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Science and Art

‘L Plant Pathology

Plant pathology Is both science
(of Learning and understanding
the nature of disease))

and
Art (of diagnosing and
controlling the disease)

P.N. Sharma



Plant Pathology

Definition

= Plant Pathology is the study of plant diseases, their
causes, and the interactions with the environment.

= The field/discipline consists of several sub-
disciplines/courses including:

Phytomycology

Plant bacteriology (Prokaryotic Plant Pathogens)
Virology

Nematology

Epidemiology, and

Molecular biology of host-pathogen interactions.

Plant pathology has its foundation in biology and
agriculture and offers wide opportunities in both basic
and applied areas of biology.
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Molecular Plant Pathology

= Molecular plant pathology covers a wide range of
activities, including:

1. Biochemistry;

2. Genetics;

3. Physiology;

4. Tissue culture, and

5. Taxonomy.

= Pathologists have developed and adapted

contemporary technologies which have
significantly advanced the discipline.
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Plant Pathology and Plant-
Microbe Biology

Fundamental aspects

= Plant Pathology and Plant-Microbe

Biology is a multi-faceted discipline
that comprises various subjects Systems Biology
including: .
Plant biology . Plant Health
Plant health f

Plant function TR ’i

Genomics, evolution ‘
Ecology
Plant medicine il j

Biology of plant pathogens . CRMBRNHN: Gessokcs

g i and Informatics
Plant-microbe and plant-insect iAo CoRa Dywessics ,
I nte ra Ctl On s Plant Function

“ee
Lo L)
- ‘e

Plant associated bacteria and fungi
Fate and action of pesticides
Pesticide resistance management
Epidemiology of pathogens
Molecular genetics, and

Disease diagnosis.

Oregon State University, Department of Botany and Plant Pathology, 2010;
Cornell Departments of Plant Pathology and Plant-Microbe Biology,2014; Clemson 11
University,2014;UNL Plant Pathology Dept.,2014.



!'_ Books on Plant Bacteriology

Reference Books in Plant Pathogenic Bacteria
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Books on Plant Bacteriology

(1905-2025)
In order of publication dates

10.

11.

Smith, Erwin F.1905. Bacteria in Relation to Plant Diseases. Volume 1. Methods of Work and
General Literature of Bacteriology Exclusive of Plant Diseases. USA: Carnegie Institution of
Washington, 285 pp.

Smith, Erwin F.1911. Bacteria in Relation to Plant Diseases. Volume 2. Vascular diseases,
USA: Carnegie Institution of Washington. pp.?
Smith, Erwin F.1914. Bacteria in Relation to Plant Diseases. Volume 3. Vascular diseases,
USA: Carnegie Institution of Washington. pp.?

Smith, Erwin F. 1920. Introduction to Bacterial Diseases of Plants. USA, Philadelphia:
Saunders.

Bulloch, W, 1935. The History of Bacteriology. London, UK: Oxford University Press. pp.?
Elliott, C.1951. Manual of bacterial plant pathogens. 2nd ed. Waltham, Mass., USA:
Chronica Botanica Company, 186 pages.

Dowson, W. J. 1949. Manual of Bacterial Plant Diseases. London; A. and C. Black, 183p. (2d
ed. with title Plant Diseases Due to Bacteria. Cambridge, Eng.; Cambridge University Press,
1957. 231p.)

Ramamurthi, C.S.1959. Comparative studies on some gram positive thtopathogenic
bacteria and their relationship to the Corynebacteria. Memoir /Cornell University Agricultural
Experiment Station, 52 pages.

Stapp, C. 1961. Bacterial Plant Pathogens. Oxford University Press, Oxford. pp.?

Kado, C.I. 1971. Methods in Plant Bacteriology. Plant Pathology 228, University of
California, Davis, 75 pp.

Mount, M.S. and G.H. Lacy.1982. Phytopathogenic Prokaryotes. Volumes I & II, Academic
Press, Inc. -



Books on Plant Bacteriology

(1905-2025)
In order of publication dates

12.

13.

14.

15.

16.

v
18.

1),

20.

2l

22.

23.

Rhodes-Roberts, M. E. and F.A. Skinner.1982. Bacteria and Plants (The Society for Applied
Bacteriology Symposium Series, No. 10). Academic Press Inc. (London) Ltd., 264 pp.

Fahy, P.C. and G.]. Persley.1983. Plant Bacterial Diseases- A Diagnostic Guide. Academic
Press, Australia, 393 pages.

Starr, M.P.1983. Phytopathogenic Bacteria. Selections from the Prokaryotes. New York,
USA: Springer Publishing. 168 pages.

Bradbury, J. F. 1985. Guide to Plant Pathogenic Bacteria. CAB, International, Farnham
House, Farnham Royal, UK, 332 pp.

Lelliott, R.A. and D.E. Stead.1987. Methods for the Diagnosis of Bacterial Diseases of Plants.
Blackwell Scientific Publ., 216 pages.

Billing, Eve. 1987. Bacteria as Plant Pathogens. Chapman and Hall, 79 pages.

Schaad, N.W. 1988. Laboratory Guide for Identification of Plant Pathogenic Bacteria.
Second ed., API Press, 158 pages.

Kleinhempel, H., K. Naumann and D. Spaar. 1989. Bakterielle Erkrankungen der
Kulturpflanzen. (Germany Edition). Jena, Germany: Gustav Fischer Verlag. pp.?

Saettler, A.\W., N.W. Schaad and D.A. Roth. 1989. Detection of Bacteria in Seed and Other
Planting Material. Amer. Phytopathological Society, Spi edition, 122 pages.

Klement, Z., K. Rudolph, and D.C. Sands. 1990. Methods in Phytobacteriology. Akadémiai
Kiad'o, Budapest, 563 pages.
Goto, M. 1992. Fundamentals of Bacterial Plant Pathology. AP Press, Inc. 342 pages.
(Translated to Persian by M. Mohammadi, 1999).
Hassanzadeh, N. 1995. Principles and Methods of Plant Bacteriology. Scientific Publication
of Islamic Azad University, Iran, 641 pages. (In Persian with English Summary).
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(1905-2025)
In order of publication dates

24.
25.

26.
27.

28.

729).

30.

il

32.

33.

34.

35.

Klement, Z. 1995. Plant Pathogenic Bacteria parts A/B. Akademiai Kiado, 1061 pages.

Goszczynaska,T., J.J. Serfontein and S. Serfontein. 2000. Introduction to Practical
Phytobacteriology. ARC, South Africa, 83 pp.

Cullimore, D. Roy. 2000. Practical Atlas for Bacterial Identification, CRC Press.

Schaad, N.W., J. B Jones and W. Chun, eds. 2001. Laboratory Guide for Identification of
Plant Pathogenic Bacteria. API Press, Third ed., 373 pages.

Jayaraman, J. and J.P. Verma. 2002. Fundamentals of Plant Bacteriology. Kalyani
Publications, India. 129 pages.

Singleton, P. 1992. Introduction to Bacteria. 2nd edition. New York, USA: John Wiley &
Sons. 221 pages.

Sigee, D.C. 1993. Bacterial Plant Pathology: Cells & Molecular Aspects. Cambridge
University Press, 325 pp.

Zhu, Bian Zheng Ren Xin. 2000. Classification and identification of plant pathogenic bacteria
(Chinese Edition). China Agriculture Press, pages??

Bradbury, J. F. and G. S. Saddler. 2002. A Guide to Plant Pathogenic Bacteria. Second
Edition, CABI Publishing.

Mishra, S. R. 2003. Bacterial Plant Diseases. Discovery Publishing House, New Delhi, 218 p.

Griffith, C.S, T.B. Sutton and P.D. Peterson. 2003. Fire Blight: the Foundation of
Phytobacteriology. Selected Papers of Thomsas J. Burrill, Joseph C. Arthur, and Merton B.
Waite. St Paul, Minnesota, USA: APS Press.
Hassanzadeh, N. 2005. Identification and Classification of Phytopathogenic Bacteria.
Scientific Publication of Science and Research Branch of Islamic Azad University, Iran, 520
pages. (In Persian with English Summary).
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Books on Plant Bacteriology

(1905-2025)
In order of publication dates

36.
37

37
38.

39.

40.

4l

42.

43.

44,
45,

46.

47.

Chakravarti. B.P. 2005. Methods of Bacterial Plant Pathology. Udaipur, Agrotech, 208 pages.

Srivastava, M., U. N. Ram and K. D. Rai. 2006. Introductory Phytobacteriology. 1t ed.,
Advance Publishing Concept, 312 pages.

Janse, J.D. 2006. Phytobacteriology: Principles and Practice. Cabi Publishing, 363 pp.

Saygqili, H., F. Sahin, Y. Aysan. 2006. Fitobakteriyoloji. (Turkish Edition). Meta Basimevi,
Turkey, 530 pp.

Civerolo, E.L., A. Colimer, R.E. Davis and A.G. Gillaspie. 2007. Plant Pathogenic Bacteria
(Current Plant Science and Biotechnology in Agriculture). Springer, 1 edition, 1050 pages.

Tripathi, D.P. 2008. Introductory Plant Bacteriology. Kalyani Publishers /Lyall Bk Depot., 519
pages.

Jackson, R. 2009. Plant Pathogenic Bacteria: Genomics and Molecular Biology. Caister
Academic Press, 356 pages.

Wang, Jin-sheng. 2009. Plant pathogenic bacteriology (Chinese Edition). Publisher: China's
agriculture, pp.??

Kado, C. I. 2010. Plant Bacteriology. APS Press, 336 pages. (Translated to Persian by
Hoseinzadeh et a/.,2014).

Mondal, K.K. 2012. Plant Bacteriology. Kalyani Publishers /Lyall Bk Depot., pp. 190 pages.

Thind, B.S. 2012. Phytopathogenic Procaryotes and Plant Diseases. Scientific Publishers,
545+32 Colour Pages.

Fatmi, M'Barek, Ron R. Walcott and N.M. Schaad. 2017. Detection of Plant-Pathogenic
Bacteria in Seed and Other Planting Material, Second Edition, APS Press, 360 pages.

Wezelmanm, T. 2017. Plant Bacteriology. Agri-Horti Press, 258 pages.
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Books on Plant Bacteriology

(1905-2025)
In order of publication dates

48.

49.

50.

51.
52

53.

Lee, Youn -ﬂeun. 2017. Understanding Plant Bacterial Pathogens (Korean Edition). With
forest Publisher, pp.??

Borkar, S. 2017. Laboratory Techniques in Plant Bacteriology. CRC Press, 1st Edition, Kindle
Edition, 342 Pages.

Burdman, S. and Ronald R. Walcott. 2018. Plant-Pathogenic Acidovorax Species. APS, 200
pages.
Thind, B.S. 2019. Phytopathogenic Bacteria and Plant Diseases. CRC Press. 398 Pages.

Trivedi, P.C. and T. Agarwal. 2021. Bacteriology: Structure, Reproduction, Plant Diseases
and Management. Nova Science Pub Inc. 497 pages.

Borkar, S. G. and R. Anand Yumlembam. 2021. Bacterial Diseases of Crop Plants. CRC
Press, 616 Pages.
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Books on Agricultural
Bacteriology

1. Ellis, D. 2008. Outlines of Bacteriology (Technical and Agricultural). Originally published in
1909. Cornell University Library, 286 pages.

2. Iicz)ténis, F. 2009. Laboratory methods in agricultural bacteriology. Cornell University Library,
pages.
3. Percival, J. 2009. Agricultural Bacteriology: Theoretical and Practical. Originally published in
1920. Cornell University Library, 430 pages.

a.  Russell, H.L.2009. Agricultural Bacteriology for Students in General Agriculture. Originally
published in 1915. Cornell University Library, 324 pages.

5. Russell, H.L.2009. Agricultural Bacteriology for Students in General Agriculture. Originally
published in 1915. Cornell University Library, 324 pages.

6. Greaves, J.E. 2012. Agricultural Bacteriology. Forgotten Books, 446 pages.
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Plant Bacteriology Books
Published by Indian authors/publishers

1. Patel, P.N.1972. Plant Bacteriology: Bacterial Diseases of Plants in India. Volume 1. Indian
Council of Agricultural Research, 522 pages.

2. Verma, J. P. 1998. The Bacteria. Malhotra Publ. House, New Delhi, 220 pp.

3. Dube, H.C. 1989. A Textbook of Fungi, Bacteria and Viruses. 4 editions, Vikas Publishing
House, 240 pages.

4. Jayaraman, J. and J.P. Verma. 2002. Fundamentals of Plant Bacteriology. Kalyani
Publishers, 129 pages.

5. Mishra, S. R. 2003. Bacterial Plant Diseases. Discovery Publishing House, New Delhi, 218
pages.
6. Mondal,K.K.2012. Plant Bacteriology. Kalyani Publishers /Lyall Bk Depot., 190 pages.

7. Srivastava, M., U. N. Ramand and K. D. Rai. 2006. Introductory Phytobacteriology. 1st ed.,
Advance Publishing Concept, 312 pages.

s.  Tripathi, D.P. 2008. Introductory Plant Bacteriology. Kalyani Publishers /Lyall Bk Depot., 519
pages.
9.  Singh, A. Kr.2010. Encyclopedia Of Plant Bacteriology. Anmol Publications,288 pp.

10. Narayanasamy,P.2010. Microbial Plant Pathogens-Detection and Disease Diagnosis:
Bacterial and Phytoplasmal Pathogens. Vol.2, Springer, 279 pages.

11.  Khan,I.M.2010. Encyclopedia of Bacterial Diseases in Plants. Anmol Publications, 312 pages.
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Plant Bacteriology Books
Published by Indian authors/publishers

12.  Thind, B.S. 2012. Phytopathogenic Procaryotes and Plant Diseases. Scientific Publishers,
577 pages.

Borkar, S. G. 2017. Laboratory Techniques in Plant Bacteriology. CRC Press; 1 edition.342
pages.

13.
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Methods and Protocols

* Diagnostic Bacteriology

O DiagnOStiC | e e Springer Protocols
Bacteriology |
Methods and
Protocols (MEthOdS in | Kimberly A Bishop-Lily Edior 42
Molecular Biolo : !
1616). o ‘Diagnostic

» Kimberly A. Bishop-Lilly Ba cteri0|ogy
(Ed e r) Methods and Protocols

= Publisher: Humana

s 2017 N

. 276 pages $+¢ Humana Press

Chapters detail common bacterial pathogens, protocols that can be applied to diverse or even 21

unknown pathogens, digital PCR, next generation sequencing, and bioinformatic analyses.



A Textbook of Fungi, Bacteria and Viruses

A TEXT BOOK OF

Book written by my respected PhD supervisor i

BACTERIA
ano VIRUSES

H. C. DUBE

= Publisher: STUDENT EDITION
= 3rd Ed.,2015, 284 pages.

= Prof. H. C. Dube did his M.Sc. from Gorakhpur, D.Phil from Allahabad, under Prof. g
Bilgrami, and Postdoctoral at University of Madras with Padmabhushan Prof. T. S.
Sadasivan. He also worked at Colorado State University (USA) with Prof. Ralph Baker and at
Hannover (Germany) with Prof. S. Schonbeck.

= Dr. Dube was Professor and Head of the Department of Life Sciences at Bhavnagar
University for 17 years before his retirement in November 2002.

= Earlier he was reader at Sardar Patel University, Vallabh Vidyanagar and lecturer at
University of Udaipur.

= Prof. Dube has authored two books, published by Vikas, and edited four volumes published
in India and USA., latest being the Annual Review of Plant Pathology 2002.

= Prof. Dube was elected FNASc in 1989 and made President of the Mycological Society of
India in 2001.

= He has been on the Editorial Board of Indian Journal of Microbiology, Indian
Phytopathology and Journal of Mycology and Plant Pathology.

= He was Director of UNESCO-sponsored project on water management, and Research
Coordinator of Ocean Science and Technology Cell of the Department of Ocean
Development.

= Govt, of India, to plan and promote research on Marine Ecology of the West Coast of India.

= Dr. Dube has produced 36 Ph.Ds on modern integrated areas in Biology and published over
200 research papers. Dr. Dube was honoured with the Outstanding Teacher Award in 2006.
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Books related to Bacteria

* Diagnostic Bacteriology

Methods and Protocols

N Diag nostic | e e Springer Protocols
Bacteriology
Methods and
Protocols (MEthOdS in Kimberly A. Bishop-Lilly Editor
Molecular Biolo : !
1616). o  Diagnostic

= Kimberly A. Bishop-Lilly Ba Cteriology
(Ed Ito r) Methods and Protocols

= Publisher: Humana

= 2017 -

. 276 pages $+¢ Humana Press

Chapters detail common bacterial pathogens, protocols that can be applied to diverse or even 23

unknown pathogens, digital PCR, next generation sequencing, and bioinformatic analyses.



Three book front covers

Plant pathogenic bacteria books

FUNDAMENTAL
BACTERIAL PLAN
PATHOLOGY

\ Masao ( ,'n/u\

Goto, M., 1992

Klement, Z., K. Rudolph, and
D.C. Sands (editors),1990

Tl bor
Pint Pribogene: Bacdena

LF BT

Bradbury, J. F. 1986
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Frequently cited book

Laboratory Guide for the Identification of
Plant Pathogenic Bacteria

Product Details

= Editors: Schaad, N.W., J. B Jones Laboratory Guide for Identification of

and W. Chun.
Publisher: API Press, 2001, 373 PLANT
pElg=E: - PATHOGENIC

= To assist readers in correctly
identifying bacteria, the Laboratory P
Guide for Identification of Plant -
Pathogenic Bacteria, Third Edition
includes simplified methods, color
photographs of biochemical
results, full descriptive methods
and a list of semi-selective agar
media useful for isolating bacteria.

= This guidebook will be a useful
resource for educators, students,
researchers, extension personnel,
diagnosticians or anyone involved
in identifying plant bacterial
diseases.

BACTERIA




Frequently cited book

Introduction to Practical Phytobacteriology

A SAFRINET MANUAL FOR PHYTOBACTERIOLOGY PrOd UCt Details
= Editors: Goszczynaska et al., 2000
= 83 pages.
Introduction to = This manual is a guide to a course in
\ practical Phytobacteriology for technical
Pl'CIC“CCIl assistants of SADC countries in the
SAFRINET-LOOP of BioNET-

Phytobacteriology INTERNATIONAL.

L]
Samincial Dlusa sea Uk, ARO-PPRL, Seath Alvien SAFRINET-LOOP of BioNET-INTERNATIONAL
c/o ARC - Plant Protection Research Institute, Pretoria

Sponsored by SDC, Switzerland ISBN 0-620-25487-4




Frequently cited book

Phytobacteriology: Principles and Practice

Product Details
= Author: J. D. Janse
= Publisher: Cabi Publishing, 2006.
= 360 pp.

Product Description
This book is a comprehensive manual of
phytobacteriology and is heavily illustrated
with over 200 color photographs and line
illustrations.

= It starts by outlining the history and
science of bacteriology and gives an
overview of the diversity and versatility of
complex bacteria.

= It goes on to explain characterization,
identification, and naming of complex
bacteria and how bacteria can cause
disease and how plants react to this.

m [t also discusses the economic importance N’
of bacterial diseases and strategies for 1 1. Janse
their control and reduction of crop losses.

= It concludes with 50 examples of well and

lesser known Elant pathogenic bacteria and
the diseases that they cause.

P'.:h\"ytobacteriology

_SPRINCIPLES AND PRACTICE




Frequently cited book

Methods for the Diagnosis of Bacterial
i Diseases of Plants

Product Details i " Methods for the Diagnosis of
= Methods for the Bidlsr vt een
Diagnosis of Bacterial
Diseases of Plants.
Authors: Ronald
Alexander Lelliott and
D.E. Stead

= Publisher: Blackwell
Scientific Publications
Inc., 1987.

= 216 pages.
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Pseudomonas

= Edited by Juan-Luis Ramos,

CSIC, Granada, Spain,2006, ‘S o B RR
Springer.

= Volume 1: Genomics, Life Pseudomonas
Style and Molecular
Architecture. M.olecular

= Volume 2: Virulence and Siolosy
Gene Regulation. -

= Volume 3: Biosynthesis of Issuies

Macromolecules and
Molecular Metabolism.

= Volume 4: Molecular Biology s
of Emerging Issues. ﬂ!

= Volume 5: A Model System !L l
in Biology.

I8V w09 08 TN oy g W i

Edited by Juan-Luis Ramos and Roger C. Levesque




‘L Xanthomonas

= Edited by Swings, J. and
Civerolo E.L.

= 1993.
= Chapman & Hall,
= 399 pages.

s Xanthomonasis a bacterial
plant pathogen which infects a
wide range of crops 2
worldwide. Xanthom()nas

Edited by I( \\\m

= This book presents an _j and E'LCiverolo
overview of the host plants : Y
and the diseases caused by
the pathogen on different
Crops.




Bacterial nomenclature
Bergey's Manuals

= The "bible" of bacterial = David Hendricks Bergey
identification is a book called
Bergey's Manual of Born December 27,
Determinative Bacteriology, 1860, Pennsylvania
based on morphology,
differential staining, biochemical Died September 5, 1937
tests. (aged 76)

= He was the first doctor to Philadelphia,
isolate the bacterium Pennsylvania
A?t"”o’_"y ces from a human Alma mater University of
being, in 1907. Pennsylvania

- 2?;232?‘ I;?g ec’:y??”g;‘ e e Fields Bacteriology
Microbiology continues to revise Institutions University of
and publish the book. Pennsylvania

Alma mater is an allegorical Latin phrase for a university, school, or college that one formerly attended. 31



Bergey's Manual of

Determinative Bacteriology
2nd-8th Editions (1923-1974)

+

= Bergey’s Manual gets its name from Dr. David H.

Bergey first chairman of the Editorial Board of the
Manual ?ublished by the then Society of American
Bacteriologists (now called the American Society for
Microbiology).

= The Trust Funds provided through the generosity of

Dr. Bergey before his death have been used in
developing the present edition of the Manual and
future funds are to be used in the same way under
the management of a self-perpetuating Board of
Editor-Trustee.

32



Bergey's Manual of

Determinative Bacteriology
2nd-8th Editions (1923-1974)

= Classifies bacteria by cell wall composition, morphology,
biochemical tests, differential staining, etc.

= The classification in Bergey’s Manual is accepted by most
microbiologists as the best consensus for prokaryotic taxonomy.

o ghes)ter's Manual of Determinative Bacteriology,1901(long out of
ate).

Bergey's Manual of Determinative Bacteriology (ed.1,1923);
Bergey's Manual of Determinative Bacteriology (ed. 2,1925);
Bergey's Manual of Determinative Bacteriology (ed. 3,1930);
Bergey's Manual of Determinative Bacteriology (ed. 4,1936);
Bergey's Manual of Determinative Bacteriology (ed. 5,1939);
Bergey's Manual of Determinative Bacteriology (ed. 6,1948);
Bergey's Manual of Determinative Bacteriology (ed. 7,1957);
Bergey's Manual of Determinative Bacteriology (ed. 8,1974).

Systems of classification were based entirely on morphologic characters. 33



v

Bergey's Manual of

Determinative Bacteriology
9th Edition(1994)

Product Details 3 y & o
R il . - ¥ },lw’ * 5
= Bergey's Ma_nual of Bergey’s Mandl of
Determinative 3
Bacteriology )
N by John G Holt ‘ :‘v"*f;e, NifgfrEdition

= Publisher: Lippincott
Williams & Wilkins; 9
edition (January 15,
1994).

= /87 pages.




Bergey's Manual of Systematic

Bacteriology (Vol.1-4)
1st edition(1984-1989)

= Classifies bacteria via evolutionary or genetic relationships.
= John G. Holt, Editor-in-Chief
= Williams & Wilkins, Baltimore, MD

= Published in 4 volumes:
= Volume 1 (1984)

= Gram-negative Bacteria of general, medical, or industrial
Importance

= Volume 2 (1986)
» Gram-positive Bacteria other than Actinomycetes
= Volume 3 (1989)

= Archaeobacteria, Cyanobacteria, and remaining Gram-
negative Bacteria

= Volume 4 (1989)

= Actinomycetes
35



Bergey's Manual of Systematic

Bacteriology(Vol.1-4)
1st edition(1984-1989)

BERGEY'S MANUAL OF

Systematic
Bacteriology

Volume 1

BERGEY'S MANUAL OF ‘
Systematic
Bacterioloc

Volume
1(1984)

964 pages

Volume 2
(Aug.1986)

672 pages

Volume 3
(March 1989)

/44 pages

Volume 4
(Dec.1989)

440 pages

In these volumes many higher taxa are defined in
terms of phenotype. Mix Phylogenetic/Phenetic-5 Kingdoms.




Bergey's Manual of Systematic

Bacteriology(Vol.1-5)
2nd Edition(2001-2012)

i

The second edition is being published in 5
volumes.

The current volumes differ drastically from
previous volumes in that many higher taxa
are not defined in terms of phenotype, but
solely on 16S phylogeny.

Based on Phylogenetic-3 Domains.

Yet retains much of the layout of the first
edition.
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Bergey's Manual of Systematic

Bacteriology(Vol.1-5)
2nd Edition(2001-2012)

= The second edition is being published in 5 volumes.

= Volume 1 (2001)
» The Archaea and the deeply branching and phototrophic Bacteria
= Editor-in-Chief: George M. Garrity
= Editors: David R. Boone and Richard W. Castenholz. 721 pp.

= Volume 2 (2005) divided into three books (Parts A, B & C)
The Proteobacteria

=« Editor-in-Chief: George M. Garrity

« Editors: Don J. Brenner, Noel R. Krieg and James T. Staley. 2816 pp.
= Volume 3 (2009)

» The Firmicutes

=« Editors: Paul De Vos, George Garrity, Dorothy Jones, Noel R. Krieg, Wolfgang Ludwig,

Fred A. Rainey, Karl-Heinz Schleifer and William B. Whitman. 1450 pp.
= Volume 4 (2010)

» The Bacteroidetes, Planctomycetes, Chlamydiae, Spirochaetes, Fibrobacteres,
Fusobacteria, Acidobacteria, Verrucomicrobia, Dictyoglomiand Gemmatimonadetes

=« Editors: Noel R. Krieg, James T. Staley, Brian Hedlund, Bruce J. Paster, Naomi Ward,
Wolfgang Ludwig and William B. Whitman. 974 pp.

= Volume 5 (2012)
s The Actinobacteria

= Editors: Michael Goodfellow, Peter Kampfer, Hans-Jlirgen Busse, Martha Trujillo, Ken-

ichiro Suzuki, Wolfgang Ludwig and William B. Whitman. 1750 pp.



Bergey's Manual of Systematic

Bacteriology(Vol.1-5)
2nd Edition(2001-2012)

I s Man

dystematic
Bacteriology

h’f‘;g’l‘) s Manual of
Systemalic
Bacteriology

SECOND EDITION SECOND EDITION

Systematic
Bacteriology

Part C- The Alpha-, 39
acteria Beta-, Delta-, and
Epsilonproteobacteria




Bergey's Manual of Systematic Bacteriology
2" Edition, Volume 2 (Parts A, B & C)
The Proteobacteria

= Volume 2 "The Proteobacteria.” (2004). Don J. Brenner,
Noel R. Krieg, James T. Staley (Volume Editors), and George
M. Garrity (Editor-in-Chief) with contributions from 339
colleagues.

= Hardcover: 2816 pages

= The volume provides descriptions of more than 2000 species
in 538 genera that are assigned to the phylum
Proteobacteria.

= This volume is subdivided into three parts:

a. Part A- The Introductory Essays (332 pgs, 76 figures,
37 tables).

8. Part B- The Gammaproteobacteria (1136 pages, 222
figures, and 300 tables).

c. PartC- The AIBha-, Beta-, Delta-, and
E%Tik;nproteo acteria (1256 pages, 512 figures, and 371
tables).
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Bergey's Manual of Systematic Bacteriology

Volume 2 (Parts A, B & C)
The Proteobacteria

Bergey’s Manual of

Systemalic
Bacteriology

SECOND EDITION

Bergey’s Monual of
i

Bergey’s Manual of

dystemalic
bacteriology

SECOND EDITLON

Part A- The
Introductory Essays

Part B- The
Gammaproteobacteria

Part C- The Alpha-,
Beta-, Delta-, and
Epsilonproteobacteria
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The Prokaryotes:

A Handbook on Habitats, Isolation, and
Identification of Bacteria
First Edition, 1981

= The first edition, published in 1981 in two volumes,
set out to be an encyclopedic, synoptic account of
the world of the prokaryotes- a collection of
monographic descriptions of the genera of bacteria.

= The Archaea had not yet been formalized as a group.

M. P. Starr, H. Stolp, H. G. Trliper, A. Balows, and H. G. Schlegel
(Eds.).1981. The Prokaryotes: A Handbook on Habitats, Isolation, and

Identification of Bacteria. Berlin, Germany: Springer Verlag. 42



The Prokaryotes

A Handbook on the Biology of Bacteria:

Ecophysiology, Isolation, Identification, Applications
Second Edition, 1992, in 4 volumes

Treatise on prokaryote taxonomy

= A more phylogenetically oriented, treatise on
prokaryote taxonomy is the 2nd edition (1992) of
The Prokaryotes; over 4,100 pages in 4 volumes.

= For the second edition in 1992, the editors made the
decision to organize the chapters on the basis of the
molecular phylogeny championed by Carl Woese,
which increasingly provided a rational, evolutionary
basis for the taxonomy of the prokaryotes.

Balows, A., H. G. Triper, M. Dworkin, and K.-H. Schleifer (Eds.).1992. The
Prokaryotes: A handbook on the biology of bacteria: ecophysiologK, isolation,

identification, applications, 2nd ed. Springer-Verlag. New York, NY. "



The Prokaryotes

A Handbook on the Biology of Bacteria
Third Edition, 2006, in 7 volumes

Product Details
7 Volume-Set- Part 1-4

Volume 1: Symbiotic Associations, Biotechnology, Applied
Microbiology,959 pp.

Volume 2: Ecophysiology and Biochemistry, 1107 pp.

Volume 3: Archaea. Bacteria: Firmicutes, Actinomycetes, 1143 pp.
Volume 4: Bacteria: Firmicutes, Cyanobacteria, 1140 pp.

Volume 5: Proteobacteria: Alpha and Beta Subclasses, 919 pp.
Volume 6: Proteobacteria: Gamma Subclass, 1193 pp.

Volume 7: Proteobacteria: Delta and Epsilon Subclasses. Deeply
Rooting Bacteria, 1073 pp.

Dworkin, M., Stanley Falkow, Eugene Rosenberg, Karl-Heinz Schleifer, Erko
Stackebrandt (Eds.).2006. The Prokaryotes: A Handbook on the Biology of
Bacteria. 7 Volume-Set- Part 1-4. Springer Science+Business Media,Inc. 44



The Prokaryotes
A Handbook on the Biology of Bacteria

Third Edition, 2006
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Practical Atlas for Bacterial
‘L Identification

Product Details

= Practical Atlas for klact s Are
_ or Bacterial
Bacterial Identification
Identification SECRNIEOR
D. Roy Cullimore ‘ o
- B |
= Publisher: CRC Press; 2 "“% ‘_"/
edition (March 17, |
20 10) ' D. Roy Cullimore
= 327 pages. @srs
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Introductory Phytobacteriology

Product Details totroductary.
Phytobacteriology

= Introductory
Phytobacteriology

x Ram Kishun Udit
Narain, Dinesh Rai and
Mukesh Srivastava

= Pub. Date: Jan 2006,
1st ed.

= Publisher: Advance
Publishing Concept

= 312 pp.
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Outlines Of Bacteriology

Technical and Agricultural

+

Product Details

= Outlines Of
Bacteriology
Technical And
Agricultural

= By D. Ellis

= Publisher: BiblioLife

= February 11, 2009

= Paperback: 276 pages

Outlines Of Bacterio logy
(Technical And Agricultural)
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Plant Pathogenic Bacteria:

Genomics and Molecular Biology

Product Details

= Plant Pathogenic
Bacteria: Genomics
and Molecular Biology

= By Robert Jackson
(Editor).

= Publisher: Caister
Academic Press
= 2009

= 356 pages.
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i Plant-Associated Bacteria

Product Details
PLANT-ASSOCIATED

= Plant-Associated BACTERIA
Bacteria

= Edited by Samuel S.
Gnanamnickam

= University of Madras,
Chennai, India

= 2006.

= Springer, The
Netherlands.

= /12 pages.
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Product Details
= Plant Bacteriology
s Clarence I. Kado

= American
Phytopathological
Society,

= 2010
= 336 pages

CLARENCE 1. KADO

51



Phytopathogenic Procaryotes
and Plant Diseases

Product Details

= Phytopathogenic
Procaryotes and Plant

Diseases e’ .
s B.S. Thind Phytopathogenic
. Procaryotes and
= American _ Plant Diseases
Phytopathological e
Society, -
s 2012

SCIENTIFIC

= 545 + 32 Colour Pages. S




Laboratory Techniques in

Plant Bacteriology

Product Details

= Laboratory
Techniques in Plant
Bacteriology

s Suresh G. Borkar
= CRC Press

s 2017

= 342 Pages.

Laboratory Techniques
m Plant Bactenology

53



i Continuous Cultures of Cells

Product Details

= Continuous Cultures
of Cells —

= Volume IT (CRC Press ™™
Revivals)

= 1st Edition

s Peter H Calcott
s 2017

= 216 Pages.

Continuous Cultures of Cells
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Phytopathogenic Bacteria
and Plant Diseases

Product Details

= Phytopathogenic
Bacteria and Plant
Diseases

= 1st Edition
= 2017
= 398 Pages.

5

(AR R :';.‘ "N N\
Phytopathoge
Bacteria and

Plant Diseases

nic

Yy

B.S. THIND
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Detection of Plant-Pathogenic
Bacteria in Seed and Other
Planting Material

Product Details Detection of

Plant-Pathogenic

Bacteria in Seed
and Other Planting Material

= Detection of Plant-
Pathogenic Bacteria in
Seed and Other
Planting Material

= Second Edition, APS

= Fatmi, M., R. R. Walcott
and N.M. Schaad

= 2017
= 3/2 Pages.
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Advances in research on
i plant pathogenic bacteria

= Advances in research on plant pathogenic
bacteria (International bioscience series).

Product Details
= Unknown Binding: 245 pages

= Publisher: Today & Tomorrow's Printers &
Publishers

= 1988

Y



Principles and Methods of Plant Bacteriology

N. Hassanzadeh

Scientific Publication of Islamic Azad University, 641 pp.

Principles and
Methods of Plant
Bacteriology

In Persian with English summary

By
Dr. Nader Hassanzadeh

Sl g P

sla ) 9 Jgual
e
03y HIU Hiso
1374

et 3HTol&ils ade oyl 5,0

1995

Scientific Publication Center of Islamic Azad University
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Identification and Classification of 0
Phytopathogenic Bacteria

N. Hassanzadeh

Published by I. Azad University, Science and Research Branch, Tehran-Iran, 520 pp.

Sl 3L gy alab 9 Sl
2L S5 lew

03l cyma yob a5

1384

Identification and Classifiction
Of Phytopathogenic Bacteria

In Persian with English summary

ISBN:964-450-337-6

By
Dr. Hassanzadeh

2005
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Proceedings/Reviews/Monographs/Book
!'_ chapters/PowerPoints/PDF files

Plant Pathogenic Bacteria

60



Reviews/Monographs/Book chapters

= Abaca and Enset (ed. D.R. Jones).2000. Diseases of Banana. CAB International.
Pp. 213-259.

= Alvarez, A.M. 2004. Integrated apfroaches for detection of plant Eathogenic
bacteria and diagnosis of bacterial diseases. Annu. Rev. Phytopathol. 42:339-66.

= Pérombelon, M.C.M. and J.M.,van der Wolf. 1998. Methods for the detection and
quantification of Erwinia carotovora subsp.atroseptica on potatoes: A laboratory
manual. Scottish Crop Research Institute Occasional Publication No. 10.

= Jones, J.B. 2006. Lecture 1- Phytobacteriology. 19 pages.

= Leben, C. 1974. Survival of plant pathogenic bacteria (Special circular 100), 21
pages, Ohio Agricultural Research and Development Center.

= Palacio-Bielsa, A., Cambra, M.A. and Lopez, M.M. 2009. PCR detection and
identification of Flant pathogenic bacteria: updated review of protocols (1989-
2007). Journal of Plant Pathology 91 (2), 249-297.

= Schaad, N.W. 2008. Emergn:]g Plant Pathogenic Bacteria and Global Warming.
In: Fatm|, M.B. editor. Pseudomonas syringae Pathovars and Related Pathogens.
Dordrecht, The Netherlands: Springer Science + Business Media B.V. 369-379.

= Stead, D.E., Elphinstone, J.G., Weller, S.A., Smith, N.C. and Hennessy,J. 2000.
Modern methods for characterising, identifying and detecting bacteria
associated with plants. Acta Horticulturae 530: 45-59.

61



PowerPoints, PDF files, Lecture Notes

= Abedon, S.2011. Scope and history of microbiology. Chapter10 ID and
classification of prokaryotes(Nester10) 2.51 MB. 33 slides.

= BacteriaFall2008.ppt. classes.plantpath.wsu.edu/plp429/lecture.

= Eric W. Brown. Chapter 2. Molecular differentiation of bacterial strains. Pp. 29-
66.
= Cooper,J. 2006. Bacterial plant pathogens and symptomology.

= COST 873, StoneFruitNutHealth. Sym ptoms of bacterial diseases of nuts and
stone fruits. CSL. pdf. www.atlasplantpathogenicbacteria.it.

= COST 873, StoneFruitNutHealth.2008 (Compiled by Elphinstone et a/., 2008).
Short term training Mission-Plant Bacteriology Manual. Pdf file, 59 pp.

= COST 873, StoneFruitNutHealth.2010. Pseudomonas Pathogens of Stone Fruits
and Nuts: Classical and Molecular Phytobacteriology. Pdf file, 71 pp.

= Cuppels.2007. Biology 418a.
= Diversity_1.pdf.2004. Microbial Diversity.

= Duffy, B, C. Pelludat, F. Pasquier, B. Frey, J.E. Frey. 2008. Diagnostic
Microarrays. COST 873 Training Workshop, CSL, York UK.

= Fox, A.2008. Culture and identification of infectious agents.
= Fox, A.2008. Antibiotics affecting the cell envelope.
= Fox, A.2008. The Bacterial Cell.
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PowerPoints, PDF files, Lecture Notes

Ibrahim, N., A. Fataah and H. Reheem. Isolation of the bacteria Clavibacter xyli
ssp xyli and production of polyclonal antibodies against it for detection of
Ratoon stunting disease in Sugarcane crops. Sugarcane crops Ins., ARC, Giza,

Egypt.
Lab4-ss.pdf. Plant Disease diagnostics.

Karim.2004. Taxonomy.

Keim Lab. Week3_ Exercise2_BC.ppt.

Keller, B. Bre’'s Exercise 2.ppt.

Mckay,T. 2011. Nonfermenting Gram Negative Rods. 20 slides,193 KB.

Manceau,M.2008. Isolation, storage and management of plant pathogenic
bacterial strains. COST 873,INRA, m_Manceau_StoringBacteria_CSL_1. pdf.
Marshall, D.S. 2002. Plant diseases caused by bacteria.

Mehan, V.K. and D. McDonald, 1995(eds). Techniques for diagnosis of
Pseudomonas solanacearum and for resistance screening against groundnut
bacterial wilt. ICRISAT, 68 pages.

Miller, S. 2006. Diagnosing Plant Diseases Caused by Bacteria. IPDN Training
Meeting, IITA, Cotonou, Benin. The Ohio state University.

Nahson,].B.2007. Plant disease diagnostic capacity and needs in crop
production. Department of crop science and production, Tanzania.

Nunney, L. Monitoring Xy/ella fastidiosa for changes in host range and virulence
gging g&enome-based methods. Dept of Biology, University of California,
iverside.
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PowerPoints, PDF files, Lecture Notes

= Sridhar Rao P. N. Identification of bacteria. www.microrao.com. File Format:
Shockwave Flash.

= Parkinson, N. Identifying Relatedness Between Bacterial Plant Pathogensm.
Parkinson_MolID_CSL_1.pdf.

= Smith, J. Plant Pathogenic Bacteria. Characterization & Identification.
eJulianIdentificationofbacteria. pdf.

= Stead, D. Classification and Nomenclature of Plant Pathogenic Bacteria - A
Review(m_stead_CSL_1. pdf).

= Stead, D. Minimum requirements for diagnosis.
(m_stead3_DiagnosticRequirements_CSL_1. pdf).

= Tavares et al,2010. Genomic loci at the CUPID and Insignia intersections
increase the reliability of phytopathogen-diagnostic markers. 31 slides,4.70 MB.

= Thwaites, R. DNA Fingerprinting of Bacteria. Plant Health Group, CSL
(m_Thwaites_CSL_1. pdf).
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!'_ CDs in plant pathogenic bacteria

CD Presentations On Plant Pathogenic Bacteria
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Plant Bacteriology CD-Rom

First version released in 2007

= Plant Bacteriology CD-Rom(version I)
= Hassanzadeh, N. 2007 (Compiled & Edited). Scientific Publication of Science and
EeSﬁggc)h Branch of Islamic Azad University, 425 MB CD contains 4000 slides (In
ng :
= As a supplement to the Plant Bacteriology lecture the CD-Rom was presented in the
form of eight PowerPoint Presentations:
Bacterial disease symptoms o
Bacterial cell structure oy i
Bacterial diagnosis
Bacterial classification
Bacterial phylogeny
Bacterial genetics
Bacterial pathogenesis
. Bacterial disease management ==
Four appendices were also included:
Appendix 1. Names of Plant Pathogenic Bacteria (ISPP List) updated March 30,2004.
Appendix 2. Bacterial Validation Lists updated March 02, 2007.

Appendix 3. Video clips on bacterial motility, electrophoresis techniques, cloning,
restriction enzymes, Northern Blot, PCR technique, signal transduction, horizontal
gene transfer, DNA, etc.

= Appendix 4. Bacterial Phylogeny of Cavalier,2002.

Plant Bacteriology CD-Rom

co e T s B el i




Plant Bacteriology CD-Rom

Second version released in 2009

= Plant Bacteriology CD-Rom (version II).

= Hassanzadeh, N. 2009 (Compiled & Edited). Scientific Publication of Science and
Eﬁ;ﬁg{sh Branch of Islamic Azad University,323 MB CD contains 5600 slides (In

= As a supplement to the plant bacterlologgl lecture, all old eight PowerPoint
presentations were elaborated and included as follows:

Bacterial disease symptoms §€

Bacterial cell structure :

Bacterial diagnosis

Bacterial classification

. Bacterial phylogeny

. Bacterial genetics

. Bacterial pathogenesis

. Bacterial disease management

- The current CD contains 5600 slides, showing considerable expansion in both
quantity and quality of the slides.

= To quickly access the original files, all old files related to appendices and video
clips were deliberately omitted.

Pltm Bacteriology CD- Rom
PowerPointa

ONOUIAWN
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Plant Diseases Caused by Bacteria:

An Image Database and Educational Resource CD
Released by APS in 2010

= Plant Diseases Caused by Bacteria
CD.

= Milton N. Schroth, Eva I. Hecht-Poinar, e ﬁ( ,.,._._..,_N;
and Anne M. Alvarez.2010 (Editors). Planﬁt\stease‘S'

= The image database contains 1006 images 4 Caused by Baderia
of plants affected with bacteria diseases. ' MR NES BRI LIS Gt

= The CD includes detailed pictures with a

range of symptom types caused by
bacterial diseases.

= In addition, this CD contains illustrated
and detailed narratives on 34 major
bacterial diseases and includes important
information on various factors of the
diseases: mode of transmission, host
range, mechanisms of infection, survival,
and management.

= APS PRESS, $259 Price.
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Websites

Professional Websites on Plant Pathogenic
Bacteria

69



Hasanzadeh’'s Website HomePage
www.phytobacteriology.com

Website HomePage (2009) Old Website HomePage (2010)

Placed single file: Plant Bacterial Diagnosis Placed files: Eight Microsoft PowerPoint files

PHYTOBACTERIOLOGY.COM
PHYTOBACTERIOLOGY.COM

ETant Dacteriology Plant Bacteriology

Science and Research Branch of Plant Bacterial Diagnosis

Islamic Azsd University, Science and Research Branch of Islamic Azad University,

Facalty of Arriceltuz sl Nasial Science and Research Branch of Islamic Azad University, E -
Resources, g 5o il N e , ‘aculty of Agriculture and Natural Resources,
St iy — = @ PO Box ST
' - | il 0. Box: 1
( -02 s : =y Fax: 02144865025
w mtact e-mail sddress: - v

Branch web site: www.srbian.ac.ir
Contact e-mail address:

PAD T Amsd Omtversity Nader Hassanzadeh  hasanzadehr@srbiau ac.ir or hasanzadehr@yahoo.com

Two CDs rel I PhD.: I Azad University

Ares of Interest . 2007 and 2009

Plant bacterial pathogens and

‘evaluation of different biocontrol

agents against some plant bacterial

diseases particularly the fire blizht ——

L — | == | Area of Interest

E-mail: hasanzadebr(@srbim ac it Plant bactenial diagnosis and

Plant Bacterial Diagnosis il Dl Sarsk management of some plant
T T —
the fire blight disease

Last updated: October 19, 2010

Copyright © 2008 Design & Powered By www. Aypweb.com & www. AypCo.com




Hasanzadeh’'s Website HomePage
www.phytobacteriology.com

Website HomePage (2013)

Placed files: The ten Microsoft PowerPoint files

Website HomePage (2011-12)

Placed files: Nine Microsoft PowerPoint files

PHYTOBACTERIOLOGY.COM PHYTOBACTERIOLOGY.COM

Plant Bacteriology
Plant Bactericlogy

Nader Hassanzadeh
PhD:1 Azad University

Science and Research Branch of Islamic Azad University,

Faculty of Agriculture and Natural Resources.

Hesark Ponak Tehran-Iran

P.O.Box:14155/775

Fax:021-44865025

Branchweb site:www.srbiauacir

Contact e-mail address:

hasanzadehr(@srbiauacir or hasanzadehr(@yahoo.com

AreaofInterest Preface
Bacterial Dsease Symptoms

Diagnosis and management of
some important plant bacterial
diseases particularly the
fire blight disease

Bacterial Cell Structure
Bacterial Dia gnosis-Part 1
Bacterial Dia gnosis-Part 2
Bacterial Classification
Bacterial Phylogeny

Bacterial Pathoge nesis
Bacterial Genetics

Bacterial Disease Management

Nader Hassanzadeh

Science and Research Branch of Islamic Azad University,
Faculty of Agriculture and Natural Resources,

Hesark, Ponak, Tehran-Iran.

P.O. Box: 14155/775

Fax: 021-44865025

Branch web site: www.srbiau.ac.ir

Contact e-mail address:

hasanzadehr(@srbiau.ac ir or

PhD.: L Azad University

Two CDs released in
2007 and 2009

Area of Interest

Diagnosis and management of
some important plant bacterial
diseases particularly the
fire blight disease

Bacterial Cell Structure

Bacterial Classification

Bacterial Genetics

Bacterial Phylogeny

Plant Bacterial Diagnosis-Part1
Plant Bacterial Diagnosis-Part2
Plant Bacterial Diagnosis-Part3
Plant Bacterial Disease Symptoms
Plant Bacterial Disease Management
Plant Bacterial Pathogenesis
Preface




Hasanzadeh’'s Website HomePage
www.phytobacteriology.com

Website HomePage (2015)

Placed files: Twelve Microsoft PowerPoint files

Website HomePage (2014)

Placed files: Eleven Microsoft PowerPoint files
YTOBACTERIOLOGY.COM

Plant Bacteriology

Branch web site: www.srbian.ac.ir
Contact e-mail address:

Nader Hassanzadeh hasanzadehr@srbi
PhD.: 1 Azad University g

- Science and Research Branch of Islamic Azad University,
‘ Faculty of Agriculture and Natural Resources,
5 Hesark, Ponak. - g
P.O. Box: 14155/7
Fax: 021-4486:

Two CDs released in
2007 and 2009

Area of Interest

Diagnosis and management of
some important plant bacterial
diseases particularly the
fire blight disease

Last updated: August 23, 2014

Bacterial Cell Structure

Bacterial Classification

Bacterial Genetics

Bacterial Phylogeny

Plant Bacterial Diagnosis-Part1

Plant Bacterial Diagnosis-Part2

Plant Bacterial Diagnosis-Part3

Plant Bacterial Disease Symptoms

Plant Bacterial Disease Management-Partl
Plant Bacterial Disease Management-Part2
Plant Bacterial Pathogenesis

Preface

Plant Bacte

Science and Research Branch of Islamic Azad University,
Faculty of Agriculture and Natural Resources,

Hesark, Ponak, Tehran-Iran.

P.O. Box: 14155/775

Fax: 02144865025

Branch web site: www.srbiav ac.ir

Contact e-mail address:

DhD.:I Azad University ~ Dasanzadehr@srbiau.ac.ir or

Two CDs released in
2007 and 2009

Area of Interest

Diagnosis and management of
some important plant bacterial
diseases particularly the
fire blight diseasa

Last updated: JAN. 1, 2015

Plant Bacterial Diagnosis-Part1

Plant Bacterial Diagnosis-Part2

Plant Bacterial Diagnosis-Part3

Plant Bacterial Disease Symptoms

Plant Bacterial Disease Management-Part1
Plant Bacterial Disease Management-Part2
Plant Bacterial Pathogenesis-Partl

Plant Bacterial Pathogenesis-Part2
Bacterial Classification

Bacterial Genetics

Preface

Bacterial Cell Structure

Bacterial Phylogeny
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Hasanzadeh’'s Website HomePage
www.phytobacteriology.com

Website HomePage (2016) Website HomePage (2017)

Placed files: Fourteen Microsoft PowerPoint files Placed files: Fiftheen Microsoft PowerPoint files

PHYTOBACTERIOLOGY.COM PHYTOBACTERIOLOGY.COM

1t Bacteriology Plant Bactericlogy

Science and Research Branch of Islamic Azad University, . . .
Faculty of Agriculture and Natural Resources, Science and Research Branch of Islamic Azad University,

Hesark, Ponak, Tehran-Iran. ol v Faculty of Agriculture and Natural Resources,
PO. Box: 14155/775 N5 Hesark, Ponak, Tehran-Iran.

Fax: 021-44865025 y P.O.Box: 141 )

Branch web site: www.srbiau.ac.ir \ Fax: 021-44865025

Contact e-mail address: ——— Branch web site: ww

Nader Hassanzadeh ~ hasanzadehr@srbiau.ac.ir or Contact e-mail addre:
PhD.: L Azad University - Nader Hassanzadeh hasanzadehr@srbiau ac.ir or
PhD.: L Azad University
Two CDs released in -
2 2
2007 and 2009 Two CDs released in
2007 and 2009

Bacterial Cell Structure
Bacterial Cla on
e Plant Bacterial Diagnosis-Part1
Area of Interest Plant Bacterial Disease Management-Part1 Plant Bacterial Diagnosis-Part2
Plant Bacterial Disease Management-Part2 Plant Bacterial Diagnosis-Part3
Diagnosis and management of Plant Bacterial Disease Management-Part3 Area of Interest Bacterial Cell Structure
some important plant bacterial Pla aqnosis-Part2 Bacterial Qassification
diseases particularly the Plant Bacterial Diagnosis-Part3 Diagnosis and management of Bacterial Phylogeny
fire blight disease Bacterial Phylogeny some important plant bacterial Bacterial Genetics
Plant Bacterial Pathogenesis-Partl diseases particularly the Plant Bacterial Disease Management-Part1
Plant Bacterial Pathogenesis-Part2 fire blight disease Plant Bacterial Disease Management-Part2
Hant Bacterial Pathogenensis-Poan Plant Bacterial Disease Management-Part3

Plant Bacterial Diagnosis-Part1 < - 2
Last updated: Sep. 23, 2016 o Microbial{ bacterial)Ecoloqy
Plant Bacterial Disease Symptoms

Plant Bacterial Pathogenesis-Partl
Plant Bacterial Pathogenesis-Part2
Plant Bacterial Pathogenensis-Poem
Preface

Academic Year 2017/18. Last
update: 21 March 2017
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Hasanzadeh’'s Website HomePage

www.phytobacteriology.com

Website HomePage (2017)

Placed files: Fourteen Microsoft PowerPoint files

PHYTOBACTERIOLOGY.COM

Plant Bactericlogy

Sdence and Research Branch of Islamic Azad University,
Faculty of Agriculture and Natural Resources,

Hesark, Ponak, Tehran-Tran.

P.O. Box: 14155/775

Fax: 021-44865025

Branch web site: www.srbian ac.ir

Contact e-mail address:

Nader Hassanzadeh ~ hasanzadehr@srbiau.ac.ir or
PaD- I Asad Usiversity

Two CDs released in
2007 and 2009

Area of Interest

Academic Year 2017/18. Last
update-6 Sept. 2017

Bacterial Cell Structure
Bacterial

Plant Bacterial Diagrosis-Partl

Plant Bacterial Disgriosis-Part2

Plant Bacterial Diagnosis-Part3

Plant Bacterial Disease Symptoms

Preface

Plant Bacterial Disease ement-Partl
Plant Bacterial Disease Management-Part2
Plant Bacterial Disease Manasgement-Part3
Plant Bacterial Pathogenesis-Part1

Plant Bacterial Pathogenesis-Part2

Plant Bacterial Pathogenesis-Poem

Website HomePage (2018)

Placed files: Fiftheen Microsoft PowerPoint files

Plant Bacteriology

Science and Research Branch of Islamic Azad University,
Faculty of Agriculture and Natural Resources,

Hesark, Pon Tehran-Iran.

P.O.Box: 14 75

Fax: 021-4486502.

Branch web site: www.srbiau.ac.ir

Contact e-mail address:

Nader Hassanzadeh hasanzadehr@srbiau.ac.ir or
PhD: L. Azad University

Two CDs released in
2007 and 2009

Area of Interest

Diagnosis and management of
some important plant bacterial
diseases particularly the
fire blight disease

Academic Year 2018/19. Last
update: March 6, 2018

Bacterial Cell Structure

gnosis-Part2
Plant Bacterial Diagn
Plant Bacterial Disease Management-Part1
Plant Bacterial Disease Management Part2

Plant Bacterial Pathogenesis-Poem
Preface
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Hasanzadeh’'s Website HomePage
www.phytobacteriology.com

Website HomePage (2019) Website HomePage (2019)

Plant Bactericlogy ‘ac

Science and Research Branch of Islamic Azad University,

Science and Research Branch of Islamic Azad University, 9 Faculty of Agriculture and Natural Resources, .
Faculty of Agriculture and Natural Resources, Hesark, Ponak, T
Hesark, Ponak, Tehran-Tran. et P.O. Box: 14155/775
P.O. Box: 14155/775 y Fax: 021-44865025
Fax: 021-44865 . . Branch web site: www.srbiau.ac.ir
Branch web site: www.srbiau.ac.ir Contact e-mail address:
Contact e-mail address: Nader Hassanzadeh

Nader Hassanzadeh hasanzadehr@srbiau.ac.ir or PhD.: 1. Azad University

PhD.: I Azad University
- Two CD:s released in

Two CDs released in 2007 and 2009
2007 and 2009

Bacterial Classification
Bacterial Genetics

Area of Interest Bacterial Phylogeny
Area of Interest iy I (bacterial) Ecology,
M Diagnosis and management of
some important plant bacterial
diseases particularly the
fire blight disease

Diagnosis and management of
some important plant bacterial
diseases particularly the
fire blight disease

Plant Bacterial Disease Management-Part2

Plant Bacterial Disease Management-Part3

Plant Bacterial Dit

Plant Bacterial Disease Symptoms-Part2
Academic Year 2019/20. Last

update: September 10, 2019
Academic Year 2019/20. Last

update: March 17, 2019 Plant Bacterial Pathogenesis-Part2
Plant-Bacterial-Pathogenesi:
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Hasanzadeh’'s Website HomePage
www.phytobacteriology.com

Website HomePage (2020) Website HomePage (2020)

Placed files: Sixteen Microsoft PowerPoint files Placed files: Sixteen Microsoft PowerPoint files

PHYTOBACTERIOLOGY PHYTOBACTERIOLOGY.COM

wlant Bacteriology Plant Bacteriology

Science and Research Branch of Islamic Azad University, 5 o B Y
Faculty of Agriculture and Natural Resources, 3 Science and Research Branch of Islamic Azad University
Hesarl;: Ponfl; Tehran-Tran. i - e Faculty of Agriculture and Natural Resources,

P.O. Box: 14155/775 Hesark, Ponak, Tehran-Tran.

Fax: 021-44865025 P.O. Box: 14155/77

Branch web site: www.srbiau.ac.ir Fax: 021-4486502

Contact e-mail address: Branch web site: www.srbiau.ac.ir
Nader Hassanzadeh hasanzadehr@srbiau.ac.ir or Contact e-mail address:
PhD.: I. Azad University Nader Hassanzadeh hasanzadehr@srbiau.ac ir or

- PhD.: I Azad University

Two CDs released in -
2007 and 2009 Two CDs released in
2007 and 2009

Plant Bacterial Pathogenesis-Poem, 2016
Bacterial Cell Structure Plant Bacterial Pathogenesis-Poem,2016
Bacterial Classification Bacterial Cell Structure
Area of Interest Bacterial Genetics Bacterial Classific
Bacterial Phylogeny Area of Interest Bacterial Geneti
Diagnosis and management of robial E Bacterial Phylogeny
some important plant bacterial Diagnosis and management of Microbial (bacterial) Ecology.
diseases particularly the Plant Bacterial Diagnosis-Part2 some important plant bacterial 2
fire blight disease Plant Bacterial Diagnosis-Part3 diseases particularly the
Plant Bacterial fire blight disease

Disease Management-Part2
ement-Part3 Plant Bacterial Disease Management-Part3
Academic Year 2020/21. Last Plant Bacterial Disease Symptoms-Part1
update: April 13, 2020 Academic Year 2020/21. Last Plant Bacti
Plant Bacterial Pathogenesis_Partl update: September 29, 2020 Plant Bach
Plant Bacterial Pathogenesis-Part2 Plant Bacterial Pathogenesi
Preface
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Hasanzadeh’'s Website HomePage
www.phytobacteriology.com

Website HomePage (2021)

Placed files: Sixteen Microsoft PowerPoint files

Website HomePage (2021)

Placed files: Sixteen Microsoft PowerPoint files

PHYTOBACTERIOLOGY.COM HYTOBACTERIOLOGY.COM

Plant Bacteriology

Science and Research Branch of Islamic Azad Universt
Faculty of Agriculture and Natural Resources,

Hesark, Ponak, Tehran-Iran.

P.O. Box: 14155/775

Fax: 021-44865025

Branch web site: www.srbiau.ac.ir

Contact e-mail address:

Nader Hassanzadeh hasanzadehr@srbiau.ac.ir or
PhD.: 1. Azad University

Two CD:s released in
2007 and 2009

Area of Interest

Diagnosis and management of
some important plant bacterial
diseases particularly the
fire blight disease

Academic Year 2021/22. Last
update: March 25, 2021

Plant Bacterial Pathogenesis-Poem,2016
Bacterial Cell Structure

Bacterial Classification

Bac | Genetics

Plant Bacterial Diagnosis-Part1
Plant Bacterial Diagnosis-Part2
Plant Bacterial Diagnosis-Part3
Plant Bacterial Disease Management-Part1
Plant Bacterial Disease Management-Part2
Plant Bacterial Disease Management-Part3

Plant Bacterial Pathogenesis-Part1
Plant Bacterial Pathogenesis-Part2

Plant Bacteriology

Science and Research Branch of Islamic Azad University,
Faculty of Agriculture and Natural Resources,

P.O. Box: 14155/775

Fax: 148650

Branch web site: www.srbiau.ac.ir
Contact e-mail address:

Nader Hassanzadeh hasanzadehr@srbiau ac.ir or
PhD.: 1. Azad University

Two CDs released in
2007 and 2009

Area of Interest

Diagnosis and management of
some important plant bacterial
diseases particularly the
fire blight disease

Academic Year 2021/22. Last update:
October 7, 2021

Plant Bacterial Pathogenesis-Poem, 2016
Bacterial Cell Structure

Bax al Classifi

Bacterial Genetics

Bacterial Phylogeny

Microbial (bacterial) Ecology

Plant Bacterial

Plant Bacterial

Plant Bacterial Pathogenesis-Part1
Plant Bacterial Pathogenesis-Part2
Preface




Hasanzadeh’'s Website HomePage
www.phytobacteriology.com

Website HomePage (2022) Website HomePage (2023)

Placed files: Seventeen Microsoft PowerPoint files Placed files: Seventeen Microsoft PowerPoint files

PHYTOBACTERIOLOGY.COM PHYTOBACTERIOLOGY.COM

Plant BEacteriology ] Plant BPacteriology

Science and Research Branch of Islamic Azad University, Science and Research Branch of Islamic Azad University,
Faculty of Agriculture and Natural Resources, Faculty of Agriculture and Natural Resources,
Hesark, Ponak, Tehran-Tran. Hesark, Ponak, -fran.
PO.Box: 14155775 PO.Box: 141557
Fax: 021-44865025 Fax- 02144865025
Branch web site: n‘w“srhauacu Branch web site: www.srbiauac.ir
Contact e-mail address:
hasanzadehr@srbiau ac.ir or

T\\o CDs released in Two CDs released in
2007 and 2009 2007 and 2009

Plant Bacterial Pathogenesis-Poem, 2016 Plant Bacterial Pathogenesis-Poem. pdf
Bacterial Cell Structure Microbial(bacterial)Ecology
Bauenal dassnfnum

Plant B: Bmeﬂal Puhoqen&s Pan2

ptoms-Part2
Plant Bacterial Disease S pmms Partl
Plant Bacterial Disease Management-Partd
Plant Bacterial Disease Management-Part3
ST

Plant Bacterial Disease Sym,
Acadermic Year 2021/22. Last update: ; is- Academic Year 2023/24. Last update:
March 18, 2022 Plant Bacterial Pathogenesis-Part2 Apil 5, 2023
Preface

Bacterial Cell Structure
Plant Bacterial Diagnosis-Part1
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Ralstonia/Bacterial wilt
dedicated website

USDA-NRI Wc)«t Ralstonia solanacearum Race 3 biovar 2: Datection, Exclusion and Analysis of a Select Agent Pathogen
e o .

Edut:atlon

n Visit our Ralstonia/Bacterial wilt - . -
. . Ralstoma solanacearum Bacterlal wilt dedlcated websute
ded ICatEd We bSIte . http://plantpath.ifas.ufl.edu/rsol/

http ://plantpath . |faS.Uf| .Ed U/FSOV } | Ralstonia solanacearum Race 3 biovar 2

m Pest and disease management
guides

= Project description, A
accomplishments USDA-NRI Project s . e e |

B Aim 1. Develop rapid, robust, and reliable
diagnostic assays for R3b2

= Real time pest alerts and first 8 4im 2, 1dentity R3b2 genes involved in cold

adaptation and growth in plant hosts

B R. solanacearum is the plant pathogenic bacterium
that causes brown rot of potato, Southern wilt of
geranium, and bacterial wilt of tomato

B R. solanacearum Race 3 biovar 2 (R3b2) is listed as a
Select Agent in the United States

W There is a risk for introduction of R3b2 in the U.S.
through import of infested geranium cuttings

W Management of bacterial wilt is best achieved with
strict sanitary and exclusionary practices

o Widina & —S e 0

-

R v o st

W Aim 3, Develop a package of optimized educational

reports worldwide e o bl
Website content - Many reasons to visit !

= Protocols, book references and s

B Real time pest alerts and first reports

journal articles database

W Publications including management guides,
protocols, book references and journal

= Web resources Brcies

B Web resources: links to related website pages
and documents

m P h Oto g a I Ie r I es W Photo gallery of bacterial wilt symptoms c:::::tvinmf:mation coueotion program

M Project description and accomplishments Prof. €, Alen Or. P, Chamgolsnm
University of Wiscorsin-Madison University of Florida
M Access to Ralstonia-L mailing list: subscribe 1630 Linden Dr 3453, Fiflekt Hall

| Access to Ra/ston/a- m a i | i n g I ist " and be notified of updates to the we.bsize Z«’i’.’f;!.’;‘ji?f,...,m 57’-‘:.’;1‘...‘;‘.?331?3,‘ A
. USDA UF E5RT5A NTDN
Champoiseau et a/,2009 = s T @ & =NPDN




Plant Bacteriology Website

Hawaii University
Home page

Plant Bacteriology
University of Hawaii at Manoa

Welcome to the website of Dr. Anne Alvarez at the University of Hawaii at
Manoa. Hopefully, this website will serve as a useful resource for those
interested in plant bacteriology and related fields.

Please select from the following links to quickly enter the portion of the site
iyou‘re interested in.

Happy surfing!

Here you will find the research ~ This site was created in the Dedicated to protecting

and teaching tools (courses and spirit of open, shared agricultural and food industries
student resources) at the information. The creator of this from the deliberate or accidental
University of Hawaii site shall not be held liable for  introduction of plant and animals
Department of Plant and material contributed or posted pests and diseases.
Environmental Protection by other authors.

Sciences.
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Bacterial Plant Pathogen

Websites of Interest

Bacterial Plant Pathogen
Websites of Interest

Bacterial Nomenclature

Bacterial
Nomenclature Up-to-date

http://www.dsmz.de/bactnom/ba

ctname.htm

List of Bacterial Names with
Standing in Nomenclature

http://www.bacterio.cict.fr/

Bergey's Manual of Systematic
Bacteriology 2nd Edition —
Taxonomic Outline of the

http://dx.doi.org/10.1007/bergey
soutline200210

Procaryotes
Microbiology Cells Alive http://cellsalive.com/
Microbe World http://www.microbeworld.org/
Bacteria Museum http://www.bacteriamuseum.org
The Microbiology Information http://www.microbes.info/
Portal
Plant Pathology http://www.pk.uni-

Plant Path Internet Guide Book

bonn.de/ppibg/ppigb.htm

Plant Disease Control Picture
Index

http://plant-

disease.ippc.orst.edu/image _inde
x.cfm

APS,2015
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http://cellsalive.com/
http://www.microbeworld.org/
http://www.bacteriamuseum.org/
http://www.microbes.info/
http://www.pk.uni-bonn.de/ppibg/ppigb.htm
http://plant-disease.ippc.orst.edu/image_index.cfm

The European Association of

Phytobacteriologists
Set up early 2007

= The Chair of the EAP is ].D. Janse, phytobacteriologist at the
General Inspection Service (NAK), The Netherlands.

= The objectives of the EAP are:

1. Development, improvement and implementation of
diagnosis, detection, identification and classification of
bacterial plant pathogens.

2. Education and training in principles and practice of
phytobacteriology.

3. Provision of advice and expertise to plant health regulatory
bodies.

4. Promotion of technical and scientific collaboration.

5. Exchange of information through communication
networking. 82



Bacteria identification 1118532
;

ree
iS4 Download &

The Website ABIS

ABIS online
Automated Biometric Identification System

www.microrao.com/identify.htm
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ABIS online

Automated Biometric Identification System
An Advanced Bacterial Identification Software

i

= History
The project started in 2003 as a MS-DOS-based
program for clinically significant Enterobacteriaceae
identification, using biochemical characters,
morphology, growth conditions, ecology and
pathogenicity data.
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ABIS online

Automated Biometric Identification System
An Advanced Bacterial Identification Software

= ABIS online is a laboratory tool for bacterial identification,
based on morpho-biochemical characters, cultural
characteristics, growth conditions, ecology & pathogenicity
data.

= Main identifiable taxa:

s Enterobacteriaceae, Pasteurellaceae, Campylobacteraceae,
Bacillaceae, Lactobacillus, Staphylococcus, Streptococcus,
Clostridium, Vibrio, Listeria, Erysipelothrix, Mycobacterium,
Corynebacterium, Neisseria, Chromobacterium, Aeromonas,
Pseudomonas and related species.

= The number of taxa included in database is constantly
expanding, and at the time I wrote this article, the
database had exceeded 1,900 species.

ABIS online Encyclopedia - ABIS Encyclopedia, 2021 85



ABIS online

Automated Biometric Identification System
An Advanced Bacterial Identification Software

i s i b i i i S i’ Bl Wit e B i b s s e i s P K e it e S S i G s S s e ol Pt ST i @ e %

} :l
i
3
|
; ¥
a The Great Bacteria Book
§ ABIS online Encyclopedia
Z
Quick links !
g Actinobacillus Actinomyces Aerococcus Aeromonas Bacillus Burkholderia Campylobacter Clostridium Corynebacterium ;
Enterobacteriaceae Enterococcus Erysipelothrix Haemophilus Helicobacter Lactobacillus Listeria Mycobacterium “
f Micrococcus Moraxella Neisseria Pasteurella Pseudomonas Staphylococcus Streptococcus Vibrio ¥
i
t {

ABIS online Encyclopedia - ABIS Encyclopedia, 2021
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ABIS online

Automated Biometric Identification System
Library

€ B bulisdia iquorilactobac
o isteria
I Buttisuxels | Listcnella ®'\/sgococcus
B Loigolactobacillus \\srbaculum
B Lysinibscillus m\ericiella
g = lhen ] |\ibrio
senimicrobium ills
The Great Bacteria Book BC rohi M BVirsoscilla
ABIS online Encyclopedia B Cameylozacir B Macroceoeus B\irgibacillus
Ca"_ |";moe|r;=s B Mannheimia |\fridibacillus
a Cas.e niella  Meliszocoocus B\ogesells
gcihmf-?fﬁiiw B Microbacterium \\olucribacter
Quick inks . B Micrococous
B Cedecea i
- | Microvirgula
Actnooaciie Actnomyces ASrocoscus Asromonas Saclius Surkholorta Campylobacter Clostidum Cognatactenum B Chitinibacser B Mobiluncus B Wolinella
Entercoacienacase Emerococcus ENyeipsiothix H3emophius Hellccdactar L3CbECHUE Listeria Myoobacirium B Chitinifyticum B Moelierslla
Micooocoss MORKEIs NelSE3 FasteUrsla PRRCOTONZE SEONYOMONTUE SURRIOCCCOUS WO ® Chitnimonas = !
B Chitichilue a :ﬂoraxe!ﬁ (Branhamela) X
prrus @ Morganella @ Xenorhabdus
Bl Chromobacterium
h B Morococous
B Citricoccus vidus
s B Mycoavidus ¥
Alphabetical index : Eg&:ﬂeerr B Mycobacterium B Yarsinia
A S Q B Clostridium Wokencl
™ Abictrophia ® Gafibacterium ® Quisquiliibacterum B . N
8 Abyssicocous 0 Gemela amamenas B Neisseria
# Achromobacter  Geobacilus R a Ccm:-gnllac_to:-acl us 1 Neomicrocoseus
 Acidovorax n Gloticatella ®Rahnella B Conchiformitius B Nosocomilcoceus
# Acinstobacter m Glutamicibacier " Raouela M Cortcicocous
Actinotaciius. Grimontia # Ralstonia B Corynebacierium
 Actinobaculum  Gultenkiania W Rathayibacter B Cosan: .
W Actinomyces. " Rizmerzls B Crenobacter B Chesumbacterium
W Actinotignum H # Rivicola Cuprizvid | Ocesnimaonas
 Advensiz 1 Hafnia mRottsia B Cupriavidus B Cligella
B Aerococcus m Haematomicrotium #Rummeliibacillus
W Asromanas  Haemophilus D P
Aggragatoscier  Helicobacter s ¥ Deefgsa _ o
. a  Saccharedens  Cellagles W Fzanalcaligenss
 Akaligenes " Holzapfelia ' Salimierosum B Dermabacier B Pasnarthrobacter
 Alicoccus ® Hydromanas  Salinicoccus e B Faenibacillus
 Aliivibrio # Salinivibrio B Paeniglutamicibacter
B Allobaculim 1 # Saimonella B Dickeya 8 Paludibactzsium
 Aysiela # lghavigranum W Sanguibacter W Dolosimoccus BPandoraes
# Amarichitinum # lodobacter B Schiedentaciobacillus an
# Ampulimonas  Secundilactobacilus E I Fantoss
» Amyiclaciobacillus J 1 Sarrata B Edwardsiells B Paralcaligenes
M Anaercbacilus # Jeongeupia 0 Shigells ] Eikene‘ll’a -
W Andracrevctis 8 Jeotgslicoceus  Shimwelia Enteric G
w8 Anzurnibacillus  Sivmonzs @ Enteric Groups B Parapusilimaonas
# Apilactobacillus K B Simonsielia W Enterohiacter B Pasteurells
B Aquaspinium Kersersa # Snomonas B Enterococcus B Paucilsctobacillus
quitalea » Kngella " Snodgrazellz B Erterovibrio
1 Arcanobacterium Kesseta 1 Solibacilus o Ensticesia WPectohacterim
Arcobacter W Kiyvera  Sclobacterum ® Er=mococous WPediococcus
8 Arthrobacter 1 Koeuria m Schingomonas B Erysicelothri B Pelistega
W Arsenophonus 8 Kyrpida W Scorosarcina Tysipelotrix B Pelomonas
W Auricoccus 0 Staphylococcus W Erwinia B Phocoenobacter
 Avibacterum L # Stenorophomonas W Escherichia B Photobacterium
# Azohydromonas @Lasicessbaclos yba B Ewingella B Photorhabdus
# Lactiplantibacil 0c0ceuUs hotoma
B B Ceabacis urcspium F EamEehag
B Bacilus BiLactococcus B Fackiamia o e
W Bavaricoccus Lactovom T B Falearthrots B Flesiomonas
 Bergeriella & Lagidilactobacillis aTatumella Ssarnrozacier B Polynuclechacter
ob s 8 Tayloreliz :Eavﬂusc‘ B Pragia
=  Tetragenccoccus ‘auanifractor i
# Bombiactobacilus e B Thermothre 8 Formivibri WProlnobones
w Bordetzls TR 8 Tolumonas B Formosimonas e
» Erackells Bleca i Trabulziella B Fructilactobacllus B Providencia
W Erenneria i Lemincrell W Truepersls e e B Pseudarthrobacter
 Brevibacillus B Lensilactobacilus W Turicela ; = B Fseudoglutamicibacter
# Brevibacterum actobaclus B Turicbacter B Pseudoguibenkiania
:gzwﬁ‘:‘"m m Ligiactobacillus B Pseudomonas
& ® Limnobacter u | Psychrobacillus
m Bug “ . v :
s gm:;: ™ !.mo:nlaeta:_\acd,s M Uruburuella | Pullulanibscillus
- e B 8 Egmnlsumacl u v m Fusilimanss
o Buttisuxels  Listonella ®Viagococcus
 Loigolaciobacilus #\anbaculum
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ABIS online

Automated Biometric Identification System
Genus: Erwinia

Differential characters of the species:

Acetoin Gelatin Citrate Nitrate L-Arabinose[[Cellobiose[| Trenalose | Xylose
production hydrolysis utilization reduction (acid) (acia) (acid) (acid)

E amyiovora + + + - d - + -
E aphidicola + . + + + + + +
E billingiae + - + + - + +
E. mallotivara + d + - - - d d
E. persicina + - + + + + +
E. psidif B d ND B + - -
E pyrifoliae + _ _ _ ND _ ND N

Back
E. rhapentici d - + + + + + d
E. fracheiphila d - - - d - - -

ST E. toletana + - + B + + + ND
Genus Erwinia

Legend: = positive 0-100%, - negative 80-100%. [+] positive 75-89%, [] negative 75-88% d positive 25-74% of strains

Taxonomy Ecolo

Phylum P Class Order E: . Family Erwini Genus Erwinia, ng

- Erwinia amylovora - type species, Burrill 1882. Old synonyms: Bacillus amylovorus, Bacterium amylovorus, MiCrococeus amylovorus; Associated with plants as pathogens, saprophites or as constituents of the epiphytic flora. Widely distributed in nature

- Erwinia aphidicola Harada et al. 1998; Panigea & P 15 are antagonistic toward E. amylovora.

- Enwinia billingiae Mergaert et al. 1999 Erwinia aphidicola was isolated from aphids ( Acyrihosiphon pisum)

- Erwinia (P rneg. 5 ing 1942 - both names were proposed for rejection; no original isolates

are available.

- Erwinia maliotivora, Goto 1976 emend. Hauben et al. 1998. .

- Erwinia oleae Moretti et al. 2011; * Pathogenicity

- Erwinia papayae, Gardan et al. 2004; * They are mostly plant pathogens.

- Erwinia persicina corrig. Hao et al. 1990; - Enwinia amylovora causes fireblight disease’ on apple. pear, and other Rosaceae.

- Erwinia pirifiorinigrans Lopez et al. 2011; * - Erwinia aphidicola - isolated from aphids. Undetermined pathogenicity.

- Erwinia psidii, Rodrigues Neto et al. 1988; - Erwinia billingiae was isolated from stem cankers, diseased blossoms,

- Erwinia pyrifoliae, Kim et al. 1999; and immature fruits mainly of rosaceous trees. Considered as a secondary pathogen.

- Erwinia rhapontici (Millard 1924) Burkholder 1948, homotypic synonym: Pectobacterium rhapontici (Millard 1924) Patel and Kulkami - Enwinia carnegiana causes bacterial spot of watermelon (Citrullus vulgaris).

1951, other synonyms: Phytomonas rhapontica, Bacterium rhaponticum, Aplanobacter thaponticum, Xanthomonas rhapontica, - Erwinia mallotivora produces black leaf spot in idaliotus japonicus tree

Pseudobacterium rhapontici, Erwinia carotovora var. rhapontic; - Enwinia papayae is a pathogen of papaya (Carica papaya).

- Erwinia tasmaniensis Geider et al. 2006; * - Enwinia persicina is the causative agent of necrosis of bean pods and seeds, red-

- Erwinia toletana, Rojas et al. 2004 brown fruit in cucumber, tomato, banana. One report of human isolate from urinary

- Erwinia tracheiphila (Smith 1895) Bergey et al. 1923 emend. Hauben et al. 1998, old synonyms: Bacillus tracheiphilus, Bacterium tractinfection

tracheiphilus, Erwinia amylovora var. tracheiphila - Enwinia psidi tauses fruit rot in guava. Experimentally was pathogenic to strawberry

- Erwinia typographi Skrodenyte-Arbaciauskiene et al. 2012. * guava (Psigium cattieanum Lam.), jambolana (Eugenia jambolana Lam.),
“melaleuca” (Melaleuca viridifiora Brogn. and Gris.), and Myrtaceae family.
- Enwinia pyrifoliae produces leaf and steb blight of pears.
- Enwinia rhapontici causes ‘pink pea and results in weaker plants with reduced seed yield and quality. Causes a crown rot of
Thubarb (Rneum rhaponticum) that extends into the center of the root, pink grain of wheat, internal browning of hyacinth bulbs, and

Morphology occurs epiphytically and saprophytically in lesions caused by other bacteria. May rot potato, onion, and cucumber slices.

Gram negative, straight bacilli, motile by peritrichous flagella, 0.5-1.0 X 1-3 pm. - Enwinia tasmaniensis - was isolated from apple flowers, pear flowers and bark of apple trees. Non-pathogenic for apple or pear

88



ABIS online

List of biochemical tests used

Decarboxylation tests

Decxyribonuclease

Esculin hydrolysis

Back

Gelatin liquefaction

Biochemical Tests and Methods for GGT test

Bacterial Identification

i
i
| |

(__pecarborylaion test= )
i
( ).
C_sore 1]
(_toomaysis ]

Haemolysis

|

A

Hydrogen sulfide |

e Indol ducti
Acetate utilization ndole production

Lancefield grouping

Lecithinase / Lipase

| -
Agar pitting i Indoxyl acetate hydrolysis

CAMP test — lodine test (polysaccharide)

= A 0

“  Methylene blue test
KOH test

© 19/$2950
x

Casein decomposition \ 'liacin accumulation test

Catalase production Nitrates reduction

\

Cellulose hydrolysis

Novobiocin test

Citrate utilization

) ONPG test
Coagulase test e Oxidase test

Clumping factor I 3 Phenylalanine

Decarboxylation tests 2 Pyrazinamidase

1

Deoxyribonuclease b ‘?‘yrrolidonyl arylamidase

Esculin hydrolysis Slime production

Gelatin liquefaction Starch hydrolysis

GGT test Sugars fermentation

"
R ——
=
o
=
-
N
-
@
o
2
o
®

W
I

Haemolysis

= Pyrazinamidase

“Pyrrolidonyl arylamidase
Slime production
Starch hydrolysis

Sugars fermentation

. e e T

_]I Urea hydrolysis

TCH/T2H resistance

Voges Proskauer
V-Factor requirement

X-Factor requirement

APl commercial kits
MIU-Motility Indole Urea
TSI (Triple Sugar Iron)

False-positive results




ABIS online
i Requests for adequate identification

A recommendation from a reader on Research Gate

= Putting your biochemical results into PIBWIN
software your organism is identified as Escherichia
blatae.

= But some more biochemical tests will be required for
accurate identification.

= You can try on your own with this software (freely
available in net) also you can put all your results into
another online identification software named ABIS
online.

= [ think this will solve your purpose.
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ABIS online

Automated Biometric Identification System
Comparative reference strains identification
between ABIS online and apiweb™ software

Staphylococcus aureus Staphylococcus aureus Staphylococcus aureus
ATCC 25293 subsp. aureus 99% 97.8%
2 Helicobacter pylori ATCC  Helicobacter pylori94%  Helicobacter pylori 99.9%
43504
3 Bacillus thuringiensis Bacillus thuringiensis Bacillus cereus, possibility
NCIMB 9134 93% of B. thuringiensis 98.9%
10 Escherichia coli ATCC Escherichia coli 98% Escherichia coli 99.9%
8739
14 Pseudomonas aeruginosa Pseudomonas Pseudomonas aeruginosa
ATCC aeruginosa 92% 98.1%
16 Lactobacillus paracaser Lactobacillus paracaser Lactobacillus paracaser
CCM 1837 subsp. paracasei 94% subsp. paracasei 48.0 /
51.0%

Legend: 2- ABIS %id represents the percentage of similarity with taxa from the database,
all databases containing a matrix where probabilistic incidence values are allocated for
every taxon and their corresponding morpho-biochemical characters; °- apiweb™ %id (API
web) is a probabilistic calculation using bioMerieux own system procedure.

Costin and Ionut,2017



!'_ The history of phytobacteriology

The pioneers
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The history of phytobacteriology

The pioneers
Scientists to Remember

HISTORY

e Thomas J. Burrill (1839-1916) - fireblight USA

Jan Hendrik Wakker (1859-1927) - yellow
disease of hyacinth, Netherlands

Erwin Smith, USA founder of phytobacteriology
Stapp, Germany
Hellmers, Denmark

Dowson, UK

AT
e Stenafriiatten th

Janse, 2010 94




The history of phytobacteriology

The pioneers
Scientists to Remember

E. F. Smith (U.S.)- Father of Phytobacteriology. Described 20 different
bacterial diseases.

A. de Bary (1831-1888), the Father of Plant Pathology and his students like
A. Fischer believed that bacteria did not cause disease or they were
unimportant,

Fischer/Smith controversy

Thomas Burrill (1878), showed that the fire blight of pear was caused by a
bacterium which he identified as Micrococcus amylovorus.

J.H. Wakker (1883) in Holland, who discovered the Bacillus which produces
the "yellows" of the hyacinth.

J. C. Arthur (1885-1887), confirmed Burrill’s work during 1885-1887 using
pure culture of the bacterium.

L. Savastano (1886) (Italy) - Demonstrated that a bacterium incited olive
knot.

L. R. Jones (1910). Isolated Erwinia carotovora ( Pectobacterium) from soft

rotting vegetables.
J Ve B. Schreoder;Thind,2013 95



The history of phytobacteriology

The pioneers

Those who ignore history are condemned to repeat it (Prof. Don E. Ellis)

+

= There is an open question and
controversies in the History of the Plant
Pathology concerning who was the first
to report a plant disease caused by a
bacterium.

Kennedy, B.W., Widin, K.D. and Baker, I.S.F. (1979).
Bacteria as the cause of disease in plants: A historical
perspective. ASM News 45: 1-5.

Kennedy et a/,1979; Moura,2010 96



The history of phytobacteriology

The pioneers

Those who ignore history are condemned to repeat it (Prof. Don E. Ellis)

Frederic Murices Draenert, a German Thomas Jonathan Burrill, an American

botanic, considered by the majority of the bacteriologist who was referred by the
Brazilian plant pathologists the first to international phytopathological literature as
report a plant bacteria disease in the the first to describe a plant bacteria disease in
world. He reported(1869) the causal agent | the world. His two publications was about the
of sugarcane disease(gummaosis) as etiology of pear and apple blight (Burril, 1877
caused the plant cells. At that time the and 1878).

bacteria were considered plants.

Moura,2010
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The history of phytobacteriology

The pioneers

Those who ignore history are condemned to repeat it (Prof. Don E. Ellis)

= Other believe that bacteria can cause plant diseases was
discovered almost simultaneously in four different countries, with
the United States claiming first honors.

1. In 1878, Professor T. J. Burrill of the University of Illinois (USA)
was the first to report a plant disease caused by a bacterium. His
two publications on the etiology of pear and apple blight (Burril,
1877; 1878) advanced the theory that fire blight of apple and pear
was due to the bacteria.

2. In 1879, the French scientist Prillieux published a paper on
bacteria as the cause of rose-red disease of wheat;

3. In 1880 the Italian comes recognized bacteria as pathogenic to
plants; and

4. In 1883, Walker in Holland reported the bacterial nature of
yellows disease of hyacinth.

Moura,2010; Kenneth Horst,2013 98



Erwin Frink Smith (1854-1927)
The father of the Plant Bacteriology

= Erwin F. Smith the most
famous plant bacteriologist

in the History of Plant Phytobacteriology
Pathology, strongly Significant Contributions:
supported Burrill’s papers E. F. Smith 1893-1900
and consequently, since Studied crown gall
disease: ‘cancer’ of the

than, almost all text books plants
on Plant Pathology and Plant 1677 Marv Dell Chiltorr

. . - viary ve on's
Bacteriology have given group: crown gall

credit to Burrill’s discovery bacterium physically
and pointed him as the first [ ARSI
to report a plant disease
caused by a bacteria.

plasmid

Smith, E.F. 1916. In memoriam of Thomas J. Burrill. Jour. Bact. 1: 269-271.

Bacteria Fall,2008;Moura,2010 99



Plant bacteriology

The Fischer-Smith controversy

Alfred Fischer and Erwin Smith engaged in a classic and
bitter debate in the late nineteenth century regarding the
existence of bacterial diseases of plants.

Given the times and what you know about bacterial
diseases, why was this so controversial?

v

-

Smith, E.F. 1899a. Are there bacterial diseases of plants? Ibid. 5:271-278;
Smith, E.F. 1899b. Dr. Alfred Fischer in the role of pathologist. Ibid. 5:810-817.

Starr,1983
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The Fischer-Smith controversy:
Are there bacterial diseases of plants?

i

Alfred Fischer, a famous botanist, student of De Bary, was
among the last scientists who did not accept that bacteria
can cause diseases in plants.

In 1881, he attacked in his book the work of E. Smith.
Between 1899 and 1901, Smith demonstrated that
bacteria may be plant pathogens, putting end to the
controversy.

Following the controversy, the area of phytobacteriology
highly developed, and with the time it was found that
bacteria can cause disease in all plant families, and
sometimes the degree of the economic damage is bigger
than with other parasites such as fungi and virus.

De La Fuente, 2009 101



The Fischer-Smith Controversy:
Are There Bacterial Diseases of Plants?

Product Details

= By Alfred Fischer and Erwin
F. Smith.

= Translated by C.L. Campbell.
= 65 pages Ml o On Ve
= Publisher : American e RE THERE, Y

PhytopathOIO ical SOCiEty BACTERIAL DISEASES OF PLANTS?
(August,1998

= Language :English

Articles describing the classic and
bitter debate regarding the existence
of bacterial diseases of plants that
took place during the late nineteenth
century.

De La Fuente, 2009 102



The Fischer-Smith controversy

‘L Plant bacteriology

= Erwin F. Smith, of the U.S. Department of Agriculture
won rancorous (hard) debate.

= He spent a lifetime in the process, starting with
peach yellows, and going on to a study of crown gall
and its relation to human cancer.

= In 1905 the first volume of his monumental work
Bacteria in Relation to Plant Diseases was published.

s Genus Erwinia named for him.
s A. Fischer committed suicide in 1913.

Hughes,1996; Kenneth Horst,2013 103



Erwin Frink Smith (1854-1927)
The father of the Plant Bacteriology

= According to his biographies, E. F.
Smith was a quite unique person.

= Besides sciences, he was
interested in general literature
and languages.

s He wrote considerable amount of
poetry, some of which published
in his book.

= He will remain in history as one of
the main founders and key
contributors to those important
sciences for mankind (Jones,
1939).

Moura,2010 104



Biographical Sketch of Erwin Frink Smith
The Founder of Phytobacteriology

1854 . Born on January 21 in Gilbert Mills, Oswego County, New York.
1886 Received B.S. in Biology from University of Michigan.

1889 Received doctorate from University of Michigan, based on his work on the serious
orchard disease, peach yellows.

1886-1892 Investigated peach yellows and peach rosette.

1894-1910 Researched Fusarium diseases of melons, cotton, cowpeas, tomatoes, potatoes,
and cabbage.

é892_”)5tarted investigating bacteria as an important pathogen of plants (By 1880, T. J.
urrill).

1895 Studied the bacterial wilt of cucurbits. Published his first paper on bacteria as the
cause of plant diseases in Centralblatt fur Bakteriologie.

1890's-1901 Replied to Fischer in German in Centralblatt fur Bakteriologie (1899,1901). Dr.
Alfred Fischer of Germany had stated that there was no proof that bacteria caused plant
diseases. Thus began the famous Fischer-Smith polemic.

1905-1911 Published 3-volume treatise, Bacteria in Relation to Plant Diseases.
1913 Received award from American Medical Association for his work on plant cancer.

rIior years, he had researched crown-galls- cancer of plants and their relationship to cancerin

umans.

1920 Published An Introduction to Bacterial Diseases of Plants, dedicated to T. J. Burrill.

é92_6 Was honored in December at a dinner given by the American Phytopathological
ociety.

He was lauded as "scientist, linguist, poet, friend, who for forty years has devoted his life's

service to the broad field of pathology.

1927 Died on April 6 at the'age of 73 in Washington, D.C, because of heart attack. 105



Bacteria in Relation to Plant
Diseases, Volume 3

Original cover page

S

BACTERIA IN RELATION T0 PLANT DISEASES

ERWIN F. SMITH

VOLUME THREE

106



Bacteria in Relation to Plant
Diseases, Volume 2

- Bacteria in Relation ssssssssssssssssssss
to Plant Diseases, BACTERIA IN
Vol. 2 (Classic Reprint). RELATION TO

= by Erwin F. Smith PLANT DISEASES
(Author)

= Publisher: Forgotten
Books 2020

- 424 pagesl ﬂ" Smith
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Bacteria in Relation to Plant
Diseases; Volume 3

= Bacteria in Relation

to Plant Diseases,

Bacteria in Relation to
VOI . 3 Plant Diseases

= by Erwin F. Smith
(Author)

= Publisher: Wentworth
Press

= 2016
= 426 pages.
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E. F. SMITH (1854-1938), USA, FOUNDER OF PHYTOBACTERIOLOGY

Fig. 26b

Symptoms of yellow disease in
hyacinth; compare with
drawings of E.F. Smith in Fig.
26c¢.

Fig. 26a
Cells of Xanthomonas hyacinthi as drawn by E.F. Smith from
microscopic preparations. Source: as in Fig. 26¢c, page 345.
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Fig. 26¢

Symptoms of yellow disease caused by Xanthomonas hyacinthi. Plate 19 as it appeared in E.F. Smith,
Bacteria in Relation to Plant Diseases, Volume 2, page 334, 1911.

Janse, 2006
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The Birth of Phytobacteriology:

Erwinia amylovora -The first plant pathogenic bacterium
Named for the first phytobacteriologist, Erwin Smith

= Bacteria were shown in 1878 to be associated with
fireblight of apples and pears in Illinois and New York,
USA (Burrill, 1878).

= 1878: 1st demonstration that bacteria can cause plant
disease.

= In 1882 Burrill named his fire-blight organism Micrococcus
amylovorus.

= Early discoveries about the nature of fire blight laid the
foundation for phytobacteriology and had a major impact
on general microbiology, since they occurred at the time
when bacteria were being recognized as the cause of
human and animal diseases.

Burill, T.J. 1883. New species of Micrococcus (bacteria) Am. Nat 17: 319. 110



Thomas 1. Burrill

The first scientist to propose that bacteria can
cause plant diseases

= In 1878, Thomas J. Burrill
(1839-1916), who taught at the
University of Illinois, was the
first scientist to propose that
bacteria can cause plant
diseases.

= In his studies on fire blight, he
found that ...under our
microscope, the field is seen to
be alive with moving atoms
known in a general way as
bacteria.

= Burrill, however, did not use the

%rsvgll:lll(t:ure o i [eEiEea LI 7 Thomas J. Burrill, one of world’s

= Burrill's proposal was later first plant doctors in a laboratory

proved correct when Koch'’s with students, 1882.
postulates were fulfilled by J. C.
Arthur in his Ph.D. thesis work
at Cornell University.

EPP-Sample of chapter 3, pp. 49-52;.. 1



Thomas 1. Burrill

The first scientist to propose that bacteria can

cause plant diseases

= JOURNAL ARTICLE:

= Bacteria as a Cause of
Disease in Plants

s 1. . Burrill.

= The American Naturalist Vol. 15,
No. 7 (Jul., 1881), pp. 527-531.

= Published by: The University of
Chicago Press for The American
Society of Naturalists

= Page Count: 5

= Topics: Bacteria, Bark, Cell
walls, Bacterial diseases,
Starches, Inoculation, Plants,
Blight, Viruses, Plant diseases.

1881.] Bacteria as a Cause of Discase in Plants. 527

BACTERIA AS A CAUSE OF DISEASE IN PLANTS,
BY PROFESSOR T. J. BURRILL.

ERTAIN diseases of animals are now positivelv known to be

due to the action of the minute organisms commonly known
as dacteria, They are spoken of as “disease germs” or * spores,”
and the “germ theory” of disease is very fully discussed in
medical literature. Among the best proved examples that the
so-called germs are the actual caunse of disease, we may cite
anthrax in cattle, malignant pustule in man, and the diseases of
swine and fowl ordinarily known as cholera, Many other con-
tagious diseases of man and the domestic animals are scarcely
less clearly known to be due to bacteria, but it has not been
shown that they also cause disease and death of plants, except as
recently announced by the writer in case of *“blight” in pear and
apple trees (August, 1880, American Association for the Advance-

Healthy Pear Bark, showing cells filled with starch. Magnified 125 times.

ment of Science). I am now able to add the “yellows” of the
peach with much confidence, without, however, the full investiga-
tion given to the former disease.

In 1877 I observed in the fluids of blighting pear trees, great
numbers of minute, moving things which were not clearly identi-
fied as bacteria until the following year. Their presence was
uniformly detected in every examination made (and they were
numerous) during the summer of 1878, and the fact was reported
to the Illinois State Horticultural Society, in December of that
year (Transactions, p. 79). Investigations were not further pros-

The Pdf file of this article available http://about.jstor.org/terms
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Phytobacteriology

Significant Contributions
First to prove a microbe is the causative agent of a disease

Phytobacteriology

Significant Contributions:

Arthur 1885 (proved Koch's postulates for
fireblight)

What was happening in 1885?

Chester Arthur President of the US;

Dedicates WA Monument

AT&T was incorporated

Rabies vaccine was tried by Pasteur

Statue of Liberty arrives in NY

Adventures of Huckleberry Finn was published
for the first time

Good Housekeeping was published for the first time

Arthur, J.C.1885. Proof that bacterial are the direct cause of the disease in 113
trees known as pear blight. Botanic. Gaz. 10: 343—-345.



Phytobacteriology

Significant Contributions
Inventor of the Gram stain

= The Gram staining method, named after the Danish
bacteriologist Hans Christian Joachim Gram, who originally
devised it in 1882 (published 1884).

Hans Christian Joachim Gram

Danish Bacteriologist
and inventor of the
Gram stain

Born in Copenhagen
on September 13,
1853

Died 15th September,
1938

Bacteria Fall,2008 114



Phytobacteriology
i Significant Contributions

Introduction of pure culture techniques

= Julius Richard Petri (1852—-1921) was a German
microbiologist who is generally credited with inventing the
device known as the Petri dish, which is named after him,
while working as assistant to bacteriologist Robert Koch.
He further developed the technique of agar culture to
purify or clone bacterial colonies derived from single cells.

Wikepedia, 2021 15



Systemic approach to diagnosing

!'_ plant pathogenic bacteria

General approaches

116



i Diagnosis of plant diseases

= Systemic approach to diagnosing a plant problem

Consists of five basic steps:

1. Determine if a problem exists (symptoms vs.
signs);

2. Look for patterns (uniform vs. random damage
patterns);

3.  Determine the time of development;

4. Ask questions (history of problem, treatments,
weather, etc.);

5. Synthesize the information.

117



Steps in Diagnhosing Plant Diseases
Bacterial diseases

= Identify the host plant (common and botanical names).

= Visualize symptoms of common diseases and signs of the
pathogen on specimen:

= Look for signs such as fungal fruiting structures, mycelia in or
on tissue, sclerotia or bacterial ooze.

= Symptoms can be internal as well as external.

= The presence of general decline or wilt may indicate root
problems.

s Use reference books to determine what diseases are recorded
for the host plant.

= Refer to monographs, compendia, bulletins, host indices, and
Fact Sheets that describe the common diseases and problems of
the host plant.

Momol et a/.,2009 118



Diagnosis of plant diseases

Correctly diagnose plant disease problems,
follow a few basic steps:
CLOSE-UP VIEW

= The most obvious place to look first is up close. Use a hand lens
if necessary.

= Look for symptoms on leaves, stems, roots, flowers and fruits.
= Cut open a branch or stem to look for vascular problems.
GENERAL VIEW

= Stand back and look at the overall picture.

= Consider the total environment: weather, soil, stage of
development for plant and pathogens, cultural practices and
condition of other plants in the area.

TIME

= Determine when the symptoms became apparent. Are plants of
other species affected? Diseases are usually species-specific.

119



Diagnosis of plant diseases

KNOWLEDGE AND EXPERIENCE

= Gather all the information you can to help you make the
diagnosis.

= When in doubt about a diagnosis, turn to agents, state
specialists or the pest and plant disease clinic for
assistance or a second opinion.

NONLIVING OR ABIOTIC AGENTS

= Nonliving or abiotic agents can indirectly result in plant
problems.

= Additionally, several factors in the plant's environment can
produce disease-like symptoms: weather extremes, high
winds, high or low temperatures, nutrient def|C|enC|es
phy5|cal amage and poor cultural conditions.

s Plant disease can result from a combination of abiotic

agents and biotic agents. o



i Diagnosis of plant diseases

RANDOM OR UNIFORM PATTERNS

S

Random distribution of symptoms on injured plants is
usually caused by a biotic factor, such as infectious
disease pathogens or an insect/animal.

Uniform patterns are generally associated with
abiotic or noninfectious agents like:

pesticides,

fertilizers,

environmental or site stress, and
mechanical damage.

121



Sample size and sampling pattern

‘_L Diagnosis of plant diseases

= Sampling for detection:

s Presence or absence of a pathogen or disease in a
given field requires a different sampling pattern and
sample size than sampling to determine the disease
incidence or severity in the field.

= The number of samples collected should be
representative of the impacted area.

= Among the systematic sampling designs, entire-field
X- and W-shaped patterns are equivalent to each
other and superior to diagonal or partial-field
sampling patterns.

122



i Diagnosis of plant diseases

COLLECTING SPECIMENS

Plant specimens that are to be diagnosed should be
taken from the area where symptoms are showing on
living tissue.

Dead plants are often invaded by secondary
pathogens which may hide the original problem.

Collect several representative samples showing
various stages of disease development.

A generous sampling will assist in diagnosis.
If possible, collect the entire plant, including roots.

Place the soil and roots in a plastic bag, seal, and
accurately label samples.

Rapid delivery may be critical.
123



Diagnosis of plant diseases

Sample collection

v

= A fresh sample is
required.

= Find the primary
symptoms.

= Wrap the specimens in
dry paper.

= Do not moisten them or
seal them in plastic
wrap or plastic bags.

= Never mix different
specimens in a single
bag.

= Label properly.

Diagnosis of plant diseases
General approach

* Find the primary
symptoms

124



Diagnosis of plant diseases
Sample collection

= Collect several plant
specimens showing various
stages of disease
development.

= Select plants that are still
alive.

= Collect the entire plant

whenever possible.

= Plants should be dug (not
pulled) to keep the roots
Intact.

= First, wrap roots of plant in
plastlc bag so that they do
not dry out.

= Second, wrap entire sample
in plastic bags.

Lab 4-ss.pdf 125



Sample Quality
Packing and Shipping

Examples of good packaging

Amanda Hodges 126



Diagnosis of plant diseases
Sample collection

a Collect in the field.

= Always collect disease
and healthy parts of
plant as samples for
isolation.

Manceau,2008 127



Plant Sample Submission

Incidence Severity

A measure of |mpact on plants or crops

Amanda Hodges 128



Record problem history

‘_L Diagnosis of plant diseases

= Complete the diagnostic \I
form as thoroughly as = /4
possible. | e

= This will result in better
diagnosis.

Lab 4-ss.pdf 129



Diagnosis of plant diseases
Symptoms assessment

Observe symptoms for diagnostic symptoms and
signs:

Bacterial 0ozing/streaming,

Odor,

Water-soaking,

Leaf spots,
Excrescences(outgrows) and galls,
Tumors,

Wilting (vascular diseases),
Necrosis and cankers,

Rotting.

Consult references (Publications, Web references &
Personal knowledge).

130



Symptoms assessment
Exudation

Pseudomonas syringae pv. morsprunorum
exuding from stomata of infected cherry leaves.

Photograph courtesy of Roos and Hattingh, 1983
Agrios,2005 131



i Bacterial exudation test

In the case of vascular wilt, bacterial exudation can be
observed by the naked eye by placing a piece of the
disease tissue in water.

The formation of a milky stream coming out from the
plant tissue indicates that the problem is caused by a
bacterial infection.

For leaf spots, the bacterial stream can be also
observed by light microscopy examination of the
diseased tissue.

The lesions with no fungal sporulation were submitted
to the pus exudation test in a water-drop (Mafia et
al.,2007) and observed under light microscope (200x).

Rui Pereira Leite Jr.,2001 132



Bacterial oozing
Testing for bacterial streaming

"—l_._._-_'.-".
'--.,_______________,,-"
Milky exudates from tomato stem Schematic drawing illustrating bacterial
infected by R. solanacearum steaming from diseased tissue.

Goszczynaska et al., 2000 133



Symptoms assessment

Bacterial oozing

= In heavily infected plants, bacterial populations in leaves or
lesions may reach 108 or 10° CFU/gram of plant tissue, and
actually visibly ooze from leaves or stems.

Bacterial oozing (white arrowheads)
was observed from rice leaf xylem
vessels three days post infection(Th
omas et al,2016).

Bacterial oozing from cut lesion (bar
represents 10 uym). Burkholderia
andropogonis blight of golden cane
palms (Grice et al,2007).

134



Bacterial 00zing
Testing for bacterial streaming

A simple way to determine if a
disease is caused by a
bacterium is to cut a typical
lesion or discolored area near
its boundary with healthy tissue
and suspend it in a droplet of
water on a microscope slide.

If @ mass of moving small rods
or 'dots’ is seen at 200-1000x
magnification flowing from the
cut tissue under a microscope,
you are observing bacterial
streaming which is an indicator
of a bacterial disease.

However, not all bacterial
infections show streaming, or it
may not be visualized without

special microscope attachments.

White masses or streams of
Pseudomonas syringae cells
oozinc_? from the edge of a wheat

e observed under a dark

ample _
fields microscope.

135



Isolation procedures

Isolation of common bacterial pathogens
on common culture media

+

Isolation is another process open to abuse and creation
of more work than is necessary.

As a visual infection deveIoBs, the symptomatic tissue
may contain the pathogen but often in a decline phase
of growth or in competition with secondary invaders.

The leading edge of the symptomatic tissue, that zone
that is either side or usually just in front of the actual
edge is where you are most likely to find viable
pathogen and usually in the absence of competitors.

Your skill at selecting the correct leading edge is
defined usually by the purity of the isolation you make.

Same applies to spots, cankers, dieback, rots.

David Stead 136



Isolation procedures
i How to grow bacteria in the laboratory

Equipment and materials

= The experiments are

Petri dish setup for culturing microorganisms

conducted in petri
dishes - shallow round o nossne e
plastic/glass containers astic o glase petr dish
over which a tight agar jelly
fitting lid can be fitted. @'\\ §
= The bacteria are grown growing

] bacteria
(‘cultured') in a culture

medium.

137



Preparation of culture media

Equipment and materials
Sterilization

= Most media (including agar) can be sterilized by
treatment with steam under pressure (Moist Heat) in
an autoclave, the usual treatment being 15-20
minutes at a pressure of two atmospheres.

= This raises the steam temperature to 121°C.

Note:
Foil or cloth wrap solid materials;
Must use on liquids;

Never overfill an autoclave since this will upset the
pressure/volume relationship and the correct temperature
will not be attained;

= Screw caps on bottles must be left slightly open during
steriIization and screwed down on removal from the
sterilizer.

Pacarynuk,2006 138



Sterilization

Autoclave: 120-130°C at 15-20 p.
(pounds per square or Ibs./in2)

Exhaust valve (to remove
steam after sterilization)

Steam to Safety Pressure Operating valve (controls steam
chamber valve gauge from jacket to chamber)

e
vr_/ ’{_)_)

S8 \E\

/——
/—\smm

T ( f;«\\\\" =

i

To waste line

- screen
l
Steam jacket Thermasinatar
| o 1 e T —
Automatic ejector valve is Pressure regulator
thermostatically controlled for steam supply
and closes on contact with
pure steam when air is
exhausted. Steam supply

Copyright & 2004 Pearson Education, Inc., publishing as Berjamin Cummings.

A pound (symbol: Ib) is a unit of mass.

1 Ib=0.45 Kg.

TABLE 7.3 The Relationship Between

the Pressure and
Temperature of Steam at

Sea Level*
Pressure (psi in excess
of atmospheric pressure) Temperature (°C)
0 psi 100
5 psi 110
10 psi 116
15 psi 121
20 psi 126
30 psi 135

*At higher altitudes the atmospheric pressure is less, which
must be taken into account in operation of an autoclave. For
example, in order to reach sterilizing temperatures (121°C) in
Denver, Colorado, whose altitude is 5280 feet (1600 me-
ters), the pressure shown on the autoclave gauge would need
to be higher than the 15 psi shown in the table.

Capyright € 2004 Pearson Education, Inc., publishing as Benjamin Cummings.
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Sterilization

Sterile nutrient agar(NA)prepared plates
ready to pour plates

140

Erlenmeyer flask/Autoclaving PYREX® Glassware



Making agar plates
LB-agar or NA-agar

= Pour molten agar into ‘petri plates’ under sterile

conditions and allow it to set.

2138
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Isolation procedures

Isolation of common bacterial pathogens
i on common culture media

= \Wash tissue containing lesions in sterile water or
surface sterilize in 10% Clorox for 3 min., followed by
sterile water rinse.

= Chop tissue in a drop of sterile water; incubate
several minutes, then streak plates.

s Use several media for unknowns:
= YDC, NBY,NA, NGA, King’s B.
= Water aqgar if Streptomyces is expected.

= Bacteria vary in robustness of growth on these
media.

Miller,2006 142



Isolation of common bacterial pathogens

* Isolation procedures

Sutula,2008:.. 143



Isolation procedures

Steps of bacterial isolation
Preparing sample suspension

= Crushing and /or washing in
buffer.

= Prepare test sample
suspension by grinding the
samples in a sterile pestle
and mortar with a small

volume of D.H,0 or buffer
saline.

= Homogenised suspensions of
the dissected/ macerated
tissues was grown on certain
common culture media.

Physiological saline is a 0.9% sodium

chloride solution.
Manceau,M.2008;.. 144



Isolation procedures

Steps of bacterial isolation on common
culture media

2. DIAGNOSIS
B. ISOLATION

Isolation of bacteria from borderline of healthy and
diseased tissue after short disinfection of external tissue

3

- (i
; pipette 20-100 ul
- sl [~ —| == suspension on (selective)
5. sy \ - isolation medium
L& BT o

remove tissue leave 20 min
in suspension

sterile spreader use same spreader
do not disinfect it

ﬁ {EE- HH Py
s Stonabrif ot -

Janse, 2010 145




Isolation procedures
Steps of bacterial isolation on common
culture media

Sterile or distilled
water

146



Isolation procedures

The streak-plate procedure
Isolation streak pattern

Confluent
Primary inoculum Loop flamed and Area of growth and

(heavy streak) gﬁg'ff’ second g?g\m‘ﬁm small colonies

Incubate

Loop flamed and
cooled, third
streak

Well separated
larger colonies

Streak Pattern Growth Pattern

Streak inoculum onto one portion of the plate. Sterilize the loop
Streak through the first inoculum and spread into second section
Repeat several times. Incubate it for 24 h., a single colony will be observed.

Week3_ Exercise2_BC.ppt;.. 147



Isolation procedures

Streak plate method
Isolation streak pattern

initial second
inoculum = set of
streaks 4
( = ’\‘

third fourth

set of . set of e
N sreaks
7 \ //

streaks
——

e

Streak inoculum onto one portion of the plate. Sterilize the loop
Streak through the first inoculum and spread into second section
Repeat several times. Incubate it for 24 h., a single colony will be observed.

Allyson Floyd
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Pure culture

A pure culture is the basis for all further
i work in identification and diagnosis

s First, the mixture must be diluted until the various
individual microorganisms become separated far
enough apart on an agar surface that after incubation
they form visible colonies isolated from the colonies of
other microorganisms. This plate is called an isolation
plate.

= Then, an isolated colony can be aseptically "picked off"
the isolation plate and transferred to new sterile
medium.

= After incubation, all organisms in the new culture will
be descendants of the same organism, that is, a pure
culture.

Gary Kaiser 149



Pure culture

Isolation of a pure culture may be enhanced by providing a
mixed inoculum with a medium favouring the growth of
one organism to the exclusion of others

Isolation of pure culture from
mixed one

Subculture From Isolation Streak to
Obtain Pure Culture

Harvest single colony type

Pure culture
of each type
broth and plate

Ready for testing !

Leslie Robinson 150



Purification
procedures

PURIFICATION

Fluorescent (under UV) and
predominant colonies picked up

QA 4
e
-0-0

Streaking on agar medium (one KMB and one NA plate)
Inoculatnon for 1-2 days at 28 °C

Restreaking one isolated colony
and incubating for 1-2 days at 28 °C

.

Pure culture

Inoculation on NA slant
for stock culture

Identification Pathogenicity test

Mew and Misra, 1994
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Culture media
Pure culture

2. DIAGNOSIS
C. PURE CULTURE

starilize loop i ama
-
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cheek purity of separate colonies
PURE CULTURE

sterilize loop in flame
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Bacterial colony purification

Pure cultures and streak plating: Isolation of
single bacterial colonies from a mixed sample

Andersson and Lood,2019 153



Bacterial colony purification

Pure cultures and streak plating: Isolation of
single bacterial colonies from a mixed sample

= I) The inoculum is initially
dispersed using a zig-zag motion,
creating an area with a relatively
dense bacterial population.

= II-IV) Streaks are drawn from the
preceding area, using a sterile
inoculation loop each time, until the
fourth quadrant is reached.

= V) A final zig-zag motion directed
towards the middle of the plate
forms a region where the inoculum
has been markedly diluted,
allowing colonies to appear
separate from one another.

154
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Spread plate technique

Swab culture

= Spread or ‘lawn’ plates should
result in a heavy, often confluent
growth of culture spread evenly
over the surface of the growth
medium.

= This means they can be used to
test the sensitivity of bacteria to
many antimicrobial substances, for
example, mouthwashes, garlic,
disinfectants and antibiotics.

= A Pathology lab technician using a
cotton swab on a Petri dish with a
bacteria culture.

LABTOPIC 13 Bacteriology; Royal Society of Biology,2019 155



Isolation of endophytic bacteria from fruits

‘L Isolation procedures

= The Black grapes and Avacado samples were rinsed
with autoclaved distilled water, disinfected with
Hydrogen peroxide for 2 minutes.

= Then were rinsed for 5 minutes with 70% ethanol
followed by 3% hypochlorite + tween 20 (0.1%) and
finally rinsed with autoclaved distilled water.

Prasad and Dagar,2014 156



Isolation procedures

Processing of samples and isolation of
endophytic bacteria from fruits

= Two methods were employed in the present study in
order to isolate endophytic bacteria from the fruits.

1. First method involved cutting samples were into 2 halves;
and each half was impregnated on nutrient agar plates
and incubated at room temperature for 24 h.

2. The second method involved macerating the surface
sterilized samples using a sterile pestle and mortar.

= 1 g of the macerated sample was serially diluted and the
dilutions were plated on nutrient agar media and
incubated at room temperature for 24h.

= After overnight incubation, isolated colonies were selected
and used further.

Prasad and Dagar,2014 157



Isolation procedures

Isolation of endophytic bacteria from sugarcane(SST)
and from xylem fluids of grapevine

= Samples were collected from stem tissue of
sugarcane(SST) and from xylem fluids of grapevine(GXF).

= Sugarcane stem tissue of approximately 5 inches was
surface sterilized with 20% sodium hypochlorite for 10
minutes followed by two 10-minute washes of sterile
distilled water.

= 100pL of each GXF sample was plated onto potato
dextrose bacterial agar medium (PDA).

= From the GXF bacteria recovery medium (PDA), 30 distinct
bacterial colonies were identified, isolated and re-plated to
produce pure colonies.

Hudson et a/,2010 158



Isolation procedures

Isolation of of endophytic bacteria from
sugarcane(SST) and from xylem fluids of grapevine

= To isolate SST endophytes, internal tissue was dissect under
sterile conditions and place into 100 ml of PD broth media and
incubated at 30°C for 48 hours with shaking at 250 rpm.

= To facilitate isolation of pure colonies from SST, serial dilutions
were conducted from 101 to 10-19,

= One 100pL of the samples ranging from10->-10-19 was plated
onto five different agar media: Luria broth, nutrient agar, potato
dextrose, colony isolation, and R2A (Fig. 2).

Sample of GXF endophytes recovered on PDA
strain purification.
GXF isolates recovered from grape plants in
row 1, plant 19 (R1/19) and R3/13, respectively, A and B;
purified endophyte isolate GXF4 isolated from grape plant
R1/19,C.

Hudson et a/,2010 159



Isolation procedures

Isolation of of endophytic bacteria from
agronomic crops and prairie plants

= For corn and sorghum, endophytic populations were collected
from the pith tissue of stalks.

= Individual plants were severed aseptically 3 cm above the soill
level, and the stalks were stripped of leaves, put into plastic
bags, and kept on ice until further processing.

= In the laboratory, the stalks were wiped with 70% ethanol for 1
to 2 min. and flame sterilized, and each stalk was dissected into
a segment containing the third, fourth, and fifth nodes.

= A crosscut through the stalk 2 cm above the third node was
made, and a sterile no. 8 cork borer was inserted to a depth of
at least 2 cm.

= The outer stalk was removed, exposing a cylinder of tissue
inside the cork borer.

Zinniel et al, 2002 160



Isolation procedures

Isolation of of endophytic bacteria from
agronomic crops and prairie plants

=  Soybean, wheat, and prairie plants(plants that live in it must be
adapted to floods, drought, heat and cold) were collected.

m Leaves and stems were surface sterilized for 10s with 2% sodium
hypochlorite containing 0.1% Tween 20.

= To remove the disinfectant, sections were rinsed five times each in
two washes of non sterile deionized distilled water and a wash of
sterile water; the sections were dried with sterile paper towels.

= All plant samples were placed into polyethylene bags or dissected
into ca. 1-cm pieces and macerated with either a sterile mortar and
pestle or a sterile Polytron.

= Tissue extracts were then serially diluted in 12.5 mM potassium
phosphate buffer (pH 7.1) (phosphate buffer) and plated in
triplicate to recover any bacterial endophytes present in the plant
tissue.

Zinniel et al, 2002 161



Isolation procedures

Isolation of endophytic bacteria from roots

= On a glass plate, cut transversally the plant roots with a scalpel
in order to obtain small pieces of approximately 0.5 to 1 cm.

= Disinfection of plant roots by and ethanol, sodium hypochlorite
solutions and sterilized distilled water.

= T0 verify the efficiency of the disinfection, place some pieces of
disinfected roots(prior grounding or macerating the treated
roots) in a Petri dish containing solid King B medium, in
triplicate, and incubate 48 h at 28° to 30°C.

» If the disinfection was efficient no growth of microorganisms
should appear on this plate.

= Then after, macerate the treated roots, prepare sample
suspensions and culture in some solid media such as King B
medium, in triplicate.

Ambrosini and Passaglia,2017 162



Culture media

Common nutrient media
Undefined media

s Nutrient media:

= Undefined media (also known as basal or complex
media) is an undefined media that contains:

1. A carbon source such as glucose for bacterial
growth.

2. Water
3. Various salts need for bacterial growth.

4. A source of amino acids and nitrogen (e.g. beef,
yeast extract).

Tap water is not used in media preparation because it may contain
undesirable compounds such as chlorine, copper, lead, and detergents.

163



Culture media

Common(non-selective) to semi-selective and selective media
Diagnostic media

Standard/General media: Nutrient agar, peptone-glucose.

Differential media(aAaCFearance differs%: Some sort of indicator,
typicaII?/ a dye, is added, that allows for the differentiation of
particular chemical reactions occurring during growth. e.g.
peptone-glucose plus TZC, EMB(Eosin methylene-blue lactose
sucrose agar), KB, Levan (NA+sucrose).

Semi-selective: With low antibiotics, inhibitors.

Selective(growth or no growth): With high amounts of
antibiotics, inhibitors and dyes.

Storage: e.g. Yeast-dextrose-calcium carbonate(YDC).
Enrichment: Contains vitamins, nitrogen sources.

Minimal media: Those that contain the minimum nutrients
possible for colony growth, generally without the presence of
amino acids.

Both selectivity and plating efficiency
are important for selective and semi-selective media. 164



Culture media

Non-selective to semi-selective and
selective media

2. DIAGNOSIS

B. ISOLATION
ISOLATION MEDIA

NON-SELECTIVE - Contain usually water and non-defined
nutrients (e.g. peptones, beef extract, yeast
extract) or defined inorganic salts and organic
nutrients, making them suitable for growth of
many bacterial species.

SEMI - (S)ELECTIVE - Contain substances to enhance
production of pigments and/or substances
which can only be used by certain bacteria
and/or inhibitors (e.g. antibiotics) for
non-desired bacteria.

SELECTIVE - Contain nutrients and inhibitors, which by
their quantity and quality, allow only one
bacterial species to form colonies in/on the
medium (in an ideal situation).

&% {0781
iaw Stotefrnidhathe th

Janse, 2010
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Culture media

Selective media
Eosin methylene blue

|

-

4,

The inhibitory = Selective for gram
substance is added to a negative bacteria.

solid media to inhibit = The dye methy|ene blue
commensal or in the medium inhibit
contaminating bacteria the growth of gram
such as: positive bacteria.
Antibiotics

Dyes

Chemicals
Alteration of pH.

Samira Fattah
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Culture media

Common, differential to semi-selective
and selective media

The dye
methylene blue
in the medium

inhibit the
growth of gram
positive
bacteria.

167




Culture media

Common, non-selective and differential media

Copyright © McGraw-Hill Education, Permission required for reproduction or dispiay.

Broth culture with
mixed sample of
bacteria

(a) General-purpose medium (b) Selective medium (c) Differential medium
Is not selective and can be Growth is restricted to a Permits growth of several
used to grow a wide variety particular group or type types of microbes that show
of microbial types of microbe differing reactions

Selective medium promote the growth of one organism and retards the
growth of the other organism. 168



Common media
Nutrient media

+

Nutrients(proteins/peptides/amino-acids):

Meat infusions: contain water-soluble fractions of
protein (amino-acids and small peptides) along with
other water-soluble products such as vitamins, trace
metals, minerals and carbohydrates (glycogen).

Such infusions or extracts may have been regarded
as peptones' but their amino-nitrogen content was
usually too low to sustain the growth of large numbers
of bacteria.

Gelatin Peptone: containing amino acids, short chained
peptides derived from enzymatic digestion of high

quality gelatin.

Thermo Fisher Scientific Inc.,2021;.. 169



Common media
Nutrient media

= Nutrients (proteins/peptides/amino-acids):

1. Meat Peptone: Derived from enzymatic hydrolysis of
meat. Source of amino acids and short chained
peptides. Their amino-nitrogen content was usually too
low to sustain the growth of large numbers of bacteria.

2. Gelatin Peptone: containing amino acids, short chained
peptides derived from enzymatic digestion of high
quality gelatin.

3. Yeast extract: Derived from an aqueous extract of
brewer's yeast. It is a rich source of vitamin content
provides excellent growth conditions for more microbes.

Thermo Fisher Scientific Inc.,2021 170



Nutrient media
Nutrient media

= Energy:

= The most common substance added to culture media

as a source of energy to increase the rate of growth
of organisms is glucose.

s Other carbohydrates may be used as required.

= Carbohydrates added to media at 5-10 grammes per
litre are usually present as biochemical substrates to
detect the production of specific enzymes in the
identification of organisms.

= It is usual to add pH indicators to such formulations.

Thermo Fisher Scientific Inc.,2021 171



Nutrient media

i Common media

= Essential Metals and Minerals(salts):

= The inorganic essential components of culture media
are many and can be divided on a semi-quantitative
basis:

1. Typical macro-components (gm/litre): Na, K, Cl, P,
S, Ca, Mg, Fe.

2. Typical micro-components (mgm-microgm/litre): Zn,
Mn, Br, B, Cu, Co, Mo, V, Sr, etc.

Thermo Fisher Scientific Inc.,2021 172



Nutrient media

‘_L Common media

= Buffering Agents:

= It is important that the pH of a culture medium is
poised around the optimum necessary for growth of
the desired micro-organisms.

= The use of buffer compounds at specific pK values is
especially necessary when fermentable carbohydrates
are added as energy sources.

s Phosphates, acetates, citrates, zwitterion compounds
and specific amino-acids are examples of buffering
agents that may be added to culture media.

Thermo Fisher Scientific Inc.,2021 173



Common media

Complex medium for the growth of
common and some fastidious bacteria

Component Amount Function of component
Beef extract 1.5¢ Source of vitamins and other growth factors
Yeast extract 3.09 Source of vitamins and other growth factors
Peptone 6.0g Source of amino acids, N, S, and P
Glucose 1.0g C and energy source
Agar 15.0 g |Inert solidifying agent
D. H,O 1000 ml
NaCl 59 pH=7

Growth factors are proteins that promote cell growth.

Todar,2000;..

174



Common media

Nutrient agar (NA)
Difco Nutrient Agar

s Typical composition of NA medium (g/litre):
Se.g. glucose) is

= The carbohydrate source

added at 10 g/L (1% w/v) to a basal medium

prepared. pH=7.

Sodium chloride 5.0g
Peptone 5.0g
Yeast extract 2.0g
Beef extract 1.0g
Agar No.3 15.0g

Deionized water

1000 ml

175



Common media
i Trypticase Soy Agar (TSA)

= Used for cultivation of a variety of microorganisms.
= Composition (g/L):

= Bacto tryptone 15.0 g

= Bacto soytone 5.0¢

= NaCl 5.0g

= Agar 15.0g

= Dissolve in distilled water to a final volume of 1 L,
autoclave for 15 min at 121°C, and pour into sterile
Petri dishes.

176



Common media
Sucrose peptone agar (SPA)

= SPA medium is a nonselective medium useful for general purpose
bacterial isolations.

= It is particularly useful when looking for levan-producing
pseudomonads. On SPA, R. solanacearum colonies are white and
fluidal with characteristic whorls.

s Xanthomonas campestris is characteristically mucoid on this
medium.

=  Composition (g/L):

= Sucrose 20 g

= peptone 59

= MgS0O,. 7H,0 0.25¢
= K,HPO, 0.5¢
= Agar 15.0g

= Adjust pH to 7.2-7.4 with 40% NaOH. 177



Common media

Potato semi synthetic agar/broth
i PSA/PSB or WPSB

= Wakimoto's potato semi synthetic broth:
= Na,HPO,.12H,0 2.0g

= Ca (NO;),.4H,0 0.5¢

= Peptone 5.0,

= Sucrose 20 g

= 15 g agar added to 1 liter of boiled 300 g potato, pH
7.0.

178



Common media
i Peptone sucrose agar (PSA)

= Bactopeptone 10 g,
= Sucrose 10 g,
= Sodium glutamate 1 g,
= Distilled water 1L

= Peptone sucrose broth (PSB): The same
composition without agar.

179



Common media
Yeast Extract Glucose Agar(YPGA)

= Used for cultivation of a variety of bacteria like R.
solanacearum, Xylophilus ampelina (ex. X. ampelinus),
Xanthomons spp. and C. m. michiganensis.

= Composition (g/L):

= Yeast extract 5.0

= Bacto peptone 5.0

= D(+) glucose 10.0

= Agar 15.0

N pH=7-72

= Dissolve in distilled water to a final volume of 1 L, autoclave
for 15 min at 121°C, and pour into sterile Petri dishes.

180



Differential medium [ . &
King's medium B Base G 2l
Useful for detection of fluorescent Pseudomonads

= Ingredients Gram/Liter

= Proteose peptone 20
= Dipotassium hydrogen phosphate(K,HPO,) 1.5
= Magnesium sulphate. Heptahydrate (MgSO,.7H,0) 1.5
n Agar 20

= Final pH (at 25°C) 7.2+0.2
= Directions

= Suspend 42.23 grams of dehydrated medium in 1000 ml distilled
water containing 15 ml of glycerol. Heat to boiling to dissolve
the medium completely. Mix well. Sterilize by autoclaving at 15
Ibs pressure (121°C) for 15 minutes. Aseptically pour into sterile
Petri plates.

Glycerol also called glycerin is a type of carbohydrate called a
sugar alcohol. 181



Differential medium

Pseudomonas agar F(PAF/PSF)
For fluorescent Pseudomonads

= Equivalent to KB medium.
= Palleroni and Doudoroff (1972) medium contains:

= T[ryptone 10 g
= Proteose peptone 10 g
= MgSO, 1.5¢
= Dipotassium phosphate 1.5¢
= Agar 15¢g
= Glycerol 10 g
= D.H,0 1L

= Autoclave for 15 min at 121°C, and pour into sterile Petri dishes.
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Differential media

Fluorescent pseudomonads
Fluoresce on KB medium

= After incubation the plates
were exposed to UV light at
365 nm for few seconds.

1. Pseudomonas (pyroverdins
or fluorescent pigments)
fluoresce both under short
(254 nm) and long wave
length (366 nm) ultraviolet
light.

2. Nonfluorescent bacteria
fluoresce just in short

wavelength (254 nm)
ultraviolet light. Fluorescence of some

strains(8,29,7,17) under UV lamp.
183
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Differential medium

Casamino-sucrose-gelatin medium
Alternative culture medium for pseudomonads
that do not produce fluorescent on KB medium

= Vitamin free casamino acids 1g

= MgS0,.7H,0 0.1g
= Dipotassium phosphate 0.1g
= Agar 2 g
= Sucrose 1g
= Gelatin 3d

= Autoclave for 15 min at 121°C, and pour into sterile Petri dishes.

Lelliott and Stead, 1987 184



Differential media
Levan vs. KB

= Streak culture onto nutrient agar
to which 5% (w/v) sucrose (NAS
medium) has been added.

=  White mucoid, dome-shaped
colonies after 3 to 5 days
incubation indicate a positive
reaction.

= Polymer of fructose produced by
levansucrase converting sucrose
to glucose and fructose by which
the fructose is transferred to the
reducing end of an
oligosaccharide chain resulting in
levan.

Bereswill et al,,1998; Clares, 2017 185



Differential media
EMB Agar

—

Eosin Methylene-blue Lactose Sucrose Agar

Contains methylene blue: toxic to Gram+bacteria, allowing only
the growth of Gram-bacteria such as £. coli, Enterobacter
cloacae, etc.

Typical Composition (g/litre): Peptone 10.0; di-potassium
hydrogen phosphate 2.0; lactose 5.0; sucrose 5.0; eosin Y 0.4;
methylene blue 0.07 and agar-agar 13.5.

Appearance of Colonies:

In Escherichia coli, colonies are greenish, metallic sheen in
reflected light, blue-black centre in transmitted light.

In case of Enterobacter cloacae, +/- Metallic sheen.

Methylene-blue a bright greenish
blue organic dye;

Eosin (Y and D): A class of rose-

colored dyes, soluble in water or

alcohol, used as antiseptic. 186
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Culture media

Two non-selective differential media
KB and RESC

= Growth and colonial

morph0|ogy Of E. amy/OVOfa, E. amylovora P agglomerans P.-ﬂuorescens”
P. agglomerans and P.
fluorescens (strains KB
CFBP1430, EPS411, EPS347,
respectively) on differential
King’s B (KB) medium and
non-selective differential s
RESC medium containing 1.5
mM CuSO4, after 48 h at

26°C.

RESC (Recovery Erwinia amylovora- Stressed Cells) medium was used to improve the
recovery of E. amylovora from plants under unfavorable conditions i.e. unfavorable
weather conditions, copper-treated samples, nutrient starvation, etc.. its colonies were
easily distinguished by a light yellow color and a high mucus production.

Ordax et al,2011 187



Modified tetrazolium chloride agar (TTC/TZC)

‘_L Differential medium

= Kelman TZC agar (Kelman,1954):

= Dextrose(glucose) 10 g
= Peptone 10 g
= (Casein hydrolysate (casimic acid) 1g
= Agar 15¢g
= D.HO 1L

= Autoclave, and add 0.05% aqueous solution (filter-
sterilized or autoclave separately) of 2,2,3-triphenyl-
tetrazolium chloride (TTC) before pouring into petri
dishes.

188



Differential medium
Modified triphenyltetrazolium chloride agar (TTC/TZC)

A. P, carotovorum subsp. carotovorum (1.5 mm colonies with red-pinky center in 24 h).
B. PR atrosepticum (0.5 mm colonies with red center after 48 h).

C. Dickeya chrysanthemi (2 mm colonies with completely red center within 24 h).

Living cells reduce the tetrazole to a water-insoluble red colored formazan.

Ivanovic et al.,,2006;.. 189



Differential medium

Xanthomonas spp. are easily differentiated from other yellow pigmented bacteria.
Their colonies are mucoid, convex, and shiny on YPGA and Wilbrink-N media

Xanthomonas fragariae

=  Wilbrink-N media (Koike, 1965;with nitrate):

= Sucrose 10 g

= Proteose peptone 5¢

= K,HPO, 0.5g
= MgS0,.7H,0 0.25¢
= NaNO; 0.25¢
= Purified agar (L28 Oxoid) 15 g

= distilled water 1L

= Adjust pH to 7.0-7.2.

= Prepare this medium with cycloheximide if fungal presence is
suspected.

= After autoclaving, add 0.25 g cycloheximide per L (prepare a stock
solution of 2.5 g per 33.33 mL of absolute ethanol and keep at -20°C).

Dorothy Noble 190



* Enrichment media

= Supplemented with
highly nutritious
materials, such as
serum, or yeast
extracts, for the
cultivation of fastidious
organisms.

= Itis used to encourage
the growth of particular
bacteria in mixed.

191



Enrichment medium
Luria-Bertani (LB)

= A rich medium used in molecular biology.
= Enrichment Recipe for 1 Liter of LB:

= [ryptone 10.0g
= Yeast extract 5.0g
= NaCl 10.0g
= Agar 15.0 g
= pH7.0

= Glucose can be added (2.0 g/L) for growth of organisms
that cannot utilize other sugars.

CV026 was cultured in Luria-Bertani (LB) agar (1% w/v peptone, 0.5% w/v
distilled water).yeast extract, 0.5% w/v NaCl, agar 1.5% per 100 mL. 192



Culture media
Mineral salt medium(MSM)

s The Mineral Salt Medium was used for isolation of bacteria from

soil.
= MSM contained (g/l):
= (NH,),SO, 2.0
= KH,PO, 1.5
= Na,HPO, 1.5
= MgS0O,.7H,0 0.2
= Ca(Cl,.2H,0 0.01
= FeS0,.7H,0 0.001

= The pH of the medium was adjusted to 7.0 £ 0.1 with 2M NaOH.

Mahiudddin et a/,2014 193



Culture media
Soil Extract Agar

= Soil Extract Agar is used for isolation of soil microorganisms.
s Ingredients g/I:

= Glucose 1

= Dipotassium phosphate 0.5

= Soil extract 17.75
= Agar 15

= Final pH (at 25°C) 6.840.2

m Directions

s Suspend 34.25 grams of soil in 1000 ml distilled water. Heat to
boiling to dissolve the medium completely and sterilize by
autoclaving at 15 Ibs pressure (121°C) for 15 minutes. Mix well and
pour into sterile Petri plates.

Glucose serves as readily metabolizable carbon source whereas dipotassium phosphate buffers the medium.

HiMedia Laboratories,2011 194



Culture media
Anaerobic media

= Anaerobic bacteria need special media for growth because they need low
oxygen content, reduced oxidation-reduction potential and extra nutrients.

= Media for anaerobes may have to be supplemented with nutrients like
hemin and vitamin K.

= Boiling the medium serves to expel any dissolved oxygen.

= Addition of 1% glucose, 0.1% thioglycollate, 0.1% ascorbic acid, 0.05%
cysteine or red hot iron filings can render a medium reduced.

= Robertson cooked meat that is commonly used to grow Clostridium spp.
medium contain a 2.5 cm column of bullock heart meat and 15 ml of
nutrient broth.

= Before use the medium must be boiled in water bath to expel any dissolved
oxygen and then sealed with sterile liquid paraffin.

= Methylene blue or resazurin is an oxidation-reduction potential indicator
that is incorporated in the thioglycollate medium.

= Under reduced condition, methylene blue is colourless.

Sridhar Rao P.N 195



Pseudomonas viridiflava

‘_L Semi-selective medium

= Gitaitis and co-workers (1997) have published a
diagnostic medium which was effective for the semi-
selective isolation and enumeration of Pseudomonas
viridiflava, the causal agent of bacterial streak and
rot of onion.

= he medium contained:
1. Tartrate as a carbon source, and

2. The antibiotics, bacitracin, vancomycin,
cycloheximide, novobiocin and penicillin G.

= Selectivity was enhanced by incubation at 5°C rather
than higher temperatures.

196



Semi-selective medium

Yeast-peptone-glucose agar (YPGA)
Clavibacter michiganensis and Pantoea herbicola

2. DIAGNOSIS
B. ISOLATION

NON-SELECTIVE

CLAVIBACTER MICHIGANENSIS SUBSP. MICHIGANENSIS AND
ERWINIA HERBICOLA ON YEAST-PEPTONE-GLUCOSE AGAR

AT
e Stenafuifhtee th ——

Janse, 2010 197




Semi-selective medium

Pseudomonas cichorii, P. phaseolicola and
Streptomyces scabiei

2. DIAGNOSIS 2. DIAGNOSIS
B. ISOLATION - B. ISOLATION

/.

SEMI-(S)ELECTIVE 4 A SEMI-(S)ELECTIVE

‘2%
3

2/

o WS,
18 U &)

PSEUDOMONAS CICHORII ON KING’'S MEDIUM B AND P. SYRINGAE PV.
PHASEOLICOLA ON 5% SUCROSE AGAR: LEVAN FORMATION

Janse, 2010 198



Semi-selective medium

YTSA-CC
X. C. pv. musacearum

= A semi-selective medium YTSA-CC was
have developed containing yeast extract
(1%), tryptone (1%), sucrose(1%),
agar (1.5%), cephalexin (50 mg I'1) and
cycloheximide (150 mg 1), pH 7.0.

= The pathogen X. c¢. pv. musacearum
was easily identified as yellowish,
mucoid and circular colonies on YTSA-
CC medium.

= This simple semi-selective medium was
effective for isolation of X. ¢. pv.
musacearum from infected banana
tissues and soil, and it should be a
valuable tool in ecological and
epidemiological studies.

Tripathi et a/,2007 199



The plating efficiency

Comparison of YTSA? and YTSA-CCP semi-selective medium
in recovering colonies of Xanthomonas campestris pv.
musacearum plated at different dilutions

= Efficiency of the semi-selective medium was quantified in
comparison with YTSA according to the following formula:

n Efficiency % = [(colonies on YTSA-CC)/colonies on YTSA )] X

100.

Dilution of Mean (+SE) No. of colonies Mean (+SE) efficiency Mean (+SE) size of colonies (mm)

Xeom culture E— — apry of YTSA-CC® — — —
YTSA YTSA-CC YTSA YTSA-CC

107 Uncountable Uncountable - - -

10~ 863.0 + 26.6 8437 £ 265 bub + 51 13 +02 l4+03

107 887 + 5.8 870+ 1.1 UEH + 40 27 x£0.3 24+03

107 6.5+ 22 6.1 £ 2.0 Us4+24 33 +03 32+02

aYTSA contains 1% yeast extract, 1% tryptone, 1% sucrose and 1.5% agar.
b YTSA-CC medium is YTSA containing also 50 mg I-! cephalexin and 150 mg I cycloheximide.
¢ Efficiency % = [(colonies on YTSA-CC)/(colonies on YTSA)] x 100.
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Selective medium
CVP(Crystal violet pectate) medium

= CVP per 500 ml water:

= 1 N NaOH 4.5 ml 10%
= CaCl,.2H,0 3.0 ml

n NaNO3 1.0 g

= Agar 1.5¢

= Sodium polypectate 10g

= 10% SDS 0.5 ml

= 0.075% crystal violet 1.0 ml

= Pour 300 ml of boiling water into a preheated blender jar, then
add the first 4 ingredients.

m See the next slide

Cuppels and Kelman,1974 201



Selective medium

CVP(Crystal violet pectate) medium
Continued

= Blend at high speed for 15 seconds while adding the
polypectate.

= Blend for another 15 seconds while adding 200 ml of hot
water.

= Pour the medium into a 1L bottle and add the SDS and
crystal violet.

= Autoclave for 25 min.

= The medium will be very soft and translucent with a brown-
violet tint.

= Great care must be used to not disturb the medium when
spreading or streaking bacteria onto CVP plates.

= The cavities formed by pecteolytic bacteria.

Cuppels and Kelman,1974 202



Selective medium
Modified crystal violet pectate medium(CVPD)

= Sodium polypectate obtained from other sources does not give
satisfactory results. This might be due either to poor gelling
quality, or failure of some bacteria to break down the
polypectate.

= In CVPD medium, sodium polypectate was replaced with
tryptone in both basal and upper layer(0.6 and 0.3 % tryptone,
respectively) to improve growth and cavity formation.

= Also incorporation of 2,3,5-triphenyltetrazolium chloride and L-
asparagine in the basal medium and bromthymol blue in the
upper layer resulted in pink to red colonies of the soft rot
Erwinia species in addition to deep cavity formation.

= While colonies of contaminating bacteria appeared white, red,
green or yellowish without cavity formation.

Bdliya et al,2004 203



Selective medium
Modified crystal violet pectate medium(CVPD)

Polymyxin B is an antibiotic primarily used for resistant Gram-negative
infections. It is derived from the bacterium Bacillus polymyxa

= The basal medium contained per 250 ml of distilled water, 2 g peptone, 0.6 g
yeast extract, 1 g NaCl, 3 g agar, 1.5 g tryptone, 0.5 g L-asparagine and 50 mg
sodium dodecyl sulphate (SDS).

= After autoclaving, 0.5 ml of filter sterilized solution of 1% 2, 3, 5-triphenyl
tetrazolium chloride and 0.8 mg of polymyxin B sulphate(mixture of Polymyxin
B1 and B2) were added to 250 ml and shaken properly.

= About 10 ml was poured per plate and allowed to set at room temperature for
30-60 min before pouring the upper layer.

= The upper layer was basically CVPB medium (Perombelon and Burnett, 1991)
modified by replacing 1 g NaNO;, 0.5 g tryptone and novobiocin with 1 g KNO;,
1.5 g tryptone and polymyxin B sulphate, respectively, per 500 ml and the
addition of 0.5 ml of 0.5 % bromthymol blue solution.

= After autoclaving the medium, it was allowed to cool to about 40 °C and then
filter sterilized solution of 0.6 mg polymyxin B sulphate was added to 500 ml
instead of the novobiocin as in the CVPB medium.

= The medium was then shaken properly and about 15 ml poured per plate of the
basal medium.

Bdliya et al,, 2004 204



Isolation and pigment development
Semi-selective media
C. michiganensis subsp. michiganensis

=  Six representative semi-selective media for the detection of C. michiganensis subsp. michiganensis, namely
CMM1T, SCM, SCMF, BCT, and SMSMM:

=  The composition of each medium per 1 L were as follows:

= CMMIT (10 g sucrose, 3.32 g Tris base, 11.44 g Tris-HCI, 0.25 g MgS0,.7H,0, 5 g LiCl, 2 g yeast extract, 1
g NH,CI, 4 g casamino acids, 15 g agar, 10 mg polymyxin B sulfate, 28 mg nalidixic acid, 100 mg nystatin).

= SCM (10 g sucrose, 0.1 g yeast extract, 1.5 g H;BO3, 0.25 g MgS0O4.7H,0, 2 g K,HPO,, 0.5 g KH,PO,, 18 g
agar, 30 mg nalidixic acid, 50 mg nicotinic acid, 100 mg nystatin, 10 mg potassium tellurite),

u SCMF (10 g sucrose, 2 g yeast extract, 1.5 g H;BO3, 0.25 g MgS0,.7H,0, 2 g K,HPO,, 0.5 g KH,PO,, 18 g
agar, 20 mg nalidixic acid, 50 mg nicotinic acid, 100 mg nystatin, 10 mg potassium tellurite, 80 mg
trimethoprim),

= BCT (2.5 g mannitol, 2 g yeast extract, 1 g K,HPO,, 0.1 g KH,PO,, 0.05 g NaCl, 0.1 g MgSO,. 7H,0, 0.015
g MnSO4. H,0, 0.015 g FeSO,. 7H,0, 0.6 g H;BO;, 15 g agar, 20 mg nalidixic acid, 100 mg trimethoprim,
20 mg polymyxin B, 4.2 mg epoxiconazole, 12.5 mg fenpropimorph), and

= SMCMM (20 g glycerol, 5 g peptone, 3 g yeast extract, 2 g K,HPO,, 0.5 g KH,PO,, 0.25 g MgS0O,. 7H20, 5
g LiCl, 15 g agar, 20 mg nalidixic acid, 40 mg cycloheximide, 80 mg K2Cr;0,, 2 mg NaN;, 2.1 mg 2,4,5,6-
tetrachloroisophthalonitrile).

= All tested semi-selective media contained nystatin or cycloheximide. Both antibiotics inhibit the growth of
fungi. Moreover, it is considered that other antimicrobial agents influence selectivity for C. michiganensis
subsp. michiganensis in bacteria.

= R2A (per 1L: 0.5 g glucose, 0.5 g soluble starch, 0.5 g yeast extract, 0.5 g proteose peptone no. 3, 0.5 g
casamino acid, 0.3 g K,HPO,, 0.05 g MgS04. 7H20, 0.3 g sodium pyruvate, 15 g agar) medium containing
nystatin at 100 uyg mL~! was used to detect total cultural bacteria in seed samples(SOMEYA et a/.,2020).

Note: Conc. lactic acid(1ml/L) reduces the pH of the medium to about 4.8, which is low enough to inhibit the growth of 205
most bacteria. If lactic acid is added prior to autoclaving or to very hot medium, it can prevent solidification of the agar.



Selective medium

Medium T5
Pseudomonas viridiflava

Selective media

Soil Suspension Spiked with P. viridiflava

Kina's Medium B

Selective medium T5: medium based on tartrate utilization,
inhibitory antibiotics and indicator dye. Developed for the
bacterial streak of onion pathogen, Pseudomonas viridiflava.

Dr. Ron Gitaitis, UGA-Tifton 206



Selective media
SCM and CNS for coryneforms

Selective

semi-selective CNS
medium

Recovery of seedborne C.m. subsp.
michiganenis from seed wash.

Appearance of two different strains of
C. m. subsp. michiganensis on SCM. On
left is fluidal type, on right are butyrous
colonies with well defined margins.

Bacteria Fall,2008 207



‘L Selective media

Tween A medium
YSSM-XP medium

Stock Salt Solution (SSS)
NSCAA

KBC medium

SCM medium

MT medium

NASA medium

YMA+C medium

SX agar

DIM (Modified D1 medium)
NASA medium
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Selective media

Comparison of the compositions of
reported selective media

Target bacteria BRI L Pectobacterium carotovorum
glumae avenae
Selective medium CCNT medium AAC medium D medium CVP medium PEC-YA medium
Kawaradani et al, Shirakawa et a/., Kado and Heskett  Cuplles and Kelman Starr et al.,
2000 2000 1970 1974 1977
natural materials peptone yeast extract hydrolysate casein yeast extract

yeast extract

carbon source inositol adipic acid arabinose citrate pectate
glycine pectate
sucrose
basal salts* NH,SO, LiCl CaCl,
KH,PO, NaCl
Na,HPO, MgSO,
MgSO,
Na2MoO,
antimicrobial ceramide ampicillin SDS™** SDS
chloramphenicol cycloheximide
novobiocin novobiocin
TPN™* phenethicillin
colony indicator BTB** acid fuchsin crystal violet BTB
BTB
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Selective media

Comparison of the compositions of
reported selective media

Target bacteria

Xanthomonoas campestris

Ralstonia solanacearum

selective medium SM medium CCA medium YTSA-CC medium FSM medium SM-1 medium
Chun and Alvarez, Mwangi et al., Tripathi et al, Nesmlt_h and Granadq and
Jenkins, Sequeira,
1983 2007 2007 1979 1983
natural materials potato starch beef extract tryptone casein hydrolysate casein hydrolysate
peptone yeast extract peptone peptone
yeast extract yeast extract
carbon source glucose cellobiose sucrose citrate glucose
methionine glucose glucose
basal salts? NH,CI NH,CI MgSO,
KH,PO, K,HPO, FeCgHsO,
Na,HPO, MgSO, MnSO,
MgSO, ZnSO,
and others and others
antimicrobial cycloheximide cephalexin cephalexin benomyl chlorothalonil
cycloheximide cycloheximide chloroneb cycloheximide
fluorouracil cycloheximide polymyxin
dichloran thimerosal
and others and others
colony indicator TZC™** TZC crystal violet
TZC
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Selective media

Comparison of the compositions of reported
selective media
Foot-note

* Including sources of nitrogen, sulfur, phosphorus, and
minerals

** Tetrachloroisophthalonitrile

% Bromothymol blue

Rk Sodium dodecyl sulfate

***xx* Tetrazolium chloride(TTC/TZC)
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Selective media

n Selective media have
a fairly high
detection level (103-
10° cells ml1).

s Use known controls.

= Use general media at
the same time.

Goszczynaska et al.,2000

13. Tween A medium (modified)

For isolation of Xanthomonas spp.
Per 1000 ml distilled H.O

Peptone 10.0g
KBr 10.0g
CaCl, 0.25g
Agar 15049
= Autoclave.

* Cool to 50 °C and add:

Tween 80 (autoclaved) 10.0 mi
Cephdlexin (10 mg/ml water) 3.5ml
5-Fluorouracil (6 mg/ml water) 2.0 ml
Cyclohexamide (100 mg/ml 75 % ethanol) 0.5 mil

14. YSSM-XP medium
For isolation of X. axonopodis pv. phaseoli from seed and plants.

Stock salt solution (SSS)
Per 1000 mi distilled H,O

NH,H,PO, 259
K HPO, 2549
Mg50, = 7 H,0O 1.0g
NaCl 25049
Medium
558 200 mi
Yeast extract 5g
H,O 800 mi
* Adjust pHto 7.4.
Soluble potato starch 10.0g
Agar 150g
 Autoclave, cool to 50°C and add:
Bravo 500F (15 mg/ml water) 1 ml
Cephdlexin (10 mg/ml water) 2ml
Brilliant cresyl blue (1 mg/ml water) 1T ml
Kasugamycin (10 mg/ml water) 2ml
Methanol 20 ml

15. NSCAA (nutrient starch cycloheximide antibiotic agar)
For isolation of X. campestris pv. campestris from seed.
Per 1000 mi distilled H,O
Nutrient agar (Difco) 23.0g
Soluble starch 15.0g 212




Selective media

Goszczynaska et al.,2000

+ Autoclave, cool to 50°C and odd:
Cycloheximide (100 mg/ml 75 % ethanol) 2 ml
Vancomycin (10 mg/ml water) 50 pl

16. KBEC medium
For selective isolation of P syringae pv. syringae from bean seed and plants.

|. Difco proteose peptone No. 3 200g
Glycerol 15.0 ml
KHPO, ([anhydrous) 1.5g
MgSs0, x 7 H,O 1.5g
Agar 15.0g
Distiled water 200 ml
1. Boric acid 1.5g
Water 100 mi
« Autoclave | and Il sepamately, cool to 50°C,
mix and add:
Cephdlexin (10 mg/ml water) & ml
Cyclohexamide (100 mg/ml 75 % ethanol) 2ml

17. SCM medium

For selective isolation of C. michiganense subsp. michiganense.
Per 1000 ml distilled H,O

Sucrose 10.0g
Yeast extract 0.1g
K_HPO, 2049
KH,PQO, 05g
MgSO, x 7 H,O 05g
Boric acid 1.5g
Agar 15.0g
* Autoclave, cool and odd:

Cyclohexamide (100 mg/ml 75 % ethanol) 2 ml
Maladixic acid (salt) 10 mg/ml 2 % 0.1N NaCH) Tml
Difco Chapman tellurite (1 % solution) 1ml
MNicotinic acid (free acid) (10 mg/ml ag.) 10 ml

18. MT medium (milk-tween)

Semi-selective medium for isolation and differenfiation of Pseudomonas syringoe and P
savastanoi pathovars, and Xanthomonas spp.

I. Protease pepfone No. 3 [Difco) 10.00 g
CaCl, % 2 H,0 033 g
Tyrosine 0.50g
Agar 15.00 g
Distiled water 500 mi 213




Il. Skimmed milk 10.0g

Distilled water 500 ml
. Tween 80 10 ml
+ Autoclave |1, Il and Il separately and mix
when still hot.
* Cool to 50 °C and add:
Cephadlexin (10 mg/ml water) & ml

| |
Selective media Vancomy (10 moimivaion T

19. NASA medium
For isolation of Agrobacferum spp.

Add fo 1000 ml of aufoclaved nutrient agar (5):
Cellenite (0.5 g/100 ml water) 10 mil
Cycloheximide (actidione) (0.5 g/100 ml water) 10 mil

20. YMA+C medium

For isolaton of Agrobacterium spp.
Per 1000 ml distilled H.O

Mannitol 10.0g

K-HPO, 05g

MgsO, x TH,O 0.2g

NaCl 0.1g

Yeast extract 0.4g

Congo Red (1 g/400 ml w/v) 10.0 ml
* Adjust pH to 7.0.

Agar 12.0g

21. 8X agar

For isoldtion of Xanthomonas compesiris pv. campesiris
Per 1000 ml distilled H.O

Potato starch (soluble) 10.0g
Beef extract (Difco) 1.0g
MNH,CI 5049
KHPO, 20g
Methyl violet 2B (1 % in 20 % ethanol) 0.4 mi
Methyl green (1 % in water) 2.0 mi
Agar 15.0g
* Autoclave, cool to 50 °C and add:
Cycloheximide (100 mg/ml in ethanol) 2.0 mi

Goszczynaska et a/.,2000 * Mix and pour




SMART Media

Selective Medium-Design Algorithm Restricted by

Two Constraints
New Detection Systems of Bacteria Using Highly Selective Media

= Culture techniques have been indispensable to
microbiological research since the 1870s, when they
were first established by Louis Pasteur, Robert Koch,
and other scientists.

= Among the media used for culturing, some possess a
degree of selectivity that enables simple, efficient
multiplication of a specific microorganism from
samples with a large quantity of saprophytes; these
are called selective media.

m Selective media can reliably isolate pathogenic and
commercially useful microorganisms.

Kawanishi et a/.,2011 215



Including soil bacteria

‘_L Soil microorganisms

= Enormous numbers of microorganisms exist in soil,
plant tissues, seawater, and other environments.

= For example, the number of species in 1 gram of soil
has been variously estimated as approximately

= 10,000 species (Torsvik et a/.,1990);
= 10,000,000 species (Wolinsky and Dunbar,2005); and

= 2,000 species (Schloss and Handelsman,2006; Hong
et al.,2006).

Kawanishi et a/.,2011 216



Old detection systems for isolation of target bacteria

‘_L Selective media

s Selective media must have two functions:

1. Enabling the proliferation of the target
microorganism, and

2. Suppressing unintended microorganisms on the
medium.

= Moreover, selective media are efficient means for
growing fastidious microorganisms.

= Due to their usefulness, many selective media have
been developed for various microorganisms.

Kawanishi et a/.,2011 217



List and compositions of

selective media
Old selective media

= The compositions of ten reported selective media are
summarized in Table S1, and categorized as:

1. Natural materials,

2. Carbon sources,

3. Basal salts,

4. Antimicrobials, and

5. Colony indicators (Table S1).

= Most reported selective media contain natural
materials (e.g. potato extract, peptone and yeast
extract).

Kawanishi et a/.,2011 218



Old selective media

Table S1

Table 51. Comparison of the compositions of reported selective media.

target bacteria Burkhalderia glumae Acidovorax avenae Pectobacterium carotoverum
selective medium CCNT medium AAC medium D medium CVP medium PEC-YA medium
Kawaradani et a{,2000 Shirakawa et af, 2000 Kado and Heskett, 1570 Cuplles and Kelman, 1574 Starr et al., 1977
natural materials peptone yeast extract casein hydrolysate yeast extract
yeast extract
carbon source inositol adipic acid arabinose citrate pectate
ghycine pectate
suCrose
basal salts’ NH4504 Licl CacCl2
KH2PO4 NaCl
NaZHPO4 Mg504
Mgs04
Na2MoC4d
antimicrobial ceramide ampicillin sps™ sDs
chloramphenicol cycloheximide
novobiocin novobiocin
TPN™ phenathicillin
colony indicator BTB™ acid fuchsin crystal violet BTE

ETB
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Old selective media
Table S1(Continued)

target bacteria

selective medium

Xanthomonoas campestris

Ralstonia solanacearum

SM medium

Chun and Alvarez, 1983

CCA medium YTSA-CC medium

Mwangi et a/,2007 Tripathi et af,2007

FSM medium

Nesmith and Jenkins, 1979

SM-1 medium

Granada and Sequeira, 1983

natural materials potato starch beef extract tryptone casein hydrolysate casein hydrolysate
peptone yeast extract peptone peptone
yeast extract yeast extract
carbon source glucose cellobiose sucrose citrate glucose
methionine glucose glucose
basal salts® NH4CI NH4CI MgS04
KH2PO4 K2HPO4 FeCeH507
NaZHPO4 MgS04 MnSO4
MgS04 Znso4
and others and others
antimicrobial cycloheximide cephalexin cephalexin benomyl chlorothalonil
cycloheximide cycloheximide chloroneb cycloheximide

fluorouracil cycloheximide polymyxin
dichloran thimerosal
and others and others
colony indicator TZCTT TZC crystal violet TZC

* including sources of nitrogen, sulfur, phosphorus, and minerals;** tetrachloroisophthalonitrile; *** bromothymol blue

**x* sodium dodecyl sulfate; ***** tetrazolium chloride
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New Detection Systems of Bacteria Using Highly Selective Media

i SMART Media

= We named our strategy SMART for highly Selective
Medium-design Algorithm Restricted by Two
constraints.

1. A carbon source, and
2. An antimicrobial(antibiotic).

= Note prior to this, there were no design theories for
developing selective media, and each ingredient in
selective media has bee