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RGN . B2 . TURR TN R ) AZE LAY (A
HEEFIHUN T RS ) E M IAE R . WA T L
HER R A TR MR A )+ 445 B LR
Hoy R HAKIEA . Theg ., TIEEL BRI pr B,
BSCs 1] 43 N ¥ 45 Kz (Algae crusts) . Hb A< 45
(Lichen crusts)fl & #£4%5 7 (Moss crusts) 3 il =%
KA A W AE BSCs B4 B B Bl AT
AW AR (B e gy £ T
BSCs AU . B LA A= S D RESE 5T
Xof A B A M 2H LR D RE T AR AN B A TR R
GeUOM SEREFI A P 2 BSCs PR S D fE
oo BOGG W, R 2855 DI RE R i 5
—HINAE BSCs JERUL 1 G RE R IR
Ay, T AAPB L E A Y2 AR AEN, Al REx
BSCs & JEEAT B BTHk . INRBFR S5 M Z FEE 2
Hf# AAPB 5 BSCs K H K FR AL, (HEIEH
AR ik, XA Csotonyi SR Ff& S8 vk Aii Ry
IEMFSE T BSCs iy AAPB BEVE, S5REI S
YT 0.1%-5.9%% AAPB, BTN
AN . T AAPB RE#S T IZAF1E T Proteobacteria,
Chlorobi . Chloroflexi . Firmicute, Acidobacteria

fl  Gemmatimonadetes 6 4~ ] 2 [4

b

Sandaracinobacte Erythromonas
Erythromicrobium, Roseococcus. Porphyrobacter .
Erythrobacter .

Acidiphilium | Roseateles .

Roseobacter . Citromicrobium . Rubrimonas .

Roseovarius . Roseivivax ., Craurococcus .

Paracraurococcus 2537 20 J& . {H T 134 99%
DL E RGP LI HOR A RESe R alifp B 7, Bk
T BRI LR ) BSCs 1 AAPB #E 45
MR Z RN 2T, A R AT T A7
P RS TE N . AE GRS AAPB S

O/INEEER) pufM BEDY, Bl R, (6T R GeH L

BRI AAPB BFR 45 MR 25, &) 1z
F AAPB ZFEMERIHHE I, Zeng SEFI
DOTUR #5850 AAPB J& | Filt pufM 751 2
[ AR 2 2 S5 AR, pufM JE 8 B 28 E A T Rh B 028
[ cutoff {E>k 0.06.
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A TH AP BYBESE e . MRS e B 4s i LT
g, A Miseq ol & WP 4R
(High-throughput sequencing, HTS)X} pufM & [&] i
fripe, Xt ARIZERL BSCs H AAPB fifv
ZERFIZAEE , LU IR RIS AAPB 7E BSCs
oA A S IIRE , R HX TSR B A S R G
SRS SR B R AR

1 #RAT7 ik

11 AL R RREMH

ARBFFERESE T 2015 4F 6 1 oK H NS i A
Y VAR R 00 2 G R 1 3T (42.427N - 116.769E,
R4 1380 m) . 7E 3/ 1] i 100-500 m A A [ X Jak,
FIH 5 RURMEDL, BHKE BEFRI/NTT, 590
SRAEFEGE R . MR SS He A B 2f . 3 8N [R] 2K Y
e SRS B (R 12 om) MR 2 (4 K
T2 2-5 cm) MREA AT, 53l h 45 HSA (B
45 12)2) . HSAs (L T2 ) . HSL (MiAKES
F2J2). HSLs (MiAS: f T )2 L) . HSM (& dfs
BRI HSMs (a4l T 2 H58) . RFE AL
A B0 mL EHELE, BTRAT, BELRE
F—80 °C kIR VKA PR A7 25 o
1.2 FE5hE DNA BIFREL

B AERZEA Y 5 A T EREAIR 5195, HiL05g
I8 E.Z.N.A. Soil DNA Kit 381 -F#EATRE S B
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72 °C 10 min, 4 °C A7, FCiil 2% iR BHEEIE FL
VKA PCR ). 254 BSE 5 —1) DNA =¥k
H Numina MiSeq — A& 38 &0 - & 00 , Wy
K 2x300 bp (ZHE R AW E AR AR
A FE)
14 BARSH

BT UG AR R e 2 P i A2 G |
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AT 2B i BER /AN —BUR P ) BLAS L 1 )7
55 BB 2R A mothur R TR BE AL
FE T ROEUE, ] R &S LHGIVEZE,; (1
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. 7% IR 94% R M X IR E &2 Fp 91 R4 T OTU 22K,
TER AL R b BB a1k, 758 OTU IRER 7415
i 2f GenBank iy dE IC & % 1T W Iy 41 E
(Non-redundant nucleotide sequences database, nt
database)#£ 17 OTU ke, 43 HI7E phylum (17),
class (49) 1 genus (J&) /K F-Gei 45 AL S RS 4
s Alpha ZFEMEISEGES, #H mothur

(verson  v.1.30.1http://ww.mothur.org/wiki/Schloss
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multidimensional scaling, NMDS)FIEE i 2 2% B
128 fdi ] Qiime 114 beta Z LIS B 4SS
A RIEFER R,

2 SRR

21 WIFERRENT

R i AR ST, HSA L HSAs,
HSL. HSLs. HSM #il HSMs /34|13 23604,
31625, 24940, 23483, 30375 fil 32917 4% pufM J
KIF A, Wy 5 R 3436 5 99% 0L s ket h
LT 1), FUNT SRR A RS
FEfh T AAPB TEVE 28k F Z2 6
2.2 AAPB BEIEE T

B2y, I TKF L, B BSCs
i) AAPB 3k H Proteobacteria . Chloroflexi #0
Actinobacteria3 X[ 125 ; Proteobacteria H{L# 125,
A FERL S 7 50%0A I, Hirp HSL AR
e, O 94.43%, HSM HiE ik, A 58.46%;
HSAs ' Chloroflexi 7 it s, b 1.80%, HSMs H
SR, b 0.07%; Actinobacteria & &A% /b,
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Figure 1. The rarefaction curves of pufM seguences
obtained through HTS.
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TEKF-, EZALE Chloroflexia (HSMs ik
fit, & 0.071%; HSAs HigiE, N 1.803%),
Alpha-Proteobacteria (HSM H#¢fik, & 52.125%);
HSL Hig &, N 93.687%) .
(HSL Thfi%, 24 0.205%; HSMs Hh s, i 1.322%)
Gamma-Proteobacteria (HSL H#flk, & 0.543%;
HSLsH i , o4 6.156%) M 7 f 45/ Actinobacteria
(HSA. HSL 1 HSM 1y 0; HSAs HifciE, N
0.126%).,

TEJE K (B 2) F L, B HSL B LA RE 4326
TR0 (35%LA b AR Tk b =z Hh, 4l B E
A (] 5 T )2 R HERE AL (] AAPB FRZRAAML, #f
6 4~ J&, B Bradyrhizobium (9.69%-90.02%) .
Brevundimonas (0.83%—16.04%) . Methylobacterium
(1.74%-12.56%) . Rhodospirillum (0.91%—-32.87%) .
(0.02%-1.79%)
(0.13%-11.23%) .,

Beta-Proteobacteria

Roseiflexus Sphingomonas

F5 3 ) /&, Bradyrhizobium 7E

100 ¢
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40+

Relative abundance/%

20+
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= Environmental samples norank
= Bradyrhizobium

o Rhodospirillum
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HSL FFAY=E B A 90.02% ., K F1EA L 10%; i
AR B 2, unclassified_Gammaproteobacteria
miscellaneous_norank JL -7 1€ F 1 F 25 A iy
t, FJEH 0.47%-5.96%, 1E HSLs Fi% .
NMDS JEARHEAE S & PR E R, DLA
ML S e Z2 425 (8] b, T 6 AS TR RE i ] 1 22
SRR, RZAE S ANEERAAR S, H
2 T T AR RE S P AT 22 AR, A
3-A A[H1, HSAs, HSLs 1 HSMs R E4LIT, AAPB
K22 5980 45 22 HSA Fll HSM 1 AAPB 2 5%
BN T HSL AR, SR 22 5K
WAL X A Beta Z2RE VIR B 46 RE HET TR R
FOTHT, R 2 R R S AN R it
FIPERZE RO R . RAELR (K 3-B)FIFERAT 3
KEE TR R ZE U . B R R
RN MRS B 25 A L 25 R

IOES I

HSLs
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= Unclassified_gammaproteobacteria_(miscellaneous) norank
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E 2. AAPB ERKTFHEREMR D]
Figure2. Communities structure and distribution of AAPB at the genus level.
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(A) NMDS B)
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O
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o ’HSA HSLs
< 0.0t o
£ 00 HSMs
@ HSAs HSM
-0.2+
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@ Lichen crust and its subsoil @ HSLs
—0.4} I Moss crust and its subsoil
’ . . . . . ; . HSL
-0.8 -06 -04 -02 00 02 0.4 u
nmdsl 0.01

3. EEEFURENTE(A)FAET beta ZHMHEBHHRBERELR(B)
Figure 3. Analysis of nonmetric multidimensional scaling (A) and hierarchical clustering tree based on the beta

diversity of distance (B).
2.3 AAPB i Alpha TS

Alpha ZHE T8 50T I A= W RE T 1) 3 & B
MZfEbE, H, OTU RE B ML/ 2E BT EL
i, Shannon F8%40T LI BLFEE ZHE1E, ACE 18
FOWAT LA ey R B . fER 1A, BR HSL
Gh, HABZETE 3 AAPB REIS 2 REIETE B AH
i, OTU %k, Shannon $5%4F1 ACE #5443 Fl 435
hy 157-238., 4.04-4.92 Fl 373-448, H (KM = 1
K343 HSAs Fll HSM, HI¥E F2 e THHR T
R E, R R g e SRR T )2 R
FEMEFR Bt s HSL H B4k OTU %k (157),
Shannon i UMK (1.76) , (HW =5 B AL
(402), H FJZ(HSLs)#Y OTU Fil Shannon F5%k 1k
T EJZHSL), {H ACE 88 K/NERMI . H
AT, BESS K E, TR KRR RHT
2+ AAPB FRZSERAT BT

H & 4 A6 MM AEA 107 4> OTU, =28
SEREREA LA 128 4 OTU, =845 ikt T2
T3 150 1~ OTU; #egh fe LT 2 ety
171 4> OTU, MRSz KT )2 -3 138 4>
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OTU, BEELE IR 2 1344 194 4> OTU;

HSA . HSAs, HSL. HSLs, HSM. HSMs H1 %R
f OTU 4334 1 (Hydrogenophaga sp. RACO7), 1
(Skermanella
4

(Roseateles  depolymerans) , 2
stibiiresistens . Aquincola tertiaricarbonis) ,

(Belnapia moabensis. Methylibium sp. Root1272,
Kouleothrix ~ aurantiaca

duraquae), 13 (Methylibiumsp. NZG. Sphingomonas

Polynucleobacter
sanxanigenens . Beta-proteobacterium AAP99 |

Sphingomonas sp. 031395428, Novosphingobium sp.
AAP83. Methylobacterium sp. 77, Variovorax sp.
KK3. Sphingomonas hengshuiensis, Sphingomonas
sp. Leaf339 . Bradyrhizobium sp. CCH5-F6 .

Methyloversatilis discipulorum, Sphingomonas sp.
031439814, Brevundimonas subvibrioides)#1 8 />
OTU(Mesorhizobium sp.
MIMtkB3

Rhodocista
sp.  Root404
Bradyrhizobium sp. DFCI-1., Bradyrhizobium sp.
S23321. Methyloversatilis sp. RAC08 & 2 > ARl
OTU).

loti

Rhizobacter
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% 1. AAPB 8% Alpha Z #£15 %
Tablel. Alphadiversity indexes of AAPB community

Sample Shannon index ACE index
HSA 4.43 399
HSAs 4.04 364
HSL 1.76 402
HSLs 4.37 373
HSM 4.92 448
HSMs 4.65 426

Size of each list

238

2
0

HSA HSL HSM HSLs HSMs HSAs

B 4. #m AAPB ##% OTU 7K Venn &
Figure 4. Venn diagran of AAPB communities in
OTU. The number in the figuresis the OTU amount.

3 Wi

DA WU v S A0 RN Z2 Rk e BT S PP Y
T Y B SR L PR AR P H K R AR S R 7
PR B R EZ SRS M4k, BEE P4
PRI KR, i EoR N kL.
AR A, il o 7 B AR A5 B
REFRH

U AT ﬁ%ﬁmlﬁﬁ@ﬂiﬁ§ﬁ£
i, XLEIhERTREA BT L s & et
JoI T%ﬁ%m%$%9$m¢mEMEgm
Tl D ML IR, AR A R B IR
W DL B B TR LI E Y, AAPB

REf B FAY) LIRSS R E . 8~ BSCs
AAPB FEV& S5 F Fl Z HEVE AT R 2% AAPB 7E BSCs
KA TR RS AR . it AU
pufM, Fi ey i AP AR Mi-seq #5471 4H
KT o AW R AN S % B W B BSCs
e HF 2+ 3h i) AAPB 5 L) Proteobacteria 1/
). L Alpha-Proteobacteria ML E A, X
Y5 Proteobacteria 1 AAPB 7 At it 7k AE s fifi 2E
B (5 S I AR D10 2420 B R A
WK Gamma-Proteobacteria, fEih/K k=
Beta-Proteobacteria, IfifiX Fi2EHI¥7E BSCs L H T
= j:ii"f% H{#7E (Gamma- il Beta-Proteobacteria = Jif

43501k 0.54%6.16%F1 0.21%—1.32%) ., 3K & 527
H T 16S rRNA JE[H 73 #Hr5ii 8 BSCs B & Bt
Chloroflexi ['J4HF o 20 B 41 i 450 1Y) il mT 3k
1%-7%. Chloroflexi ['Jf*) AAPB 7E A FR5E 1 4F
SRS AL FE RS, MIAEASREE T pufM i) 43
B il 2 2 I FLAH MO 50 AT 7 B AAPB 192 2%; {H
F e e . AAPB Bt o SV I EL BB — A 2
10%1, i AWFFEH Chloroflexi [1H) AAPB 4
LA B B 1 EL BT 0.2%. SR, H TR
£ pufM [ Chloroflexi 45 R4 1 P4k,
WGP pufM G T RE R E % T
Chloroflexi ['JH/04f) AAPB FfF, X1 REZ AL

F pufM K F2EF 16S rRNA KE[H 43 M4 FAH 2255
REEA , A454E = F T LIEE Chloroflexi 14
BSCs " FIEHm S, HA A A E A T REXS T
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BSCs K BRI %, BRHBARZERZAb, el fe FE a2
e AAPB (138 (>5%) 4% Bradyrhizobium,
Brevundimonas. Methylobacterium, Rhodospirillum
AR KA (>35%) R AE ST S g o XA T4 T4
BB 3R 7 15 B A9 Methylobacterium (60%) il
Belnapla (27%) % BSCs {3 AAPB 45 H19,
WA R T — e b R R AL AAPB &
Crauroccus F1 Paracrauroccus, iX 2 ~J&7E BSCs
R EREILT AE, AL K T AAPB (L#E
Jy Bradyrhizobium, 5 =ik 90%, WALHHY
Methylobacterium FIoR G273 2 1 J& 43 5 /2 2%
6%. Bradyrhizobium ] b A 5 H AL A A= 4R
HRE, AR TSRS I, fhn]
e GREVE M A BRI . 98l LA T AR T A 15
AAPB 7ESEE IR BT s Hsw 4 1129 Rt [
RHDGEFE A fEZ Bradyrhizobium 7E# A< 45 fz
REAEN IR Z — THRPLESELE
Methylobacterium il
Rhodospirillum #B & sl HA T2 [ sl R R
EWRIRES . AT, BATEE IR B HAD & IR A
P B AR T e SR AR T BE 2 I A W R TR S R
T Erh A fE R SRS . RS R E TR+
e, BRANERESN, RS )= F A s
RBFEAEE N HErh R b, BT
EEFLZRZ0E 14%). X068 -5 58 ' 10 il
A B AR R A A S il e AAPB 5
WSO A 2T AN S 2T b B g A e 2 L
SRy 485 e S TS BB ¢ . X AT BEIRE
T AAPB TEZS R JZ AT 2 -3 b (4 o3 A A el [+
INF, 235 Bz 2 Hh i) AAPB I T e S5 N B AT O,
OGREFI I E M52 4, FTRESE A T BSCs 9
KRB o

Brevundimonas
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BSCs It HF 2+ 3 AAPB 1 ZHEMEAEH &
(B Hb A< 25 B2 J22 Shannon #5858 R A 1.76 4, HAh )
h 4.04-4.92) {0+ & FEAR(ACE $5 5t = A 448).
B AN ) I EREE A ZE IR K R K
AAPB [ Shannon ZFEPEFEEETALT 3, Mgk
F  ACE FRECIAR = (e e 14 6090)1% 2291 i
iX 5 BSCs M N2 -4 AAPB BEI& 45k 7
MR R LD ECRE N A — 3, s
HuAC 45 Rz B E B 4% i 2 BSCs & & i A2 v i K 3]
I 3B B, KT AU BSCs i kR,
W ZREVEXTT BSCs HIZINREMAE I R4 &
N B A 4 )24, BSCs S HAMI T )2
T3ER AAPB ZHPERIRE BSCs & & BB 42 =
M, XeSFH/RE AAPB FETC A & R Gk
E A EEMER

4 %

V35 18 v Vb b A= ) 1+ B 45 17 (Biological  soil
crusts, BSCs)H' AAPB V& Z5 I AHXT &2 4%, KAk
F— e R EE TR AR IX BB s AAPB 2 4F
M, H 2R BSCs & & 134, Wi & AAPB
FEFE B2 R G kase h EEAME
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Community structure and diversity of aerobic anoxygenic
phototrophic bacteria in soil crusts and subsoil of Hunshandake
deserts

Kai Tang', Lijuan Jia', Xiaodan Gao', Yu Tao", Jianyu Meng', Heng Li*, Limin Yuan®,
Fuying Feng"
! Institute for Applied & Environmental Microbiology, College of Life Sciences, Inner Mongolia Agricultural University,

Hohhot 010018, Inner Mongolia Autonomous, China
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Abstract: [Objective] To discover the community structure and diversity of aerobic anoxygenic phototrophic
bacteria (AAPB) in different types of soil crusts (BSCs) and soils under them. [Methods] The pufM gene was
sequenced via the Illumina MiSeq second-generation high-throughput sequencing platform, and the community
structure and diversity of AAPB were analyzed by biocinformatics analysis. [Results] In the BSCs and soils under
them, Proteobacteria and Alpha-Proteobacteria were the main phylum, and the main genus were Bradyrhizobium
(9.69% to 90.02%), Brevundimonas (0.83% to 16.04%), Methylobacterium (1.74% to 12.56%), Rhodospirillum
(0.91% to 32.87%), Roseiflexus (0.02% to 1.79%) and Sphingomonas (0.13% to 11.23%). Biological soil crusts and
soil under them had the similar community structure, but different in the abundance. With the development of
BSCs, the species richness and diversity of the crusts and their underlying soils increased. [Conclusion] The
community structure of AAPB in BSCs of Hunshandake sandy land is relatively complex, which is significant
different from that in water and general soil environment. The diversity of AAPB is high and the diversity increases
with the BSCs development, which suggests that AAPB plays an important role in the stability of desert ecosystem.
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