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Abstract; Urumqi No.10 spring is located in the fracture zone of Willow ditch-Hongyanchi in southern Urumgqi, and is one
of the most important national key hydrological observation points. The spring water contains various geochemical elements,
such as sulfide, methane, hydrogen, radon, sulfide, methane, carbon dioxide, helium, fluorine and mercury. Microbes
living in the spring are intensely affected by hydro-geochemical changes caused by movements of the Earth’s crust. The 24
solar terms, part of the Chinese traditional calendar, can accurately reflect changes in the Earth’s climate, and the habitats
of microorganisms also change with changes in the solar terms. In order to understand the changes in the structure of the
bacterial community and diversity in Urumqi No.10 spring with the 24 solar terms, spring water samples collected during
each period of the 24 solar terms were analyzed by T-RFLP, and CCA analysis combined with hydro-chemical analysis of

indicators in the spring was conducted. Diversity analysis shows that the Shannon index ( H) of the spring bacterial
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communities has a large variation (from 1.088 to 3.003). Spring samples (from ‘ Beginning of Spring’ to ‘ Grain Rain’ )
show a significant fluctuating trend and reaches its lowest value in ‘ Waking of Insects’ (1.088); in summer ( from
‘ Beginning of Summer’ to ¢ Greater Heat’ ) and autumn (from Beginning of Autumn’ to ‘ Frost’s Descent’ ), the index
shows similar increasing trends within the solar terms, while for winter (from ‘ Beginning of Winter’ to ‘ Greater Cold’ ) ,
the index remains at a low level (approximately 1.761). The changes in Simpson (D) and evenness index (E) were not
significant throughout the 24 solar terms and the lowest value appeared in ‘ Waking of Insects’ . Hierarchical cluster analysis
shows that the bacterial community patterns for the spring water appear to cluster with the solar terms, reflecting the
similarity of the sample community composition between solar terms within the same season. Adjacent seasons show mild
diversity, indicating that the bacterial community composition has intraseasonal variations. T-RFLP analysis shows that there
are 11 phyla in total: Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria and Fusobacteria are the main taxa
(=70%) , and their proportions vary in each solar term; Cyanobacteria, Deinococcus-Thermus, Spirochaetes, Nitrospirae,
Chlorobi, Tenericutes and some unknown taxa only appear in some of the solar terms, are present in low numbers, but they
occupy a very important position in the community composition; Gram-positive bacteria are abundant in autumn and winter,
while Gram-negative bacteria dominate in spring and summer. The existence of sulfur-oxidizing bacteria (Acidithiobacillus ,
Thiothrix ) and sulfate-reducing bacteria ( Desulfobacter, Desulfoluna) may be related to the high H,S content in the spring.
Hydrological chemical indicator analysis shows that conductivity, mercury, methane and hydrogen sulfide show the most
variation. Of these indicators, fluorine and radon concentration can influence the dominant taxa, such as Bacteroidetes and
Firmicutes , while Deinococcus is influenced by mercury concentration. These results indicate that the bacterial community in

No.10 spring is influenced by changes in the 24 solar terms which in turn affect the hydrological chemical indicators.

Key Words: 24 solar terms; bacterial community structure ; diversity; T-RFLP; No.10 Spring Urumgqi
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Fig. 1 12 physical and chemical parameters changes in Urumqi No.10 Spring durning 24 solar terms
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Fig.4 Dendrogram of the hierarchical clustering analysis of

bacterial community in Urumgqi No.10 Spring durning 24 solar

terms( 1—24 are sampling date)

TR AR IO 5

TS XA AT ZARE S UK LS CCA
BT R BL(PE 6-C) 24 T URIK AR R Z R E S
WEENFAFAE B AR SCHE . Horp 2 Wb A L

R1 UPTSHEHEARNEIILGIR

Table 1 Bacterial community composition in 24 solar terms

5K, Solar term

3 SRk e (15 oy g5 il Sk A
Phylum Beginning of End of White Autumnal Cold Frost's Beginning Slight
Autumn Heat Dew Equinox Dew Descent of Winter Snow
JEZRTE ] Actinobacteria 0.2056 — 0.3335 0.3769 0.1996 0.1639 0.1481 —
AT ] Bacteroidetes 0.1012 0.422 0.3679 0.1106 0.1337 0.4205 0.0766 0.4464
JEEEFE ] Firmicutes 0.2643 0.289 — 0.0251 0.1896 0.0697 0.2971 —
AFFE B 1] Proteobacteria — 0.289 0.2223 0.3266 0.4071 0.2764 0.4154 0.5536
HATH 1] Fusobacteria 0.2863 - - 0.0251 0.0018 0.0038 — —
W0 Cyanobacteria — — — — 0.0063 0.0035 — —
L Al R T
#% RN ] 0.0242 — — — — 0.0026 0.0086 —
Deinococcus-Thermus
BZHER] Spirochaetes — — — — 0.0265 — — —
AR ) Nitrospirae — — — _ _ o o -
ZETE 1] Chlorobi — — — — — — — —
T ] Tenericutes — — — — — — — —
HiAth Others 0.1184 — 0.0764 0.1357 0.0353 0.0595 0.0544 -
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53, Solar term
] xE &5 INIE KIE LB MK T By
Phylum Great Inter Slight Great Beginning Rain Waking Spring
Snow Solstice Cold Cold of Spring Water of Insects Equinox
TR ] Actinobacteria 0.2119 0.1138 0.1513 0.0746 0.224 0.1174 0.0952 0.1698
BIFFHE ] Bacteroidetes 0.2308 0.2194 0.2148 0.4353 0.2481 0.3417 0.3706 0.4834
JERETA ] Firmicutes 0.1482 0.1484 0.243 0.2128 0.1734 0.1056 0.1621 0.0848
G ] Proteobacteria 0.2572 0.4203 0.24 0.1922 0.1812 0.3026 0.1406 0.244
AT ] Fusobacteria 0.0121 0.0045 0.0152 — 0.0214 0.0033 0.0034 0.0041
BE# 1] Cyanobacteria — — — — — 0.0345 — —
e B L B
i:ﬁfiﬁ“e@l — 0.0021 — — — — 0.0102 0.0103
BEHEIA ] Spirochaetes 0.0121 0.015 — — — 0.0094 0.0525 —
T ALIR T 1 Nitrospirae — — — 0.0025 — — — —
4EH 1] Chlorobi — — — — — 0.0031 — —
FIETE ] Tenericutes — — — — — 0.0025 — —
HiAth Others 0.1276 0.0765 0.1357 0.0826 0.1519 0.0799 0.1653 0.0037
5, Solar term

i1 Y A H SLHE NG TR q2E INE: K&
Phylum Pure Grain Beginning Grain Grain Summer Slight Great

Brightness Rain of Summer Full in Ear Solstice Heat Heat
BT Actinobacteria 0.0561 0.0742 0.0495 0.2734 0.3114 0.0203 0.0893 0.0708
HUFFH 1] Bacteroidetes 0.2678 0.5182 0.3406 0.2763 0.4511 0.4549 — 0.319
JERETE ] Firmicutes 0.3542 0.0742 0.2395 0.2414 0.012 0.2445 0.5022 0.2239
AFH IR Proteobacteria 0.1719 0.0742 0.1491 0.0532 — 0.0305 0.2714 0.2592
HAFHE ] Fusobacteria 0.0088 — 0.0109 0.0088 — 0.0223 0.0065 0.0067
BE#:0 ] Cyanobacteria — — 0.021 — — — — 0.0434
e g PR
;Z: jiifni[l - - 0.0064 - - — — 0.0119
TEBEA ] Spirochaetes — — 0.0109 — — — 0.0067
EALIR TR ] Nitrospirae — — — — — — —
£EF17] Chlorobi — — — — — — —
F I Tenericutes — — 0.0129 — — — — 0.0452
H b Others 0.1411 0.2591 0.1593 0.147 0.2255 0.2274 0.1306 0.056
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Fig.5 Dominant Community composition in 24 solar terms
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Table 2 Parts of the bacterial community identified by MiCA

Bt Groups "] Phylum J& Genus WA Bt T-RFs
it #2EHE Dominant Community Actinobacteria Arthrobacter 165
Corynebacterium 165
Frankia 130
Nocardioides 130
Streptomyces 1307165
Bacteroidetes Flavobacterium 84/93/485
Flexibacter 93
Firmicutes Bacillus 53/130/145/165
Clostridium 93/165/485
Eubacterium 270/485
Paenibacillus 130
Proteobacteria Acidithiobacillus 165
Acidiphilium 441
Geobacter 130
Thiothrix 130
Fusobacteria Leptotrichia 165
Others Olavius 165
Rk SR Particular Community Actinobacteria Microbacterium 165
Mycobacterium 165
Bacteroidetes Capnocytophaga 84
Cytophaga 84
Microscilla 93
Proteobacteria Achromatium 455
Azoarcus 84
Azospirillum 130/165
Caulobacter 130
Desulfatiferula 165
Desulfobacter 165
Desulfofrigus 165
Stenotrophomonas 455
Spirochaetes Treponema 165/305
Cyanobacteria Synechococcus 130
Cylindrospermopsis 148
Chlorobi Chlorobiaceae %-J& 127
Prosthecochloris 127
Deinococcus-Thermus Deinococcus 270
Nitrospirae Leptospirillum 80
Tenericutes Phytoplasma 212

Ty LT AR AN T XV 2R AR R R, 32
JESRR(E) SZZ BRI BN ARG B(H) 5
SRR 1 AR AL R B R IR ARG, o B AR AL (D)
Sttt b b AL R A R IE ARG, S AR E T
LiEES
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