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Genetic transformation system of Cytospora chrysosperma,
the causal agent of poplar canker

LIU Ling-Ling" WANG Yong-Lin® XIONG Dian-Guang® XU Xin'
TIAN Cheng-Ming* LIANG Ying-Mei®"

(1. College of Forestry, Beijing Forestry University, Beijing 100083, China)
(2. Museum of Beijing Forestry University, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] To explore the molecular pathogenic mechanism of C. chrysosperma, a
protoplast preparation and transformation method is established, and the transformation efficiency
and the stability of transformants are analyzed. [Methods] In this study, strain CFCC 89981 served
as the recipient. The protoplasts were prepared using cell wall degrading enzymes, and transformed
by gGFP plasmid mediated by PEG. PCR amplification, Southern blot and fluorescent observation
were used to confirm the transformation efficiency and the genetic stability of GFP-tagged
transformants. [Results] High-quality protoplasts with excellent regeneration efficiency
(63.74%+9.73%) were generated using Driselase and Lysing enzyme digesting fresh mycelium with
1.2 mol/L KCI in pH 5.5 for 4 h and transformed with the gGFP plasmid using PEG. A total of 304
hygromycin B resistant transformants was obtained though added 4 pg DNA. FDA staining results
showed that 98% of protoplasts exhibited high activity. The GFP fragments were detectable in the
genomes of transformants by both PCR amplification and Southern blot analysis, and the
fluorescence detection results also indicated that the GFP gene had been integrated and was stably
expressed in the C. chrysosperma genome. Highly intense green fluorescence was observed in
single-spore purified transformants. The GFP gene and hph gene were stably expressed after
subculturing in PDA plates without hygromycin B resistant. [Conclusion] The high quality and
viable protoplast of C. chrysosperma preparation and transformation system are established, it will
provide a solid foundation and greatly facilitate the future studies on functional genomics and
pathogenic molecular mechanism in C. chrysosperma.

Keywords: Poplar canker, Cytospora chrysosperma, Protoplast, Genetic transformation, GFP gene

(Poplar canker)
70%M
Leucocytospora nivea @
[Cytospora chrysosperma (Pers.) Fr.]

[10]

[3-4]
(Ascomycota)
(Cytospora) (Opportunistic
plant pathogen) CaCly/ (PEG)
[5-6]

PEG DNA
[7-9] [11] PEG
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(Aspergillus nidulans) 2 voder chrysosperma)
(Cochliobolus heterostrophus)™**!
(Colletotrichum lindemuthianum)®*! 1 RS
PEG
ands  hphB 11 SREMH
oEG 111 X ERRFARAL: (C.
chrysosperma)
PEG
( CFCC 89981)
B (hph) gGFP Fungal
PEG [11] Genetics Stock Center (Kansas City KS USA)
Verticillium dahii Dobi 1005 112 EZiAF7. EFEFLEE: Driselase Lysing
erticillium dahliae obinson - .
( s ) enzymes  Fluorescein diacetate Sigma
PE
(35 Jug DNA) (18] Coolaber B - - (
1615 ) The DIG High Prime DNA
ATMT ) Labeling Protocol Detection Starter Kit |
(V. dahlize) - PEG Protocol Roche STC 40% PTC
2013 CM PDA YEPD TB; ( )
PEG [26]
_ [19]
(10-50  /ug DNA) Veriti®96 Applied Biosystems
1923 Eppendorf
(C. chrysosperma)
Leica
| (Cytospora) =15 gk EHTHEE B SRR
(Valsa mali) ( Cytospora mali) CECC 89981 PDA
PEG Driselase 25 °C 4 d
Lysing enzymes (p=5 mm) B
[24]
PEG GFP 0 5 10 15 20 25 30 35mg/L PDA
[25]
25°C
5 5d

(C. chrysosperma)

(10%-10*  /mL)

(C.

1.3 #HRE % E CFCC 89981 JR 4 FRikayHl&
1.3.1 FHWME LR E CFCC 89981 MR EXf R &% 14
R

4 3 20 g/L
Driselase 8 g/L Lysing enzymes 4

0.7 mol/L NaCl ( 10 mmol/L

NaH,PO, 1mol/L  Na,HPO, pH 5.5)
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0.7 mol/L NaCl ( ) 1.2 mol/L KCI (
10 mmol/L NaH,PO, 1mol/L  NaHPO, pH
5.5) 1.2 mol/L KCI ( )

20 g/L Driselase+8 g/L Lysing enzymes
20 g/L Driselase+30 g/L 20 g/L Driselase+

8 g/L Lysing enzymes+30 g/L 3
CFCC 89981
1lh
3
CFCC 89981

132 MBI E R E BRI &

100mL  YEPD 25°C 150 r/min
2d 22-25 um Miracloth
48 h
3-4 20 mL 30 °C 70 r/min
4h Miracloth
34
4°C 3000 r/min 10 min
15 mL 4°C
3000 r/min 10 min STC
STC
10°  /mL
14 BRERKBE
141 FEEREBERMREIT:
4 h
10 /mL  2pL TB;
25°C
3 [27
_Ne =Ne 1500
T
Nr

Nc Nt

142 FDA #.

200 pL 2mL
2L 5g/L FDA

5 min

1.5 #WEERERERENELCSEE
250 pL sTC

50 mL 4 ug gGFP DNA
20 min 1.2mL40% PTC
20 min 3 mL TB;3
2 min
5mL TB;3 2 min
60° 25°C 70 r/min
14-20 h
40 mL 25 mg/L
TB; 25°C
1.6 MHMEBEREELFIKRE
TB;
30 mg/L  PDA 25 °C
SP-5 GFP
30mg/L  PDA 25°C
PDA 4°C
B PDA

1.7 B EHRE GFP L TRILE

171 PCR: 5 GFP
30 mg/L  PDA
PDA
25°C
1.5 mL
CTAB DNA 1
PCR PCR

[26]
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%1 RS EFEE CFCC 89981 GFP 451k F (p=5 mm)
PCR #3149 PDA
Table 1 PCR testing primers of GFP transformants of ° °
C. chrysosperma CFCC 899811 25°C 5d 25°C
5

Primer name Primer sequence (5'—3") 30 mg/L  PDA 25 °C 5d

hph-sec GCGAAGAATCTCGTGCTTTC

hph-for GATGTTGGCGACCTCGTATT GFP

GFPfor ATGGTGAGCAAGGGCGAGGAG

2 SR
GFPrev TTACTTGTACAGCTCGTCCATG

1.7.2 Southern blot: GFP

PDA 4d
70 mL CM 25 °C
150 r/min 5d
CTAB DNA Xho I
DNA 5 DNA
GFP (GFPfor/GFPrev)
Southern blot The

DIG High Prime DNA Labeling Protocol
Detection Starter Kit | Protocol
1.8 R EHFEE LTI E N
GFP
PDA 25°C 5d

2.1 1HWFE K2R E CFCC 89981 *1#iE % B &
BB E

CFCC 89981
25°C 5d B PDA
( 1A) 9cm
( ) B
PDA ( 1B-H)
B 5 mg/L
312cm ( 1B) B 10 mg/L
0.73cm( 10)
15mg/lL ( 1D) B
B
25 mg/L B 30 mg/L

Bl 1 #HEIEHE CFCC 89981 1 #1E % B USRS
Figure 1 Sensitivity of C. chrysosperma strain CFCC 89981 to hygromycin B

A-H B

0 5 10 15 20 25 30

35 mg/L.

Note: A—H: Concentrations of hygromycin B is 0, 5, 10, 15, 20, 25, 30 and 35 mg/L, respectively.
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22 BRERHMEIEFEE CFCC 89981 &4
A=A

pH 7.0 1.2 mol/L KCI
0.7 mol/L NaCl

8x10" /mL

pH5.5
pH 7.0
0.7 mol/L NacCl
6h 1x10®  /mL
pH55 1.2 mol/L KCI 4h
1.2x10®8 /mL 6h
1.8x10° /mL
pH55 1.2 mol/L
KClI
2.3 BB IZHFE CFCC 89981 [R4ERIK
il % B9 S M

pH55 1.2 mol/L KCI
3
(3 3
20 g/L Driselase+
30 g/L
55 M pH 5.5 1.2mol/L KCI

O pH 7.0 1.2 mol/L KCI
M pH 5.5 0.7 mol/L KCl1
2.0 F = pH 7.0 0.7 mol/L KCI

1.5+

0.5F

0.0 L=

1 2 3 4 5 6
Incubation time (h)

2 AERBERMHHMEEFE CFCC 89981 R4 R
ez abA
Figure 2 Effects of different osmotic buffers on

protoplasts released from C. chrysosperma strain CFCC
89981 mycelia

Protoplasts (< 10%mL)

3.0
W 20D+81.

[ 20D+308

20 B 20D+8L+308

Protoplasts (x10%ml.)

Incubation time (h)

3 A EIEGHEC tb X B 1= R B CFCC 89981 JR & R
LS Ednd=nfA o)
Figure 3 Effects of different enzyme proportions on
protoplasts released from C. chrysosperma strain CFCC
89981 myecelia

20D+8L 20D+30S 20D+8L+30S 20 g/L Driselase+
8 g/L Lysing enzymes 20 g/L Driselase+30 g/L 20 g/L
Driselase+8 g/L Lysing enzymes+30 g/L pH 5.5

1.2 mol/L KCI

Note: 20D+8L, 20D+30S and 20D+8L+30S is 20 g/L Driselase+
8 g/L Lysing enzymes, 20 g/L Driselase+30 g/L Snailase, 20 g/L
Driselase+8 g/L Lysing enzymes+30 g/L Snailase in the buffer
pH 5.5 1.2 mol/L KCI, respectively.

8x10" /mL
Lysing enzymes+30 g/L

20 g/L Driselase+8 g/L

20 g/L Driselase+8 g/L Lysing enzymes
4 h 1.2x10°%  /mL

pH55 1.2 mol/L KCI
20 g/L Driselase+8 g/L Lysing enzymes
4h

24 BERGHOBEERENRIE

( 4B C) ( 4D E)
6.63-21.95 um 13.46 um
4h
63.74%:+9.73% FDA
98%
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25 #HHELLHE CFCC 89981 gGFP 351k FHY

ik
108 /mL
( 5A)
PDA ( 30 mg/L)
DNA  4ug 304
76  /ug DNA
TB; 16 h
( 5A)
( 5B) gGFP DNA

4 HWGIZARE CFCC 89981 RARMKHESER 26 #FWEEIEHKE CFCC 89981 %1k F8y PCR

BEAR Iy
Figure 4 Protoplast morphology and types of protoplasts
released by C. chrysosperma strain CFCC 89981 5 GFP
A 89981 B C DNA CFCC 89981
b E DNA gGFP  DNA
Note: A: Protoplast morphology of C. chrysosperma 89981; B (hph-sec/hph-for)
and C: Top types of protoplasts released by C. chrysosperma GEP (GFPfor/GFPrev)
89981; D and E: Side position of types of protoplasts released by
C. chrysosperma 89981. GFP PCR ( 6)

10 pm 100 pm

B 5 #HREI=fRE CFCC 89981 [R4 FRIKHI B4 K GFP & LFRIR KA
Figure 5 Green fluorescence detection of protoplast regeneration and GFP transformants of C. chrysosperma
A B GFP

Note: A: GFP expression of the regeneration of C. chrysosperma protoplasts, view under Leica TCS SP5; B: Green fluorescence
detection of GFP-tagged C. chrysosperma isolate, view under Leica TCS SP5.
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bp bp
2000
1 000

750 720

500

6 HWEIZHRE GFP L FH PCREE

Figure 6 PCR identification of C. chrysosperma GFP transformants

A bp MWG 1T 2 3 4 5 CK bp
2000
1 000
750 605
500
A 605 bp
M DL2000 marker W DNA G gGFP

CK

B GFP
1-5 GFP

720 bp .
G2 G8 G9 Gl1l1 Gi4

Note: A: PCR amplification of gene hph, and the size is 605 bp; B: PCR amplification of GFP gene, and the size is 720 bp. M: DL2000
marker; W: C. chrysosperma 89981 genomic DNA; G: gGFP plasmid; 1-5: C. chrysosperma GFP transformants G2, G8, G9, G11 and

G14; CK: Blank control.

GFP gGFP

PCR GFP hph

27 HWEEFE CFCC 89981 %1k FHY
Southern blot £

Xho I DNA GFP
(G2 G8 G9 Gl1 G14) DNA
GFP Southern
blot Southern blot (7
gGFP GFP
GFP GFP
4 5
L

B 7 HWIEE%E CFCC 89981 GFP #{kLFiy
Southern blot £

Figure 7 Southern blot analysis of C. chrysosperma
CFCC 89981 GFP transformants
W 89981 G gGFP
1-5 GFP G2 G8
G9 Gl1 G114

Note: W: C. chrysosperma 89981 genomic DNA, negative control;
G: gGFP plasmid, positive control; 1-5: C. chrysosperma GFP
transformants G2, G8, G9, G11 and G14.

2.8 EIEimE CFCC 89981 #:{kFRYTaE
e i

PCR  Southern blot 5
GFP PDA
5
30 mg/L  PDA 5
GFP
B GFP
hph CFCC
89981
3 #whHitie
PEG
GFP (C.
chrysosperma) PEG
76 /ug DNA
PEG

[11]
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(V. mali)®4
(Cryphonectria parasitic)®”
(Colletotrichum gloeosporioides)®®

PEG
CFCC 89981 PEG
1.2 mol/L
KCI 50 g/L Driselase 10 g/L Lysing
enzymes 2 h
4x107  /mL 1.2 mol/L

MgSO, (10 mmol/L sodium phosphate pH 5.8)

B-glucuronidase ~ NovoZym 234!

[30] 2h
1%
Lysing enzyme 0.7 mol/L NaCl
3.5h 10° /mL
3 pH 5.5 1.2 mol/L KCI
20 g/L Driselase 8 g/L Lysing enzymes
4 h
10° /mL pH
pH
(V. mali) PEG
pH
(C. chrysosperma)
pH 1.2 mol/L KCI

pH 55

[31] [32]

(Agaricus bisporus)
(Coprinus macrorhizus)®®

pH
pH

[34]

[35]

YEPD 40-48 h

[34]

[24]

(V. dahliae)!***
24 h
(Blakeslea trispora)®? 60 h
(Pleurotus pulmonarius)®® 48 h

Lysing enzymes Driselase

0] Lysing enzymes

[28]

6.63-21.95 um FDA

(Botryosphaeria dothidea)
6.72-32.35 umt%
(Streptomyces clavuligerus)
1.02-5.40 pm!*®!

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



2496 fAE ) =+@ 4 Microbiol. China 2017, Vol.44, No.10
(C. [D]. : , 2012
[10] Zhang XY, Li Q, Liang J, et al. Scientific problems to be
chrysosperma) PEG solved for forest protection in China[J]. Forest Pest and
(V. mali) Disease, 2012, 31(5): 1-6,12 (in Chinese)
[31. , 2012, 31(5): 1-6,12
[11] Liu ZH, Friesen TL. Polyethylene glycol (PEG)-mediated
transformation in filamentous fungal pathogens[A]//Bolton
MD, Thomma BPHJ. Plant Fungal Pathogens[M]. New York:
7‘5: ;‘% i fﬁk Humana Press, 2012: 365-375
. ) [12] Yelton MM, Hamer JE, Timberlake WE. Transformation of
[1] Yang CJ, Wang YH. Ph._arma.ceutlcal screening and_ control Aspergillus nidulans by using a trpC plasmid[J]. Proceedings
technology of poplar skin dlse_ase[J_]. Forestry Science & of the National Academy of Sciences of the United States of
Technology, 2010, 35(3): 27-29 (in Chinese) America, 1984, 81(5): 1470-1474
' : 1. [13] Turgeon BG, Garber RC, Yoder OC. Development of a fungal
, 2010, 35(3): 27-29 transformation system based on selection of sequences with
[2] Kepley JB, Reeves FB, Jacobi WR, et al. Species associated promoter activity[J]. Molecular and Cellular Biology, 1987,
with cytospora canker on Populus tremuloides[J]. Mycotaxon, 7(9): 3297-3305
2015, 130(3): 783-805 [14] Rodriguez RJ, Yoder OC. Selectable genes for transformation
[3] Yuan BB, Cao ZM. Screening of biocontrol actinomycetes of of the fungal plant pathogen Glomerella cingulata f. sp.
Valsa sordida and study on bioactive metabolite[J]. Journal of phaseoli (Colletotrichum lindemuthianum)[J]. Gene, 1987,
Northwest A&F University (Natural Science Edition), 2007, 54(1): 73-81
35(4): 139-144 (in Chinese) [15] Dobinson KF. Genetic transformation of the vascular wilt
P fungus Verticillium dahliae[J]. Canadian Journal of Botany,
1. : . 2007, 1995., 73(5): 710-715 _
[16] Dobinson KF, Grant SJ, Kang S. Cloning and targeted
35(4): 139-144 N ) X ) X
[4] Qu HH, Yang XQ, Jiang LX, et al. Researches of Valsa dlsruptlon,_ via Agrqbacterlum tumefaciens-mediated
sordida nits[J]. Heilongjiang Agricultural Sciences, 2012(6): traimsformatlon, O.f _a _trypsm p.rotease gene from th? vascular
145-149 (in Chinese) wilt fungus Verticillium dahliae[J]. Current Genetics, 2004,
45(2): 104-110
' ' o 191 [17] Gao F, Zhou BJ, Li GY, et al. A glutamic acid-rich protein
, 2012(6): 145-149 identified in Verticillium dahliae from an insertional
[5] Worrall JJ, Adams GC, Tharp SC. Summer heat and an mutagenesis  affects  microsclerotial ~ formation  and
epidemic of cytospora canker of Alnus[J]. Canadian Journal of pathogenicity[J]. PLoS One, 2010, 5(12): 15319
Plant Pathology, 2010, 32(3): 376-386 [18] Maruthachalam K, Klosterman SJ, Kang S, et al. Identification
[6] LiuSJ, Li DG, Yang WX, et al. The occurrence regularity and of pathogenicity-related genes in the vascular wilt fungus
integrated control measures of poplar skin rot[J]. Anhui Verticillium dahliae by Agrobacterium tumefaciens-mediated
Agricultural Science Bulletin, 2012, 18(24): 111-112 (in T-DNA insertional mutagenesis[J]. Molecular Biotechnology,
Chinese) 2011, 49(3): 209-221
, , . [19] Wang YL, Xiao SX, Xiong DG, et al. Genetic transformation,
[l , 2012, 18(24): 111-112 infection process and gPCR quantification of Verticillium
[7]1 Ji RQ, Li Y, Song RQ, et al. Inhibition effect and mechanism dahliae on smoke-tree Cotinus coggygria[J]. Australasian
. A : Plant Pathology, 2013, 42(1): 33-41
of Amanita virosa on poplar skin rot[J]. Forest Pest and [20] Xiong DG, Wang YL, Tian LM, et al. MADS-Box
Disease, 2010, 29(6): 1-4 (in Chinese) o ' ' ' o
. . transcription  factor VdMcml  regulates  conidiation,
, , , . Amanita virosa . . . L
microsclerotia formation, pathogenicity, and secondary
[l + 2010, 29(6): metabolism  of  Verticillium dahliae[J].  Frontiers in
1-4 Microbiology, 2016, 7: 1192
[8] Bloomberg WJ. Cytospora canker of poplars: factors [21] Xiong DG, Wang YL, Tian CM. Transcriptomic profiles of the
influencing the development of the disease[J]. Canadian smoke tree wilt fungus Verticillium dahliae under nutrient
Journal of Botany, 1962, 40(10): 1271-1280 starvation stresses[J]. Molecular Genetics and Genomics, 2015,
[9] Li CW. Antifungal substances extracted from strain T-33 and 290(5): 1963-1977
its inhibiting mechanism on Cytospora chrysosperma[D]. [22] Xiong DG, Wang YL, Tang CM, et al. VdCrz1 is involved in
Harbin: Master’s Thesis of Northeast Forestry University, microsclerotia formation and required for full virulence in
2012 (in Chinese) Verticillium dahliae[J]. Fungal Genetics and Biology, 2015,
T-33 82: 201-212
Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



(Cytospora chrysosperma)

2497

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Xiong DG, Wang YL, Deng CL, et al. Phylogenic analysis
revealed an expanded C,H;-homeobox subfamily and
expression profiles of C,H, zinc finger gene family in
Verticillium dahliae[J]. Gene, 2015, 562(2): 169-179
Gao J, Li YB, Ke XW, et al. Development of genetic
transformation system of Valsa mali of apple mediated by
PEG[J]. Acta Microbiologica Sinica, 2011, 51(9): 1194-1199
(in Chinese)

) , , . PEG

[J]. , 2011, 51(9): 1194-1199
Yin ZY, Ke XW, Li ZP, et al. Unconventional recombination
in the mating type locus of heterothallic apple canker pathogen
Valsa mali[J]. G3: Genes|Genomes|Genetics, 2017, 7(4):
1259-1265
Li SM. Establishment of double-stranded RNA-mediated gene
silencing and characatezation of CgMEK1 in poplar
anthrasnose  fungus  Colletotrichum  gloeosporioides[D].
Beijing: Master’s Thesis of Beijing Forestry University, 2013
(in Chinese)
dsRNA CgMEK1
[D]. : ,2013.

Chen SY, Cao JW. Formation and regeneration of protoplasts
from several filamentous fungi[J]. Acta Mycologica Sinica,
1986, 5(2): 117-123 (in Chinese)

W, . [J].

, 1986, 5(2): 117-123

Li SM, Wang YL, Huang DH, et al. Establishment of a
PEG-mediated genetic transformation system and expression

of green fluorescence protein in  Colletotrichum
gloeosporioides[J]. Scientia Silvae Sinicae, 2013, 49(5):
121-127 (in Chinese)

[ , 2013,

49(5): 121-127

Churchill ACL, Ciuffetti LM, Hansen DR, et al
Transformation of the fungal pathogen Cryphonectria
parasitica with a variety of heterologous plasmids[J]. Current
Genetics, 1990, 17(1): 25-31

Chen MJ. The cloning and functional characterization of cpsrl
and cphyma genes in Cryphonectria parasitica[D]. Nanning:

31

32

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Master’s Thesis of Guangxi University, 2007 (in Chinese)
cpsrl cphyma
[D]. : , 2007
Jiang CC, Qiu SS, Li CH. Optimization of protoplast formation,
regeneration, and viability of myxobacteria[J]. Advances in
Chemical Science, 2015, 4: 1-6
Gupta UG, Cheema GS, Sodhi HS, et al. Protoplast isolation
and regeneration in Agaricus bisporus strain MS 39[J].
Mushroom Research, 1997, 6: 59-62
Kiguchi T, Yanagi SO. Intraspecific heterokaryon and fruit
body formation in Coprinus macrorhizus by protoplast fusion
of auxotrophic mutants[J]. Applied Microbiology and
Biotechnology, 1985, 22(2): 121-127
Zhang ZG. Fungal Protoplast Technique[M]. Changsha: Hunan
Science and Technology Press, 2003: 15-42 (in Chinese)
[M]. :
, 2003: 15-42

Wubie AJ, Hu Y, Li W, et al. Factors analysis in protoplast
isolation and regeneration from a chalkbrood fungus,
Ascosphaera apis[J]. International Journal of Agriculture &
Biology, 2014, 16(1): 89-96

Xiao SX, Sun YJ, Tian CM, et al. Optimization of factors
affecting protoplast preparation and transformation of
smoke-tree wilt fungus Verticillium dahliae[J]. African Journal
of Microbiology Research, 2013, 7(22): 2712-2718

Li Y, Yuan QP, Du XL. Protoplast from B-carotene-producing
fungus Blakeslea trispora: preparation, regeneration and
validation[J]. Korean Journal of Chemical Engineering, 2008,
25(6): 1416-1421

Eyini M, Rajkumar K, Balaji P. Isolation, regeneration and
PEG-induced fusion of protoplasts of Pleurotus pulmonarius
and Pleurotus florida[J]. Mycobiology, 2006, 34(2): 73-78
Chen L, Sun GW, Wang HK, et al. Protoplast preparation and
gfp transformation of Botryosphaeria dothidea[J]. Scientia
Silvae Sinicae, 2014, 50(6): 131-137 (in Chinese)

gfp [J1. , 2014, 50(6): 131-137

llling GT, Normansell ID, Peberdy JF. Protoplast isolation and

regeneration in Streptomyces clavuligerus[J]. Journal of General
Microbiology, 1989, 135(8): 2289-2297

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



