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Effect of partial solar eclipse on airborneculturable bacterial community
in Urumgqi
MA Jing'?, SUN Jian®, ZHANG Tao’, ZENG Jun®, LIN Qing', DENG Lijuan®, LOU Kai*"

1 College of Life Science and Technology of Xinjiang University, Urumgqi 830046, China
2 XinJiang Laboratory of Special Environmental Microbiology, Urumqi 830091, China

Abstract . Partial solar eclipse is one kind of astronomical phenomenon. The studies of partial solar eclipse have been
extensively explored, but most of them focused on geomagnetic field in low latitude, partial solar eclipse observation, Ne-
spectrum assay during solar eclipse, sporadic-E, effects on ionosphere, and variation of atmosphere and so on. Biological
effects induced by solar eclipse are mainly observed in some animals’ behavior changes, like fish and birds, and
physiological changes occurring at cotton and sea phytoplankton. While scientific understanding of partial solar eclipse is
particularly weak for microbiology, and reports on this field were barely found out. Solar eclipse occurring on July 22nd
2009 lasted for six minutes and was recorded and expected as the longest one in China from 1814 AD to 2309 AD. The
eclipse was formed an about 250 km width strip, and the most population was covered in Chinese territory. The partial solar
eclipse observed in Xinjiang was about 68% of the total solar area. Parameters of meteorology and space weather measured
by weather bureau of Xinjiang and center for space environment research and forecast ( CSERF) showed that air pressure,
humidity and UV index fell down to various extents, speed of solar wind rose and geomagnetic activity got stronger. In the
paper, we used a culture-based method to investigate the effects of partial solar eclipse on airborne bacterial community
composition ; and tried to find the possible movement rule of airborne microorganisms. Air samples were collected from air of

Urumqi from 19th to 24th July in 2009, before and after partial solar eclipse occurring, by gravity sampling method. Total
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DNA of all pure cultures were extracted and used as templates for 16S rDNA amplification by PCR with bacteria-specific
rDNA primer sets. PCR products were sequenced, blasted and then constructed phylogenetic tree to define their taxonomic
affiliations. Through pure culturing and phylogenetic analysis, 81 strains of bacteria were obtained from six days’ cultivation
and were divided into 4 phyla: Actinobacteria, Firmicutes, Proteobacteria and Bacteroidetes. Actinobacteria was the
dominant group that accounted for 54% of total bacteria. Along with the advent of partial solar eclipse, both quantity and
diversity of airborne microbes increased gradually, and reached the summit on the day, and then decreased in the following
time. Clustering analysis, based on different sampling time and their corresponding bacterial community composition,
showed that before the partial solar eclipse (July 21) and the day (July 22) were clustered together and separated from the
following days’ clusters, which formed a joint cluster. The correlation between air environmental factors and microbes were
analyzed by Canonical Correlation Analysis ( CCA), and the results indicated that the strains belonging to phyla
Actinobacteria Proteobacteria and Firmicutes had the positive correlation with all or most of measured air environmental
factors, but strains affiliated to phylum Bacteroidetes were positively related to only three factors ( temperature, wind speed
and solar wind speed). Those results suggested that the changes of air environmental factors caused by partial solar eclipse

had positive effects on the quantity and type of cultivable airborne bacteria in Urumgi.

Key Words: partial solar eclipse; airborne microbe; cultivation method

2009 4£ 7 H 22 H &R H BT E SN 28w 56 KRZA7E 250km A4, 2B E]GA 6min, /& 1814 4F
& 2309 4F A T [ 455 N WLt T e A< B 36 N D2 9 — Ik AR UK H S 3 st UL 4 H Jm 2, K FH
PR B T2 32% , kAT H 8.21—10.03,

HFr H g8 b TR B A 400, A H B S ARG gy | H w2 X H B
] Ne & HIGIES B2 (Es-layer) ' HBERM KRG AL SdRAHEE . H &AW AR EZ ik
BUAE AR R A 2 O RS S BAT AR AL, L AR AR ARt RO TR R )
GRS E AR SE g A D R AR OCHRGE . 1980 4F 2 J1 16 HEREE /R R A4 H &, &3
X 2 A/ MR 1) TR R K g T BT A1 K S 6 S SO e 22 1 HC) T ol S VO A S 3 e 45 ol A0 R R 2 0
AT 1995 410 H 24 H B Sy R AERL AL 5 H M X G 25 S A A A H SRR B L i H |
W BogeE g

SEMEY RS REEE N EWA R, 55 R TG 0 AR AR E R BT H R
IR g & AR AR R R AME BRI, LA ES A A 2R B A T i £ 52 B R 0 17
Lol R A SOR AT R 35 T T B R R 8 R 5 45 ST 1 SR A0 B R T 4L AR A, DL AR
7~ H A B 3 1) 25 U s sh e, o B B A B2 i s 4 IR AR i
1 MRFFHE*E
1.1 #K
1.1.1  FEfR&E

2009 4E7 H 19 H&E 7 H 24 HEK 9:00—9 .30 T#rsmAllBh2i B s A Yot 53 i 5255 2= B 101 (42°07'47"
N,88°55'13"E, BEHWTA 10m 247 ) FIIHT A SR UTRE DR AR FE ML B8 R2A BiiR 377 0 P AR B i T <
30min, AT REE 3 A, IR W EIEBIrH RIS RREE B a2 EIRAFEIREE T E
Bl B 2s R IR I sl o
1.1.2  FZALER AR

PCR 514 \PCR #:AF G0 A2 B _FigAY) TR F PCR 48 Eppendorf AG 22331 Hamburg; &85 AL
B ARS8 GK-330C I [ 36 HECA AW RHE A BRA 7], EAMI (#3414 F, 36 EDGIER AR A F)

R2A Higrdt.
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BELEES 0. 5o, BR/K RIS EE 1 0. 5¢, Al R H 0. Sg, #Z3H 0. 5g, Al IR TETERS 0. 5¢, INEREREN 0. 3g, iR
A B 0. 3g, BRIREE 0. 05¢, Bilig 15¢, B F/K 1L,pH7.2,115°C K 20min,,
1.2 ik
1.2.1 HHRDE

SEARRE T 28 C HEFRAE TP R 48—T2h  FF A TE K G T RO AR R B R BB, O (e, AR
RN JEA BT, 2L Ak 3 B B AN T (& ) |, RIVERHATT 4°C R
1.2.2  4ApEIEH L DNA BRI 16S rDNA LR 194 4

PRECE 4l b 7 40 B R B U5 B B DNATY L SR 40 Bl O 514 (IE 17 51 4 27F: 5'-AGAGT
TTGATCMTGGCTCAG-3", [ [ 5|4 1492R ;5'-TACGGHTACCTTGTTACGACTT-3") "4 16S rDNA X, 54
LAY TR RS A6 AW, ¥ 34 R B KR 1. 5kb, PCR ¥ 8 (& RIEF R so0uL, HE 514
(10pmoL/L) 1 L, DNA #i#) 1 L, Taq E(5U/pL)0. 2L, PreMix 25wL, FIAAFR I JCH ddH, 0 #ME . BAPEXT
W FIJCE ddH,0 18# DNA #&k, PCR KW 5440 95°C ,4min ;94°C ,30s;55°C ,40s;72°C , 1. 5min;35 MG,
72°C , Tmin, 1% B JEMHEEER FEL KR PCR 724,
1.2.3 16S tDNA EHF MRS K& T

P AR TR AR RS A RIS TIY , ARPEI P45 5%, FH BLAST 48 R 27 M GeneBank 545
FE AR AR 3 i BOAH E B Bk 16S tDNA £ 51, 28 Clustal X Z2 75 X, R G LA FEARHE Kimura £5
TGS B MEGA4. 0 %% 4 5% 4B 4 ¥ ( Neighbor-joining ) S 25 70 #r, IR M EE R G AL, R o428 &
GeneBank , % 558 GU933485—GU933623 ,
1.2.4 R Z % 08T

Shannon-Wiener ZREVEFER(H') 2 H' = - Y, PilnPi,Pi = n,/N (1)
v, Pi RS i R Z B ) 0, R AR SREATTRY TR REL, N T T REUE R,

Gini $8%(D) "> D=1-Y P’ (2)
WS R () E = - Y PilnPi/InS (3)

o, S R EEL
1.2.5 ZHpEfEvE S A LE A

Xof AN [ SRAE IR T6) 8 A TR 9 R AT RO . FER R BATTHEAT AR, T 0, 17 AR AN [RLSRATE IR 1] 490 b 4 A7
TC, R LR AR 25707, R R BE B e RIS 1A H AWM B TS 5 2 R BRI AR I, B Sorenson AHARLPE
%ﬁ( Cs) > :

Cs =2C/(A+B) (4)

Ko, € WA BRI (B, A B 43 B A @ R B RE 1) 2 AL
1.2.6 Hdisrir

g o 1 SPSS SRR Y (13.0 W) o A BLELAR I3 BT ( CCA ) BIFFE KA A - FI T R [R] AR G
ANTRLRA: ] [7] T R i i 5C R 2 ) 19 22 SR ] LSD 2 # LU ARk A T 75 22 3 M7 (one-way ANOVA) , A B4 AH ] 57
HEFIRTE P<0.05 /K |2 BE R /R 70 mean + SD, mean F/nFEH{H , SD Fnbrifi 2,
2 #R
2.1  HREHE 2RSS & A A8 n 221k

HWE R A 2K, B8 ARSI R JREE RS SN B R (SR 1) R FHIXUE BT, Mg i shAR o
HARE S 1d, PR G | H ARl EE 23K B R AR, A BH XU B2 TR B ek
2.2 HAWEHIG S8 A2 ] 1 57 40 R B R 284k

H i B BT J5 i 2R AR 1 25 SRR IR BEVR 7E P Al BB JONRTES LB 3 B3 81 BRANTE
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R B R AR A F R B K AR R 3d SR N, S Rk B e, HR B S 2d, BEZ e (2 2) , HIR &
HRE B S HE LR R B3 (P<0.05),

®1 BRERNEESEARFEEM=BERSER
Table 1 parameters of meteorologic and space weather before and after partial solar eclipse in Urumqi
FE S g5 Sample code

W H ltem 7H19H 7H20H 7H20H 7H2H 7H23H 7 H24 H
July 19 July 20 July 21 July 22 July 23 July 24
ZJE Pressure (0. 1hPa) 9019.5 9065. 5 9054.5 9024.5 9047.5 9049.5
I Temperature (0.1°C) 222.0 207.5 240.0 258.0 207.5 218.0
YRS Humidity (1% ) 44 47 36.5 27 38 28.5
3:;‘: jﬁi*ﬁiﬂi: | Zt — 230.5 119 217 198 170.5 54.5
2min FH R Wind velocity (0.1 m/s) 33.5 14.5 15.5 18 13 18.5
H B8 Sunlight (1h) 10 10 10 10 9 10
SRS Overall radiation (0.01MJ/m?) 288 289.5 292.5 287.5 194 285
SEHMEEL UV index (umol-m™s™!) 3.2 3.3 3.2 1.9 1.1 1.8
KBH R B solar wind speed (km/s) 280 350 320 450 550 350
KIBATE 37K F- the level of solar activity - - — — — —
Wt 7% Bl 7K the level of geomagnetic activity + + + ++ + +

“ = ARERR TS SRR, « =" ARFRBNE S PARAR s+ ARFHREIT Bk P, ++7 AORHLBEIS Bk PR 5

2.3 GEARSFREARRM ARG E
JIF3K 81 BRANTEIH N 4 411,34 A&, Horb 44 Bk
JE T #T] ( Actinobacteria) (8 1) ,18 ¥k )& T )55

*2 HREWNESEAFERAEFARNBERME
Table 2 The quantity and type of airborneculturable bacteria before

and after partial solar eclipse

Bk e

—[%]P l\—J ( Firmicutes )’ ;H‘: é‘% ﬁ E ﬂ: /E }E —l%i "—J gi%ﬁ‘ie No. of strains (CFU/m3) Tvél?'%;ﬁ;iim
( Proteobacteria) M L #T 1 '] ( Bacteroidetes) ( & 2) . ST eode Mean + SD ype o7 S

quﬁig)%%r—]ﬂgﬁﬂ%%ﬁ’ Iﬁéﬂi%‘%ﬁﬂg 549 7 H 19 H July 19 4290.00 +£226.67¢ 5
2.4 FRECTTIE & A6 2 A U 1 BT £ REME R R 7 H20 H July 20 4706.00 +429.59¢ 10
b 7 H21 A July21 6040.67 = 840.62b 20
7 H22 A July22 6855.33 +182.62a 23

Hm & kAT 3d 25 AW Z M W5 E ST 7723 0 July 23 6474.00 £393. 45a 14
Wik BEfE D (R 3) . HIRERT 1d &8 4 HBE 7 724 B July 24 4524.00 £93.44c 9

Vi LSS A S K E AR, AR JLR [R] 25 K L
AR (£ 3) .

®3 BRERINEEEAFESWEFRAFESHEREETMAUERE

Table 3 index of diversity and similarity of airborneculturable bacterial community before and after partial solar eclipse in Urumgqi
R i ZHETEEL e A B AR AR
Sample code Shannon-Wiener index( H) Gini index(D) Evenness index (E) Sorenson index ( Cs)

7H19 H July 19 1.0398 0.4974 0.6461 0.25

7 H20 H July 20 1.6322 0.7202 0.7089 0.25

7 H 21 H July 21 2.9957 0.9500 0.9999 0.46

7 H 22 H July 22 2.3093 0.8222 0.7365 —

7723 H July23 2.6391 0.9286 1.0000 0.27

7 H24 H July 24 2.1972 0.8889 0.9999 0.27

N T HCBEAN TR SRA o 1) 2 A T A A A 22 55, SRR E R W I O B 2 2 T 1 R0 2 R 2 A i

Rh—k HRE N —K(K3),
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100, MJ314(GU933596
Micrococcus lylae(EU379259)
MJ425(GU933598)
00! Micrococcus luteus (EU440972)
99 r MJ328(GU933597)
Micrococcus flavus (DQ491453)
100, MJ102(GU933485)
Citricoccus muralis éNR 025488)
100 - MJ114(GU933489)
Arthrobacter arilaitensis (EU240951)
100, MJ308(GU933492)
Arthrobacter oxydans (AB167176)
100, MJ431(GU933496)
Arthrobacter subterraneus (DQ097525)
62 | 190, MJ342(GU933493) .
Arthrobacter crystallopoietes (NR026189)
100 - MJ520(GU933582
Kocuria sp. (AM778702)
_22‘—_MJ223(GU933573)
Nesterenkonia alba (EU566871)
100 ; MJ436(GU933618)
Janibacter marinus (AY533561)
100 — MJ526(GU933616)
-Agromyces aruantiacus (DQ870725)
100, MJ432(GU933614)
Microbacterium o;gzdans (GQ923776)
100 ; MJ626(GU933617)
Pseudoclavibacter helvolus (FI795667)
100, MJ435(GU933609)
| Nocardiopsis dassonvillei (FIJ486356)

100, MJ625(GU933623)
Corynebacterium xerosis (FN179326)

100, MJ217(GU933571)
Dietzia maris (FJ468336)
99 — MJ624(GU933572)

Dietzia papillomatosis (FJ468340)
MJMBC?.GUQSS 06?)

99
7 ocardia cummidelens (F1486310)

59

54 94

64 |' MJ226(GU933537)
MJ411(GU933547)
Streptomyces griseus (FY767837)
MJ416(GU933550)
Stre, tonczg/ces glumbiresistens (EU526954)
4 MJ231(GU933538)
Streptomyces drozdowiczii (FJ486467)
97; MJ306(GU933542
Strgptomyces sp. (GQ357978)
99; MJ503(GU933554)
Str%omyces raminofaciens (FJ486293)
MJ448(GU933553)
MJ407(GU933544
Streptomyces scabiei (EU828543)
95, MJ410(GU933546)
_|Strept0myces asterosporus (AY999902)
%{ MJ209(GU933532)
Streptomyces tendae (EU841626)

99, MJ414(G .
50 ﬂ Streptomyces ambaofaciens (F1532455)

MJ417(GU933551)
991 Streptomyces griseoflavus (EU593701)

9

S ool (AT399463)
3):: MJ346(GU933543)

9

57
90

55
98

Streptomyces thermocarboxydus (EU852931)

MJ408(GU933545) X

911 Streptomyces pseudogrzseolus (FJ486305)
Bacillus barbaricus (GQ200827)

Bl BERFEEHLHAITREZLER

Fig.1 Phylogenetic dendrogram of Actinobacteria bacteria of air in Urumgqi,sequences with =97 % similarity

FIFSBHE A LT 16S rDNA FER P89 R G0 R B 5 43 30 AR (5 (1000 IR E A AL KT 50% B ) 5« M7 AR Bk
G5 55 NRRFINE SRS, Bacillus barbaricus( GQ200827 ) 1 A4 4N £

2.5 RAFREE T H BT 2 AN AR B S
Vo A PR I5 5 A5G R A T ORUAE DG A AT, G5 SR AN 4 F7R 8 4 T TOBCRTAT] RTE TR T T JERE BT TR
FFEET] )6 J& ( Exiguobacterium | Citricoccus , Nesterenkonia YEHEE ( Mycoplana) Bacterium .Maris ) MEHREE
IERSE, A2 T ORZE T MU E 1) 4 J& (4 5 % & ( Chryseobaterium ) | Janibacter , 15 FF 15 J&
( Microbacterium) i R [X T J& ( Nocardia) ) MW S EZIEMC, A 1 TTOXEET) 1 R (HEEE
(Streptomyces ) ) A 5 XUB 2 IEARSE . A 2 TTORLRAET IRV H1]) 2 J& (5515 2 18 )& ( Sphingomonas) ¥
BRTE & ( Micrococcus ) ) R 5 W 2 IEAH I, A 4 TT(CATRE T VLR ERER ] ZRETT)S 8
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57 MJ313(GU933592)
MJ437(GU933594)
Massilia timonae (AJ871463)
90 [I- MJ527(GU933590)
30 rNaxlbacter varians (AM774587)
L Massilia niastensis (EU808005)

r MJ311(GU933589)
Naxibacter haematophilus (F1380959)
99 MJ530(GU933620

Ralstonia mannito}ilytica (EU024152)
100, MJ616(GU933622
LMosloe(nsis Ben (X95304)
99 15/'4331( U93360;) .
cinetobacter Iwoffii (GU083586)

54 MJ612(GU933621)
891 4cinetobacter calcoaceticus (F1976611)

100  MJ208(GU933570
1 Mycop’ana bullata)(EU977700)
98 84 MJ338(GU933602)
1001 Paracoccus aminovorans (NR025857)
99 L MJ320(GU933601)
100 MJ446(GU933605)
—Wﬁsﬂ(eugss 04)
85 Sphingomonas kaistensis (GQ505344)
100 — MJ427(GU933613) N
|:Chryseobacz‘erium molle (AJ534853)
100 100, MJ329(GU933567)
L_Hymenobacter xinjiangensis (DQ888329)
99 MJ531(GU933569)
Adhaeribacter terreus (EU682684)
MJ232(GU933565)
Flexibacteraceae bacterium (EU543663)
MJ319(GU933566)
Pontibacter korlensis (GQ503321)
99 MJ324(G~}J933603) =
Brevibacillus brevis (GU125635)
100, MJ229(GU933586)
Exiguobacterium indicum (GQ284483)
98, MJ309(GU933587)
Exiguobacterium homiense (FJ999945)
99, MJ426(GU933612)
Planomicrobium chinense (AJ697862)
100, MJ3; 5(GU933204)
1 Bacillus endophyticus (GQ903415)
98, MJ403(GU933508)
90 [l Bacillus amyloliquefaciens (GU191913)
og[l MJ61 4(GU933520)
lecil(l)z?é ﬁtgbéil?o AB542912)
75 Pt pumi?us (C2U332609)
MJ516(GU933517)
Bacillus niacini (EU221338)
MJ611(GU93351 &('1?
Bacillus simplex (GQ844962)
100 MJ502(GU933513)
. Bacillus megaterium (GU271136)
MJ430(GLJ933509P)
Bacillus litoralis (FJ188307)
109 MJ105(GU933500)
Bacillus barbaricus (GQ200827)
51~ MJ513(GU933530)
Bacillus thuringiensis (GU384894)
MJ219(GU933528)
00 MJ440(GU933524)
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Fig.2  Phylogenetic dendrogram of Proteobacteria, Bacteroidetes and Firmicutes bacteria of air in Urumgqi. KorarchaeoteSRI- 306

( AF255604) was used as outgroup
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Fig. 3  Classify analyses of airborne bacteria before and after

partial solar eclipse in Urumgqi
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Fig.4 Correlation of airborne bacteria and environment factor
before and after partial solar eclipse
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