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3 R EE 2 WS PT . dEET 100081

WSO, TRdw, K, Wae, KR, RPN, IR, TR, & SO RO R AL Ce8001 Fe AT ORI A )],
AR E R, 2025, 52(2): 703-712.

SHI Wenjian, XU Lei, ZHANG Ze, YANG Rui, ZHANG Guangzhi, XU Xiaofeng, XIN Lingxiang, WANG Nan, XIN Ting.
Construction of an insertional mutant library of Mycobacterium tuberculosis variant bovis[J]. Microbiology China, 2025, 52(2):
703-712.

B E: (37480 BAFE F T (Mycobacterium tuberculosis variant bovis) ¥ vA B 3 A F= % FF
DY, REEZHALEEREE. (B8] DS oBAFEFTA C68001 AB/HEKEH, A
MycoMar T7 44 & F % %, MEL IV EF T RERE, HRNKREEIBIFEHF LA L
B 2 fe A B R AL A BB AR 6. [F %] v C68001 AF KE Ak, x4 % B /F 7| #4754 T
bt AR EE R, RACERARY LM AR LS, RS ESNEBSBTE 4 LA C68001
REMRE, [4R] AT Nanopore Z K An Z KM FH AL H mE K F 287 RE, C68001 47 A&
B 40 K /s 4 4.342 Mb, 24 4 093 NN E R 75 i BB A B 4Kk, F LiE A & T 1x10" PFU/mL,
VAR # B %% (multiplicity of infection, MOI)# 10 42 4 H #& C68001 3 h & 354F 9 216 A~ £ 14t 4%
JETRBAK, MABE 7 AN E#A4T PCR 52, iEZ&#ETRABEATAAK. [£48] I
BT SRS HATH 4 LAY C68001 49 R TR,

KR Lo BATH F LA, MycoMar T7; R EARE; "EHIK

TERHIE P SN 25 M B B BT AR Y 5% %% T (2022-Y WEF-ZY SQ-01)
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Construction of an insertional mutant library of Mycobacterium
tuberculosis variant bovis

SHI Wenjian*!2, XU Lei**, ZHANG Ze', YANG Rui!, ZHANG Guangzhi!, XU Xiaofeng!',
XIN Lingxiang’, WANG Nan?, XIN Ting"!

1 Key Laboratory of Animal Biosafety Risk Prevention and Control (North) & Key Laboratory of Veterinary
Biological Products and Chemical Drugs of MARA, Institute of Animal Sciences, Chinese Academy of
Agricultural Sciences, Beijing 100193, China

2 College of Veterinary Medicine, Yangzhou University, Yangzhou 225009, Jiangsu, China

3 China Institute of Veterinary Drug Control, Beijing 100081, China

Abstract: [Background] Mycobacterium tuberculosis variant bovis is a zoonotic pathogen
capable of causing tuberculosis in both humans and animals. [Objective] To construct a mutant
library of M. tuberculosis var. bovis with M. tuberculosis var. bovis C68001 as the maternal
strain and the MycoMar T7 transposon system, providing a technical platform for further
investigation of the gene functions and pathogenic mechanisms of M. tuberculosis var. bovis.
[Methods] The whole genome sequence of M. tuberculosis var. bovis C68001 was systematically
analyzed. The temperature-sensitive phages were screened and the conditions of phage
proliferation and infection were optimized. Finally, a mutant library with high storage capacity
for M. tuberculosis var. bovis C68001 was obtained. [Results] Based on Nanopore
third-generation and second-generation sequencing technology, the whole genome of C68001
was 4.342 Mb in size and contained 4 093 genes. A temperature-sensitive phage with a titer
higher than 1x10'' PFU/mL was successfully screened. After infecting C68001 at MOI=10 for
3 h, 9 216 monoclonal transposon mutants were obtained. Seven clones were randomly selected
for PCR, which confirmed that transposons were successfully inserted into C68001.
[Conclusion] The mutant library of M. tuberculosis var. bovis C68001 was successfully
constructed.

Keywords: Mycobacterium tuberculosis variant bovis; MycoMar T7; mutant library; phage

T L R O AL O, WO T R TR
S5 i ANS I T AR A B LA

25 % o KA A4 AR B (Mycobacterium
tuberculosis variant bovis)J&4E BRI E &

BE(Mycobacterium tuberculosis complex, MTBC)
Hig— A, AT R A E Y. KEDY, b
LA Ao 4 fih SR 2l ) A AT TR S 7
Y N B DA R G s R, AR
A 1000 J7 NFEBEAZIN , 150 J7 AL T 5420
SR, FLr R OB LR AR I N BE 14
PLE, SET ABoE T 1.2 0 IR AR 4%
I3RS T A AR T L 2 A s S AL . T

T 2% RRU G 08 RN R 428 0 4 o BT &k, 2 AR
SCE R BOREZMERTS, My 2 AR R ST
FEW R, W R R AR RS A
CRISPR/Cas9 4t il i+ Bl LA A 7528 45, H:
o, BT IE A ROR N ERAE R R . 5 T ik
A, I HRENS 5 i 38 I R A 2 A ik
FPRMUALG v, B2 EBHEN ., Tk
REJLDH . HRZE AL N A B o B ST 9 R TR
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T RE Y TR B g AR HOR A S —Fh
R SC R R T 1, REAE TR A R 1 58
AR, I B A R AR mUER AT L I 4 A
JEF P A PR E (2, 1990 4F, Martin 45012
UK Tn610 %% 5~ R G800 T W35 20 B 18
(Mycobacterium smegmatis) B Wf 58 b, B )5
Guilhot Z VR —FhBETE 30 °CE HI{HTE 37 °C
oA B e R B A, h i T —A
A5 30 000 MZEARIR MY Tn611 BEHLIE A 2825 14
SCEEMRL B fS . B Himarl fiTA2 B9 MycoMar
T7 % ¥ R H B4 BB TE 30 °CAE il 1M 37 °CT
2 52 B 2% 1 S R R R R A D
(5"-TA-3VAIPL Y, TA' BT BRAE 4 BT 18 2
PRI Hh i R AR R 24 O 50 M AZ R 1k,
RN 43 AT 85 R -1, BRI DL Himarl Sk E A )
BT R GURARCR & H IO RAw G, i BE%
TEICHUAE REFE O PR E 818, Beg )k
R HASE MR AR IR, BF 2 a5 A 5t
TR E AR R i, IRA T oA
FEBRT B4 26 0 27 R R0 S50 AL Bt T 5R A
E"JI'}E\_[14_16]O

AT 2R FH e ] 5 B 24t M 5 PO s YA iR B
PREEAL S BT B 2R A8 Rl C68001 1A BEAS Tk,
N2 20 B 58 B, IR0 98 A48 ST PR A S AR
VNI oS I 1 N N N S R v I B o i
MycoMar T7 BRI, R ILEMIR I FM, L
HHARAG & R A W G5 A% 0 RO 2R 8 Rl C68001
GEARNRIEE T S IG5 % O3 RO TR A A8 i Y
SERINRE | Bom LG A T R SRR A

1S

1.1 #dEk. EEE
SRR AR AS R C68001 F H I 4 =

25 it IS EEFORAT o kYR 3 B T (M. smegmatis)

mc? 155 FIEE 1A dMycoMar T7 4 H K3

ith = 7 B, e e 1 2
1.2 FERAFIANLEE

Middlebrook OADC ¥ 5 , Becton Dickinson
(BD)A ] ; #il2 RHE% &, MedChemExpress
(MCE)~ ] FoNke st = W BB b # (CTAB) .
MgSO4. CaCl, ., Tyloxapol FIFiIEH}, Sigma-Aldrich
NFE] s MP 28 W (%5 50 mmol/L Tris . 150 mmol/L
NaCl, 10 mmol/L MgSOs. 2 mmol/L CaCl,, &
KI5 2 1) o fH 35 7246 , Thermo Fisher 23] ;
YU .0 WL, Eppendorf 23 ) 5 [HIR IR B #2480
A AR A R 5 e IR 514X, Biologix
NEIE
1.3 $EHHE

Middlebrook 7H9 [A7 15573 Ml Middlebrook
TH10 FEAE R 37 3L, Becton Dickinson (BD)/ZA ) ;
7H9-OADC-Ty . 7H9-OADC-Ty-kana (75 50 pg/mL
W RAREE). 7TH10. 7H10-OADC & 7HI10-
OADC-kana (7% 50 pg/mL #ifR KA )L S
FSCHR[16]RC

Top agar: 0.1 mmol/L CaCl,, 4 g/L Bifig#5.
121 °CK 4 20 min,
14 HRSBFEFLZH C68001 HIZ
ERFFINZE

BUAAFIH R C68001 425 TH9-OADC-Ty 4
FRHk, THHEIEFA D 37 CCHrE R R 2-3 4,
i CTAB L3 BUE 4L, £F Nanopore — 1%
AT P B AR BEATIN b ugdesk | A B
FOAR B B0 PE J5 38 3 Unicycler XF 33 38 J5 19
reads HATZHEE, [ R AU cirlcize 2l 41 7 5
D20 5e IR T Prokka Xof 2H 285 Jim A 5k [8] 2
17 9 15 ¥ %1 (coding  sequence, CDS) i il #1 v
B, IF5 UniProt B E4T BLAST+ILR), 1%
BRI T RETE RSG5 R, il 5 DEG database i
17 BLAST il wh75 HE A, 38 3o 56 DX 41 30 WE 25
Ensemble 411 TA' A H R 5. .
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1.5 EEEREHIE
1.5.1 MycoMar T7 BEE {43 18

B A7 B9 T8 FE me? 155 R 28 3 Fh F
7TH10-OADC VA, PRECH 75 10 mL
TH9-OADC-Ty 553, F 37 °C. 110 r/min X%
7t 2 ¥ B 1 (ODe00=2.0) , LA 1%4% b it 5% 4
TH9-OADC-Ty ¥ 323, JE A H 35 & ODgoo 5 1.0,
A MP ZZrhi % ®MycoMar T7 w17 i%ES:
10 F54% BERR R, 437 B 100 uL % B8 5 Ao I o 1K
5300 pL B BIRAT, 37 °CH¥F 30 min, fil
A 6 mL iRk Top agar W, BifFVR S5 7
RIEIA 7TH10 ~Fi, =S HEERE S, #4mT
30 °CH;i3E 3 d,
1.5.2 ESE MycoMar T7 I& & A H 5 ik

] 500 uL ODeoo N 1.0 B Ak me? 155 I
A 6 mL AR AT Top agar, HifFIIR 25
BRI 7H10 A, =EAEEER . M 1.5.1 97
SR TR A () Pl b BEALPRH 50 A~ I TR B[] 2P 42
FhF 2 B A B R me® 155 B9FHR, 20l ET
30 °CHl1 37 °CHE5% 3 d, #RHL 4 ~7E 30 °CHEFH
1M 37 °CAE I FMERFEE A EP 4, %S 200 uL
MP Z il T 4 CWF L%, 12 000 r/min
B0 3 min 5B FIE, F MP 22 ol it A7 i sk
10 f5 50 BEFS RS, 40 S HL 100 pL 5 B8 S5 A 106 1
&5 300 pL B RIS, 37 °CH#F 30 min
Ja A Top agar, Hif8|iE 2] 5 37 BPE] A 7H10
b, = RV HEE [ S B0 T 30 °CHE SR 3 d.
TE 17 5 T B 55 %% A 3% AR, A 2 mL MP
Gropi, FIELIERE, TE 4 °CHES% IR 57,
12 000 r/min 5 .0> 3 min B %548 0.22 pm JE#%
TS UEBRTA
1.5.3 E8E MycoMar T7 MEEAH 8%
NI ZE

B 1.5.2 Gk () iR SR W BT AR R 1.5.1 2B
PRESY 1S 340, BsE 3 AR A MP 22

MRS ZE 10 f5F RS, 28 BIEL 100 pL B 5 Y
W AR5 300 uL BRIRST, 37 °CHFE 30 min
JE A Top Agar, EifElIR-5]fE L BIEIA 7H10
AR, E IR HIEEE S T 30 °CHESE 3 d.
TEPE 30300 N5 BR BE 14 - A A T8, AR
FRAST BE o T BEBL L R A T B4 BE 1.5.2 119
Tk MR . BEEEIE KT 10" PFU/mL
LR AR AR W P AR R T
1.6 REFEFHML
1.6.1 FEREEE H(multiplicity of infection,
MODRI i E

I C68001-P1 RIZEF1 T 7TH10-OADC “F-
M, PREUCEA R V% 564 10 mL 7H9-OADC-Ty 1555
REFEW, R 1%EMEREFT 50 mL
7TH9-OADC-Ty 3% 2 A& ODgoo N 0.8-1.0,
12 000 r/min &> 3 min /5 2B% B3E, A MP 2%
MRLE 3 R, BT 5 mLMP Z . 1 mL
WIAATT TH10-OADC-kana “FAR, #:l [ & 58728
2,100 pL IV 10 &S ks MR 11145 CF U,
3 mL FERATHILL MOI (WA 20 )=10. 5. 1
B ELBIFE 37 °CIRYE 24 h, ¥4 7TH10-OADC-kana
Wb, 37 CCHEEZERESE 34 JH, HEAE MOI Y
B FERERL, 8 5E fefE MO
1.6.2 HERENEFEREERENRL

Fe g 1.6.1 B8R, LIEER MOIL 4357
37 °CIZYe 3 h fl 24 h, RYES )T, 200K E
WRRBERL 2. 20, 100, 200 15, #HL 50 uL i
i TH10-OADC-kana V4% , it ARG F=46H 37 °C
BB B SR 3-4 A, IR R S50 T BHPE v ek
0 2 A AR e B () R R0 A VR B
1.7 HEFRTEENEL

PR 1.4 95014 100 mL 9 C68001, ¥k
5 M 10 mL MP 28 i d4 . B 5 mL TR K A
A MOI IMABEFAR, JRGIRSIE T 37 °Cilt
Ho RYUE M W2 UL I OB R A

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



OO S5 | S5A% 0 RO B AR A2 Rl C68001 F4 881~ SR A8 14 o 1 1y 4 707

7H10-OADC-kana “F-#z, 37 °CH;#% 3—4 Ji . I
P42 1 mL A7 5 TR W IR AT TH10-OADC-kana
AR, ARG A A ZRAER, 3 EC 100 pL R T
10 fi i Seph BERG RS, IR AT TH10-OADC P-4l I
W CFU, Pt B IR, 5 pEvs
PRECE TS IMA 200 pL/FLEY 7TH9-OADC-Ty-kana
96 FLAH, FFHRER 9 216 ¥, 7E 37 °CHEFE 2-3 JH],
IIAZHE g 20% ) H I, RAET-80 °C.
1.8 HEFRTAKRENLERE
BEMLPRIBCY-H E Y B 7% T PCR 471G 5% e
T W aphll RHREER T 25 5L, L3514 KanF :
5'-GATGGATTGCACGCAGGTTC-3', FiiF5|¥)
KanR: 5-ATATCACGGGTAGCCAACGC-3', DX
B LERD C68001 1 BAMEXT AR, DAMETR A DNA
YE R PHPEXT IR, PCR WK R (25 ul): 2xTag
Master Mix 12.5 uL, 1E. R Ia51%)(10 umol/L)
& 1uL, #EHg 2 ul, 4K 8.5 uL. S &1
95 °CHiZE M 5 min; 95 °CZE M 30's, 55 °CiE k
30's, 72 °CHEMH 30's, 30 PNMEFR; 72 °CH ZE
10 min. PCR F=¥)4 1%30 s A 56 I H koA il
Ik A T AY TR RO A R\ 7
1.9 RTFREFEFHRANLEEN
HEEAE 9 216 BRIEAR FORE B EL AT AL
#, LA Vandewalle S5V 06 96 FLA T AY
PRI o TEHUS 2R 40 MR IR 4
DNA, FEXTTH DNA FE i T NGS WP,
A Groomer Xl 7 B P b4 im L g, KB
T 1Y reads. il id ClipAdaptor Z=Bf$k Al
index J¥H, Ff il U8 BRI O B E oK i ) 41
(CAACCTGT)H reads, H5I4 )75 Trim
87 % 25 bp I 18 1 Bowtie2 M5 51 25 4% 20 ki AF
B ZEAS AN C68001 JEIK AL, 155 AN LS,
X 40 AR AR A ST R B, W]

NGRS N Rk S R N A

2 ERE550

2.1 ZERSEAITESTHH C68001 FIKE

PR C68001 MYSEHESLINLIA/INA 4.342 Mb
(# 1), G+C &8 65.64%, {1 JH] Ensemble 7%
HF| 73 389 4~ TA'i 5, & Prokka i B i
4093 MEE[H ;5 DEG database BLAST Fiillj !
TR 929 16(29.4%), &A 20 175 4>
(27.5%) TA' AR ; AE T 3L F E0E N
3 164 1N(70.6%), &4 53 214 N(72.5%) TA'
WA BRAL . (e 1) 23k [H R 3 B 2 1 0 T 09 2
S5 J3E T4 AL s B S 2 Ak
2.2 EHAEEEAMFESGR

Wi ATE 4 °CORMT T 25 5 2R IR BURHE
FF LAIRATTRE W B AR T T 2 ki, IF BAERR
YL BEA% 3 BT TR A 8 Tl i 00 o I DR AR T B, A
W% A1 TR B ALK E 19 A58 TR1 B (] 2 #2202 Bl
A WG 3 BFF R AR, 43 0iCE T 30 °CHI
37 °CH: 7% 3.d, Al WL 37 °CHE F= A TG B B
1M 30 °CHE = P v] DLW T BE (] 2), TESE(R
Yy 0 Fir FH A I TR A Y R ERORE MR AR e, IF HLT
JE R 2x10" PFU/mL, W] LA T & hEHL R 48
SO
23 ERIEREEH

W 2 Fios Wi 145 C68001-P1 $4 I8 MOI
(VB0 TE) ] 10, 5. 178 37 °CRUB 24 h, 43
A TH10-OADC-kana -4y , 37 °Ci%E £ 55 3%
34 JAJE, FHMESTRES 292 2 000, 1 000 Fl
70 4>, ALl MOI=10 1E Ry i e AR b il . Hh
FIRYL 24 h BRI AG BH M se e 2, MDA
BT, 7E MOI=10 RGBT, 37 °Co3ill
JZR 3 h F 24 h, FFF MP 28 spCRE I e 1)
FREBE 2. 20, 100 F1 200 fi504 b, LR S5
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(1,

1 ERSEITESE
Figure 1

x1 ERIEHESLT
Table 1

Size: 4 341 818 bp
G+C: 65.64%

A8

I
i

7
@;;7/ 7

fh C68001 = EFEHFY

Fh C68001 £ EH 58 %3t

— G+C% (average: 65.64%)

B G+C skew

Coverage of illumina: 100%
M Depth of illumina (average: 442.91x)

Coverage of nanopore: 100%
[ Depth of nanopore (average: 949.3x)

CDS | rRNA | tRNA
B cDSs

' rRNA
B tRNA

Mycobacterium tuberculosis variant bovis C68001 whole-genome sequence circle plot.

Statistics on the genome information of the bovine variant C68001 of Mycobacterium tuberculosis

Item

C68001

FEF 4 K/ Genome size (bp)
FEFEH Number of genes

A7 3 A Non-essential gene

WA JE A Essential gene
FEIRHH TABE TA' site in

genome

AEATFFL R H TA2X H TA' site in non-essential gene
Wid B B TA'#CH TA' site in essential gene

TA'H {3 41 Median number of

TA' site

FEERY o L IR 21 AR 06 75 S K B4 Non-essential gene in the model
0 FN AR D65 3[R 58 48 B KN Size of saturated mutation library

4345 492
4093

3 164 (70.6%)
929 (29.4%)

73 389

53 214 (72.5%)
20 175 (27.5%)
12

4435

39 803

3—4 GG 24 h ARG EEDRE 2, Tk

fRGEWSIJAEE Sy 3 h

450-592 ~FATE YR, BUEFRAR, BUESRL 20 £5FR
FRUR MR s A P BCA T VR (K 3).

i, T A T

24 HEFREUKRENLEEER

W BT A DL A A3 45 1F(MOI=10, 37 °CHEH 3 h)
1R YLLEAL S BRI C68001-P1, TH W LA MP 22 i
TR RE 20 £%, 50 L/, A 7TH10-OADC-kana
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(o :\thg 3

3

2 ®MycoMar T7 BEEAERE BN R
A: 30 °CHigR, WIULBERRBE; B: 37 °CHifR, JC
IEBE

Figure 2 Results of the temperature sensitivity test
for the ®MycoMar T7 phage. A: Phages replicate at

30 °C, forming plaques; B: Phages do not replicate
at 37 °C, none plaques.

S

#* 2 A[E MycoMar T7 BEEAMR RLEEZ D AT
E4THRENEEEHES T

Table 2 Statistics of colony numbers at different
infection times of M. tuberculosis variant bovis
infected by MycoMar T7 phages at various MOls

MOI  {RYehta T P value
Infection duration Count (number
(h) per plate)
10 24 2 388 0.034
2 104
2 161
5 24 768 0.045
824
852
1 24 113 0.012
74
69

MR, 37 °CHiFE 3-4 A, PRBCAREE AT
96 FLANARE TR, HL3RAT 9 216 FRFE A TREHL
RAFTR MR o AU P2 T W 40 TR BT B S h
3x10° CFU/mL, #SH0E N 3.38x10°, ALAR
AR 6.67x107°, FEALPKHL 7 ~HETE, PCR ™
BRI R MG EER aphll, 555 R/ NS FE45 5
PIER , S P TERESS G e T AR (R 4).

3 BEAREESEZOBEAESTHH C68001
AEHREHEEEKIFAMOI=10, RF3 h)
A: 2 fERERE; B: 20 R C: 100 f5HRE
D: 200 {5k

Figure 3 The growth of M. tuberculosis variant
bovis C68001 colonies at different dilution factors
following phage infection (MOI=10, 3 h). A: 2-fold
dilution; B: 20-fold dilution; C: 100-fold dilution; D:
200-fold dilution.

bp M + 1 2 3 4 5 6 7 -
2000

1 000
750

500

250
100

4 FREIRBETE PCRY IS aphlIE E = HER
Bk  M: DL2000 DNA Marker; +: W[ {Ak
DNA; 1-7: RAFR; —: C68001.

Figure 4 PCR amplification of the aphll gene
product from single colonies of mutant strains and

agarose gel electrophoresis. M: DL2000 DNA
Marker; +: Phage DNA; 1-7: Mutants; — C68001.

2.5 REFEFETFAAMIREMESR
nze 3 fro, S X E T ML B 20 A
SLHETE R 13 856 DL JE T AN o B I A #i
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*®3 FMREHMAREEFTRAMREMSERILE

Table 3 Transposon insertion site identification and comparison with other study

MW H R[] ES TR
Project In reference [17] In this study

T #k Strain BCG-Pasteur M. tuberculosis variant bovis C68001

JE%5 & Library size 9216 9216
M Y- 5 51 #1 Transposon insertion localizations 8259 13 856

B A SEAE IR E L L]

Ratio of single-insertion transposon mutation strains

48.12% (4 435/9 216)  67.57% (5 814/9 216)

64.42% (2 164/3 359)  70.03% (2 216/3 164)

JE AT FE R 7 35 %% Coverage of non-essential genes

AL A BT R R3] 5 814 MUK B
— R TFAR AR, A ERED
67.57% (5 814/9 216), Hrfttard T 2 216 4~
o BRI, 24 AR LR BE R RY 70.03%
(2216/3 164),
3 Wik

e A 47 N SR AR S PR B AR AE A 58 1A )
RE T R 4556 CHEVE T, W B 48 Jr vk
CRISPR/Cas9 Z5#AERE S Hi, HA L AL
ML T IS S 55 8 SR B TR L R 2
BB AR K 22 g, BRAL VS AR &y 1 0 A
KB (0] FLACR AR, S5 225 i A8 2 K it
[ ANBE e T4m A A A BRI . &
Bk Gk . AR L AR e B R LA
e G e 3 o O B AR IS T KA A I 3R
Y i ke 11318200 AR HF5Y R A VR A Himarl )
MycoMar T7 5% JE 2 4 H A 38 5 (11 5] ¥ 51
(5'-TA-3"), M3 BT B EL R 20 b 2945 50 M2 H
R — 1 TA' AR, M T4y TS
YT RE, B T ETIRA, AR
{1 5% JBE - R G DAL 8 T 45 % o RO AT R R
ARFh C68001 oy 1 FlJEE 14 2 AR (A S JFE 421221

AW 5E LA [ 5 B 24 W 5% T b o TR A
C68001 AEEA IR, %t He 43 K 4 EA i
E, R A N R B SCPE , B R BEATA

PRI BIFNEL D 20 RS , oo Je 22 SO v e Jas
TN XOBE A BRI T B S . R
MycoMar T7 FGE 4 HEFEHLIE S SCPERT, AN [A] 1Y
SIRFF R e R K22 7P, L C68001
VENBEARE R, RY 24 h SR, —K
R BV AT RAS 10 J7 5ekeE , % i+ 2 U HH A S
PRTE R 3 T T4 A 5 R A 2, B E P s
2, AFTRRECRERE, JF HIE T e AL
P AT HMERE . B8R Braunstein PG
Bk MOIL A] UG &k D e e Z ifi A, 3
MOI=5 5 1 B}, FRERL, —RZGEER
3 10 000 F1 700 /> va i, W] Hk A B v U] 3ot
b, TEZUWHEE . HIL, RATER R =
Bt Eric Rubin BHARMELCT , K YLt 45
MZE 3 h, I TS A R RS R, A
REAR 55 A F 22 U3 N R A S 2 A 42 T 1 R
B, HRUREARRTE %R, RS 2 T R
ARSCRE, BRI 3% 3.38%10°,
KN 9216 HIFEMNLIE AL

AW R R 13 856 A5 JRET-4l AL .,
WF5 5 814 M Az b — R FE a4 AR SR ASRR
A G ERE 67.57%, WEE T Vandewalle 217
P45 (FR 3), HE gt DAL AR 9 ) s O 2 o
K, (R B IR AU 5 T 4 A B PR AN [
C68001 HA 4 093 A~HEH, & 73 389 4~ TA’
i, M FAETF R EZAH 53 214 4,
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T HE R TADL S AL ECh 12, eI
4 435 4~(53 214/12)dE T RN A X 3, 34
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