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#1 #HRAIEHERER
Table1l. Theinformation of soil samples

Soil No. Sampling sites Latitude and longitude Habitat Cl(g/kg) N/%  S/(mg/kg) Altitude/m
TL47 Sunny slope 25°13'N, 98°30'E Dry plant 80.6 062 348 1914
TL45 25°13'N, 98°30'E Dry plant 98.6 1.11 26.9 1905
TL44 25°13'N, 98°30'E Dry plant 125.1 096 10.2 1891
TL57 25°13'N, 98°30'E Dry plant 143.8 1.19 12.1 1876
TL62 25°13'N, 98°30'E Dry plant 110.2 0.92 155 1833
TL61 Bottom 25°12'N, 98°30'E No plant 120.2 096 5.53 1873
TL40 25°12'N, 98°30'E No plant 102.5 0.87 16.8 1875
TL43 Shady slope 25°12'N, 98°30'E Green plant 122 078 6.3 1932
TL42 25°12'N, 98°30'E Green plant 27.8 0.23 37.3 1925
TL37 25°12'N, 98°30'E Green plant 22 0.17 2.82 1924
TL63 25°12'N, 98°30'E Green plant 82.4 065 3.13 1912
TL59 25°12'N, 98°30'E Green plant 156.4 111 18.7 1906
TL58 25°12'N, 98°30'E Green plant 170.4 1.33 13.8 1896
TL60 25°12'N, 98°30'E Green plant 156.9 1.22 219 1888

T, theinitial of Tengchong; L, theinitial of the first name of my supervisor.

1.3 DNA #£Bt. 16SrRNA %[ PCR ¥ 1

ZEMIAT B LR 4] DNA HEH R R -
AT I, HAKS I Cheng A Ning™ ik
BT Tt AT 16S rRNA i@ 514 27F (5-AG
AGTTTGATCMTGGCTCAG-3) fil 1492R(5'-TAC
GGYTACCTTGTTACGACTT-@)XM}% #iFk DNA

P4, PCR R Z54: 95 °C 5 min, 95 °C
30s, 55°C45s, 72°C 1.5min, 35 MR, 72°C
10 min, PCR 7=# LA 1.5%Bn A b v6E e i ik AG
A £ B bR PCR =912 2400 A YHARE
RS AT . DT P45 2 NCBI Y
GenBank %4 & H- 3R 7515 .

14 T 16SrRNA EEMRFE K B

B 2E AP RIRRAY 16S rRNA LIRS F 183
EzBioCloud (https//www.ezbiocloud.net/)!* #1 NCBI
ot 1 5 O AU AR 16S rRNA JP51HE1T H
XF, WA o3 B AR 1 3 2 AL A HT MEGA 7.0
A T R Sk B AR 18], %1 Neighbor-
Joining Jr e R 56 2 PEfT 1000 A K
WP, EARE A5 B p-distance /jg“ AR,

15 FHAFREREESHZRMES T
TR R Z (8] 16S rRNA ;@arﬁum{u@
98.65%ff: Jy Fh iy A I, # i PRIMER 5.0
B, SRA Shannon z#w&%& T BEAREL
Y57 BE R BORR 55 B2 H8 B A T 28 MUAT T 2 1 43
P
1.6 ZFHUFFE AR FHAE S 5 R AR R S
K Canoco5.0 43#r 433 Hh 2F B AT & Fh A4
P 5 - ERE S PE T AR DG E . IR AL R . A
T S 2 F A T ARSI ML) A 4 ARl B 2
Bt - AR 5 Bl ol h AR H O g L AR
e AR NY/T1121.14-2006 771k, A%
NY/T53-1987 J5ik, AHLEkIZ NY/T1121.6-2006
TR E

2 SRR

21 FHHERIESYEE
M LB IR A b MR TR I SRR 25 57,
M 14 05y - 3ERE N, TP 3G 0 BEARAS 2P AT IR 180 R,
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Forb BRI 43 B ARAS 64 Bk, ARG 24 %, M
B3 15 101 #k, BUEm % . sreswitkaifh sk
FH-80 °C Hl¥& AR AT IR

FETFZEMIATE) 16S rRNA FEN %, 16S
rRNA 5 JRUAR B 3B 25 S 26 B 8 40 2 I AT 7
R S HOE 2R AR Ay 98.7%-100%., 181
WREFMIFF 538 T 2 R, 6 & . 35 Ml
W 2E AT & (Bacillus) 85 k. 11 M, 225 ufT
P J& (Paenibacillus) 23 ¥k, 13 MFf, %6 ZE HOFF A
J& (Brevibacillus) 6 #4 . 3 ~Ff, Hi 2 B2 28 MLk 14 g
(Lysinibacillus) 52 #f. 4 ~Fh, WEE2EMEFF S
(Psychrobacillus) 5 # . 1 ~FhFl4k 2 B AT 15 )&
(Viridibacillus) 9 #k . 2 1 F . #i4fs 16S rRNA 734t
50, B AR R BRG IEARRUME 57 4 AR [ 1 TR
P, L 2,
22 FHRHEWRZELE ST

eI 34 MRACFME ZEBAT IR TR IR, A/ LIl K
A TN R G A T (B 1), H 7 8%
HHIEGRE RS R R BGL, 58 MR b
1) 16S rRNA J K ¥ AR PR . Tk FIAT-45903
5 H AR RN DS ZE AT Paenibacillus
vulneris CCUG 5327" i) 16S rRNA JE [RIAH L1y
96.7% , FJAT-45868 & /i 2 F Ml #F & Bacillus
niacini IFO 15566" fJ 16S rRNA Kt K AH P
97.6%, FJAT-46013 Sjfillfifi 2 ik Brevibacillus
laterosporus DSM 25" 14y 97.5%, FJAT-45898 5
Fr] = UR2HE 25 MU i Paenibacillus assamensis GPTSA
117 /9y 98.1%, FJIAT-45891 5ili 12 28 kT i
Paenibacillus montaniterrae MXC2-2" 24 96.4%,
FIAT-45829 5 # Ik 25 ZF fd #F # Paenibacillus
odorifer DSM 15391" 4y 98.3%, FJAT-45884 5
EHmbk+ 25 ZE AT Paenibacillus pinisoli NB5'
ik 98.5%.

actamicro@im.ac.cn

2.3 KINAZEHFFERMR

231 AEHILLEMAEDMG: HrERILA 2,
MK Ay T o BORAS T 34 R ZEMIAT I,
H 16 AR A BRI, 29 MR A RS, 94
i =N S QIR i QIR b b e 4 o
an AT B ZE AT AN ZRAT 12 DR, BRI IR
BAHFAS 6 F, BISMAIRE A 8 4, I
Hr 6 FIZEMOFT B PRI . BRI I B 4 25 3
R ZE AT 1R (Bacillus mycoides) . &1 FLK 2 fifg
¥ 74 (Bacillus toyonensis) . R ZE g #1 14 (Bacillus
cereus) . fif A 1 24 R ZF M AT T (Lysinibacillus
xylanilyticus) . % 5 2 Il #T 74 (Paenibacillus alvei)
VD 4k ZF AT B (Miridibacillus arenosi) .

232 MHBEFMRAFEMELI G AR ER T
63 PREFMIFF B, %520 548 . 16 Fh, ZEMUFT
PR (31 Bk, 6 ANF), i 4 MOAT P8 (2 Ak, 1 4F),
A TR 2 IR DA (20 #k, 3/, 28 2R MO e s
(8 ¥k, 5FNFI Viridibacillus (2 ¥k, 1P, 2
HOFF IR R i 6 ANFIALAL, 2350k 13 MRk 8 TR E
KEMFFE . 7 BRJE T 5 2 LT A (Bacillus
simplex), 4 BREEIRZFMIFFE, 3 PREECZFIATFIE
(Bacillus aryabhattai) , 3 £k &5k 25 I AT i Fil 1 Bk H
LB FR R 2F AT (Bacillus methylotrophicus), i
QR AR 3F, 17 BRAFANE# 2R
ZENIAF IR, 1 R TS Sl R 2 LA (Lysinibacillus
2 R &R R ZF MR e
(Lysinibacillus parviboronicapiens), 2% iuFT & )&
L 2A4F0, 4351 4 MR 55 2F MOAT TR A 1 AR
i B2 25 U AT 14 (Paenibacillus selenitireducens) .
UbAh, AL 2 AR ZE AT R A 2 BRYD sk
FMAFIE . 3 MR AT I FIAT-45898 |
FJIAT-45829 Fll FIAT-45903 5 L HIFh S (1) 43St
A, AT RE AL

contaminans) ,
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%2 EHT 16SrRNA EFNFHEITEMHLLE

Table 2. Isolation and identification of Bacillus-like species based on 16S rRNA gene sequence analysis
Strain No. Closed match 16S rRNA similarity/% Accession No. Location
FJAT-45841  Bacillus aryabhattai B8W22" 99.9 K'Y 038659 Sunny slope
FJAT-45847  Bacillus cereus ATCC 14579" 100.0 K'Y 038660 Sunny slope
FJAT-45974  Bacillus methylotrophicus KACC 13105" 100.0 K'Y 038669 Sunny slope
FJAT-45973  Bacillus mycoides DSM 20487 100.0 KY 038670 Sunny slope
FJAT-45836  Bacillus simplex NBRC 15720" 100.0 KY 038656 Sunny slope
FJAT-45827  Bacillus toyonensis BCT-7112" 100.0 KY 038657 Sunny slope
FJAT-45977  Brevibacillus laterosporus DSM 25" 99.6 KY 038673 Sunny slope
FJAT-45899  Lysinibacillus contaminans FSt3AT 99.3 KY 038679 Sunny slope
FJAT-45840  Lysinibacillus parviboronicapiens BAM-582" 99.2 K'Y 038664 Sunny slope
FJAT-45830  Lysinibacillus xylanilyticus XDB9' 100.0 K'Y 038658 Sunny slope
FJAT-45851  Paenibacillus alvei DSM 29" 99.1 K'Y 038666 Sunny slope
FJAT-45898  Paenibacillus assamensis GPTSA 117 98.1 KY 038753 Sunny slope
FJAT-45829  Paenibacillus odorifer DSM 153917 98.3 KY 038752 Sunny slope
FJAT-45846  Paenibacillus selenitireducens ES3-247 98.9 KY 038667 Sunny slope
FJAT-45903  Paenibacillus vulneris CCUG 53277 96.7 KY038754 Sunny slope
FJAT-45902  Viridibacillus arenosi LMG 22166" 100.0 KY 038682 Sunny slope
FJAT-46012  Bacillus cereus ATCC 14579" 99.9 K'Y 038686 Bottom
FJAT-46010  Bacillus mycoides DSM 20487 100 KY 038687 Bottom
FJAT-45917  Bacillus toyonensis BCT-7112" 100 KY 038688 Bottom
FJAT-46013  Brevibacillus laterosporus DSM 25" 97.5 KY 038755 Bottom
FJAT-45925  Lysinibacillus xylanilyticus XDB9' 99.9 KY 038697 Bottom
FJAT-46015  Paenibacillus alvei DSM 29" 9.1 K'Y 038690 Bottom
FJAT-45928  Paenibacillus uliginis N3-975" 99.6 KY 038698 Bottom
FJAT-46038  Psychrobacillus psychrodurans DSM 11713" 98.7 K'Y 038692 Bottom
FJAT-46009  Viridibacillus arenosi LMG 22166" 100.0 KY 038693 Bottom
FJAT-45987  Bacillusaryabhattai B8W22" 100.0 KY038734 Shady slope
FJAT-45863  Bacillus cereus ATCC 14579" 99.9 KY 038701 Shady slope
FJAT-45942  Bacillusisronensis B3w22" 100.0 KY038710 Shady slope
FJAT-45861  Bacillus mycoides DSM 20487 100.0 KY 038716 Shady slope
FJAT-45868  Bacillus niacini IFO 15566" 97.6 KY 038756 Shady slope
FJAT-45985  Bacillus patagoniensis PAT 05" 99.6 KY 038736 Shady slope
FJAT-45956  Bacillus pseudomycoides DSM 124427 99.9 KY 038745 Shady slope
FJAT-45961  Bacillus simplex NBRC 15720 99.9 KY 038746 Shady slope
FJAT-45939  Bacillus timonensis MM 104031887 99.2 KY038711 Shady slope
FJAT-45938  Bacillus toyonensis BCT-7112" 100.0 KY038712 Shady slope
FJAT-46005  Brevibacillus brevis NBRC 153047 99.7 KY 038702 Shady slope
FJAT-45996  Brevibacillus laterosporus DSM 25" 99.8 KY 038729 Shady slope
FJAT-45883  Lysinibacillus contaminans FSt3AT 99.2 KY 038721 Shady slope
FJAT-46006  Lysinibacillus fusiformis NBRC 15717" 100.0 KY 038703 Shady slope
FJAT-45860  Lysinibacillus parviboronicapiens BAM-582" 99.6 KY038717 Shady slope
FJAT-45945  Lysinibacillus xylanilyticus XDB9" 100.0 KY038714 Shady slope
FJAT-45968  Paenibacillus alvei DSM 29" 99.1 KY 038750 Shady slope
FJAT-45941  Paenibacillus amylolyticus NRRL NRS-290" 98.0 KY 038757 Shady slope
FJAT-46022  Paenibacillus assamensis GPTSA 117 98.1 MG022441 Shady slope
FJAT-46002  Paenibacillus chitinolyticus NBRC 15660" 99.2 K'Y 038705 Shady slope
FJAT-45891  Paenibacillus montaniterrae MXC2-2" 96.4 KY 038758 Shady slope
FJAT-45867  Paenibacillus pinisoli NB5' 99.4 K'Y 038706 Shady slope
FJAT-45884  Paenibacillus pinisoli NB5' 98.5 KY038724 Shady slope
FJAT-46004  Paenibacillus taichungensis BCRC 177577 99.9 KY 038707 Shady slope
FJAT-45876  Paenibacillus terrigena A35" 99.0 KY 038732 Shady slope
FJAT-45885  Paenibacillus uliginis N3-975" 100.0 KY 038725 Shady slope
FJAT-46008  Psychrobacillus psychrodurans DSM 11713" 99.2 KY 038708 Shady slope
FJAT-45864  Viridibacillus arenosi LMG 22166" 100.0 K'Y 038709 Shady slope
FJAT-45874  Viridibacillusarvi LMG 22165" 100.0 KY 038733 Shady slope

http://journals.im.ac.cn/actamicrocn
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B 1 ZENMLLAKLATIEFRFRAERZEALE SR
Figure 1. The phylogenetic tree of cultural Bacillus-like species of Xiaokong Montain volcanic valley. Branches
corresponding to partitions reproduced in less than 50% bootstrap replicates are collapsed. The significance of each
branch is indicated by a bootstrap value calculated for 1000 subsets. Bar, 0.01 substitutions per site. The content in
the bracket was the accession number of 16S rRNA gene sequence of each strain.
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Figure 2. The Venn diagram of the cultivable aerobic
Bacillus-like species in the sunny slope, shady slope
and valley bottom. The numbers in the overlapping
parts represent the shared number of Bacillus-like
speciesin different site.

2.3.3 PABCFMFFERES A IS L3 rh oy
BIF] 93 MREFIEATIR, %EN 6 N 29 M Rb.

B3 A3 h DL 2 A R R, A% 10 ARER
FMIFFTR . 12 ARIE PLACE IR . 4 BRIEIRZF
Fra . 4 PRITHZFIAFG . 3 BREDZS B 27 M AT oA
(Bacillusisronensis) . 2 BRBITEC2EMIAFI . 1 ARAREE
IR ZE B A1 (Bacillus pseudomycoides) . 3 RS2
ZE M (Bacillus timonensis) il 1k [ 558 J2 7 2F
JfL AT B (Bacillus patagoniensis) . YA 3 & i 28 12
ZEMUFT TR E L 65 L3R AR AR 2R 27 LA 1)
8 kAR AS Z2 R 2 A 1T . 2 T i 2 R 2
FREA 2 #RZ5 I #2418 25 LT 21 (Lysinibacillus
fusiformis), ZEZF AT IRE A5 2 MR D5 S 27 AT
B2 R JLT SR ZF AT B (Paenibacillus
chitinolyticus) . 1 BREFIHAR - ZEZFMFFIE, 1 RS
Hr 28 2F i AT A (Paenibacillus taichungensis) , 2 #i i
1925 28 M AT 1 (Paenibacillus uliginis) Fl 2 #k + #1258
2§ M FF 14 (Paenibacillus terrigena). %5 2 i FF i

Jam 2 AR ZF M AT A 1 PR 2 A
(Brevibacillus brevis) 4 i% . BAYY + 3 R Ah s 5 /b
M J& 3tk 2 ¥R g % ZF i AT T8 (Psychrobacillus
psychrodurans)fll 7 #RVDHLEERZEREAF IR . LAk, 2
JUFF BT TRk FIAT-45868 Fl 3FRIS 25 i AT 14 (FIAT-
45941, FIAT-45884 Fll FIAT-45891) MV AE BTl
234 BIRFMFFEFES G : WKILBIRTE
AT T 9 FhZEMUAT IR, 24 PRE4IAL. 9 FhEEN
FFEIET 6 @ 2F AT e . R ZF MO s | i
MR ZFMOAT IR . MU TR . S 2R I R s Fvg
P IMATIRE . HAUHJE A ZFAT R, 427% 9 fk
BIFLACF AT IR . 2 BREEIRZF AT R AN 1R EEAR 25
MIFFTR, 55 L3 Ja il AW 22 R 2 MUAT 178
(7 ¥R)o BEAh, T LRI S ZEMAT A . 1 bR
MBI ZE AT B L 2 MRS VBV ZEMUAT AN 1
TE 5 (Brevibacillus sp. FJAT-46013) .,
24 RINBFHFFEDEZREL T

DL SFEREACNREAS, 2 MO AP & B 6 A,
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Figure 3. The composition and relation of Bacillus-like species in volcanic valley. The clustering tree on the left
was constructed based on the Bray-Curtis similarity of Bacillus-like species compositions which is on the right half
of the figure, in which cluster 1 was combination of bottom and sunny and cluster 2 included shady. A: The cluster
analysis of soil samples; B: the relative abundance of Bacillus-like species in soil samples. Ba: Bacillus aryabhattai;
Bc:Bacillus cereus; Bi:Bacillus isronensis; Bm1: Bacillus methylotrophicus, Bm2: Bacillus mycoides; Bn: Bacillus
niacini FJAT-45868; Bpl: Bacillus patagoniensis, Bp2: Bacillus pseudomycoides, Bs:. Bacillus simplex; Btl:
Bacillus timonensis, Bt2: Bacillus toyonensis, Bb: Brevibacillus brevis; Bl: Brevibacillus laterosporus;
Bl1:Brevibacillus laterosporusFJAT-46013; Lc: Lysinibacillus contaminans; Lf: Lysinibacillus fusiformis; Lp:
Lysinibacillus parviboronicapiens; Lx: Lysinibacillus xylanilyticus; Pal: Paenibacillus alvei; Pa2: Paenibacillus
amylolyticus; Pa3: Paenibacillus assamensis FJAT-45898; Pc: Paenibacillus chitinolyticus, Pm: Paenibacillus
montaniterrae FJAT-45891; Po: Paenibacillus odorifer FJAT-45829; Ppl: Paenibacillus pinisoli; Pp2:
Paenibacillus pinisoli FJAT-45884; Ps. Paenibacillus selenitireducens;, Ptl: Paenibacillus taichungensis; Pt2:
Paenibacillus terrigena; Pu: Paenibacillus uliginis; Pv: Paenibacillus vulneris FJAT-45903; Pp3: Psychrobacillus
psychrodurans; Val: Viridibacillus arenosi; Va2: Viridibacillus arvi.

Bray-Curtis similarity/%
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Table 3. Thediversity indicesin volcanic valley

Sample S N D (Species richness) J’ (Pielou’s evenness) H’ Simpson
Sunny 16 263200 1.2019 0.74748 2.0725 0.82877
Bottom 9 276000 0.71838 0.75651 1.7419 0.77894
Shady 29 256600 2.248 0.68781 2.6161 0.85724
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Figure 4. The correlation between environmental
factors and Bacillus-like communication structure.
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Distribution characteristics of Bacillus-like species of Xiaokong
Mountain volcanic valley in Tengchong County, Yunnan Province

Guohong Liu, Bo Liu’, Jeping Wang, Yujing Zhu, Zheng Chen, Janmei Che, Qiangian Chen

Agricultural Bio-resources Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350003, Fujian Province, China

Abstract: [Objective] The study was aimed to determine the distribution of Bacillus-like speciesin volcanic valley
of Xiaokong Montain, Tengchong County, Yunnan Province. [Methods] On the basis of culturable method, we
isolated Bacillus-like species from soil samples collected in shady-slope, sunny-slope and valley bottom of
Xiaokong Mountain. Then the isolates were identified using the 16S rRNA gene and phylogenetic tree was
constructed to explore the relation between isolates and related type species. The correlation between
environmental factors and community of Bacillus-like species was analyzed by software Cano 5. [Results] We
obtained 180 isolates from the soil samples, and identified them as 2 families, 6 genera, 34 species using 16S rRNA
gene sequences, including genus Bacillus (11 species), Paenibacillus (13 species), Brevibacillus (3 species),
Lysinibacillus (4 species), Psychrobacillus (1 species) and Viridibacillus (2 species). Among them, 7 strains had the
lower 16S rRNA similarities with their closest type strain, below the species threshold valus 98.65 %, indicating
that they were potential novel Bacillus species. The dominant genera were Bacillus and Paenibaciilus, and
dominant species were B. mycoides, B. toyonensis, B. cereus, L. xylanilyticus, P. alvei and V. arenosi. Among the
Bacillus-like species, we got 16 species from sunny-slope, 29 species from shady-slope and 10 species from valley
bottom. The diversity index was showed that the order of Shannon index was shady-slope>sunny-slope>valley
bottom. We also found that the correlation between Bacillus-like species community structure, atitude and carbon
source was negative, but with S and nitrogen source was positive. [Conclusion] There were rich Bacillus-like
species in volcanic valley, Tengchong County, Yunnan Province, and some novel potential Bacillus-like species.

Keywords: cultural Bacillus-like species, volcanic valley, diversity
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