILAANIX A — AR IR TP AR5 4).
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Figure 3. Distribution of chlorophyll
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Figure 4. Phytoplankton density of monitoring sites
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33. WEDEE

3.3.1. FHI4t
KA A5 W R A W S R (HABO ) A1 B 30 2R % AE 7% 1 g 350 £5(ZJ0205) 3R )2 K AR Bl A W i3k A7 2
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Mlumina V& ) EREENFE . IR E IG5 75451 %t (pair-end reads), JEHIFHKE N 412 bp. £
JREEHIAF AL, 5k B RS 77430 4. R RIS S0 BE 2= ROk, AW HET Tk
—RENUHIFE B bR AL, DOP R FE R ZE X S B2 TS . 506 7 7 AR EE, $% 97%7 51AH
AT Ry, L4538 595 A~ OTU, HLAVEoAm W& 3.

Table 3. Summary of sequence information of marine sediment microbes

¥ 3. WEMFIIEERIT

B A JR4e 5 HHUFH PP 31 T FEHAL(OTUS)
HABO1 38203 37983 37540 420
730205 37248 37045 36890 505

IZH] mothur FAEXT LA PP ZIREAT BENLAIAE, DALHEI A5 51 K5 e AT Chaol Fi Koy el Bk it 2 fn
5 Fne GiRER, Fuhifs @ mrE, AN EE A, OTU U ik 2 s A,
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Figure 5. Rarefaction of marine sediment microbes
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3.3.2. WEFHAER

AU EILEE AR 16 1] 82 1126 J&. A 102K L, AZJE R [ 1(Proteobacteria) & 2 — L 31
2, HF 50 S 38.4%; FLUGR I 41 B (Cyanobacteria) MU 1 | ] (Bacteroidetes), H: 74115 & 2%
) 29.9%A1 24.3%. X = ZRANE P A E BB 92.6%, BLAh, JRZ T I 1(Actinobacteria). HEMM B ]
(Verrucomicrobia) F1{¥ %% [# | ](Planctomycetes) 5 A — A & K tH, 738 K A2 X (HABO1) A Pt T it 3
(ZJ0205) T AED T IRA Bl 6 Fras. FAbNERI7325KF¥ &, Bacillariophyta. Candidatus Pelagibacte
AT AT B BH(Flavobacteriaceae) ' I HE 26 J& & F EM AR R, FEEBASWE 7 s,

BT JE 7K T B 4E BL(Venn-Diagram) B 43 A 770 & A A % B 0K R AE Vs iE i 2 7 (B 8). MR
KV EE, WXEBILEMEY 75 8, & 59.5%, EWM G0 JRER AR BRI R A )
L8, o5 8.7%; MUK MER A RAED YR 40 J&, 5 31.7%. WNFRAR -E, —HHE—FLN
ANERE, R KA — e R £ 57
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Figure 6. Species composition (phylum level)
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7. WEMFH AR (BKF)

EL A R A AR 3T I2RGEE 4)o ITTKF EE, 28K rR oA 25 o i U7 £l 34 R
T TANTIRRESR, AREIKARRE SRR 5 RS RIS R E], AR
A TR RN BRI 2 = AR B Y R AT R ] . (SR BE BT & B U 2 RO, i R X AR —
A E NBILE (Y 46.1%), EMGEEEF S 30.6%, 1 TR 5 — AR EAME (S 42.0%), £
FREIX A 5 17.7%
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Figure 8. The variance analysis of microbial community (genera
level)

8. MEMRFEERHERE(BKT)

Table 4. Dominant species of marine microbes (phylum level)

=4 MEVEERBMITKF)

FMBEH BB BB H VU B
HABO1 S | ] (Proteobacteria),  fUFF & [ ](Bacteroidetes), W4l (Cyanobacteria),  HEfM I [ J(Verrucomicrobia),
5 46.1% 5 27.2% 5 17.7% & 1.0%
770205 W5 41 (Cyanobacteria), AFFE T | ] (Proteobacteria), fUUFF [ 1(Bacteroidetes),  Ji{Zk i | ](Actinobacteria),
5 42.0% 5 30.6% i 21.4% 5 0.4%.

B AR F TS SRR & MR A AR i 5 FH S 7R o0t BRI /K A 4 B AT 7 B alidh,  FEX 3R
R MRIEAT HE T AR PR K€ [13]. G5 REKH], AR = ZRH B NG . B M B 45 3 JE AL
TEBITT, SARREES R -8 HHAER KA TR R R R I EER AR SRR,
MAKIAE G FNEANRE T, —FZRER. XM T ZXKIAERHNEARFBRAR, ARKHERHT
16s il E N 5T B S S I B AR S B AAE R IR I ZE R, I b =3 R A 1], DR 2 AP AE
BRI ZE R T OS5 XFAN [ B 3 5% SUPR V) J8E 71080 BN () ] 355 7R 40 14 1) SRR V& 16S tDNA J7 5111 i o 2 1R
BT T 0 R %ese, RIVANPE 2 & DR T 1 I RIAOURT B 1 1A 4H B 2B 32 [14] 0 5 3T 46 R FH AR g PR
B ) P B 2 A5 R 43 W (T-RFLP) &5 43 FAE W 053, It E oy o SebE SCPERIR A, A FRiRIIR
R T 3 R A0 P 7 R A 1 (R A R VR 54, A5 SRR P 2R R 2L T AT B ] AT )
HIEEEG I[15]. Hye-Bun Kang 455X 5 [E BT By ik A A= 7R 5 25 35 391 8] () B A e v kAT 1 00 726
SETE, Hob 16S tDNA WP P2 4 5 45 AL 07 AE 7R K AR AL T B T T ANUAT 18 1) & =R 4 B
FHE, FURON L BE B T RIS TR 11 [16] 0 BRI AT DL, SR 431 AR W) 25 RIS 780 R A I AR AR T e M e
EAR TR R AT B SO IS A A AR, BT B, KR D VR 25 LU B AR L. AR TEAT
BT SOAFBE T R B R R T )2 fa o B A B 25 . AR URIE 1 45 TRAB IR S T iX — 25 .

4. &5ig

1) 2018 4 6 H XA HE AR i A AT 1R ARSI BRI &, S R R DL B
BRI R B, K2 HORE A LR — IR KO AR
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2) WAL L B 5 BT IEER R BLRE, B AR a RN 42.12 mg/m’, IFIFEANIRE R
8.16 x 10%/L, 7R JH FF ¥R 5 98.5%, AJ LA NIX & — VR AR I S PR A

3) A Hlumina MiSeq Wl J7~F- & % 7R & A2 X 5 BT8R AR BEAT 168 il &7 511 E, L% e 4
16 1182 #} 126 J&. [1/AKFE, BIRETTRE AT, HIFHE S S8 38.4%: HIRZEHEE
MDA ] o

4) LLIR AR R A R S B R R A R R B, XU KRR — B R E R .
T 7 EEBIRUTT 22 S 0K o AR AR DX — IR A AR TR B T] & 46.1%; B ifg el o 55 — D 35 T i 4
W, i 42.0%.
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