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Spatial distribution of bacterial community in river-lake ecotone
of Poyang lake during dry season
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Abstract: [Background] The microbial community composition at the interface has become one of the
research hotspots in the field of microecosystem. [Objective] The objective of the study is to explore the
spatial distribution of bacterial community river-lake ecotone of Poyang lake during dry season.
[Methods] Eleven typical sampling points in the Poyang lake river-lake ecotone were selected to collect
water samples for analyzing physical and chemical indicators. The 16S rRNA gene sequence data of the
above samples were obtained by PCR. The diversity and richness of microbial communities were
calculated and compared of 11 sampling sites. According to the Beta diversity distance matrix, the
similarity tree diagram was used to cluster the samples to explore the microbial distribution in the Poyang
lake river-lake ecotone. The relationship between physical and chemical factors and microbial community
distribution was studied based on redundancy analysis (RDA). [Results] The Poyang lake river-lake
ecotone water was slightly acidic, and TN content exceeded standard V, and the content of TP fluctuated
between the standards of II, III and I'V. The composition of dominant species of bacteria in the interlaced
zone of Poyang lake is roughly similar except the difference of relative abundance. Microbial community
structure at phylum level was Proteobacteria (36.18%), Firmicutes (22.18%), Bacteroidetes (17.06%) and
Actinobacteria (8.87%). The Proteobacteria in the water was dominated by y-Proteobacteria, and the
B-Proteobacteria was the sub-dominant flora. At the genus level, other genera of Actinobacteria had the
highest relative abundance (11.4%). The microbial diversity index (Ace, Chaol, Shannon and Simpson) of
Le’an River (R9) and confluence zone of Poyang lake and Yangtze river (H11) was higher than others,
Wanjia bridge (N2), confluence zone of Poyang lake and Ganjiang river (W6) and Yaohu lake (Y10)
microorganisms has the lowest diversity index. The composition of microbial community was divided into
two categories. The composition of Poyang lake Dahuchi reserve (W7), Le’an river (R9) and confluence
zone of Poyang lake and Yangtze river (H11) were similar, and the composition of the other 8 samples was
similar. The main environmental factors affecting the distribution of microbial communities were pH
(P=0.735 2), TN (P=0.761 4) and TP (P=0.612 8). [Conclusion] The spatial distribution of bacterial
communities in the river-lake ecotone of Poyang Lake in the dry season was obviously different. The
spatial and geographical differences superimposed on the disturbance of human activities affected vegetation,
hydrology, eutrophication degree, etc., thus causing differences in physical and chemical indicators of water,
and then affecting the composition of bacterial communities, the composition of bacterial community was
similar in areas with similar physical and chemical indexes. The bacterial diversity was low in the area with
serious eutrophication. The study is helpful to understand the structure and function of Poyang lake
ecosystem, provide technical support for water environment management and ecological protection of
Poyang lake, and of great significance to maintain the ecological balance of Poyang lake.

Keywords: Poyang lake, river-lake ecotone, dry season, microbial community, spatial distribution
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R BRI A ARSI R+
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A7+ 52 S R K (AR AT B AR V4 2L I R 3 A 2
PEVERIBIFSR 5 52 SCAFIAE LA T T L Ay 5156 6 BH 8 7K
TR RIS ALREA T TR, FIri e X4 R
TESPHIAMIC . SR, APPHI R <Pk — R, Aok
—EM AL, HBUE YRS 4N bl
2RI B KB B AN, ARFITFK
ISR RE . U HOMBERE , TS B A 5
KA BRI G R BRI, A SCEERT RS
AR b, X 280 T80 9T 380 5 i 8 A [+ 2 ) i
FERPRAES BT, il 5L BEAL R bR 5 0 1A )
FOT, WESE R BH WA S R A K K AR A
P55 AR WU AR v S0 A B A LR TR, DU O S I
Tl 2 25 AR G0 A A B i T 480 B 989 7 S K 5 DR

L KIS R B LR ORI 2R
1 AR5 58
1.1 AREXER

FEBHMAOL T X 7T 64, AT
B3P RUTATE: 7o A W2 N 7 e ) SN =4 B
el B AIOK R, O mdeE AR,
S KE R IE BL T MR A T S A iy A S R
Gt AWPEIEREREBAM e . BRI LA s Ak
WHE 11 ARAEEGTEAKIREE, FE R BFRH#1 3
WIK(NT, N2, N3, N4)J& AL WS (ETLE
ZZICAL), W6 (ERILHESPHIBIZSI ALY, W7 (BEFHIBIR
W ORI X)), RO (R AIAL), HIT (BB
ASIUAL), FEZAR IS J5HE AT
DG EIHIIA GRS Y 10) RN BT R i G8), £
YRR ARG G o X R S BRI F 75
ey, L AMCFAR R BT AL, E R AR
23 (B PREE AR A T A M o3 A 26 5
1.2 EERFIFLEE

E.ZN.A." DNA Kit, 2 EALE) LR
AR AR R, T ARRIE DR
FABRAF] . AR E H R R KA, bRt s—
YRR A E; SRIRG R, WIRIER
P FHEARTF KA B ; PCRAY, hZR3ERTHE
BRERIH A BRAF]; mER RO, B
MBS R A F] 66T, FE IR
A RAF .
1.3 A%
1.3.1 HHEEE

TERKIA(2018 4E 12 H-2019 4F 1 HA))RE
BRI SRZK (R 1), B RO R S Ihiidi
WA RAEFRUEBUKFE 2 L, 523023828 0.85 pm F
0.45 pm JEREPIZAIIESEHF 0.45 pm JERRELA B
TS, —80 °C AN AE. Bl pH I
RIS M E KB pH 5K, & A (Total
Nitrogen, TN)-5 &L (Total Phosphorus, TP)FJII %
A3 el L EG S SRk AR R 4 el ),
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Table 1 Sampling location and the physicochemical value of water samples

HE a4 BA AT TREE pH  SEECN)  ZFECE) fu#
Sample No. TN (mg/L) TP (mg/L) Temperature (°C) Latitude Longitude Position
N1 2.23 0.105 12 6.45 28.54126 116.19152 ALl
Jishan
N2 3.17 0.105 13 6.63 28.56243 116.21147 FHHF
Wanjia bridge
N3 2.57 0.044 11 6.79 28.54467 116.164 81 i
Changhu lake
N4 2.82 0.116 13 6.92 28.54250 116.15290 mEHLIHF
Nanji Bridge
W5 2.75 0.074 13 7.03 29.11223  116.005 04  #EyT(&RAZ I 4b
Confluence zone of Ganjiang and Xiuhe
W6 3.02 0.082 12 6.53 29.11123  116.00539  E&yTHSBHIAAS I Ab
Confluence zone of Poyang lake and
Ganjiang river
w7 3.65 0.090 11 6.62 29.05463 115.57077  FERFHMBISEIMARIF X
Poyang lake Dahuchi reserve
G8 3.22 0.101 12 6.74 28.43442 11559111 BV R
Lower reaches of Ganjiang river
R9 3.82 0.200 11 6.68 28.58141 11641419 R4
Le’an river
Y10 4.42 0.218 10 6.87 28.40398 116.02223 iy
Yaohu lake
H11 2.92 0.203 9 7.05 29.44315 116.12428  FRFHMAKITAS I Ab
Confluence zone of Poyang lake and
Yangtze river

1.3.2 DNA REK SBENF

il E.ZN.A." DNA Kit $2BU&AMRE SRR
IKFERE S FIRE DL R 4] DNA, KA 1%3i g
JE e Uk RS T b HE B DNA L fd 51 ¥ 338F
(5'-ACTCCTACGGGAGGCAGCAG-3") #l  806R
(5'-GGACTACHVGGGTWTCTAAT-3') PCR ¥ 1%
16S rRNA JE[R 1) V3-V4 78X, PCR WK Z :
Premix Taq Enzyme 25 pL; 5% 338F F1 806R
(10 pmol/L)#% 1 uL, #5Ak DNA 2-3 pL, ddH,0 %M
50 pL., PCR W 4cfF: 94 °C 4 min; 94 °C 45 s,
52-55°C 455,72 °C 1 min, ¥ 30 ¥X; 72 °C 10 min.,
PCR j"Wy i35 AR 25 A PR A R TN
133 FitFH*

FIF Mothur V1.43.0 FA4XIFE 5 ¥ JE GG DNA
JPHNHEAT I L g, BRI AR, R F 5 AH
FE=97% )7 52 A [A]— 73 H3 8/ E AT (Operational
Taxonomic Unit, OTU); 2£F R #4145 Ace.Chaol .

Shannon. Simpson FEHCKMFTT A RV B ZAEH:A
VIR EEEE; FIH Excel B4, J@4Z0KE I
AOTAE IR 48 (A QUIME R #EA 72U R
434 Canoco F Y TUA 53 Hr(Redundancy Analysis,
RDA)YWFF I R ST R TR DGR

2 HRE40
2.1 BERSWH

RIS B T8 9 30 5 8 S Ay 7K B0 SR s K R PR AL 4R
PRELS AN 1 fias, JKIRAE 9-13 °C Z 0], /K
& pH {H7E 6.45-7.05 Z[a], KSR LLHP IR0 3,
ASCA TR I] 11 A2 A i VA Tl 323 4 (W 5) AR
PRI LA IR (HI ) PR sttt . £ TN
FHENT 2.23-4.42 mg/L BFEREZE, HAEEm
(Y10)dz =7, BB 30800 X LIl S eI AR
TP & AT 0.044-0.203 mg/L 30 =22 6] , B2
AR, T 7R A 0 DX R I ONS) P R A IR
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W (HbFKIFE R RbRE) (GB 3838-2002)!"7,
JKFER) TN b E R V R ME(<2.0 mg/L),
TP A9 & & 7 11 28 -1V 2K #5 #E (0.1 mg/L, <
0.2 mg/L, <0.3 mg/L)Z a5, M PEA RSN
ML 10 AR B FRIERBIE 10 AW
TN. TP W EAL B W% dE, TN &2 B
P TP WY& R7E L 2E-TI2E 2 )k 5h, SAMEH
DU () B o B s D AR — 30, FLh BRI (Y 10) R b
W ETIX, FERAESKHEARES, #HE K
& TN 5 TP & =EE S X
22 HEMZHEMESH
P AT Sy 25 R 445 51] 351 830 4% Tags, -

WA E R 445.49 bp, SCEERDE T (Coverage)
TEFIIITE 99.7%A L, A 5L A5 AL AT LAAC 8 FH T
WAAE s KR A P VR I LSRG O . PFEERY Tags
Z3 LR, 1 0.97 ARRUE TR R ION AT
PIFi4325 OTU, 11 MRS 3 618 4~ OTU,
TE 0.97 MAILEE T, 4598 T8 FEM Y OTU ML
H:Fp RO (442), H11 (410), W7 (381)I) OTU % it#s
%, N2 (232). W6 (249). Y10 (319)%/b, Ace 18
¥R Chaol FREUBRFE S TP HEA R FEE, Chaol
REEL Ace TREL, ULRHREYS £ B . 3% 2
H Ace TR B = AL S W5, HIKCH R9. HIL,
G8.W7;Chaol #§%dw i IFE S0 RO, HYCH HIL,
W5, W7, 2 NMEEEEAR, (AR rAE
HRREYE F B R E AL . Shannon $5 %15 Simpson
BRI o ZFEPERIFE %L, Shannon {EERC,
AT ) 2 FEVE#R ST ;. Simpson FEEU(EBC, ViH
MAEYI Z R A 5] R 2 i, Chaol
FEHOM Ace T5EERE R (509, 503)F1 HI1 (470,
472)85 %8 N2 (353,424) W6 (320,340)F1 Y10 (414,
403)8AI% , X TEHT RO H11 A A B =F 5 B AR X 4
N2, W6 1 Y10 U405+ & FEALfK. T R9 A1 H11
Y Simpson 88, N2. W6 1 Y10 /Y Simpson
Fedt s, 45 SR R WSS I AR R AN R oM =F
B, MESPHIIIG . BRI VT 5 BRI,
B S A 25

x2 MEFENZHMMEEE

Table 2 Diversity and richness of bacterial community

Sample Ace Chaol Shannon Simpson
name index index index index
N1 364 355 3.28 0.121 6
N2 424 353 2.12 0.2247
N3 357 361 291 0.145 6
N4 402 400 2.39 0.2139
W5 509 454 2.45 0.198 4
W6 340 320 2.19 0.224 1
w7 430 435 3.94 0.066 9
G8 440 430 2.67 0.1803
R9 503 509 3.92 0.067 5
Y10 403 414 2.69 0.1659
H11 472 470 3.89 0.064 7

2.3 WEAHRAMN

% OTU i Lt 5% LA _E RIS G AE Wt e A L3
RN MR I P 4t SR 22 R0 PR L e sy 11 A
FEATED 173 20K B GUE YW Aok 6 =F BE AR
S NG I e = eI 1B B B = o N T e
YIRS AR 153 2 _ A St i A SR B ]
H A2 JE B4 ] (Proteobacteria, 36.18%) . JERET ]
(Firmicutes , 22.18%) . UK I '] (Bacteroidetes ,
17.06%) . JLZRTE ] (Actinobacteria, 8.87%)Fis 4l
W 1(Cyanobacteria, 4.43%)% JLR FEEAL AW FIZH
B, FURAS RAE sS4 A & B BT I

Hr AR 235 5 5 A BB B3 0 i A o A Ee
A, AU RIRE AR BRI S el Ac i Ak . B0
BTSN A, BT 12 ARFEN, HORFE
ST AT 43 R BH I 3 9 X (hx13) AT I (hxl 1)
BE I (hu 1) FIHET. (he2) , 15 A SCBLE AR KR
— 5. FTHIAE T Y R B A SRR S AR T )
(Proteobacteria, 43.74%) 0 FZARAGMAEY), Hik
S HUFF T ] (Bacteroidetes , 17.61%) . UL ]
(Actinobacteria, 14.02%). FRFT I J(Acidobacteria,
6.09%) . PEWE ] (Verrucomicrobia, 5.64%). JERE
W 1 (Firmicutes, 1.16%). FEWMEYIEKF_E L
Hgcl clade . ZLEKFR J& (Rhodococcus). Candidatus
Planktophila . 417 W J& (Rhodoferax) . 5 Jii i J&
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(Flavobacterium) . f& #% i J& (Janthinobacterium) |
Limnohabitans . Polynucleobacter . 18 . Il F J&
KB & (deromonas) .
Marine group. BRI & (Acidovorax). T )E
(Bacillus) . 12 W J& (Fusobacterium) F1 % Bk ¥ J&
(Synechococcus)S5 HARHE . AWFFEWATH R L
Fo I s LSRR RIS TR 1, (R SR RE TR 1)
AXTEREE IR T 22.18%, B — RILAGA:9)
P, JEREG 15 ARG S B UIME, fEflk. T
b ST A TN AR, AL AERE AR I rh o
WEY . BratEYE R TR KSE, dE
ATl S F AR P R A AR, IR
W, JEERE T PGS ) St PRI AR DK AT B 3 AR 1 BH
WIS e NG SR sh iR 6
AYAGIN PR S WA TE N1, N3, W7,
G8. R9. Y10 Ml H11 0%, £ N2, N4, W5
M We aig/b, Hrh W7 4%, N3 fl Y10
Hoes WS A3 Aigeatfied, 05 SRR 0.01%. i

(Pseudomonas) .

1867
AR B3I S B — R TR, PR AR T 45

R AR 1%, (FUILUCRHESS RH ER
WA FRERFN T 4.43%. HF2EHE 5Kk
BIRYIRAEA X, TN, TP &am IR
wESM, ECE AN IR B

K 2 AR R 2E, FERLIT A
J& 4 % . Hgel clade . Cyanobacteria_norank .
CL500-29 marine_group. ZI¥K[E & (Rhodococcus).
Candidatus _Planktophila . Sporichthyaceae norank .
215 W& (Rhodoferax) , ¥ J5i I J& (Flavobacterium)
& #% 8 J& (Janthinobacterium)

unclassified . Limnohabitans .

Comamonadaceae
Polynucleobacter . 1
PR & (Pseudomonas) . ST & (deromonas) |
Marine_group . R # & (Acidovorax) . Albidiferax
R BR ¥ & (Synechococcus) % . HHp A X} =F i i
KN JE A M R E T 1T ) Hegel clade, H2E
THAbE, 295 dwEn 11.4%, 1 BAER
T N3 IR AP AR F RS, R 23.5%,

100 - g — e
EEEREEREEEE
90
B B -
80 - e
- a
= | 1
g 60
-
S 50
=
2 40t
=
2 30
20
10
O L
N1 N2 N3 N4 W5 HI11
B Proteobacteria B Firmicutes m Bacteroidetes
B Actinobacteria Cyanobacteria B Acidobacteria
B Verrucomicrobia m Candidate division_ WS6 m Chloroflexi
W Deinococcus-Thermus m Fusobacteria B Gemmatimonadetes
W Parcubacteria m Chlorobi Tao6WCHB1-60
Bacteria unclassified B Saccharibacteria W Planctomycetes
Lentisphaerae Tao6
B 1 IRMEMEE RSN

Figure 1 Microbial community structure at phylum level
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FEAZCRAE i e LB AN TR 288, X BRI 33.2 f% ) Cyanobacteria norank TEA.. W=
IR UL KA A A 2D FE AL KA AR 1, B LAA 7K B K A AR BRI, WA AR AR s B SRR TS
WM E R S LR E YT B ARAEPL AN, AR YRS I £ SR r B B I T I

Cyanobacteria_norank A A X = BE 55 — KA 4 1A
J&(9.4%), TEFLWIFES Y10 X Tk, 5
F 24.9%, JEIZRMH S RAENAWMELER, A
fin 7 S B WKL 20 & B HIL, K
Cyanobacteria_norank FX} U H 0.75%, BIFE
FE 55 Cyanobacteria_norank [f 41 B 0 2 H

100

Relative abundance (%)

ST KRS TE R 1 1 DL y-A8 T TR o G 34 7
(57.60%), {YAE W7, RO Fl HI1 % 3 &bFES LL B-
ﬂ’“ﬁﬁ%ﬁﬁn%lﬂﬁi 0 y-ET% B AT R IR S R

TC = FRAE SR o TR, M a-BTE B ERBLLL
*ﬂé,\“(Nl)ﬁl‘,ﬁ\é}ﬁmﬂ?uﬁttfﬁ]i@ﬁ? 20%, HAx

I T BT o Ee D
- —_ I
- = I
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20

0 L
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mJanthinobacterium mComamonadaceae unclassified wmLimnohabitans m Polynucleobacter
u Pseudomonas B deromonas mMarine_group u Acidovorax
B Albidiferax BSynechococcus BCandidatus Methylopumilus W Sediminibacterium
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Solitalea mEscherichia-Shigella
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Brevinema uOthers

B2 BRHMEMEEZSEN

Figure 2 Microbial community structure at genus level

1w Rheinheimera m Verrucomicrobiaceae unclassified
mMitochondria norank = Latescibacteria_norank
Oligoflexaceae norank u Methylophilus
Herminiimonas OMI190_norank
Clostridium_sensu_stricto 1 u Streptococcus
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i3 QUME i A1H5A B ZHEVERE B ARRE , A4
B Z FE M HE B B 17 2 IR R 28 (Hierarchical
Clustering) 73 Hr, {# FHAE AL -5 (Unweighted
Pair Group Method with Arithmetic Mean, UPGMA)
F AR EE Y, T FLA R S 18] A A Pl B 7 22
5o MREXFER TR R, M RA B ZHEE
AL RORE S ERZRAE S, S T AR A R AR (AT
MNIE 3 0 LU, M4 20 v 2E L0 W R
ALV AR SRR BRI LI B S 5
[F) S o] 1 S48 FHT ] PR3P X (W7) 5 R 2
TW(ROKFRIEIT, I 5 B/EFHHH TSI AL KA (HIT)
A—ERHK, X 3 FMILFE SRS OTU HEAH
XFHAMRE SR Z, JERETET ] & AR S LRV,
1 HASTETE T TP UL B8 T8 B L BTRE . B (Y 10)
SR XA NS R R R R B, XA
AN TRHE 7 2 b JERE TR T 1 FL AR, (R R 1K
PIFFER 10 Ho il T BEK, Ak AR b i 4 0
I T0 Fe Bl T ok s 7 MR (N2) 5 VL AE B A2
AL WO R REY), Wik A4ufh OTU %k
AR HABAE SED, HAE YIRS 2 LR RE TR
FTRASTE BT ) 3, 1 = X WL KR (N D 7E)Z
RSP R — 3, R R 5 R 5 22
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Figure 3 Cluster analysis of bacterial community
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FH Canoco 4.5 AR Fh=F B AR X 4 2 A AT T
545§ Z 8] #5147 Detrended Correspondence
Analysis (DCA)HIHT, 45RE/RE 1 MBLEER
0.313, 8 2 %hih 0.293, 25 3 Bl 0.250, % 4 %
40.116, 4 A Rs B R KA 0.313 (<3.0),
I, HITA 53T (RDA)R R Y 5 3R 58 K Z 8] 1)
KF, 16 RDA JpfraiRrp, BN 585k L)
A AL IR B 1 X PR %) i B it 57 Sk
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(Bacteroidetes)5 pH {H. . S 2 [A] 4 55058 1 1EAH ¢
P 5 TR B (Actinobacteria) . Wi ¥ [ 1(Cyanobacteria)
FPETL ] (Verrucomicrobia)® 5 TN £ 1FE A& ;
JEBE G ] (Firmicutes) 5 il B 5L IE A5G o R MAOK
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Figure 4 Redundancy analysis
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ABIF S 38 34 3 D0 3R 78S B TR T8 52
WK AR BAT & A eI o A, D3l
YRR E B AR TR R [ ] (Proteobacteria) . JERER
I"J(Firmicutes) . P11 ] (Bacteroidetes) FIiLZR %]
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AT E PRI S5 RILAASITAL, 33X 3 ARFE UK S
155 A, 8 AMFEAS sSURH U EE AR, Y0 TR
TS HEPH S IC B R UEHLX, ARTE S, K
TN # TP &, It AR B+ &
B T A 8 AR, —J THMARER T2 [R] B 25 F
PR A [F] 23 S M K A A R T AL, 53— T
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RINAARIARAELE 21 FLBIRTROK AR 128, I
FENRIEET . EAEET . WA, ik
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(] 34 22 5 1 K IR EE R /& pH {E . TN 1 TP
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T 5 T e o R S A 11 A 0 o A R i
B, 3 2 B 380 B B4 T 080 S R A 4 O = R T A
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(1) 240 BT 3890 S o 200 TR 7 ZEL L T D 402
K- FEHE N ASTE R ] (Proteobacteria, 36.18%). J&
¥ I'] (Firmicutes , 22.18%) . L ¥ & ]
(Bacteroidetes, 17.06%). L |(Actinobacteria,
8.87%) MK 4 | 1 (Cyanobacteria, 4.43%). "I
WLy RO R, BB Ik L3
WHE; TRk b, AET = B R i A 2 U TR
I"J(Actinobacteria) ™ B HAhJ& , £ 5 & EB 40 &
el pg 11.4%, Hk, @40 ] (Cyanobacteria)
THY Cyanobacteria_norank “AAHXTFE S KK
AN R (9.4%) o

(2) T BH T TR T80 S8 i At 7 S A A (%) 240 TR 2
e AR 2SR, KT hwids: —2Ek
PRSI ORI X (W) . ARZEI(RY), ARFHIMH T
AR HLT), 33X 3 A SRAE £ A A BV 2 SR B 5
T3NSR 8 ASSRAE A, FLAN RV 4 A
L, KRGS, A R AR VA 2O
AGERFE IR, B R, e S 7KARFRA R BT
AR AAHIC: , T H AR R AL DX S5 240 BT A
75 B KRB 32K SCEcAF . TN A TP 51 Je
PR ARG S REA , T SS I Ak A 20 T 22 1
o TR PHMA WX . B SR

(3) AV ARMHREERREZ, ~
[F] ()R A R P R - i A T 26 5, MR
I, pH {H(P=0.735 2). TN (P=0.761 4)F1 TP
(P=0.612 8)Je: 5 N 34} FH 187 T 1) 5 5217 22 J2 /K A Bk
VRIS SR EEABE R, IR (P=0.471 2)%)
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