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Vertical Distribution Characteristics and Driving Factors of Bacterioplankton and
Nitrogen Phosphorus Cycle Genes in Danjiangkou Reservoir
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Abstract: Danjiangkou Reservoir is a critical water source for the South-to-North Water Diversion Project, harbors a diverse
bacterioplankton community with varying depths, and the understanding of its nitrogen and phosphorus cycle and associated
driving factors remains limited. In this study, we selected five ecological sites within Danjiangkou Reservoir and conducted
metagenomics analysis to investigate the vertical distribution of bacterioplankton communities in surface, middle, and bottom
layers. Furthermore, we analyzed and predicted the function of nitrogen and phosphorus cycles, along with their driving factors.
Our findings revealed the dominance of Proteobacteria, Actinobacteria, and Planctomycetes in the Danjiangkou Reservoir.
Significant differences were observed in the structure of bacterioplankton communities across different depths, with temperature

(7), oxidation-reduction potential (ORP), dissolved oxygen (DO), and Chla identified as primary factor influencing the

Wm AR 2023-07-30; {&ITHH#I: 2023-10-16
EEWE : A @R A AA TH (23HASTITO018); B2 B AR EIL I H (518791300 ; i 44 A HHR £ (221111520600, 2311111130000
TEB G KIEEE (1993~), %, WULFFeA, FER T A KAE AR TIAE, B-mail: 695541369@qq.com

*E{EE#, E-mail: lyying200508@163.com; Zhaojin_chen@163.com



bacterioplankton composition. Analysis of nitrogen cycle functional genes identified 39 genes, including g/tB, ginA, gltD, gdhA,and
NRT, etc. which were involved in seven main pathways, encompassing nitrogen fixation, nitrification, denitrification, and
dissimilatory nitrate reduction. Phosphorus cycle function gene analysis identified 54 genes, including pstS, ppx-gppA, glpQ,and
ppkl, etc. primarily participating in six main pathways, including Organic P mineralization, Inorganic P solubilization, Regulatory.
Cluster analysis indicated that different depths were significant factors influencing the composition and abundance of nitrogen and
phosphorus cycle functional genes. The composition and abundance of nitrogen and phosphorus cycle functional genes in the
surface and bottom layers differed and were generally higher than those in the middle layer. Deinococcus, Hydrogenophaga,
Limnohabitans, Clavibacter, and others were identified as key species involved in the nitrogen and phosphorus cycle. Additionally,
we found significant correlations between nitrogen and phosphorus cycle functional genes and environmental factors such as DO,
pH, T, total dissolved solids (TDS), electrical conductivity (EC), and Chla. Furthermore, the content of these environmental factors
exhibited depth-related changes in the Danjiangkou Reservoir, resulting in a distinct vertical distribution pattern of bacterioplankton
nitrogen and phosphorus cycle functional genes. Overall, this study sheds light on the composition, function, and influencing factors
of bacterioplankton communities across different layers of Danjiangkou Reservoir, offering valuable insights for the ecological
function and diversity protection of bacterioplankton in this crucial reservoir ecosystem.

key words: Danjiangkou Reservoir; stratification; metagenomics; nitrogen cycle; phosphorus cycle
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Fig.1 Location map of the sample sites of Danjiangkou Reservoir
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1L.5LREFERMKEKES 0.22 pm TR MALIERITJE, BCE T oW & 08, KA Omega Water
DNAKit (Omega, USA) $EHUZFA R L DNA . FH RIS 3 1) A 3 L DNA T8I f i 5840 7 o B
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Table 1 Main physical and chemical properties of different samples

EC/uS'cm-  p (DO) » (TDS) » (COD) Nmi'e p (TP) p (TN) » (NHs-N) SNO;™N) p (PO3P)  p (TOC) » (Chla)
P T/°C  ORP/mV  pH bt
! /mg-L"! /mg-L*! /mg-L*! /mg-L*! /mg-L"! /mg-L! /mg-L"! /mg-L! /mg-L"! /mg-m?
/mg-L!
QS-B 14.9 232 8.66 260 12.4 169 2.33 3.05 0.03 2.20 0.06 131 0.02 0.18 5.86
QS-Z 114 271 8.64 265 10.7 171 2.67 3.38 0.04 1.10 0.05 0.83 0.01 0.25 3.71
QS-D 10.6 281 8.46 272 8.9 176 2.33 2.89 0.02 0.81 0.11 0.65 0.02 0.18 2.98
SG-B 17.0 246 8.10 260 117 169 3.33 3.05 0.01 2.65 1.46 1.46 0.01 0.20 4.04
SG-Z 11.0 252 8.02 267 10.5 174 5.33 2.56 0.05 2.22 0.16 1.41 0.03 0.19 217
SG-D 10.7 255 7.97 272 9.2 177 6.00 2.56 0.03 2.82 0.08 1.64 0.02 0.18 1.83
TZS-B 17.4 212 8.77 251 117 163 3.00 4.37 0.06 2.03 0.07 1.17 0.02 0.23 8.58
TZS-Z 11.4 246 8.62 265 10.0 171 1.67 2.72 0.02 2.88 0.13 1.41 0.02 0.19 1.73
TZS-D 10.7 254 8.47 270 9.6 176 4.00 2.23 0.03 1.62 0.12 0.96 0.02 0.17 0.45
KX-B 18.2 238 8.70 265 11.6 171 1.67 2.72 0.05 161 0.19 1.08 0.03 0.18 2.82
KX-Z 11.6 247 8.41 271 9.6 175 3.67 247 0.06 0.89 0.01 0.79 0.02 0.18 1.14
KX-D 10.7 263 8.15 271 8.9 176 3.00 2.39 0.06 2.70 0.12 1.49 0.02 0.19 0.89
HJZ-B 18.3 236 8.31 261 12.0 169 5.00 2.89 0.01 1.82 0.27 111 0.01 0.23 7.6
HIZ-Z 111 239 7.62 269 10.6 174 4.00 2.64 0.02 2.35 0.11 1.38 0.01 0.17 2.39
HJZ-D 10.5 241 7.74 270 9.1 175 4.33 3.71 0.01 2.54 0.07 1.47 0.01 0.20 1.03
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JB K EFEEH Limnohabitans (1.00%~8.95%). & FIREJE (Deinococcus, 0.02%~12.22%) .
Candidatus_Fonsibacter (0.94%~2.35%)+ WIRIF B JE (Clavibacter, 0.56%~1.94% ) 314 2R IS &
(Rheinheimera, 0.07%~1.39%). ANshHFE & (Acinetobacter, 0.03%~4.88%) JElH )& (Pedosphaera,
0.18%~1.00%)+ Nitrospira (0.24%~1.74%) FZZIEJ&E (Polynucleobacter, 0.29%~1.90%) “EALH &
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Fig.2 Relative read abundance of bacterioplankton community structures at phylum level in different samples
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Fig.3 Relative read abundance of bacterioplankton community structures at genus level in different samples
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Fig.4 NMDS analysis of bacterioplankton community
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Fig.5 Taxon with statistical differences between different bacterial communities
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Fig.6 Heatmap showing the predicted functional genes related to the nitrogen and phosphorus cycles
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Fig.7 Contribution of core functional microbes to the nitrogen and phosphorus cycle
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5 pH. T REFMKMFER, 5 TDS. EC WFIEMAHK. WHEHH phoR 5 TDS. EC #l COD &3 11
FHX. Chlay 7. pH. NH4-N. CODcr 5%+ phnC. phnE. pstC. phnK. TC.PIT Fl ugpE %65
W#FHIEMK, DO 5 phoU. phnC. phnD. phnE. phnF. ugpA. ugpB. ugpC fl ugpE ¥)BE AR, £
R G ppaC 5 cnla f1 T B3EIEAHX, 5 TDS. EC WEMAHK . 2 RBER M+ ppgk
spoT 5 CODcr A pH &3 1IEAHK, ppk2. surE. pap. ppnK. spoT F1 HDDC3 5 TOC. T. PO, -P.
DO. EC 1 TDS .3 A%,
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Fig. 8 Heat map of Spearman correlation analysis of nitrogen and phosphorus cycle genes and physicochemical parameters
3 Wig
3.1 FHIOKEZFHEEER S REZMER
BATZHTR A 16S rRNA F 3G - 77 (1) 77722565 PHL 2R XA [ 540 R ZE 15 1R 2 1 SV e g o gk 47
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THWEFE, R FEHMEH T A ET . Bacteroidetes 1 Firmicutes 5307, hgel clade-
Fluviicolav CL500-29 marine_group F1 Limnohabitans “5Jt 35 J& 2H Ai16716 . X b 7 3 DRI 40 29 A (A7 v 4 oA
TEIE 2L, FEAREA T, Rl 2 A 38 8 B A ple A I 38 22 5, 29 M DR IR P A SR R I T) B A B R 9 1) 22 ¢
{ERE K AT BE A s ma DR 28 A2 U e VR AN TR] o AHER 16S TRNA 373G /7, 72 37 R ZEL 0 5 Al 2B 0 6 TR 2.
BEALEEATFT W, JRimI H AT, K BRI 51, YA e i, R AR kAT
R, AT DU R N R AE A 2 FEEDS),

BRI R4 TRER/K RS H 2014 FJ530, FHLAKEE AR KILIE A28 TRFIKIEX, KEEIE
WE/AKAH 157 m 2% 170 m, WERIGMS RS 73, AT E K Hm. 5
Yue SN, VLR 7K PR AN 508 7K B - e 40 B 2 [ 73 AT R iE— 3, NMDS £5-4 ANOSIM 73 #r 3 B FHL H
IKPEF A B A e BT ) RIS BB 1 22 57 . 22 RAiE 0T 3R A E BN A ST 8 TS
AR ERE R SRR IR E . RERIEJEM Nitrospira. 5HAMIE . 7K FE 2 7] PR K1 I AR A 45 SRR
0200, PR K FERE & KR I3, BHYEARSS, T DO FEALIE R AL A, TR E I A K B %
BRI, Chla HIZHTFEAC. T 725 W2 4 b AR K BT I B R R 1, 0B8N SR s P e T HoBn
PRARETIRE T, fE—% TIEHEWEERTETES TEIELRY, Li PR ILY TART 14 CH, T X
S B A R T AR SR R 2R, S SR A B 20 AT K R 2R 3R S HL UK ER EAKFE T T 14 °C,
HEAEZE TMET 14 °C, PRI R T 52 835 iR S8 2 KA AR A el A aT s D IR
NS RMoS e N SR A N el e WD W 2/ i K/ i A S = K T B e (Y E I i S Rl e
AR — R, [ A SR IS AR R DOM A2 V40 B 1) 32 205 78R . PRI HK
PE R8T Chla 5 B A& 3A— 350, BRGNP FRAIC, A2 e 7 e 20 T A v 2 L2041 I 2R 3R
B, FHEEKEKRZL S REAMR T T, F468JE A, DO M Chla (8] 2 5, 33040
T S0 S ) 2 B A A AR
3.2 FHIOKERBEAERE E @SR EHIKEE E

WAEY AT LhE AR . EAER . SOEAAE AT B EUE A5 Noy EHL A& A LA
ELE B AR SO B AL, AT IR BN M BR Z500 2 1 2R P BR AL A RS P PR X S 0T 0.81~2.88
mg L™, FHXTRRERR, A& MK 5 i RS R A IR 783 SR F 28 8 & PCRFI =il &2 /7
FOR K PHL KRR Z /KRGO BA 8 I EE A A A D e ZE DR (AR AE L2 . AT PHL
FI K FEAS [RIVR B BAG AR S T e B R R AT 20 A, I S AR 0 AR R S B AR FH A 7 A 222
BARN) 39 NMEPEIR T REEEA, 5 Zha SECSRON AR AR SE PR D) REIE R A RSNl . PR K R IR AR
A 51 PR BRA A 57 3R B 7 e 4 T A S B R B A, R BE Dl e ik R 4 RN B A S It
P o BAEIAEEDR P8 VIR 73 M I AN [RIR FE A2 52 W B AG PR Dy Re R 2 A = FE I 2R 3R, RN
JEEEA DI REIE R A A 22 3, BAAFEE S THEFESIE 6 () 1. 2T EE ] §E R Z R
MRAREDENEZILNE, RZIE B UTRREGL, TORRPI EAHX A 7024 . AR FERE e B AE IR
e BRI =2 B A P22 5%, RIZFEa A HLEARUT S AR 1 TR AR FH v 0 40 R DR = B vy T LA A
JRJEFEMAERSAGAERT . SO AE T 30 20 B DR =5 v T HARAE i . 0 AT R I BRBN R 38 £ 458 DO. pH.
T. TDS. EC H1 Chla, LA E¥RSEPR Bl 8 B2 39 M0k BE FARER T &, 3R B PHL UK PE7K R AR AR 5 I AL
PO ) 2 S, R SO A B ) R S B S ) LA A RRAE . A5 B SR B Nitrosopumilus 1 Nitrosarchaeum
KL A N EEH (ACA) BT EH R, 782 A bk 3 = Z AR, 2L A B

(Mangrovibacterium) J& TR IE I B AT [ %68 1A, 2 5FHT K ERZ0SFERT . A HE

(Hydrogenophaga) 7= M A MEIIRESL, Xt ZFA N EA RIGHFREMAIERPS . Limnohabitans
ERBKAER RS E WIS, vTUMEE T S PhEREE, v] DUl A B B R 2 5 B E R
29, 3 HTR A FERE B (Deinococcus) VEZ W )& (Hydrogenophaga) Limnohabitans . Nitrosarchaeum
FIEAHEAARAT & (Nitrosopumilus ) 75 PHT 7K FEEAE IR L FE A orik be ol sy, &R R Z/ERE 7 (@) .

BT RAE NFRE IR 73 /K EE R BRI Ve 2L 2, K e FR A i) 1) O B[R] 7001 FRAT TR PR 1 K R
AN IR FEE BAEATE PR 3y R 25k R YO0 3 PR G0 B ML b . TEWLBRVA AR5 6 A EZL&AAN 54 MEJEA IIRE
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FE[N, RO BEIEIA DR IE R Z AR 5 22 BT R PICRUSR Tl i 41 AN D) ResERAH b, $ha s
%, SORUERRAN AT AT 1 PHL F K EEAS R FE G A D e 2k IR A 2 o) 5 UG B 22 R Bt 7K R AR 4
PEs—%, K2, PENKE#HBEARRERAZR, X5 Llorens-Mares S5 SR FT 1) 57 Ll R
PEIRFE R BETR B S 27— 3. & DO, pH. T. TDS. EC Al Chla STEHAIHREIE R BE M5, L
BRI BE P K R R FE R DA BE PR B =, T B0 Uit A R Tl 0 A )y e e A 2 ) S ) L AT
FHIE o BEAEIA Dy Re i R B AR 0 R Z AR Z 2L R F = T E R, %83 5 BE A D sk R & 3
—5 . BWF R Limnohabitans . & 5 ERW#JE (Deinococcus) FNLIRITF B (Clavibacter) 7& CRIE N
BRI, o3 B3R B DA _E A e PR UK BB PR FE i ok bl sy, S 30 3= AR R,
4 £Eip

(1) PRI FKERKFEZA SR EGER Ty F46EEBAL. DO F Chla A 225, FEOF I E
Fig 50 B 2 B A s

(2) FHERH 7 iR B PHL DK BRI A 2 5 A A AE A SO A A A R 2Rt
JEAE S RAEIR LR, ¥ 8 gltB. glnd. gltD. gdhA. NRT Fl ureC %5 39 NEAEIFTHREFREA .

(3) ZEIEPRH 73 R BA PHL CUK BRI A B 2 SR NN A . JOVUBRIE AR U715 R0 2 SRR 256 ik
SRR IIRE, ¥ pstS. ppx-gppA. glpQ. ppkl R ppnK % 54 DNEIGATIREFEA

(@) EEDAM LA BEA TR RN RMEEN EER R, KREAKER. B RERE K
HINA P2, BARFEEETHEFM.
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