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Abstract: The diversity of aerobic anoxygenic phototrophic bacteria (AAPB) has been well examined
in marine habitats, but that in eutrophic lake are little known. Gene pufM is related to biosynthesis of
photosynthetic reaction center and is widely used in diversity analysis of AAPB. This study constructed
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and analyzed pufM gene library, to reveal the distribution and phylogenetic diversity of AAPB and
discuss their role of AAPB in eutrophic zone of Lake Ulansuhai. 52 clones of the library were obtained,
analyzed and clustered into 28 operational taxonomic units (OTUs). Coverage analysis showed that the
library coverage value was of 71.4%, which indicated that the clone library could provide a fine inven-
tory of AAPB diversity in the lake. Phylogenetic and statistical analysis of clone library revealed a
higher AAPB diversity in the lake, which has a sharp contrast with lower total bacteria diversity of the
same lake according to our previous study. Sequences obtained in this study belonged to seven sub-
groups, namely y-Proteobacteria (44.2%, including Group-1, -2 and -3), B-Proteobacteria (21.2%),
Rhodobacter-like (7.69%) and unknown Group-1 (21.2%) and Group-2 (5.77%). Higher proportion of
y-Proteobacteria in lower salinity lake like Ulansuhai, has not been reported before. Some unique
AAPB ecotypes were probably related to eutrophic lake habitat. This suggested that AAPB play an im-
portant role in maintenance and stability of eutrophic lake ecosystems.

Keywords: Aerobic anoxygenic phototrophic bacteria, pufM, Community composition, Phylogenetic analy-
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1.3 PCR ¥ 18K X EME
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Group-2 W/ EHE 5 AT 45 57 i 4l 3 HF Ak R 25 4 L 5
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ARSI AEIN 255

FATLART AR 7 IR 0, 12 3 R i B 40 1Y
PR B E IR A R I AR, A
AAEREBIS, B SRR EERSEC S
PO 55 o AR A 2k A ORI e B R i gt
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Table 1 Homology analysis and comparison of source habitat of representative pufM sequence

REE TR Pl HRS ARLLEE It WA el
Representative Clone  Clone number  Accession No.  Similarity (%) Habitat Subgroup Proportion (%)
WHP206 (GU458806) 3 EU191512 87 Estuary Group-1 21.2
WHP207 (GU458807) 7 EU191564 86 Estuary
WHP224 (GU458822) 1 EU191438 88 Estuary
WHP220 (GU458818) 2 EU191381 84 Estuary Group-2 5.77
WHP229 (GU458826) 1 EU191456 86 Estuary
WHP217 (GU458815) 4 FJ589087 81 Eutrophic lakes Group-3 19.2
WHP227 (GU458824) 2 EU191597 84 Estuary
WHP258 (GU458847) 2 EU191381 84 Estuary
WHP218 (GU458816) 1 AMI162715 83 Sf;cll’(‘l’:ﬁtfagjz N
WHP241 (GU458837) 1 FJ589087 81 Eutrophic lakes
WHP201 (GU458804) 1 DQ093230 91 Ocean Group-4 11.5
WHP222 (GU458820) 2 DQ093228 89 Ocean
WHP261 (GU458850) 3 DQ093255 90 Ocean
WHP260 (GU458849) 1 DQ093239 87 Ocean Group-5 13.5
WHP267 (GU458855) 1 DQ093239 89 Ocean
WHP209 (GU458809) 1 EU191510 92 Estuary
WHP213 (GU458812) 3 AY731114 88 Ocean
WHP219 (GU458817) 1 EU191510 89 Estuary
WHP235 (GU458831) 2 DQ093232 92 Ocean Group-6 21.2
WHP239 (GU458835) 1 DQ093247 91 Ocean
WHP208 (GU458808) 1 DQ093255 94 Ocean
WHP250 (GU458842) 2 AY731117 93 Ocean
WHP257 (GU458846) 2 AY731109 90 Ocean
WHP234 (GU458830) 1 DQ093255 91 Ocean
WHP231 (GU458827) 1 DQ093230 91 Ocean
WHP237 (GU458833) 1 DQ093247 89 Ocean
WHP238 (GU458834) 3 EU191380 85 Estuary Rhodobacter-like 7.69
WHP255 (GU458844) 1 AY 675567 84 Ocean

32 BRIRBEEFNWHXKIK AAPB £ RHE
5EMX R

ARG T ARAT 1 2 P2 5 IR X pufM
JP5153 )8 28 1~ OTU. &G K B /&M, 28 4~ OTU
I REIFINER G R EW L5l 7 AR
#, %A Group-1. -2, -3, -4, -5, -6 Al
Rhodobacter-like, i1 T 7 4 WEE(E 1),
Zeng % H|H DOTUR ¥ {4058 508 AAPB J& . F
pufM JFENZ B B Z S5 AR, ST I puf P HIEE
BTN . BT 53250 Cutoff {H 43518 0.06.
0.15 A1 0.482, AL T DOTUR 4, 455K
AR H R Group-6 5 AAPB J& Roseateles
sp.(B-Proteobacteria)lf] () HEALIF 25(0.27) < 0.48,
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Group-3 5 Thiocapsa sp.fl Allochroma sp.
(y-Proteobacteria) 4L EE A 0.33, Group
Rhodobacter-like 5 Rhodobacter sp. WAL K
0.31, TH A 5 B © 40 25 15 % 4w AL iR g
B(0.33-0.70) . K L, A A H1 89 Group-6 (4
EHERTERER 21.2%, PINRILHEZ—, W&k 1)
W& T B-Proteobacteria, i 73— #f Group-3 (fi
TR 19.2%))E Ty-Proteobacteria, T HE)E
F Thiocapsa 5§ Allochroma., Group Rhodobacter-like
BIRY Rhodobacter J&MHALIEE] (0.31)K T Zeng
AEPOEHS Y B KT B4R Cutoff {H(0.15), {HA
WF5E R k5 M8 1) 8o M
WHP255, WHP212, WHP238 Fll WHP247 fR47Hh 5
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A 5 M Group-1

[ = Group-2

8 80
96 Uncluttered bacterium clone 39 (EU191381)
4 Uncluttered bacterium clone HO7 (EU191512)
12 Uncluttered bacterium clone 1G3 (EU191564)

Uncluttered bacterium clone 1B9 (EU191597)

Group-4
8 21 7 GroupTS

Uncultured marine bacterium clone npg-jilw26-71 (DQ093239)

38
46 Uncultured marine bacterium clone JLQS24 (AY731114)
Uncultured marine bacterium clone npg-jlw24-71 (DQ093255)
65 Uncultured marine bacterium clone npg-jlw26-12 (DQ093230)

ES

‘—< Group-6

ncultured bacterium clone Berpuf57 (AM162715)
Roseovarius tolerans NBRC16695 (DQ915720)

U
#4—:
25 BIC2685 (AB016990)

Rooonh -~ 20 Ao o NI ra
Roseobacter denitri tjn,uuu VLD I L V1077V

7 32[ | Rhodovulum sulfidophilum (AB020784)
T3l ————— Roseobacter sp. SYOP2 (AY675567)
——« Rodobacter-like
26 Roseateles depolymerans (AB028938)

W'_F Thiocapsa roseopersicina (AJ544223)
20 Allochromatium vinosum (AB011811)

Uncultured bacterium clone TYS (FJ589087)

2H—': Erythrobacter longus (D50648)
88 Erythromicrobium ramosum (AB010873)

Sphingomonas natatoria (AB030105)

—
0.05
B A WHP218 (GU458816
480 iy Eggiggggg ¢ WHszu g([:}litsuég)g bacterium clone PUF_108 (FJ619010)
28 1= WHP228 (GU458825) 39 WHP258 (GU458847)
WHP223 (GU458821) 57 WHP232 (GU458828)
WHP240 (GU458836) 57| (23" WHP263 (GU458852
WHP211 (GU458810) | Group-1 WHP227 ( ’GU4588,_43,:
WHP248 (GU458840) 5 WHP264 (GU458833)
WHP215 (GU458813) 41 WA (GvAsani Ty
) S O )
oI HEZUOUSILo0o00) 35 WHP217 (&U458815)
61 WHP242 (GU458838)
WHP224 (GU458822)
WHP229 (GU458826)
WHP220 (GU458818) Group-2
82 WHP256 (GU458845)
D 26 WHP261 (GU458833) E 45 53 Uncultured bacterium clone G10 (EU191510)
30 WHP201 (GU458804) WHP219 (GU458817)
WHP222 (GU458820) “;I;ri;'élzhinzgilﬁscggllggn clone A01 (EU191438)
39 WHP233 (GU458829)
WHP259 (GU458848) e gggﬁggj 8849)
26 WHP216 (GU458814) WHP267 (GU458855)
17 WHP209 (GU458809)
40— WHP213 (GU458812)
F 26 G 53 Rhodobacter blasticus (D50649)
nglz_éozg(g[(}é?f;gzgg 5) _58|_—|: Rodobacter capsulatus (Z11165)
WHP237 (GU458833) | Uncultured bacterium clone 38 (EU191380)
WHP255 (GU458844)
WHP212 (GU458811)

100, WHP235 (GU458831)
WHP236 (GU458832)

WHP208 (GU458808)

WHP234 (GU458830)

3 WHP231 (GU458827)
WHP257 (GU458846)
5 WHP203 (GU458805)
30— WHP262 (GU458851)
1
Fig. 1

L WHP238 (GU458834)

96— WHP247 (GU458839)

SR ZBINEKE puM BEERRFE LB

Phylogenetic tree of pufM gene sequences in Lake Ulansuhai water

Note: A: All sequences; B: Unknow group (Group-1, Group-2); C: Group-3; D: Group-4; E: Group-5; F: Group-6; G: Group Rhodobacter-like
data in parentheses are the GenBank accession numbers. Numbers at the nodes indicates the levels of bootstrap support based on
neighbor-joining analysis of 1000 resampled datasets. The scale bar represents 5 nucleotide substitutions per 100 nucleotides. Chloroflexus

aurantiacus severed as outgroup.
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Rhodobacter spp. RAE—iL, HIEA L& (LA HAb
JE B R, X BN puM AR R K F SR
Cutoff {HBE Hy 0.31 ZeA7 AT RETE N 5idi o (HT 2
B, MR Z MGG RRAALEA KRB a]
i, FET RSN puf 5 B FK I 16S rRNA 15
WD RMARE LT RIS RRE—E 456
BLAST 45 % 4 #7, Group-4 . -5 M W5
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