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T BRARAR? BRI, @I E R AR ORI R bt

(1 IR 2BE, LT 100084 2. JEHERAMF &, dbaT 1000845 3. iR Adrai P, LT 100084 )

FEE. 2013 4F 1 A 8 ~14 A, dtat thal 7/ A 5RT5 L. 575 YLt i R B2 9 OASURL ) 1S 0 T 5% i N T %) i R XL, T R <
A e T e Sk — LB XU {HL AT 88 T Y B RS UZE WA T b, RS IEIT 2013 4F 1 8 ~ 14 HALRT 7
d Y PM, , Fil PM, SREEREAR 3833 XM EE 16S rRNA LK V3 XY 84 MiSeq M, 152 PM, Al PM , 7 A9 41 T BV 45 O R AE
Fs 25 5 5 R SRAE A AR 1) 27 L PR ZH 0 45 5 B — W0 [ 1 EF 16S rRNA JE PRI 3 0k 1) A H A BR T 92 465 SR 04T T EL .
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Characterizing Beijing’s Airborne Bacterial Communities in PM, ; and PM,,

Samples During Haze Pollution Episodes Using 16S rRNA Gene Analysis Method
WANG Bu-ying', LANG Ji-dong®, ZHANG Li-na>, FANG Jian-huo’, CAO Chen’, HAO Ji-ming', ZHU Ting’,
TIAN Gengz* , JIANG _]ing—kunI *

(1. School of Environment, Tsinghua University, Beijing 100084, China; 2. Sequence Platform of Tsinghua University, Beijing
100084, China; 3. School of Life Science, Tsinghua University, Beijing 100084, China)

Abstract; During 8"-14" Jan. , 2013, severe particulate matter ( PM) pollution episodes happened in Beijing. These air pollution

events lead to high risks for public health. In addition to various PM chemical compositions, biological components in the air may also
impose threaten. Little is known about airborne microbial community in such severe air pollution conditions. PM, 5 and PM,, samples
were collected during that 7-day pollution period. The 16S rRNA gene V3 amplification and the MiSeq sequencing were performed for
analyzing these samples. It is found that there is no significant difference at phylum level for PM, ¢ bacterial communities during that 7-
day pollution period both at phylum and at genus level. At genus level, Arthrobacter and Frankia are the major airborne microbes
presented in Beijing winter samples. At genus level, there are 39 common genera ( combined by first 50 genera bacterial of the two
analysis) between the 16S rRNA gene analysis and those are found by Metagenomic analysis on the same PM samples. Frankia and
Paracoccus are relatively more abundant in 16S rRNA gene data, while Kocuria and Geodermatophilus are relatively more abundant in
Meta data. PM,, bacterial communities are similar to those of PM, 5 with some noticeable differences, i. e., at phylum level, more
Firmicutes and less Actinobacteria present in PM,;, samples than in PM, ; samples, while at genus level, more Clostridium presents in
PM,, samples. The findings in Beijing were compared with three 16S rRNA gene studies in other countries. Although the sampling
locations and times are different from each other, compositions of bacterial community are similar for those sampled at the ground
atmosphere. Airborne microbial communities near the ground surface are different from those sampled in the upper troposphere.
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2013 4F 1 A I E AR AL IX (5o ) &4k
T2 E g TG PR A, AR R — IR S TS
Yed kA1 A8 ~14 H. Hb 1 A 12 Hdbx
PM, , H {E ¥ BE (88 3 500 pg-m M. $Ei5 &
H— R GIMERR XU, (B B A B9 2 K 0 KRR
PR ) 4 BRE S 0 ) A R W i R
FEAE DS LSO 1 L /b T 20 R RN I R 7R T M
TR AP A7 7N, B g ik ) 100 ~ 10°
cells-m 1) — BB SH FAE ) (0 B0 8 255 A2
(0 2o SR I O O BT RO R 0 R RS 225
HAERERBE

G 3 R AT B S5 R R AR 2 3 T
Bkt E AR SR A AN AL G B R
[ —/NB 43 (0. 1% ~10% )2 H RS h 41 3
JE X B IR AR A T SR LR 2R X3
TR FREEVERR F A IRIAME . ML A B ) £ B Sk
F TR ERA N HUED G BT RE St —
S L (1 S0 B e AR

16S rRNA JE[H (16S) &40 Y (/R | 4wt 16S
rRNA HHXF R B DNA JP31, 7778 T Fr A 4 e ik
S R B M SRR SR R Y
PR DX A P 5 o ] A8 S A T AR XS A Tl
TIRVBE P M ARG K BWI5E. 16S W)F 43471 77 vk 38
1 BEEUCRE S 4] DNA 9736 16S rRNA JE[A
FEXRFHIEA I AT, DA B KA P 0 B B 74 A
SERY RN ZAREMEERAE. 16S 43T VE M4 R Ge 53 2K 1Y
FEMAECAFEN T Z RN, B KA 4
(g — A ST H AR

1M %2 3 A 21 ( metagenomics , Meta ) 43 A7 I F¢ 77
25, 2 AR BOAEE AL 5 h 2 AE Y i T A DNA
FEHE B, AT LATEFP 1 K7 o SO . A5
/NG VR R FH 7 i R AL 43 B e B8 2 A T et
2013 4 1 H 8 ~14 Hi#EL: 7 d HIREEFEA, ZEF
K b T B0 WA AE O H R I — S SO T
FRAR X = J3E 2 il 257 56 75 Y v B 1) 34 o i 386 At
HZ kM A& R 2N, BRTE A R T RS
YH TR 7R 45 1 R AR I F 5T 208 16S 43 B i
PRV AR X L 168 I R4 s
X RN RETE RR AR AT e A2 AT & 1T
X AU 5 A 2 5 T Y I RS T A B R T 45 A R AR 1Y
16S WF5E. JEH M FREH T, LI IR &R
ANTR] AN [ [i) i 5P 200 TR1 B Vi 45 RO R IR 2 BT AR
] 1820 R RIREAZR I Bl PN 40 A TR S5 A R A7 A
%%U[QZS] .

PRI, ASBFFEE HFET 16S B o087 )7 3K 45
TILRT 2013 4E 1 A 8 ~14 H#EZE 7 d REESMT R
S EEEE LS F AR, X T PM, AT PM,, A
BEE MR R S, IR R M 235 SR 5 A ] SR A A
AR L AL P4 SR AT T X E A, e
TS5 e Bt 41 B R VR AR AE 5 =T AR T 168 43
BEE RS AR FE [ 435 B KA 22 22 <o
Ck22) M SEE Al kA b (4l 2) Y R
PR L RN ZE KA R Z ) 2 SRR REAR ]
B AL 2 R — BRI T 0T F A, ARSI 4
AR A0 B TR S5 AA ) ST

1 RS

1.1 FEACRE

PM, ; Il PM, R AE 5 TG AR R 2 B R
SESEG A PR T (40°00717" N, 116°19'34" E, RFE
PR LT 10 m) , SRAF w3 5 i A0 940 ) 30 R S e 1) 1R 15
32970 20 m F1690 m. A FCRETF 2013 451 H 8
~14 H , RAEERFZERTE A 23 h( E4-10.00 ~ K H F
F-09.00) , REE(ER IS PM, Ko REESS , —
£ PM,, KUt 5 R AF 2% (RFPS-1287-063 , 383K K i
IRBHE A EERAE)  REY N 1,13 m’ -min 7',
RAETT T A e s B A U R Y o i B ORI /S
(L 2EBR DL 23 h SREERFRAS ZRAE b AS PM, Al
PM,, 1) 50 £ Y A (B ( Ry Bl Ik 2R W75 3, O A6
JEMETE R AR R AL ) . REEIT A BEUERR (10 inch x
8 inch ) FHRTTE 500°C 3 Itk 5 h. Sy 1k ik
AEYTE G, A SR L AR IRk B
T B JIAE L 75% WORS I B 5 H HEAT R R AR IROK
WL FEHEAT 16S 20 BT AT, RAEME S IR BEICE T
—80°C VKA FFAit. i R A Ml o5 BCR A ELR S B 7T
Z W SCHR[17].
1.2 DNA #2H

DNA B B IR NSk [ 17 1 BTk, o 1/4
PM  JEE L 7/4 PM, S JE R 2351 BY R A 50 mL
BOLE T, Z R A R 0. 1 mol - L™ (UBERREESZ
LA (1 x PBS,pH 7.4) ,f£200 ¢ F 5.2 h.
W 0.2 um FLAR AR BRI ( PES ) 38 A% ( PALL,
X E A2y o Uk, Kk 98 B 5Y %, H MO-BIO
PowerSoil DNA 5] & #1& B (< /R #y 248, 58 =
) AEIC 25 AR B2 R S ul B B kAT, B
o, AR DNA $RIGHCR B At alifb o G sk i1k,
FH 1. 5% B R W BE IS HL UK A Qubit 435100 52 oy 12 L
DNA (15T R B2, 25 1 R A [R] A B B 72 i



8 T, FT 16S (RNA FEFF AL 5t 58 75 Y A2 b PM, R PM 40 T8 V5 R AE 2729

FrEefl, KA E] DNA. $BUS TS DNA K5, 3
BUTE - 80°C 2511 T 7.
1.3 16S rRNA [ V3 X PCR ¥4

B 14 DNUEIEREA (7 4 PM, S FEA 7 A4S PM, BE
A FIrE L DNA #E5 70 i/E R PCR BB BYAR AR, Xof
16S rRNA JEH W V3 KUEATH 14, F R 519007
151w EiE T Dlumina S & 0% 8 5%

H) B g 1 iR, PCR W R 25 wl A& [ 10
pdmol-Lfl B E RS %4 1.5 pl, Tag B (Q5
Master Mix) 12.5 L, DNA # 4 fil ddH,0 3t 9.5
pL, BENEEAL D DNA B8 29°8 5 ng]. PCR N2
J¥h :98°C FiAE M 30 s, 98°C 10 s,50°C 30 s, 72C
30 s¥748 25 MG, 72°C ZEfH 7 min. PCR F=¥) 5T
Sl 1. 5% BBEUIE AR ERE R FL K AG .

%1 16S V3 [X PCR ¥ #5415 FIAMR
Table 1  Primers sequence of 16S V3 area’s PCR amplification

16S V3 X L FiiFs 14

CILZER S

16S V3_F( _Iii%)
168 V3_1R( Fiif)

aatgatacggegaccaccgagatetacactetttecctacacgacgetetteegatctNNNNCCTACGGGAGGCAGCAG

caagcagaagacggcatacgagal CGTGATgtgactggagttcagacgtgtgeteticegat tATTACCGCGGCTGCTGG

1.4  MiSeq M55 #7

Ptk alifbJ5 19 PCR =4 H 2100 Bioanalyzor
(CZBEAE, AR JE AN ) K B 59 B B (168 V3
X)) FIAFAE. R Tllumina A9 MiSeq Il /5 65, X 4
A 16S /Y V3 X P 81 AT e 12 0 1, 45 21 9 Bl
AN 2 s, IR i A R A IR e SE R, DA
JAG T LR £k . R gy BRBUR, 73]
EHEE R R T 50 T B 75 B B

SERE Y B I B R F 8 b e B MG-RAST
( Metagenomics analysis server http ://metagenomics.
anl. gov/) IR 55 #8170, 7E— E W FBR € &0 F ( Max.
e-value Cutoff =1e-5, Min. % Identity Cutoff =99% ,
Min. Alignmnet Length Cutoff = 32 ) X} b &
Greengenes $0HE 7! A5 2 454N FE 5 (0 40 18 BE VR 45
FRRIE. A AF5E 28, 16S T LA 2 48 K i 15 B
AR TR RV S 1 2 520 0

F2 PM, 1 PM, B ZAH) MiSeq I FHiEE
Table 2 MiSeq sequence data of PM, 5 and PM,,

i SRR T 54T AEIFAEL 75 B JEHR_ Q20 LBl % Al{E_ Q20 Hfl/ %
1 A8 H PM, , 1,767,564 1,762,628 151 bp 97.07 97.00
18 H PM,, 263,136 245,654 151 bp 97.08 95.38
1 A9 HPM, 1,685,934 1,682,682 151 bp 97.42 97.37
1 A9 HPM, 2,699,848 2,692,162 151 bp 96. 98 96.91
1 A 10 H PM, , 2,521,080 2,518,256 151 bp 97. 10 97.08
1 A 10 H PM,, 235,704 228,808 151 bp 97.15 96. 39
1A 11 HPM, 2,422,746 2,419,230 151 bp 97.01 96. 98
1 A 11 H PM,, 1,792,590 1,790,000 151 bp 97.13 97.09
1712 HPM, 4 3,626,056 3,623,310 151 bp 97. 12 97.10
1 A 12 H PM,, 2,567,524 2,564,554 151 bp 96. 95 96.92
1 H 13 HPM, , 171,026 170,412 151 bp 96. 71 96. 62
1 413 H PM,, 1,929,542 1,927,476 151 bp 97. 10 97.07
1514 H PM, , 2,083,254 2,078,400 151 bp 97. 14 97.08
1 A 14 H PM,, 2,132,346 2,125,166 151 bp 97.35 97.26

2 HR5H®

2.1 LRSS YLEE PM, 4 B REVR 4T

2013 4F 1 H 8 ~ 14 H , RAFE i AR Fr K4S 1
PM, H1 PM, i W FE A AN 1 fos. Hob 1 A
8 H Wik 4 vk BE B K, M 1 H 12 H Uk 4 vk
538

FETTKF 1,7 d PM, s FE S AR BT JRERE
W il, Z ® W '] ( Proteobacteria ) . 5 ¥ []

( Cyanobacteria) FIUFF B[] ( Bacteroidetes ) [ #H X
A AR ZE AR K, BT E 53 L 2 Tk 3] 97%
Db, 7 d PM,  AHR BRI S 1S B e 1)
i LA E] 62. 34% , HUUEJFEER 1T (14.64% ) |
ARANRITT(11.47% ) |, BEBET] (5. 45% ) AHUAT 1]
(3.46% ) , T Ax (oAt 16 Fh 240 BT, AL G R FF B 1]
(Fusobacteria) . 2525 B8 ] ( Chloroflexi) . MR AT FE [
(Acidobacteria) . 7% % [# |] ( Planctomycetes ) | fi§fk
BEJ5€ B ) ( Nitrospirae ) %%, A XF H 43 tb & A1 R



2730 U 36 %
500 2.63% .

—e— PM; 5 TTEJR K b 7 d PM,  BE & b B HELE B

A 10 HYASSREIEAT &9 4007, 3618 20 17 AR,

% 300 - MG T4 e nse 3. AT, fE S 7 d RAEAR 1

£ ol T PM, BT A 0 RS T 23 H 2 5,7

b o R 0 3 5 T I 4 49 5 TR R, Wl 22 9 I

100 |- BRSBTS ML Meta U 4357 07 5 40 B

L )RR A AT 5 557 AT, Bk 2 04 1

|
01-08 01-09 01-10 0I-11 01-12 01-13 01-14
A (H-H)

1 20134 1 A 8~14 A PM, ;#1 PM,,REREMEE

Fig. 1 Mass concentration of PM, 5 and PM,,

during 8"-14" January, 2013

TEEZE T d SRAERT RN ARXT A 2 AR N . ]
1 A 13 B, FLERE B ( Lactococcus ) FIH KT (K &
( Tsukamurella) FARXS & 43 e & 5HAY 6 d ML

*3 7dPM, ##AR10 EENARRBENENES L/ %
Table 3  Relative abundance of top 10 bacterial genera of PM, 5 during 7 sampling days/%

p— HII(A-H)

01-08 01-09 01-10 01-11 01-12 01-13 01-14
R 24.10 29.75 29.13 31.75 31. 14 17.20 25.93
I 2 e R 8 13. 64 13. 06 11. 04 13. 68 10.23 9.10 10.17
HiVE J TR ) 12.73 9.20 8.76 8.87 7.28 7.69 5.97
NFRFT B & ( Propionibacterium ) 8.20 6.73 6.92 6.33 5.74 5.00 6.98
K1l & ( Nocardioides ) 7.23 6.29 6.41 6.11 6.14 6. 09 5.12
Rl ER T R 4.98 5.35 6.92 6.53 7.34 7.57 6.98
LT R B ( Rhodococeus) 4.53 5.53 5.57 4.72 5.33 2.51 3.44
Dolichospermum 4.04 1. 69 1. 81 1.24 0.91 2.51 2.13
3% K & ( Pseudonocardia) 3.97 3.65 2.71 3.87 2.56 5.40 3.30
BT B (Strepromyces) 3.74 1.87 2.86 2.46 1. 89 2.10 2.72
W2 Wi I8 ( Clostridium) 1.49 3.95 4.24 4.43 7.34 4.25 6.57
SEFT B ( Planomicrobium) 2.05 3.86 2.77 1.88 2.35 1.71 1.32
FF 88 ( Brachybacterium) 3.24 1.58 4.14 1.38 2.05 3.69 4.02
AT 8 ( Microbacterium) 2.77 3.16 2.92 3.07 2.84 2.06 2.70
ZEAUFT B ( Bacillus) 0.73 1.75 2.09 1.41 3.31 2.75 4.59
FEREE 0.00 0. 00 0.00 0. 00 0. 85 11.65 3.58
TR TG B 2.54 2.58 1.72 2.27 2.70 8.72 4.47
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