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Study of Bacterial Community Structure in Biofilm of
Typha angustifolia Roots under Different Mass Concentrations
Hexaehlorobenzen Stress
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Abstract: [ Purpose] To study the bacterial community structure in the biofilm of Typha angustifo-

lia under different mass concentrations hexaehlorobenzen (HCB) stress. [ Method ] Biofilm mor-
phology on root of 7. angustifolia was monitored by using SEM and 16S rDNA gene of the bacteria
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by high-throughput sequencing used root samples under different mass concentrations (38 and
760 ug/L) HCB stress. [ Result] The results of SEM showed that the microorganisms attached to
the root biofilm were elliptic or rod-shaped. After different mass concentrations of HCB treatment, the
amount of microorganisms attached to T.angustifolia roots increased obviously, with the increase of
HCB mass concentration in water, a small quantity of bacteria inhabited the biofilm. The results of
high-throughput sequencing revealed that the dominant phyla of bacteria were Proteobacteria, Actin-
obacteria, Chloroflexi, Cyanobacteria and Firmicutes. At the genus level, the dominant bacteria
mainly included three categories: 1) photosynthetic bacteria of efficient water purification, such as
Rhodomicrobium, Rhodopseudomonas, Rubrivivax, Rhodoblastus and Rhodobacter; 2) organic pollut-
ant-degrading bacteria population, including Comamonas, Variovorax, Acinetobacter and Acidovorax;
3) denitrifying bacteria population, which joined denitrification and nitrogen cycle, such as Variovor-
ax, Comamonas, Desulfovibrio, Rhodobacter, Acinetobacter, Mesorhizobium and Rubrivivax. PI-
CRUSt functional prediction showed that bacteria in the biofilm had strongest functions in carbo-
hydrate, amino acid and energy metabolism. [ Conelusion ] The abundance and diversity of bacteri-
al communities in the biofilm under 38 pg/L HCB were higher than 760 pg/L HCB treatment. In addi-
tion, the dominant bacteria at the genus level may be related to eutrophication water purification, or-
ganic degradation, denitrification and nitrogen cycle. These results provide a theoretical basis for the

removal mechanism of pollutants in eutrophic water.

Keywords: eutrophic water; hexaechlorobenzen; Typha angustifolia; biofilm; bacterial community
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PR R R T L, AR ST UK LK A v fb i 4
P03 VR LA B, RN TR R
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1.1 HCB j5 /Kl

¥ HCB AR#ESh 1 g (Ordrali, 46 99.50%)
WTIECKE 1000 mL HALHTH 1000 mg/L HHRH,
FHE BRI Ck A BRI B E) #ike
5 5] vk BE R 38 1 760 pg/L By ZK A& (B R38
I R760), Foor-RA) G WACE , IR K
A HCB MR BT iR B 435311k 26 i1 588 pg/L
1.2 KAAED UG H 2R G b 2 SR R AR

Bt 75 (Typha angustifolia) "Nk B 1 &I
WHpRENRKBEEMME, R SHKEY
20 cm [ Bk i 7 3 1 — B A FE 40 em*30 emx
50 em (Kx B <) BIARFE S, ARF N H LK
CRK)ZE 15 em (HE B FRAKRbE HZ8 & ).
BHAZ 0.3 cm BAPER 10 cm FIE A2 3 cm IR
120 cm, R38 Fll R760 AbBEASI5 E 9 MY 2F
52, KU HCB 15 B 5= K A% S ) i 4
(CK)o TEBEM Tl K 7 A oRERES,
KB J145r 5155 H R38, R760 1 CK AbFH (1) A il
HR 28 FH T 4041 e B L A e o B
1.3 EEHE

U fif e i i AR R KB 0 R DI 2y
0.5 cm /N, FH O BEFEAT R EE K (215 it
K 30%. 50%. 70%. 80%. 90% F1 100%),
BEASEREE LK 15 min, )5 100% £ BE 3R
15 min J5 5 FN R THEACT T 29 110", 4%
TR A RE BRI BER & 0 A w4,
BB (H 7 S-4800) 7E i K A5 % 1 500% .
3 000xF1 3 500 T X e i 7y AR 28 LA S o 1 2
YIS TSI R

1.4 Tllumina &iEE N5
1.4.1 207 16S rDNA-V3V4 [X [{] PCR ¥ K il /5

WO et Al i &R, AWM S DNA
2 AR 3 Power Biofilm DNA i ] & (MoBio
Laboratories, USA) B#AE iRl 53647, F R 40
V3V4 X8 514 338F: ACTCCTACGGGAGG-
CAGC #1 806R: GGACTACHVGGGTWTCTAAT
P EM A B, PCRY AR 50 pL: 10xBuffer
S5ul, 5I#¥4 1 ul, BiHg 1 pL, 2.5 mmol/L
dNTP 4 pL, 5 U/uL NEB Tag 0.25 uL, JGHHE /K
37.75 uL., PCR¥" 3 #& ¥ Ny . 94 °C il 2 1
3 min, 30 M HIUEER (94 °C 254 30's, 55°C B
Kk 45 s, 72 °C%E ffi 1 min), 72 °C 5 %E fifi
10 min"”, PCR " 3477 W) FH 2% B R b 22 e v K
R 6 2 1 IR AR AR R 0y A R w1
J¥, MFF-5 4 llumina Miseq.
1.4.2 FdE s A by

Wy A B s R T sh e DA e, &
Fi/NT 150 bp MR BT HEJF 51, )P 5K EE A
1E 401~450 bp, H F FLASH v1.2.7 (http://cch.
jhu.edu/software/FLASH/) X3 1+ ot 5 i A (1) 7 471
AT 4%, AR MR A ST AR
JP 5% 97% 1915 51 AHALL B8 2R A7 n] #4432 ot
(OTU) Xl 43, XEEASFEAS 1 5 51 SR AE
T Fl I 1) P 51 85 B O I 1) OTU %022 il #
B4k, FIH QUME #{FiH54F 5 Y Alpha Z4F
PEF5 50 (145 Chao 145 %k . ACE45%( . Shan-
non #§ £ F1 Simpson #8 %¢), H: ' Chaol $5 %% #l
Shannon FEHUE M m , AHMCEREREDFNTE
FERNZ AR . A R AR T 50 A2AY
JEHATRI Pt HIAE . FIH PICRUSt T H
XF 16S rDNA & PRI Fy Bcai 5 4 Qi 2 RE 2 R0 Y L
WS 2% SER AU BE R EA T HUXT, TOAR R AR
FECHR B R ) S ER B BE

2 BRGNS

2.1 BRI HAR R AR I R 4T B AR

wmE 1R EEEFRAKE T, XTI R
REWEEDENE, WETREEMEY, b
AR BB IR S 38 pg/L HCB 4b# 5,
Bt Fr AR R A0 R AR SURIE N, KA R
o3, EEEFPRSRETE, A5 g MG
B PR s & SR LK R4 760 pg/L HCB 4b 3
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H: a) CK, R (3000%); b)38 pg/L, R (3 500%); c) 760 ug/L, R (3 000x); d) CK, FEJT (1 500%); e) 38 pug/L, FJF (3 500%); f) 760 pg/L, I

i (1 500%),

Note: a) CK, root (3 000x); b) 38 ug/L, root (3 500x); ¢) 760 pg/L, root (3 000x); d) CK, sediment (1 500x); ¢) 38 ng/L, sediment (3 500x); f) 760 pg/L,

sediment (1 500x).

1 R EHR R FE P AE IR R E
Fig. 1 Scanning electron micrographs of the epiphytic biofilm on the roots of Typha angustifolia and the sediment
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2.2 BRMEHAR RAEVIIEZ FEE BT

il 13 Nlumina Miseq /= 38 & 0 ¥ 3L 16 )5
R38 Il R760 4575 95 792 40591, JFHIKJE &
PEPTE 401~450 bp, 7 BTSN 99.70%. 4N
K2 Bis 2 A B 0 H R it Ze 348 T 22,
FEOR DN P e AN, 00 R R 4 T A Ak
MR R AR ZHAMEFE, TR GEeR
Tl S5 AR 2R A ot v A R AR A o

HE 1 AT 7EE SRR T, R38
) Chao 1 #8%k 5 FXf A R760, VLA —sK &
L ORI R HCB Ak 3515 35044 1y 5 400 i
%+ E AR S ML &Y Shannon 4§
BR /NN CK<R760<R38, FHH HCB 4bHij5 247
AR R KIS A e 2 EePE, HBEE HCB i
WRERER, HAR RS TP AN 2RI, AR
I %6 BERE 5L 4R 45 1763 40 OTU, R38 AEM
F45 2257 4HTE OTU, R760 AL 345 2105 4
AN OTU, $iA 38 pg/L HCB & & 3k /K il
RME PR L, B /KK HCB i R T 5
AR ZRE S P AP P R AR, DL RS R R .
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Fig. 2 Rarefaction curves of root bacteria
in different treatments
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BRI AFE VR AL RS D e T
230 [IKP b2 B TE 454

TEITKE [, CK. R38 Hl R760 Ab B> 515k
7330, 35 Fl 33 DAHE, AT FFE<0.1% Ay
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Tab. 1 Bacterial abundance and diversity indexes of each sample
o
N t
s & H% parameter
treatment OTU#L ACEF;$1 Chao 145 %k Shannon#§ % Simpson#§ 41
OTU number ACE index Chao 1 index Shannon index Simpson index
CK 1763 1768.09 1763.09 8.20 0.974961
R38 2257 2271.44 2257.56 9.38 0.991876
R760 2105 2105.00 2105.00 9.27 0.990721

*2 TRERERE HCB AL ERHE 17K FLHM
Tab. 2 Bacterial community composition at
phylum level under different mass concen-

tration of HCB %
I phylum CKR R38 R760

I
Proteobacteria 55.2 52.6 49.0
JRETE ]
Actinobacteria 111 13.5 17.5
A
Chloroflexi 4.8 9.3 8.8
WA
Cyanobacteria 9.9 6.0 6.6
JEBEH |

i 'El I 0g is i
Firmicutes
A
Bacteroidetes 4.5 4.5 4.7
FRATTE ]
Acidobacteria 1.2 2.4 2.0
BORETE
Saccharibacteria 0.9 1.9 1.8
?ﬁk ! o o o
Spirochaetae

S gk R |
pe i?ﬁlj : 0.1 0.2 0.8
Peregrinibacteria
Wﬁ"ﬂg ] . o o 0
Ignavibacteria
INEEER 2 I=<t)

d j—_. H ] ol 03 o3
Microgenomates
T AT
Parcubacteria 0.2 0.3 0.2
TR ol o 0
Planctomycetes
PR

R n' _ ol - 0
Verrucomicrobia
S
Chlorobi 0.1 0.2 02
FEHIE ]
Gemmatimonadetes 0.1 0.3 0.1
FeHITE)
Armatimonadetes 0.1 0.2 0.2
HAth other 01 0.0 00

SV TINN

(Cyanobacteria) FI/EEEF ] (Firmicutes) i 5 />3
B A M AR . E— LW B T R
R38R ARIE TR ] . W e o [ ) FT R RE TR 1] 1) A
X = B 43 o Xt B AIG 2.6% . 3.9% Fil 5.3%,
REZBEEBEAX E TR R760 b2 AR
JEW] . WREE] . R IR BER ] (Spiro-
chaetae) 14 AH X} 3= & 43 1] b X5 B8 B IR 6.2%.

3.3%. 5.1% 1 0.3%, HARZHCEBEMAIX
WHTHE; 5 R3ALIAHLL, R760 AL I 172 TE
W, SR FRFFHITT (Acidobacteria), H
BETR '] (Saccharibacteria) . BRBE R[], AT 51 1]
(Ignavibacteriae) . % HLJI 1% [] (Gemmatimonade-
tes). & 1# &L (Parcubacteria) FIV7 %5 [ ] (Planc-
tomycetes) FIAEXT = BEFIREAIL

2.3.2 JE/KF L RIAH R T 45

AT 3 AT AN i R HCB AR R Bk
MR R YRR TR 425, WEFE
PIARRIFR B Y52 ) HCB AR AYSZIH

RHR 1 EBEUIEERWNAEE (Prosthecomic-
robium)., CL 500-29 marine group. 1 22 & &
(Candidatus Microthrix). WS # J& (Hydrogeno-
phaga) . VEBRE & (Acidovorax). IREKME (An-
aeromyxobacter). Quadrisphaera. W R T # /&
(Acetobacterium) LA KK FEFF I J& (Piscinibacter).
HCB 4b 35 240 T8 25 48 0 o A & A= 7 B B A8 4k,
X 9 N @ 7EXT IRAN R38 i = BEHIMIKT R760.

RE 2N AT E & (Propionicicella) .
i 8% T B J®  (Desulfobacterium), 41 20 & &
(Rhodobacter). YLK M H & (Roseomonas). &
we, 3r X # J® (Derxia). Actinotalea. Denitrati-
soma LI} Variibacter B F JEFEXT PR, 5
R38 AbFEAHLL, R760 AbFRAYTNIRAT I )& . LBTAT
WS . LR . O MR A s T G 8
1) A= BE S T s [HICER A (Actinotalea) . JAEAL
W JE LUK Variibacter ()3 FENMIKF R3S,

R 3 FEALEE Pleomorphomonas . W4T 4
& (Cytophaga). TiVWEE & (Variovorax). 4I1B
PRI B (Rhodopseudomonas) . T & (Cupri-
avidus) . ZLIH & (Rhodomicrobium), M E .}
W J& (Comamonas). Wi & I\ & J& (Desulfovi-
brio) FIE 1 1# J& (Ancalomicrobium) %5 , iX 9 1>
PR TE R38 I R760 it EBEX/NT X
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Note: The red scale represents the genera with higher abundance in the corresponding sample, and the green scale represents the genera with lower abundance.

3 HRBEKFEEARMAE

Fig. 3 Heat map of top 50 genera in each sample

R 4 FEATENE MRS (Bradyrhizobi-
um). A H)E (Legionella). Christensenellaceae
R-7_group. NEFTHE (Acinetobacter). ¥
J& (Caulobacter). RELEHE (Anaerolinea). %1
% 4 W & (Rhodoblastus). 12 A4 R JE H R
(Mesorhizobium) . LK A& (Rubrivivax) . &
& (Rhizobium), HATTHEJE (Geobacter). #F4El
J& (Cellulomonas) FLER M 1 J& (Desulfobulbus).
X SRR AE R38 HAY 2 B 24 KT X BRI R760,
Zi Lk, R38 I R760 M1 41 b 45 44 A1 =F B A7 1
255, VLRI BT i vk 2 1) HCB X AR 5 2E Py
REZSA I M AN [

2.3.3 St iR AR AW R A D) RE T
H 3 3 AT AR R AR R E TR

FANTTR)E Prosthecomicrobium
CL500-29_marine_group
Devosia

W42 )g Candidatus Microthrix N
%W JE Hydrogenophaga L=
VETRTAE Acidovorax cluster 1
PR AN Anaeromyxobacter
Quadrisphaera

FIRAT TR Acetobacterium
JKPEFFTEJE Piscinibacter

NI} T )@ Propionicicella N
WEHAT )8 Desulfobacterium

ZL4H 1 & Rhodobacter

B MR R Roseomonas
Ilumatobacter

ST ICTA® Derxia N
2 EIHIE Leptothrix > Hk2
Kt RICH I Nocardioides cluster 2
Pedomicrobium

Actinotalea

Denitratisoma

Variibacter

KA JE Longilinea J
Pleomorphomonas

WELTAET)J® Cytophaga

W E Variovorax

LR SPIIER T Rhodopseudomonas
FHIH S Cupriavidus

LI V)& Rhodomicrobium ¥ 3
NE ML B Comamonas
MBS Desulfovibrio
Lachnoclostridium

Elodea nuttallii
Haliangium 1.0
REGUA R Ancalomicrobium

e MR E Bradyrhizobium

L& Legionella \
Christensenellaceae_R-7_group 0.5
AENFFHJE Acinetobacter
WiFFIRJE Caulobacter
Reyranella

JRAALR )R Anaerolinea 0
2155 W JE Rhodoblastus RE4
g A MR R R Mesorhizobium cluster 4
Uliginosibacterium
21K AT Rubrivivax -0.5
MU TR & Rhizobium
HFFIR R Geobacter

L YL R Cellulomonas
WA BE Desulfobulbus

cluster 3

) -1.0

R38

HEERR KA & . IR UL K Re AR T, 1
TEZBER A A A DL Sk A A= &
BT T DI REE S5 o
3 Wit
3.0 RETHIR R RN AR SRR A S A
PIRADK AR R ERKAEES RS, &
YIRS AT AR L 4 S
FEH K A A ) 2 T BT %) 240 ARV iR 2 R R
SERAEAE D 25 25 RO AR A AR W ZR T T LAAE
F AR BETR B 28, AN I G SR R
RSB PR A5 AR 2R A 0y B e S D0 1)
YU, I BH A B K A A A B A e P ) F2 ]
BRI, R F BT HCB Ab S, R &R
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&3 PICRUSt FUNR REYIRE R 5 ThEE
Tab. 3 Metabolic function of bacteria predicted by PICRUSt

FHXS R

relative abundance
CK R38 R760

PICRUSt Zj e il
PICRUSt function prediction

HNIR I A ) R A 5 AR08

xenobiotics biodegradation and metabolism 0.0387 00392 0.0386
E A

nucleotide metabolism

(BT Ayl tvr)

metabolism of terpenoids and polyketides 0.02320.0231 00232
HoAt SRR AR

metabolism of other amino acids

B R AN AR R AR

metabolism of cofactors and vitamins

RS AR

lipid metabolism

Z VB AW AR

glycan biosynthesis and metabolism

0.0307 0.0305 0.0310

0.0199 0.0197 0.0196

0.0429 0.0426 0.0430

0.0377 0.0384 0.0384

0.0167 0.0173 0.0170

=N
i . 0.0212 0.0199 0.0203
enzyme families

PO

ReE AL . 0.0626 0.0619 0.0619
energy metabolism

AR A A

carbohydrate metabolism 0.0980 0.1002 0.1009

HAt A AR A= B
biosynthesis of other secondary metabolites 0.00950.0096 0.0098
S FERR A

amino acid metabolism 0.1031 0.1041 0.1049

B T E B B R BN, U 7E R38 b3
i B, BRI HCB & 58 bR
YR R NG, BRI PR
FI) T Hb 2R 58 P& A HCBPY, R760 Ab BE A MY 2 4E
Py 55 240 AT 5 ik /L T R 5 o B A R B HCB 4
I FHA CBY, SR, R38 H1 R760 Ab B Ay 7K 44
SRR M AR R EDINE . R ER: KE
TR R M E AR T R, AR R b
YA oK AL BRI RIR AR R ARk
R A AR TR, i A i AT
REARIR AL YRR A A B 6T 25
3.2 N[EIG R HCB Ak i 7 i Al 2 A W i
T ToF 22 % e R 45 ) 1 S T

R A2 R M AR 2R 0 SN AR IR IX I, BRBE N
Y AEAF RS SR A AR AN, I REfE
B ALY (AR 2Y) RREAREY, Bemt T3 w
FF B AR TTHURA LTS 24 (0 HCB)YP, ARAFF5E
T At B AR R AE YIRS R E VR 1) Chaol 48
0. ACE #5%¢ . Shannon #8401 Simpson $§£(1
F P4 R38>R760>CK, it Wik 5 £ ¥ ¥ HCB
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