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Abstract: Aquatic plants and the epiphytic microorganisms are important contributors to the purification of constructed
wetlands. Taking the dragon-shaped water system of Beijing Olympic Park as a model, this study analyzed the structure and
function of the microbial communities reside the sediment, the water body and the rhizosphere and phyllosphere of three
submerged plants-Vallisneria natans, Myriophyllum verticillatum, and Potamogeton pectinatus using high-throughput
sequencing technology. The results showed that the microbial diversity from the highest to the lowest were samples from
sediment, plant rhizosphere, plant phyllosphere and water. The microbial diversity of plant phyllosphere samples were
significantly higher than those of the water body. LEfSe analysis showed that different habitats enriched different microbial
groups. The sediments mainly enriched anaerobic microbes, while the water body and the phyllosphere of plants mainly
enriched aerobic microbes, and the rhizosphere of plants had the both. Functional prediction analysis showed that the
abundance of denitrification marker genes in phyllosphere samples was higher than that in samples from rhizosphere, sediment
and water body, and the abundance of denitrification marker genes in phyllosphere samples of M. verticillatum and P.
pectinatus was higher than that of V. natans. This study could serve as a guidance for the selection of submerged plants and
functional microorganisms for constructed wetlands.

Keywords: constructed wetland, submerged plants, rhizosphere microbes, phyllosphere microbes, dragon-shaped water system,

denitrification
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Fig. 1 The geographic map of the dragon-shaped water
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Table 1 Description of samples collected from the dragon-shaped water system

Sample ID Sample description Sample ID Sample description
FS Sediment sample of F section FHR Rhizosphere sample of M. verticillatum in F section
FW Water sample of F section FHL Phyllosphere sample of M. verticillatum in F section

FKR Rhizosphere sample of V. natans in F section FLR
FKL Phyllosphere sample of V. natans in F section FLL

Rhizosphere sample of P. pectinatus in F section
Phyllosphere sample of P. pectinatus in F section
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Table 2 Relative abundance of the top 20 phyla in the bacterial community

Sediment and rhizosphere samples (%)

Water and phyllosphere samples (%)

Taxonomy

FS FKR FHR FLR FW FKL FHL FLL
a-proteobacteria 1.83 11.79 9.60 8.07 5.38 10.97 15.42 18.76
B-proteobacteria 29.06 45.27 51.57 38.86 28.81 29.83 40.84 19.35
y-proteobacteria 6.55 11.56 10.07 19.08 18.74 14.08 19.64 17.85
S-proteobacteria 4.04 0.93 2.09 6.41 0.10 0.24 0.55 0.88
Firmicutes 0.43 17.04 12.64 4.55 6.32 31.93 2.01 20.32
Bacteroidetes 12.77 7.65 4.41 4.45 21.38 9.35 5.42 5.08
Chloroflexi 18.29 0.42 1.52 2.07 0.16 0.20 0.12 0.38
Actinobacteria 0.32 0.19 0.25 0.15 10.85 0.13 0.22 0.24
Cyanobacteria 1.19 0.22 1.06 1.37 3.97 0.39 4.98 9.50
Planctomycetes 3.88 1.08 1.99 1.71 1.29 1.48 7.54 3.58
Verrucomicrobia 5.00 0.94 1.45 4.19 1.89 0.41 1.52 1.79
Acidobacteria 3.98 1.49 1.22 2.38 0.06 0.32 0.41 0.35
Euryarchaeota 3.89 0.02 0.11 1.18 0.00 0.02 0.01 0.12
Ignavibacteriae 3.58 0.30 0.31 0.85 0.02 0.06 0.10 0.14
Nitrospirae 0.82 0.19 0.33 0.18 0.04 0.12 0.05 0.07
Gemmatimonadetes 0.67 0.19 0.24 0.09 0.11 0.14 0.66 0.25
Spirochaetae 0.58 0.17 0.35 2.37 0.01 0.01 0.10 0.28
Latescibacteria 0.36 0.07 0.06 0.15 0.01 0.02 0.01 0.03
WSA2 0.35 0.00 0.00 0.02 0.00 0.00 0.00 0.00
Others 2.42 0.48 0.74 1.87 0.85 0.30 0.39 1.04
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Fig. 2 Histogram of the top 20 genus in the bacterial community. (A) The sediment and rhizosphere samples. (B) The
water and phyllosphere samples.
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Table 3 Alpha diversity index of the microbial community

Sediment and rhizosphere samples

Water and phyllosphere samples

Fs FKR FHR FLR FW FKL FHL FLL
Ace 3107+190a 2 914+372a 3 237+419a 2 882+19a 1064+103a 2 230+366b 2 105+246b 2 466+237b
82352’“ 2 143+205a 1784+199a 2 005+279a 1 848+46a 600+23a 1225+176b 1261+123b 1524+182b
Shannon  8.62+0.34a 6.96+0.51b 7.25+0.28b 7.28+0.61b  5.09+0.71a 5.40+0.61a 6.19+0.67a 6.53+0.83a

Note: different lowercase letters of the same row in each part of sediment, rhizosphere samples, water and phyllosphere
samples indicate significant difference at P<0.05 level, respectively.
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Fig. 3 PCoA analysis of the sediment and rhizosphere samples (A) and water and phyllosphere samples (B).

% : 010-64807509

. cjb@im.ac.cn



3670 ISSN 1000-3061 CN 11-1998/Q A:# T.#2%:4 Chin J Biotech

A Cladogram
c

=R FHR u_Bmci_li] ~M e

I FKR
E=FLR
E=FS

Cladogram

B 4 LEfSe 241 (A: RERZEMRIRHEGR, B: KEARZEMIHIRHER)

3 a: g uncultured

= b: f Cytophagaceae
= c: o Cytophagales

I d: g Flavobacterium
B c: f  Flavobacteriaceae
B f: o Flavobacteriales
== g: o Sphingobacteriales
3 h: g uncultured

= i: {__Anaerolineaceae
=31 j: o__Anaerolineales
=31 k: __Methanoregulaceae
3 I: o Methanomicrobiales
B m: g Lactococcus

B n: {_ Swreptococeaceae
B o: o__Lactobacillales
B p: g Ambiguous

B q: ¢ Hydrogenophaga
B r: g uncultured

I s: {_Comamonadaceae
I : o Burkholderiales
B u: g Thiobacillus

B3 v: ¢ uncultured

B3 w: f Hydrogenophilaceae
B3 x: 0 Hydrogenophilales
B y: ¢ Sideroxydans

B :: { Gallionellaceae
B 20: 0 Nitrosomonadales
E= al: g Denitratisoma
B a2: g uncultured

I a3: f Rhodocyclaceae
3 a4: o Rhodocyclales
B3 a5: o Desulfobacterales
B2 a6: g Shewanella

B a7: f__Shewanellaceae
B2 a8: 0 Alteromonadales
B 29: f_ Cellvibrionaceae
B b0: 0 Cellvibrionales
B bl: f  Chromatiaceae
B b2: 0 Chromatiales
B2 b3: {_unculturedbacterium
= b4: o__unculturedbacterium

B a: g hgclelade

=3 b: f_ Sporichthyaceae
E= c: o Frankiales

Em d: g uncultured

Em e: f Cyclobacteriaceae
Em g Pseudarcicelia
=1 g2: o Cytophagales

E= h: g Ambiguous
Emi:f Familyl

10 SubsectionlIl

E= k: g Rhizobium

=1 1: f_Rhizobiaceae

= m: o__Rhizobiales

E= n: I Acetobacteraceae
I o: {_Erythrobacteraceae
I p: 0 Sphingomonadales
E=1q: ¢ Limnohabitans
g uncultured

I s: ¢ Methylophilus
g OM43clade

B u: ¢ uncultured

B v: [ Methylophilaceae
I w: 0o Methylophilales
E= x:  Shewanellaceae
E=y: 0 Alteromonadales
B 7: g Pseudomonas
B a0: fPseudomonadaceae

Fig. 4 LEfSe analysis of the sediment and rhizosphere samples (A), and water and phyllosphere samples (B).
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i AR BIFRICY) (Biomarker), BIix 6 )& 7R JEE IR h
AR 32 B I 25 T A AR AR PR . TR
PR AR R RIS (f_Comamonadaceae ;

g_uncultured) . Sideroxydans J& & HAEYIFRICH) .

W ARPR P A BRI SR (f_Comamonadaceae ;
g_uncultured) . Wi EJE Hydrogenophaga. #FT
i J& Flavobacterium ., FLEKF )& Lactococcus iy H:
YR IC . e AR F S MR B b A B G R R
Shewanella., WS FEFAHIE (f_Hydrogenophilaceae ;
g_uncultured) . LR E AR FIE (f_Rhodocyclaceae;
g_uncultured) . B % A JE Denitratisoma Ay H:
ERIC)

JKEEH Pseudarcicella J& . WIBIEE IR . IR E
BlAHJE (f_Cyclobacteriaceae; g_uncultured), ff
MIERL (Sporichthyaceae; g_hgclclade) fy HA=¥ts
ICH . R BR R SR TR & S AR IARic ) . e
ZIR 3t brrp i A AR B (c_Cyanobacteria;
0_Subsectionlll ; f Familyl ; g_Ambiguous ;
s_Ambiguous) . HJFFJE Rhizobium SHAEYbRiC
7/ Q== 1 ol 7N SN SN 1 o B NS+
(f_Comamonadaceae ; g_uncultured) . & H 3t 5
Methylophilus, /NYJEEE Pirellula, W H R EE
OM43clade J& (f_Methylophilaceae; g OM43clade)
NHAYRCY)

2.4 JuRIK A I EE TN

R A v Gl R P 25 R, fE RO
Tax4Fun &7 #E47T DN BRI, RAF 45 A HE 1
KEGG Orthology (KO) 3. A T ik,
e T 47 A SR bR L R g
HEHFEEESHREELR R (B 5). SARL
(Nitrogen assimilation) #H5CHIAREIEA (Marker
gene) K00265 5 KO01915 7&FT 47 A bt i #8 HAT 45
R . RS e IR SR AR B A o v DR AUl [
7 (Anaerobic C fixation) #H A% R K00174
55 KO00175 FRAH 2 BE 2 T AR &, [R] X
—H 547 E T (Aerobic respiration) #H 3¢ B

% : 010-64807509

EIEN K02274 5 K02276 A4 B % T HiAthAE
fi o DR PR 5 o A0 IR 7 S 0 PRt & i S il Ak
(Denitrification) #HCHRE R K00376 1y %
o T ILARE S 5 T TR SR AR PR 4 SR
(Nitrogen fixation) #H ¢ #x & & K02586 .
K02588, K02591 (1% = Ji & T HAAE it o IKAE
T RARPR . FELER 3 ANFE S Y [ AL R I SR AR
AALR KO0957 iy 3= B B iy T L AAE &, TSR
TR SR B i 19 5 A B B S AH DG 7k
K00394 (1) & 8 im T HAWFE At o T S 681k
A bR G FE R KOL01L 78 BT A3 A b Hh AR AT AR
XTAS R (AR 7R AR B v 5 A1) o

3 WhEHER

ol EE PR AT RS, BB KRS
FERY AN AT ] o AU TR R T,
HAARTEE TR E2h o- B TR R | B-E T R 49
VAT AR S5 AT (£ 2). Ibekwe 251
PEXEANFEIRZR (ol o 3T A o AT K AR 2R HE
IKEE) 5T KA SRS U A W B T R A0 5 K
B, 1EKAAEE) KT ARIE BT (30.92%) A
AR (42.75%) b FZRMAEYRRE, m7E
H SRR AR T BT 3= BE A X AL, REfS A )
42.28%, WFFETTIFEA —E TR, i 28.86%.
JeIEIKFR F XK ASTE BT 4 53.03%, 1
RN 21.38%, 5 Ibekwe EWFFr4i
1 A SR AR W e 0 = BE T AR AL, BETYS K
AEBRTHEH Rk &ad A-E X ASREHE, £ FIX
B AE R R A E 45 A R KIEA
Crump 55 38 £ 728 P B B2 8E i i Uk (Denaturing
gradient gel electrophoresis, DGGE) $% AR Xf#7#L
bR AR BRISCAE W R IS AT RS, R B BB
Bt 5 B 22 1 B AT 55 W i T RE A LA R T 4
W TARPRER THFFE T4, BARZH B-A2IE
(L IR A T e a9 | A R L L o
HHGREA —E MR, SRR (FKR)
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() B-AETE BN -7 T B A AN A = B 2 g B
FEd (FKL), e ntPRyulfre i I FEE e T
TR ARBRFE A s (AR AT —E M 2E 5, e R AR
T BrRABl o 1] 0 = AR I AR TR W T T
JE, HEERER y-A8 T8 5 40 B BT I PRt
(3 2). He S5 3 38 1 I 5 AR X i o R AR o
PR Al A TR s A A TR AT, 2 SR B 5
JFE EENF BRI IR BEAE T IR AR, 322K B-
TICH . a- BIEH N . y-"E I 8 B AU ] 4
IS, x4k R 5 S S 4 R AR
TUKAE ) BT B A 26 0 1 R 5 4 A S5
YRR O, M H S E BB AR . pH . W
AR S —E R RO SO T RA I
PR CREED R XK S R), kS 2R
—FHPI N2 TR, W FKR-2 H B FLER T
FHR-1 9 (S B B 8 J FLR-2 R4 7 B G T R
() 3 BE 2 v T Al N LA s FW-2 HR [ K B
J& . FHL-1 i< i JE . FLL-2 HhigzLakis
Jag 0 = B i T AL N AR (B 2). SR AT
PGB FORFEE R . BRI . BEERAE
WA T ORI 5 KR B 45 SR FE AT R I 5
HERIEIK R, RIBHIXT AL T RAIREE, KK
Ab TR R B3R EE , UUKAE AR BRAL TR SR 2R
Bi, MBRAbFUFEIREE, AR By S B 431
YIte s A E M aR R 4y i HA Y Rt B A
JHEE IR E Y, D AR PR R AR PR A 5 K
TR TR A ) Z e R BRI 5 (F 2,
Bl 3), AN A G YIS AT R R G A [l A A Gt
Uifg. W TIRIRL TIREIEE, Bl AEYbricd)
WEZETIRAR, WHAFE)E Thiobacillus FIDRA
A TEARL R MR (f_Anaerolineaceae; ¢_uncultured)
(F 4). A 38 B on AT B JE i 4 TR RE % A R S
REME AN RETAR, FEF 1T R erE
L, BT IR AR T, D AT B R 4
W E 5, ATREA A TR R s bt B 1 7.
[vi] Bt 0y B 0000 445 SRt S 7R 1R VR AR i H DR SRR [
S R S 3 R 114 2 B 32 8 /K A4 B 4 B

% : 010-64807509

(I 5) o 7K M H s 4 BTG B s AN ) I AR IR
KGR, B K R IR WY, Rl
T ST R B iz m T A S A 5 A
PEFAUY R R AR A N R . R AR T
S PRE SRR RS . IR B PR E SR B
JEEFRRSE (f_Comamonadaceae; g_uncultured) .
W& H L J& Methylophilus, /NEFE & Pirellula 45
22 0 SR A A DR AR s T ELAE X K AR B A
Pyt Bt i 10 T e 0 45 SR S s g AR T I A DG S
R dm (K 5), X5 KA K s 4 i B i Ak
WA — 2 MAEMRBREE S, MU % T4
AMAEDMEIFEE . A ILIREE . AR,
W TR A TR S IR A TR an FLEK T R
Sideroxydans 45 , b Ivg &0 TR T 14 fl A 0 HLA i K
A YRS s RE RO, ST 1 T B0 2R 0
A htAk e i Sideroxydans W ELAG — M4k s
TAEAL R SRR ER IR s g2

MABFFERT LA, AR FR 2R =0t b
FE ST & SR DR E DR SRS (L RE D3R, IS A
FTF ARG RS KRR . A FERE IR AR
i S Bregss & 4 A AN R D Re U E M 2est, ot
M AT LAXS AR AAE FEAE IR LEAN R o 3@ XA
[FIAEY) B SR )2 S RE IR A T MR, el
G ILLHEAN R R AR AP P B B4 T L,
PRHEKAR AR TIPS, SFIMIEAR A T 4Edr liAs
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