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Unit 1 (A) The Concept of Disease in Plants

Because it is not known whether plants feel pain or discomfort and because, in any
case, plants do not speak or otherwise communicate with us, it is difficult to pinpoint
exactly when a plant is diseased. It is accepted that a plant is healthy, or normal, when it
can carry out its physiological functions to the best of its genetic potential. The meristematic
(cambium) cells of a healthy plant divide and differentiate as needed, and different types of
specialized cells absorb water and nutrients from the soil; translocate these to all plant parts;
carry on photosynthesis, transloeate, metabolize, or store the photosynthetic products;
and produce seed or other reproductive organs for survival and multiplication.. When the
ability of the cells of a plant or plant part to carry out one or more of these essential functions
is interfered with by either a pathogenic organism or an adverse environmental factor, the
activities of the cells are disrupted, altered, or inhibited, the cells malfunction or die, and
the plant becomes diseased. At first, the affliction is localized to one or a few cells and is
invisible, Soon, however, the reaction becomes more widespread and affected plant parts
develop changes visible to the naked eye. These visible changes are the symptoms of the
disease. The visible or otherwise measurable adverse changes in a plant, produced in
reaction to infection by an organism or to an unfavorable environmental factor, are a
measure of the amount of disease in the plant. Disease in plants, then, can be defined as
the series of invisible and visible responses of plant cells and tissues to a pathogenic organism
or environmental factor that result in adverse changes in the form, function, or integrity of
the plant and may lead to partial impairment or death of plant parts or of the entire plant.

The kinds of cells and tissues that become affected determine the type of physiological
function that will be disrupted first. For example, infection of roots may cause roots to rot
and make them unable to absorb water and nutrients from the soil; infection of xylem
vessels, as happens on vascular wilts and in some cankers, interferes with the translocation
of water and minerals to the crown of the plant; infection of the foliage, as happens in leaf
spots, blights, rusts, mildews, mosaics, and so on, interferes with photosynthesis;
infection of phloem cells in the veins of leaves and in the bark of stems and shoots, as
happens in cankers and in diseases caused by viruses, mollicutes, and protozoa, interferes
with the downward translocation of photasynthetic products; and infection of flowers and
fruits interferes with reproduction. Although infected cells in most diseases are weakened or
die, in some diseases, e. g., in crown gall, infected cells are induced to divide much faster
Chyperplasia) or to enlarge a great deal more (hypertrophy) than normal cells and to
produce abnormal amorphous overgrowths (tumors) or abnormal organs,
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Pathogenic microorganisms, i. e., the transmissible biotic (=living) agents that can
cause disease and are generally referred to as pathogens, usually cause disease in plants by
disturbing the metabolism,of plant cells through enzymes, toxins, growth regulators, and
other substances they secrete and by absorbing foodstuffs from the host cells for their own
use. Some pathogens may also cause disease by growing and multiplying in the xylem or
phloem vessels of plants, thereby blocking the upward transportation of water or the
downward movement of sugars, respectively, through these tissues. Environmental factors
cause disease in plants when abiotic factors, such as temperature, moisture, mineral
nutrients, and pollutants, occur at levels above or below a certain range tolerated by the
plants.,

From. Plant Pathology (5th ed. ).

Words and Expressions
pinpoint /'pinpoint/ v. Wik, &, iRy
meristematic /,merista'meetik/ adj. SR
cambium./'keembiam/ 7. KRB
differentiate /,difa'renfieit/ vr. 4k
photosynthesis /,fautau'sinGasis/ n. X*E5¥EH
translocate 7treenslou'keit/ wt. ! S T ivA o
metabolize /ma'taebslaiz/ v. w4
.pathogenic /ipaeba'dzenik/ adyj. IR
malfunction /meel'fagkfan/-v. PlBEXK H
impairment, /im'pesment/ z. HnE, @G
xylem /'zailom, -lem/ n. ik
vascular'/'veeskjula/ adj. 28
phloem /'flauem/ n. ) K 3B
mollicutes /'molikjuts/ n. 8]
protozoa /prautsu'zaus/ n. =ik 7]
‘hyperplasia / haipa'pleizia/ 7. WA, XK
hypertrophy /hai'pa; trafi/ n. BEK, SLEEREAK
amorphous /a'mo:fas/ adj. LEMB, TARK
foodstuff /'fu:dstaf/. n. '/, BEt
transmissible /treenz'missbl/ adj. C1E 3]

Notes to the Text

Although infected cells in most diseases are weakened or die, in some diseases, e. g.
in crown gall, infected cells are induced to divide much faster (hyperplasia) or to enlarge a
great deal more  (hypertrophy) than normal cells and to produce abnormal amorphous

overgrowths (tumors) or abnormal organs. BRE KX ZHAFPZBRMMATE HESES
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Unit 1 (A} The Concept of Disease in Plants

R, EERSHRENAET, SRRaRARRESTLIHRmMPR O4), WEKX
FTERMR BK), FEREFSENXEANLREER W), KRTERHRYT.

Exercises
I . Reading Comprehension There are some questions or unfinished statements followed by
four choices for each, choose the best one based on the text.
1. It is not easy for us to know if a plant is diseased because
A, plants don’t have the {eeling of discomfort B. plants don’t have the feeling of pain

C. plants don't communicate with us D. not ‘mentioned in the text
2. A diseased plant may result from

A, adverse environmental factor B. pathogenic organism

C. pest insects D. both A and B
3. The responses of plant cells to pathogenic factors are .

A. invisible B. visible C.AandB D. none of these
4. The adverse changes of a diseased plant may be in

A. form B. function C. integrity of the plant D, all of these

5. The following except can interfere with photosynthesis directly.

A. mildews B. mosaics C. rusts D. vascular wilts
6. Infected plant cells may
A. die B. divide much faster C. be weakened D. all of these
I . Discussion
1. Give a definition about plant disease.
2. How do you distinguish a diseased plant from a healthy one?
XK. Vocabulary There are some incomplete sentences with four choices for each, choose the
one that best completes the sentence.
1. The cambium cells of a healthy plant can
A. absorb water and nutrients from the sail B. carry on photosynthesis
C. divide and differentiate as needed D. store the photosynthetic products
2. The symptoms of the disease are .
A. invisible B. measurable C. visible D.BorC
3. I are infected, translocation of water and minerals to the crown of the plant will
be interfered.

A. foliage B. phloem cells C. roots D. xylem vessels
4. Translocation of is downward movement

A. nutrients B. photosynthetic products

C. water D. all of these
5. is (are) of cases that infected cells divide much faster or enlarge a great deal more

than normal ones.
A. Hyperplasia B. Hypertrophy C. Tumors D. All of these
« 3
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6. By secreting , pathogens disturb the metabolism of plant cells and cause disease in
plants.
A. enzymes B. growth regulators C. toxins D. all of these
7. By growing and multiplying in the of plants, some pathogens block the upward or
the downward translocation of fluid through these tissues.
A. flowers B. phloem vessels C. xylem vessels D. both Band C
8. is (are) not abiotic factor that can cause plant disease. ,
A. Mineral nutrients B. Moisture C. Mollicutes D. Temperature

IV. Translation Translate the following sentences from Chinese to English, or from English

to Chinese.

1. The visible or otherwise measurable adverse changes in a plant, produced in reaction to
infection by an organism or to an unfavorable environmental factor, are a measure of the
amount of disease in the plant.

2. xﬁ%H@ﬂﬂﬂiﬁl%ﬁéﬂW%Eﬂ&ﬁ%ﬁ%ﬁﬁﬁﬁ@éﬁﬂ%ﬁ%%%ﬁo

3. Infection of phloem cells in the veins of leaves and in the bark of stems and shoots, as
happens in cankers and in diseases caused by viruses, mollicutes, and protozoa,
interferes with the downward translocation of photosynthetic products.

4. Pathogenic microorganisms, i.e. , the transmissible biotic agents that can cause disease
and are generally referred to as pathogens.

5. WEAYHEETEE. BF. §YEFRSLSMERYESRETHY B ZRE,
HEEFRETIERE.

* 4 -



Unit 1 (B) Molecular Plant Pathology

Since 1980, great emphasis has been placed on determining the specific molecule and the
“genetic connection” of any-substance involved in disease development. Because viruses and
bacteria are small in size and because a great deal of background information is available on
them, more molecular studies have been carried out ‘with them than with the much larger
furigi ‘and nematodes. Already the number, location, size, sequence, and function of most
or all genes of many viruses are known in detail. Many of these genes have been excised from
the virus and have been transferred either to host plants, to which they often convey
resistance, or intd bacteria, in which they are expressed and the proteins they code for are
isolated and studied. Similar transfers have been accomplished with a few bacterial and fungal
genes coding for certain pathogenesis-related proteins.

The beginnings of molecular plant pathology can probably be traced to the isolation by
W. Stanley in 1935 of the tobacco mosaic virus'as a crystalline protein, which he believed to
be infectious. Although 2 years later it was shown that the protein also contained a small
amount of RNA, it was not until 1956, when Gierrer and Schramm showed that the
ribonucleic acid and not the protein of tobacco mosaic virus was responsible for the infection
of plant cells and for the reproduction of complete virus particles. In the meantime, in 1941
Beadle and Tatum showed that one gene codes for one enzyme. The following year (1942)
Flor showed that a single gene is responsible for pathogenicity in the flax rust fungus and
that the rust fungus gene corresponds to a single gene for resistance in the flax plant (the
gene-for-gene concept) . In 1953, Watson and Crick showed that 'DNA exists in a double
helix and their discovery impacted greatly all of biology. In the mid-1960s, studies of tobacco
mosaic virus led to the full elucidation of the genetic code according to which specific base
triplets of DNA (and RNA) code for a certain amino acid. This was followed by the
description in the 1970s through the 1990s of all the genes of tobacco mosaic and of many
other viruses. -

By the mid-1970s, the studies of A.tumefaciens revealed that the T-DNA of its Ti
plasmid contained several genes of which two, coding for growth regulators, were
responsible for the production of tumors (galls) by the infected plants. It was later shown
that the two genes could be removed and replaced with one or more genes from-other
organisms such as plants, other bacteria, viruses, and even animals, genes that could be
transferred into and expressed (translated) by the plant cells. This discovery made possible
the introduction of foreign genes into plants at will and, combined with tissue culture,
which ‘made possible the production of whole plants from single cells, it ushered in the era of

e 5
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genetic engineering of plants. Subsequently, it was discovered that foreign DNA can be
introduced into plant cells in several ways, including using viruses as vectors, bombarding
plant cells with foreign DNA, and growgng plant cells in the presence of foreign
DNA. Several viral genes coding for the coat protein or other structural or nonstructural
proteins, and some noncoding regions, have been engineered into plants, and many of them
have been shown to make the plant more or less resistant to the virus. Also, some bacterial
and fungal genes, coding for enzymes that break down the cell wall of the pathogen, have
been engineered into plants and have provided the plant with resistance to these pathogens.

In 1984, P. Albersheim and colleagues identified the molecule in the cell wall of the
oomycete Phytophthora megasperma that acts as the elicitor of the defense response in its
soybean host. It was shown later that the elicitor accomplishes this by interacting with a
receptor molecule on the plant cells. In the same year, the first avirulence gene was isolated
from the -bacterium Pseudomonas syringae pv. glycinea by B. J. Staskawicz and
colleagues. These two discoveries helped launch research that improved our understanding of
pathogen virulence and plant disease resistance greatly.In 1986, bacterial hypersensitive
response protein (hrp) genes were discovered. It was thought at first that the hrp genes
were required for bacterial pathogenicity and production of the hypersensitive response; it is
known now that they affect- the transport of proteins in pathogenic bacteria and also the
transport of bacteria into plant cells.

The first practical results of molecular plant pathology in improving disease resistance
came in 1986 when R. Beachy and colleague obtained tobacco plants resistant to tobacco
mosaic virus (TMV) by transforming them; i. e , introducing into them the coat protein
gene of the virus in a way that the plants could express the gene and produce the virus
protein. Such transformed plants are called transgenic, and the resistance they acquire is
called pathogen-derived resistance.In 1989, M.B. Dickman and P. E. Kolattukudi
transformed a fungus, that normally could enter host plants only through wounds, with a
cloned gene coding for the enzyme cutinase. That enzyme enabled the fungus to penetrate
host plants directly through the cuticle, thereby proving that cutinases play a role in the
direct penetration of some plants by fungi. Two years later, in 1991, R.Broglie and co~
workers showed that plants ‘transformed with the gene that codes for chitinase exhibit
enhanced resistance to disease by fungi that contain chitin in their cell walls. In the
meantime, in 1990, R.Cheim and colleagues obtained transgenic tobacco plants that
expressed increased disease resistance by transforming them with the gene for stilbene
synthetase, the enzyme that synthesizes a phytoalexin.

Discoveries in molecular plant pathology ceme fast and furious in the 1990s. The concept
of systemic acquired resistance (SAR) burst onto the scene through the discovery of
D. F. Klessig and colleagues and J. Ryals and co-workers that salicylic acid, a relative of
aspirin, is associated with SAR. The first fungal avirulence gene {(avr9) was isolated from
Cladosporium fulvum by P. ]J. G. M. De Wit, while the first plant resistance gene (Hm-1)

* H v



Unit 1-(B) Molecular Plant Pathology

was isolated from corn by S. P. Briggs and J. D. Walton. The latter also showed that Hm-1
operates by producing a protein that detoxifies the host-selective toxin of the pathogen
Cochliobolus carbonum. The only resistance gene conferring resistance in tomato  to.a
bacterial pathogen through the hypersensitive response was isolated by.G. B. Martin and
colleague in 1993. In subsequent years, .dozens of plant disease resistance genés were isolated
from many plants. All these genes shared a leucine-rich repeat in the protein they coded
“for. Tomato plants transformed by B. Baler and co-workers with the tobaceo plant resistance
gene N, which makes tobacco resistant to tobacco mosaic virus, were also made resistant to
the virus, proving that at least some resistance genes may function in species other than the
one in which they normally occur. Furthermore, it was shown by V.M. Williamson and
colleagues (1998) that a single cloned disease-resistance gene.from tomato can confer
resistance to both a nematode pathogen and an insect. It was also shown during this period
that plant pathogens produce proteins that actively suppress the defense reactions of their
host plants. In addition, - the avirulence proteins of some pathogens contain signals that allow
these proteins not only to be introduced into plant cells, most likely through the bacterial
hrp protein system, but also to move into and function in the plant nucleus. -

A new type of defense against pathogens was unveiled when it was discovered that many
organisms, including plants, fungi, and animals, are capable of “RNA silencing,” i.e. ,
of regulating genes based on targeting and degrading sequence-specific RNAs. In plants,
RNA silencing has been shown to serve as a defense against virus infections. As would be
expected, however, many plant viruses carry genes that encode proteins that suppress the
silencing of their RNA by the plant. RNA silencing can be induced experimentslly and
targeted to a single specific gene or to a family of related genes. It is believed that RNA
silencing genes will soon play an important role in engineering resistance into plants.

Advances in molecular plant pathology have also provided a new set of diagnostic tools
and techniques that are used to detect and identify pathogens even when they are present in
very small numbers or in mixtures with other closely related pathogens. Such tools include
detection with monoclonal antibodies, analysis of isozymes or of fatty' acid: profiles of
pathogens, analysis of fragments of their nucleic. acids produced by specific enzymes,
calculation of percentages of hybridization of their- nucleic acids, and determination of
nucleotide sequences of the nucleic acids of the pathogens. Since the mid-1980s, segments of
DNA ( probes), complementary to specific segments of 'the nucleic acid of the
microorganisms, have been labeled with radioactive isotopes or with colorproducing
compounds and are used extensively for the detection and identification of - plant
pathogens. Numerous techniques, often referred to by their acronyms, have been developed
and are used; some of them are better suited for diagnosing one or more types of
pathogens. For at least some pathogené, PCR, with selected differential random sequences
of different species, can be effective for the detection and identification of each of these
species. At other tests, PCR of sequence segments of rDNA internal transcribed spacer
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(ITS) regions are used or PCR of other genes or spacers of the fungal DNA is carried
out. The product is then differentiated by digestion with restriction enzymes and gel
electrophoresis and detection of differential random fragment length polymorphisms :(RFLP)
or use of PCR together with DNA hybridization in a reverse dot blot hybridization (RDBH)
assay using PCR of selected RAPD markers. Reverse transcription PCR (RT-PCR) or
immunocapture RT-PCR ( IC/RT-PCR ), direct binding PCR (DB-PCR), and a
combination of PCR and enzyme-linked immunosorbent assay (ELISA) tests are often used
successfully, especially for viruses.

An area of molecular plant pathology that is going to pay multiple dividends in the
future is that of genomics, i.e., sequencing of the entire genomes of plants and their
pathogens. Already, the genomes of the experimental plant Arabidopsis thaliana, of several
plant viruses and viroids, and of the plant pathogenic. bacteria Ralstonia solanacearum and
Xylella fastidiosas the white rot fungus Phanerochaete chrysosporium, and the model
nematode Caenorhabditis elegans have been sequenced in their entirety. Significant progress
has already been made in sequencing the entire genomes of the very destructive plant
pathogenic fungi Magnaporthe grisea, cause of rice blast; Ustilago maydis, cause of corn
smut; Cochliobolus heteroserothus, another pathogen of corn; Botrytis cinerea, the gray
mold of many fruits and vegetables; Fusarium graminearum , cause of head scab of wheat;
and Phytophthora infestans, cause of the blight of potato and of many other pathogens of
crops. Once the genomes have been sequenced, it will be easier to locate,  identify,
compare,  isolate, and- inan‘ipulate the genes for pathogenicity in the  pathogens and of
resistance in their host plants, as well as manipulate the introduction of them into specific
locations of the plant genome where they would be most effective.

The molecular phase of plant pathology is.expected to develop a great deal more and to
make contributions in ways that we cdn hardly imagine at present. One area in which
molecular plant pathology is expected to contribute greatly and to provide tremendous
benefits is the area of .detection, identification, isolation, modification, transfer, and
expression of genes for disease resistance from one plant to another. Several such resistance
genes have already been identified, isolated, transferred into susceptible plants, and,
when expressed, made the plants resistant. The possibility that molecular plant pathology
can modify and combine resistance genes makes likely the future utilization of resistance
genes from unrelated plants or from other organisms, and perhaps even the synthesis of
artificial genes for resistance for incorporation into crop plants. The practical implications of
such developments cannot be overestimated, as they are likely to revolutionize the control of
plant diseases by providing us with cultivars that can resist disease in the presence of . the
pathogen, without the need to use any pesticides.

From Plant Pathology (5th.ed.) .



Unit 1 (B} Molecular Plant Pathology

Words and Expressions
excise /ek'saiz/ vt. I

convey /kon'vei/ vt. 3%, 1B, 154, £%
tobacco mosaic virus WHE AL R R

crystalline /'kristolain/ adj. per Ny

ribonucleic acid /raibenju: 'kli: ik zesid/ 2 (RNA)
pathogenicity /ipaefedzi'nisiti/ 7. et

flax rust fungus W RSB

gene-for-gene concept F R X E B

double helix PURHE (5D

triplets of DNA (and RNA) code DNA (F1 RNA) HI=B{k4Ri5
amino acid AR

T-DNA 3% DNA (transferred DNA)

Ti plasmid Ti (tumor-inducing) ¥

tumor /'tju;ma/ n. ¥

gall /go:1/ n. paE, M

bombard /'bomba:d/ . =i

viral /'vairal/ adj. BN

oomycete /oua'maisi:t/ n. BV

elicitor /i'lisita/ n. FEET, MET, HEFH
avirulence /o'virulons/ n. e, Ttk
virulence /'virulens/ n. BoRN, B

hypersensitive response protein (hrp) SR MEA
transgenic / treenz'dzenik/ adj. HEREE
pathogen-derived resistance R TRIES LTS
cutinase /'kju; tineiz/ n. R CGEH) B8

cuticle /'kju:tikl/ n. AR, RE

chitin /'kaitin/ n. fARE, JLTK

stilbene synthetase B TR RLE B
phytoalexin / faitoua'leksin/ 2. HEE

systemic acquired resistance (SAR) Ao Byt
salicylic acid KGR

aspirin /'esparin/ n. Bl ] FE AR

detoxify /di: 'toksifai/ wt. {HfR

host-selective toxin HEEBEHER, FELUEER
leucine-rich /'lussizn 'ritf, 'lu.sin 'ritf/ adj. ' BEEaEBY
RNA silencing RNA 2R

monoclonal antibody HEREHA

¢« 9 o



