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B OE: [¥F] XEFLEL T A LIE 4 Z (Biological Soil Crusts, BSCs)#1.& T A 4 % JA EAT M A&,
JRABETEELT S, EMRESAANVRBAR TR EZER, LmAREEMN T Z 0 F LIE IR
RBTHhmERK. BR@E AL T BSCs 9 Rfek F 2R3 7); ¥RIEAREK, Hid
W REREZ —, [BH AL % T BSCs ¥ B A mA B AL MA S MG AR AR RE. [B 6] BB
TR XA LT BSCs ¥ B R0l 0B %M. SHMALTmRE. [F%]) ZF MiSeq %t nif H A
AT ZH B BN G, LR AMZ & FH ELT nif H B2 04 B R a il 9B R M S AL 7w
#. 12 CoNet 344|404 L IEE, ARBTL T ERAMEABEEMKimir. [4XR] &
T B R @ 9% E 11H Cyanobacteria (47.20%—69.90%)#= Proteobacteria (27.47%—48.91%); H%HH
J&# Scytonema (45.05%—69.09%). Skermanella (10.26%—20.48%)#= & 4 % (13.72%—22.00%); 9 A #r4h
HEGERS ANG, RX2AMNANGSEHRANR LR, ALEEAR T, A6 TER
MABFELAR TR K P S MAEMZ R GEEBCRO I XA, AEFXZ A E(H & 66.98%),
B, B SR F MR 58T 5B T Alphaproteobacteria. (461 F XA &
F BSCs ¥ B &8 # vA Cyanobacteria #= Proteobacteria ) AL % & BE; Alphaproteobacteria 747 %
T BSCs Bl RmBA R B0 KA KA, TRAZEZRRAS, XANRFANL TAYLIELE ZE Q@
B AR T A akiRAE .

Structure and diversity of hypolithic diazotroph in central gobi
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Abstract: [Background] Hypolithic biological soil crusts (BSCs) in the Gobi desert are colonized and
multiplied by under-rock organisms, widely exist under quartzite, and play an important role in the
material cycle of related ecosystems. The bacterial community structure was greatly shifted with the
change of spaces and different type of soils. Nitrogen-fixing bacteria are the main driving force for the
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formation and development of hypolithic BSCs. The central gobi has a wide area and as a representative of
the temperate gobi. However, there are no research reports on the community structure and diversity of
nitrogen-fixing bacteria in hypolithic BSCs. [Objective] To explain the community structure, diversity and
factors influencing nitrogen-fixing bacteria in hypolithic BSCs. [Methods] The methods included MiSeq
to perform high-throughput sequencing of the nifH gene; bioinformatics to analyze the community
structure and diversity of nitrogen-fixing bacteria and its influencing factors based on the nifH sequence,
and CoNet software to map species co-occurrence networks to discover key species. [Results] In
hypolithic BSCs, the dominant phyla were Cyanobacteria (47.20%—69.90%) and Proteobacteria
(27.47%—-48.91%), and genera were Scytonema (45.05%—69.09%), Skermanella (10.26%—20.48%) and
unclassified genera (13.72%—22.00%). The species richness in September was higher than that in May, but
there was no significant difference between the two months. Among others, available nitrogen was the soil
physical and chemical factor that had the greatest impact on the composition of nitrogen-fixing bacterial
communities in the hypolithic BSCs. There was a strong interaction between the microorganisms in
nitrogen-fixing bacteria under the rock, and the relationship was mainly coexistence (about 66.98%). In the
CoNet network, the nodes with high degree of centrality, close centrality and betweenness centrality all
belonging to Alphaproteobacteria. [Conclusion] Cyanobacteria and Proteobacteria were the most
dominant nitrogen-fixing bacteria in hypolithic BSCs of Central Gobi. Alphaproteobacteria was the key
species stabilizing the nitrogen-fixing bacterial community and may be the main nitrogen fixers. This
study provided a basic basis for understanding and using the nitrogen-fixing bacteria associated with
hypolithic BSCs.

Keywords: BSCs, nitrogen-fixing bacteria, nif H, diversity

TP L) G BR T AR 40%, HoA A 1/3 40

I SIS RE I AR 7E Namib FEi spagh

TTHREAET 2K K 45K RS F IR
MAEFEAERG LT, XRRRE &
TERERHEP, RS ARG, MEY R
A A R AN R 55 T RE R SR IR 3h 5 BT, A 2
FELL Cyanobacteria ILE AV 0 A4 - 5B 25 Bz
(Biological Soil Crusts, BSCs)54 T #lf1 N Y
FEFH AR, AR WA Sy e 3 S A
#, RTFRRAN R B B B T R RV
BN, FEWRAHE TR S BSCs 19 i 20 B 4 T
5 133 pmol-CoHy/(m*h)\"!; FERGHL i -3,
DL 2K ih 5% (Acetylene Reduction Assays, ARA)
WE A T AW A BRRE S, WA RN
0.174 nmol-N/(g-h), FFAINF] T [& (2 5E 1Y bk i
O3 F nif HEEDR, (E LSRR A A AG I 28] [0 R0 1k
TR T Y R RIS e
Mojave FiEiEH, LU E [ 2 (6PN bRid Al
ARA WK T 4 FRCES e s 1Y T
GeoChip HEELE 43 kil B pa ik N A4 s A

AP AT RE AT R A A SR X
AT [ G0 TR AR Vi 205 4 R 22 R ) R SR T S
A, HHETUA BT Namib 5 B4 12 AHSCHIE
L 39 v 48 720 o R R 5 2
B2 ) RO ARAC AT AR R AR o A7 AR Wi v]
VERERERGE, Y RISl A P e v e e S 2
A

T RBEA ELAPO, B BOR [EANSE
HoALIR A, BT IER, &K LSRR Z Y
2B, MPRE, FERERAR, gk
B R B AT, o N AP E s it
T RS . DI, P e RE 5 A X
1 4T O RE T 25 H R SRR AR AR AR T Y,
(R XA T [ G020 TR )RR 5 45 R P A AP i R
WARIE

ABFFEFIA MiSeq Ryl I F7H AR sk X
BER AR (BT8R ALTT) nifH D EA T Y 73
Br, DI 7S o e X BEAT T BSCs H [ AN TR T

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1922 A

Microbiol. China

SER AN ZRENE LA S me H 2 2R O PR BE K, Dy B
iR AT TS T R T ) A S T R B X R BE A S R
PRI G S 085 T B AL At 0

1 tEt5h %
L1 Y IR KRR EFALIE

ARSI BT IR il R A T PR 58 oty P S B s < A
(41°57'58"N, 101°55'44"E, 4k 941 m), 2016 4F
5 A MATER REBERSATT BSCs (FEdhZ 5>
2 mHpyl Al mHpy2); T[R4 9 A MAIFER—
HRRAEAT BSCs (FEdh 457058 sHpyl Al
sHpy2). FIFHTLACRARE, & RAERAHEEZ) 100 m,
R IR T REMEE WA S A IETFZY 1 mm JEEERY
R, BARKARE 30 a9 n R/
8 cmx8 cm), ZHIRAIA 2 ATCH RFEASGE 2
s, —80 °C frRAF4 M.

1.2 FERLFIFLE

E.ZN.A. Soil DNA Ui #]#& . TransStart
FastPfu DNA Polymerase, AxyPrepDNA % B[
U4, AXYGEN 24 Hl ; Tris-HC1UE B . TruSeq™
DNA Sample Prep Kit, pEASY-T1 sl & .
EasyPure HiPure Plasmid MaxiPrep i{#] % . SYBR
Premix Ex Taq™ %étE EWIRM, Jtaiae4k
WAL PR W]

K ® o KV, A pH X,
HANNA 2l 5 AEARRIRA, Ll — R {0
ARRA T SRR EE R kAL, dbm N —4Y
PHEABRA A BRAL, Jb 8 AL B A
FR 2wl s PCR X, Biometra A v ; AR 1X,
Biotek A MR EAL, iR A R
2]

1.3 TIEBLIERR

58 BT A 5 SCRR 15+ B F - e A TA]
A5 H 9% 5 4 mHpyl . mHpy2 . sHpyl #l
sHpy2 HYFE 5 20 560 Herp i mSX1 . mSX2 .,
sSX1 Al sSX2; HALIEARIEILICHR[14], AHCK s
FHFAHIEFE h 52 ma A7 T [ 020 DR 7 25 0 1Y) A 58

570
1.4 ##5 5 DNA B2

PRIAFE 0.5 g, MfE-REIEZH DNA 421
7 G UL B B AR IR AL DNA; RN i 3 A4
B, ¥ DNAIRA], f#iH NanoDrop 2000 X
DNA Uit AR, Kl Aseo/daso 7E 1.8-2.0 Z
], EF-80°C . M.
1.5 SBESH

PLAAE G B DNA 9By 48 nifH BE[H, G
m g%k F: 5-AAAGGYGGWATCGGYAARTC
CACCAC-3'; I3 R: 5-TTGTTSGCSGC
RTACATSGCCATCAT-3"™ . PCR [ i 1k & :
S5xFastPfu Buffer 4 uL, dNTPs (2.5 mmol/L) 2 pL,
WE . R H (5 pmol/L)4 0.8 pL, FastPfu
Polymerase (2.5 U/uL) 0.4 uL, DNA #f) 10 ng,
BSA 0.2 uL, ddH,O #Me 20 uL. PCR 2544
95°C 5min; 95°C30s, 55°C30s, 72°C30s,
35AMER; 72 °C 8 mino 8 FH 2%BhtHiE W E I L Uk
Kl PCR 774, Ze46 HHESE T AW B A BOR AR
23 w#E A Tllumina MiSeq il -5 E4T PCR 7=4)
F1%) e 3 0 0
1.6 EESH
1.6.1 U FEHE B RIE AN AL 32

FLASH (http://ccb.jhu.edu/software/FLASH/) H
FHHEE AN Reads, USEARCH #{FF&
T RACH L 22 LIRS = it (1) Tag %4 (Clean
Tags). Mothur il R 1& 5 T HH FMBEMMZ& 02
Hl A
1.6.2  # 1E 9 2 B jT (Operational Taxonomic
Unit, OTU)7 KK

{1} USEARCH #(fF, 24 Cutoff=0.05 i, Xf
BOE REAFEE Y LIRS A, 2 E &4
OTU Mt EF%; il FGR/mifH Gene Bank
(Release7.3) (http:/fungene.cme.msu.edu/) ) HEEL
FEXF OTU #EA77HRE, FFAERH Family) /2K F-48
THAHE S VR L

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



KRS g RBEA T AW RS B [ U2 DRV R R A 1923

1.63 ZHMSHT

f# F§ Mothur %X {4 (http://www.mothur.org/) X}
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Figure 1 The rarefaction curves

x1 o ZHMEE
Table 1 Alpha diversity indexes
Fedh  FARIEE FEARIGE ACE 8K

Chaol 5%k

Sample Shannon  Simpson ACE index Chaol index
index index

sHpyl 2.72 0.16 222.63 225.71

sHpy2 2.65 0.16 213.90 217.24

mHpyl 2.16 0.23 199.08 200.18

mHpy2 2.88 0.11 195.59 195.00
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Hierarchical clustering tree on OTU level
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Figure 2 Hierarchical clustering tree of the samples
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Figure 3 The Venn diagram of nitrogen-fixing bacteria
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Family

[ A: Scytonemataceae

M B: Rhodospirllaceae

I C: Unclassified Proteobacteria
I D: Unclassified Bacteria

B E: Nostocaceae

W F: Hyphomicrobiaceae

B G: Microchaetaceae

B H: Pseudomonadaceae

B J: Rivulariaceae

Groups

B A: September hypolithic crusts 1
77 B: September hypolithic crusts 2
" C: May hypolithic crusts 1

[ D: May hypolithic crusts 2

Genus
A: Scytonema
[ B: Skermanella
[ C: Unclassified_p__Proteobacteria
[ D: Unclassified f _Rhodospirllaceae
P E: Unclassified ¢__Alphaproteobacteria
[P F: Unclassified d__Unclassified
[ G: Unclassified_o_ Nostocales
I H: Unclassified_o__Rhizobiales
B J: Pseudomonas
I K: Unclassified o Chromatiales
B L: Rhodomicrobium
I M: Nostoc
B N: Unclassified f Nostocaceae
B O: Calothrix
B P: Rhodospirillum
I Q: Unclassified f Microchaetaceae

Groups

I A: September hypolithic crusts 1
I B: September hypolithic crusts 2
[ C: May hypolithic crusts 1

[771 D: May hypolithic crusts 2

B4 ET nid ZRKEA)FEKTEB) AR EEN
Figure 4 Bacteria community structure at family level (A) and genus level (B) based on nifH
T LT AEIZ N A P A P L e ()

Note: The line width represents the proportion of the bacteria in the group
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Figure 5 Co-occurrence network of diazotrophs in hypolithic biological soil crusts
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Note: The blue line indicates that the relationship between species is positively correlated, i.e. co-occurrence. The pink line indicates that

the relationship between species is negatively correlated, i.e. mutualexclusion. Triangle represent putative keystone species. Blue circles
for Proteobacteria; Green circles for Cyanobacteria; Gray circles for unclassfied phylum
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Spearman correlation heatmap
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Figure 6 The correlation heatmap between soil physiochemical factors and main diazotrophs groups
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Note: The X-axis and Y-axis are environmental factors and species respectively, AN represents available nitrogen, AP represents available

phosphorus, and OM represents organic matter; The correlation » value and P value are obtained through calculation. The r value is
shown in different colors in the figure, and the legend on the right represents color intervals corresponding to different  values. * is the

P value, *: 0.01<P<0.05, **: 0.001<P<0.01, ***: P<0.001
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