~ ISSN 0250-3301 wu;w\ HDV

2020

Vol.41 No.5
$£41% 555HE




W % A3 Ha1 % B

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2020 46 5 A 15 H

H &
FHERS PM, BRI S T IERBARIE P 3 PR IRAITL oovvvereenens e (1997
S [ B S AR BRI S A AL 2 2 IR BT weevveeveenmmn ZHB, RET, &5, 28, K5 £(2006)
YA AR (R . ST RO wovvsvvrvrssssvnensn RS, R, BEM, 3, FTE(2007)
DX 5 B DR A2 S TR R H AR v covvesovnnssennn FRb, KL, WA, B, RCE, BFH (2026)
ITTI5 PM, o 1 M, 1 A A BRI - vvvvvvsvvenensnon BT, AR, BEE, K, TRE, K5, B, TR(203)
P52 A T X L1 B ORI BORUR oovsovveesssvonnsssvees BEX, B8, £, RED, 8%, $EH(20M)
jtﬁﬁiﬁiéﬁkﬁ_\ﬂkwm %;Higbﬁffl‘ ?E .................................................................. ﬂ‘ﬁ[i E%:ﬁ,gﬁ?i %EE E%i(zoso)
HETFRAHLBARBEI A [ PV, R FEIRBI B AT -oveovrevessemeess e Bk, BEE T4, %ﬁh (2057)
KA ﬁA@ﬂﬁcuﬁ?m¢mpmsfﬁf$ﬁ§§ﬁ¢mﬁm ------------------------ Bk, FEH, RS, Kk, B2 (2066)
T2 B 8 S D5 A B2 R oo TR, R, BHE, SEE ER, 2 (2075)
jE?;ﬂ%i"iE{ﬁlﬂ—Fﬂ(ﬂ(ﬂﬁ%fﬁ?ﬂE&ﬁE. .................................................................................... %%Fﬁ ;[3%,& 7{%7&%(2087)
UK AR 25 A AL AT T BE AU AP «eveeereereermesmesmneninen e s M, BB, HEE, ¥k, 24(209)
=K R K IR SR I o RSP AARE +ooooveesssovsssssonnsses WAL, Rk, BT, 24, 2EK(2107)
(Xjﬁ{ﬂﬁEiﬁi?‘}*ﬂ(ﬁ&'ﬁ'%ih%%ﬁﬁﬁiﬂE ................................................ ﬁL fﬁfh/}& ﬂﬁﬁ ?71‘([35 %%}% %ﬁ[ﬂ mjk(mm)
ey N2 IR AL Rh I Y g SOOI Xk, 5, T, AER, T, T4%(2127)
?ﬁ?ﬁ?DkE%‘i?%ﬁ*ﬁ%HT ST TR T TEEFFEERAIUT oo vverermeremrere sttt et
------------------------------ B, RS, BOOR, i, AFE, NAE, RER, REA, B8, THA, B, HHE(2137)
RIS F 25 s 7 DU 25 0 £ TV A LA T A BT UL EERAE v vrereeesme et
................................................................................. ?ﬁﬁﬂ%, Ei, ?7‘5}1}3& 55;;,*%%7 }%ﬁy }ﬁﬂtﬁi, gﬁ:‘é%’ ﬁ%(zmg)
KB AI BRI ST o ovvesevrssness BATE, BRAM, KEE, RAR, Bk, AFE, Bi(258)
TR A R G AT O S GO oo ERM, BEK, B0, FRZ, REZ, AN, k¥, HHE(2166)
22T 1K - P A Z D K T4 S A T BT 25 () A A BRI P 25 vveeeeereememmes ettt s
...................................................... ARE, I, B8&, i, TAR, M S5, mitd, 252 224 (2177)
ﬁ%ﬂ7k§7kwj}ﬁmﬁ§%%gmﬁﬁﬁé@}f%éec%?ﬁ ......................................................................................................
............................................................ ki, Ta, FEM, TEM, BAM, AL, 24, AU, BEE, TTH(2188)
REGEILHNAA QAN A AR FUK SCRE SRR ooeeeeeees WA, FM, BE, KWE, AE, AARB, KEK, H47(2198)
ZUEALTEN 2 A IR R E SR R oo %%ﬁ,%%%,%%ﬂ,ﬁ%ﬁ,éﬁﬁ,ﬁE%,Xﬁﬁmﬂm
RN NG E 27535 i 8 et o R RRH, FRE, AANHK, fAF, IRE, BH, x| XH(2221)
F A NSATDs [ ZS 0 A5 B 2SR v veerereereereermenmenmenmnnncnne A, B TBRE, T, A4, #40E(2229)
8 gt PhACs 7E/K A AIIETE AR 25 KUK B R IR A AIE o vevvvereemereremsmem e GEE, XEA, HEE(2239)
SR )7 B TR K PR A AT BGERAHE oovsvevee KT, B, BA, $EE, $91, Rk, HE(247)
SETHELE L1 R S SRR LA T BUR R o FAH, TH, i, #&4(2257)
T I Sl P SR D NS B4, BOE, BAT, HAH, DEA, 5 (2264)
SRR K PR AL AT B 30 I R ovvsvvsssnsses B, i, £5, k%, A0, BRE, REE, HE(27)
I A/ G A TR W IR I AK AR P TG B T2 BB 5 A (R TR A AL v eeeeeemme e
.................................................................................... #ﬁﬂ;ﬁi‘,ﬁ}%’%, %%%’ r;éﬂx‘*ﬂ)?l}ﬂ ﬁ{kﬁ% %gﬂk %EE(ZQ,SI)
ARG ST K R G R BRI A cveeeererrerr e FET, LA, P}H&Uﬂ,%?ﬁ BT, 2 k% (2292)
Fﬂﬁ%ftﬂ‘EWﬁﬁ%Fe(ﬂl)/g 02 Mgg[{&ﬁgz‘gqaﬁg ............................................................ ;155 %E}LE}L ?ﬁf ?{f?\%(BOl)
#ﬁk$ﬂﬁ@ﬁ%%%ﬁ@%%ﬁﬁ%#&ﬂﬂ --------------------------------- TH, K#d, AL, $ﬁ,?&ﬁ R, BAA1(2310)
SN TGP D HUAE RIS RFHE R EBRACR e WAl 2L, WERE, ZEE, DY, #E(2320)
HBEURE A/O A I TR AR BR A LR AT KRR e BEE, HAE, ThRK, RS, FiF, BHF, HEN, E& %M F(2329)
BB SR B A DR O B R TR BT AT ovveeeeeee e XHl, EH, FEA, FHE, THk, AT, HHL(2339)
L SNAD LM TS shid R P ik M Rh I s A RE - %6, Bk, &M, RSN, THEE, KR, ART(2349)
AR Fr A R S A AL PR B R U E R B 22 5 oo £E, NEE, HEH, FRN, SR, FEE, HER(238)
JRRER A 3 g A e/ = =N A N Wl B ) = B BRI BRI, Wx KEE, K&, Rus, BB, RA¥(2367)
LIRS AR TR BTG FT] weevereereereesemennsese sttt EY S T%% »sz} TEE B, E(2373)
REEAE W e 1 BB+ TR A B S e BB AIIR ovveeeeeeeerees, Thu, BAH, RXE, £, TRF, T#F(2381)
Tﬁig{ﬁgﬁ’f'{ﬁEGTA{%&{%EE%E(Gh‘iﬁ% ......................................................... %%7}( %Ej E}Hg’r %3 4‘%5,}%(2390
Z‘Hﬁﬁ%*ﬂi%}ﬂﬂ:ﬁﬁxjki*ﬁgﬁ@Iﬂﬁﬁgﬁﬂ]{’] ............................................. 'H'?Tﬁ mﬂ%‘& Eﬂﬂgﬁ] E;ﬁ_ ?%%(2398)
G877 (38 DO b i WS B L =9 /27908 1: B 1) -/ TR I8, EFF, AR, FAAR, BB REE, 24, B (2400)
KIETEIRE LA R IR S AR AT oeveeereeees X, #HEN, Kk, ROE, FHTT, HUOT, ERA, HHE(2416)
it AR W e o) 388 - SBERAE W  FE A BR T RN R IR BAM  +vvveeeeemmreee e
........................................................................... Egﬁ’ﬂk}tgﬁ’ﬁ%m }['Sj q‘—, ?THTH X;J*mj »}(/XQI ﬁ}bf{:(2425)
l‘ﬂﬁ%%&ﬁ@mﬁ%ﬁ\*ﬁﬁ(%xd‘ .N OﬁFTﬁZE’JE}UI‘] ............................................. %ﬂ}ﬁ:} ;UHL{TN }%7\,5%& ﬂﬂf}%ﬂi ?%(2434)
%iMﬁ%ﬁﬁ%ﬂﬁi@FNOﬁ%w EIEIIISENE «oreemeereeemenmnencneeeeens EE%, TE%, PRE, BE, IF7, BY(2445)
JEACRTHE XA FH SN, OHEU A S (LA B TR G A R overeeeemeeneneeeeene %%ﬁ,%m% %*ﬁ 3 ﬁ%ﬁ Wﬁﬂ%ﬂ
AU T XS PR LD E A ARIR T RE SR BTN REBUE IR oo vverermeeremmmmcnsnnees gk, REH, R4, B, B OU% (2468 )
TEEAN R WX B 7 R ot Y L S LA R LSRRI oo T, B, TEE, BHR(2476)
/@{i{ﬁﬁﬂ%ﬂ"éﬁ}% DNA*ﬂRNA]k%E?%%# ............................................................ ?aﬂﬂ’ %Tﬁﬂ *%}'ﬁi, /ﬂ%, B4 1(2485)
2003 ~2013 A EIEH AL B ZS [AIRR R 5 JEIRAE  ov e errrrrmen e JAtE LR RIE (2496)

(REEREAVEITIG 3 (2086)  (ABTRME)AERG NI (2187) {5 H.(2209, 2263, 2309)



4148 5558 20204E5H
Vol41,No.5 May,2020

ChsE ;7

Eco-Environmental
Knowledge Web

R

Environmental Science

HZHX-BFEXTKkIFHKETFE REXEE R
7S 18] 4 R Y (E A IR B Bl 2=

J—JEEE ?J\m Jﬂa‘i‘ 73, gKﬂJL EEJ—J:EI‘E SUJ ANy 5’/ , ﬁaﬁﬁ 7%Kﬁ:/\, %@ﬂ
(LR AR R 5 TR B, LA 15 B in B MHoR 9L 80 2 | E%T‘ 050018)
FEE . O 1 DRGUEHD 58 RS T 0 SRR S 7K A K T3 14 G RSl A T 8 TR E 2385 | S S8 /K B 8 e RS S i AL D g
B (napA ) = B E P EA AT T KK YRS o ZRE0E B ZREPES T L R AE 28 43 1. S5 5R SR W] i 0
PEVEA R RAF i B 7K AR IR B A7 AE 8 35 22 5, ADETAT 1 XA 8038 B 1 5 25 R AF R o ZRFMEAFTE L & 25 57 (P <0.05) , 345 €
(ZZD) ANl ( BH) R B =F & B M 2 RE v /e Al S5 L IR i B /K AR ) OTU R @ FA L H ] ( Protebacteria) /Y a-
Proteobacteria 4 . B-Proteobacteria ZF1 y-Proteobacteria Z4 ; 55 BRI 434 ( Venn ) 32 WH 55 KA s /K AR - 480 S il A T AR 4 W A 7
2552 WU TAMB (VIF) B RDA 4MH7 57 R T3 S i \‘Zﬁ*%’%ﬁ‘é‘@iuﬁiwbﬁEEU%%HH%E%QEJ&EQE
E%iﬁl%-ﬂ%ﬁﬂ‘ﬁ%@ﬂ TR AL 4 R 245 g R ] DA A G 2R R 3 Mantel test 2304775 H IR 4800 I8 R LA i &L

VA PR SN LA R B S S MBS TR Vi A AR ) DG BERRRE I  £ ERTA ) B T A A S A AR T %l(napA)LﬁmﬁE
ill r%ﬁﬁﬁEﬁfﬂiﬁkiiﬁﬁ7k1$%ﬁﬁﬁﬁfkE]Ei%%ﬁ*ﬂ%fﬁ?ﬂilﬂI?Tﬁ, o S B T 1K A K B e R i A
R 1] - V- S A0 R I e B AL B R S 4 g
KRR LIVEVE s IS Uil ; - AL I BERE IR (napA ) 5 W05 B30T s Mgssrr | ' —
RESHES. X172 XEERIRED: A XEHS. 0250-3301(2020)05-2177-11  DOIL: 10. 132274j. hjkx. 201910195 i

| T

and Driving~ Factors of Aero'i)i’c
Demtrlficatwn Bacterial Commumty ‘Structure from Balyangdlan Laké in

Spatial Distribution Characterlstlcs

Xlong an, New Area During’ ther’Wmter Freezing Perlod 4 : ;
ZHOU Shi-lei’, SUN Yue, YUE Ges Cheng, ZHANG Hang, WANG Zhouﬁqlang, LIU Shi- chong, PENG. Rui* zhe
YUAN Shi-chao, LI Zai- -xing, CUI Jlan sheng / .
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Abstract To isolate*the aerobic denitrification bacteria sunable for water quality in the low-temperature period of Baiyangdian Lake, a
water quahty investigation and bioinformatics analysis of the aerobic denitrification bacterial community were carried out using a MiSeq
high-throughput sequencing technique based on napA. Moreover, a-diversity, B-diversity, and network analyses were also carried out.
The results showed significant differences in the water quality of different sampling sites in Baiyangdian Lake, and the estuary area
exhibited the highest nitrogen concentration. a-diversity exhibited significant differences (P <0.05) , and the abundance and diversity
of ZZD and BH were the lowest. The operational taxonomic units of the water body mainly belonged to Proteobacteria ( a-
Proteobacteria, B-Proteobacteria, and <y-Proteobacteria). Meanwhile, Venn diagram analysis indicated the community of aerobic
denitrification bacteria exhibited significant differences, and variance inflation factor and redundancy analysis showed that temperature ,
dissolved oxygen, ammonia, nitrate, dissolved total phosphorus, and redox potential were the main environmental factors. Network
analysis showed that symbiotic relationships accounted for a major proportion of the microbial network. Mantel test analysis shows that
temperature, redox potential, nitrate, ammonia, dissolved total phosphorus, and iron and manganese are the key factors affecting the
evolution of modular community structure. From all the results, the MiSeq high-throughput sequencing technique based on the napA
gene was an effective tool to explore the changes of aerobic denitrification bacterial community structure, which could supply a reference
to isolate the “directional-accurate-efficient” aerobic denitrification bacterial agent in the future.

Key words : Baiyangdian Lake; aerobic denitrification; napA; bioinformatics analysis; network analysis
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Fig. 1 Distribution of the sampling sites in Baiyangdian Lake
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Table 1 ~ Environmental parameters at the sampling sites in Baiyangdian Lake
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Fig. 2 Changes in water quality of sampling sites in Baiyangdian Lake
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Table 2 Microbial community diversity of aerobic denitrification bacteria in Baiyangdian Lake
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Fig. 3 Community composition of aerobic denitrification bacteria in Baiyangdian Lake
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