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Figure 1. Sampling information. A: sampling sites. B: sampling depth of P7.
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DNA, EARL IS0, 2013 4E T8 302 B0 sk
AR T Ptk : DNA JEJE AT STE (100 mmol/L NaCl,
10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH 8.0)f)
B A FastPrep-24 % ##{ (MP Biomedicals,
% FEIARE M)A 6.0 m/s 55 HBEHE 60 s PIIK .
IREE B DNA $8EUERUS A 50 uL 19 TE il
(100 mmol/L Tris-HCI, 10 mmol/L. EDTA, pH 8.0)
Vs, fitfr T80 °C UKFI#5

#z 1. qPCRIFEENF

1.5 ZHEE PCR

FIHT qPCR B E fifg /K AL i) DMSP &
AN A dsyB\mth%nB%ﬁ’q’:% dmdA(C/2 1 D/1),
dddP W)FJ%E . qPCR KRN (20 pL): Jow =78
K 6.8 uL, L FiiF5#14% 0.4 uL (10 umol/L), ROX
(TaKaRa, H A4 1) 0.4 uL, TB Green II (TaKaRa,
HAZKRE)I0 pL, 10 FEFRENFEMS DNA 2 ul,
qPCR N ARFFUNTR . 95 °C FiZE % 3 min, #R)5
95 °C 725 20 s (16S rRNA 754k 30 s) 1B K IR EE
P£30 s, 72 °C #EH1 30 s 04T 30 MEIR, FSEHN
JEfRih2E, 95 °C WAEYE: 1 min, 15 LABES 40T+
5 °C BERMBKIRET R 95 °C. & 51YF
HIFIIR KR E LR 1,

P il £ B 5 2 I8 Liang S5 A9 73604
qPCR JEH P KR 95%-105% (dsyB F1 mmtN
SR YR A 93%-98%) . BFAFESL 3 AR
1, {81 StepOne™ S} PCR X %8 /& f 5L K 2B
FIF StepOne (v2.2)5 M4 B 55 5 45

RIS RRARE

Table 1. Primers and amplification conditions for qPCR detection and high-through sequencing of bacteria
Target gene Primers  Sequences (5'—3') Amplicon Annealing Usage References
length/bp temperature/°C

16S rRNA  338F ACTCCTACGGGAGGCAGCAG 180 53 qPCR [30]
518R ATTACCGCGGCTGCTGG

dsyB dsyBF CATGGGSTCSAAGGCSCTKTT 246 61 [11]
dsyBR GCAGRTARTCGCCGAAATCGTA [11]

mmtN mmtNF  CCGAGGTGGTCATGAAYTTYGG 301 54 [11]
mmtNR  GGATCACGCACACYTCRTGRTA [11]

dddP 874F AAYGAAATWGTTGCCTTTGA 97 41 [31]
971R GCATDGCRTAAATCATATC

dmdA(C/2) 291F AGATGAAAATGCTGGAATGATAAATG 191 50 [32]
482R AAATCTTCAGACTTTGGACCTTG [32]

dmdA(D/1) 268F AGATGTTATTATTGTCCAATAATTGATG 89 49 [32]
356R ATCCACCATCTATCTTCAGCTA [32]

16S rRNA  515modF GTGYCAGCMGCCGCGGTAA 291 50 Amplicon [33]
806modR GGACTACNVGGGTWTCTAAT sequencing

actamicro@im.ac.cn
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1.6 16S rRNA EHFEEENF

¥ DNA FE5hIE 2R RIS E AW A R Ty
W E Y, BRI RGN o PA 515modF il
806modR N 51 Y1 HEAH B 1) 16S rRNA JEHY,
PCR ¥ #{AK R (20 pL)fudh: 1xFast Pfu 2 i,
0.25 mmol/L f) dNTPs, 0.2 umol/L ) R #5147,
1U f4 Fast Pfu B4, 10 ng B DNA LA 0.2 uL
i BSA (41L& & H). PCR MFEHR 4R 95 °C
30's, 55°C30s, 72 °C 45 s, 35 DMEFR. fdi ]
AxyPrep DNA 42 HUR G & (Axygen Biosciences,
% H A 4w e W)Ltk PCR P39y, ff
QuantiFluor™-ST(Promega, 3% [¥)%E i DNA. F]
Illumina MiSeq “F 5 (Illumina, 3& [E 3V &) T
e 3 Y o DN AS Y R AR P 81 % 2 NCBI 1)
Sequence Read Archive (SRA)EEE, RSN
SRP238449,,
1.7 DMS I DMSP H¥k B8

DMS F1 DMSP (14t Hy H 1R VE R 2 Ak 24k
T2 B e AR IR 58 B (R R 280 ), 1 TG
VRV 4l 402 T A L A A I KR T R ) DMES,
H4EG M G TEN E DMS AU E . DMSP 45 i
DMSP(DMSPt), ki) DMSP(DMSPp)Fli i
%) DMSP(DMSPd)., DMSPt &4 28 52 Ab B ) J5
friE/K i) DMSP, DMSPp 24807 T 0.45 um 3§
JIE | %) ik 285 i DMSP, DMSPd 24811 0.45 um
VE TS A E O P B9 DMSP. Sy T RS R i g
7745 D DR 1 B A ) 2 L e R4 6T DMISP ik B 1)
s, ok AR ) o g i 7 484 DMSPp I
DMSPd™® .2 mL K25 DMSP fill 600 uL 10 mol/L
f) NaOH 88 0.5 h Ji5, AR 4l A i ab 22
i DMSP Bfi B ALY DMS F A FH <A i
G IR, EMIFS 5] DMSP Wk

1.8 EdEaHr

FRBE DR R 35 D] 3= B 22 [ F R O P A il FH
Spearman FHOCHERTE:; RIPAE T, JEHFRE
U7/ S AT o A U U AR N A ol
(Mann-Whitney test), FrA WEEERTE SPSS v19.0
(SPSS 23w, SEREZIEHHAF ESERL, B KF-H
P<0.05, I Mothur THEAMREFERE o SR
(Chao 1 Fl1 Shannon F5550) Myt V& YR F &
MR . ANERE I S iy AR B i 2 4 RUE 3 i
(non-metric multidimensional scaling, NMDS)F13&
F 5 B 19 JC 4% 4 #r (distance-based redundancy
analysis, db-RDA)XJF|H Canoco 5 #A45E % .

2 ERFpH

2.1 FEETREBAEYIEZHEFE

AL 4 ADSERCRETAT 13 KRR
o FEA VIS A SEO B A
FREIE 20 AEKF 7 b, B B R RS RS
(P2 £ P7), WEM pH Z#i &, HRE(DO).
AR R (NO, )R AR ER (PO, )i B 12 TR A1, 1
43:% a (Chl a). DMS il DMSP ¥ EE TG [, 78
P4 i i B 3T 355 B WE (L (DMS Al DMSPt 43511y
5.84 nmol/L H1 50.15 nmol/L), TMi7E it X (P7)
U2 DMS 4552 DMSPt [ H H A v 457
ik 3.5-7.2 1%, fK¥RSERY DMSPp 7] REJE FHGX A
ML FEERHKR A 10 ). EFEE WL, b
HAKRRYIE, pH., MEER o, HFEF DMS
(4.95 nmol/L [ 5] 0.72 nmol/L ) Aty e J3 14 7 A1
FZLUT R4k 5 DMSP [RR BEEMIE T38)2
(P7-400 FEELBISN), (HEERRER(SIOS). BEERER .
SR FR (NO ) A E FR b Wk BE B i T 5y, T Al R
i EFE(NH, ) ELEPALE 50 m A 4KIK,
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Figure 2. The horizontal and vertical distribution of environmental parameters of sampling sites.

AL 5 S MR E E K PREE T IER

SYN:

synechococcus; PRO: prochlorococcus; PEUK: picoeukaryotes; HB: heterotrophic bacteria.
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TR IR e AR D CREREE . DRk EREE | ST
FLAZ A ) S 55 A TR ) ) Bt LA B Y s ]
A LA 2-L, 2-M., 2-N Fl1 2-0). 7E/KFJr 1A
b, BEE BRI, REREE . RARBkiE
TR JTAZ A W 0 = i S PR B R g, i
{ELH BAE Po i BT, (5 SR 20 1T i) 3= B 14 T e
fi(1.31x10° cell/mL F&AKE] 1.40x10° cell/mL), 7E
E1E Iy [ S L (U SV R Rt B 1D = R 4
30-100 m iR A (5.33%10% cell/mL)F1F 3540
#(7.53%10° cell/mL)fY 3 i 1k AR

AR, 100 m K2 AR I 100 m DLIRZKAR 22 18] )
WL . pH. WERE o, WA ASERER . Ficdh
BERRER . BERREL . fiERER . DMS FIGMIMEL IR e
Yy F B A7 7E B 2 2 5% (Mann-Whitney  test ,
P<0.05).

2.2 HEREESN

X} 2R FITARASFEAR B 16S TRNA #E47 = 18 i
Wy, IFRTT 653540 550751, K 273 bp,
TE 9T% ALK EERE, &P 3h3k45 1627
A OTU, Wk 2. &l il )y 25 5L 0 3 55

(coverage)XJTE 99.56%LA |, A DIARGF MR R 1L X
AN RS 4 . TEFEH T L, OTU W ZHE
PSEFHERE, TEKEE 100 m YRS ZRE MR,
7E 1022 m KIR4E OTU ZAEMEIRT), W] REIL X Jidi
TG, SRR RE YIRS, S
HEIE AR N, L n] BB SZ ISRV I Y 52 .

WA EF, PEEEREFES T o2
TE & 29X (Alphaproteobacteria, 50.95%) 5 F- 2 HufL,
H Wk & v- % & W W (Gammaproteobacteria ,
13.47%) . BT E M (Flavobacteriia, 9.57%)FIiZk
& 4 (Actinobacteria, 9.08%)(I&l 3). M AN L%
AT LA Y, A0 B RS 2 e K O ) 28 5
AN B EL5 1 F/KER 100 m & LI AT 100 m
Z T ARAR Z B RV LA B R H R 25 57
BEFRATTHEFE i 43 R 18 2 K AR FE i (shallow  water,
< 100 m)FIER)Z K AEE b (deep water, >100m). [A]
BIZ KA, BRIZKIEIA B2 00 E AT
2R B AN F W Al B 2N (Cyanobacteria) ) 4
(P<0.05), BAH) o 20 RN IR (P<0.05), 1
RIZ AR A TR AR

*2. SRENFERRAERENoZHMK

Table 2. The results of high-throughput sequencing and a diversity of bacterial communities

Samples Original reads OTUs Shannon Chao 1 Coverage/%
P2-0 69166 586 4.47 696.71 99.63
P4-0 38456 475 4.18 523.36 99.76
P6-0 40759 575 4.40 649.20 99.68
P7-0 43328 663 4.39 761.25 99.61
P7-30 71772 528 3.86 632.12 99.61
P7-50 57529 601 4.13 653.91 99.71
P7-100 58060 712 4.37 824.82 99.56
P7-150 37115 611 4.11 706.86 99.64
P7-200 36642 605 3.90 661.04 99.72
P7-400 49466 520 3.95 567.40 99.76
P7-500 34808 503 4.18 519.24 99.91
P7-750 47362 459 4.35 482.40 99.92
P7-1022 69077 707 4.25 807.24 99.54
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Relative abundance/%
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Figure 3. The relative abundance of bacterial community composition on class level.
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Figure 4. The NMDS and db-RDA analyses of bacterial community structure. A: NMDS analysis. The stress
value was 0.079; B: db-RDA analysis. Red indicates shallow water sample while blue represents deep water sample.
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2.3 DMSP &K EEEE M FE

AHEFEFA] gPCR HAR E = EHMTE 16
rRNA JE[K | DMSP 45 B B i 5 DXL 18 =F B2 (] 5)
16S rRNA JEE#5 DUE (20 B == B8 R U4 kA S T4
MG RIEA L, ACE 51 B 25 PR g A1
A A FEAR(E 5-A); fEFEE 7 [, 16S rRNA 5
DRI DUBOS 76 R )2 R (1.91x10° copies/mL),
BHETR 8 o 22 B0 S 5 R A A 3, 7 50 m 7K IR
LA IR BB R (E(1.90%x10° copies/mL), 7E 1022 m
P2 AR, TR R 2 TR B80S 2 18R
TEFATRZM 16S rRNA FE[H 1 #5 DL B Ay — e i
BER T

1K J71 b, DMSP (48 AL dsyB Fi
mmtN [FEFES i FAE ] 16S rRNA HLE AR —

B, WA R R R A B A AR (B 5-B A
5-C); fEFE T L, RIZKP dsyB Fl mmeN )3
J £ 751 (6.86% 107 copies/mL F1 1.10x10" copies/mL),
FRIZ VLT R — 3% 42 R TR B B 19 i Se 1 hn s R
ik, WEEHIAE 100 m, 150 m KI5
2.39x10 copies/mL F1 7.17x10° copies/mL, & 5-B
1 5-C)o AR, 78 P4 S I R)Z KA, dsyB
AE B 12 P7 3L 500-1022 m HEAIKIA
i dsyB Fl mmtN FeH FE LA THE . mmeN 593
FEEAIT dsyB WIFEREEMIK 9-90 %), i dsyB
I T AL R AR T RE SR I X SR AH T 5 i DMSP K
FEE . DMSP G IEH dsyB Fl mmiN FJE 5
SR S IRE . pH. W% . DMS 1 DMSPp
A B E WA KK R (Spearman, P<0.05, 3% 3).
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DMSP & K PR E R F &
The abundance of DMSP producing and catabolising genes. A: The absolute abundance of 16S rRNA

gene; B: the abundance of dsyB; C: the abundance of mm¢N; D: the abundance of dddP; E: the abundance of dmdA,

the sum of C/2 and D/1 subclade.
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# 3. IMEETFI DMSP &R K IEMREFEHEEM

Table 3. The correlations between environmental parameters and DMSP producing and catabolising genes

Environmental parameters dsyB mmtN dddp dmdA
Longitude —0.684" -0.739" -0.662* -0.717°
Latitude 0.684° 0.739° 0.662° 0.717°
Depth —0.783" -0.762" -0.862" -0.881"
Temperature - - 0.644° 0.601°
pH 0.666" 0.634° 0.888° 0.872°
Chl a 0.611° 0.795° 0.864° 0.863°
DO 0.769° 0.762° 0.890° 0.909°
NH," - - 0.826° 0.810°
PO, - - -0.726" -0.698"
NO; - - -0.675" —0.685"
DMS 0.797° 0.755° 0.949° 0.951°
DMSPt - 0.615° 0.644° 0.685°
DMSPp 0.694° 0.767° 0.649* 0.753°
DMSPd - - 0.592° -

Regular: positive. Bold: negative. —: no correlation. a: P<0.05; b: P<0.01.

TEKF-J7 1 -, DMSP R A 5P 4 B A8 A R
K, Bl B BB A a2 B e TR R R
H, WE(E HBAE P4 3500, dddP Fl dmdA W
435K 1.93%10% Fl 1.94x10 copies/mL (& 5-D F
5-E). fERE 0 L, dddP F dmdA WI=EJE5y
i WAL 3 O 2 B (4 B 1.63x10* AN
1.40x10* copies/mL), Bz KR M3 ST B
AR 3 BEAE 100 m 7KIRAL , dddP 1 dmdA () F B
A3k 7.71x10° 1 6.37x10° copies/mL, 100 m LA
KR 3 G FKE 107 copies/mL, it
HIYR 27K A LL IR JZ /K iR DMISP 9 R v 1 B K
(Il 5-D FI 5-E). DMSP [¥f#3EN dddP Fl dmdA
B S RE. RE. pH, MREK o &
fifsd . L . WEEREL . AHERER . DMS. DMSPt,
DMSPp il DMSPd #J47 i (1 4H ¢ 5 3 (Spearman,
P<0.05, #3).

2.4 TR DMSP 585 AR YIRSt AL

AR AR A, SHREMBMAA
DMSP 4 R Rfift B 1 ARl RS E M, O
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254 16S rRNA FrfUR AN 40 £, 715 H A
A VETE DMSP & ISR RE I WIRh A4 Xy F 8, 45
RN 6 Fras. i dios sh g L 7 — sk
PR BUA SRR . ZORRSEAIM g, 1K 6-A), H
Hh =F 3 S e 1 R RS (Bacillariophyta), 3%
SIAGTE 100 m LIRAYER)Z AR M —Fok 726
B I 2§ 1K (unclassified Chloroplast) . %% % |]
(Chlorophyta) . BB Cryptomonadaceae) 3%
AR IE , B ALY (Streptophyta) ¥ B3 A 1E
GIZIKAR(>100 m)H, FLAR AR o ik 88 LA K 2B ]38
2 HAT DMSP & #iig 107,

AKFJr b, AR EAT DMSP & alfE
JIRI AR R . A E 19 b, RJZ DMSP
B T R, RIZ LT BRE L TP B TR
W4, DMSP s 2B ETHE TRy
AU, E 100 m 2247 KB RR(H, X5 dsyB Al
mmtN BN A 3= A AR — 2 ARG, JiR)Z
(1022 m)ff o DMSP & A Fp = B A eIk o
TEEA dsyB BIWF Phaeobacter Fl Pelagibaca
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Figure 6. The abundance of DMSP producing

organisms. A: the abundance of eukaryote plastids; B:
the abundance of DMSP producers; C: the abundance
of DMSP consumers.

ERZFEEKE(E 6-B), 1 Alteromonas
Croceicoccus & A mmtN (5 AP Fp 2L F
TERJZ KA L KIS 27K 14(1022 m)Hr

DMSP [ %l 5 dddP J& dmdA H[H 4 B 4y
i B — (] 6-C). DMSP FRAR4IFH B 2E K

Jrin BRI fEFEE rm b, P7 iR
JZ/KAK DMSP REf#YIFN = sy, K2 LUT KK
R LR BEREUR BE 3G M e 5 B, AE 100 m
IKIRAL IR B KAA . [RIFERY, IEJZ (1022 m)FE i
DMSP FEf¥Fh £ A BT & . SARIL (5 A
dmdA 1 dddK)JSTHEAE IR )Z /K A ) DMSP R
TUERE IR R, MAETR)ZKAKH Loktanella (%5
dmdA M ddd R Sulfitobacter (dddP F
dmdA)Je: 55 EE () DMSP Ffit i) sk Byt

2.5 DMSP & BMREMERKKFHEESHER

R T 5y K- FiaE B 5 1) DMSP & BRI
fife HE PR Z () 22 5, FRATTLAZH TR 16S rRNA JE (K45
DURCAR 2 20 A1 =F Bk 38 45 D g IR B AR X =
B, S5HRE 7-A it 7-B BiR . e L,
dsyB Fl mmN BN FRETE P4 B AL AHXS F i
ik, T dddP 1 dmdA FEH=EFETE P4 Wi 4555,
X AJRESE P4 S EEE R R B (R 4R a Mk
JEYE Y . TETEE i1 b, RZFEM ) DMSP &
T R gt R DR P ey, ALK 2 Al X A e
K. %R, DMSP & &R dsyB Fl mmiN 1EIR)Z
KR HRATE SR LA A5 8 AR R B FR IR AE 150 m,
750 m DA}z 1022 m K IRAL dsyB FIFAXT =E B i T
JEAKIEGBO-50 m, HAEBEPHEEER o W),
100 m P T F 7K P B mme N R BRURR X = 38 44 8 T
50 m /KIRAL . DMSP [ fiff 55 PR AH X 3 B Bl /K R 11
HEm R A R PR B, (U 100 m & 1022 m
KA i AT A T

FRATLA P73 (6 2 2 KA i 19 25 D R R K]
F R SE, FIH P7 whf HALK)Z dsyB. mmiN .,
dddP VI Je dmdA HeD = B 5 3R )2 KAARRE i rh iy 2
RERL A Y AR SR i i DMSP 4 BRI A L DR A8 1k
(& 7-C). FAITABL DMSP & LA dsyB

http://journals.im.ac.cn/actamicrocn



1876

Hao Sun et al. | Acta Microbiologica Sinica, 2020, 60(9)

E

(A)

o o 100 dsyB

X —=dsyB = « dddP 4

& 060r . = o mmtN -0.010% . 10.00 e dmdd -:z’né:%v

Z 050} = s & _ S 80 - /A

o 0.008 g 8.00 é

S 0.40} . S g S H

g VN 100065 E 6.00f * g 60

k= 0.30F . S 2 2 40 L

E 020 0.0045  4.00 <

£ e S ER z

5 0.10} L {0002 F 2000 g 205

% 0.00 é:éoooooooc!;c'aom 0'00()% = 0.00 OOOOOOOO0.0.0.0.(:I 5 0 cC o oo o0 oo o

® QFEERISSSgReE 2 SFRELISESTRES TTTSRZISEEY
~EEREREERERS ~EERERRREAES S B SRS S

Samples = Samples = Samples A

& 7. DMSP &R FEMEREXEE

Figure 7.

The relative abundance of DMSP producing and catabolising genes. A: the relative abundance of dsyB

and mmtN genes to 16S rRNA gene; B: the relative abundance of dddP and dmdA genes to 16S rRNA gene; C: the
ratio of the relative abundance of DMSP producing and catabolising genes in each layer with the surface layer.
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=, [HZHTE DMSP & LA dsyB 1) F AT L
EREFAML MAEMSRER o WERMMERZFE
SR dsyB FREET P4 (R Z AR, X
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Abstract: [Objective] Dimethylsulfoniopropionate (DMSP) and its cleavage product dimethyl sulfide (DMS) play
important roles in sulfur cycle of the marine environment. At present, some studies focus on the distribution of DMSP
catabolizing bacteria, while studies on DMSP producing bacteria are just beginning. The objective of this study was to
analyze the horizontal and vertical (1000 m depth) distribution of DMSP producing and catabolizing bacteria as well as
genes in the East China Sea, and to study their responses to environmental parameters. [Methods] We quantified the

abundance of microplankton by using flow cytometry. We measured the abundance of DMSP producing (dsyB and
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mmtN) and catabolising (dddP and dmdA including C/2 and D/1 subclade) genes and organisms by qPCR and
high-throughput amplicon sequencing. [Results] The abundances of Symechococcus, Prochlorococcus,
picoeukaryotes and heterotrophic bacteria increased and then decreased in the vertical profile with maximum
located at 30—50 m depth. Surface water samples (~4 m) possessed the highest abundance of DMSP producing and
catabolizing genes as well as the abundance of DMSP producers (A4/teromonas, Phaeobacter and Pelagibaca). With
increasing water depth, the abundances of DMSP producing and catabolizing genes and organisms increased and
then decreased with peak values at the 100—150 m depth. The abundance of DMSP catabolizing genes decreased
rapidly in the water below 100 m depth. However, the abundance of DMSP producing genes decreased slowly in
the water below 100 m depth and even increased in the waters from 500 m to 1022 m depth. In contrast, the
abundances of DMSP producing and catabolizing genes and organisms did not show apparent horizontal
distribution patterns. The bacterial community composition showed significant difference between shallow water
(=100 m) and deep water (>100 m), and the relative abundance of the Flavobacteriia, Actinobacteria and
Cyanobacteria in the shallow water were higher than that in the deep water, in contrast with an opposite trend for
the Alphaproteobacteria in the deep water. [Conclusion] Bacterial communities differed significantly between
waters below and above the 100 m depth. The surface water possessed the highest abundance of DMSP producing
and catabolizing bacteria, followed by the 100—-150 m water, with DMSP producing and catabolizing bacteria

showing significantly different variation trends in the waters of 100—-1022 m depth.

Keywords: dimethylmercaptopropionate, producing and catabolizing genes, community structure, horizontal and
vertical distribution, East China Sea
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