W2k B T pES 2 e
2020 4F 12 A

Vol.42 No. 12

Haiyang Xuebao December 2020

WILTHEZ, BROR A, SR, 45, S0 O U0ARY) SORH AL AR BT 5T
2020, 42(12): 82-92, doi:10.3969/j.issn.0253-4193.2020.12.009

VLSS A D REHE R = BE K nir K FALH BT 75 45 K 3 AT S 01 [, ¥ 241,
Ming Hongxia, Chen Quanrui, Shi Yinyin, et al. Study on denitrification process of sediment in the Liaohe Estuary——Analysis of the

abundance of denitrification functional genes and the community structure of nirK-type bacteria[J]. Haiyang Xuebao, 2020, 42(12): 82-92, doi:
10.3969/j.1ssn.0253-4193.2020.12.009

I O ARY R SRR R
—— LI e DI R PR I i R B 7 450 4307 o 1)

W

Eﬂél :1’ ]3/{]:\7?5;5‘1,3’ gi%ﬁéﬁﬁl,z, "7}"]':;:91:1’ —?%ﬁz’ ﬁé%ﬁkl*

(L EZRUG AW O RSB AY IR A SR TS L=, 7 K 116023; 2. K i 35 K% 58
Bl 5 TR, 10T K& 1160265 3. 5 17K 24 M5 HER 2B, 82 E 1] 361005)

?&\m

WEXFR ATOBEFALXFTIRE, TREVLFHLE, KENA BEETRDTMNERB TR
GTTHBNGE, FRIATOREKEERMEE mE . MR X RERE ARG EELR &I A
MEER . MENEBEN BRI TN HRAERTHBRBEALE I NOFN, BHE KA P, #WREA
HABSRAAAT . AXFPHERXAEXEPCREAMEI T X ERNRY R 2yt £ H
narG.nirkK .norB.nosZ W X H F F, 2R kW, TS B LA RN na G X B FERS . FHAFA
B P A nirK B oy i B E AT, &R E &, £ 0 KA 4 B F Devosia, Phaeobacter ., Alc-
aligenes ., Pseudomonas W J& £ L 55 . RA ik X E W FE T E X2 NRM AN T H, norB £ H
FEESANRBHATFEEMX . i KB RH A HNBEEN S ERETEZHE pHOAEF A
ENO, MW ®w . ARAMT Rt X E FE M A A BHEER AL EEY AT, HERNITA
HAKEERNTEATE T HNA R EEDRE

KRR AL 1 ULARA; nir K D H AR E A R LTk L

FESES: P736.21 XHEftRERG: A XEHS: 0253-4193(2020)12—0082—11

Rl A, BRI 2 BRAR A TP B BT R, W E IR Kk

1 =—
el PO, G AL R Y T A A T
BRI TR IS FIe Z, AR Rk 0 R AR ER 3 B 1 narG AL PR | 47 TS il h 36
Gt R R AT RO, IR S R NO 9 nirK JE P . 43 1 NO 36 JE 5 NLO 1) norB

P RN T2 — 0, R EELIR IR IR 2R, X
fird Ao ik e i 4 BRI R 9 DO AR ) U0 B B AR ) S
B S AR, S5 S 200 T R P IR 58 A Sy e I AR i £ L 1
S AR K T B SE R BY il R Ak R0 i R £ A I
NO I N, A 278, £ H B EES RLHM

%5 B #5: 2019-12-18; 1&1T H #: 2020-06-08.

LA 45 N,O LE N, 19 nosZ FEH .

Helen %5 M\ Sz i Ak 3 R 09 F 2N, 2 5 Sl
P I8 5 28 20 324 BE A8 58 )i NO, 21 U2 NO i #%
e, I N PR HCRE 1, G20 A S A T S A TR 0 it (1Y
PERT o A PR 30 it 4 0 i TR 2 3 ity 4 R 22 %0 A=

HEETH: FRHE AT E R 48R3 4E B v L& 5" (2016 YFA0601401); [ 52 [ SR BE22 52 45 (41676115); T 7 2% ] 9 3 <7 44 W il 5 AR 5 1% FH

[ 5K Mg 1 Jy T A5 S 56 2= 54 4 (MATHAB201815)

TEBE N : WaE(1981—), Lo, INEEMEM A, FENF I FEHEY #H5 . E-mail: mingtianhx@163.com
*BEMEE R (1972—), BFFE 6L, RN R HEAES M. E-mail: jffan@nmemc.org.cn


mailto:jffan@nmemc.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

1238 WIZLHEE A A0 SRR B A TR OF 5 —— LR A D BE i [ = JBE M mir K 80 440 TR T 90 225 40 20 A7 D8 491 83

PI#RAS LM B2 NOo H UL B4 A R £ 380 i Pl A7
PIFH, 350002 i nirS DIREHE DA 4 14 1) 40 i (L R ed 1 IE.
fird PR 3 Jis I A0 Y i DR 4 % 1) Cun A9BSR
o JEUE, B AT D RE AR (A (E 5 A N R 0. i Ak
nirS B S il A B RAT B g 19 2 DY 2 B, AR FR AT T o 4l
TR, T nirK BB A WA A T 3o )
FRCE Y R AE R, R T TN 2R 23 2 HATT, nirK
Ty REHE P BT 32 5 19 S it A i AR AR BRI P i 7 4 —
ELRARAL 5, BF5E R, nirK RS2 A A T 7E X A (]
PRI E AR W IO R R B T DA 6 R ) AR BT R R T
Xt nirK B G A 20 e AT 5, T LR B AT — 2
PR T i nirk B2 A 20 BT A 20 358 7 9 2
A, TR ST R T A SR B Ao R Al SN TR L 5 PR
HUE (LTS

T 1 2 32 T I VR P o U MY, KR L
A1 B8 AR A 1 ST X, R TR A R Al 2
B0t R 15 BR A B IX ™ 0] TR I W P T AR W S
A PO P A 2 R A st A g B, R R s SRR
HEAYPEAES L) A T 7 4 S T A AT
19 3 8 ety s W R A T KR X, Bk 2 R T 7
9 A ©s AL HR R v R, K SO R B AR AR AL
%, BRI 278 o S0V 11 IR 2 28 5 A I B
PRAE T AU A A BT R, TR R U SR
BT s A AL AR IS A S RS, 51k T

121.40° 121.45° 121.50° 121.55° 121.60° 121.65°

] E K BT R KRR B SR AR A X G Je X 1
RGP RE T 1 T AN R R B A T

AW 5T LA %E 6 22 it PCR A 7 B30 58 17 3030 11370
TR B A A o i DG S Ty i 35 A1 190 =F B2, SR vy i 01
JF 42 AR nirK 78 52 i £ 40 TR B Vi 45 A8 R 2 R P R A T
FEAT, - HE— 250 T AN B RE S5 B R 22 (] A
Kk, AT DA B FRATHE — 2D AR 90 SORH 1 4 TR AE T 1 A
AIREE 0 oA B A 2SR ms, LAY R Tn] 11 3830 2 i
K BRI AR R S IR B IR B LR 22 1 B 4R
2 Tk
21 HERFEE

SRR R T 2016 4F 7 H, AR AL 11X S8 4%
FEYAT T Ji) 93 228 o 5 1) 8 12 AN SRR 7, i FR R
B BE R 4> A 3 41 (ERBE 0.8~ 7.0 Mt IR K 4, &
1 C4H; Eh 7 13.1~207 MR AL E4, K1+ B
2 Fh B 25.5~31.5 b BEAL, B 1L A4, RAE
S AT BN 1 TR o (R A LR SR OK 5 I A5
SR 2K, DR A T R BRS h, 72 4°C /T
PRI M Se 6 %, DA & o B S 80, A1
KRR A BENLITNI 3 S| P DUAR Y, 4% 3 SFUURR PR
mn IR S B B AR U G R i, T T TR % B 4SO/ A7, 78
—20°C ¥4 J038 Hiy ] 52 50 =, 43248 J5 #8431 B i T -80°C
KITRAF

121.70° 121.75° 121.80° 121.85°

121.90° 121.95° E

41.00

N

40.95°

40.90°

40.85°

40.80°

40.75°

40.70°

40.65°

40.60°

40.55°

L AL 12 AR s S AR B B S 2H L
Fig. 1 Distribution and grouping of 12 stations in Liaohe Estuary
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Table 1 Physical and chemical parameters of environmental factors in bottom water of the Liaohe Estuary

1]

Wl RE/C HhE BS%/mSem™  pH  DOWE/mg L™ NH#kJEE/umol L™ NO;#E/umol- L™ NO;#E/umol- L PO ¥ /umol L'
Al 262 315 473 8.00 6.3 1.08 0.24 0.80 0.11
A2 270 287 44.6 7.99 6.3 L11 0.32 7.27 0.13
A3 269 277 432 7.98 6.4 1.18 0.39 8.95 0.18
A4 267 255 40.0 7.94 6.1 1.49 0.48 12.32 0.01
Bl 265 196 31.5 7.86 6.3 5.89 037 17.02 0.29
B2 270 207 33.1 7.92 6.1 5.61 035 15.27 0.20
B3 268 198 32.0 7.88 5.0 5.94 0.40 15.95 0.28
B4 265 13.1 21.8 7.72 33 9.50 0.61 15.23 0.27
Cl 259 70 13.3 7.62 4.0 9.22 0.60 18.63 0.34
2 260 55 9.7 7.57 3.1 14.28 1.02 22.06 0.40
3 259 24 45 7.54 6.2 13.61 0.94 21.98 0.31
C4 25.7 0.8 15.8 7.54 6.9 11.83 0.93 5.08 0.23
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Table 2 Physical and chemical parameters of environmental

factors in surface sediments of the Liaohe Estuary'"

sify TOCHIE TP‘?in;@Z‘]F TN%E{}TZ FLEE RTah ikt
1% ng'g ngg 1% 1% 1%
Al 0.82 185.0 34.7 31.18 58.48 10.34
A2 0.43 572 40.2 23.53 51.55 2492
A3 0.53 94.4 65.3 26.24 61.35 12.41
A4 0.56 90.3 60.5 31.01 60.13 8.85
B1 0.49 97.1 131.0 37.00 62.97 0.03
B2 0.70 99.6 298.0 14.57 56.67  28.76
B3 0.60 102.0 136.0 21.46 61.57 16.97
B4 0.14 117.0 76.5 12.60 59.54  27.87
Cl 0.34 109.0 87.9 18.01 66.96 15.04
Cc2 0.34 47.8 38.3 4.64 4736  47.99
C3 0.46 84.4 90.5 18.47 53.82 2771
C4 0.34 26.6 30.1 2.67 12.45 84.88
®3 RELIEEEMSIY
Table 3 Primers for denitrification genes
W 59 53" 74 SR
nirK  FlaCu ATC ATG GTS CTG CCG CG [12]
R3Cu GCC TCG ATC AGR TTG TGG TT
nosZ nosZ1126F GGG CTB GGG CCR TTG CA [13]
nosZ1138R° GAA GCG RTC CTT SGA RAA CTTG
narG  narGS5T71F CCG ATY CCG GCV ATG TCS AT [13]
narG773R GGN ACG TTN GAD CCC CA
norB  norB1F CGN GAR TTY CTS GAR CAR CC [14]

norB3R CCY TCV ACC CAG ASA TGC AC

X} OTU #4715, 43 A R AR & b OTU 44 H 4 i
FALE A E SO . FH RIE T @15 BE . Bl
& DL K RDA JUA4 43 Hr 8l o >R I SPSS 23.0 X 3 5 2
B 55 L [N =F FE 34T Pearson AH & 4T, 2 MK %
FE N p<0.05, @it R KB A 5E U BT 2R
& BORM R85 K 1 2 [|] (1% 3¢ 52, LEfSe 43 B R H £k AL
53 Br o il 2k LEfSe 14 3E 47 41 18] #F 7% 22 5 70 #7 o
¢ Tlumina I 7 J5 453 77 51 #2538 & GenBank .
26 EEAFINERS

AR 5% oA g A 0 A5 2 A mirK TR R A Ak T g
R IR 4R 7 91 2280 Bl 22 NCBI £l 22, 5t 187 41

% 5k 5 A SRR8907784, SRR8907785. SRR8907786.
SRR8907787. SRR8907789. SRR8907790. SRR8907791 .
SRR8907792. SRR8907793 . SRR8907794, SRR8907795
1 SRR8907796.,

3 45
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K H qPCR HARK B 5E narG. nirk., norB. nosZ
AN Re R AL ] 1O b i R B, A5 R E 2
JIt R o narG 24 B i A D BE 25 N Y =F 5 70 A £ 1.63%
10~ 1.13x10° copies/g, V- ¥ F= £}y 5.92x10° copies/g,
TE B1 b5 [ i Ak D e 55 I = i A e, 78 C4 sl 7 A
FREEmRAR . nirK BIAH A D RESEE R () -4 2 B 2,33
107 copies/g, 7F B1 3fifii + J& e (i, y 5.58%107 copies/g,
TE C4 i 1 B ik, A 2.12x10° copies/g, norB Hl
fil§ Ak Dy E & PR A4 S 38 3 4 9.13x10° copies/g, C3 ¥
{7 FeH =F B B 5, A 2.72x107 copies/g; A2 uh (v FE[H
FERAR, 4 2.60x10° copies/g. nosZ Iz fEAbIfe Ik K
IR A 1.35%10% copies/g, 75 B1 3y FREf e, A 1.03%
10° copies/g; C4 ui i & B eIk, 47 6.48x107 copies/g.

NG BB AT LA Y, L] 12 A3 o narG
FEHFE & A, norBHEEK £ E &M . narG. nirk,
nosZ 4 A Ak Ty g 2 PR 09 AH OGP B ay, H FE I
e (B T B TE IR K TR & 4, e (I {E ) PR AE AR 3h B
. norB RY S Al £k Dy fig 5E K = B 3R 0 11 B 6 B2 T
1M =F B2 R AR X a3, nosZ BY I fiF £k T e 3 A 19 =F &
5 narG. nirkK A0 o3 A 5 R ¥ 5], Fe 4 50 AR 4] 71
(17320 Hh 22 S dwc N

XPALVA] 112 Al 57 1) BR 55 PR 7 5 D RE R 2
AT B SRR OGR4 #, K] 3 AL B R WA A 1 i
EAHCRR, B WM KR, RN 2
I, narG 5 nirkK, narG 5 nosZ VA X nirK 5 nosZ 2 ]
Y EA B E MK (p<0.05), Hob narG 5 nirK B3
R = B S U R AR R B T R S5 A e, 5 HA
PREE DT i 3 AH DG, TR+ 38 NO ) N,O # 4k iy
norB RN FEFEH | pH, NOF i | PO, HA
A e, HNHE & | NOS & i BB ARG .
32 nirK BIRFHLAESHME

X AT 112 A SR sl 37 3R B DU 24T nirK
R i Ak ) 68 35 DR v 3 10 0, D B A 0T B 4L B
P A 5 B, OF i 45 09 $5His 2547 OTUSs 4328, JF 35
HAF M ZREERR AL, S5 R R 4 R .

FE & H Y Coverage 48 B /IME N 99.89%, B &
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Fig. 3 Pearson correlation between environmental factors and the abundance of functional genes in the
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() 45 SR AE 5 H OTUSs £ H 418 1 A AL A & &
. =R E A IRAX B, KR C 415
A 21914 328 1~ 480 1> OTUs, 3 41 ¥ 5 I 1
OTUs J& 126 4~ {KER EE 4l OTUs $ e £, Hk &
RITAIR A 4, = 3 B2 411 OTUs fie /b, JRL K nl BB &
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Table 4 Abundance and diversity of nirK-type denitrifying

bacteria in the Liaohe Estuary

TR OTUs HAZUF Coverage Chaol ACE  Shannon Simpson

AECOTI me  HEBC R BB M
Al 112 37071 9996 13825 127.22 2.66 0.146
A2 96 36947  99.99  97.00 97.99 228 0.230
A3 121 36164 99.99 12127 122.16  2.71 0.151
A4 132 30487 9995 140.67 139.96 254 0.201
Bl 126 30315 9994 146.00 135.69  2.52 0.188
B2 136 32816 9997 138.80 139.67 259 0.169
B3 237 37310 99.96 244.09 242.59 3.25 0.122
B4 162 31673 9994 18386 172.69  2.78 0.144
Cl 236 37745 99.97 24543 240.57 3.32 0.103
C2 305 37274 9994  319.62 313.62 3.62 0.077
C3 291 36136 99.97 293.77 293.63 3.60 0.088
C4 160 33334 99.89 248.00 267.54  2.82 0.140

OTUs 4 96 1>, HBLAE A2 ¥l 5 12 4> R AE s A 1Y
> OTUs 4 30 4~
33 nirKBIREUHAEEENEARRERSWT
R P v 3 Iy 45 SR X OTU HE A7 B, & BLAE
AL nirK B AEAC AN AT 7 451] L 9 D4, 23 4>
H.36MF 634 8. 121 Fp . H o A8 1] (Pro-
teobacteria) ( 2 X O A Hb A7, 7E 45 3l 467 B 1] b e I Ll
14 99.37%, F-XI{H N 99.83%. 7EJ@ K |, 3 H
F L HFEIR T R TE (Devosia) . i 7 W& FR T 181 ( Phaeo-
bacter). FERRAT B (Alcaligenes). 5 5.8 & ( Pseudomo-
nas), 29 /i SR B Y 68.97%, TEULIE S,

66

IS Hn] DU M, IR i 0GB ™ BT T A
b R 20 1) IR B 2 0 Ao Y b T B R T R VPR R
FEETETR G 05 DA Fo I 2 52, T {1 5P J T D) 7 3
FRIRAKHZEI R RFE,

i 5 BB BE 09 R 43, X nirK 7Y S il A 40 B A 0t
AT F 3 2 BT, Fa 8 T 40 B 1) 2 Ak 2 SRS IR R 1
5] 2 (LDA) 20 A AR B (L 6) 0 Ak 43 S 4
Pl P ) A0 g 2 R A AR T T WL H L B
J& . B, 26 AN TR Z IR AN TR RIS M A . R
TR AT S A SR A A R A AL B, T R
ARG IZY A AT B IEAH G . LDA {H 70 1R
R s T RF A (E 2.0 i H5A 35 22 Sy
o eIl 6 45 43 20 v 0 A= Wb A ok g 3 g AKF-, AT
PAAS 7= AT 08 . R I G . R M . AR
( Rhizobium) . TG {4 ¥F & ( Achromobacter) N A H 1Y 1=
WY, R E T R EEEEMEN . MR
& C HA L E EEAERIR B MM . Defluviimonas
#» 6 5k W B ( Chelatococcus) . 18 4= 5 &
( Mesorhizobium) . W1 5 J& (Aminobacter) . B FK &
( Paracoccus) . ¥ J& ( Phaeobacter) % . FATIEIR
BUKIE G/ B A BA K i BA G2 22 5 A W b
i/ B

PEFETUA /3T (Redundancy Analysis, RDA)E (& 7)
AT AR ZE 5] OTUs Y 28 Bk S A A ] 1) 22 5, W]
DA S0 0 nirK B SR A0 40 0 R 9% 2 ok
B 45 0 15 1Y PR B P - 22 18] B A OC M, Horp RDA
P& B BT R EE S 80.93%, FEAR KRR BE b w] L i BE 24
B 728 i 5 OR Ml LA T A VR S5 2 M R R
ERRE | pH. I if S8R I IR £k 55 P 5 PR 1 X A R 2R
YIRETE A B oy sem o BEIRIT IR L P AT

Al
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Fig. 4 Venn diagram (a) and petal map (b) of the nirK functional gene OTUs distribution
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Fig. 5 Histogram of community structure at the genus level of nirK-type denitrifying bacterias
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Study on denitrification process of sediment in the Liaohe Estuary

—Analysis of the abundance of denitrification functional genes and the
community structure of nirK-type bacteria

Ming Hongxia', Chen Quanrui'?, Shi Yinyin'?, Sulie', Yu Ying?, Fan Jingfeng'

(1. State Environmental Protection Key Laboratory of Coastal Ecosystem, National Marine Environmental Monitoring Center, Dalian
116023, China; 2. College of Environmental Science and Engineering, Dalian Maritime University, Dalian 116026, China; 3. College of
Ocean and Earth, Xiamen University, Xiamen 361005, China)

Abstract: In recent years, the water quality of the Liaohe Estuary has been declining, and a large input of nitrogen
has increased the burden on the environment. The denitrification process releases nitrogen from sediments into the
atmosphere in the form of N,O and N,, which reduces the nitrogen load in the estuarine ecosystem. In this study,
quantitative PCR was used to determine the levels of four denitrification functional genes narG, nirK, norB and
nosZ present in the surface sediments of the Liaohe Estuary. The narG gene, which dominates nitrate reduction,
was found to be the most abundant. The nirK-type denitrification functional gene was sequenced by high-through-
put sequencing. The results showed that the genus of denitrifying bacteria in the Liaohe Estuary was mainly Devo-
sia, Phaeobacter, Alcaligenes, Pseudomonas. The abundance of denitrification function genes is mainly affected by
sediment properties, except that norB gene is significantly related to many environmental factors. The community
structure and diversity of nirK type denitrifying bacteria are mainly affected by salinity, pH, dissolved oxygen and
NO; contents. The effects of environmental factors on the abundance and community structure of denitrifying bac-
teria were studied. The results provided a theoretical basis for alleviating the fate of nitrogen elements in the eu-

trophication of Liaohe Estuary.

Key words: Liaohe Estuary; sediment; nirK; bacterial community structure; functional genes of denitrifying bacteria
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