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Cloning and characterization of
effector genes from
the strawberry crown rot pathogen
Phytophthora cactorum
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Abstract

Effectors play important roles in plant-microbe interaction, they manipulate host
cell structure and function, thereby facilitating infection sometimes also
triggering defense responses. Four candidate effector genes from strawberry
crown rot pathogen Phytophthora cactorum were selected for full length cloning.
One transglutaminase gene and phenylalanine-4-hydroxylase gene were cloned.
This transglutaminase is from a gene family and contains PEP-13 motif, which
was Ca2+ dependent and predicted important for both transglutaminase and
elicitor activity. The function of this protein was predicted as pathogen-
associated molecular patterns (PAMPs), and the structure of sequence predicted
it is cell wall protein, working as cross-linking proteins, or cell-cell adhesion
proteins. Phytophthora transglutaminase can be defined as apoplastic effector, so
further study was carried on this gene. The gene expression pattern of this gene
shows that this transglutaminase gene is hyphae specific expression gene, which

also support it is the cell wall protein.






Abbreviation:

cDNA complementary Deoxyribonucleic acid
Da dalton

ddNTP dideoxynucleotides

dH,0 sterile water

DNA deoxyribonucleic acid

dNTP deoxyribonucleotide

dpi days past infection

EDTA ethylenediaminetetraacetic acid

ETI effector tigger immunity

hpi hours past infection

LB lysogeny broth

MAPK mitogen activated protein kinase
MLV murine leukemia viruses

MRNA messenger Ribonucleic acid

PAMP(s) pathogen-associated molecular pattern(s)
PCR polymerase chain reaction

PRRs pattern recognition receptors

PTI PAMPs trigger immunity

RACE rapid amplification of cDNA ends
RNA ribonucleic acid

ROS reactive oxygen species

rpm revolutions per minute

RT-PCR reverse transcription polymerase chain reaction
TGnase transglutaminase

X-gal bromo-chloro-indolyl-galactopyranoside
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1 Introduction

1.1 Strawberry

The strawberry is a perennial herb of temperate climates all over the world.
Producing around a quarter of world total yield in 2005, USA is the biggest
strawberry producer in the world, followed by European countries such as Spain,
Russia and Poland (FAO). In USA, the annual consumption of strawberry per
person has increased dramatically from 0.9 kilograms in 1970 to 3.1 kilograms in
2004 (Folta & Davis 2006). In Norway, strawberry is the most important fruit
crop, with around 10,000 tons fruit yield from approximately 1,700 hectares
commercial field in 2000 (Eikemo et al. 2000).

The modern cultivated strawberries in commercial production are cultivars of
Fragaria x ananassa. The species is octoploid (2n=8x=56) and it originated in
Brittany, France in 1740, via crossing of two naturally occurring octoploid
species, F. chiloensis and F. virginiana, both native to the Americas (Folta & Davis
2006). The new hybrid quickly replaced other cultivars because of its large,

sweet, flavorful berries (Darrow 1966).

Fragaria x ananassa is one of the most genomically complex crop species.
Accordingly, it is of considerable interest to identify and develop an appropriate
diploid Fragaria species as a model for strawberry genetic and genomic research
(Folta & Davis 2006). Developing a diploid model system for Fragaria has
focused on F. vesca, which has the widest geographic distribution of the diploid
Fragaria species (Folta & Davis 2006). Phylogenetic research done by DiMeglio
and Davis supported F. vesca to be the a good diploid model for genetic study
since Fragaria x ananassa-derived Simple Sequence Repeat (SSR) primer pair
functionality in various diploid species, as measured by amplification success

rate (=100%-failture rate) in each diploid, was ranked as follows:

F. vesca(98.4%) >F. iinumae(93.8%) =F. nubicola(93.8%) >F. mandshrica(87.5%)
>F. nilgerrensis(75%) >F. viridis(73.4%) (Davis et al. 2006).

F. vesca was chosen as a model species because of these reasons: first, this plant

is easy to grow and propagate through seeds or runners, and also easy to



transform genetically (Oosumi et al. 2006). Secondly, F. vesca genome is small
(~200 Mb), and genetic maps exist for both the diploid and octoploid
strawberry. Finally, no major chromosomal rearrangement seems to have
occurred between diploid and octoploid strawberry (Cipriani et al. 2006; Eikemo
et al. 2010; Oosumi et al. 2006; Rousseau-Gueutin et al. 2008; Weebadde et al.
2008).

1.2 Strawberry crown rot disease caused by
Phytophthora cactorum

1.2.1 Significance and disease features
Strawberry crown rot caused by Phytophthora cactorum is a disease of long term

consequences in strawberry production, because of the pathogen's ability to
survive indefinitely in soil and its capacity for rapid reproduction. These two
traits prevent its eradication from strawberry production systems (Bhat et al.
2006; Shaw et al. 2006). Infection of the crown by P. cactorum can cause rot and
dysfunction of the vascular system and it may also cause leather rot of the fruit.
The pathogen causes loss primarily by killing plants, but reduction of growth and
yield through sub-lethal infection of P. cactorum is also serious (Bhat et al. 2006;
Shaw et al. 2006). The pathogen can be found all over the world (Jones & Benson
2001). In Norway, the first detection of crown rot pathogen of strawberry was in
1992. In 1996 and 1997, surveys were taken for detection of P. cactorum in
Norwegian certified strawberry plant production and regular strawberry
production. An enzyme-linked immunosorbent assay (ELISA) was used to
investigate isolates that were recovered from plant material. P. cactorum was not
detected in any of the samples from certified growers. However, P. cactorum was
detected at 35 different strawberry-producing farms in 11 of the 19 counties of
Norway from a survey of the distribution of Phytophthora fragariae var.

fragariae and some other samples (Stensvand et al. 1999).

P. cactorum can cause a number of symptoms such as root and collar rots, fruit
rots, cankers, leaf blights, wilts, and seedling blights (Jones & Benson 2001).

Symptoms on strawberry vary with plant stages and time of the year. Early in the



season, infected plants may be stunted either at nurseries or in fields (Bhat et al.
2006; Shaw et al. 2006). Typical symptoms develop during early- to mid-summer
when the weather becomes warmer. Young leaves turn bluish and often wilt
suddenly. Wilting will spread throughout the plant, causing plant death. The
necrosis occurs throughout the crown, and the crown may break at the
upperpart. In most cases, brown discoloration of the crown, first appearing at the
upper part and spreading downward, is diagnostic for the disease (Maas 1984).
However, especially in later stages of disease, it is difficult to distinguish P.
cactorum crown rot from crown necrosis caused by other pathogens like
Colletotrichum acutatum. Furthermore, in early stages of the infection, crown rot
may be limited to outer regions or sectors of the plant crown. It also causes
runner lesions in addition to crown and root rot at nurseries, later dark necrosis
on daughter plant will develop. Sometimes the disease also can be carried on

nursery stock without clear symptoms (Bhat et al. 2006; Shaw et al. 2006).

Leather rot of the fruit can happen at any stage of berry development. On green
berries, diseased areas appear dark brown or natural green outlined by a brown
margin. The entire berry becomes brown, looks leathery, and maintains a rough
texture as the rot spreads. On fully ripened berries, color change may range from
little to significant discoloration, brown to dark purple, and infected fruit are
usually softer to touch than healthy fruit. Generally, mature fruit is dull in color
and is not shiny or glossy. When diseased berries are cut across it can be
observed that the water-conducting system to each seed is noticeably darker. A
white, moldy growth can be observed on the surface of infected fruit if the
environment condition fits the pathogen. At the end, the infected fruits will dry

up to form stiff shriveled mummies (Rebollar-Alviter et al. 2006)

1.2.2 Causal agent
P. cactorum was first identified on cacti in 1870 by Lebert and Cohn. It is an

oomycete which is member of the kingdom Chromista with mycelium containing
mainly cellulose and glucans but without cross walls, except to separate living
parts of hypha from old parts from which the cytoplasm has been withdrawn.

Oomycetes produce oospores as their resting spores and zoospores or sporangia

3



as their asexual spores (Agrios 2005) The most important plant pathogenic
Oomycetes belong to several groups: downy mildew, Phytophthora and
Phytium(also is important animal pathogen). The name Phytophthora is from
Greek, and means plant destroyer (Agrios 2005). A genus-wide phylogeny for 82
Phytophthora species was presented by using seven of the most informative loci
(approximately 8700 nucleotide sites). The result supported division of the
genus into 10 well-supported clades. Both Phytophthora infestans (the potato
late blight pathogen that caused the Irish potato famine in the eighteenth
century) and P. cactorum belong to the clade 1(Blair et al. 2008).

P. cactorum is capable of infecting an extremely large number of hosts, more than
200 species in 160 genera, including strawberry and a number of woody
ornamentals and fruit crops such as apple, pear, rhododendron and azalea. It

occurs worldwide but is most common in temperate regions.

P. cactorum strains isolated from different host plants are genetically different.
For example P. cactorum isolates from birch caused clear lesions on non-
wounded bark of birch, while the same isolates were not detrimental to
strawberry. Random Amplification of Polymorphic DNA (RAPD) analysis
revealed variation within P. cactorum, isolates from silver birch having different
banding patterns than those from strawberry. UPGMA analysis also clustered
isolates from silver birch and strawberry plants into separate groups (Lilja et al.
1998). The P. cactorum in North America and Europe develops different
symptoms in strawberry. In North America, leather rot of fruit is more common
than in Europe. Analysis of P. cactorum from strawberry using Random
Amplified MicroSatellite (RAMS) markers showed that leather rot of strawberry
fruit and crown rot were not caused by genetically different strains of this
species (Hantula et al. 2000). UPGMA-analysis also showed that the populations
of P. cactorum on strawberry differed between North America and Europe, but
no clear genetic separation between isolates from different plants species could
be made. Slight morphological variations existing in the diameters of oogonia
and oospores between the isolates from leather rot and crown rot were

insufficient for the identification of genetic groups or host specificity of P.



cactorum isolates. Pathogenicity experiments proved that strains show a

tendency towards host specialization (Hantula et al. 2000).

1.2.3 Disease cycle and epidemiology
P. cactorum survives the winter as oospores, thick walled resting spores, which

form in the plant residues and can remain viable in soil for long periods of times.
In the spring, oospores germinate in the presence of free water and may form
sporangia. Zoospores which originate from sporangia are the most important
propagules (Jones & Aldwinckle 1990). In many cases, the pathogen enters a field
through infected transplants; it is also spread by splashing or wind-blown water
from rain or overhead irrigation (Erwin & Ribeiro 1996; Jones & Aldwinckle
1990; Maas 1984). Infection by P. cactorum usually occurs at wet periods of at
least one hour, and the optimum temperature is between17-22°C. Motile
zoospores are released from sporangia during saturated soil conditions. Once the
zoospores reach a host, they infect through wounds and develop fungus-like
hyphae that colonize the host.

sporangia
release 200-

——
wpome "‘_g o4 “fiooded or
A saturated sol

S
fiooded or 2
A0 fiooded o

wm soil

sporangia form
on surface
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Disease cycle of Phytophthora
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Figure 1.2.3: The figure shows the disease cycle of strawberry crown rot (Cornell

University, NYSAES).



1.3 Microbe-plant interaction

1.3.1 Oomycete pathogenicity
Plant pathogenic oomycetes have a number of virulence factors to help them

establish successfully as parasites. The two flagella enable zoospores to swim in
the soil water and reach the potential host. Vesicles formed in the zoospores are
important for adhesion and encysting (Lehnen & Powell 1989; Robold &
Hardham 2005). The gene PcVsv1 that encode a 200-kDa protein which can be
found in vesicles in Phytophthora cinnamomi is one of 47 proteins which contain
the thrombospondin type I repeat (TSR1). TSR1 is a conserved, 50 amino-acid
motif found in a range of adhesive molecules secreted by both mammalian and
malarial parasites (Robold & Hardham 2005). Also, the apoplastic effector
Cellulose-binding elicitor lectin (CBEL) contributes to adhesion. The secreted
protein PnCcp from the large peripheral vesicles is also a potential adhesive
protein (Skalamera & Hardham 2006). After adhesion, oomycetes may develop
appressorium-like swellings to help penetrat the plant surface. The formation of
appressorium-like swellings, similar to fungi, is induced by forces such as surface
topography and hydrophobicity (Bircher & Hohl 1997; Grenville-Briggs et al.
2005; Slusarenko & Schlaich 2003; Soylu & Soylu 2003). Like fungi, oomycete
hyphae also synthesize and secrete enzymes to degrade plant cell wall
components such as pectin, cellulose, and xyloglucans (Boudjeko et al. 2006).
During biotrophic growth, haustoria are formed to uptake nutrients and deliver
effector proteins which can suppress plant immunity and manipulate host cell

structure and function (Kamoun 2006; Whisson et al. 2007).

1.3.1.1 Effectors
The term 'effector' is defined by Kamoun (2006) as '‘pathogen molecules that

manipulate host cell structure and function, thereby facilitating infection and/or
triggering defense responses. Effectors can be elicitors and/or toxins' (Kamoun
2006). This term became popular in the field of plant-microbe interactions
(Hogenhout et al. 2009) with the discovery of a specialized machinery that the
plant pathogenic Gram-negative bacteria utilize, the type III secretion system

(T3SS), to deliver proteins inside host cells (Abramovitch et al. 2006; Block et al.
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2008). These proteins were considered 'avirulence proteins' at first because of
their ability to trigger hypersensitive response in resistant plants. Later it was
found that these protein also contribute to virulence in susceptible plants
(Hogenhout et al. 2009). Today a number of effector genes have been identified
and characterized. More and more common concepts have emerged from the

study of cellular plant pathogen effectors.

Plant pathogen effectors frequently have more than one host target. The
Pseudomonas syringae T3SS effector AvrRpt2 works against at least five
Arabidopsis proteins, including the negative defense regulator RIN4 (Chisholm et
al. 2005; Takemoto & Jones 2005). Another P. syringae T3SS effector, AvrPto, can
inhibit two pathogen recognition receptors from tomato (Shan et al. 2008; Xiang
et al. 2008; Xing et al. 2007). Each interaction between the effector and host
protein can have positive, negative or neutral effects. It becomes important to
distinguish the operative targets from other targets. Some proteins that are not
operative targets, but when perturbed by effectors, trigger host recognition by
cognate R proteins are thought of as decoys (van der Hoorn & Kamoun 2008).
The functions of many effectors have been characterized (Hogenhout et al.
2009). Many effectors have functions that suppress plant innate immunity. Some
effectors can alter plant behavior and development. Coronatine is one elegant
example, it triggers stomatal reopening in Arabidopsis and facilitates P. syringae
entry into the plant apoplastic space (Melotto et al. 2006). Gibberrellins
produced by Gibberrella fujikuroi, is an example of effectors that mimic plant

molecules and cause the foolish seedling diseases of rice (Tudzynski 1999).
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Figure 1.3.1.1 Effectors can be divided to apoplast and cytoplasm (Kamoun 2006).

1.3.1.2 Oomycete cytoplasmic effectors
Like other plant pathogens, such as bacteria, fungi, and nematodes, pathogenic

oomycetes also produce two classes of effectors which target distinct sites in the
host plant. Apoplastic effectors interact with extracellular targets or surface
receptors in the plant extracellular space, while cytoplasmic effectors are

delivered inside the plant cells.

Hiller et al. (2004)and Marti et al. (2004) observed that an N-terminal PEXEL
(Plasmodium export element) motif (RXLxE/Q) was required for effectors of the
malaria parasite Plasmodium to enter into the cytoplasm of red blood cells (Hiller
et al. 2004; Marti et al. 2004). These observations encouraged the hypothesis
that a similar motif in oomycetes, the RXLR-dEER motif, was the translocation
domain of oomycete effectors. This has been confirmed experimentally forboth
Phytophthora sojae Avrlb and P. infestans Avr3a (Dou et al. 2008a; Whisson et al.
2007). Bioinformatics analysis of the genome sequences of P. sojae, Phytophthora

ramorum, P. infestans and Hyaloperonospora. arabidopsidis revealed a large
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numbers of genes encoding proteins with sequence similarity to effector genes:
nearly 400 each in P. sojae and P. ramorum (Jiang et al. 2008; Tyler et al. 2006),
500-600 in P. infestans and 100-200 in H. arabidopsidis (Jiang et al. 2008). In
most cases, there is at most 10-30% identity among individual pairs of effector
gene family members, but in some case, the sequence similarity is substantial
(40-50% identity), even across species (Jiang et al. 2008). Emerging findings
indicate that some oomycete RxLR effectors can suppress plant immunity by
suppressing programmed cell death (Hogenhout et al. 2009). P. infestans effector
protein Avr3a suppresses the hypersensitive response induced by another
apoplastic effector (INF1 elicitin) also from P. infestans (Bos et al. 2006). H.
arabidopsidis ATR13 can suppress pathogen-associated molecular patterns
(PAMPs)-triggered defense responses in Arabidopsis plants including callose
deposition and production of reactive oxygen species, and then enhance the P.
syringae virulence (Jones & Dangl 2006; Nurnberger et al. 2004; Sohn et al.
2007). Recent studies have shown that the defense suppression functions of
RxLR effectors require their C-terminal domains. Three conserved motifs in the
C-terminus: W, Y and L motifs were indentified from P. sojae Avrlb, which also
suppressed the program cell death induced by the mouse protein BAX in yeast
and plants (Dou et al. 2008b). Investigation of all of the cloned oomycete
avirulence proteins suggest that at least one function of the W and Y motifs is to

suppress program cell death (Dou et al. 2008b).

Crinkling- and necrosis-inducing proteins (CRN proteins) are another family of
cytoplasmic effectors. As their names indicate, these proteins can trigger
crinkling and necrosis of leaves when over expressed in Nicotiana. benthamiana
transient expression assays (Torto et al. 2003). In this group of effectors, some
proteins contain both RXLR and 'FLAK' motif (LxLFLAK), some contain one of the
RxLR or 'FLAK' motif, and some contain overlapping RXLR motifs (sometimes the
RxLR or 'FLAK' motif wre modified or unrecognized); these motifs actually play

the role in cell entry (Gaulin et al. 2008; Win et al. 2007).



1.3.1.3 Oomycetes apoplastic effectors
In the apoplastic space, there are several plant pathogenesis-related (PR)

proteins, such as glucanases and proteases. Some of the oomycete effectors
disrupt the activities of these PR proteins. GIP1 and GIP2 are secreted proteins of
P. sojae that inhibit the soybean endo-B-1, 3 glucanase (EgaseA) (Rose et al
2002), and four genes indentified in P. infestans are similar to the P. sojae GIPs. P.
infestans GIPs and tomato EGases are present in the apoplast and form stable
complexes in planta. Structural modelling of GIP has revealed that they are in
close proximity to rapidly evolving EGase residues, suggesting that the
interaction between GIPs and EGases has the hallmarks of tight molecular co-
evolution (Bishop et al. 2005; Damasceno et al. 2008). Also, secreted Kazal-like
proteins, which work as protease inhibitors, have been found in five plant
pathogenic oomycetes, including the downy mildew Plasmopara halstedii (Tian

etal. 2004).

A number of oomycete effectors are small cysteine-rich proteins, such as
elicitins, PcF, PcF like proteins from P. cactorum and P. infestans (Bos et al. 2003;
Liu et al. 2005; Orsomando et al. 2001), and PRAT12, 14, 23, and 24 from
Hyaloperonospora parasitica (Bittner-Eddy et al. 2003). They induce necrosis
and may act as phytotoxin (Orsomando et al. 2001).

Nep1-like proteins and transglutaminases have also been identified as apoplastic
effectors; both of them have the ability to trigger necrosis (Kamoun 2006).
Cellulose-binding elicitor lectin (CBEL) is an oomycete-specific apoplastic
effector. It was first isolated from Phytophthora parasitica var. nicotianae cell
wall, and thus far 42 CBEL-like domains have been identified in 28 putative
proteins from P. sojae, P. infestans, P. ramorum, and P. parasitica. These proteins
are contributing to adhesion which is an important part of virulence (Gaulin et al.
2002), but they also elicit necrosis and defense gene expression in tobacco plant

(Mateos et al. 1997; Torto-Alalibo et al. 2005).
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1.3.1.4 Phytophthora transglutaminase
Phytophthora transglutaminases were among the first proteinaceous oomycete

PAMPs to be identified. Although Phytophthora transglutaminases are
structurally unrelated to transglutaminases from many other eukaryotes,
bacteria, and archaea (Brunner et al. 2002; Makarova et al. 1999), they share the
biochemichal characteristics of mammalian Ca?* dependent transglutaminases.
P. sojae transglutaminases were strictly dependent on Ca2*, which could not be
replaced by other ions like Mg2* or Mn?*. The transglutaminase inhibitors
iodoacetamide, cystamine, N-ethylmaleimide and Cu2*, can block this CaZ2*
dependent transglutaminase activity efficiently, but GTP, the human tissue
transglutaminase inhibitor, does not affect it significantly (Brunner et al. 2002).
Brunner et al. (2002) also identified a Pep-13 motif with the sequence
'VWNQPVRGFKVYE', which 1is highly conserved among Phytophthora
transglutaminases. Transcripts containing the Pep-13 encoding sequence were
detected using RT PCR in most Phytophthora species except P. undulata.
Detection of the peptide in the culture filtrate confirmed the results (Brunner et
al. 2002). Two homologous enzymes were reported in P. ramorum cell walls
(Meijer et al. 2006), and five members of the family were described in P. infestans
(Fabritius & Judelson 2003). The Pep-13 motif seems to be important for both
elicitor activity and transglutaminase activity. Treatment of potato cells with
Pep-13 showed that Pep-13 can induce the accumulation of defense-related
transcripts encoding lipoxygenase, 4-coumarate: CoA ligase and pathogenesis-
related proteinl. Increased transcript levels of the same genes were also

detected in intact potato leaves upon infiltration of Pep-13 (Brunner et al. 2002).

1.3.2 Plant immune system

1.3.2.1 Plant innate immunity

The plant primary immune system has evolved to recognize microbe features
and to translate this recognition into a defense response that is specifically
directed against the pathogens encountered (Jones & Dangl 2006). Plant innate
immunity can occur when one plant cultivar resists one or a few pathogenic

strains, and also can work against several pathogenic species or several strains
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(races, biotypes, and pathovars)(Kiraly et al. 2007). Gene for gene resistance is
one of most thoroughly investigated types of plant immunity, and the current
view of the mechanism can be included in the zig-zag model of the plant immune
system. Here two other types of specific plant immunity are discussed: the plant
resistance against pathogen toxins and gene silencing against virus infection.
There are few results published about plant resistance against pathogen toxins.
The corn gene HM1 was isolated by Johal and Briggs (1992), and it encodes a
reductase that is able to inactivate the HC toxin of Cochliobolus carbonum (Johal
& Briggs 1992; Meeley et al. 1992). In addition to detoxification, plants can also
avoid toxins by lacking specific receptor and/or transporting the toxins out of
plant cells (Balzi et al. 1994; Huang et al. 1990; Qin et al. 2004; Rhoads et al.
1995). Gene silencing is the mechanism that plant employ against viral infection.
Foreign double-stranded RNA triggers ribonucleases that degrade it and also

other RNA with the same sequence.

1.3.2.2 Plant acquired immunity
Plant acquired systemic immunity is analogous to animals' 'immune memory.'

The surrounding tissues or remote parts of the plant can become immune to a
subsequent infection after a primary infection. This kind of plant immunity used
to be called systemic acquired resistance (SAR) and was first demonstrated by
Ross (1961) in relation to tobacco infected by tobacco mosaic virus (TMV) (Ross
1961). Now it also has been found in rice against rice blast, tomato against P.
syringae and acts nonspecifically and reduces the severity of disease caused by
all classes of pathogen (Agrios 2005; Walters & Heil 2007). Systemic acquired
resistance is triggered by hypersensitive necrosis (Durrant & Dong 2004).
Salicylic acid (SA), jasmonic acid (JA), and ethylene (ET) are recognized as key
regulators in the signaling pathways involved (Howe 2004; Lorenzo & Solano
2005; Pozo et al. 2004; van Loon et al. 2006; von Dahl & Baldwin 2007). Some
other plant hormones have been implicated in plant defense, but their
significance is less well studied (Koornneef & Pieterse 2008).Usually SA induces

resistance to biotrophic pathogens, and JA and ET induce resistance against
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necrotrophic pathogens. The plant protein NPR1 was shown to be necessary to

transduce the SA signal for SAR (Glazebrook 2005).

1.3.2.3 Receptors
Plants lack an adaptive immune system and rely solely on innate immune

mechanisms, which are activated by molecular surveillance that resides at the
cell surface or within the cytoplasm. Membrane bound plant Pattern Recognition
Receptors (PRRs) include receptor-like kinases (RLKs) (Shiu & Bleecker 2003),
receptor-like proteins (RLPs) (Wang et al. 2008), and polygalacturonase
inhibiting proteins (PGIP) (Di Matteo et al. 2003; Federici et al. 2006).
Intracellular plant PRRs are NB-LRR proteins (nucleotide binding site-leucine-
rich repeats) (Meyers et al. 2003). RLP-type receptors possess an extracellular
LRR domain and a C-terminal membrane anchor but lack the cytoplasmic kinase
domain. Lack of the cytoplasmic catalytic domain indicates that it relies on
others to communicate the message. Some studies suggest that they may
function in combination with RLK-type receptors (Shpak et al. 2005; Waites &
Simon 2000). RLK-type receptors have an extracellular domain such as leucine
rich repeats (LRRs), lectin, lysine motif (LysM) or wall associated kinases (WAK)
with a single transmembrane-spanning region and a cytoplasmic kinase domain.
They are considered primary communicators, although the diverse structures in
the receptor domains suggest that there are likely to be several biological
functions of these proteins (Tor et al. 2009). Once cytoplasmic signaling
molecules receive the message from RLKs, they are distributed further within
the cell via a canonical MAPK signaling cascade (Karlova et al. 2009; Russinovaa
et al. 2004; Shiu & Bleecker 2003; Shpak et al. 2005; Tor et al. 2009; Trotochaud
& Wassarman 2004; Waites & Simon 2000; Wang et al. 2008; Wang et al. 2005).
These receptors are under the strict regulation of phosphorylation inhibitors
which have only an extracellular LRR domain, phosphatases such as KAPP
(kinase associated protein phospatase), endocytosis, ubiquitin-mediated protein
degradation, and possibility of autophagy. Once the message is conveyed, they
are down-regulated by some of the same mechanisms (Park et al. 2008;

Robatzek et al. 2006; Todde et al. 2009; Tor et al. 2003; Trujillo et al. 2008; Wang
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et al. 2006). NBS-LRR proteins (nucleotide binding site-leucine-rich repeats) are
encoded by one of the largest plant gene families so-called disease resistance
genes. Functions for several PRRs have been assigned for a number of plants
including rice, tomato, and Arabidopsis thaliana. These proteins reside within the
cytoplasm, but can be translocated into the nucleus, chloroplast or mitochondria
(Shen & Schulze-Lefert 2007). Nearly all NBS-LRR proteins have been reported
to function as disease resistance proteins, however recent research indicates
they may also have diverse roles (Sweat et al. 2008). NBS-LRR proteins are
strictly regulated by mechanisms including repression by the chromosomal
structure, feedback amplification from the receptor protein, and repression by
their negative regulators at the transcriptional level or ubiquitin-mediated

degradation (Li et al. 2007; Tor et al. 2003; Tor et al. 2009).

1.3.2.4 Strawberry resistance genes
Strawberry is susceptible to many diseases, and in severe cases, crop loss

approaches 100%. To reduce massive amounts of fungicide applications in
strawberry production, it would be of great benefit to the grower, the consumer
and the environment to develop lines that would effectively resist pathogen
invasion. Resistance gene candidates have been identified, in addition to
molecular markers, and these genes and markers may prove useful when

developing new resistant varieties

In strawberry, resistance gene analogs (RGAs)that encode a nucleotide binding
site (NBS) (Meyers et al. 1999) have been identified using PCR with degenerate
primers which were targeted to conserved motifs within the NBS region
(Martinez Zamora et al. 2004). Like other species studied, strawberry also
maintains a family of TIR (Toll/Interlukin I Receptor) like RGAs, and these genes
are present in both wild and cultivated species (Folta et al. 2005).

Several dominant loci that segregate with disease resistance have been
identified. The resistance to the oomycete P. fragariae var. fragariae in
strawberry is associated with a gene-for-gene pattern, and it has been estimated

that there are at least five avirulence genes present in various European races of
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the pathogen (Haymes et al. 1997). For resistance to Phytophthora root rot
caused by Phytophthora fragaria var. rubi in the closely related diploid red
raspberry (Rubus ideaus), a two-gene model with dominance has been suggested

(Pattison et al. 2007).

No simple model for P. cactorum resistance in Fragaria X ananassa can be
supported by recent findings. Shaw et al. (2006, 2008) indicated an additive,
polygenically inherited resistance (Shaw et al. 2006; Shaw et al. 2008), and five
putative quantitative trait loci for resistance were found in an experimental
Fragaria X ananassa population (Denoyes-Rothan et al. 2004). Focusing on a
simpler diploid model system than the octoploid strawberry, it appears more
likely to get an understanding of the nature and inheritance of the resistance of

Phytophthora crown rot.

1.3.3 'Zigzag' model in oomycete-plant interaction and effectors

and R gene coevolution
Jones and Dangl (2006) constructed a four phased 'zigzag' model to represent

the current view of plant immune system against biotrophic or hemibiotrophic
plant pathogenicity bacteria, fungi, and oomycetes. Plants face a constant barrage
above and below ground from invading microorganisms, including bacteria,
fungi, and oomycetes. The majority of plant species are resistant to invasion by
all isolates of any given microbial species. However, a small percentage of plant-
pathogen interactions lead to successful disease development. The first
limitation of pathogen host range is thought to be the ability of a microbe to
penetrate preformed barriers, such as the cuticle and cell wall, and to detoxify
constitutively accumulating host antimicrobials, such as phytoanticipins, which
vary between plant species (Ingle et al. 2006). The plant non-self surveillance
system that perceives attempted invasions will be encountered when the
pathogen that overcomes these obstructions and activates a diverse array of
effective, broad-range defenses (Ingle et al. 2006; Zipfel et al. 2006). This plant
non-self surveillance is also called PAMP-triggered immunity (PTI). Perception
initially involves the detection of conserved molecules that are secreted or

displayed on the surface of microorganisms. Pathogen-associated molecular
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patterns (PAMPs) are molecules which can be described as small molecular
motifs conserved within a class of microbes, associated with groups of pathogens
that are recognized by cells of the innate immune system. For successful
colonization of plant tissues, microorganisms must overcome PAMP-triggered
immunity (PTI) that constitutes a front-line defense (Ingle et al. 2006;
Schwessinger & Zipfel 2008). Both the apoplastic and cytoplasmic effectors can
act as the secreted virulence determinants to suppress or otherwise manipulate
plant innate immunity. This effector-triggered susceptibility (ETS) includes the
suppression of PTI, representing the first level of molecular co-evolution
between host and pathogen. It has also been shown to suppress immunity via
direct molecular interactions with host defense-associated proteins (Block et al.
2008; Chisholm et al. 2006; Grant & Lamb 2006; Jones & Dangl 2006). The
second line of defense of plants is resistance (R) proteins, which directly or
indirectly detect effectors (termed avirulence proteins; AVRs). These confer
effector-triggered immunity (ETI) to pathogens which are successful in
suppressing PTI. Effector-triggered immunity (ETI) represents a second level of
host-pathogen molecular co-evolution, as effectors evolve to evade detection
and R proteins (NB-LRR proteins) evolve to establish or retain detection (Jones &
Dangl 2006). For pathogens, natural selection drives the effector gene either by
shedding or diversifying to avoid ETI, or by acquiring additional effectors to
suppress ETI. For plants, natural selection results in new R specificities so that
ETI can be triggered again. Microbial and plant co-evolution in response to ETI
and ETS can be explained by the model which is similar to the boom and bust
model (Jones & Dangl 2006). For example, in the flax/flax rust system, the
pathogen carries an effector gene that is recognized by an R gene. This results in
selection for an elevated frequency of R gene in the plant population. Pathogens
with this mutated effector are then selected, because they can grow on R gene-
containing plants and erode this R gene effectiveness. Also because at least some
R genes have associated fitness costs (Tian et al. 2003), plants carrying R genes
can have reduced fitness, resulting in reduced R gene frequencies. However, the
pathogen population will still contain individuals with this effector. In the
absence of R genes, this effector will confer increased fitness, increase its

frequency in the pathogen population, and lead to resumption of selection for R
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gene. This cycle is continuously turning, with many effectors and alleles at
various R loci in play in populations of plants and pathogens (Jones & Dangl
2006). This paper will not discuss the small RNA-based plant immune system
that is active against viruses or the active response of plants to herbivores (Jones

& Dangl 2006).

Zigzag in oomycete-plant interactions was recently described by Hein et al. in
figl.3.3(b). The first phase is characterized oomycete pathogen-associated
molecular patterns (PAMPs) and other elicitors triggering PAMP-triggered
immunity (PTI). Some will cause necrosis [represented by a dotted arrow
extending PTI beyond the threshold for host programmed cell death (PCD)]. The
second phase is oomycete effectors, both some RxLRs and apoplastic effectors,
which contribute to effector triggered susceptibility (ETS). The second phase
also includes host resistance proteins, such as R3a, Rps1b, and RPPs that detect
oomycete effectors to trigger immunity (ETI). The further phases of this model
are still not clear. The amplitude of defense is shown on the y axis, and the
threshold for activation of host PCD is also indicated. The role of T115B5
encoding protein Phytophthora transglutaminases are the PAMPs (GP42) which
trigger the PAMP-triggered immunity (PTI). They induce program cell death in
potatoes but not in parsley. (Hein et al. 2009)
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(c)
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Figure 1.3.3 The zigzag model, it in oomycete-plant interactions and the model of
effector R gene coevolution. (a)The ultimate amplitude of disease resistance or
susceptibility is proportional to [PTI - ETS + ETI] in this scheme. one effector (indicated
in red) is recognized by an NB-LRR protein, activating effector-triggered immunity
(ETI), pathogen isolates lose the red effector, and perhaps gain new effectors through
horizontal gene flow (in blue) to suppress ETI. New plant NB-LRR alleles that can
recognize one of the newly acquired effectors are selected, resulting again in ETI(Jones
& Dangl 2006). (b)This scheme shows zig-zag-zig in oomycete-plant interactions which
is modified from Jones and Dangl (2006). In the first phase, some of PAMP-triggered
immunity (PTI) will cause necrosis [represented by a dotted arrow extending PTI
beyond the threshold for host programmed cell death (PCD)]. In the second phase, both
some RxLRs and apoplastic effectors, contribute to effector triggered susceptibility
(ETS). Host resistance proteins, such as R3a, Rps1b, and RPPs, detect oomycete effectors
to trigger immunity (ETI). The further phases of this model are still not clear. The
amplitude of defense is shown on the y axis, and the threshold for activation of host PCD
is also indicated (Hein et al. 2009). (c)Here is the coevolution model based on the
flax/flax rust system. This cycle is continuously turning in populations of plants and

pathogens (Jones & Dangl 2006).
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2 Materials and methods

2.1 Inoculum production
Phytophthora cactorum (Leb. and Cohn) J. Schroét (Bioforsk isolate ID 10300) was

originally isolated from a diseased strawberry crown from a strawberry field in

As, Norway.

Procedure:

1.

2.

3.

Cultivated the P. cactorum in petri-dishes with V8 agar medium.

Incubated them at room temperature (18 °C) around 10 days.

Cut the V8 agar medium into 6 equal pieces, and put 3 of them into a new
empty plate. Filled the plate with the sterile pond water from UMB
campus (Because this pond water is most close to the nature water during
the development stages of the P. cactorum). Let the water just cover the
V8 agar medium with the P. cactorum mycelium. Incubated them at room

temperature around 3 days.

Afterward, checked the plates under microscope. The V8 agar medium
was covered by a high density of sporangia. Transferred plates to a
refrigerated room or fridge (4 °C). For sporangium RNA extraction,
harvested directly without refrigeration: Filtrated through four layers of
cheese cloth, collected in 50mL tubes, and centrifuged at 1500 g for 10
minutes. Discarded most of the supernatant, leaving around 1 mL liquid
together with the pellet. Mixed remaining supernatant with pellet by

pipetting, and processed for RNA extraction immediately.

Incubated at 4 °C for 0.5 hour. Checked the plates under the microscope
again. Zoospores should be fully released and swimming in the water.
Filtrated with four layers cheese cloth, and collect in 50mL tubes. For
zoospore RNA extraction, centrifuged at 1500 g for 10 minutes, and

discarded most of the supernatant. Left approximately 1 mL liquid with
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the pellet and mix it by pipetting. Processed for RNA extraction

immediately.

5. Shook the 50ml tube at 2500-3000 rpm, for 3 minutes, which enabled

zoospores encysting.

6. Added 1 volume 10% V8 liquid in order to increase the speed of cyst

geminating.

7. Harvested the samples at designated time points and centrifuge at 1500 g
for 10 minutes. Discarded most of the supernatant, leaving around 1 mL
liquid with the pellet. Mix it by pipetting, and processed for RNA

extraction immediately.

2.2 Inoculation of strawberry crown
The wild diploid strawberry (Fragaria vesca L.) variety FDP821, which is

susceptible to the isolate 10300 (Eikemo et al. 2010), was maintained in a
greenhouse as Eikemo et al. (2000) described: (Eikemo et al. 2000)

Procedure:
1. Produced zoospores as describe in '2.1 inoculum production.
2. Atthe same time, strawberry plants should be prepared.

3. Injured the strawberry crowns with sterile knives until the vessels can be

seen. Covered the crown with soil again.

4. Pipetted 10mL water containing zoospores into the soil surrounding the
injuried strawberry crown. One treatment included 4 plants. 3 plants

received inoculations, and 1 plant was without inoculation as the control.

5. After 6 hours, 12 hours, 1 day, 3 days, 5 days, and 7days, dissected out
(around 100mg) of the infected plant tissues showing symptoms.

Wrapped the tissue in aluminum foil, and put it in to liquid nitrogen
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immediately, later took it out from liquid nitrogen and store at -80 °C. Cut
out tissue from the non-inoculated control plants near the injuries.
Collected them separately from the infected sample. At the end mixed all

non-infected samples together for RNA extraction.

2.3 Full length cDNA cloning by Rapid Amplification of
cDNA Ends (RACE PCR)

2.3.1Introduction and overview
RACE or Rapid Amplification of cDNA Ends, is a technique used to obtain the full

length sequence of an RNA transcript found within a cell. Here, the SMART™ RACE
cDNA Amplification Kit was used to clone the full length cDNA of potentially
interesting cDNA fragments isolated by SSH library and effector differencial diaplay
This kit contains SMART II™ oligonucleotide and the Moloney Murine Leukemia
Virus everse Transcriptase (MMLV RT). The MMLV RT, upon reaching the end of an
RNA template, exhibits terminal transferase activity, adding 3-5 residues
(predominantly dC) to the 3' end of the first strand cDNA. The SMART oligo with a
terminal stretch of G residues anneal to the dC-rich ¢cDNA tail and serves as an
extended template for the reverse transcriptase. MMLV RT switch templates from
the mRNA molecule to the SMART oligo, generating complete cDNA copies of the
original RNA with the additional SMART sequence at the end (Clontech)
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Figure 2.3.1 This figure shows procedure of RACE cloning, involving sequencing the 5'
end of the 5' product and the 3' end of the 3" product to obtain the sequences of the

extreme ends of the transcript (Clontech).
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2.3.2 RNA manipulation

2.3.2.1 RNA extraction

Total RNA was isolated by using the QIAGEN RNeasy Mini Kit. The RNeasy
method represents a well-established technology for RNA purification. This
technology is based on the selective binding properties of a silica-based
membrane with the microspin technology. The RNeasy silica membrane can bind
up to 100 pg of RNA longer than 200 bases with help of a specialized high-salt
buffer system. Biological samples are first lysed and homogenized in the
presence of a highly denaturing guanidine-thiocyanate-containing buffer, which
immediately inactivates RNases to ensure purification of intact RNA. Ethanol is
added to provide appropriate binding conditions. The total RNA binds to the
membrane and contaminants are efficiently washed away. High-quality RNA is

then eluted in RNase-free water (QIAGEN)

Materials:
QIAGEN RNeasy Mini Kit
Liquid nitrogen

Samples collected from 2.1 and 2.2

Procedure:

1. Added 4.5 pL beta-Mercaptoethanol into 445uL buffer RLC and transfer

into microfuge tubes.

2. (a)For samples from mycelium of P. cactorum, infected and non-infected
plants, placed the weighed sample immediately into liquid nitrogen, and

ground thoroughly with a mortar and pestle.

(b) For liquid samples of sporangia, zoospores, and different time points
of geminated cysts of P. cactorum, added the solution into liquid nitrogen

using a pipette, and ground thoroughly with a mortar and pestle.
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. Transfered the lysate to a QIlAshredder spin column (lilac) placed in 2ml
collection tubes. Centrifuged for 2 min at 13000 g. Carefully transferred
the supernatant of the flow-through to a new microfuge tube without
disturbing the cell-debris pellet in the collection tube. Used only this

supernatant in subsequent steps.

. Added 0.5 volume of ethanol (96-100%) to the cleared lysate, and mixed
immediately by pipetting. Proceeded immediately to step 5.

. Transferred all the sample in one tube to an RNeasy spin column (pink)
placed in a 2 ml collection tube. Closed the lid gently, and centrifuge 1 min

at full speed. Discarded the flow through.

. Added 700 pL buffer RW1, centrifuged for 1 min at full speed to wash the

spin column membrane, and discarded the flow through.

. Added 500pL buffer RPE twice, centrifuged for 1 min and then 2 min, at
full speed, and discarded the flow through.

. Placed the RNeasy spin column into a new 2 mL collection tube, and

centrifuged at full speed for 1 min.

. Placed the RNeasy spin column into a new 1.5mL collection tube; added
30uL RNase-free water directly to the spin column membrane. Closed the
lid gently, and centrifuged at full speed for 1 min. Pipette the eluted
solution to the membrane again and repeated the centrifuge to enhance

the RNA concentration.

10. Store RNA at -80 °C.

2.3.2.2 DNase treatment of RNA samples, genomic DNA check by SYBR Green
and RNA cleanup
TURBO DNase was applied to remove contaminating DNA from RNA

preparations, and QIAGEN RNeasy mini kit was used to subsequently remove the

DNase and divalent cations from the sample. The result of DNase digestion was

tested by Real Time PCR.
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Material:
TURBO DNase Kit
QIAGEN RNeasy mini kit

RNA samples

Procedure:
1. DNase digestion:

Added DNase digestion reagents: 5uL. 10x buffer, 1uL. TURBO DNase; incubated
at 37°C for 25 minutes.

2. QIAGEN RNA clean up method:

(a)Adjusted the sample to a volume 100puL with RNase free water, added 350puL
buffer RLT, and mixed well.

(b)Added 250puL ethanol (96-100%) and mixed well by pipetting.

(c)Transferred the sample to RNeasy mini spin column, centrifuged for 1 min at

13000 g, and discarded the flow through.

(d)Added 500uL buffer RPE, washed twice, centrifuged for 1 min and then 2 min,
at 13000 g, and discarded the flow through.

(e)Placed the RNeasy spin column into a new 2mL collection tube, centrifuged at

13000 g for 1 min.

(f)Placed the RNeasy spin column into a new 1.5mL collection tube; added 30pL
RNase-free water directly to the spin column membrane. Closed the lid gently,
and centrifuged at full speed for 1 min. Pipette the eluted solution to the
membrane again and repeated the centrifugation to enhance the RNA

concentration.
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(g)Stored RNA at -80 °C.

3. Real-time PCR was used to test the result of DNase digestion (the detail of

Real-time PCR will be introduced in section 3.4).

(a)Real-time PCR was performed using DNase treated RNA samples as templates,
together with undigested RNA samples, genomic DNA and water as controls. The

reactions were performed as that described in section 3.4.

(b)Comparing with the controls, PCR products should not be detected from the

samples, or the Ct values should be significantly higher than the controls.

2.3.2.3 Quantification and determination of quality of RNA
Before subsequent application, the quality of the RNA samples must be tested to

make sure that they are intact. Their concentration is acceptable if the RNA
concentration is higher than 20 ng/pL after purification, based on the

requirement of RACE-Ready first-strand cDNA synthesis.

2.3.2.3.1 Agarose gel electrophoresis
The integrity and concentration of total RNA can be visually assessed by agarose

gel electrophoresis. The ratio of 28S: 18S for eukaryotic RNA should be
approximately 2: 1.

Agarose gel electrophoresis is a technique widely used for the separation of DNA
and RNA of different molecule sizes, using an electric field applied to a gel matrix.
Agarose is a linear polymer composed of long unbranched chains of uncharged
carbohydrates without cross links. This results in a gel with large pores, allowing
for the separation of macromolecules and macromolecular complexes, like DNA
or RNA mix with loading buffer. DNA or RNA with different molecular weight will
move at different speeds by electromotive force. Ethidium bromide, usually
abbreviated as EtBr, is the most common dye used to make DNA or RNA bands
visible for agarose gel electrophoresis. By running RNA (or DNA) through an
EtBr-treated gel and visualizing it with UV light, any band containing more than

20 ng RNA (or DNA) becomes distinctly visible, because EtBr fluoresces under
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UV light when intercalated into RNA (or DNA). This method is also frequently

used to test PCR products, plasmids and restriction enzyme digestion.

Materials:

1X TBE buffer

6X loading buffer
Agarose

Ethidium bromide

DNA or RNA samples

Procedure:

Agarose was weighed and mixed with 1 X TBE buffer. The mixture was heated in
a microwave-oven until the agarose was completely dissolved. The solution was
cooled down to around 60°C. One drop (~5 pl) of ethidium bromide was added
into every 50 mL agarose solution (final EtBr concentration was 0.5 pg /mL). The
gel solution was subsequently transferred to a gel tray, with a well-comb in one
end, for solidification. The solidified gel was transferred into an electrophoresis

chamber with enough buffer TBE to cover the gel.

RNA (or DNA) samples were mixed with 0.2 volumes 6 X loading buffer and then
pipetted into the wells of the gel. The electrophoresis was run at 60-90 V until
the target fragments were sufficiently separated. The results were visualized by

UV light and recorded by a computer with Quantity One system.

2.3.2.3.2 Spectrophotometric quantification of RNA
The concentration of RNA should be determined by measuring the absorbance at

260 nm (A260) by Pharmcia Biotech Gene Quant I RNA/DNA Calculator. 2 pL
RNA was diluted by adding 100 pL 10 mM Tris Cl buffer (pH=7.0). The
spectrophotometer should be zeroed using buffer before the measurement of

samples. Each sample should be measured three times and the cuvette should be
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rinsed with buffer between each sample. The concentration of RNA can be
calculated by the formula: concentration=A260 X 44 pg /mL X dilution factors

and it can be read on the machine directly.

2.3.2.3.3 Agilent 2100 Bioanalyzer
Agilent 2100 Bioanalyzer is an automated system based on microfluidic

technology, which provides an accurate estimate of RNA quality and

concentration.

Material:
RNA 6000 Nano Kit

RNA samples

Procedure:

Strictly follow the protocol

2.3.3 First-strand cDNA synthesis
The protocol for cDNA synthesis for 5'RACE and 3'RACE is different. The 5’-RACE

cDNA is synthesized using a modified lock-docking oligo(dT) primer and the
SMART II A oligo as described above. The 5’-RACE CDS Primer A (5’-CDS), has
two degenerate nucleotide positions at the 3’ end. These nucleotides position the
primer at the start of the poly A+ tail and thus eliminate RACE-Ready the 3’
heterogeneity inherent with conventional oligo(dT) priming (Borson et al,

1994).
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The 3’-RACE cDNA is synthesized using a traditional reverse transcription
procedure, but with a special oligo (dT) primer. This 3’-RACE CDS Primer A (3'-
CDS) primer includes the lock-docking nucleotide positions as in the 5’-CDS
primer and also has a portion of the SMART sequence at its 5 end. By
incorporating the SMARTer sequence into both the 5’- and 3’-RACE-Ready cDNA
populations, the Universal Primer A Mix (UPM) can be used to prime both RACE
PCR reactions. UPM recognizes the SMARTer sequence, in conjunction with

distinct gene-specific primers.

Procedure:

1. For 5'RACE-Ready cDNA, added 3 pL RNA sample, 1 pL primer A, 1 pL
SMART II A oligo, into a PCR tube; and for 3'RACE-Ready cDNA, added
3uL RNA sample, 1uL CDS primer A, 1 pL water in another PCR tube.

2. Mixed contents and spin the tube briefly. Incubated the tubes at 70 °C for

Z2min.
3. Cooled down the tubes on ice for 2 min.
4. Span the tubes briefly to collect the contents at the bottom.

5. Added 2uL 5X-First-Strand Buffer, 1uL DDT, dNTP Mix(10mM) and MMLV
Reverse Transcriptase. Mixed the contents by gently pipetting.

6. Span the tubes briefly to collect the contents at the bottom.

7. Incubated the tubes at 42 °C for 1.5 hours followed by 72 degrees for 7

min.

8. Diluted the first-strand reaction product with 20uL Tricine EDTA Buffer,
and stored at tubes at -80 °C.
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2.3.3.1 Check the synthesis of cDNA
To confirm whether the cDNAs are intact, perform PCR using tubulin primers

with the cDNA samples and controls.

Material:

cDNA templates and genomic DNA templates
tubulin primers reverse and forward

Taq DNA polymerase

dNTP mix

dH20

5X PCR buffer

Procedure:

1. Mixed each 2uL cDNA sample with 23puL master mix, and span the tubes
briefly to collect the contents at the bottom. The samples were amplified
using the following program: an initial step at 94 °C for 5min, followed by
32 cycles of 95 °C for 15 seconds, 60 °C for 30 seconds, 72 °C for 1 minute,
and finally 72 °C for 5 minutes. Cooled down the samples to 4 °C. Controls

with water and genomic DNA were included in the experiment.

2. The PCR products were run on a 1% agarose gel. One clear band whose
size is around 400bp should be seen if the samples are intact. The
negative and positive controls were water and genomic DNA as the
template. The same band should be seen on the positive control but not

on the negative control.
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2.3.4 Rapid Amplification of cDNA Ends (RACE PCR)

2.3.4.1 The polymerase chain reaction (PCR)

The polymerase chain reaction (PCR), developed by Kary Mullis, is a common
and often indispensable technique to amplify a single or few copies of a piece of
DNA across several orders of magnitude, generating thousands to millions of
copies of a particular DNA sequence. The PCR method usually consists of a series
of 20-40 repeated temperature changes called cycles. Thermal cycling consists of
repeated heating and cooling of the reaction for DNA melting and enzymatic
replication of the DNA. The key components to enable selective and repeated
amplification are primers which contain sequences complementary to the target
region along with a DNA polymerase. Almost all PCR applications have to employ
a heat-stable DNA polymerase, such as the enzyme originally isolated from the
bacterium Thermus aquaticus called Taq polymerase. As PCR progresses, the
DNA generated is itself used as a template for replication, setting in motion a

chain reaction in which the DNA template is exponentially amplified.

PCR cycling usually begins with a denaturation step, heating the reaction to 94—
98 °C for 20-30 seconds. (An initialization step heating the reaction to a
temperature of 94-96 °C, which is held for 1-9 minutes is required by hot-start
PCR before the denaturation) It causes DNA melting of the DNA template by
disrupting the hydrogen bonds between complementary bases, yielding single
strands of DNA. This is followed by a switch to the annealing step. The reaction
temperature is lowered about 3-5 degrees Celsius below the Tm of the primers
used, to allow annealing of the primers to the single-stranded DNA template.
Afterwards, the extension step is performed. The temperature at this step
depends on the DNA polymerase used. At this step the DNA polymerase
synthesizes a new DNA strand complementary to the DNA template strand by
adding dNTPs th