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Community characteristics of airborne bacteria in severe haze
and its correlation with key environmental factors

ZHANG Yu LIWei-Lin YANG Jin-Shui LI Bao-Zhen YUAN Hong-Li’
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Biological Sciences, China Agricultural University, Beijing 100193, China

Abstract: [Background] Recently, frequent haze events affect people’s daily life and economic
development adversely. At present, less attention has been paid to airborne microorganisms in such haze
events. [Objective] To explain the characteristics of airborne microbes in haze and further clarify the roles
of microorganisms in the formation of haze. [Methods] Samples of particulate matter in severe haze in
Beijing were collected. The microbial community structure and composition were analyzed by amplicon
sequencing of bacterial 16S rRNA genes, and the correlations with pollutants were explored. [Results]
Haze events would affect the airborne bacterial community structure significantly, resulted in an obvious
increase of Proteobacteria and decrease of Actinobacteria. Particulate matter and the chemical
constituents were identified as key factors that affected the a-diversity and community structure of
airborne bacteria in severe haze. Meanwhile, compared with gaseous pollutants SO, and NO,,
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water-soluble inorganic ions sulfate, nitrate and ammonium had a more obvious effect on airborne

bacterial community structure. [Conclusion] This work illuminates the community characteristics of

airborne bacteria in severe haze and its correlation with key environmental factors, and provides data

references for airborne microbial research, air quality assessment and haze prevention.

Keywords: Haze, Airborne microbes, Community structure, Key environmental factors
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Table 1 Details of the sampling time and average concentrations of pollutants in severe haze

Sample numbers ~ Sampling times

PM, 5 (ug/m’®) PMyo (ng/m®) SO, (ug/m®) NO, (ng/m’) CO (mg/m’®) O3 (ug/m’)

RH1 2016.12.20. 16:00—19:00 331 410
RH2 2016.12.20. 20:00—24:00 384 377
RH3 2016.12.21. 16:00—24:00 377 388
RNH1 2016.12.22. 12:00—24:00 11 NA
RNH2 2016.12.23. 16:00—24:00 81 89

13 174 6.8 5
9 152 8.7 6
21 193 7.0 5
6 31 0.5 46
22 86 1.5 4

. BEERIET http://www.bjmemc.com.cn/; NA: Figssk.

Note: Data from http://www.bjmemc.com.cn/; NA: Data missing.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SIS R SRS Y A A B R L 2 5 G SR A 7 B AR DG 3129

(5-GGACTACNNGGGTATCTAAT-3") ), J5 k%L
P (raw data)ffK i Barcode #1774, 2 Barcode
M Y451, M FLASH (V1.2. 7)1 778 Pf % .
PHEJR FHI S I QIIME (V1.7.0)M Fidas i ek
AT, K LR A SRR 2B, A4S 21T
T IEEEE S B A RO S I BT AR LA e A R AE
NCBI GenBank ¥4} /%, % 55y SRP189601.
1.5 #EES R

FESL P20 OTU K KA FE T QIIME
BAFE R 168 IRNA JEH V3-V4 X7 frfs A4
BT K QUIME BRINEY De novo OTU 43Hr Jr
W, HR 97% AU RIS OTU JEkik Ry
UL S BRI R B R, B BR A/ N
GIAEIA T3 — AL BE . fKHE GreenGenes ¥ 15
e AR T I BT

KFEM o Z2HEMEMITEE S QUIME 4
(V1.7.0)5¢ /i, Chaol $5%X. Shannon $5%(. iE&RZ
FEPEFILI AN B340 ] Alpha diversity.py
A TE . FEh o ZREE | R E T YR B i AE X
F 5L A T Pearson A4l SPSS
AF(VI8.0)HEAT , W 2 0] S 2 MR 30 « R 0
(¢ test), Z T HE(ANOVA)EH Duncan test, LA
95%E AR M B F . SRS
ZER SRR I F A S ME RS Mantel test 30HT{di A R
BAHH) Vegan £1(V2.5-2)5E i

AN [RRE it [RDRE 7 25 0 15 A 22 S 0 B 2 2
17 T # & 43 M7 1 Linear discriminant analysis (LDA)
effect size (LEfSe)/rtr. KMl R K
Pheatmap 47, Z3HrETHCEAE S ARXS B B
SR EGHEA T B9 BRfEAL . LEfSe 434738 1o I
(http://huttenhower.sph.harvard.edu/galaxy/)i# 1 7%

2 ZR540
21 ZEFRNIHFEHLED ST

W 2 FIm , AR YR 3 75 Yt S JURE 4 v (4358 43
B TROT R IWRE 2 EIHE . b, NOsyT L SO,%
I NH, “E3HEE 73 314 52.60 ,46.04,27.01 pg/m’,
BE TG Y FREERL Y 6.05.4.60, 2.65 ug/m’

(¢ K8, P<0.05). FisYrEAhH CIT K Mg™",
Zn, Cd. Tl. Pb WM BE43 ik 5] 9.76, 232,
0.76. 437.68. 4.61. 3.54. 259.94 ng/m’, W H¥
T ARG Y BEAE B 1.88, 039, 0.16., 96.39,
0.83. 0.59. 47.11 pg/m’ (¢ K%, P<0.05), 7£ 3 1
TSYRE S, RH2 A9F-2 PM, s WJE O 384 pg/m’,
%= T RH3 (376 ug/m’), {HEK | RH3 o PM,.
SO, FIH WITER I B F M BE Y Mrdie i (R 1-3),

s Yedpe U ERE

TR R A Al i A A A A R
1Ak s G R R 2 Sk, B ATBA N 2
S5 Y v 2R TG R ) e A RGER 4 o
SO, NO, F1 NH 7EAH X B 55 1 B 25440 T b A=
JET SO . NOs 1 NH, A k2 f S i — ik
TR A R B A 1 CA K
Fe U5+ HEFRBE () Mgt 8 A 575 Y b
E ETH A, KRR E SR TS Yt TR [ 2
Sl —, sai5 R RRESRIREN -
FEARZ/NBE 2 BT A B ST B S X 5
Sz Kb SO,% . NO; FI NH, I S vk iE hy
85.9£22.4 pg/m’® | AT RM R, IKSETS
PerP B AT SR R IA 125.65+29.34 ug/m®, T HL5%
Yk SO . NOs I NH, BUMk BE 40 B3 T
2510 /%5, esh, CI K', Mg B4 80K Zn,
Cd.TL.Pb BV EEW BT T 5450 E, AR IR <21
T () 375 Y oy LR (1 B 8 505 e
22 BTEEMTZSHAE o ZHEMEIFERSIME
A F 89 X%

A YR B JE g T Y 45 RE S AN T AT B
Fhis BN 1 Fin, ZFEEFE 50 19 Shannon 48
Ok R 2 MR 4 ) 4 A fE 6.10-8.90  FI
72.15-137.83 BTG Z A, PyFhFE B Chaol f5
FOFNAT LI g B 53500 5345 F 1 444-3 691 Fil
2 546.03—5 681.34 L. PRI ATIHXS 2015 4F
10 H 2 2016 4F 1 HHi] 9 15 P rt i il AT 1%
SLPREEAIRGE , FLANP 2R B IR E E B
o235 5 AR U B T Yk b T R — K

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3130 AR A R Microbiol. China

x2 BERAIERPENMPERTERRE

Table 2 Concentrations of common elements in particulates in haze (ng/m®)

Elements  RHI RH2 RH3 RNHI RNH2 RH RNH

P 453.49 184.77 214.25 83.95 138.65 284.17 (147.37)* 111.3 (38.67)"
Ca 7.58 4.68 9.49 5.68 7.90 7.25 (2.42)" 6.79 (1.58)"
Ti 713.37 315.74 407.21 225.71 263.33 478.78 (208.25)" 244.52 (26.61°
% 9.99 6.23 11.58 6.57 7.42 9.26 (2.75)" 6.99 (0.6)"

Co 4.68 2.34 4.06 1.36 1.55 3.69 (1.22)° 1.46 (0.13)*
Ni 20.54 8.96 20.85 437 4.84 16.78 (+6.78)" 4.60 (0.33)*
Cu 91.26 79.07 82.56 12.98 44.41 84.30 (6.28)" 28.69 (22.22)"
Zn 381.16 441.98 489.91 55.13 137.66 437.68 (54.50)" 96.39 (58.36)°
As 0.27 0.10 0.00 0.00 0.00 0.12 (0.14* 0°

Se 0.78 7.77 12.45 0.00 0.00 7.00 (5.87)° 0

Mo 0.00 0.00 2.89 4.56 0.79 NA 2.68 (2.66)
cd 4.19 4.82 4.81 0.41 1.26 4.61 (0.36" 0.83 (0.60)°
Tl 2.86 3.20 4.56 0.44 0.74 3.54 (0.90)" 0.59 (0.21)°
Pb 223.81 243.96 312.06 28.49 65.74 259.94 (46.25)" 47.11 (26.33)°
Th 0.87 0.63 1.41 0.67 0.91 0.97 (+0.40)* 0.79 (0.16)*
U 0.43 0.31 0.61 0.29 0.28 0.45 (20.15)" 0.28 (0.01)"
Na 1.39 1.78 4.93 2.01 1.11 2.70 (1.94)* 1.56 (0.64)*
Mg 1.63 1.22 2.54 1.80 2.05 1.80 (0.67)* 1.92 (0.18)*
Al 438 2.51 5.46 3.42 4.01 4.12 (1.49) 3.72 (0.42)"
K 2.31 2.53 3.64 0.94 1.41 2.83 (0.71)" 1.17 (0.33)*
Mn 141.69 116.65 178.56 71.98 106.16 145.63 (31.14)° 89.07 (24.17)*
Fe 434 2.97 5.19 2.46 3.55 4.16 (1.12) 3.01 (0.77)"
Ba 114.35 98.00 141.84 46.82 99.78 118.06 (22.15)° 73.30 (37.45)"

TF: RHI, RH2, RH3: Zy5J¢FER; RNHI, RNH2: JE75 5%t AR ; RH AT RNH 435 AR3R05 Pkt Rk TS Qe ke i rh o e
BERF- B Mo bt 22 s e AR SRR R SRS IR Z M B A B 25, ttest, P<0.05.
Note: RH1, RH2, RH3: Haze polluted samples; RNH1, RNH2: Non-polluted samples; RH and RNH represent the average and standard

deviation of polluted and non-polluted samples, respectively; Different letters represent significant differences between polluted and
non-polluted samples, ¢ test, P<0.05.

®3 TIEREEPENYLKEEETFRORE

Table 3 Concentrations of water-soluble ions in particulates in haze (ng/m?)

Tons RHI RH2 RH3 RNHI RNH2 RH RNH

cr 9.06 8.41 11.82 0.89 2.87 9.76 (1.81)°" 1.88 (1.39)°
NO;~ 41.41 44.53 71.86 1.81 10.29 52.60 (16.75)" 6.05 (6.00)°
S0.> 37.69 43.22 57.22 3.65 5.54 46.04 (10.07)" 4.60 (1.33)°
Na® 3.83 1.70 3.59 0.42 1.07 3.04 (1.17)° 0.75 (0.46)°
NH," 25.27 25.71 30.05 1.36 3.94 27.01 (2.64)" 2.65 (1.82)°
K 1.82 2.23 2.92 0.24 0.55 2.32 (0.56)" 0.39 (0.22)°
Mg 0.59 0.69 1.00 0.11 0.20 0.76 (0.22)° 0.16 (0.06)°
Ca®* 3.67 3.69 7.39 1.14 2.46 4.91 (2.14)° 1.80 (0.93)"

fF: RHI, RH2, RH3: Zi5JeAEdh; RNHI, RNH2: dE75 5 BAES s RH A RNH 23 500315 Yt SRS e bt S ok g
BB R P IE R bR 22 5 BE R TE A AR T Y HARTS YAt bh Z AL BT 83 25 57, ¢ test, P<0.05.
Note: RH1, RH2, RH3: Haze polluted samples; RNH1, RNH2: Non-polluted samples; RH and RNH represent the average and standard

deviation of polluted and non-polluted samples, respectively; Different letters represent significant differences between polluted and
non-polluted samples, ¢ test, P<0.05.
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Figure 1 Species richness and a-diversity index of airborne bacterial community in severe haze
H: A: ZSSHNA Shannon $5%0; B: ADWIMIAECH s C: W5 RZHEME; D: Chaol #8550 B LIARI ST F A X ZEF B
EME(ANOVA, Duncan, P<0.05); RHI, RH2 il RN3 g {5 444%  h, RNHI I RNH2 RyaET5 Yext BEEE S . B 222 hbr M

#(n=3).

Note: A: Shannon index of airborne bacteria; B: Observed species of airborne bacteria; C: Phylogenetic diversity of airborne bacteria; D:
Chaol index of airborne bacteria. Letters above the data represent the significant difference (ANOVA, Duncan, P<0.05); RH1, RH2,
RH3: haze polluted samples; RNH1, RNH2: Non-polluted samples; Error bars represent standard deviation of the data (n=3).

F B3 15 Y AN B o ZAEPEAR AL A R B, 3
15 YL FE 42 Shannon 8%, Chaol 5%, 1R £
FEMEFTAT I Y R0 E H 43508 6.46. 3 797.65 .
95.78 1 2 224, YRTF ARG YAt S H 7K (533
4 8.58. 4 704.77. 118.98 F1 3 094), RIIiXLL q
AR R 3 & R, 4 Shannon 4580 1T
JURIE7/F I EREE TREE b i e T =2
(K 1A F1E 1B). TEAKSE TS Jerh, A0 o ZFE0E
BRI B B, (ARSI A B 2. 5
SR AEREER . & B 3 AT, RRSEI5 YL
KA 12 A 20-23 HZ M\, B TFHEEEY,
AR ST 4 R AR, IRA TINS5 b o

ZREMER AR AR N, I, SETS YR
YN o ZHEPE BARFEAL (B2 AT M 25 /AR 7T g
PRGEE —E BT REME . 1A, REZN o 25
PSR SRR AR S e 2255, HaE 1 pr
N, TGYRREE B AR i RH3 45 o ZHE4E
BOYFP =& B A, 1 H L Shannon $8 %0 7]
LIy AP A H X 85 AT AR TS B S (ANOVA,
P<0.05). Kitl, AR5 3T P = AT o
ZREAEZ BN A B T P T
X — R

FESRAN TR o ZRE0E 5 85 K 7 1) Pearson AH G
PEgE AN 4 Fi7n, Shannon FE%05RIVAEMEE T
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(CI".NO;~. SO, \NH, . K" . Mg™") . Bk ¥ (PM, 5 .
PM,o). SAETGRYI(COVMIEEILHE (Zn, Cd, TI,
Pb)#) 22 B 2 A DG OC R, HAH M R B0
~0.923 (P<0.05).-0.925 (P<0.05).~0.971 (P<0.01).
~0.960 (P<0.01).-0.950 (P<0.05).-0.935 (P<0.05).
~0.937 (P<0.05). —0.919 (P<0.05). —0.923 (P<0.05).
—0.943 (P<0.05). —0.966 (P<0.01). —0.952 (P<0.05)
F1-0.952 (P<0.05). i RZH:1ES Mo £HLIE 7
XX R (=-0931, P<0.05), MiHAfth o ZFEPESE
B R B 5 R BT R F 2 [A) JC S 25 A 56 3
F. g 2 M 3 iR, NO; . SO~ NH,'. CI',
K", Mg**. Zn. Cd. TIl. Pb J&5075 YL rhif i i
BERNAL 2Ry XA 2R A 5 2 AN o ZFF
PEFR B [ I OGS &R, Ui B AT T e
S SAMETE N EE G H T HRTF R 2R
K VAP B 75 U W ARV 22 (DA G 1 4 4
b, X—MEER LY.
23 BEIEEMNTSHEEEEESEMSFERKER
BEEF o

Shy - SR YT U R R ) A R R 4K
(IR 7, E— T T Kk b A4
A5 55 AT BEYR 2E AR Mantel K38 o 25 5L 092 5 R,
TR PM, s F1 PM o %28 AN B BES HAT B 152
M (=0.303 1, P=0.010; r=0.291 8, P=0.010), iX
— &5 SR AT I X Ll 9 YRS TS Y
(SR i 1 25 8 1530, Mantel #3645 i B
JKIEPEE T CI7. NOs~, SO, Na', NH, . K",
Mg” HI4:JEICE Ni. Cu, Zn, Cd. TI, Pb ¥Jx}=s
SRS 2 AT 252 (P<0.05), b CI
NO; ., SO, . NH, . K", Mg*" & /KiE ke 1M
Zn, Cd. Tl. Pb 4@ 02 7E 8 B 515 YA fb
W % B GER 2 FiEk 3), 1 H 5405 Shannon
R R BR EW AR ER 4), BHI,
SE TR 40 e FE AL 3 b2 20 4 S R i) 25 S A TR A
FEVE LU AR RS IR 1. Ah, 5B RY
SO, F1 NO, M Hb, /KIEVER FinlREh | IR Eh Flsk
RN 23 ARV S5 A 52 I B K (3R 5).

T4 BETEIEDHAE o SHEEERERTFH
Pearson 18 <14

Table 4 Pearson correlation between a-diversity index of
airborne bacteria and environmental factors in haze
Environmental Shannon Observed Phylogenetic Chaol

factors species diversity

PM, 5 -0.937 0533  —0.479 -0.373
PMo -0.919° —0.533  —0.472 —0.357
SO, 0.038 0.038 0.066 0.071
NO, -0.858  —0.522  —0.458 -0.352
co -0.923° 0471 0419 -0.313
0; 0.414 -0.071  -0.135 -0.226
cr 9.06 8.41 11.82 0.89
NO;~ 41.41 44.53 71.86 1.81
SO+ 37.69 43.22 57.22 3.65
Na* 3.83 1.70 3.59 0.42
NH," 25.27 25.71 30.05 1.36
K 1.82 2.23 2.92 0.24
Mg** 0.59 0.69 1.00 0.11
Ca*" 3.67 3.69 7.39 1.14
P -0472  -0.185  —0.112 0.005
Ti -0.482 0264  —0.194 -0.083
A4 -0.527  —0.650  —0.605 —0.553
Co -0.731 -0.588  —0.523 -0.420
Ni -0.766  —0.686  —0.627 —0.536
Cu -0.805 0365  —0.295 -0.175
Zn -0.943°  —0.591 —0.539 —0.441
As -0.361 0.010 0.073 0.187
Se -0.813  —0.733  —0.723 -0.696
Mo 0.299 -0.068  —0.931° —0.155
cd -0.966" -0.609  0.211 -0.497
Tl -0.952° 0735  —0.691 —0.609
Pb -0.952° -0.668  —0.618 -0.526
Th -0.382  —0.586  —0.564 -0.555
U -0.720  —0.847  —0.814 -0.770
Al -0.218  —0.504  —0.477 —0.465
Mn -0.752  —0.620  —0.566 —0.489
Fe -0.544  —0.535  —0.483 -0.421
Ba —-0.634  —0399  —0.340 —0.260
P -0472  —0.185  —0.112 0.005
Ti -0.482 0264  —0.194 -0.083
A4 -0.527  —0.650  —0.605 -0.553
Co -0.731 -0.588  —0.523 -0.420
Ni -0.766  —0.686  —0.627 —0.536
W o 7E 0.01 KO B *: 7E 0.05 K-
NS TE> P

Note: **: Significant correlation at 0.01 level (two-sided test); *:
Significant correlation at 0.05 level (two-sided test).
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*5 EESHRIEMAEMEENSRERTH
Mantel #55

Figure S Mantel test of airborne bacterial community
and environmental factors in severe haze

Environmental factors r P value
PM, 5 0.303 1 0.010
PM;o 0.291 8 0.010
SO, -0.006 9 0.505
NO, 0.297 2 0.014
Cco 0.286 9 0.011
0; 0.148 7 0.188
cr 0.321 3 0.006
NO;~ 03150 0.007
SO+ 0.318 7 0.003
Na® 0.171 0 0.037
NH," 0.317 8 0.002
K* 0.317 3 0.002
Mg** 03117 0.001
Ca** 0.243 6 0.075
P -0.018 9 0.522
Ti -0.023 6 0.526
A 0.089 8 0.214
Co 0.139 2 0.062
Ni 0.167 8 0.032
Cu 0.259 6 0.034
Zn 0.316 0 0.006
As —0.071 1 0.660
Se 0.168 9 0.101
Mo 0.134 1 0.133
cd 0.303 6 0.009
Tl 0.318 4 0.002
Pb 0.324 9 0.003
Th 0.078 2 0.286
U 0.146 4 0.189
Al 0.058 5 0.321
Mn 0.2317 0.059
Fe 0.122 0 0.145
Ba 0.199 5 0.109
P -0.018 9 0.522
Ti -0.023 6 0.526
A 0.089 8 0.214
Co 0.1392 0.062
Ni 0.167 8 0.032

A3 AT AS U B S T e o R v s S TR AE AN ()
A E A ARER B, R RRE] 35 AT
1%, 438 100 49 180 1~ H 278 MFF 521 4N .
QR 2 s, A FERT T AT T 1255300 22 T
W [ J(Proteobacteria) . JEREW | (Firmicutes) . {4k

W 1(Actinobacteria) . AT |(Bacteroidetes). Wi
4N 1) (Cyanobacteria) . LR 11 1(Chloroflexi) . TR
FFEE ] (Acidobacteria) . Y2 JENR] ] (Spirochaetes) .
Synergistetes . *FHLJIIE [ |(Gemmatimonadetes), H:
FEX = BE RRIIE 97.69%. 55 2015 4F 40 b X 555
YuBTAR LY, 25 AR HEVR 25 A 7T 12K RS
B —30 . BeAh, ABTE BT JRERETE TR
W T A e LA R AR B 1128, AR X =F B RN 3k
88.08%, 15 2015 445 5 (87.26%) T i 5 22 5+,

A3 M A YR R 5 Y B 2 AN T 2R AR AR &
B, SRS YRS AR G, ARTE T T RS SR
i 33.94% FTFE 49.39%, TR BT RAEXS
NI 19.45% 5% TR E 8.28% (¢ K, P<0.05),
M Firmicutes WA B TE S 15 Y P PR FFRRE
(FH 33.78%75 A 31.02%). 7EJLHTHLIX 2015 4EIRA
T R A TG Yt A5 AN R AR TS T 1T AR
FE T 25.99% FTFE 32.71%, R AN R
FEEh 28.09% FIREZ 20.88% "), L2401 45, 5
T Yo U A AR TR R T & AR R
AT ARG = B2 ARG, T L 5 5605 A B
JEl, R ) B A B

HE— 25 3 b2 AR I AR X 3 BE T 1%
e SR 7E T 25 e AR fh R, 25 SR 3
Fis SRR TH o A8 JE R 2N (Alphaproteobacteria)
Ny 2 T A (Gammaproteobacteria) 1 B Ji 5 15 Yt
RGP AR R BE S35 R 37.23%F0 8.46%, 1
o T HLAE AR TS YA B K (4 31 24.38% 11
5.95%). JEREGET 1R M (Clostridia)(EH 5515
ek, SEXAXTEREH 19.26% ETFE 23.67%, i
ZEAIAT R 4 (Bacilli) W] H 13.88% & AL E 6.70%
(¢t K3, P<0.001). LR [ I7ESE 15 e AR, 5
P R APRAT AR 2 2 Hh iR B ZW (A ctinobacteria) i T [
S, KBRS TP 17.39% 8% THRE
721% (¢ K5, P<0.001), ASPRELIAEN) 2015 4F
12 J1 % 2016 4F 1 J 575 Yo 25 SR I I5 25 4 72
PRI S P IR & BT AR TR AR At 3T A —
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EFEE FIESE TIRAFWHIS R RTIR E R 2R AR R T R

THEFEFE R o BIREWA v 22IE R NR) S 5] PERIFAIE, o BIBHHN v BIRHEN . 2
B R TR T R BB R RN F R T AT AR A R A0 = OB b 10 2 2 A T 2
BESIR , MRS Y rh SRET T Ok ARk, (B IR o TR A6 5 AR S R A DG I A AT

100 — I E—
E— — | I
90 - e | Il Others
%0 | - W Gemmatimonadetes
. W Synergistetes
X 70 W Spirochaetes
§ 60 | W Acidobacteria
—§ Wl Chiorofiexi
_§ 50 - B0 Cyanobacteria
o » I Bacteroidetes
2 40
B B Actinobacteria
2 30 - M Firmicutes
20 - W Proteobacteria
10 -
0
RH1 RH2 RH3 RNH1 RNH2

B2 EEESERZSEEEITKTE LRFHE

Figure 2 Characteristics of airborne bacteria at phylum level in severe haze
f£: RHI, RH2, RH3: $a{54efhh; RNHI, RNH2: AR5 4eR: A

Note: RH1, RH2, RH3: Haze polluted samples; RNH1, RNH2: Non-polluted samples.

Bacteroidetes: Cytophagia

Cyanobacteria: Chloroplast

Proteobacteria: Betaproteobacteria

Bacteroidetes: Bacteroidia

Proteobacteria: Gammaproteobacteria

Firmicutes: Bacilli

Actinobacteria: Actinobacteria

Firmicutes: Clostridia

Proteobacteria: Alphaproteobacteria

0 10 20 30 40 50
Relative abundance (%)

B3 EEBESENTSERENKENENEE

Figure 3 Relative abundance of airborne bacteria at class level in severe haze

T EAREE FSARXT E R AT 1% AN ; RH A1 RNH 200075 Ykt ARG Yokt dh s B SRR 2R BB test, *:
P<0.05; **. P<0.01; ***, P<0.001); 2L NRMER2E(0>6).

Note: Data showed the relative abundance of the top 1% dominant bacteria at class level; RH: Haze polluted samples; RNH:

Non-polluted samples; Asterisks represent the significant difference (¢ test, *: P<0.05; **: P<0.01; ***: P<0.001); Error bars represent
standard deviation of the data (n>6).
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K, y AR ENN LS R NEEORE D, 5 WA, SRR PR R S0 /Y
KA, Foki ) EEORIR TR AR, MR Bad e, w4 s, HIEFEE
KNGS B VIR, MRS 1S o ZTE R v A5 T8 (Methylobacterium)TE 3 15 Yk i H B AR X 3
PR A A DA e 3 s e P ) s 2 I3 5N 29.98% . 31.00%F01 28.48%, & TG

N TR TR TS R S A REIE S R (11.13%F 7.45%, ¢ KiS, P<0.05). A3

|

g
A =
<
O & T Level Level
— Methylobacterium 2 Haze
Acinetobacter Non-h
Methanobrevibacter Ongaze
Erysipelotrichaceae_ [ Eubacterium] —4
Desulfovibrio Class
A bacul . .
AZ;;ZZ;SIZZ,ZM Actinobacteria
Methanothermobacter Alphaproteobacteria
Acidaminobacter -6 S
Sutterella Bacilli
Lachnospira o
—LT: Allobaculum s Bacteroidia
Haemophilus Betaproteobacteria
L Faecalibacterium o
Oscillospira Clostridia
Lachnospiraceae [Ruminococcus] .
Streptococcus -10 Cytophagia
gicmbispom Deltaproteobacteria
aracoccus . Lo
Lactobacillus Erysipelotrichi
g lanomicrobium Gammaproteobacteiar
L{ sphingomonas
Rubellimicrobium Methanobacteria
Bacteroides
Blautia Methanomicrobia
Corynebacterium Rubrobacteria
Prevotella
L Bacillus Synergistia
Erwinia
Clostridiaceae_Clostridium Phylum
Dorea
1]; uricibbacter Actinobacteria
T aistobacter )
Staphylococcus Bacteroidetes
Ruminococcus Euryarchaeota
Enterococcus
Coprococcus Firmicutes
Planococc .
Skermanelz;v Proteobacteria
Cellulomonas Synergistetes
Rubrobacter Yrerg:
Hymenobacter
Carnobacterium
Agrobacterium
Brachybacterium
Sporosarcina
Dietzia
Agrococcus
Jeotgalicoccus
Devosia

RH3 RNHI RNH2 RH1 RH2
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Figure 4 Difference of average abundance of the dominant top 50 airborne bacteria at genus level in severe haze

#: RH1. RH2, RH3: #{54«HEfh; RNHL, RNH2: JEVSYeE s TUERR S FE R A SR BGHET T8 AR k.

Note: RH1, RH2, RH3: Haze polluted samples; RNH1, RNH2: Non-polluted samples; Natural logarithm of the relative abundance of
each sample was taken to perform data standardization.
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Figure S Pearson correlations between the top 1% dominant airborne bacteria at genus level and environmental factors

in severe haze

TE: % 78 0.01 KU BB ARG *: 7 0.05 KFP-ORI) B R EHHC.

Note: **: Significant correlation at 0.01 level (two-sided test); *: Significant correlation at 0.05 level (two-sided test).
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