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Diversity of phyllospheric and endophytic culturable
microorganisms in Androsace tapete of the Qinghai-Tibetan
Plateau

ZHU Pan', XUE Wenkai', LI Xiaoyan 2, LIU Xing "

1 Laboratory of Extreme Environment Biological Resources and Adaptive Evolution, Research Center for Ecology,
College of Science, Tibet University, Lhasa 850000, Tibet, China
2 College of Life Sciences, Wuhan University, Wuhan 430072, Hubei, China

Abstract: [Background] Androsace tapete is the representative cushion plant species on the
Qinghai-Tibetan Plateau, and the phyllospheric and intrafoliar microorganisms are important for
this species to adapt to the extreme environment and are also a unique resource. [Objective] To
investigate the diversity of phyllospheric and endophytic culturable microorganisms in 4. tapete
and the differences in the microorganisms between living and dead individuals. [Methods]
Phyllospheric and intrafoliar bacteria, yeasts, and filamentous fungi were isolated from A. tapete
in three different regions by pure culture, purified, and identified based on 16S rRNA and ITS
sequence analysis. [Results] A total of 350 phyllospheric strains (49 species in 22 genera) were
identified, with the dominant species of Penicillium sajarovii, and 274 endophytic culturable
strains (45 species in 19 genera) were screened out, with the dominant species of Bacillus
mycoides. The two shared the dominant Penicillium. The difference in alpha diversity between
phyllospheric and intrafoliar microorganisms of A. fapete and between the living and dead
individuals was mostly not significant. The communities shared some members, but there was
significant spatial heterogeneity in species composition. [Conclusion] There are abundant
culturable phyllospheric and intrafoliar microbial resources in A. tapete, and the species
composition was remarkably different between living and dead individuals and between
different parts of the leaf, and the selection preferences of microorganisms for different
environments result in different community patterns. However, the microbial communities from
different sources shared a high proportion of strains, and the heterotrophic mode and ecological
niche of these shared strains are not fixed. The heterotrophic pattern and the niches of the shared
strains are not fixed. They can survive by both symbiosis and saprophytism, and the living space
has no clear boundary. The purified strains can be used for the development and utilization of
functional strains.

Keywords: Qinghai-Tibetan Plateau; Androsace tapete; phyllospheric culturable microorganism;
endophytic culturable microorganism
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Table 1 Information of sampling sites
Site Longitude and latitude  Altitude (m) Air temperature ('C) Air humidity (%) Light intensity (1x)
Mila Mountain (MLS) E 92.365 032° 4900 15.4 46.4 42956
N 29.817 694°
Qiala Mountain (QLS) E 91.275 797° 4767 13.3 28.3 12 008
N 30.113 067°
Karola Glacier (KRL) E 90.224 676° 4789 16.7 9.1 19 478

N 28.898 962°
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Figure 1

Composition and distribution of phyllospheric culturable microorganisms of Androsace tapete at

each site. Alive: The surviving individuals of Androsace tapete; Dead: The dead individuals of Androsace
tapete; QLS, KRL and MLS: Sampling sites Qiala Mountain, Karuola and Mila Mountain, respectively.

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



18 A

IR R Microbiol. China

5@ 8 Fly ZARITIN 200 Bk, 78 23 Fi, AR
I BRGAE YA AL LB R s, H ARl
PIFRALIR T 2%, A7 128 Bk, 35 By HUORKAL
103 #k, 31 ks fRJm i RAAHE 119 k&, 28 Fifr.
Ry i 25 RGP A W A
PR, XA P bk R AT 204 .
Bl 2 JeoR , ZEROKAE AR ERERT 5 IR ARIR IR
N Penicillium sajarovii (9.14%) . Fusarium
tricinctum (7.43%) . Fusarium
(6.29%) . baetica (5.43%)
Pseudomonas koreensis (5.14%), F:HHj 3 fiky
NYIRETE , J5 2 P R4, Penicillium sajarovii
FERE, LR K 3 s, TEEKF B
X FE R S B HIK A Penicillium (23.71%) .
Fusarium (17.71%) . Pseudomonas (15.71%) .

acuminatum

Pseudomonas

iFFEE R 72.00%, Penicillium F£ERE, ML
#E,
2.1.2 BRSMIEEESRT AN RN BRA ST
WMEE o MR EEE

R RGEHAR S AE TS 5 FE TR R
AR Z N2, Ul o 205
XAEIE GRT AR BT E ik T . 4
WK 4 pros, #eR S HAIET-ARR goods
coverage T8 54N, A 7 FhEFEERE A IME
wm TAAEANE, AFENERIFARE
(P>0.05) o 72 BHHIR 55 M S0 T FIAE 16 A AR B
WEEY Z AR, (B R 25 5R
2.1.3 BIRSHETEE S50 T A A B R BR AT 3
FREHR B LBFFMBERKS

R 2 Fron, HOWR S A A TS SR bR ]
R UE YR BRSO B, Horp TR 3 B,

Cladosporium (9.43%)#1 Naganishia (5.43%), 3t AN EIL 5.14%; BERERE 4 Fh, AHXTEE
1.14% % ~1.14% 1.14%
1.43% 1114% \11|M : '
. 40/\
1.71%
2.00%
2.29% _—1 5.14%
2.86%
3.14% 55.43%
3.14%
3.43% |
9.14% 4.29%
3.43% .
//"—Io()% 4.00%
= Others » Fusarium petersiae u Penicillium griseoroseum

Aureobasidium pullulans

m Pseudomonas simiae

® Variovorax paradoxus

= Brevibacterium frigoritolerans
Naganishia albida

® Penicillium sajarovii

= Pseudomonas baetica

u Pantoea agglomerans

Cladosporium cladosporioides

2 Bk m B PR ATE SR A MK T R AR XY

= Cladosporium subuliforme

® Penicillium wellingtonense

m Alternaria tellustris

= Paenarthrobacter aurescens

» Cladosporium pseudocladosporioides
® Fusarium tricinctum

® Pseudomonas koreensis

Naganishia adeliensis

= Neurospora tetraspora

® Bacillus mycoides

m Mortierella alpina
Pseudomonas mandelii

= Penicillium goetzii

® Fusarium acuminatum

m Penicillium raistrickii

Mrakia cryoconiti

Others "M AHXT F EALT 1% B Fh

Figure 2 Relative abundance of phyllospheric culturable microorganisms at the species level in the
Androsace tapete. Others are species with relative abundance less than 1%.
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Relative abundance of phyllospheric culturable microorganisms at the genus level in the

Androsace tapete. Others are genera with relative abundance less than 1%.
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Figure 4 Comparison of phyllospheric microorganisms alpha diversity index between alive and dead
individuals of Androsace tapete. PM-A (phyllospheric microganism-alive): The phyllospheric
microorganisms of surviving individuals in Androsace tapete; PM-D (phyllospheric microganism-dead): The
phyllospheric microorganisms of dead individuals in Androsace tapete.
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Table 2 Comparison of dominant groups and unique strains of phyllospheric culturable microorganisms
between alive and dead individuals of Androsace tapete

Strains unique to the
alive individuals

Dominant group of alive
individuals

Dominant group of dead
individuals

Strain unique to the dead
individuals

Pseudomonas mandelii

Penicillium sajarovii (9.71%)°

Penicillium sajarovii (8.57%)°

Penicillium wellingtonense

(2.29%)* (4.00%)°

Pseudomonas Penicillium raistrickii (7.43%)° Fusarium tricinctum (8.00%)°  Brevibacterium

helmanticensis (1.71%)* frigoritolerans (2.29%)*

Pseudomonas poae Pseudomonas baetica (6.86%)* Fusarium acuminatum (7.43%)° Paenarthrobacter aurescens

(1.14%)" (2.29%)"

Debaryomyces fabryi Fusarium tricinctum (6.86%)°  Naganishia adeliensis (6.86%)°  Cladosporium

(1.14%)° pseudocladosporioides (2.29%)°

Debaryomyces hansenii Pantoea agglomerans (6.29%)" Pseudomonas koreensis (6.29%)* Penicillium aurantiogriseum

(1.14%)° (1.71%)°

Fusarium oxysporum Cladosporium subuliforme Aureobasidium pullulans (4.57)° Penicillium solitum (1.14%)°

(1.14%)° (5.71%)°

Mrakia aquatica (0.57%)b Cladosporium cladosporioides Pseudomonas baetica (4.00%)*  Peribacillus muralis (1.14%)*
(5.14%)°

Rhodotorula mucilaginosa  Fusarium acuminatum (5.14%)° Neurospora tetraspora (4.00%)° Rossellomorea oryzaecorticis

N N

(0.57%)" (1.14%)*

Cladosporium tenuissimum Penicillium griseoroseum Penicillium wellingtonense Bacillus toyonensis (0.57%)*

(0.57%)° (5.14%)° (4.00%)°

- Mrakia cryoconiti (4.57%)° Mrakia cryoconiti (3.43%)° Chryseobacterium lactis (0.57%)"

- - - Pseudomonas graminis (0.57%)*

- - - Alternaria chlamydosporigena
(0.57%)°

- - - Asordaria humana (0.57%)°

SO COMNFRORANTA | REEEE 2R LA S T A BCh A BRRAARRS R - JEEURE

2 ® ©indicate bacteria, yeast and filamentous fungi respectively; The number in parentheses is the relative abundance of each

strain; —: No data.

100% = Acinetobacter johnsonii = Bacillus mycoides Bacteria
= Bacillus simplex Bacillus butanolivorans
s Brevibacterium frigoritoleranss Pseudomonas sp.
0% u Peribacillus simplex » Pseudomonas baetica
° ﬁ u Pseudomonas simiae u Pseudomonas koreensis
I u Pseudomonas helmanticensis wPantoea agglomerans
‘ = Paenarthrobacter aurescens = Pseudomonas graminis
60% Peribacillus muralis Paraburkholderia fungorum
» Pseudomonas mandelii = Variovorax paradoxus
= Debaryomyces fabryi = Debaryomyces hansenii Yeast
- H u Debaryomyces prosopidis = Mrakia cryoconiti
40% = Mrakia aquatica = Naganishia adeliensis
= Rhodotorula mucilaginosa| — «Alternaria alternata Filamentous
Alternaria 1ellusiris Alternaria chlamydosporigena ¢ - .
Asordaria humana_ Cladosporium cladosporioides "8
20% . %’lado;pormm variabile w Didymella pomorum
= [rusarium acuminatum w Fusarium tricinctum
! ‘ = Fusarium petersiae Fusari
« Fusarium avenaceum =Lusarium oXysporum
l Penicillium goetzii Penicillium sajarovii
Penicillium griseoroseum

Penicillium rubens
= Penicillium solitum
u Penicillium raistrickii

0
Alive Dead Alive Dead Alive Dead
QLS KRL MLS u Penicillium aurantiogriseum

5 BRAOMEAETEFRREYESHESNEARTSIE  Alive URHR M ££7E 14 ; Dead
FRFHOR S AR FET A QLS. KRL, MLS 43 HICFERAE MG Pl . RS RORUK R L
Figure 5 Composition and distribution of endophytic culturable microorganisms of Androsace tapete at

each site. Alive: The surviving individuals of Androsace tapete; Dead: The dead individuals of Androsace
tapete; QLS, KRL and MLS: Sampling sites Qiala Mountain, Karuola and Mila Mountain, respectively.

Penicillium polonicum
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m Others

= Brevibacterium frigoritolerans

u Alternaria tellustris

m Pseudomonas sp.

® Pseudomonas simiae
Cladosporium cladosporioides

u Bacillus butanolivorans

w Penicillium solitum

u Acinetobacter johnsonii
Pseudomonas baetica

u Fusarium tricinctum

6 RSt NEREFMENMKFIENFERE

u Debaryomyces prosopidis

u Pseudomonas helmanticensis
® Penicillium goetzii

m Pseudomonas graminis

u Pseudomonas koreensis

u Penicillium griseoroseum

® Rhodotorula mucilaginosa

® Penicillium aurantiogriseum
= Bacillus simplex

= Fusarium acuminatum

® Bacillus mycoides

u Didymella pomorum

8 Paenarthrobacter aurescens

u Penicillium polonicum

u Debaryomyces hansenii

u Variovorax paradoxus

u Penicillium rubens

u Penicillium sajarovii

u Fusarium oxysporum
Peribacillus simplex

u Pantoea agglomerans

Others A AHXS 4= BEAR T 1% A TR Rl

Figure 6 Relative abundance of endophytic culturable microorganisms at the species level in the Androsace
tapete. Others are species with relative abundance less than 1%.
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= Penicillium

B7 BRLMGRHETFRNENEDRKTFMENFEE

= Mrakia

= Didymella
= Variovorax = Alternaria

= Debaryomyces
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= Acinetobacter

= Pseudomonas

16.79%
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= Rhodotorula
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Others AMAHXTFEMLT 1% M8

Figure 7 Relative abundance of endophytic culturable microorganisms at the genus level in the Androsace
tapete. Others are genera with relative abundance less than 1%.
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WEME o BB @%ﬁi&iﬁ%t/ﬁﬂ? Chaol 5% ACE 15 %L
PO AR AT A A7 5 SR TS A TR] P9 2 T b, HAt 2 REPE RS RO S X R T A,
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0.95
0.92-
* — 0.90-
K S
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,o hot o
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— . ACE
P=0.7, 00 1, GoodS coverage il P=0.1
18
35-
0.90-
16 -
30+ 0.85-
14 .
25 ] 0.80
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= . 0.70‘ -
‘ | 15 ! ‘ | ‘
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B8 BRAMWHBEESRCTAHNKMAEMEYE o« SHMEHEHLEER EM-A (endophytic
microganism-alive): HCR S A IE AR N A5 E 4 ; EM-D (endophytic microganism-dead): iR &
HAFE T AN N A T )

Figure 8 Comparison of endophytic microorganisms alpha diversity index between alive and dead
individuals of Androsace tapete. EM-A (endophytic microganism-alive): The endophytic microorganisms of
surviving individuals in Androsace tapete; EM-D (endophytic microganism-dead): The endophytic
microorganisms of dead individuals in Androsace tapete.
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A= F N ERIFA B E(P>0.05),
223 BRSMIEETE ST AKRIE R E A
FHEMR B LB EREKD T

W 3 i, HOR S M7 iE AR P AR ]
BRSO A PR AREE 6 B, R AHTE, AH
X AL 10.00% 0 26 A7 A 1A A AR X 3 B
10 R PLFASERE, Hoh 4w 5 b, AEXT R
JESETT 40.00%; 22RE TR 5 B, AR RS
26.00%. FET-AMAMA M B RESE 14 Fh, L
W4 B, AEXTFE R 13.22%; BERER 4 i,
X E R 4.01%; Z2REHE 6 Fh, MHXTFE
BESETE 12.06% o 3 58 T A 4 o A X =E R i

10 AR AR PEFSERE, P gi 7 F, AHXS
FREEAIT 31.62%; ZARELH 3 A, MM
it 17.25%.

WA, BRSO S5 IE T AR N A T
BE IR UE A bR 25 B, AR R 22 A3
i 90.00%F1 70.71%. PRIt , BOIR s MM A7 5
FE T AN AC B A A= T R IR AR ) DR 43 B A
L, A RS 5 H 10.00%F1 29.29% TEFE
TR W T bk B, Peribacillus  simplex
(6.90%) . (4.60%) .
Penicillium griseoroseum (3.45%)J& TALT- A
DEHERE, AETE DM TR T

Penicillium sajarovii

*3 BRASMEEESRECTMMEEALEAERREYHRE XM EKILR

Table 3 Comparison of dominant groups and unique strains of endophytic culturable microorganisms
between alive and dead individuals of Androsace tapete

Strains unique to the alive
individuals

Alternaria alternate (2.00%)"

Dominant group of dead
individuals

Strain unique to the dead
individuals
Peribacillus simplex (6.90%)"

Penicillium sajarovii

Dominant group of alive
individuals
Bacillus mycoides (14.00%)"

Pantoea agglomerans (11.00%)" Peribacillus simplex (6.90%)"

Fusarium tricinctum (8.05%)°

Cladosporium variabile

(2.00%)* (4.60%)°
Fusarium avenaceum (2.00%)* Pseudomonas baetica (8.00%)" Bacillus simplex (5.17%)* Penicillium griseoroseum
(3.45%)°
Penicillium raistrickii (2.00%)* Fusarium acuminatum (6.00%)° Acinetobacter johnsonii Pseudomonas graminis
(4.60%)* (2.87%)*

Peribacillus muralis (1.00%)* Pantoea agglomerans (4.60%)* Brevibacterium
frigoritolerans (2.30%)*

Fusarium acuminatum (4.60%)° Penicillium goetzii

Fusarium oxysporum (6.00%)°

Paraburkholderia fungorum Cladosporium cladosporioides

(1.00%)" (5.00%)° (2.30%)°
- Fusarium tricinctum (5.00%)¢  Penicillium sajarovii (4.60%)° Debaryomyces prosopidis
(1.72%)°
- Pseudomonas sp. (4.00%)* Bacillus mycoides (3.45%)* Pseudomonas mandelii
(1.15%)?
- Penicillium aurantiogriseum Bacillus butanolivorans Debaryomyces fabryi
(4.00%)° (3.45%)* (1.15%)"
- Acinetobacter johnsonii Pseudomonas baetica (3.45%)* Mrakia aquatic (0.57%)°
(3.00%)*
- - - Naganishia adeliensis
(0.57%)°
- - - Alternaria

C

chlamydosporigena (0.57%)
Asordaria humana
(0.57%)°

Fusarium petersiae (0.57%)°

YA BERRI S 20RECHE FESIRCH S ERIAIXE R - R

% Bacteria, °: Yeast; ©: Filamentous fungi; The number in parentheses is the relative abundance of each strain; —: No data.
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AR FRIAE Y, AEIE FIFE TSR (8] P o 2H
2 I AR o TN A BUE Y R PR A )
IR EAE R, REMEFRICFEERI] ZHN
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JCAR T, AN [R] ) A 77 25 AL AL T HoR A
Mt It P55 P9 AR AT SR Gl A M A 2 R 5
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Figure 9 Pearson correlation clustering heat map of species composition in Androsace tapete at each site.
QLS, KRL, MLS: Sampling sites Qiala Mountain, Karuola and Mila Mountain respectively; PM: The
interleaf microorganisms of the Androsace tapete (phyllospheric microganism); EM: The endophytic
microorganisms of the Androsace tapete respectively (endophytic microganism); A: The surviving
individuals of the Androsace tapete (alive); D: The dead individuals of the Androsace tapete (dead).
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Figure 10 Comparison of phyllospheric and endophytic culturable microorganisms alpha diversity index in

Androsace tapete.
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Figure 11

Analysis of spatial variation of phyllospheric and endophytic microbial species composition in

Androsace tapete. A: NMDS analysis. B: ANOSIM analysis. Between is the difference between the
phyllospheric and endophytic microganism of Androsace tapete.
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Figure 12 Multi-set Venn diagram of species composition between phyllospheric and endophytic culturable
microorganisms in the Androsace tapete. Black dots indicate the strains unique to the sample; Dotted line
graph indicates the strains shared between samples; The number on the bar graph indicates the number of
species shared between samples; The left bar graph indicates the number of species in each sample.
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Penicillium Fl Bacillus mycoides 53 3| L H# )&
AR, T8 KR DL AR B 5 v (R R
FRE L 70.80%) . HOR AR 1 A AR TG IR A
Yo L RERO RN AT bR, A 14 Bl FER
J& (Penicillium) & R VA 45 F A HLWY) it A Bk It 19
W ERNZ —, A ET R e
78 RIS R i A5 2 R AR BE rp 4T SOk
B b B0 8 v 1 S 2R S5 ML RE D
Pt RAFIE FRIAEL, B3Rk B AR,
EATERE EZ M E R R, H AL GUEY)
AR, ORT RER  E T AR IR S A
I R TP AR B A 0 R O B T i A B S T
HOR ZE AT 18 (Bacillus mycoides)RE ™A 7 1E W)

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



NEESE: T SR IR AR B S A A RIS TR AE D 2 AR 29

J5T B ) 86 B G g A, H B B
FIAERE Y1 3 BT (o e TR S 55 2500120, i s
S Ry AR AR A S i D A

T 3R HE ORI 5 AR T A A
PRANAE AT EE SR AR, P AEYIR) o 24
I TC % 22 5, (BAEY RN I A R 22001
TEM BRI, ARG A A AR 9 Fh,
MR EREH L Penicillium sajarovii (9.71%) .
Penicillium raistrickii (7.43%)#1 Pseudomonas
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(8.00%) K &, HHANE 5 F1(40.00%) . 224K HE
M 5 F1(26.00%) FET-MMAMA AT 14 Fl,
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(5.17%) M, HHgE 7 #(31.62%). ZRE
B 3 Fh(17.25%).
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Penicillium  sajarovii Fusarium

WL, SRR T B AR T PR B e e
HLAR B T B 5w A ) kAR AR A A R A A
SOLHHEE T B0 T R E FE S Y o TESE T MA
A EE Cladosporium pseudocladosporioides
JE LA R SR S R 1 o D A T
solitum BE 1% 5| 2 i 21 46 Bk 25 (4 )5 B2 17
Alternaria chlamydosporigena H&-5 ZUZ i i) - BE
R, IR DU SR S A AT AR RR A
AR S UG B AT R i IR A AR A
SRFET- IR 2 — o AR BOIR s S S At T
AN R BRI P AT RS SRR A P i e 2 2
5, AT RE R HOIR S AE T 5 B IR RS R Kk
A RS T i Y o A B R IR S A Y FE T L
TS R AR B RIS A, BT AT A S0
BEARECR S AE G 5 B8 T A I B
P ] B SRR M R R A R AR 2E R, O
HASERAT G AR, (B R YR e
FRUBEAR o FEMFBRAT BSR4 b, EA T
R B AR X B2 22 #0053 S0l o5 A TR S AR T A R Y
89.73%A 81.15%. fEWNE TSR, 3L
A TR PR AR T B Z A ) S A SRR T A A
f5°90.00%71 70.71%c 2 A Bl 4 A= 7] 55 571
AW 53R DT R Z IR E , TEHOIR S A 1)
FEIEFBE T MR TR S REAE G, B Se 3 1 1

Penicillium

FEM AT LRI A B A A
3.2 BRSNS AERERHEY
B9 LEB

B ] 15 SRR MR A A T B SRR Y 2
FEPERE R, X5 Agler S RUWT ST 4SR5 N AR T
APIREARLE , I B iR A R BT BN 224
BB T AR SR PR S N AR T R
WA B Z A IR, B B A 0
o ZAETEIRBCEI LGS, KR EESR,
TEP R AL EAFAE B 5 s () e it . R
DLH I 3290 75 55 & (Penicillium) , A BRFR 53531

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



30

(DGX7ES ik

Microbiol. China

A 14 FhA 10 B, mEBRA Y AR SSERE L
(9.14%) .
tricinctum (7.43%) . Fusarium acuminatum (6.29%)
SETR RO A, TN AR AR W R O B S v L
Bacillus mycoides (7.30%). Fusarium tricinctum
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Table 4 Comparison of phyllospheric or endophytic culturable microorganisms of Androsace tapete and other plants

The plants studied Part Species of strain Dominant Dominant species Number of genus
genera and species

Androsace tapete Phyllosphere Bacteria and fungi Penicillium Penicillium sajarovii 22 genus, 49 species

Maize!®" Phyllosphere Nitrogen-fixing bacteria Bacillus Bacillus pumilus 16 genus, 24 species

Bananal®! Phyllosphere Antagonistic bacteria  Bacillus Bacillus subtilis -

Mpycosphaerella fijiensis

Rapel®” Phyllosphere Bacteria Bacillus - -

Androsace tapete Intrafoliar Bacteria and fungi Penicillium Bacillus mycoides 19 genus, 45 species

Medicinal plants!®* Intrafoliar Bacteria and fungi Bacillus - -

Kobreasia Intra-root, Bacteria Bacillus - 11 genus,

capillifoliat® intra-stem, 43 species
intra-flower

Cannabis sativa L. Intrafoliar,  Bacteria and fungi Pseudomonas — Bacteria 18 genus,
intra-petiole, Aureobasidium fungus 13 genus
intra-seed

Oryza sativat®™ intra-seed Bacteria Bacillus Bacillus subtilis -

Leontopodium Intra-root, Bacteria Pseudomonas — 18 genus,

nanum'®” intra-stem, Bacillus 52 species
intrafoliar,
intra-seed

—: JoHUE

—: No data.
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A3t I R T P A T B R AR Y ) T R RS
Berm, X T RES AR SCRIF AT B9 Tk A P R S R 68
G FRIL I 2 K REAEY W BrA Py A mT
B I3 G0 ) O 3R Y 2R A B 8 (Bacillus)
ARSI R 75 B R (Penicillium), {BAEAH
WERE Bacillus [FIFESAEHE . EWNIMNE X
NN B = v A B S S T T T P et
B R Y BT 2 K 2 4 PR R VB R 2
FHAED b, T AR5 0 TRk 3 8 LA 1 A
THREBE MR 3, X5 21 Bk 09 D RE I FH 1T E
BT ZRAR . TR AR 0 i BroFn py A= m]
B R BAEY s FN IR B s =, X
W8 T S5 A R WA 5 B K IT
RS, ki —B %%,

4 Hik

HOIR S AR I B AT PN A= ] 55 SR TR R
FPEl I8 F 5 o e A rh, A aE
10 J& 18 Fi, WEREE 5 )8 8 Fl, ZOREH 7 )8
23 Fi, M Penicillium 1 Penicillium sajarovii
SRR E A A ENAERCES T, A
MG O Jm 18 Bl BERFE 4 J& 7 Bl 2Z2RETH
6 J& 20 Bl', Penicillium 1 Bacillus mycoides G
Sl R A S A F Al

HOR S H A A7 5 SE T A iR RN A
A FRMAEY) o 2RO R 2R, TEWRD
R b, AR RO, (B
REK PR RO AR 5, R IX S AT oA
Wi 3% 07 oA E AT DU A= A AR AR
ffo TEICT-ARBA R PR T, Cladosporium
pseudocladosporioides . Penicillium solitum F
Alternaria chlamydosporigena C %% UESZ MY
AR DA

HOR A H A R 5N AR ] B IR T W T
o ZHMIRR ERZ R EES, HEWH

b, ZEAAE R E RS R A R

AR R LR . R AP REZMUEY

(RSO IEAN T E , AR A7 (R AT B 1 SRR

55 A AR ) 60 I PR BN AR AT B R I YA

o IR S A BRAT N A AT R SRR YR £

# iiﬁcm, P& 5 R AP0 PR N Az AT

BRI R AR 22 5, AHAEAS ST 20 18
KHE, Bacillus [RIFE A LH
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