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T AR A s et ™ A X 3R BE T B L L A
TR SRR 0 RS Qe R W R AR
SR VP KA o TE S T A A
TEVE 2245 TR I » DR B0 AR B T2 & 7 AR e VAR S
ARG RFETI MR CE I RSy %
P 2 2 1) T A

KT HACR LA N AR 4l I WEST AL VF 2 iR
it Selbmann 25" /247 T SR [ R ML 1 16 43 H 4K
FE it o TR SR A R AR ROIR DL S5 RS A B 3R
THD R 3043 0 43 85t 2010 AN B kK Horh K2y 8 T
T TE AN > /D8 53 B R 23 0l & T S 2 AT 1R R S 2 A
HEE PR M & R ERE JE. Massimiliano
R N TN S H] Cladonia~ Hypogymnia-
Pseudevernia F1 Roccella J& 11 Fp 4 th 43 55 4 34 K
AT FC R SR SR T i R 2 AT R P R 20l AT
9 B4 B, LA M BRRS B0 T 8 g Grube %1
R 96 IR A 8 AT HE BR AR O 8 AT 1455 T VE o B
T Cladonia arbuscula. Lecanora polytropa Umbilicaria
cylindrica ™41 R RE T K 22 FEIE 45 R W1 T 15 % 40
FEERNITH JE (Acinetobacter) A 70 K B J& « B 4t
M3 & (Methylobacterium) ~ % H 4 B J& « 2K 4 H AT B
JE 25 BB RE N o2 B B 40 (Alphaproteobacteria) o
Grube 2 "¥ fi1 Aschenbrenner 25" 4% ¥ T A~ [ Jifi &
£EA: 40 (associated bacteria) BE ¥ B 3, 45 5 32 W]
XL A R OREE  JE T AR T AT R T [ I IS A IR
1 7 (Sphingobacteria) « 24T 7 ] (Acidobacteria) «
2 B 1] (Actinobacteria) 25, Lee 26" MK H
e~ BB ) A T 23 1 HY 68 N BTFR, 28 16S TRNA 7
FIHEE N 26 ADNF AR TEAT B 1TT4H 44 BR, T2

I 17 Bk, KA RT BB A 2 Bk Liba 2579 1
P IR S AN A RE S 4 B Y B IR I B bR 16 Bk 28
16S rRNA J7 51 % 5, 34 J& T 45 T AT 8 11 ok B bk
s U 4l N H A 4y 5 B 6 AN IR 25 4 A T AT T 1 Ak
T 5 T Hi A< o 4 T 0T H A 2R K PR S A
L MR B S W KR R E B R
g B0 ST e WY, A A H AT 6k M b 2R A A
BIF TR 5 FCR0 2 40 A R 465 40 /0 B T g L 5 3
AWM B A 245 45 T 58 2 IR 9T, 6 4 3 4 J%
P2 2 R T A 25 0 T AR S M K S 2 R AR
AR i SR

AT AR AR KR 1 [ 2 3 A A 1
B R AR AF e 56 3 () o B AR A R L BL sk
IR R AR A7 447 1 Ao TGS T AR R X ()
KGEE R AT L PG A KR o A
GRS 1 R T 11 AR AR A X M A AT 7 T8 PR A
P A PR B 1 2 35 BLS TR AR X A R T
B A P A 2 ST B B 20 AR B0 T R A ST
T B % U5 O ST 9 A L5 2 SRR 1 I B G R
PR IEAL .

| O R IR

1.1 HhRRYRE

Hb ACHE it R H iR L E AR DR DX P R B Bl
A 2« KA 1 5 Hh s SR AR I, TR T /1 o0 i oK 3t
AN FL M 1 A B s e I AR TR TN
JC B8 P A (] S50 & BE AT 2R FRT B IR 4 . SRR
1) M A R AH DR AR B LR 1.

*1 REMHKHELXER

Table 1. Information of the lichen sampled from Wuyi mountain

Lichen genus Location Habitat type Date

Evernia peak of the Huanggang mountain (3% 5 11 TH ) rock 2012.6.19
Lecanora peak of the Huanggang mountain (3 i) 111 T #) rock 2012.6. 19
Hypogymnia foot of the Huanggang mountain ( # {x] 111 J& ) tree trunk 2012.6. 19
Menegazzia foot of the Huanggang mountain (# i Ll Jig 7)) tree trunk 2012.6. 19
Umbilicaria peak of the Huanggang mountain (3 i 111 75 %) rock 2012.6.19
Stereocaulon Tongmu guan (i A %) small stone 2012. 6. 19
Cladonia Dazhu lan (K47 54) rock 2012.6.20
Ramalina foot of the Huanggang mountain (¥ i Ll J&& #5) small stone 2012.6. 19
Physcia foot of the Huanggang mountain ( # i (11 J&E %) tree trunk 2012.6. 19

L2 EEMFMLHA
LB 85 77 4k AR A IR 10 o BERERR I S o

NaCl 10 g, B/l 17.5 g, /K 1000 mL, pH7. 0. NA £%
FeAE A NRE 3 g R E 1 g AR S g W%
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P10 g, Bifig 17.5 g, 7K 1000 mL, pH 7.0, DNA #2
B X 7: 0.1 mol/L NaCl, 0.01 mol/L Tris/HCI,
0.001 mol/L EDTA, Tris-saturated phenol. PCR Jz )
ik #:10 x Buffer, dANTP (0. 01 mol/L /each) , Taq i
(2.5 U/pL) (gt A AR A BR 2 ) 5 100 bp
Marker ( 1§ 98 52 AL W BCR AT BR A 7)) o 4035 : VP
GelDoct TS Tmaging System #t [ i 14 X ~ Tpersonal
Biometra £f J& PCR 1Y . PowerPac Basic BIO-RAD Hi
VK1 «Eppendorf Centrifuge 5418R .03 f -
L3 #MRZEAME (RE) RKNEFARTENS S

A SR AR B0 Ml A TBCE AR T 1 B SR L, /o0
M FARIID)E H A R A (B S 4k) B, X
Ji g IR A4 T 20 mL ) JE B K B 4k ¥ 30 min; Y
DB M AR S K G 1R /K 80°C JK i 10 min Ji5 ¥R
LB 55 9% He~- 4, 30°C 15 IR 40 N 55 9%, 70 B LA 3R 1
Bk A CRRT AR 2 A2) 10 28 FR AT 14 o

H 05 (R AR 75 % W9 RS 9 AL EE 30 s,
I 10% G TR 4 % W0 W 25 5 mins, 7] 6 18 /K
e 3 s (/b B e Jm — 3l 1) G 7 K SR VR LB
B IR SRR UK £ b A T2 A5 ) L R
BT DA 2 mlL B K 75 4 4 A 0
R R NTE IR, 80°C /K # 10 min J5 HEAT 10 £if
RIIFREA 1070, 40 HIHC 107110 0 10 7 7 % v
% 0.2 mL ¥ LB R FR 3P A (RN IR EE R R 3 1K)
JBCE AE 30°C K IR ARG 5 o

iR 3 d JE s AP B R VR AR ORI B
AN ) B A5 BV K/ SR AE S JE AT 90 5
v H TH S M AR R 2 B VR A R A 2R SR AT T
BT PRIBUR A AN A R v AT R B R E
ARG IR, JFH - 80°C H il A VR ik K
1.4 ZF#E4FE DNA RY4RELFN 16S rRNA EF 55
By 1B 5N E

KR W58 1 i 4R I DNA G SR 40 B 168
RNA JE W FF 40 g m M3l ™ 9F se-
GAGTTTGATCCTGGCTCAG3~ (927) F1 1542R 5°-
AGAAAGGAGGTGATCCAGCC-3- (1542 - 1525) k47
16S rRNA JEH JFH1 43 . PCR g N4k & (25 pL) :
2.5 wL 10 x Buffer.0.5 pL 0.01 mol/L dNTP. 5|4y
% 1 pL.0.3 pwL(5 U/uL) 1) Taq AT 1 pL DNA
B PCR [ M 2 7 : 94°C Tl 248 ¥ 5 min; 94°C 748 PE
30 s,55C Bk 45 5, 72°C ZEfH 1 min 30 s, 35 M1
M B a 72°C AR 10 mine PCR 7™ 4 19 A0 I« HY 2

pL PCR 4, fKE T 1. 5% 19 350 I B Bk i v W I
100 V H1Jk 40 min, EB % {0, F e 5 & g0 W ¢
5o PCR ™y th g 9 0 22 ) R A7 IR A W)
700 R, JOF ¥ W 43 9 ¥ 1 7E W 35 EzTaxon ™"
(http: / / eztaxon-e. ezbiocloud. net/) 347 Lt % o
LS FRANAENRZELESH

R 4 T 73 2 159 2 1 2F AL AT 7 16S rRNA Bk [
G E A5 B 2T G TE & AN HUA 2y B 1) 2 AT
AT PR 28 R0 B8 5 R 005 3 R A OC 2 % R I 168
rRNA St 5 ¥ 51, 1 28 ClustalX ®" 3} 5% J5, F %
Mega 4.0~ 34 28 fUFF (1) 165 rRNA JE K5 51 ik
T2kt (J7 1524 Neighbour-Joining) , #4 3 28 2K
B
1.6 HWRFE NEFHITEMBEZHEEIN

GINBEELESY Z TR EFT R W
(Shannon-Wiener) #5401 (H) , %} A [A) & Hi A< R A
A 2 AT B b 2 RN R Y 2 R R R B AT 2 b
Shannon-Wiener £ F ¥ #5 4 (H) 2 i 242 50 (1) 1H 5

H=-YPInP, A3 (1)

XA Pi= Ni/N, Ni 2y i M 2p (4T w0 #ci s, N
h HEAS B 3 A (B A2) 2F AT B 1 5

H X 93 AN [F) M A< i 25 PR AT TR ) Ao A DL
PR TR 0 B A i A s DL A B A 2R D R A, T RK
PG 8 V0 o FL A B R B BB AT R
T & K HBE B R

2 HRAIS T

2.1 MRRESHEFATENIBESETE

FEHE ) 9 AN b AR b RO R B AK R
(Evernia) W 1€ J& (Ramalina) 1 %% %1 J& (Lecanora)
B3 SRR TR A B R AR B AR AT R AR
J& (Hypogymnia)  JIF 4< J& (Umbilicaria) R WA 4K &
(Physcia) 3 A~ FE i 43 85 3% 28 R AN 3 390 A s
(Stereocaulon) « L. M A< J& ( Menegazzia) 1 41 & 8
(Cladonia) [¥] 3 A~KE bt 43 8545 21 32 25 70 9 A8 2 1
R 23 B9 0 3 2R B AR EF R T S 34 Bk (R
2) o % 16S rRNA K& K7 #1302 « sk, o] 4 20 6 X
34 BRZF AT S E N 24 ATl

NI 58] A5 S Ml A a3 B Y B 2F A AT B O A
2, 8 MR AT M 4 B A AR T R AR AT T LA
B ¥k FIATA7065.FJAT47066.FJAT47067 %%, N 4=
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LEHL A R 4> B A W Ak FIATA7069 . FJAT47070.
FJATA7071 1 FJATA7178; 3 AE 2 10 FF 14 1 % &
EE N 2R 2R R AT B I B K. AL AR & s A b ) B
LE PR 2 SRR R A R HCHL UG AT 6 Bl R AR AT 4 A
AR 2R ZF A B AL FS B Bk FJAT7087 . FJAT-
17277 FJATA7284 %5, py 4 25 AU FF 15 43 9 FJAT-
17091 FJATA7092. FJATA7274 F1 FJATA7275; H
i FJATA7284 FJATA 7274 14 2k fift A K 36t 52 TR 25 U

M8 (Lysinibacillus xylanilyticus) , 1% B 16 L H 4K 8
MR B T A A B R A AE AR i HLOA R B B AR
BRI WA SR A Ay B 3 R R AR B B
% FJAT47164 . FJATA7165. FJAT47166 1 2 Fj N
L, B AR FJATH7167 . FJATA7168; H H FJAT-
17166 FIAT-A7167 £ 4y W AR 4 £ #F W ( Bacillus
mycoides) 2 2% T AE A S5 Hb A ) 2R T R Y 58 AR A
76, T HA 2 WA B, mycoides 5 18 LR A K.

R2LNFEHREGRTABHNRE REFATENMESHE

Table 2. Strains and quantification isolated from different samples of lichen

External / Quantificati—
Lichen No. of strain Closest species GenBank accession No. Identity / %
internal on /cfulg
FJATA7065 Paenibacillus terrigena KM111192 97.91 0.77 x10?
FJAT47066 Bacillus aryabhattai KM111193 100. 00 3.83 x 10°
FJATA7067 Paenibacillus panacisoli KM203371 99. 84 3.83 x10°
FJATA7174 Bacillus tequilensis KM203390 99. 85 1. 64 x 10°
external FIATA7175 Brevibacillus agri KM203391 99. 34 1.69 x 10*
FJATA7266 Bacillus mycoides KM203393 99. 84 0.30 x 10°
Stereocaulon
FJATA7267 Paenibacillus odorifer KM203394 98.58 0.61 x10?
FJATA7270 Bacillus endoradicis KM203395 99. 04 0.30 x 10?
FJATH7069 Paenibacillus amylolyticus KM203372 99. 69 7.66 x 102
. FJATA7070 Paenibacillus uliginis KM203373 98.51 7.66 x 102
internal FJAT-7071 Brevibacillus invocatus KM203374 98. 96 7.66 x 102
FJATA7178 Paenibacillus taichungensis KM203392 100. 00 1.48 x10*
FJATH7087 Paenibacillus chondroitinus KM203378 98.03 3.18 x 102
FJATA7277 Bacillus acidiceler KM203398 99. 33 0.52 x10°
FJIATA7279 Lysinibacillus fusiformis KM203399 100. 00 6.88 x10°
external FJATH7280 Bacillus luciferensis KM203400 98. 84 8.47 x 10°
FJAT47283 Bacillus mycoides KM203401 99. 85 1.16 x 10°
Menegazzia N o o N
FJATA7284 Lysinibacillus xylanilyticus KM203402 99. 85 1.72 x 10
FJAT47091 Paenibacillus odorifer KM203379 99. 57 1.02 x 10*
) FJAT47092 Paenibacillus taichungensis KM203380 100. 00 6.35 x 102
internal FIATA7274 Lysinibacillus xylanilyticus KM203396 100. 00 6.07 x 102
FJATA7275 Viridibacillus arenosi KM203397 100. 00 0.34 x 10?
FIATA7164 Bacillus aerophilus KM203385 99. 86 1.31 x10?
external FJATA7165 Lysinibacillus xylanilyticus KM203386 100. 00 1.31 x 102
Cladonia FJATA7166 Bacillus mycoides KM203387 100. 00 2.62 x 10
) FJATA7167 Bacillus mycoides KM203388 100. 00 6.57 x 10°
internal FJAT7168 Paenibacillus chitinolyticus KM203389 99.71 0.36 x10?
FJAT47096 Paenibacillus castaneae KM203381 98.93 6.43 x 10°
FJAT47100 Bacillus mycoides KM203382 100. 00 4.87 x10°
Physcia external FJATA7102 Paenibacillus taichungensis KM203383 100. 00 2.68 x 10°
FJAT-47106 Paenibactllus durus KM203384 96. 34 4.38 x 10*
internal - - - -
FJATA7080 Brevibacillus agri KM203375 99.36 3.47 x 10°
Hypogymnia ™ FJAT-7082 Bacillus nealsonii KM203376 99. 03 3.47 x 10
internal - - - -
Umbilicaria external FJATA7083 Paenibacillus humicus KM203377 97. 61 2.63 x10°

internal
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7803 1 3R 2R AT i 3 A M AR A
e, IR IR A h o B R AT R R R 2 4
B, 9w Sk B OBk FJATA7096. FJAT-47100. FJAT-
17102 H1 FJATA7106 ; 5% 0 < J 4 2 25 # FF 5 1) %4
B K, B N2 FIATA7102, %5 &34 2.68 x 10°
cful/ge MNERAJE HAS 73 B Y 2 o 32 26 2F f AT 1A
R B Bk FTAT-7080 Fi1 FTAT-7082 ; M Jit A% )& Hh A
JUOF B 1 A A ZF AT 1A, BRI AR FJATA7102.

AT Clustal X B, Hg A& 1 ACHE 5 b 23 5
FR 34 B 27 ST 1R B HLXE N 2 5 R BRI 16S rRNA J
KL 02847 EE XS 115 1] MEGA 4 B 1 2 1) &R &g it
WU T o e B e BUE 53X 34 B2 A
WEEEN 3 K FE W F Bacillus B 1 8 4
A Viridibacillus ) 1 A F 1 Lysinibacillus %% J& (1] 2
A H% —2K N Brevibacillus J& 1) 2 /S Fl; 55 =K 4
Paenibacillus J& 1) 11 ASFh o Paenibacillus J& « Bacillus
J Ay A A S A AR AT B R LB
2.2 MRREFEITEMHED HIFE

X N ML A T 20 S R 3 AR AT B 4%
AN T A BEAT H 2, S5 R AR 3. 6 NANIE R 1
ALy B R AR ZF AT T 24 K19 AN F b ofy
SES LK JE b WA 2 & Lysinibacillus
xylanilyticus, 3 4K J& ~ W ¥ ¥% )& * #514 Brevibacillus
agri, FLIH A R W8 A« it 39 B s A Bacillus
mycoides ; I IRFPIS 2 A ZF FEAT &1, W ok 25 A< =
YA WP, W4 &8 1Y Bacillus aerophilus, 38 4< &
H) Bacillus nealsonii %5 . AN[A]J& )M AC, 43 29 H R A=
F A R AR ECA R WA R M 2 A 8 Bl AL
I Ja ANGE A A I 73 0l 47 64 Bl s A7 68 I A AR 4K
AL 2 Fofr s AE R AR ZF AR TR R AN ) ZF SR T R B
WJJ@KH A1 88~ AR A I ) R AN L A S

Koy 1 3R 2F AT T Bacillus J& (2K 8

50% ; R s A< 8 B 2R 2K 2F AT B TS Paenibacillus
HIdT 75% o SH) K & R A B W s Bacillus
J& ~ Paenibacillus J& P25 545 8 4, Lysinibacillus )&
[ 2 A, Brevibacillus JE I FIZE 1 /o

DX 3 ANTR] ZF SR AT B8 A b A 3 T 20 A 1 R R
i, DUZE ALRT B IR B0 O R B~ DL ZF ST R Rl S

A5 FH R TGP 1280 925 X L A 38 2 28 0T 11 1) ol
AT ARG R, G R W 2. N =5.8 I, (KX
SO R EZFE AT B Rl D 3 K5 2R Bacillus
aryabhattai Paenibacillus

odorifer %5 15 Tl 2F AU A B, A AE 2 P e £ 2 b
% T2’ Paenibacillus castaneae 1 Bacillus mycoides
PYRR 2 SAT B, PR SRR 2 R R
Paenibacillus taichungensis — Fl, H 4 A J& il B B0 &
Ko

h DXy AN TR M AR S B 3% A 2 fRT T R R B
A 25 S0 AF BT 1) 2505 A b~ DAHB A & o FE A, H BRCEG
PG 0 AN () 3 AR 2 AT TR RO R 1 M A BE AT
RO SR 3. 2 N =3.0 I, a5 A K
WA JE 8 3 2K 5 — 3 F Cladonia~ Hypogymnia
Umbilicaria 1 Stereocaulon 4 A J& 1) #b A<, H 45 1F J&
FAZF AR A RE R B D B 2R Menegazzia,
FURF AL 2 3 A 2 S0 AT B P B R B =R
Physcia, 45 4IE J2 32 A4 2F A0 KT T RlORE B K Gk
3.85 x10° cfu/g.
2.3 MRAEFEITEMHED BIFE

XF N Ml A T 20 S B AR R AT B 4%
AN B A BEAT IH 2K, S5 R WK 40 3 ADNANIF R 1
Hu A I3 3t O AR AT 10 BRSO 9 A FE I
o fL A e I 30 e A S 2 4 b 2R E ALAT R
AEEE B 2 B AL AR S S 3 AL A S B
P. taichungensis, 2. [ 28 fAT B W 0 8 J A<
HMZE, A £ 8 1 B. mycoides Fl Paenibacillus
chitinolyticus , 1, " 1< J&
Viridibacillus arenosi, M B ¥ J& ) Brevibacillus

nvocatus

Paenibacillus  panacisoli~

P. odorifer. L. xylanilyticus

amylolyticus+ Paenibacillus

1EW A AT B P Paenibacillus J& 1) % 1
FFA S iy it 55.6% 5 o A< o 76 2 AT 8 1
1t J& ; Bacillus J&  Brevibacillus J& « Lysinibacillus Jg& «
Viridibacillus J& 1] 2 f A B &5 L 1 Fho

FE R BRI I35 A e A P A 2 AT T R
W K ik 171 x 10* cfu/g, FLH-A 8 10 P9 26 28 f FF
BRI N 1,15 x10° cfu/g, FEE &P, B
4 6.93 x10” cfu/g.

Paenibacillus

uliginis .
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FIAT-17166 (KM203387, Cladonia, Ext)
58| Bacillus mycoides DSM 2048 \
FJAT-17167 (KM203388, (‘ladonia, Int)
FIAT-17100 (KM203382, Physcia, Ext)

‘|FJAT—17266 (KM203393, Stereocaulon, Ext)
68 'FJAT-17283 (M203401, Menegazzia, Ext)
— FJAT-17280 (KM203400, Menegazzia, Ext)

100 Bacillus luciferensis LMG18422
75 73[,— FJAT-17277 (KM203398, Menegazzia, Ext)

83! Bacillus acidiceler CBD 119

FIAT-17164 (KM203385, Cladonia, Ext)
34 100 ' Bacillus aerophilus 28K

76 FJAT-17174 (KM203390, Stereocaulon, Ext)
100 = Bacillus tequilensis 10b
FIAT-17066 (KM111193, Stereocaulon, Ext)
100 ' gacitius aryabhattai BSW22
FJAT-17275 (KM203397, Menegazzia, Int)
100 ' Viridibacillus arenosi LMG 22166
_{ FIAT-17279(KM203399, Menegazzia, Ext)

32 99 100 ! Lysinibacillus fusiformis NBRC 15717

] 08 FIAT-17284 (KM203402, Menegazzia, Ext)

100
71

Cluster 1

Lysinibacillus xylanilyticus XDB9
FIAT-17165(KM203386, Clanodia, Ext)
FJAT-17274 (KM203396, Menegazzia, Int)

[ FIAT-17082 (KM203376, Hypogymnia, Ext)
100 Bacillus nealsonii DSM 15077

98

E FIAT-17270 (KM203395, Stereocaulon, Ext) /
100 = Bacillus endoradicis CCBAU 05776

E FIAT-17071 (KM203374, Stereocaulon, Int)
99 Brevibacillus invocatus NCIMB 13772

100 FIAT-17080 (KM203375, Hypogymnia, Ext) Cluster 2
100 FIAT-17175 (KM203391, Stereocaulon, Ext)
Brevibacillus agri NRRL NRS-1219

— FJAT-17096 (KM203381, Physcia, Ext)
35 100 “— Paenibacillus castaneae Ch-32 \

3 : FIAT-17065 (KM111192, Stereocaulon, Ext)
100 Paenibacillus terrigena A35
— FJAT-17083 (KM203377, Umbilicaria, Ext)
100 “—— Paenibacillus humicus PC-147

— FJAT-17087 (KM203378, Menegazzia, Ext)
100 “—— Pacnibacillus chondroitinus DSM 5051

» 89 [FJA'[—17168 (KM203389, Clanodia, Int)
100 Y Paenibacillus chitinolyticus IFO 15660
\: FIAT-17070 (KM203373, Sterecocaulon, Int)
100 Paenibacillus uliginis N3/975
FIAT-17092 (KM203380, Mencegazzia, Int) Cluster 3
87 | FIAT-17102 (KM203383, Physcia, Ext)
49| |FIAT-17178 (KM203392, Stereocaulon, Int)
69 Paenibacillus taichungensis BCRC 17757
100 FIAT-17069 (KM203372, Stereocaulon, Int)
Paenibacillus amylolyticus NRRL NRS-290
FIAT-17067 (KM203371, Stereocaulon, Ext)
100 L Paenibacillus panacisoli Gsoil 1411
Paenibacillus durus DSM 1735
FIAT-17267 (KM203387, Stereocaulon, Ext)
75 FIAT-17106 (KM203387, Physcia, Ext)
— 50 FJAT-17091 (KM203379, Menegazzia, Int) j
001 99" Paenibacillus odorifer TOD45

25

96

B 1. £F 16S rRNA EFEFIMENMKRE/NEFEAFENRELEN
Figure 1. Phylogenetic tree of strains isolated from lichens based on 16S rRNA gene sequences by using neighborHoining
method. Numbers at branching points refer to bootstrap values (1000 resamplings) , 0.01 was sequence divergence. The
sequences accession number in GenBank and the source lichens of the strains were showen in parentheses. Ext: strains isolated

from the surface of the lichen; Int: strains isolated from the internal thallus of the lichen.
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Table 3. Species and quantification of bacillus isolated from the surface of different lichen samples

Quantification of bacillus / x 10* cfu/g

Strain Cladonia Hypogymnia Menegazzia Physcia Stereocaulon Umbilicaria
Bacillus acidiceler 0 0 0.52 0 0 0
Bacillus aerophilus 1.31 0 0 0 0 0
Bacillus aryabhattai 0 0 0 0 3.83 0
Bacillus endoradicis 0 0 0 0 0.30 0
Bacillus luciferensis 0 0 847 0 0 0
Bacillus mycoides 2.62 0 11.6 4870 0.30 0
Bacillus nealsonii 0 3.47 0 0 0 0
Bacillus tequilensis 0 0 0 0 16. 4 0
Brevibacillus agri 0 3.47 0 0 169 0
Lysinibacillus fusiformis 0 0 6. 88 0 0 0
Lysinibacillus xylanilyticus 1.31 0 1.72 0 0 0
Paenibacillus castaneae 0 0 0 6430 0 0
Paenibacillus chondroitinus 0 0 3.18 0 0 0
Paenibacillus durus 0 0 0 438 0 0
Paenibacillus humicus 0 0 0 0 0 26.3
Paenibacillus odorifer 0 0 0 0 0.61 0
Paenibacillus panacisoli 0 0 0 0 3.83 0
Paenibacillus taichungensis 0 0 0 26800 0 0
Paenibacillus terrigena 0 0 0 0 0.77 0
total 5.24 6.94 870.9 38538 195. 04 26.3

Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label Num 4 == ————— Fm———————e Fmm——————— Fo—m +
Bacillus arvabhattai 3 —
Paenibacillus panacisoli 17 —
Paenibacillus odorifer 16 —
Paenibacillus terrigena 19 — =58
Bacillus endoradicis 4 —
Bacillus acidiceler 1 —
Bacillus aerophilus 2 —
Lysinibacillus xylanilyticus 11 —
Paenibacillus chondroitinus 13 —
Bacillus nealsonii 7 —
Lysinibacillus fusiformis 10 —
Bacillus tequilensis 8 —
Paenibacillus humicus 15 —
Brevibacillus agri 9
Paenibacillus durus 14 —
Bacillus luciferensis 5 —
Bacillus mycoides 6
Paenibacillus castaneae 12 :l
Paenibacillus taichungensis 18

2. ETHRENREFANEMBHENRLIR

Figure 2. Clustering analysis of the quantification of bacillus colonizing on the surface based on the lichen samples.
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Rescaled Distance Cluster Combine
CASE 0 5 10 15 20 25

Label Num += fm——— e ————— e ———————— o ——————— +

Cladonia 1 A=3.0

Hypogymn 2

Umbilica 6

Stereoca 5

Menegazz 3 —

Physcia 4

L ETREFEANEMBHENHRERESH
Figure 3. Clustering analysis of the lichen samples based on the quantification of bacillus isolated from the surface.
R4 TERBHRMALEFATEMNLERYE
Table 4. Species and quantification of bacillus endophyte in different lichen samples
Strain Quantification of bacillus endophyte in different lichen samples ( x 10? cfu/g)
Cladonia Menegazzia Stereocaulon

Bacillus mycoides 6.57 0 0
Brevibacillus invocatus 0 0 7. 66
Lysinibacillus xylanilyticus 0 6.07 0
Paenibacillus amylolyticus 0 0 7. 66
Paenibacillus chitinolyticus 0.36 0 0
Paenibacillus odorifer 0 102 0
Paenibacillus taichungensis 0 6.35 148
Paenibacillus uliginis 0 0 7. 66
Viridibacillus arenost 0 0.34 0
total 6.93 114.76 170. 98

N DX AN T) A2 25 A6 TR bl A B, DLEF A
T (0 2505 FiE b~ DASE AT B ol 2 D A, T RK G
BB VR T A PN 2B EF SRR G R R AT R SR
H EER I 40 24N =17.9 W, AKX 2y AR 2E A
FEBORNOBE Ok 3 B — 2K P

Dendrogram using Average Linkage (Between Groups)

uliginis

Brevibacillus invocatus~P. amylolyticus %5 7 Fh ZF 4T
W FURFAE 2 AR R D 5 38 P odorifer —
FZE AT S, PR RE R R 2 B Ky P
taichungensis — Bl , FARFAE & £ &= Q.

Rescaled Distance Cluster Combine

CASE 0 10 15 20 25
Label Num  4-—-——-—- - t—— ——tm—— R +
Paenibacillus uliginis 1=179

Paenibacillus invocatus
Paenibacillus amylolytic

Paenibacillus chitinol
Viridibacillus arenosi
Lysinibacillus xylanilyticus
Bacillus mycoides
Paenibacillus odorifer

o O e D~ — L b

Paenibacillus taichungensis

4. ETHREMNALEFATEMNERLSH

Figure 4. Clustering analysis of endophyte quantification of bacillus based on the lichen samples.

2.4 FRANBEEAREKRPSHHZ M

AT ZF ST B AR A () ) AR L LR 5 B
mycoides J& 73 Aii 5 ) IR 4 FRLUFT BRRR S, A8 IR MR ACE
WIIEE A SR AL AR R B A SR A

AL TR TP AT AE A S AR ER T AR AS [R) H A Hh ) A RE 2
22K BT UL 2R T 4R B K A 0. 04638 ;
L. xylanilyticus 77471 85 J& 3 11 LA S AL 4K g B A 38
FAMHSAT 704> H 2 FEE 45 ol K P taichungensis
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AT 3 P AR AR, HOPE 50 o 5 K, B 2 FF 1 45
BHNAK s B. agri Al P. odorifer, #84E7E T 2 P 4k
o, 23 0 R S < I I A S AT I B A L FL A

{B B. agri ) £ ¥ 38 0 F K B. acidiceler- P.
S A 19 Fh2F fAT R #H

FAAE T — P AC, ZREESRECN 0.

panacisoli K1 V. arenosi

RS ARFAFEEBRPEDH

Table 5. Quantification of different bacillus colonizing on the surface and endophyte in different lichen samples

Quantification of different bacillus ( x 10% cfu/g)

SHANN-

Strain Cladonia Hypogymnia Menegazzia Physcia Stereocaulon Umbilicaria

Ext Int Ext Int Ext Int Ext Int Ext Int Ext Int ON(H)
Bacillus acidiceler 0 0 0 0 0.52 0 0 0 0 0 0 0 0
Bacillus aerophilus 1. 31 0 0 0 0 0 0 0 0 0 0 0 0
Bacillus aryabhattai 0 0 0 0 0 0 0 0 3.83 0 0 0 0
Bacillus endoradicis 0 0 0 0 0 0 0 0 0.30 0 0 0 0
Bacillus luciferensis 0 0 0 0 847 0 0 0 0 0 0 0 0
Bacillus mycoides 2.62  6.57 0 0 11.6 0 4870 0 0.30 0 0 0 0. 0463
Bacillus nealsonit 0 0 3.47 0 0 0 0 0 0 0 0 0 0
Bacillus tequilensis 0 0 0 0 0 0 0 0 16.4 0 0 0 0
Brevibacillus agri 0 0 3.47 0 0 0 0 0 169 0 0 0 0.1 421
Brevibacillus invocatus 0 0 0 0 0 0 0 0 0 7. 66 0 0 0
Lysinibacillus fusiformis 0 0 0 0 6. 88 0 0 0 0 0 0 0 0
Lysinibacillus xylanilyticus 1.31 0 0 0 1.72 6.07 0 0 0 0 0 0 1.2464
Paenibacillus amylolyticus 0 0 0 0 0 0 0 0 0 7. 66 0 0 0
Paenibacillus castaneae 0 0 0 0 0 0 6430 0 0 0 0 0 0
Paenibacillus chitinolyticus 0 0.36 0 0 0 0 0 0 0 0 0 0 0
Paenibacillus chondroitinus 0 0 0 0 3.18 0 0 0 0 0 0 0 0
Paenibacillus durus 0 0 0 0 0 0 438 0 0 0 0 0 0
Paenibacillus humicus 0 0 0 0 0 0 0 0 0 0 26.3 0 0
Paenibacillus odorifer 0 0 0 0 0 102 0 0 0.61 0 0 0 0.0525
Paenibacillus panacisoli 0 0 0 0 0 0 0 0 3.83 0 0 0 0
Paenibacillus taichungensis 0 0 0 0 0 6.35 26800 O 0 148 0 0. 0523
Paenibacillus terrigena 0 0 0 0 0 0 0 0 0.77 0 0 0 0
Paenibacillus uliginis 0 0 0 0 0 0 0 0 0 7.66 0 0 0
Viridibacillus arenosi 0 0 0 0 0 0.34 0 0 0 0 0 0 0
Total 2.62  6.93 6.94 0 870.9 114.76 38538 0 195.04 170.98 26.3 0

h D53 AN TR) ZF AT T AR & A A R T Y 2
Ati B T R iR, LAZF BT B A0 R D 4R B S DL AR
TR 8 O FE A S T BRI B B 32500 28 1R AT T 11 ol T
BT RERK, SR IWE S 2 N =59 I, ok
X M A 3 25 IR R AR L P AR SE AT B A B oA
32K —2 U P. taichungensis 1 Fh, HR51F & Ff
B R KB J5H P. castaneae 1 B. mycoides 2
B2 AT WL BPORE BB BROK W = R A OB
aryabhattai~P. panacisoli~P. odorifer 55 21 Fh % il 4T
BT JLARF AL S A B b

3 itig

RUF A th G AR (7 2 Bl 7 ) 5 3G

A (LR BB ) 210 S AR B A (R It AN B
AN — S R0 Al W 2 b B A 3L A ke B
WIRIBE SR W, Mo A T A7 A2 2 Al B A T 27E T
A, tn [ A& B (Aztobacter) IR B )& (Clostridium)
HVE P 0 3 & (Pseudomonas) %17 5 3 4 K, B 45 4%
T N R BB R kR, R BT
(Acidobacteria) ~ i £k B ] ( Actinobacteria) « J5 B¥ B
[] (Firmicutes) 2% J& & ] (Proteobacteria) 25 ff] £ 4~
Ja 1 A R AR T A 3L AR T 1 R
TR R AW TN A E T AR AL AR 55
6 /> AN [] T M AAF it v o3 8 30 3R AR S AR SR AT R
34 KK, 2 E T 5 AN E 24 ANFE (1 AR O BEALE
Fifr) > e 28 25 A0 R 1R AT 2 AR B TR AR 2 ) AT
1412 #k» g 0 35w #k > 28 AT w1 R #2412 28 4
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Rescaled Distance Cluster Combine

CASE 0 5 10 15 20 25
Label Num +-—-—————- =t + f—— p—— +
Paenibacillus amylolyticus 13 —
Paenibacillus uliginis 23—
Brevibacillus invocatus 10 -
Bacillus arvabhattai 3 -
Paenibacillus panacisoli 20 -
Bacillus endoradicis 4 -
Viridibacillus arenosi 24 -
Paenibacillus chitinolvticus 15
Bacillus acidiceler 1 - 1=5.9
Paenibacillus terrigena 22 -
Bacillus aerophilus 2
Paenibacillus chondroitinus 16
Bacillus nealsonii 7 -
Lysinibacillus xylanilyticus 12 -
Lysinibacillus fusiformis 11 -
Bacillus tequilensis 8 -
Paenibacillus humicus 18 -
Paenibacillus odorifer 19 -
Brevibacillus agri 9
Paenibacillus durus 17
Bacillus Iuciferensis 5 -
Bacillus mycoides 6 B
Paenibacillus castaneae 14
Paenibacillus taichungensis 21

5. FRFRAFEMMBERERESH

Figure 5. Clustering analysis on concentration of different bacillus colonizing on the surface and

endophyte in different lichen samples.
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Diversity of Bacillus species inhabiting on the surface and
endophyte of lichens collected from Wuyi Mountain

Cibin Ge', Bo Liu'", Jianmei Che', Meichun Chen', Guohong Liu', Jiangchun Wei’

'Institute of Agrobiological Resources, Fujian Academy of Agricultural Sciences, Fuzhou 350003, Fujian Province, China

*State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

Abstract: [Objective] The present work reported the isolation, identification and diversity of Bacillus species colonizing
on the surface and endophyte in lichens collected from Wuyi Mountain. [Methods] Nine lichen samples of Evernia,
Stereocaulon, Menegazzia and other 6 genera belonging to 7 families were collected from Wuyi mountain nature reserve.
The bacillusdike species colonizing on the surface and endophyte in these lichens were isolated and identified by 16S
rRNA gene sequence analysis. [Results] There was no bacillusdike species isolated from Evernia, Ramalina and
Lecarona. A total of 34 bacillusdike bacteria were isolated from another 6 lichen samples. These bacteria were identified
as 24 species and were classified into Bacillus, Paenibacillus, Brevibacillus, Lysinibacillus and Viridiibacillus.
Paenibacillus and Bacillus are the dominant genera, and accounting for 41.2% and 35.3% of all isolated bacteria
respectively. Brevibacillus, Lysinibacillus and Viridiibacillu were first reported being isolated from lichens. There were
different species and quantity of bacillus colonizing on the surface and endophyte in different lichens. The quantity of
bacillus colonizing on the surface of Physcia was more than 3. 85 x 10° c¢fu/g and was the largest in the isolated bacteria,
while the species of bacillus colonizing on the surface and endophyte in Stereocaulon was the most abundant. Most of the
isolated bacteria were colonizing on (in) one lichen genera, but Paenibacillus taichungensis, Paenibacillus odorifer,
Brevibacillus agri, Lysinibacillus xylanilyticus was respectively colonizing on (in) 2-3 lichen genera and Bacillus mycoides
was colonizing on (in) Menegazzia, Cladonia Physcia, and Stereocaulon. [Conclusion] There are species and quantity
diversity of bacillus colonizing on (in) lichens.

Keywords: lichen, endophyte, bacillus, diversity, Wuyi Mountain
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