[DEXyESI

Acta Microbiologica Sinica

2022, 62(6): 2053-2073
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20220269

Microbiology in Extreme Environments RSEN=Xp &=y

AL, pRES BEY W IRV, BERY FxH

| FEBEG A S ST, TRESSNASEEZREALRE, s B8R 830011

2 PEPBLA GRS S IR AT, PR S R R A R S A E SRR, HiE B8RS 830011
3 BIVLAE LR B R T B AR R TR Be, B IETE FR/RIE 150086

4 HE ARG, AP RS IR R E R R AR, W I 430074

5 il REFEMBIEFBE, TR T 510275

XUAKEL, PrfitE, s, 250, B3, Bath, 25508y, B iR b X - el Wi v 4540 S AL S T RE e e
2£41k, 2022, 62(6): 2053-2073

Liu Yonghong, Fang Baozhu, Gao Lei, Li Li, Wang Shuang, Jiang Hongchen, Li Wenjun. Community structure and ecological
functions of soil microorganisms in the degraded area of Barkol Lake. Acta Microbiologica Sinica, 2022, 62(6): 2053-2073.

i E: (] HAMRRALESZANEZARINSY, SH5K. RAFARFTE YL NL
FURLAZ, RREBLRAA A TR R THEREX TR, Rf, FBEFRH AL
PLiRAC A 3 A S AL, Gk A Ay do T ol i 4 IR R AAEAR AR R [ iR ] AAFR AT 16S rRNA A F
YT HBENG, AL YRR R LR A DB R LM BTN, Rl etk eg
BEEASFHRBTTR., [EXR] KR LN, BEREFA I (Pseudomonadota) . 475 & 17
(Chloroflexota)F= 4T B 1] (Bacteroidota) 2 & 2 39 3 iR A S P 09K % KB, ERE RN,

BLER A 11 (Desulfobacterota)#= 5 ¥ 4F B 11 (Campylobacterota) % £ % X B, A9l & # 1A & AL E An
Bl, X XBIERVLEEZHK, ERERBLNEK, BRATH I (Acidobacteriota)F=i¥ E # I
(Planctomycetota) 3 K A& #7 & # £ § WAz, AT BugBase st A49F RAATTM, £RLIIFA
KB T 2 RHAKRHA 1 (Actinomycetota) B3I E 11 (Pseudomonadota)F4£5 & 11 (Chloroflexota) 3 ,
BXS3pHheEERANEK, MRAELFENEZEZRZBEE [ (Pseudomonadota). AT H I

HETE : HEARPATES(32000084); o 1+ 5 B2 5L 4 (2021M693381); Bl 2 5 /8 AR X A KRB 34
(2021D01B108)

Supported by the National Natural Science Foundation of China (32000084), by the China Postdoctoral Science Foundation
Project (2021M693381) and by the Youth Fund Project of Natural Science Foundation of Xinjiang Uygur Autonomous Region
(2021D01B108)

*Corresponding author. Tel/Fax: +86-20-84111727; E-mail: liact@hotmail.com

Received: 14 April 2022; Revised: 15 May 2022; Published online: 23 May 2022



2054 Liu Yonghong et al. | Acta Microbiologica Sinica, 2022, 62(6)

(Bacteroidota) = BiAT & 11 (Acidobacteriota), H E &0 8 F BN K. #1H FAPROTAX xf
TR RIS A KB A S F I ReBATION, 4REAW, MAERARMLIREGME, HixtsmE
FH B R A AR, ARREMIARRETRIG, MR RS miE, (4] &
P AR RROHKAEN S HRFE, FLEFT S NMAMHFRAFHEIRLE, MEHRAERL
REIE, MAEMNESAZBRIER. KR ACDI9 L ARAEN TR S AFEGRT AFLFRR
BT TR IE R,

XHEiR: @Y, BIAR; MAMWSHEN, £5SR

Community structure and ecological functions of soil
microorganisms in the degraded area of Barkol Lake

LIU Yonghong"?, FANG Baozhu'?, GAO Lei'?, LI Li'?, WANG Shuang'”, JIANG Hongchen'*,
LI Wenjun'*"
1 State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute of Ecology and Geography, Chinese
Academy of Sciences, Urumqi 830011, Xinjiang, China
2 Xinjiang Key Lab of Conservation and Utilization of Plant Gene Resources, Xinjiang Institute of Ecology and
Geography, Chinese Academy of Sciences, Urumgqi 830011, Xinjiang, China
3 Heilongjiang Academy of Black Soil Conservation & Utilization, Heilongjiang Academy of Agricultural
Sciences, Harbin 150086, Heilongjiang, China
4 State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences, Wuhan 430074,
Hubei, China
5 School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275, Guangdong, China
Abstract: [Objective] As an important part of lake ecosystem, microorganisms play an essential role
in the biogeochemical cycle of carbon, nitrogen, sulfur, and other elements, and the community
structure and functions of them are crucial to environmental stability and sustainability. However, the
lakes in Xinjiang are degraded and salinized, and how microorganisms respond to the degradation is
unclear. [Methods] The 16S rRNA gene amplicon sequencing was performed to analyze the soil
microbial community structure of the degraded area of Barkol Lake and the potential ecological
functions of the microorganisms were predicted. [Results] Pseudomonadota, Chloroflexota, and
Bacteroidota dominated different parts in the degraded area. In addition, the abundance of
Desulfobacterota and Campylobacterota was the highest in the mildly degraded part of the lake, but the
two drastically decreased and even disappeared as the degradation aggravated. The extremely degraded
part was dominated by Acidobacteriota, Planctomycetota, etc. According to the oxygen utilization
predicted by BugBase, the aerobic groups were mainly Actinomycetota, Pseudomonadota, and
Chloroflexota, and the majority of them were in the severely degraded part. Moreover, the anaerobic
groups were Pseudomonadota, Bacteroidota, and Acidobacteriota, which were mainly in the mildly
degraded part. FAPROTAX was employed for predicting the ecological relevant functions of
microorganisms in different parts of the degraded area and the result suggested the weakened sulfate
respiration, fermentation, and hydrocarbon degradation, and the enhanced nitrification of

microorganisms with the aggravation of degradation. [Conclusion] Microorganisms show high
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diversity in the degraded area of Barkol Lake, which dominate multiple biogeochemical cycles. As the

degradation becomes serious, the microbial niche changes. This study lays a theoretical basis for the

rational development and utilization of microbial resources in Barkol Lake.

Keywords: Barkol Lake; ecological degradation; microbial diversity; ecological function
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Figure 1

Sampling area in different degradation stage of salty lake. A: S1, the samples collected from the

mild degenerative area; B: S2, moderate degradation; C: S3, severe degradation; D: S4, extreme degradation.
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Figure 2 The alpha diversity of microbial at different degradation stages (A) and different soil depths (B)
from barkol salty lake. S1: the samples collected from the mild degenerative area; S2: moderate degradation;
S3: severe degradation; S4: extreme degradation. A: the samples collected from the depth of 0-10 c¢m; B:
samples from 10-20 cm; C: samples from 20-30 cm; D: samples from 30—40 cm.
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Table 1 The relative abundance of microbial at different degradation stages in barkol salt lake at the phylum level

Taxonomy S1/% S2/% S3/% S4/% AVE/%
Pseudomonadota 26.97 26.17 26.46 25.78 26.35
Unclassified bacteria 3.79 17.83 24.00 21.57 16.80
Chloroflexota 14.56 13.12 10.07 11.16 12.23
Bacteroidota 17.44 12.01 9.18 9.65 12.07
Desulfobacterota 15.19 5.32 2.26 0.93 5.92
Actinomycetota 0.74 6.61 8.21 7.33 5.72
Acidobacteriota 1.19 2.45 4.02 6.72 3.59
Campylobacterota 9.90 0.22 0.00 0.01 2.53
Patescibacteria 0.00 4.19 3.03 2.54 2.44
Planctomycetota 0.70 1.59 2.52 2.70 1.88
Crenarchaeota 0.28 1.74 1.71 3.36 1.77
Myxococcota 0.04 1.14 0.93 2.71 1.22
Nanoarchaeota 0.61 1.83 0.89 0.77 1.02
Verrucomicrobiota 0.49 1.18 1.06 0.79 0.88
Firmicutes 2.79 0.41 0.17 0.11 0.87
Dadabacteria 0.00 0.42 1.63 0.69 0.69
Deinococcota 1.27 0.56 0.30 0.14 0.57
Hydrogenedentes 0.01 0.38 1.01 0.64 0.51
Thermoplasmatota 0.22 0.15 0.85 0.31 0.38
Spirochaetota 0.98 0.27 0.07 0.09 0.35
Halanaerobiaeota 1.03 0.13 0.10 0.06 0.33
Sumerlaeota 0.01 0.44 0.29 0.32 0.27
Halobacterota 0.24 0.26 0.19 0.35 0.26
Gemmatimonadota 0.01 0.41 0.23 0.26 0.23
Bdellovibrionota 0.22 0.25 0.09 0.06 0.15
Latescibacterota 0.31 0.21 0.05 0.01 0.14
Nitrospinota 0.00 0.09 0.19 0.26 0.13
Nitrospirota 0.07 0.15 0.13 0.09 0.11
Dependentiae 0.00 0.10 0.18 0.08 0.09
Calditrichota 0.00 0.06 0.08 0.19 0.08
Synergistota 0.26 0.00 0.00 0.00 0.07
Fermentibacterota 0.20 0.01 0.00 0.00 0.05
Cloacimonadota 0.21 0.00 0.00 0.00 0.05
Fibrobacterota 0.00 0.11 0.03 0.03 0.04
Unclassified archaea 0.00 0.04 0.03 0.08 0.04
Asgardarchaeota 0.10 0.01 0.02 0.01 0.03
Euryarchaeota 0.09 0.00 0.00 0.00 0.02
Cyanobacteria 0.05 0.00 0.02 0.01 0.02
Elusimicrobiota 0.00 0.04 0.01 0.01 0.01
Entotheonellaeota 0.00 0.00 0.00 0.05 0.01
Thermotogota 0.04 0.00 0.00 0.00 0.01
Aenigmarchaeota 0.00 0.03 0.00 0.00 0.01

S1: the samples collected from the mild degenerative area; S2: moderate degradation; S3: severe degradation; S4: extreme
degradation; AVE: average.
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Figure 3 Heat map of clustering distribution of microbial at different sites in barkol salt lake at the phylum

level.
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Figure 4 The bacterial taxa with differential abundance among 4 different sample groups based on LEfSe
software analysis. A: cladogram; B: histogram of LDA value distribution. S1: the samples collected from the
mild degenerative area; S2: moderate degradation; S3: severe degradation; S4: extreme degradation.
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Figure 5 The distribution of microbial based on LEfSe difference analysis at the phylum level. A: the
samples collected from the depth of 0-10 cm; B: samples from 10-20 cm; C: samples from 20-30 cm; D:

samples from 30—40 cm.
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Family

El6 ET OTUs MEEHIMRUKEMEDN L LEESHIFER
Figure 6 The flower plot showing the shared and special OTUs among different samples.

*2 BEHSBRUREARESFEEBESS
Table 2 The distribution of special groups at sites in the degraded area of Barkol salt lake

Level  The unique groups and their taxonomy status SID S2D
Phylum Aenigmarchaeota / 42
Euryarchaeota 119 /
Class  Thermococci (Euryarchaeota) 119 /
Deep sea euryarchaeotic group DSEG (4enigmarchaeota) / 42
Order  Methanofastidiosales (Euryarchaeota; Thermococci) 119 0
uncultured archaeon (4denigmarchaeota; deep sea euryarchaeotic group DSEG) / 42
Family unclassified PAUC26f (Acidobacteriota; Acidobacteriae; PAUC26f) 119 /
Kiloniellaceae (Pseudomonadota; Alphaproteobacteria; Kiloniellales) / 37
unclassified Desulfuromonadales (Desulfobacterota; Desulfuromonadia; Desulfuromonadales) / 42
Genus uncultured Theionarchaea archaeon (Euryarchaeota; Thermococci; Methanofastidiosales; 119 /
unclassified Methanofastidiosales)
uncultured archaeon (denigmarchaeota; deep sea euryarchaeotic group DSEG; uncultured archaeon; / 42
uncultured archaeon)
unclassified Candidatus Curtissbacteria bacterium RIFCSPHIGHO2 02 FULL 40 17 / 37

(Patescibacteria; Microgenomatia; Candidatus Curtissbacteria; Candidatus Curtissbacteria

bacterium RIFCSPHIGHO2 02 FULL 40 17)
“/” indicates that no corresponding OTUs were detected at this sample. The content in “()” is the information of high-level
taxon which these group were belonged.
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Figure 7 The function prediction of microbial in the degraded area of barkol salt lake based on FAPROTAX.
S1: the samples collected from the mild degenerative area; S2: moderate degradation; S3: severe degradation;

S4: extreme degradation.
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Figure 8 The biogeochemical cycles of soil microbial in the degraded area of barkol salt lake.

Desulfobulbales . Bt # H (Desulfovibrionales) .
it PR B H (Desulfuromonadales) il Tissierellales
X5 AKHEEEIZ S, TR ALY B Ak (dark
oxidation of sulfur compounds)id FEHA 6 2
W25, 5024 % B (Rhodobacterales) . £1.
2 5% H (Rhodospirillales) . A ¥ K #H H
(Burkholderiales) . 7 MR FE H (Ectothiorhodospirales)
Thiomicrospirales F35 (.18 H (Chromatiales). )\
TR IR 0 JE AT AR S 2 ThRE G i R B
LA M B B (Desulfuromonadales) 2 B B3 £
R X o TR BRI E 2R, 25T
B AL Wy W (respiration of sulfur compounds) . &
A9 W% %1k (dark hydrogen oxidation) . % " W
(manganese respiration), & [i#(fermentation) , £k
I W7 (iron respiration) . fiFf ik £ i J5 (nitrate
reduction) I & FF W (nitrogen respiration)5§ 7 4>
A W IR AL S A B A
2.6 E-T BugBase RO ¥t & 1 R B T
A5 iz F BugBase X [ B3R iR 4k X

- BT W i TR AR AT TN () 9), SR
N, LWRLETTKFE. K. HAKFEE R
IR, i SR 4 1 R SR AR B BL(S3) F R A
FLUORM R AL B B (S4) A AR AL B B (S2),
M AE 2 FE IR AL By Bo (S B F= BE e ik AEJB K P
L TR B A DO AT AR, B

S3>S1>84>S2 [y /3 Aifis L, RNV AR Ak B B
(S3)FEfry, TIEIRHBe(S2)F Ak o 1M
DR AT 14 3 A 175 0 DU e 4 BT AR 2 A S i)
P, BRI W BB m)BRAT
HIFE ALk, B S1>82>83>S4, JEWIRE#
WATE AR AL AR BE B, DR W S A 2 sl
A, HAHRN R E R, S35, MREYI2E
RERY SR A DL AT LI, 2 B Eh iR 1k
DX A M b R hF SRR R RO T T
(Actinomycetota) . R HMLTE 1 (Pseudomonadota)
LS ] (Chloroflexota) ; i KA ZEREN] 3
RN ] (Pseudomonadota) . UK ]
(Bacteroidota)%ﬂ@ﬁﬁ%l‘](Acidobacteriota)%o

http://journals.im.ac.cn/actamicrocn



2068

Liu Yonghong et al. | Acta Microbiologica Sinica, 2022, 62(6)

z

Phylum Class Order
o 03 o 03} o 0.3} =ié_ggg;apmreufmwerm
g ) ) 2 B Acidimicrobiia 2 B AKYG1722
3 W Acidobacteriota 3 W Alphaprotecbacteria I B Acidimicrobiales
=] ctinomycetota "3 tophd =1 ” o
] . = B Cyrophagia = W Alteromonadales
5 02 . Bacteroidota = 0 9 B Deinococei 5 0.2} B Chromatiales
-Eq W Chioroflexota -g : W Gammaproteobacteria ":% : B Cytophagales
o Others e Others e =] Deinacoccales
= == Planctomycetota > [ Planctomycetia -z = 8;;—’::;"-‘1"-" illales
E 0.1 Psewdomonadota E 0.1 | | 5.08.5 E 0.1 W Pirellulales
= 5 = Sufrbac‘rer‘es . 5 B Rhizobiales
[ -4 B Thermomicrabia & Rhodobacterales
B Solibacterales
0.0 0.0 0.0
S1 S2 S3 S4 S1 S2 S3 sS4 ™SI S2 S3 S4
Family Genus
037F
& | | “-AKYG!n; -I Chitinophagaceae -B 42
8 =§ﬂg;iﬂ:::;;‘g;ﬁ'-'uft\ B B Flammeovirgaceae  Gillisia
k=) B Aler S . g . f F fmaf:auenfucae Halomonas
= 02¢+ U Flammeovirgaceae -g P - Halothiobacillus
E 0 Flavobacteriaceae _g . f Nm iliruploraceae Marinimicrobium
< -‘-r"io'z‘_'"“d"’_w“c « B 1 PAUC26F W Marinobacter
g gﬁl:]': iabaclilaceae g B {_Pirellulaceac W Marivirga
g - B PAUC26f ﬁ B ¢ Pisciricketsiaceae | Others
> 0.1} B Pireliulaceae = - B ©_Riodob aceac [l Planc
(=" B Rhodobacteraceae o B © Salinisphaeraceae [ Sulfurimonas
= Trueperaceae - f koll13
koll13
= . 000
S1 82 S3 §4
(B)
Phylum Class Order
Wercio2 ,
54 W Bacreroidia 2 || c__F_‘C._ 14 bacieri
% 0.4 W cidobacteriota 8 W Deltaproteobacieria 5 ] cﬂ_ﬁ’gmmﬂp""“’o icleria
'g . W Bacieroidota 204} W Epsilonproteobacteria 9 0.4} = BI erilalss
= Others = W Gammaproteobacteria 5 HEEGrahes
=) Pseudomonadota 5 Others o W Campylobacterales
G = . B B Ds-18
W Rhadothermi
g = g B Desulfobacterales
g 02+ q>J 02+ - = 0.2} | B Desulfiromonadales
- < Others
— = —_—
é . < é W Thiotrichales
é’ | Rhodothermales
0.0 0.0 0.0
S1 S2 S3 sS4 SI S2 S3 sS4 81 52 53 54
Family Genus
05t W £ Cryomorphaceae
Weo_Blio W £ Desulfarculaceae
o 0.4 o_Bacteroidales 8 047t B Desulfobacteraceae
g T o DS-18 =] B £ Desulfobulbaceae
o SRR e ] B Desulfuromonadaceae
= . Desulfobacteraceae o 0 3 | ]  Helicobacteraceae
s 03} B Desulfobulbaceae =R S " dminalent
= = B { Piscirickettsiaceae
= 1 Desulfuromonadaceae = B Rhodothermaceae
« Helicobacteraceae o 0 3 . f SB-1
q>) 0.2} - Others -t W Balneola
= | ] . Piscirickettsiaceae = . Desulfococcus
% o1t W Rhodothermaceae i) 0.1+ . - Desulfosalsimonas
[ B sB-1 P v . Desulfotignum
0 Balneolaceae =1 gsh-"\l
0.0 0.0 thers

S1 82 83 S4

R

S1 82 83 S4

El 9 X T BugBase BI{E M RET

Figure 9 The prediction of microbial phenotype based on BugBase. A: aerobic; B: anaerobic. S1: the
samples collected from the mild degenerative area; S2: moderate degradation; S3: severe degradation; S4:
extreme degradation.

P4 actamicro@im.ac.cn, & 010-64807516



XK LTEE | A Y44, 2022, 62(6)

2069

3 L& #

Y Z R 7 B E N SR 225 R
M, MAEYMZHHEESE N EBS RGP HH EE
WEWMEA, R, BT A A ZETES)
TR R AR, B H DX T L 2K T
ORI B . X SE A 55 rp i G A WD i T AR A7
PR ) A8 T I 2 D8/ BT 2R S5 1), ASBif 5
DT 568 DX 780 6 i B B B o S N 5, R
PIARLRACTREE , DL AN A 3= BETR % ik AR )
eV DL A Yy s BRAG A E R  se), BRURLAR
JURIAIR
3.1 BEMHBREXMEDEEREEE

B 5 ) v R 43 A 8 B B ER R
X IR AE D o3 A, R IX 053 A1 45 3k
FEMMAEYIIRE, A 42 41T, 86 I,
202 4~ H, 342 4R 489 A E . HoA g Ir
B R LT T ] (Actinomycetota) . {1 PR T&
I"J (Pseudomonadota) F14% %5 [ ] (Chloroflexota)
S MR RSB R RO
(Pseudomonadota) . #UF# [ 1(Bacteroidota) F i
FFRI T 1 (Acidobacteriota)¥5 o 3 3 X A% Lo i A P
KWW g oAl DLHE I, R OB R )
(Pseudomonadota) . %45 [ | ] (Chloroflexota) .
UFF R ] (Bacteroidota) . Patescibacteria #1] .
ST Il (Actinomycetota) . R h Il
(Crenarchaeota) %5 7 4 B 3 £5 19118 1k X 5l &% #5
FHHRENESFIEM . #—L0thal UEH,
T TR AE B FE s R W PO SOR ARSI
WRAZCERE, IEW D B AR SRR
W HLA R R . SR 2013 4, SRR FEPYRA
A P i 1 35 9 0 X L B e o A e s e TR 1
AT A, ERAE 20 BRIBEINAR A, X
SO 28 TR 5 B 43 AT 1E 55 R A R (Streptomyces) Fll
Uit R 8 (Nocardiopsis) 55 ; W& WF 9% F Bt

AR SRR, 1) Y- S U TR P 0 o o S 114 v
YO B IR I vp O R B SR AR A T o0 b, K
PR R 5 A TR o iR
28 Z ) W J& (Actinopolyspora) . 1¢ 2% X 1 &
(Lentzea). #FRF W& (Modestobacter) . NERFT
W J& (Propionibacterium)f % [T R J& (Rothia),
X e Al 3% FR 2 T R A N A T B e R i A
YA S DIRE R B S ER AL 1 IR A o A5
FBokUL, A5k H A Tllumina Novaseq =138
S B A S I, 4T S Bk T R R A
H A I S O o AN, ASBFSEIE R I B
B R A X AFAE A I 55 W | ] (Planctomycetota)
) — R K g R, DRl R T
(Nanoarchaeota) Tl £ ¥1 % '] (Halobacterota)
— SOV TE B T R R o T T 30y o e 1)
(dsgardarchaeota), R0 X 5 W HiE , HH
HR AR ARG Sl 5 o X Lept R 45 Rk — 2P e
T AT T ER A AR W A R IA R
3.2 HREBUSHRBEMIFESMALET
IR R BN, BRI R IR A B S K e
SR A D VR B R A DL, RBCR A1
VTR A SO SR . BARRI ., 7EEh
BRI AR LB BE, R R ] (Desulfobacterota)
A AT ] (Campylobacterota) & £ E R,
R AR AL R B R, X 2 SRR
Jalp /b EE 2= R, BRFFIE ] (Acidobacteriota) FliF
W [ 1(Planctomycetota) S5 8 BT, IF 5
P S LA . X LR AT DIHED , PRBE A
A AL T BOR AKX A 358 1 75 57 A3 TR AR A BT ek
A5, TR WA I A W R LR A o0 A, R
YRR AR Z BIA BB, AR A
A m R M B E R, HERWR IS
OV 7 55 ER L RRARI , X LR W R
BT RS RAE DL N AR AR IS
PRI, ARSI AT 3 F1E 37 R AR A
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AYERE, — BN AR, BIEEEAR
BT ] P 55 A A T2 e/ e A AR mir
R R, (RSB ] (Pseudomonadota) FIUIAT
W '] (Bacteroidota) AT AR SR () AE Al i e, [
[DRERZS: A (T | o5 P AN > 6P L o758
2 ARBEFEER AR 4 A RRR A Wy Be# A7 78 1Y)
JRH

DIFERFSE 0, 3P Ab i R 2 i f 2k
W vE A5 BB R R e Eh Ak
TR P IR 37 ) ik aa 48 R R s, A5 3% )2
T HQO emyM R ZHEN S TIREZ 1§
(80 cm), TIABFIE LS RIEAH AN, @it A
IR JE B P 28 T 2R A T HL R R B, IR
JZ 13 (30-40 cm) Y TUE P ZAEPERS & TR
EAF)Z(0-10 cm. 10-20 cm F1 20-30 cm)+-
e, PR BRG] RE RN BURE IR B A %, S
FRIADRUL, AHIFFEAIN ) A B ) DA,
AT A0 S I 18 1] (Desulfobacterota)
# LR R A X IR 2 b S5 5 26
AP ERIE SRR AR, R E BN A S
YER, ERHAR b DX ) 4 32 i JiC U 18 18 7 A0 T
B, A A B R 4y Ry v kBT R A
111 3SR AL 1 3R PR B R R i R, DRI
XSS W RS DL IE R AR K

UEAk, Xt B B ok 1R A DX I A A% 0 i A
WIS HE R AT i R B, R A ki A 4R
FREliBE SR, B B AR oy 5 6 PR 45 vh ) B AU
PR S T HADAE LS, X H— R T
A alisE IR B . A R E UE M SR
TESCI0 28 4 S A5 alids 38, A R HH &
A 5 2 Dy g S AR LA T IR AR, A
AR ILEA T A BT R A
3.3 BRUXBEMRRSETELE YK
FA=2TIEIN

Wi 16S rRNA J A 1S I 5 £ 4 1 2
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RETIOM A B0, 76 8 AR R Ak X AA a1 2 2
RGN AE PSR, BT RIAEH . A
JCRE . BOCREIH, DA TR WA
IR 2= PR o o0 R A W PREE Hh () A
SHEFZ—, TELIBIREE R i Eh KA
B R, KSR £, 25
A RUE SR 2R . R e A s BR
A 2B AR AT I8 H (Desulfobacterales)
Desulfobulbales , Wit s\ & H (Desulfovibrionales) .
AR MBS H (Desulfiuromonadales) ) Tissierellales
FRE. WMAEMN TR RGBT
W, ROCRIEAEZ AR, 1eE Y Hiekib 7
ik i v 49 Y A A A 9 A0 A PR M TR H
(Desulfuromonadales), BN FEAT i BR L5 I
W, 3 e BRI 0 7 AR IR T ERT R A=)
HIBRALE G IR, [R] B A 388 o i R 6 i S i) 1
KRB ZOCR GRS, Rtz b, &L
i PP W R S SRR R Oy U BRI 2 FhocR 1Y
A Y ER A2 A L R, R O B R 3 X
) L RE A W2 A

i GRS [ 7 B AR AR T A
Y Re A8 & B, Bl IR Ak AR B ]
A P O T TR 3k PP I e R i T 55 . A KR
SCHRFR A, SR IUTRR Y B =2 A
BREN LGB F MR AP, % b
L 2 SRR ER T I R AR A A P e R i TR
Yy KIAFAAETF B R R . AR, L H4F
KA A G NG S, N K £ 5
FAR AL, UURR Y B R 41 skt Bl 5 A0 A S R 1 AR
AT B ET R A IR AR EE IR, X
A AE W) T T O TR T WA o R TR 5

A P T 0 BAG PA A 32 AL FE R Ah ok
WMARRERMEE, DRAEREL IS i
A TR T A R A R, P RN AR .
Bt . EACE SR, A —HR e, A
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FERBL T IR G A LRI 4 4
RHR AL, XA BRI X gy
AR T LT 2 E AN . R A ACSE R,
Rhodospirillales P KA T HE, FICHLA
WAl Ry HAL Ay T R B RUE R B, e
Nitrosopumilales . Nitrososphaerales . Nitrospinales
' Nitrosococcale AT LKA 58 4 £L 5% Ak R i
fREL, 1 Desulfuromonadales JSHE ] BEAEAH IR
P R E AR, R IR L A,
{2070 2 J T ] 2R AR PO A A 2
TERA LK 0 i MR R TR AERE ), 3R
A ok S8 f3 A M S R RE S A T 4 4l R SR R ARy
RESEORIE, 7Y 2 U R R AL X A 3R 0281k
P e ST R A i S e R — 2B U B, L L 3
Eh IR A X 3 v Y AR ) RS LU T B A0 A AL
& W HEA T A R AR 220

4 2

BEHE 0 T HE AR AW R T, X
TIELE D) Z A BT ORI A, (HE:
AT LB A7 e — e R, i o S 15 3R 3R AT Y
KA PRI R AE S0 % 4 T AR A 4l B
Ir, X S i A WS I A9 A A mr D) e id RS
FEHIE T B HRTRDE, A i SR A A i
Ba oy B R R A AT AR A XS B MERG SR Y
AL, BT UL, A bk B 2l 15 57 52 3 Bk
AT FE A BB o T B S T ARBUIR B 5
JEAEEEFRIE |« ichip $OAR . R ESEIR . S
TR SR E AR ESR AR BT B, RERE ARk
ARTFRAR A MU IERE . R R IX LUl A WD A
SR A A N AR B AT BN
W, A RE A X H B Y A 25 2 D RE S AL
PEATIRABITE , AT B T FA X A=y ) 1
PRETIR . EINBTIR . IR P T A BT &
A, B A s SRk, E A
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