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Introduction:

Callose, a β-1,3-glucan, is a widely spread plant polysaccharide. Its chemical
structure is based on glucose residues that are linked by β (1→3) glucosidic
linkage, which further causes overlapping of chains in helical form. This
compound is an important component of dividing cell walls, and is also found in
the pollen mother cell wall and pollen tubes (Li et al., 2003).
Deposition on the outer surface of plasma membranes is formed in response to
pathogen attack, aphid infestation, also it is produced in response to abiotic stress,
wounding, and metal toxicity. However where this callose is produced reminds
still unknown. In this experiment callose deposition in response to aphid attack
will be investigated closer.
Long-term deposition of callose is also thought to be a physical barrier for
microbial penetration (Donofrio, 2001). Callose can be easily detected by UV
light after staining with aniline blue fluorochrome (emission of the fluorochrome
is present at 455nm but it shifts to 500-506nm while interacting with β-1,3glucans).
Resistance in plants can be reflected as developing adaptive properties towards
herbivory. Generally, callose is synthesized by callose synthase and degraded by
β-1,3-glucanases. Considering all the importance of callose we can easily
conclude that knowledge of its functioning is crucial for understanding of varied
processes that occur in the plant.
To examine callose synthase and β-1,3-glucanase we infested plants with two
types of aphids: Bird cherry-oat aphid (Rhopalosiphium padi, BCA) and Russian
wheat aphid (Diuraphis noxia, RWA Although BCA causes very little direct
symptoms, it is the carrier and transmitter of plant viruses like BYDV. BCA is a
well-studied aphid species. Bird cherry-oat aphid even though is not leading to
any visible symptoms it can cause great damage to cultivars by reducing size of
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root and shoot. Nevertheless RWA is not so deeply investigated, it seems to gain
importance in agriculture all over the world due to the intensity of infestation.
BCA does not lead to any visible symptoms however RWA causes necrosis and
further potentially plant death. Callose formation is shown to occur with in first 24
hours after infestation with D. noxia but no significant callose formation and
deposition is present in plant tissue after feeding by R.padi.
Prediction of aphid infestation is important for cereal growers. Despite many
attempts it was impossible to predict time and space of Russian wheat aphid
infestation. The biggest impact on cultivars of wheat and barley has been
annotated in South Africa, The United States of America and Canada. For
example the economical loss of winter wheat in the Canadian Prairies can be
estimated to about 37%. It is presented by many experiments that RWA leads to
greater damages in plant tissue than BCA which on the other hand is more spread
throughout the continents (Mirik et al., 2007). Diuraphis noxia was shown to
induce callose formation in the phloem soon after infestation, which blocks
phloem transport, whereas Rhopalosiphium padi did not (Saheed et al; 2007).
Although aphid feeding is restricted to certain leave area, the response is allocated
along the plant tissues.
Callose is known to be produced among other pathways as a response to elevated
calcium ions concentration that is also said to be responsible for regulation of
plasmodesmatal pore size (Botha and Cross, 2001). By influencing the size of
pores callose reduces sap loss from the phloem. The question that rises is how
callose formation is regulated? Possible steps are increased synthesis by upregulation of callose synthase or delayed break down by a down-regulation of β1,3-glucanases.
Research has shown that callose synthases are encoded by gene families of GSL
(glucan synthase-like) genes in several organisms. There are 12 glucan synthaselike genes decribed in Arabidopsis thaliana (At), 10 genes in Oryza sativa (Os),
and 2 genes in Saccharomyces cerevisiae (Sc) (Figure1). Two GSL genes from
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Arabidopsis are so far well described, GSL5 and GSL6. Glucan synthase-like
gene number 5 is induced by wounding (Jacobs et al., 2003) and glucan synthaselike gene number 6 is activated by feeding of Silver leaf white fly, a phloem
feeding insect (Li et al; 2003).

Figure 1: Glucan synthase Phylogenetic tree
In 2003 the complete nucleotide sequence of a 6.1 kb putative callose synthase
cDNA from barley was published Hv.GSL (Li et al; 2003). This sequence was
isolated from a cDNA library and contained an open reading frame of 5745 bp.
The complete nucleotide sequence exists in data bases under accession number
AY177665 and it is represented on the Barley gene chip as contig 8428
(Affymetrix).
β- 1,3 –glucanases (1,3- β-D-glucan 3-glucanhydrolase) are thought to have a key
function in regulating and modulating callose deposition. However details of this
process remain unknown. Several families of β- 1,3 –glucanase genes have been
identified. Because they were first found in plant tissue after pathogen attack, they
are classified as PR-2 gene families (Pathogen Related). These enzymes play
various roles in resistance and susceptibility of plants towards fungi. β- 1,3 –
glucanases are induced by pathogenes but also can be regulated by plant
hormones like salicylic acid (SA) (Li et al; 2005).
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Glucanases are shown to accumulate in roots, shoots, pollen cell walls, vascular
tissues and around wound sites in response to various hormonal and stress signals.
β- 1,3 –glucanases have been shown to take part in defence against fungi, for
example during powdery mildew infection (Ignatius et al; 1994). As
Jutidamrongphan et al; (1991) already reports, Bipolaris sorokiniana induces
expression and storage of β- 1,3 –glucanases in cereals and rice leave tissues.
In previous publications (Xu et al; 1992) seven genes families and many
independent genes encoding for β- 1,3 –glucanase were identified in barley.
Although highly similar in nucleic acid sequences expression patterns of those
enzymes are extremely varied. Some of them seem not to be defence-related but
to be induced at the developmental level.
Our hypothesis was that callose synthase and β-1,3-glucanase are involved in
callose formation. The aim of this project was to determine whether barley callose
synthase and β-1,3-glucanase are transcriptionally regulated under Diuraphis
noxia and Rhopalosiphium padi attack and whether the differences in callose
deposition observed between infestation with these two aphids are correlated with
differences in regulation of the genes.
An additional step in this experiment was to check if the plant samples were
infected with Rhopalosiphum padi virus (RhPV). This virus is very host specific
(Rhopalosiphum and Schizaphis families) and shortens the live span and decreases
the level of reproduction of BCA (Ban et al., 2007). It is not known whether it can
also infect RWA. The virus is transferred to the plant, although there is no
evidence that it can replicate there and no symptoms are detectable (Gildow and
D’Arcy, 1988). By testing the plant samples from the experiment it was possible
to asses whether BCA and RWA cultures used were infected with RhPV.
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Material and Methods:

Plant material and aphid species
Preparation of plants and maintenance of aphid colonies was done according to
Saheed et al 2007, where onto two weeks old barley plants (Hordeum vulgare)
susceptible cv. Clipper, aphids have been placed respectively.
Aphids used in this experiment were Bird cherry-oat aphid (Rhopalosiphum padi,
BCA) and Russian wheat aphid (Diuraphis noxia, RWA).
For the other part of experiment, were presence of Rhopalosiphum padi virus
(RhPV) in plant tissues was monitored. RNA from the cultivar Lina infested with
virus-infected BCA and from an aphid culture known to be infected with RhPV
served as positive control. Table 1 presents the selection.
Sample no

Barley cultivar

Treatment (aphid)

1 (positive control)

Aphid + virus RNA

BCA

2

Clipper

RWA

3

Clipper

RWA

4

Clipper

BCA

5

Clipper

BCA

6

Lina

BCA

7

Lina

BCA

8

Lina

No aphid

9 (negative control)

(no template)

No aphid

Table 1: Sample selection for RhPV detection
Aphids remained on the plants for up to 72 hours to allow investigation of callose
deposition and expression level in the long term infestation. At four time points
0h, 24h, 48h, and 72h aphids were removed from the plant surface and infested
tissue was harvested and frozen at -80ºC. Table2 describes the treatments, sample
numbers, and codes in the experiment.
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Sample

Sample description

Code (replicates)

1.

Clipper control 0 hours

CLR1/2

2.

Clipper control 24 hours

CLR4/5

3.

Clipper Russian Wheat Aphid 24 hours

CLR7/8

4.

Clipper Bird Cherry Oat Aphid 24 hours

CLD7/8

5.

Clipper control 48 hours

CLR10/11

6.

Clipper Russian Wheat Aphid 48 hours

CLR13/14

7.

Clipper Bird Cherry Oat Aphid 48 hours

CLD13/14

8.

Clipper control 72 hours

CLR16/17

9.

Clipper Russian Wheat Aphid 72 hours

CLR19/20

10.

Clipper Bird Cherry Oat Aphid 72 hours

CLD19/20

No

Table2: Sample treatment and coding
RNA extraction and measurement of RNA concentration with Nano-Drop
Frozen plant material was ground in liquid nitrogen. The powder was then
weighed and from about 100mg frozen material RNA extraction followed. RNA
was extracted using the NucleoSpin® RNA Plant kit for Total RNA Purification
from Plant (Macherey-Nagel, USA) following the protocol supplied with the kit.
Obtained RNA was further diluted from different stock concentrations with
RNase-free water to obtain a final concentration of 30 ng/µl for RT-PCR or 50 pg/
µl for Real-Time PCR. Concentration was measured by UV spectrophotometer
using NanoDrop® ND-1000 (220-750nm).
RT-PCR and agarose gel electrophoresis
The RT-Polymerase Chain Reaction (RT-PCR) had the purpose to amplify
cDNAs derived from mRNAs of specific genes in a given plant tissue. Specificity
was obtained by designing primers for the genes of interest (see attachment).
Products of the reactions were separated on 2% agarose gels, run in 0,5X TBE
buffer (recipe given as attachment) and visualized by ethidium bromide. Sizes of
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the products were confirmed by running a DNA size marker (MassRuller™ DNA
Ladder, Mix, ready-to-use #SM0393, Fermentas INC).
Each reaction was prepared with SuperScript™III One-Step RT-PCR with
Platinum®Taq (Invitrogen) and contained 9µl of H2O, 12,5µl of 2x Reaction
Buffer, 1µl of each primer (forward and reverse) with concentration of 10µM
each, 0,5µl of Taq Polymerase, and finally 1µl of template RNA of 30 ng/µl.
Total volume of the reaction was 25µl. Table 2 presents number and features of
the RT-PCR cycles.
Step: number

Temperature: ºC

Time: minutes

Description

1.

50.0

30:00

RT

2.

94.0

02:00

Inactivation of
RT,
Activation of
Taq

3.

94.0

00:15

Denaturing

4.

55.0

00:30

Primer annealing

5.

68.0

01:00

Extension

6.

72.0

05:00

7.

4.0

24:00

Table 3: RT PCR cycle numbers and detailed description
Real-Time RT-PCR
In difference to RT-PCR the Real-Time RT-Polymerase Chain Reaction (iCycler,
MyiQ™ Single Color Real-Time PCR Detection System) allows exact
quantification of amplified gene product.
iScript™ One-Step RT-PCR Kit with SYBR® Green (BIO-RAD, USA) makes
product of reaction visible and at the same time its specificity reduces background
and contamination opportunities. DNA is seen due to staining with fluorescent
dye (SYBR Green I). This asymmetric cyanine dye when bound to nucleic acid
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absorbs blue light (488nm) and then emits green (522nm) (Zipper et al; 2004).
This light is detected by MyiQ cycler machine.
PCR Amplification Cycles are the unit in which specific gene expression is
defined. It is a number of cycles, exact to hundred part of it, at which the level of
fluorescence reaches a specific point. If the sample reaches this point earlier that
would suggest more template in form of mRNA, which corresponds to a higher
rate of gene expression.
The MyiQ Optical System Software is collecting data directly from the MyiQ
Optical Module and performs basic analysis of the reaction. To assess the quality
of the results, a melting curve is done. This tool monitors melting temperature of
the DNA product. Principles of melting curve are simple. With increasing
temperature the DNA duplex will melt, which results in a decrease of
fluorescence (-dF/dT). The peak of the plot will represent the melting point of the
dd-DNA complex. Should there be additional unwanted products, they will give a
second peak. A melting curve gives the advantage of monitoring the number of
peaks that in most cases corresponds to the number of products.
Real-Time PCR gives as well an advantage over common RT-PCR by defining
and recalculating Threshold Cycles. This tool allows either manually or
automatically to define the base of the fluorescent taken under consideration. In
this way background fluorescence (like from neighbouring tubes) is limited.
Finally the efficiency of each single reaction mix was calculated with the
LinRegPCR software.
The content of each reaction tube was the following: 7,5µl of Nuclease-free H2O,
12,5µl of 2X SYBR® GREEN RT-PCR Reaction Mix (including the iTaq
antibody-mediated hot-start DNA polymerase), 0,75µl of each 10µM primer
(forward and reverse), 0,5µl of iScript Reverse Transcriptase for One-Step RTPCR and 3µl of RNA template of concentration 50 pg/ µl..
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Step: number

Temperature: ºC

Time: minutes

1. Reverse transcription

50.0

10:00

reverse 95.0

05:00

3. steps 3 and 4 were repeated X 95.0

00:10

2.

Inactivation

of

transcriptase

times,
4. data collection

55.0 to 60.0

00:30

5.

95.0

01:00

6.

55.0

01:00

80 cycles with an increase of temperature by 0,5º per cycle (melting curve)
7.

4.0

24:00

Table 4: Real-Time RT-PCR cycles description

The ratio of relative expression for target genes was defined according to the
formula from Pfaffl (2001):

Ratio = [(Etarget)∆CP target (control – sample)]/ [(Ereference)∆CP reference (control –
sample)

]

Model explanation:
Cp target- threshold cycles number for transcript of target gene (in example
Hv.22049)
Cp reference- threshold cycles number for transcript of reference gene (in
example Actin)
∆Cp target (control- sample)- Cp deviation received from normalizing control
with sample value of target gene
∆Cp reference (control- sample)- Cp deviation received from normalizing control
with sample value of reference gene
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E target- efficiency of a Real-Time PCR target gene transcript
E reference- efficiency of a Real-Time PCR reference gene transcript

Bioinformatics: searching for sequences, sequence alignment, Phylogenetic tree

From so far published experiments and submitted sequences we were able to
obtain a number of sequences of single known callose sythase and β-1,3glucanase genes. Those fragments served as query for database searches. Based
on Blast nucleotide results (from NCBI website www.ncbi.nlm.nih.gov) a number
of unigenes and single sequences were identified. This list was characterised not
only by the percentage of similarity but also by E values which correspond to the
probability that the given similarity of two sequences was obtained by chance. In
other words the lower the E value and therefore probability the more exact,
probable, and true the given score is.
Sequences of the genes that were similar and presented required enzymatic
properties were obtained from Gene Bank.
To be able to design primer pairs for PCR that would be specific only for the one
unique gene we have aligned them with use of ClustalW 1.83 program with
parameters of local alignment and BLOSUM 60 (www.ebi.ac.uk/Tools/clustalw/).
Where seqeucnes were highly similar, multiple alignments were reduced to binary
to allow a more detailed comparison. For that purpose the LALIGN tool was used
(available on the http://expasy.org/ website).
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Results:

1) Expression of callose synthase
a) Database search and sequence analysis
Similar to Arabidopsis thaliana and Oryza sativa we would expect the barley
genome to contain more than one gene coding for callose synthase. In a
publication by Li and Burton (2003) it is concluded that there are probably at least
six genes. This assumption was based on EST (Expressed Sequence Tags)
analysis. On the figure below (Figure 2) there are shown six potentially
independent genes identified from the barley EST database.

Figure 2: Callose synthase gene family in Hordeum vulgare aligned from EST
databases. Numbers stand for number of ESTs found for this sequence (Figure
from Li et al 2003).
For some sequences in Figure 2 it is possible that they belong to the same unigene
as one of the contigs with which they do not overlap (like BE559011 and contigs
6 and 8). On the Barley gene chip there are four contigs that represent callose
synthase. Three of those were analysed previously for induction by D. noxia and
R. padi (Saheed, unpublished): contigs 4949, 8428, and 13153. All three were
found to be not regulated by either aphid species.
In order to identify additional callose synthase-coding sequences from barley
database search was done with Hv.GSL and the following ESTs: BU982241,
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BQ484184, BJ484184, BJ479194, and BE559011. Four of the ESTs sequences
had Hordeum vulgare origin, while BQ484184 seems to be a fragment of a cDNA
from chicken macrophage. Consequently, this sequence was excluded from the
following studies.
The search identified three barley unigenes encoding for callose synthase in
addition to the earlier examined sequences on the Affymetrix barley chip (contigs
4949, 8428, and 13153). BE559011 is identical in sequence to part of contig
13153 on the barley gene chip. Table 5 lists the putative callose synthaseencoding sequences that were analysed in this project.
Callose synthase unigenes

Hv.17389 (unigene for 3 sequences)
Hv.22049 (unigene for 3 sequences)
Hv. 19863 (unigene for 7 sequences)

Independent sequences putatively BJ479194
encoding callose synthase

BJ484184
BU982241

identified

contigs Contig 4949

encoding callose synthase

Contig 8428

Previously

Contig 13153
Table 5: List selected unigenes and sequences encoding callose synthase
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b) Callose synthase expression analysis with RT-PCR
The following figures show the analysis of the expression of callose synthaseencoding genes by RT-PCR. Products were run on an agarose gel and visualized
by ethydium bromide under UV light.
Firstly, to test whether the five ESTs identified by Li et al (2003) were at all
expressed in Clipper tissues, three independent samples were selected for a
preliminary experiment: Day 0 (none treated), Day 1+RWA (first day of treatment
with Russian Wheat Aphid), and thirdly Day 2 + BCA (second day treatment with
Bird Cherry-Oat Aphid). As seen on Figure 3, one of the sequences, BQ48, is not
expressed in Clipper. This was in agreement with the fact that this EST was
characterised as Chicken Macrophage. It was excluded from further analyses. The
remaining four sequences were present on the gel as clear bands, which allowed
further examination.

Neg control

Ac tin
Actin

Neg control
Day 0
Day 1 + RWA
Day 2 + BCA

B Q 48

Neg control
Day 0
Day 1 + RWA
Day 2 + BCA

Day 0
Day 1 + RWA
Day 2 + BCA

B E55

Neg control

B J47

Neg control
Day 0
Day 1 + RWA
Day 2 + BCA

B J48

Neg control
Day 0
Day 1 + RWA
Day 2 + BCA

Day 0
Day 1 + RWA
Day 2 + BCA

Marker

B U 98

Figure 3: Expression level of five ESTs for chosen samples. Actin serves as
positive control.

BE559011 was eliminated from further studies due to the fact that it turned out to
be a part of contig 13153 that had already been analyzed earlier (Saheed,
unpublished). Three sequences were examined: BJ479194, BU982241, BJ484284,
and Actin served as positive control for the template. Gene expression levels were
monitored for all samples from a time course experiment with Clipper as host
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plant and D.noxia (RWA) and R.padi (BCA) as aphid pests (described in table 1,
page 4).

Figure 4: Expression level of BJ479194, Actin, BU982241, and BJ484184 during
a time course
Clipper was treated with Russian Wheat Aphid and Bird Cherry-Oat Aphid for
three days. As presented in figure 4 there was no significant variation in callose
synthase transcript level.
In addition to the ESTs, three unigenes (Hv.17389, Hv.22049, and Hv.19863)
potentially coding for callose synthases were investigated.
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Figure 5: Expression level of Hv.17389, Hv.22049, Hv.19863, and Actin during
time course
It can be seen, in Figure 5 there was neither significant up nor down regulation at
RNA level upon aphid infestation in this study for the three unigenes.
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c) Callose synthase expression analysis with Real-Time PCR

To confirm that there was no regulation, a quantitative analysis by Real-Time
PCR was performed. The diagrams below present the results of gene expression
analysis for samples described in Table 2. Specially designed oligonucleotides
were used to evaluate the expression ratio for following sequences: BJ484184,
BU982241, Hv.17389, and Hv.19863. Due to Hv.22049 that shows small
variation in transcript level RT-PCR detection, this unigene was examined with
additional biological replicates for Rhopalosiphum padi. Results were normalized
with the values of actin as a reference gene that represented the quality of RNA
template for each sample,following the equation from page 10 (Material and
Methods). To be able to compare results between each other, treatments were
normalized with the control sample which in this case was “Day 0”. On graph
representing fold induction for BJ479194 although we can see single day
induction this peak was not confirmed in repeated run.

A
BJ48
3

fold induction

2.5
2
1.5
1
0.5
0
DAY 0

DAY
1-

DAY
1+R

DAY
1+D

DAY
2-

DAY
2+R

DAY
2+D

DAY
3-

DAY
3+R

DAY
3+D

B
BU98
1.8
1.6

fold induction

1.4
1.2
1
0.8
0.6
0.4
0.2
0
DAY 0 DAY 1- DAY
1+R

DAY DAY 2- DAY
1+D
2+R

DAY DAY 3- DAY
2+D
3+R

DAY
3+D
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C
BJ47
8
7

Fold induction

6
5
4
3
2
1
0
DAY 0 DAY 1-

DAY
1+R

DAY
1+D

DAY 2-

DAY
2+R

DAY
2+D

DAY 3-

DAY
3+R

DAY
3+D

D
Hv.17
1.8

Fold Induction

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
DAY 0 DAY 1- DAY
1+R

DAY DAY 2- DAY
1+D
2+R

DAY DAY 3- DAY
2+D
3+R

DAY
3+D

E
Hv.19
4
3.5
Fold Induction

3
2.5
2
1.5
1
0.5
0
DAY 0 DAY 1- DAY
1+R

DAY DAY 2- DAY
1+D
2+R

DAY DAY 3- DAY
2+D
3+R

DAY
3+D

F
Hv.22049
1,6
1,4

Fold induction

1,2
1
0,8
0,6
0,4
0,2
0
DAY
0

DAY DAY DAY DAY
1- 1+R2 1 + R 1+D

DAY DAY DAY
2- 2 + R 2+R
2

DAY
2+D

DAY
3-

DAY
3+
R2

DAY
3+R

DAY
3+D

Figure 6: Real- Time PCR A-E graphs present fold induction of four sequences
BU982241, BJ484184, BJ479194, Hv.17389, and Hv.19863. On graph F unigene
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Hv.22049 has presented also biological replicates for “Day + R” samples. Letter
“R” stands for R.padi (BCA) and letter “D” for D.noxia (RWA). Example: “Day
2+R” means Second day of treatment with BCA.
Although there are small variations in fold induction, these kinds of differences
are to be accepted while the amount of template used was only 3µl of
concentration 50pg/µl. None of the examined sequences coding for callose
synthase showed significant variation and thus we can classify them as noneregulated in barley cv. Clipper upon infestation by aphids D.noxia and R.padi.
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2) Expression of β-1,3-glucanase
a) Database search and sequence analysis

Sequence database search led us to discovery of a great number of sequences
potentially coding for β-1,3-glucanase. These sequences can be grouped into
sixteen unigenes.
Table 6 shows the unigenes, which transcript can be assigned to them, and by
which contig they are represented on the Barley gene chip.

Primers

Type

mRNA

Barley1 contig

Isoenz V

M96939.1

Contig11921_at

Unigene
Hv.60

Contig11921_x_at
Hv.10048

AK249411.1 Contig8262_at

Hv.10307

B-gluc II

AK249935.1 Contig13350_at (1265/1278)

Hv.27045

B-gluc 2a

AY612193.1 Contig13350_at (898/987)

Hv.21394

Isoenz I

M96938.1

Contig1632_at

M62907.1

Contig1637_s_at

M23548.1

Contig1637

Hv.18110

AJ271367.1
AF515785.1
Hv.25599

X16274.1

Contig1637_s_at but less than Hv.18110
Contig 1637_at but less than Hv.18110

Hv.8964

AY239038.1 Contig11289_at (1116/1123)

Hv.26605

AK248899.1 Contig1639_at (1012/1043)

Hv.394

BF262133

Hv.24396

AY239039.1 Contig11289_at (1053/1054)

Hv.24036

AK248896.1 Contig1636_at
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Contig1639_at (567/607)

Hv.79

Isoenz IV

AJ434935

M96940_at
M96940_at

Hv.24946

between 97 and 98% identical in nucleic acid sequence
to all 4 cDNAs from Hv.18110

Hv.23559

between 98 and 100% identical to all 4 cDNAs
from Hv.18110

Hv. 19837

exon of this gene is contig 10477

Table 6: β-1,3-glucanases unigenes in barley

In a previous experiment (Saheed, unpublished), unigenes Hv.18110 and
Hv.25599 (both represented by contig 1637), Hv.26605 and Hv.394 (contig
1639), and Hv.24036 (contig 1636) have been analyzed. In this study, the
remaining unigenes were tested for induction by Diuraphis noxia and
Rhopalosiphium padi.
There is high degree of similarity between some of the glucanase – encoding
sequences that probably after gene duplication formed gene families. Because of
this similarity it was not in all cases possible to design specific primers that would
distinguish between sequences. Therefore unigenes: Hv.24946, Hv.23559, and
Hv.19837 were not analysed separately.
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b) β-1,3- glucanase expression analysis with RT-PCR

Based on experience from earlier experiments with callose synthases it was clear
that RT-PCR followed by Agarose electrophoresis was not sufficiently sensitive
enough method to analyse gene expression. RT-PCR does not give as clear
indications as Real-Time PCR. Therefore the RT-PCR analysis step was omitted.
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c) β-1,3- glucanase expression analysis by Real-Time PCR

Similarly to Real-Time PCR analysis of callose synthases, β-1,3- glucanase gene
expression was examined. PCR results were normalized with actin as a reference
gene, and compared to control sample (Day 0). Results are shown in figure 7.
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Figure 7: Graphs E to L are presenting fold induction of genes expression that are
encoding for the β-1,3- glucanase. Figures F(b) and G(b) are repeated runs of
reactions F and G respectively for Hv. 8964 and HV.60.
Letter “R” stands for R.padi (BCA) and letter “D” for D.noxia (RWA). Example:
“Day 2+R” means Second day of treatment with BCA.

All nine presented genes encoding for β-1,3- glucanase are not regulated. Single
sample peaks are false positives. They appear due to the fact that whenever a
small amount of PCR product is made, although genes are not expressed, the
difference in gene expression level is so great so that results are misunderstood
and taken as up-regulated. Repetition of the Real-Time PCR reaction did not
confirm those peaks (figure 7F(b) and figure 7G(b))
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3) Summary of the results

Nine callose synthases and sixteen β-1,3- glucanase genes were identified as
unigenes or individual ESTs in barley. To obtain picture of how callose
expression is regulated at the molecular level, six callose synthase sequences and
nine β-1,3- glucanase sequences was analysed in addition to those three callose
synthase and four β-1,3- glucanase sequences analysed in a previous study
(Saheed, 2007). For some of the glucanases specific primers could not be
designed. For that reason only nine β-1,3- glucanase genes were analysed.
None of the callose or glucanase – encoding sequences was significantly regulated
by either Rhopalosiphium padi (BCA) or Diuraphis noxia (RWA).

- 29 -

4) Rhopalosiphum padi virus (RhPV) detection

It was not known whether the aphids (RWA or BCA) used in this experiment
were infected with the aphid virus RhPV. However, since it has been established
that the virus is transferred into the plant tissues and can be detected at infestation
sites after 5 days (Ban et al. in press), the plant tissues from the time course
experiment were tested for presence of RhPV RNA by RT-PCR. Results are
presented on Figure 8).

Figure 8: RhPV detection

As can be seen, almost all of the BCA –treated samples were infected with RhPV.
No viral infection was detected in tissue from RWA infested plants.
Moreover, we can see a slight band in Lina Day 0 sample, which would suggest
that there was some kind of either contamination of plant tissue or equipment used
during material preparation.
The fourth pocket from the left should contain a band since as expected virus was
transferred by BCA. Its lack can be explained by problems with this run that are
visible as lack of primer dimer smaller band (usually seen lower on the gel as an
artefact).
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Discussion:

Russian

wheat

aphid

(Diuraphis

noxia)

and

bird

cherry-oat

aphid

(Rhopalosiphium padi) are two different types of aphids that have been defined as
a big problem for cereal cultivation. Even though RWA is shown to cause more
severe symptoms than BCA (Saheed et al; 2007), both aphids lead to regulation of
gene expression upon attack.
Plants in general are resistant to most of the common pathogens and insects. One
barier of their defence system is Pathogen Related (PR) protein accumulation,
whose activation at specific time points leads to secondary responses. Most of all,
as the first line of protection an invader will meet physical barriers. Among the
compounds creating this barrier is callose, the β-1,3-linked glucan that is activated
by wounding or pathogen attack. It reinforces the cell wall, forming papillae that
hinder plant tissue penetration. Also upon aphid infestation callose deposition in
the phloem has been observed (Saheed et al, 2007)
The question that arises is: how is callose formation regulated? Whereas the
mechanisms are not fully understood, there are some possible steps proposed.
Two of them are: increased synthesis by up-regulation or activation of callose
synthase or delayed break down by a down-regulation of β-1,3-glucanases.
Previous studies allowed the identification of a few sequences encoding putative
callose synthase in barley (Li et al, 2003). β -1,3- glucanases, which belong to the
PR-2 class of PR proteins, play a key role in defence against fungal pathogens.
Previously it was shown that β-1,3-glucanases were induced in barley upon attack
by R. padi (Forslund et al 2000).
In this experiment it was shown that both RT-PCR and Real Time PCR are
sensitive methods suitable for monitoring of expression level of both callose
synthase and β-1,3-glucanase.
Initial database search identified nine callose synthases and sixteen β-1,3glucanase sequences. They were a mixture of unigenes or individual ESTs present
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in the barley genome. The aim of our analysis was to identify whether regulation
of callose synthase or β-1,3-glucanase genes were responsible for regulation of
callose during aphid attack. Due to high similarity between some of the sequences
it was impossible to design specific oligonucleotides for some of the glucanases or
callose synthases of interest. Thus, six callose synthase sequences and eight β-1,3glucanase sequences were analysed in addition to those three callose synthase and
four β-1,3- glucanase sequences analysed in a previous study (Saheed, 2007).

Gene expression analysis of six sequences (Hv.17389, Hv.22049, Hv.19863,
BJ479194, BJ484184, BU982241) possibly encoding putative callose synthases
did not show any significant changes in fold induction upon neither RWA nor
BCA infestation in cultivar Clipper. Similarly to results presented by Saheed et al
(unpublished; 2007) there was no regulation of callose synthase at transcript level,
even though callose deposition is observed as early as 24h of aphid feeding. In the
interaction of barley with BCA, where some callose deposition is only observed
after three weeks of aphid feeding, it is expected that callose synthase is not
induced at the time point studied in this experiment. However, in the case of
RWA, callose is detected in the phloem already after one days. Because no upregulation of callose synthases can be detected at RNA level at this time, there
might be other ways of influencing callose deposition.
Obviously, callose synthase could be regulated on protein level. That can be
supported by monitoring callose appearance in wounded tissues where it takes no
more than 5 minutes to become visible (Nakashima et al; 2003).
Callose is shown to be affected also by elevated calcium (Ca2 +) levels. This
element is one of the most common secondary messengers and among influencing
other compounds it was confirmed that calcium can activate callose synthase
(Saheed et al, unpublished, 2007). The question that arises is why there would be
higher level of Ca? It could be that aphid stylets cause such damages that
extracellular calcium leaks to internal part. Moreover it cannot be excluded that
there are differences in the composition of aphid saliva from BCA and RWA,
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which could lead to different activation of calcium, β-1,3-glucanase, or callose
synthase.
Quantitative investigation of nine β-1,3-glucanase–encoding sequences (Hv.60,
Hv.10048, Hv.10307, Hv.27045, Hv.21394, Hv.8964, Hv.24396 represented by
AY239039, Hv.79) gave no indication that any of these genes would be induced
during RWA or BCA aphid invasion. In fact, based on their expression levels
measured in a micro array study of Barley-BCA interaction (Delp, personal
communication) and on agarose gel analysis of the RT-PCR products it can be
concluded that they are not expressed.
In Saheed et al (unpublished; 2007) we can see that three β-1,3- glucanases (1636,
1637, and 1639) are upregulated by both aphids, but stronger by RWA than by
BCA. This is the opposite pattern than one would expect if a glucanase would be
responsible for non-accumulation of callose in BCA infestation.
A glucanase that would degrade callose in BCA infestation, would need to be
localised in the phloem. That could further suggest that maybe the glucanases that
are induced by both aphids (RWA and BCA) are localised somewhere else,
perhaps in the extracellular space (like many PR proteins that are secreted this
way).
Another possibility would be that the glucanses that are induced by both aphids
are localised differently, depending on the aphid: only when BCA infests are they
found in the phloem. This would need tissue localisation with specific antisera.
However, this differential localisation is very unlikely.
Could it be that the difference is in the aphid saliva? Maybe BCA secretes a
glucanase that prevents phloem clogging or secretes something else that prevents
activation of the callose synthase?
In this experiment we have studied callose synthase and β-1,3- glucanase genes
regulation during the first three days of aphid infestation. RWA caused in some
cases responses in barley already during the first 24h and 48h. That is of course
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explained by the fact that RWA causes more severe damages than BCA.
Following this thought we could think of another experiment with prolonged time
of infestation and check the plant response on the molecular level after a longer
period of time. It is possible that Clipper needs more time to synthesise / relocate
callose under BCA attack than shown for RWA.
Another option is that callose already is present in complexes and rather than
inverting energy for de novo synthesis upon aphid attack, the compound is
released upon RWA attack and callose is transported to the phloem.
A last and rather least probable explanation for the lack of regulation of callose
deposition by callose-synthesizing or –degrading genes can be the fact that there
may be a different pathway synthesizing callose. As mentioned this is least
probable because during the last years of research on barley plants there was no
information mentioned about the possibility that another compound is possible to
take over callose synthase function.
Summarizing the results from this experiment we must conclude that neither of
the six callose synthases nor nine β-1,3- glucanases have been proven to be
regulated at RNA level in barley cultivar Clipper during Diuraphis noxia (Russian
Wheat Aphid) or Rhopalosiphum padi (Bird Cherry-Oat Aphid) infestation.
Together with results from Saheed et al (unpublished, 2007) this means that the
mechanism leading to the observed differences in callose deposition remains
unresolved.
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Appendix A:

List of oligonucleotide sequences
BU982241_F1

5’- GTT GCT GCT TGT CCT CCC TAT G -3’

BU982241_R1

5’- TCT GTA TTT AGC GCC ACC ATG C -3’

BJ484184_F1

5’- AGC AAG CAA GGT CAT TCA CG -3’

BJ484184_R1

5’- AGA GAT GGC AAG GAT GTA CGA G -3’

BJ479194_F1

5’- CGT AGC TTG CTC TTG GAG CTT G -3’

BJ479194_R1

5’- AGA ACG ATG CCA ATA ACC AGC C -3’

BE559011_F1

5’- GCA AAG CAT CGT GCT ACT GGA C -3’

BE559011_R1

5’- CTG CCT TTC GGG TAG CCA TAA G -3’

BQ484184_F1

5’- GAG ACT TTG GAA ATC TGC TTG C -3’

BQ484184_R1

5’- GAA AAA AGG CTG ATG ACT GAC C -3’

Hv.19863_F1

5’- CTC CAC ATG GGC CTT TAT CTG C -3’

Hv.19863_R1

5’- TTT CCC GCT CCT TTC AGC TTC -3’

HV.22049_F1

5’ – TGG AGG AGC TGA ATA CAG AGC G -3’

HV.22049_R1

5’ - TGA ACG GGA AGG GAG CAA AGA G -3’

HV.17389_F1

5’- TCG GTG GTC AGA AGA AGG AAC G -3’

HV.17389_R1

5’- ATG GCA GTA TCC GAC GAC TAC G -3’

HV.10048-F1

5’- GTC CCG TCT ATA ATT CCT TTG G -3’

HV.10048-R1

5’- GAA GAA GGT GAG TGA CGA TG -3’

HV.21394_F1

5’- GCC ATG TTC AAC GAG AAC TTC -3’

HV.21394_R1

5’- TCC ACG TTA CCC TTC ACT CC -3’

HV.60_F1

5’- AAG CAACCT GTC TAC CCG ACA -3’

HV.60_R1

5’- ACA TTG TTT CAA GCA CAA ATA TAT T -3’

HV.8964_F1

5’- ACG AGA ACA AAA AGG AAG GG -3’

HV.8964_R1

5’- CAG CTT ATT GTG ATC GAC CG -3’

HV.24396_F1

Too close similarity. Primers not uniquely specific.
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HV.24396_R1

Too close similarity. Primers not uniquely specific.

HV.10307_F1

5’- TCT TCC CCA ACA AGC AAC C -3’

HV.10307_R1

5’- GTT AGA GCA TTC ACA AGC CC -3’

HV.27045_F1

5’- CAA GAG GTC TGG TGC AAT CGA G -3’

HV.27045_R1

5’- TTC TTC ACC ATC CAT GCA AAG C -3’

HV.18110_F1

Contig 1637, analyzed by Saheed

HV.18110_R1

Contig 1637, analyzed by Saheed

HV.25599_F1

Similar to Hv.18110

HV.25599_R1

Similar to Hv.18110

HV.26605_F1

Contig 1639, analyzed by Saheed

HV.26605_R1

Contig 1639, analyzed by Saheed

HV.394_F1

Similar to Hv.26605

HV.394_R1

Similar to Hv.26605

HV.24036_F1

Contig 1636, analyzed by Saheed

HV.24036_R1

Contig 1636, analyzed by Saheed

HV.79_F1

5’- TGT TCA ACG AGA ACC AGA AGC C -3’

HV.79_R1

5’- GTA TCA ATC TAG TGT CCA CCA AAC C -3’

HV.24946_F1

Too close similarity. Primers not uniquely specific.

HV.24946_R1

Too close similarity. Primers not uniquely specific.

HV.23559_F1

Too close similarity. Primers not uniquely specific.

HV.23559_R1

Too close similarity. Primers not uniquely specific.

HV.19837_F1

Contig 10477, analyzed by Saheed

HV.19837_R1

Contig 10477, analyzed by Saheed

HV.24396

5’- CAT GTT CAA CGA GAA CCA AAA G -3’

HV.24396

5’- TGA GAT CGA CCG AAG TAG TAG -3’

Table 7: Oligonucleotides for single sequences, callose synthases, and β-1,3glucanase genes are presented above.
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Actin “long”

Forward

(for RT-PCR)

Reverse

primer

5’GAGAGGTATCCTCACGCTCAAGT

primer

5’CAAGCTTCTCCTTGATGTCCCT

Expected length of product: 467 bp
Actin “short”

Forward primer 5´-TTCTCGACTCTGGTGATGGTGT-3´

(for Real Time Reverse
RT-PCR)

same

Expected length of product: 195 bp

Table 8: Oligonucleotides sequences for Actin genes
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as

above´

Appendix B:

5 x TBE
+ 54g Tris (Ultra) Base
+ 27,5g Boric Acid
+ 20ml 0,5M EDTA pH=8
+ total volume brought up to 1L

2% Agarose Gel
+ 200ml 5xTBE buffer
+ 4g Agarose (dissolved at high temperature)
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