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Abstract: This study was aimed to explore the bacterial diversity of cellar water as well as to study the relationship between the
bacterial diversity and environmental factors. The MiSeq high-throughput sequencing was used to analyze and compare the bacterial
diversity and community composition of samples from different cellar water samples. Overall 1 605 optimized reads were obtained from
four samples based on high-throughput sequencing of the V4 region of the 16S rRNA gene. Bacterial species detected in these samples
covered 22 phyla,42 classes,71 orders,115 families, 146 genera. Analysis showed that the bacterial diversity was very high in these
samples, and there were differences among different samples. The distribution characteristics of the dominant bacteria showed patterns
of a large number of rare species and a few common types. Taxonomic assignment analysis indicated that Bacteroidetes , Proteobacteria,
Actinobacteria, Verrucomicrobia, OD1 dominated in the Cellar water, and accounted for 87.1% to 94.8% at phylum level. The
predominant groups were Actinobacteria, Acidimicrobiia, Cytophagia, Flavobacteriia, Sphingobacteriia, a-Proteobacteria, B-
Proteobacteria, y-Proteobacteria, Opitutae, Verrucomicrobiae, Pedosphaerae and ZB2 at class level. At genus level Rhodobacter,
Dechloromonas , Flavobacterium , Acinetobacter , Comamonas , Pseudomonas , Hydrogenophaga , et al were the abundant taxa, which were

mainly denitrifying bacteria and heterotrophic nitrification-aerobic denitrification bacteria. The result of RDA suggested that the
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influences of different environmental factors on different microbes were different. Bacterial community Il had significant positive

correlation with UV, , permanganate index, BOD ,and Bacterial community Il had significant positive correlation with TN, NO, -N,

NO; -N,TP,NH, -N. This research should deepen the understanding on microbial community in Cellar water, and provide references

for the association of bacterial composition and diversity with environmental factors.

Key words :typical rainwater harvesting area; cellar water; MiSeq high-throughput sequencing;bacterial diversity ;potential pathogen
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Table 1  Physicochemical parameters of cellar water of different types

GH EEC  pH g Ny TOAMGRHEC BOD O NHSAN N0y N NOSN o ING TRy
/mg-L /mg-L~! /mg-L~"  /mg-L°' /mg-L'" /mg-L /mg-L
A 100 7.74 5.00 3.36 0. 47 0. 14 0. 004 0. 06 1. 14 0.11 0. 06
B 8.00 7.77 5.60 3.82 1.31 0.15 0.012 0.33 1.62 0.12 0.09
C 100 7.84 3.22 2.39 1.61 0.35 0. 041 0.34 1.97 0.18 0.04
D 100 7.72  13.27 4.26 2.82 0.29 0.011 0. 00 0.59 0.12 0.07
2.2 TAEYIREE 2T 924. Ho D FEM OTU £ 22, 0 924 45, A FESY
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ZFFEREYMZE B 5 D AR OTU B HEZ,
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K2 BEKKEME 16S DNA F3, TEERSHEN

Table 2 Pearson’s correlation coefficient of biodiversity and abundance of bacterial 16S DNA in cellar water

i FHIEC OTU £t Il ] H B & ACE Chao Simpson Shannon
A 17 931 842 12 30 46 61 82 774.74 770. 17 0.96 5.08
B 19 120 898 15 26 45 62 84 884.77 889. 57 0.96 6.03
C 16 830 887 16 26 46 66 83 836.90 876. 67 0.97 6.20
D 17 895 924 16 29 48 73 86 909. 90 922.93 0.92 6.23
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Fig. 3 Bacterial community structure and distribution of the samples at phylum level
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TR T TR K 3 A% ZH KRR oA - R € > B >
D > A,0D1 TEZK 25 AR oA = BE & R D >
B>C>A.
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Fig. 4 Community structure and distribution of the Actinobacteria
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Fig. 6 Community structure and distribution of the Proteobacteria
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Fig. 7 Community structure and distribution of the Verrucomicrobia
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Proteobacteria ) JIT 7 FL I BAG ; PEGACER 1] v 24 F
Wt B 49 ( Opitutae) . PERL M ( Verrucomicrobiae ) |
Pedosphaerae , Bt 5 HE 6573531 A 0. 50% ~7.50%
0.50% ~2.70% . 1.70% ~3.60% ; i FE & ZB2
J& OD1 P T R A, BT EE i 0. 50% ~
9.30%.
2.3.2 /KRR AR A R AL

PUE 2B TC 0T 4 4 (12 4) IKEERY 40 B
FEVR LS RANE 9 PR, 12 A/KFET A B 35 T 146
A& AR EEE R T 1% M 21 &, 4 )
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3.90%), % ¥ M H I’
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BT W & ( Acinetobacter, 2.10% ) . %k 41 H &
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Fig. 9 Bacterial community structure and distribution of the samples at genus level
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0.10% ). % & B % 78 # J& ( Sphingomonas,
0.10% ).

W& 10 ARXSERER T 1% 1R ACY AR R
BEEZERJE T ClL (2.70% ), 4 40/ B
(Actinomycetales,2.20% ) . ACK-M1(7.70% ) . WE4F
4 B Bl ( Cytophagaceae, 5.50% ) . #4 ig #¥F & H

(' Acinetobacter ,
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Fig. 10 Bacterial community structure and distribution of the unclassified bacteria at genus level
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XPERPLHRE b B DI RE R R 1 o LR LR T
Geit ot A R R (W3R 3) , EAK g 19 Rt
BEIRER T, 15 Ry A 2 BR B D RE 19 U E Y
i K2R HA 2D B R ( Rhodospirillaceae ) | W
2 4k W Bl ( Cytophagaceae ) . #5 J§ #T W Ff
Wfis Atk M R
( Nitrosomonadaceae) . ZL 2l [#] J& ( Rhodobacter) . Jji
A W0 B JB  ( Dechloromonas ). ¥ T B )@

( Sphingobacteriaceae ) .

( Flavobacterium ) J&= WL I AL 41, AN ShAT I &
(Acinetobacter) . \NEH10 1 J& ( Comamonas) . 7655
1BREE ( Klebsiella ) RIS ( Pseudomonas ) .
W& S & ( Hydrogenophaga ) R 57 3% il Ab- 1 50 2 il
TR, BRILZ A1, e 1) % A FIE 20 5 e b £
TP A R AL T ( Pseudomonas ) | i A 18
Wi J& ( Dechloromonas ) ., Saprospiraceae . & 41 7 J&
( Crenothrix) .

R3 FAERABERIIEESAEE %

Table 3 Characteristics of dominant and functional bacteria in the samples of cellar water/%

" . . ST i el

i BRI SN A B C D
Rhodospirillaceae Ak 1.00 1.30 0. 60 0.20 1.90
Cytophagaceae A e o) 7.30 14.90 9. 80 3. 60 0. 80
Sphingobacteriaceae Ak o) 10. 10 19.5 16.8 3.20 0.90
Nitrosomonadaceae S 5kt R 0.40 0.30 0.50 0.10 0.70
Acinetobacter SIS - A R WS AL 1) 2.10 0.50 6. 00 1.70 0.10
Rhodobacter I4E R A Ak 13 1. 50 0. 60 0.20 1. 00 4.40
Comamonas DAL - R RS AL 1) 1. 00 0.00 1.90 0.50 1.50
Phenylobacterium T 4% Chloridazon 2548 24 o A 25043 113 0. 30 0.50 0.10 0.40 0.30
Klebsiella TR AL -G AR R A A 12 0.90 0. 00 3.40 0.30 0.10
Pseudomonas SEFAL- IR AT ) | R ik SR (8 0.20 0.10 0.50 0.20 0.10
Dechloromonas LR A AN =K X (7 0.10 0. 00 0.40 0.10 0. 00
Acidovorax AAFRMAIS | s 3.90 3.30 1.90 3.70 6.70
Azospirillum [ 01 4 120) 0.10 0.10 0.00 0.00 0.40
Flavobacterium IR RS (821 5.70 11.10 3.60 4. 40 3.80
Sediminibacterium AL 2 5.40 9. 60 5.60 6.10 0.30
Saprospiraceae 2 5 A G 3.90 7. 60 1. 00 0.10 6.90
Hydrogenophaga SFEWAL -7 A R WS AL (24 1. 60 2. 80 0.00 0.10 3.60
Crenothrix S 543! 1.90 1.10 3.00 0. 80 2.80
Mycobacterium WAL . B LTS Yely 2 -7 0.90 0.10 0.10 0. 60 2.70

TR W BRI 7 45 R AN S 32 31 A 0 TR 3R B R4
W GAEAEY R (AN 55 ) 552 0 25 R 7] 43
AR A PR T S5 AR BE IR 11 RDA 23 Afr, 7T LA
EEERE H 3L, L, 1), a1, A
RDA J3 7 P v B0 458 PR 7455 3k 110 2 4 K3 R 3 45 )
TS AR Z 18165 Sk A e £ AT DU H BRI IR 5 R ik
AW RE TR S . 55 I RE N ) T 8 20 08 T R
( Rhodospirillaceae ) . ¥ & & J& ( Hydrogenophaga ) .
fi ¥T 7 B} ( Acetobacteraceae) . calciphila, Z1 40 % J&
( Rhodobacter) . BN )& ( Crenothrix) | W& H FE R
(' Methylophilaceae ) | s
( Mycobacterium ) . ¥5B§ T H ( Sphingobacteriales) |
R4-41B, ZB2, C111 5 UV, . mHGMRELTE £, 1
JE R BOD, FIEAHICOE A 5 5 AR N Y T Jm M\
T Al E B ( Comamonas ) . £ ¥ M K &
( Polynucleobacter ) . ACK-M1, % F 1A K &H J&

facilis |

(Klebsiella) . WiF¥F F #l ( Caulobacteraceae) . AN FT
W B ( Acinetobacter ) . Cerasicoccaceae . il 28 & H
(Actinomycetales ) . =E U I J& ( Opitwtus ) 5 pH |
TN, NO, -N, NO; -N, TP, NH, -N& & iF # %,
EZE N O || 7 v O N S U
( Comamonadaceae) . M\ ¥4 i J& ( Comamonas ) .
Z A% FT & ( Polynucleobacter) . ACK-M1 i£5 BOD,
BIEMCKE R % 1 AN 0w 8 & R A s
( Emticicia) . 58 ¥ % £} ( Sphingobacteriaceae ) | W
2+ 4t T Bl ( Cytophagaceae ). 7 I & J&
( Flavobacterium ) . % & K W J& ( Planctomyces ) .
Saprospiraceae 5 pH. TN, NO, -N, NO; -N, TP,
NH," -N. BOD; , ifB | JE 2 GG, WA Ykt
A FIAEE R 719 RDA A s nT LA 56
I, MM B Z [ 2 IEA DGO &R M T RN
AT JE S5 1 A% PN Y T s =2 ) 2 AR DG R
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Fig. 11 RDA analysis of environmental factors and microbial community structure
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3 Wi R AT AR RIS ST LT A RS TR
I

3.1 EKANE RS S R

AT A Mlumina MiSeq (=538 &0 7565, Xt
F 52 R R A W ROK X Y 4 4112 4)
EOKFESPEATINE. 4 KRR S 28 2048 7
H1201 2404, 3L77 41 605 45 OTU , $R45 25 7K 41 1
2207 429, 71 B 115 B, 146 J&. ke
T UL HASREL T 4 K ZBHEA G B FEAR RS
WA X A A R T 4. AN )RR S Y 2 RE T
FEEL(Ace #5541 . Chao #5%% . Shannon . Simpson Z£f
PEFRED) BRIk S OTUs HA A R AR fb 15 3 T 41
HEPIE.

XK 4 KRR BRIEAED] . N, B 2R)2
KRB B A AR 20 A S | A B RV 2R
PEB R B B0 UL B R X L i3 e, ol 4
2 KR L [ 8 24 T 5 TR AEDGT L £81) A 0 1 200 7
TRV ZREPERS M), A B 5 1 2250, 2K 40 v
TR 2R 43 A R 5, EIIE T 1R VR 45 4 1Y)
A A M I Rl 22 3 oy AR A, RV A b Bk

Py BV h b T R AR AR 52 B HS O %) i A A 2
B WA AR I HLx Fhss =0 5 ) BRAE 45 b A=
PIZERE 52 A MeGill 55 Ik i W e
R IZAF A KA PP DBUR WP 22 B8 S A A
X, I H SRR K AR .
3.2 EKANTEREVE AR AT RE B 4N T 2 A 2H L il
PSS

K AR TR A W R K A 7S R G Y S 2H R
I3 AR S R G R AR B A SR AR TR]
TR P v B MR (9 A2 25 T e /R T A )
HREZREE. 20 Hr 5 7K M 280 5 i T 1Y A= 25 T RE R
B, A 2R R T A RS LR, e Rhodobacter
(LM JE ) . Dechloromonas ( it 2 5. 16 & & ) .
Flavobacterium ( VAT & ) 55, X F 40 A 5L 51
TS AL A AR FE B AT FE A B AR N AR, REBA
TR A v V0 TS e SR AT S A% 1 B[R] B LA S
RO X ACEERE A A B R RE T, AR R 0 A=
K F KT B 7 W, W58 Nk o 5 A AT
REDO L (AR AR (2, K & BRI S5 9%
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-SSR RHA R (IL3E 3) . AR, S R A Ak Al i
48 SR A A A 1 IR T B 1 A% B BB A A 4
P B R BE 37 40 58 80T S A Ak S I BETE IR
AT TRV, IR A -1 A S A A AR
RIS 8 B N AT 58 A 3R L BN, P A
S NI T o B 1 MRS IR AN -SSR S A
TR T4 o e F 1 R R, 20T 5E UE B0 BAY
ER IR AR R RS AR . IR R AESS A
BB IR S TS Y rh i e 4 5E ) 1 BR IR 1L- 4
AT BRI S , S5 /R i L AUt
FURFE, TSR RS T R AL, SRR AF T RITR AR
A0 Xt SR A - S SR A A T 1 B SRR R R AT T
R GG A AN AR L, S R i A -0 SR R R A T
TEME AN EBRAHL 7 T BA R B A
LA DO S50 5 57 A -1 S S A T I i) 222
IR, BRI i S 2 AT ), Ok B A L 3R
FELTET.10 mg-L™" 22 A7, Uk /KB K AR 8 T4 48 B0
5. P W5t R - R A 2 S R 2T
JUKIEKAARY 8 SR S A F 2L R L
ANTR] A BRI PR 5% A e R B AR Y
M. ANTESE [ R AR K T IS HLA S R
X2 E R T 2 R (S M 5 KT i A YL K A
TR EVA TE BRI 25 23 0 7 i 4 T A 7 0
SR IR R 5 5 BH R T 3 DX VA B R P TR K
THRBE S B, SEFLRIT S | Microvirgula |
Kaistobacter , Gillisia , 4T T J& F 25 fL 4T 11 & 240 7
FRE U] A IR X 3 Y R WA B TR K
(O RBE B , S B W) 2 B E TR R, A 2

FEMERAL™ . N RDA i il LA (F 11) 2
IKAN ) BRI B 5 X6 sl A= U R Vs A 6 AN R Y 5200
X R A7 2 B I 00 5, B N T s A= S ) g
R ARHBL AR R A [ T s 2B AS T RE 1 22 S k. FE /K AR
VAR I A S T RE 0 BT, 56 11 AR 9 B9 8 LA R
( Hydrogenophaga) . 21.2M % J& ( Rhodobacter) . 3%
FFHE & ( Mycobacterium ) B T A Bl RN BESN , i X £
Fih BL ) B AT R G 1 B fige A T g 20 98 7
( Rhodospirillaceae ) . fifi T 7 B} ( Acetobacteraceae ) |
g H FL TR Bl ( Methylophilaceae ) J& TS L I 1], FE A
SMITSERI , R ZHUEIE T T A0 AR e L A=
YIRS it 2 DL A AR i AR A b
BAREMANY IR, X 555 17N 0w 8 £ %
5 R WKL & R bR Z (A S IEAH DGO R AT
38 5 k. 2 IR N R A B B AR R
( Comamonas) . 55 1A IS H & ( Klebsiella ) . AN 3 FT
HE (Acinetobacter) 2 ML Y BT I SR S BE Y AT T ,
M £ B B ( Actinomycetales ) F f) ACK-M1 5
Mycobacterium (53 BAT & ) W BA A TIGE, X 5
55 AR N AT R 25 R E KA B i fe bR
IEARSCAT BB TE. X U B, S A= W ae i 1 AR S T BE
A Z R R AR B ARFAE.
3.3 BRI AN 29 I AR M) XU T

W 4 JroR R oK g Y 9 R TE Y K IR
S B DR B A3 A R AR, AT LA X 9 Ao R T e 43
SR T 28 JE B 1] ( Proteobacteria ) | UL AT T [
(Bacteroidetes) . HUZE AN ] ( Actinobacteria ) , X —
RIS K B AR IS ).

R4 BAHERPBEREREESBRIE %

Table 4  Characteristics of potentially pathogenic microorganisms in the samples of cellar water/ %

- \ T i LA

9 JEL T IR SR WA : 5 C 5

Mycobacterium Actinobacteria 0.90 0.10 0. 60 0.10 2.70
Flectobacillus 0.10 0.00 0.00 0.20 0. 00
Flavobacterium Bacteroidetes 5.70 11.10 4.40 3.60 3.80
Chryseobacterium 0.20 0.00 0.00 0.90 0.10
Sphingomonas 0. 00 0.10 0.00 0.10 0. 00
Arcobacter 0. 80 0.10 2.90 0.20 0.10
Klebsiella Proteobacteria 0.90 0.10 3.40 0.30 0.10
Legionella 0. 00 0.10 0.00 0. 00 0. 00
Acinetobacter 2.10 0.50 6. 00 1.70 0.10

it — WA & B, o B W R
( Mycobacterium)) , ¥5¥T 1 J& ( Flavobacterium) | 575
A H & ( Klebsiella) . ANshFTH & (Acinetobacter)
5 IE W & (Arcobacter ) TE2E 7K 4 L/KFEH AR,

() 0 2 o5 A7 LA 5 v 1) T, S0P 2 T A0 ) o
0.90% . 5.70% . 0.90% . 2.10% . 12 dhi AT % &
( Flectobacillus ) . 4 BFF 5 J& ( Chryseobacterium) ., %
=B A W JE ( Sphingomonas ) . 4 " )&
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(Legionella ) AAEA IAE b b Y, A2 BRI, 1k
AN ABAFERE I, 2F 56. 8% FH, AReX 72
B )@, Herhal BB A B 0 N B A B v B v RN
JER. BT, MR K b S Ts e Y RO UE
V5 Y H G e SO AR T e g R K BT T
A A U R 5 T TG G 2 5 M 7K 5T Y 32
BRI 2 —2) . IR IR 5% 2 45 Fh 8O0 A W75 e vl
S RN KA Yo, T2 i T8 15 Yo & A=
R4 WHO (AR 7K oK BT o W)y, AN 3h #F & &
(Acinetobacter) 1 & A 5T ANFERR H & A sh AT
& A B R R K T 5 | S B i 18 B i UE R (B AT
REIE L IR K 5 S AR B R B 8 B i 1%
15 ; 102 AT A8 ( Flectobacillus ) 25 |2 3R 2P H
19 9% e B IR 22—, 15 G B AR FH KO 35 i TR
TR M EBRYLIR | AR M LR B R K 4y
SR R B TRPR , UESE T2 KRR s 58
Q& (Klebsiella) J& T B AT B}, FA /977 12 ve 75
(BN RUASR T NS ES €1 |78 R e iR e =t/
ZEVH 0 g ( Legionella ) BN M S W AE ) N0 78T, I
it 2 AT B 2 AT s P 32 R P s DR i TR A
AIBBIR AR R GE, B LA 7 >R BBCA i i ot i 2 1%
DA A1 B BB, T 0 B R TR ( Mycobacterium ) 32
B IRAR T BRI | Hz ik DA K TR R B S G i
K, ZFh TR A B e R 5 2 R TR IR K Th AR e A G
AR, T LATE A DU 4 718 TR G K A S AR s G R
Y Uz an A N |Eb Y S S A e I VAN 1
A=) 55 DR E AR SR R T T L
TN A58 — 20 1 e 5 K 4 T 2% [ i A
Wi Y ) N KA RR RUBS: DAk A AR R B b BE 1.

4 it

(1)% 16S rRNA £:[H Ilumina MiSeq P iy
FFHARNT 4 LHERFEMHEATINR. 2803 s
TR 40289 OTU 1605 2% , 3R A5 75 7K 40 1 Bif
w2207, 4240, 71 H, 115 B, 146 J&. FoREE b
ZRAE 0. 97 AR KT T P40 A] BA fz iz 7K
T E IR 4R, Chao . ACE F8E0 OTU K4
RPN 4 AR BB RS FERN A D>B>C
> A, Simpson , Simpson $6 & 4 ZHKFELH R Y 2
FEMERIE N D >C > B > A.

(2) PR RIS 2L R | B K 40 T A =F R AR
IRAm  AHAN RIS Y () 7K B A7 I 0 25 K b B Gl 2R
AR —E 22 5, B/ BA 5 U0 T AR X L 431
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