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Abstract; Microorganisms in water can indicate changes in the environment with sensitive response. Through
16S rRNA clong library method, the authors can analyze the species of bacterial in samples, and know the relative
proportion among all kinds of bacteria and etc. Therefore, this method has been widely applied to the environmental
microbiology research. Through 16S rRNA clong library method, bacterial diversity characteristics and its relation-

ship with the nature of waters from Xiaotianchi lake ( water inletentry point) and Changbai waterfall ( plunge pool)
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were analyzed. 89 gene sequences of 16S rRNA from Xiaotianchi lake were obtained, belonging to 10 groups. A-
mong them, Betaproteobacteria is the major group dominating by 23. 6% . 88 gene sequences of 16S rRNA from
Changbai waterfall were obtained, belonging to 8 groups. Among them, Betaproteobacteria is the major group domi-
nating by 35.2% . Bacteroidetes, Betaproteobacteria, Alphaproteobacteria and Gammaproteobacteria were the main
bacteria groups in both of the two environments, while Deltaproteobacteria, Acidobacteria and Armatimonadetes were
only detected from the water entry point of Xiaotianchi lake. Both the bacterial community diversity and species
evenness index from the plunge pool of Changbai waterfall are lower than those from the water inlet of Xiaotianchi
lake. The two sampling sites are not far apart with similar natural environment, but quite different on the level of

human activities. The authors argue that human activities may be the cause of differences between both bacteria

community diversity.
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RAERIZAKFES 1L THEH DNA #97 16S rRNA
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9.4% (1) OTU 7£ 2 Prife U i (£2) .

®1 MRtFKEBRHAE RFLP SRR
Table 1 RFLP diversity index of biacterial community in

Xiaotianchi lake and Chanbai waterfall

ZREETREL /NK ENER i
TUREEL 89 88
HER 67.42% 55.68%

Shannon-Wiener $5%§ 3.385 00 3.252 00
Evenness 154X 0. 842 30 0. 827 30
PLH TR EL 0.05517  0.059 59
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2.2 WEMBENSEY

INRUATK T AEFE AL 4875 89 Z5 A 8T 51,
4y J& T Alphaproteobacteria, Betaproteobacteria, Gam-
maproteobacteria , Bacteroidetes, Actinobacteria, Planc-
tomycetes, Verrucomicrobia, Firmicutes, Acidobacteria
FI Deltaproteobacteria %5 10 N2 BE, Horp R E 0
A Betaproteobacteria (21 45 FF %), & A& W
23.6% ), Alphaproteobacteria (12 5% 5, 5 B3
M 13.5% ), Bacteroidetes (12 2574\, & M ALY
13.5% ) J Planctomycetes (9 2% %, 52 EH)
10. 1% ) o /NRUBHYANTH RGE K BRI 1,

TER g A KRR AL 815 88 J5 A RUF 51,
4y J& T Alphaproteobacteria, Betaproteobacteria, Gam-
Actinobacteria ,

maproteobacteria , Bacteroidetes ,

Planctomycetes , Verrucomicrobia F1 Firmicutes 2% 8 /4~
BB, HoAr RSN Betaproteobacteria (31 5%
B, R 35.2% ), Alphaproteobacteria (24 %%
B A, & BB 27.2%), Gammaproteobacteria
(11 &5, 5 BB 12.5% ) I Bacteroidetes
(10 Z&750, o SR 10.2% ), T AR U 2R
5 14.8% , KINBEMAEAZLERILE 2,

Alphaproteobacteria FlI Betaproteobacteria I iX 7
IR ) B X D B,
e MR KA T 2. Alphaproteobacteria 2
Bedp N B4 AR 1 Sphingomonadales, Rhizobi-
ales, Rhobobacterales FI Caulobacterales % 4 /> H ;
1t Sphingomonadales H H#:M AR 6 )~ OTU H, H
SAkRARKE®RA, HA1AkA/NKM. 18 Rhi-
zobiales A A 1 A~ OTU R H K H#A, 3 1kA
INRM s AE Rhodobacterales H YA 3 4~ OTU 2k A K
HEgEA, 1 PR E/NKM; 78 Caulobacterales H W 3
A~ OTU Sk A K EEAG, 3 Mok A/DKRM, Hik
AR BEEAR C 63 FI2k H/NRIEH X - 67 7E[F—
HA I3 (R /N R A 8 A A0 h AL
phaproteobacteria Z5Ff 16S rRNA L 510 R 4t &
BRILE3) .

LB AS SCEE H Y Betaproteobacteria 255 % B
KL (B 4), IR P % 40 5 3 %50 1ii 75 Burk-
holderiales 1 Methylophilales W31~ E " ; LA Burkhold-
eriales H o E, L4175 18 4~ OTU, Hh 14 4~ OTU
KEKEABRM, 4 RA/NKM; 78 Methylophilales
Hrb, 24> OTU >k A KEH#A, 3 4> OTU 2k A/

Kt
2.3 BABEFRE

KR FE B U ARG A A TERFR
SRTRUREER R ML G, Hrp, KK
W Z A M R K S AR 55, R
SIIFFE N ZE Bl K AR K AR 25 B 43 56 W 1) A S
BB AR, KEABEA T KE R Cl
NO; |\ HPO;™ K SO;™ Ay BE 35 Wtk = T/ K A
KE, PR F-F B k2SS AR (£3),
VLR B KR P AL BRI SEE SRR & =W
BN AP N

*3 KAWMREMKEEGHNPEEFRE
Table 3 Chemical parameters of water sample of Xiaotian-
chi lake and Chanbai waterfall

/mg ¢ L'

I B ok IR KA

F- 19. 85 19.92

cl- 8.18 66. 01

Br~ 2.19 2.49

NO; 2.35 3.46

HPO? - 80. 85 109. 84

S0%- 2.67 11.12

3 3tg

Zwart Z53E 50 TS 1L SWITE AT 2 2590 3
AIANTE 16S TRNA BEP R SR FE I E , K 4iTE 3
Ty Alphaproteobacteria, Betaproteobacteria, CFB
( Cytophaga — Flexibacter — Bacteroides ) , Actinobacte-
ria Fl Verrucomicrobia 25 2 B 41 M . Alphapro-
teobacteria Fll Betaproteobacteria J2= 3% [E Adirondack
S A Alfreider 111 26 b g 113130 2% 4% /1N i
RSEE TR WA T AR RE . A i WA
16S tRNA ELR CFEH, Alphaproteobacteria . Betap-
roteobacteria TE/IN T FIHE [ I8 A7 o 2 2 22K HE
(K5), BEBIPIRMABA 5 HAb s LT AR AL 5
LR, XS KA ILE T & KRS E IR T
Wi —2,

SR, /NRUFIH A 1 40 1 B A A [
AIRETSSS HRPIE . DA SRR LAY 1 9 3t LTS 20
A, ZH M3 km, { KPR EEA L, KR
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C 65-27F

Polaromonas sp. (FR691430 Forlidas Pond)

Uncultured beta proteobacterium (FN668028 lake epilimnion)
C 81-27F

Uncultured Comamonadaceae bacterium (JF733395)
C27-27F

Uncultured bacterium (JF697518 stream)

C32

Uncultured Variovorax sp. (KC172250 soil)

Uncultured Janthinobacterium sp. (JQ684472 ground water)
C59

C62
C9227F i
it Betaproteobacteria
Uncultured bacterium (JQ678582 hydrothermal vent diffuse flow)
€12
Uncultured bacterium (FJ602432 groundwater)
C 36-27F
Uncultured bacterium (JQ923805 drinking water distribution system)
C97-27F
C2-27F
Uncultured bacterium (GQ396985 soil)
C25

C94
Uncultured bacterium (KC541174 river sediment)
Cc3
C52
Uncultured bacterium (KC683059 periphyton)
Uncultured bacterium (GU305827 YangHe reservoir water)
C41
Uncultured bacterium (KF481602 sediment of Taihu Lake)
Uncultured bacterium (AY 177774 soil)
C39

Uncultured bacterium (JQ675385 water)
C 60
Uncultured Acinetobacter sp. (KF003202 grass carp gut mucus) .
Uncultured bacterium (AB240508 root-base) Gammaproteobacterla
Uncultured bacterium (KF481606 sediment of Taihu Lake)
23
Uncultured bacterium (FJ801219 Zoige Alpine Wetland)
C 103-27F
Rhodobacter sp. (GU441680)
C50
Uncultured bacterium (GQ396845 soil)
C28

Uncultured bacterium (KC683034 periphyton)
C7

Uncultured bacterium (KF481583 sediment of Taihu Lake)
C9
Brevundimonas sp. (JQ396619 arctic rhizosphere) A]phaproteobacteria
C63

Uncultured bacterium (JQO088378 crude oil reservoir)

C 45-27F

Uncultured bacterium (JX317576 freshwater aquarium)

C 6-27F

Uncultured bacterium (JQ923706 drinking water distribution system)
Cc87

Uncultured bacterium (JQ088322 crude oil reservoir)

Uncultured bacterium (AB750594 deep submarine)

Cs4

C30

Uncultured alpha proteobacterium (KF827039 biofilm)

C 58-27F

Uncultured Sphingomonadaceae bacterium (KC886781 Lake Zurich epilimnion 5m depth)

M C 86
Uncultured bacterium (EU133689 soil)
C75

Flavobacterium sp. (KF648280 freshwater creek)

Flavobacterium succinicans (AM230494)

C17-27F 3
C24 Flavobacteria
Flavobacterium sp. (AM934653 hardwater creek)

C 38-27F
Flavobacterium sp. (GU291856 freshwater lake)
|'_Arthrobacter oxydans (AB648978 soil)
C98

C15 1 1
Uncultured bacterium (KC683257 periphyton) ACtanbaCterla

Cc19
Uncultured bacterium (JN052368 citrus rhizosphere)

— Uncultured bacterium (FJ232643 sludge) Flrm10utes BaCﬂh

68
Uncultured Planctomyces sp. (F1543033 high ergovaline treatment gut)

88
Uncultured planctomycete (EU374001 canyon and slope sediment) PlanCtomycetes

Uncultured lake bacterium (AY752115 lake water)
c719

Uncultured Verrucomicrobia bacterium (AY922120 farm soil)
C102

C 5727F Verrucomicrobia
(I:Jr%cullured bacterium (HM269018 skin)

m‘ ncultured bacterium (HQ119723 loamy sand)

(AB4%3% (neighbor-joining) I, WIEALAE 1000, FEEFREE0.05, X~ = » IR A/DKILAYFI])

1 KAWNMKBEE 16S rRNA ERFIINREL B/

Fig. 1 Phylogenetic dendrogram for biacterial community in Xiaotianchi lake
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Urhcultured bacterium (GQ396816 soil)

Ur;lcultured beta proteobacterium (KC63353 1activated sludge )

%(/[_athylibium fulvum (AB245357 soil)

)\é\{iovorax ginsengisoli (AB649026 soil)

Uncultured bacterium (KF494548 permafrost soil)
)L(Iflzcult-ured bacterium (EU978832 glacier ice)

Uncultured bacterium (KC255356 calcium carbonate)
)I(J_nc;xltured bacterium (AB630471 aquatic moss pillars)
Uncultured bacterium (AY662002 contaminated groundwater)
)%J}lgultured bacterium (JF176560 skin)

)l(J_ncultured bacterium (JF177852 skin)

)l(]_nzczultured Rhodobacter sp. (GU472571 lake)
Un)c(\fltured bacterium (GQ002488 skin)

Uncultured bacterium (JQ088378 crude oil reservoir)
Uncultured bacterium (AB630739 lake)

Blzid rhizobiaceae bacterium (KC478082)

Ul}gultured alpha proteobacterium (KF827150 biofilm)
Uncultured bacterium (HM270522 skin)

U_ncultured bacterium (HQ119649 loamy sand)

X-69

X-58
l)J(ml:lslltured bacterium (JQ825018 soil)

gng‘lllltured bacterium (KC554274 soil)
)lgn‘%lllured bacterium (EU043542 river)

X-82
Uncultured bacterium (EU978767 élacier ice)
&Jncgltured bacterium (FJ849102 stream)

-8
F)‘éa{gbacterium sp. (AM934678 tufa-core)
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Fig.2 Phylogenetic dendrogram for biacterial community in Changbai waterfall
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Fig. 3 Phylogenetic dendrogram for Alphaproteobacteria in Xiaotianchi lake and Changbai waterfall

C 65-27F
Polaromonas sp. (FR691430)
Uncultured bacterium (KF494548 permafiost soil)

Xa
C 81-27F
Uncultured Comamonadaceae bacterium (JF733395)

27-
Uncultured bacterium (JF697518 stream of Dianchi Lake)
X-12

X-66

Uncultured bacterium (FJ592519 wetland soil)

C32

Acidovorax sp. (HQ222260)

Uncultured bacterium (AY 177774 soil)

C62

C59
Uncultured bacterium (JO923588 drinking water distribution system)
C 11-27F
Uncultured bacterium (JQ678582 hydrothermal vent diffuse flow)
Uncultured beta proteobacterium (KC633531 activated sludge of a full-scale WWTP)
X-13
C12
Uncultured bacterium (FJ602432 groundwater)
C 36-27F
Uncultured bacterium (JQ923805 drinking water distribution system)

C41
Uncultured bacterium (KF481602 sediment of Taihu Lake)

Uncultured bacterium (KC541174 river sediment)
C 97-27F

Uncultured bacterium (KC541337 river sediment)

€25

Uncultured beta proteobacterium (FN668028 lake)

C3
Uncultured bacterium (GU305827 YangHe reservoir water)

Uncultured bacterium (GQ396816 soil)
X-45

0.02

C52
Uncultured bacterium (KC683059 periphyton)

X-10

Uncultured bacterium (KF771452 methylotrophic denitrifying bioreactor)
X-29

C30
Uncultured alpha proteobacterium (KF827039 biofilm)
C 58-27F
Uncultured Sphingomonadaceae bacterium (KC886781 lake) Sphingomonadales

Uncultured alpha proteobacterium (KF827150 biofilm) Rhizobiales

C28
Uncultured bacterium (KC683034 periphyton) Rhodobacterales
C 50
Uncultured bacterium (GO396845 soil)
—JF177852
X-39
Uncultured bacterium (GQ002488 skin)
X-33
Uncultured bacterium (JQ088378 crude oil reservoir)
X-67
Caulobacterales

Burkholderiales

Methylophilales

(4BH%7%E (neighbor-joining) 4, WAL 1 000, JEEHRIE0.02, C - = « LKA RKABMIITI; X -« « Ak ANTIBHFH)

4 KEUNFBIK SR EE T Betaproteobacteria 373 165 rRNA EEFSIH R 5L BR

Fig. 4 Phylogenetic dendrogram for Betaproteobacteria in Xiaotianchi lake and Changbai waterfall
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Fig. 5 Proportion of bacteria phyla in the samples of Xiaotianchi lake (a) and Changbai waterfall (b)
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