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Diversity of airborne bacterial community in spring in theWest Lake scenic areas

of Hangzhou, China
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Abstract; The community composition of airborne bacteria was examined using high throughput sequencing at four selected
sampling sites during spring in the West Lake scenic areas of Hangzhou, Zhejiang Province, China. The results showed that
the dominant bacterial phyla were Proteobacteria, Actinobacteria, Firmicutes, and Bacteroidetes at different sampling sites,
and the relative content of these four phyla at the sampling sites of melting snow at broken bridge ( MSBB) , orioles singing
in the willow (OSW) , precious stone hill floating in rosy clouds ( PSHFRC) , and three pools mirroring the moon ( TPMM)
was 88.31%, 86.03%, 85.06% and 89.28% , respectively. Furthermore, a difference in the dominant bacterial phylum was
detected at different sampling sites, and Firmicutes accounted for 9.65% and 11.6% , and Bacteroidetes 6.86% and 5.55%
at OSW and TPMM, respectively. At the MSBB and PSHFRC sampling sites, Bacteroidetes accounted for 7.31% and
7.86% , and Firmicutes 7.09% and 5.32% , respectively. Significant differences in the airborne bacterial composition at the

genus level were determined at the four selected sampling sites, and the most dominant bacterial genera were Massilia
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(6.22%) , Janibacter (6.45%) , Sphingomonas (6.05% ) , and Methylobacterium (11.5%) at the sampling sites of MSBB,
TPMM, OSW, and PSHFRC, respectively. Sphingomonas, Methylobacterium, Hymenobacter, and Deinococcus were the
common airborne bacteria at different sampling sites, that accounted for more than 2% of genera identified. Moreover, a
high species richness and low homogeneity of airhorne bacteria was detected at the MSBB sampling site, while a low species
richness and high homogeneity was found at the PSHFRC sampling site. In general, significant differences in bacterial
composition in the atmosphere were found at different sampling sites in the West Lake scenic areas of Hangzhou, and their

richness and homogeneity were also significantly different.

Key Words: bioaerosols; West Lake scenic areas; proteobacteria; bacterial richness; diversity index
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& 1578 T3 AW, A PG X B Rl R il o 1 437 5 ANk, B3 8 T ke B, BEE BN AE
PRGN 4 0 44 2 T 8 B g, ST 80 R 2 G 3 1, DR AP G 980 5 X s R A v T e Rl B 4
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1 HARMBETTE

1.1 WFGERE S A

BCPH P8 80 5% DX, T VAR BOM T P8 T, 5 DX R LU s BE AR AN B A 400 oK M FEPE I AYme 78 b =T, 5%
DX R TAI R 49 km? LI 6.5 km®, 5t DY 1E 5000 3 R TR AR 4L s 75 A7 80 KNSRI 25 ]
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W IEAINAHE ST 4 5% ) o HEIROE ) 5 X R A URYE H A A RIRIERY 4 A5 BT 5ERE 5L, 235
MR % (Orioles singing in the willow—OSW) . = E[J H ( Three pools mirroring the moon—-TPMM )  WiHF45%=
( Melting snow at broken bridge—MSBB) 1 7 Iiii % ( Precious stone hill floating in rosy clouds—PSHFRC) , HIR
5% (OSW) 12 T U A e /5, bl PN S MIDAR ST, il S 55 A R ) 22 M AE ST . WA 5k (MSBB) o T 74 i)
PR AR, 2 P X R R KA S 2 —, =B EIH (TPMM) 2 78 5] rh R R A 550G | XU 75 0 5 (0
B SRARHE L AEAREREE , 51 AR I, A A (PSHFRC) {7 TP AL 5 ) — 1A i B 08 Fn = L, 7480
PEERIRPETS | S (AT
1.2 =S AR

K E Bertin # Coriolis w 25 AW RFEASUEATHURE | Coriolis SR 28 A e SRR R R | 25 i
B R ATk 300 L/min, Coriolis w AEME = R5ISCHE 25 S B AR WA | B il 1) SR BRI X VB ARE f , F oil J B2 ek
TR B S AR T AT R R AR A, LASRAS B ORI B RS 0 i A e a5 R TS B AR SR AE N 1Y
Z R AR
1.3 BTk

FERCIN T3 V4 A 5 IX 365 4 NHF 5 (OSW  \MSBB TPMM PSHFRC ) , T 2016 4F 5 H e £H Al ) K &A%
(1) ,FIHT Coriolius w 28 S RAE VWA RAE AR HEA T IBURE , BORE IS 28 SUIRLEE D 25°C, KUl i AR XL, IR <3 4%
FIF Coriolius w 25 MU VIR R AESR AT ORE , BN FE 08 3 MR, PRSI EIER Hi 29 1.5 m &b, %R
P 250 L/min, BURERFTE] D 2 b, BORERHISCER A DT AR ORI 12 mL, O T BRAEHCHE A LA A9 AR , BB
10 min FEWCER A BN VRISCRE W, IBORE 25 5 W R AR (0] S 3 % SRS 64T DNA S R M REA T T X
A P AR PRI 9Y
L4 RFESR AT S DNA SR 505

FIH Coriolius w25 I Wik 1A SR AR i WSO O RE A T8 e v 8 O PR 47 e DA A DB R IS 4R 24 100 L 1Y
SRR G SRR 2 1.5 mL 208 k40 5 i REACR T QIAamp DNA Mini Kit(50) 120 & $#2 B <,
YA EEPI 2 DNA REASIN-5A% FO A P BRI 2 DNA FEASIR 28 FIEAE 5 A= R BR A R A T4l 1 U Y
1.5 28 SR ey I

LIFERD DNA VRSN PCR SRR , 974 16S rRNA JEH [ V3—V4 X, PCR X BLIE R 51505 A 5
ACTCCTACGGGAGGCAGCAG-3'H1 5'-GGACTACHVGGGTWTCTAAT-3' , ¥ H#4 J5 152 425 bp BY4 14 H B, K il
BRI AN Pk, 2 Miseq PE300 - 6 it SR vl
1.6 Hdukbs
1.6.1 iz

Hiseq Rl Fy I i 2 871 373 A1) BB A adaptor #3K 981, LA e — 28 /b s I B &t ) 91 AL By 4,
cutadapt 2K (Version 1.16) Z:F5 3/ 5l Fp 353k , #H Pandaseq K4 ( Version 2.9) AR #f& X I ¢ - 1) Y H & ¢
FHG AT 1Y reads PHER— 578, 15805722 XY JEAR 91 (raw read) o XFHFES B9 BEAT BT 45 20 B ( 25B%
BB EACT 20 LU BZER & N % IE 5537 511 reads ) 3R1AH 2T 51 ( clean reads)
1.6.2 OTUs 525

P PHE A ROF ) H Y singletons 14 7€ $5 , F H Uparse ( Version 7.0.1001) ik &4, 718 97% B9 AHBLEE
X AT RIS GBI T YA 3250 OTUs,, FE R TIED 7 TR FE R A8 A AT HE T, XA FEAR 347 15 —fkAb
M RJE TR BT S R 2L R OTUs ATV Y A A= W53 (PCA) 4347
1.6.3  BEIE 25 F 9 4L B AR AL 53 B

M\ OTUs Hhlsse i =2 5 BE B o (6 — 2R PSR 9 RERIT A1, 5 16 rDNA HIHi P2 ( Greengenes ) 75 97% AR
PET BEAT HEXT TN OTUs AT AT RS JRARIERES OUT h P91 09 258045 3 OUT J3Aii &, X Wy b 2
PR GEATS3HT . R QIIME %144 ( Version 1.9.0) 31 Alpha ZEEVEF Beta ZHAEVETEHL,
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2.1 ZESYE OUT K o ZHREME T

KAL) ZS SANDAFE i, 28 DNA BRI ARSI 0 e 3 1 0 e 0 % T A5 S dn B s A 7 PR 2 B A L bR &
i, A 5] 252325 55751, Il AT R LIRS OTU $iky 17795, Hidp OSW (19 OTU %4tk 3771, TPMM
4261 ,MSBB } 5075 ,PSHFRC & 4688, M OTU #F7% 4% 5 v ] 41, VU I8 S5 XA R B o5 25 A4 ol v = ) 22
S, OSW 25 S 4l = 5 /N, 1 MSBB 25 S 41 T K,

1 BEARFERES o ZEEEFEE, MSBB Y ARFE L ACE #5510 . Chaol $5%L . Coverage 1541 . Simpson F5 517>
S8 6.07 20673 ,13072.,0.95 .0.0123 , [fif PSHFRC B9 L3848 5053518 5.43 2179012401 ,0.95 .0.0371, 5HE
FEAUAH LG, MSBB 25 S A 3 i B8, 3950 BRI, 1 PSHFRC 258 S 4 3 B RUIR, 5 A

F1 RMNTEAEERAEERZTSHAEHR Alpha SHMEREH

Table 1 Alpha diversity index of bacterial samples at different sampling sites in West Lake scenic areas

A4 Shannon #%¢ ACE f5% Chaol 1% Coverage 5% Simpson T5%¢
Sample groups Shannon index ACE index Chaol index Coverage index Simpson index
MSBB 6.07 20673 13072 0.953 0.0123
0SW 5.50 26488 13322 0.963 0.0168
PSHFRC 5.43 21790 12401 0.955 0.0371
TPMM 5.72 16597 11367 0.962 0.0176

MSBB; Wit 5% 5 , melting snow at broken bridge ; OSW : #lIJK [H1%5 | orioles singing in the willow; PSHFRC ; 5 7 Ji & , precious stone hill floating in
rosy clouds; TPMM ; = EIH | three pools mirroring the moon

2.2 ARG A R

AE AN B A B R B 2 1 2 AR FE TR T ( Proteobacteria) |, 4351 /& MSBB 5 54.54% ,0SW 15 53.49%
PSHFRC 5 60.15%, TPMM i 56.97%, H.AE 4 /A HF g h g A X & i 8 56.29% 5 R A& 1]
( Actinobacteria) , 43 %l 5& MSBB i 19.37% .0SW (5 16.03% TPMM 5 15.23% PSHFRC 4 11.73% , H7E 4 4
FERUH B AE X & i 15.59%, 4B 1143 28K F b, OSW Fl TPMM AH X 5 & 55 = () J& JE BE R ]
(Firmicutes) , 535 5 9.65% F1 11.6% , %% VU 1) & #UFT I 1] ( Bacteroidetes ) , 4351 5 6.86% F1 5.55% ; MSBB Fll
PSHFRC 5 Z AR, X & 50 = MR AT B 1T, 400 5 7.31% 1 7.86% , 55 VU2 JERETR T, 351 o5 7.09% Fil
5.32% ., MLL L BIBFFTEs SR n] LIAS H PH I 55 XA A i 25 S B AE T TKF BARX & B3 2 W TR B 1T
SRPE T JERERR TR TR 1T, 3 4 17140 ARk B A X 5 52 7 45 FF 55020 A FEAE i MSBB [ 88.31%, OSW
86.03% ,PSHFRC i 85.06% ,TPMM i 89.28% (€ 1) .

BCIN T PG I 55 X 4% R 23 AP R 4R 954 J& , L MSBB A f 5 B BEAR IR O ES B 1R & ( Massilia )
(6.22%) A% I 50 jY 1 J& ( Sphingomonas) (3.61%) . W FEFT 5 J& ( Methylobacterium) (3.53%) . Bl ER % )&
( Paracoccus) (3.16% ) X 16 1 & ( Zhihenglivella) (2.6%) 1 )2 % )& ( Hymenobacter) (2.22%) 5% BRE &
( Deinococcus) (2.21% ) ; TPMM BYPLI R AFA A W9 0 4 ] & ( Janibacter ) (6.45%) W IEFF AR (5.44%) . 5
TEWE (4.99% ) ZFEAMUFTIRE (Bacillus) (3.36% ) 2B AR )E (2.9%) S5 HIRRE (2.51%) (HLLH0KE
J& ( Rubellimicrobium) (2.19%) ; OSW XS & 5 2 1 AR S i 24 B S MU 1T (6.05% ) (PR TRTAH AT (3.91% )
SRR (3.29%) B FEHEE (3.15%) TR & (Acidovorax) (3.01%) I ERH B (2.98%) . HEAFH 8
(2.54%) ; PSHFRC 11400 34 T B DU AR U g WY B AR R (11.5% ) B A B S I i R (11.21%) L 57 BR T &
(4.74%) H)ZHE (3.72%) JHLLHOKTE (2.83% ) TR HE (2.06%) . MLL EWFFEEE R AT LAY, MSBB #
AR R AR i o R TR R | 1 PSHFRC A 5 S S B @ AT 3 R 0.93% ; OSW A 5 1 2 B 5. i
P i 2 e T e E T TPMM A 5 2 B B A 71 J AR O 3 528 2.9% ; PSHFRC A i DU HA AT 77 Ja AR 2
i B R i 2 R TN E TR T OSWRE a5 HY AT TR S AR XS 13 4 2.54% ; TPMM A 1 79 11 A0 18T It 3 v T
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FRATFH 1] Acidobacteria

TR BT Actinobacteria

AT HiT] Bacteroidetes

BRI ] Cyanobacteria

FHER A -WIBLE 1] Deinococcus-Thermus
JERER ] Firmicutes

A5 JLHi 1] Proteobacteria

BB Other
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EEANNEELT
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1 MK FARSEARERESAHNENEE
Fig.1 Relative abundance of airborne bacteria in the level of phylum classification at different sampling sites in West Lake scenic areas
MSBB WitF5% 25 : melting snow at broken bridge ; OSW : HI7R [H]%5 , orioles singing in the willow ; PSHFRC ; F f1 3l % , precious stone hill floating in

rosy clouds; TPMM ; =V E[J H | three pools mirroring the moon

HE R, M PSHFRC R 5 9 1 40 b S8 AR S o 0 (1 2) o BRI, P A 5% [X 4% S Tl 40 o 7 s /K7 B AR
e RARE B, AN, BRSNS AR 2% UL AN R A SRR AR AT R R 2
PR AN S5 BR AR | 1 S0 1 i 2 PG I 55 XN TRV R i A I S TR
2.3 ORI[RIRE S S RIS S5 A AR R 2 A

& S K- PRk = 5 B fe s AT 40 NI FIE D)AD& L NEIFR AT LUE Y PO S XA s R
YRRV 22 5 3 (1 3) , WA RIRE S A AR AR & 2 o3 BT ok B, BES A5 21 — B 25 31 T = IX %8
SRR B o = R TR TP AT R SRR | BT B R T A A R T TE R
JE AT EEFEASHE S OSW(3.91%) . TPMM (6.45% ) 55 MSBB(0.03% ) .PSHFRC (0% ) 2% AR i 3 ; ZF 0 fT
B B AT 2 BEAE AR 2 TPMM (3.36% ) 55 MSBB(0%) .0SW (0.31% ) .PSHFRC (0.22% ) 2% 5+ . 3 ; L% 8
AHNT = BEAERE 5 TPMM (4.99% ) MSBB(6.22%) 0SW(3.15% ) 5 PSHFRC(0.93% ) 2= 5% & (K 4) .
3 itig

FEBTM T PE I 52 X AR T 4 AN BBURE S, RGEMESY T V) X 2 AN A BETE R AE . TR R [ TKF I, 4%
FE R ARSAANTR T34 AR TE BT T B BRI T R BE TR T AMUUAE B 1], R A X & 78 MSBB, OSW , PSHFRC Al
TPMM %3514 88.31% ,86.03% ,85.06% H1 89.28% , AN Al #f 5 25 S AN 1A ] /K V- A7 7F — € I 25 5%, OSW Hll
TPMM JEEER 15350 7 9.65%F1 11.6% , DT & 17153701 i 6.86% F1 5.55% ,MSBB 1 PSHFRC AT & 117351 o5
7.31%H17.86% , JERERR 113 51 15 7.09% F1 5.32% , FE 40 B J@ 7K F b, & RS S dnl v s I 7 2 25 57 0 3
MSBB ,TPMM ,0SW Fl PSHFRC % 5 55 K 3 B T 43000 T 38 1R A I 1 U 2o P i R AT
g, 535l 6.22% .6.45% .6.05%F1 11.5% , £ A% i AHXT & 15 T 2% 0 IR 8 A B 2 B SR i g | TP 5L AT T
Ja VR TR P S BR TR | 3k S TR R R D S X AT A A A TR kS SRR T RO TR R T g IX A R
PRI RAE , 25 S LUVBIE BT JREERET T JFF IR 1] A BT ( Cyanobacteria ) I 1 A LA B HE, (H
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B R E 8 Acinetobacter
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e 70 - O #EHFH )8 Flavobacterium
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§ 2 HIEAFE B Methylobacterium
% or m VAT Naxibacter
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= B WMLAYERE R Rubellimicrobium
20 | NERBANE )R Sphingomonas
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Fig.2 Relative abundance of airborne bacteria in the level of genus classification at different sampling sites in West Lake scenic areas

ARFEIHEX AR A B g 255, AU S5 09 X B AR S ARI o T Wi ks
S AR A AT PR O A AR R I 2H A, 25 SOh ORI i B DU IR TR 1] (24.63%—54.22% ) AT
17(6.109%0—20.27%) JEBER1(9.91%—29.76% ) JLLEHE11(9.27%—18.87% ) FIHUAT B 1] (7.529%—24.29)
JE, BIFFEELYIR 90% , P DO EaR A ST AL SUATERTM B i TR SR A A SR B N ], S Ao
AR TAAE—E 1 22 5 7RV I 5 DX AT T 1 =F BERCAIR, W AE WV TR A 55 S s A IX R A T ) 3 B A vy, T 7
W XA R SN AR IIEX 2255 B . EFHHEGE T35 b 3 T U A B VR X 25 S AN i e v 2 B
PE, RIS S £ 24 4 1137 J& AR ZRIR W] SR E T R T TRERERE T, 2051 67.6
% 17.6 % 11.7 %M 2.9 % o368 A AT H & ( Microbacterium ) ASSFT & ( Acinetobacter) | i i1 Fp i 141 J&
( Brevundimonas) AAAT & ( Caulobacter) W T 1 & ( Phyllobacterium ) NRENE T JE ( Pseudomonas) I TEFT B
J& ( Pontibacter ) FIHRIEI B4 J& ( Rhizobium ) . TEI THIAK-_I, PO & X 25 S0 B RRAIE 5 3 vl 7 35 V20 2 5 IX 3
AARL 7B KT b T Hl s SO TRV 25 57 b 3, LR34 TR A ) Sl AN T) 3K T R AR pl T VP L Wb 38 AN () ) B 5
FROE TSR A2 AR T 15 3R 1 o 1L KU X 4 A A TR R AE | 20 56 5 75 T A 3 T A vk oy 24
FFIRE H % EK T & (Staphylococeus ) JHIERTH & ( Micrococcus ) FVER B TR J& | 430 o5 SV A T A9 37.7% (17.2% |
10.1% .9.8% ">, iIX 5 AT i 2 SAN PR BE TS 4/ 25 57 0 38 — D IHT, P T 358 v 46 K 2 04 vl Je AN il 5 55
4, T TR B AR L RA 0.1%—10% 7075 3R B0/ M0 2 o Ll RESEAIR > | 3wl 5 350 T R B 350
FAERE FR L 5T 2 S A R 10 5 22 5720 s g — D, 8 1 DR X W i DX ) A B R A AS T
L XU DA 8 vy, P T e DX LA e R A R sl T R, i 8K T M P A 7 o R A vy, (AL B S 8 I 28 AN [] , sk s
I T BRI I s DR 1L XU X s SO A R AP S A ] B S A

M OTU F1 Z R B Aok B, 5 H e R M B, MSBB 25 S b 4 B =F & B2 8%, 39 50 BE eIk, i
PSHFRC Z5 S 0 5 BEAUIR, WA R . BF9E 3R, N BL sl 4205 sl AN SR A AR B 2 s e 25 SO A 0
FHER IR EZE N R, S PR RS R S sh A & B &R MSBB J2 P4 I 5t X Ui % i 2
R F S Z—, — 7, NGV S 8125 5 115 1 T () A S8R E00R AR 25 SO B Bl (A5 ) s 855 rh 4
PR =F BE AR 0 S R0 5 53— T, N A 2 iy by, B JOR 3R T i 4854 A 20 T PT RE S B s <o, AT
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Fig.3 Species abundance heatmap of airborne bacteria in the level of genus at different sampling sites in West Lake scenic area
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