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ABSTRACT

Artificial inoculation 18 an important method for understanding the plant-virus interaction.
Currently available techniques for virus artificial infection are whitefly based inoculation, grafting,
mechanical, agroinoculation and particle bommbardment. In fact, almost all the available inoculation
methods do not result in ideal efficiency nor practicality. The purpose of this study is to establish
an injection based technique for routine artificial inoculation of Geminivirus particle into chill
pepper plant. The following treatments were applied in this study: Different ratios of extract-buffer
{0, 20 and 80% w/v) and injection at four different positions (no inoculation, shoot, middle of main
vein and petiol). The presence of Geminivirus particles in plants whether for inoculum source and
infection effectivity was confirmed using the polymerase chain reaction. Some morphological
observations were also applied in measurement. of infection effectivity. Overall, the incidence of
infection was 18% and among these, the average intensity of disease was 53% in the four week post
inoculation. Geminivirus transmission by injection technique described in this study could be a
simple and effective method for geminivirus artificial infection. However, accuracy, ssmplicity and
uniformity have to be accommodated for further application of this technique.
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INTRODUCTION

Gemintuvirus 1s one of the causal agents leading to significant losses of important crops in many
tropical and sub tropical countries worldwide (Varma and Malathi, 2003). In chilli-pepper
cultivation, Geminivirus is believed to be the only agent causing Pepper yellow leaf curl disease
(PepYLCD) (Jamsari and Pedri, 2013). Despite intensive breeding efforts covering vector and
geminiviruses, no satisfactory results to achieve resistance have so far been published.

Until now, studies on the biclogical characterization of Geminivirus, their host range and their
transmission mode have been extensively undertaken but applications are scarce. With increased
spreading of the disease, studies on virus transmission mechanism have become more and more
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important. This includes investigations on plant-virus interaction and particularly virus resistance.
To better understand the mechanisms of virus infection, a reliable artificial virus particle infection
method must be established.

So far, methods for artificial virus particle infection have been applied, e.g., grafting (Bos, 1967,
Palauqui et al., 1997; Al ef al, 2013), mechanical infection via wounding (Mayo et al., 2000),
agroinoculation (Leiser ef al., 1992; Mutterer ef al., 1999), particle bombardment (Lapidot et al.,
2007) and insect based vector using Bemisia fabact for artificial infection {(Inoue-Nagata ef al.,
2007).

Grafting methods have shown a 71.4% effectivity with incubation periods ranging from
20-29 days. Bemist tabact based artificial infection could produce up to 80% infection effectivity.
However both methods are not reliable, since effectivity ranges from only 12-100%
(Ganefianti et af., 2008), Effectivity by mechanical infection via wounding was in general very low
{(Honda et al., 1983).

Grafting is rather impractical, since this method requires specific expertise for preparing stocks
and scions. The B. tabact based artificial infection 1s tedious, since it requires preparation of insect
vectors and it carries the potential danger of uncontrolled release of the viruliferous vectors into the
environment. Therefore, B. tabact hased artificial infection can only be applied in specific biclogical
safety facilities. Particle bombardment can transmit Geminivirus particles efficiently and uniformly,
but requires costly equipment and can therefore not be used in many laboratories. Agroinfection
is also tedious and requires special skills. Therefore, a simple and efficient alternative would be of
great advantage. In this study, an injection method was described for artificial virus particle
inoculation for chilli pepper which circumvents most of the problems described above.

MATERIALS AND METHODS

Plant sources inoculum: The inoculum source was originally chosen from Kopay chilli plants
grown by farmers on the chilli cultivation field in Payakumbuh Regency West. Sumatera-Indonesia.
The choice was based on the morphological symptoms showing curling, crumpled, wrinkled,
yvellowing, mosaic leafs and stunted branch and was confirmed by PCE. The chosen plants were
further maintained isolated in the greenhouse during the study.

Plant test material: A similar genotype as the inoculum source, namely Kopay was used in this
study. Preparation of plant material to be infected was performed in an insect shielded green house.
Kopay chilly seeds were treated with sterile distilled water and then sowed out in perforated plastic
trays filled with sterilized soil. Two weeks old seedlings were transferred to polybags containing
sterilized combination media of scil and manure at the ratio of 2:1. The seedlings were kept for
further two weeks before treatment was applied. For ensuring their isclation from any insect
infection each individual plant was further grown separately and maintained in an insect-proof
box. Light intensity in the greenhouse during study was between 1500-2500 lux, with 29,4%
relative humidity. Meanwhile, temperature was kept between 27-30°C at day and 22-24°C at night
(Honda et al., 1983). The temperature condition was also maintained during incubation pericd after
artificial infection was performed.

Geminivirus particle detection: The presence of Geminivirus particle both in  the
inoculum sources and artificially infected plants was observed morphologically and verified

by PCR. DNA was isolated by the procedure of Doyle and Dayle (1987) and subsequently amplified
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as described by Rojas ef al. (1993). PCR amplification was performed with the universal
primers PAL1V1978 (5'-GCATCTGCAGGCCCACATYGTCTTYCCNGT-3) and PARI1CT15
(5-CGATTTCTGCAGTTDATRTTYTCRTCCATCCA-3"). Successful PCR amplification was shown by
the presence of an about 1,600 bp single DNA fragment.

Preparation of Geminivirus particles and injection spot: Geminivirus particles were
extracted from inoculated leafs, showing yellowish and curling symptoms. The infected leaves
were homogenised in a mortar with potassium phosphate buffer (0.1 M, pH 8) containing 0.1%
p-mercaptoethancl, 0.2 M KH,PO,, 0.2 M ELHPO,. B-mercaptoethanol was added freshly prior to
use, The extract was filtered through sterilized gauze before injection. Injection was done with
sterile syringe and a 0.5 mm diameter needle. The injected volume of extract was 2 pl..

Treatment used in the study: Two variables were used in this study: The extract ratio and the
injection spot position. Extract ratio was: (1) Mock (containing only phosphate buffer) (AO),
(2) Ratio of 20% (whv) of inoculum leaf and phosphate buffer (Al) and ratio of 60% (wiv) of
inoculum leaf and phosphate buffer (A2). The second factor was injection at four positions, (1) Mock
(B0}, (2) Shoot. tap (B1), (3) Middle of vein leaf (B2) and (4) Peticle of upper leaf (B3). All treatments

were done 1n five replicates.

Analysis of artificial infection effectivity: The first indicator for infection effectivity was on
the appearance of morphological symptoms. Leaves of infected plants showing curling and
yellowish colour were assumed as “Infected’. Verification was also done by PCR technique using
the primer pair PAL1V1978 and PAR1C7T15 (Rojas et al., 1993).

RESULTS AND DISCUSSION

The PCR analysis by using primer pair PAL1IV1978 and PAR1C715 as described by Rojas ef al.
(1993) successfully detected Geminivirus particles in the incculums source as a 1,600 bp FCR
preduct (Fig. la-b).

Morphological symptoms: Effect of injection was cbserved one Week Post Inoculation (WPI).
Observation was based on leaf morphological symptom and recorded by photographic
documentation. Selected examples are shown in Fig. 2. All leaves showing virus symptoms were
confirmed by PCR as described above,

One week post incculation, 60% in average (3 plants out of 5) from each treatment of A1B2,
A1B3 showed marphological abnormality in leaves. The virus infection symptom was indicated by
the yellowish spots formed on 70-80% of the upper leaf (mosaic), curling, abnormal leaf shape,
crumpled, smaller buds and leaf edge was curved upward (cupping). The cther treated plants
showed normal leaf growth as compared to control plants (AOBQ).

Observation in the second week post inoculation, 60% (2 plants out of b plants) of A2B1 showed
leaf abnormalities. About 33% (4 out of 12 leafs) from every single plant of this treatment showed
curling, more crumpled and intensive cupping starting from the upper leaves (buds). Mosaic
yellowish colour of the abnormal leaves was not observed in this two week observation.
Furthermore treatment A1B2 and A1B3 showed more advanced leaf abnormality, indicated by
complete curling, crumpled and cupping with some mosaic yellowish spots in some upper leaves. In
the second week post inoculation almost all (100%) of the leaves from all infected plants in A1B2
and A1B3 population showed leaf abnormality.
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Fig. 1{a-c): (a) Injection spot position and (b-c) Inoculum verification and inoculation effectivity via
PCR based analysis. Figure shows the position for injection, B1: Shoot tap, B2: Middle
of vein leaf and B3: Petiole of upper leaf, (b) PCR analysis shows the 1600 bp FCR
product, indicating Geminivirus particle in inoculum sample, (¢) Electropherogram of
PCR products of samples from three successful treatments. M =1 kb ladder, B: Blank,
NC = Negative control, PC = Positive control, IS: ITnoculum source. Treatment A1B2,

A1B3 and A2B1 are putative successfully infected samples

To wverify infection effectivity, PCR was applied in all experimental units. Selected,
representative results are shown in Fig. 1e. The three putative infected samples A1B2, A1B3 and
ASB1 produced a single 1,600 bp fragment, whereas the other four treated plants including mocked
samples did not. produce any fragment. The 1,600 bp fragment from the three treatments indicated
the presence of virus particles in the sample as also obtained from the positive control of the
inoculum source.

Symptoms that appeared from A1B2 and A1B3 treatments were almost similar and showed
more systemic spreading compared with A2B1. This characteristic was seen until the end of the
observation period. The symptoms shown by A2B1 treatment tended to be more local but showed
more intensive effects. The most affected leaves are in the surrounding of the injection spot. It was
believed that the reason for differences in spreading of symptoms was caused by different
characteristics of the tissues, in which was still meristematic and actively dividing in A2B1. On the
other hand, the tissues in A1B2 and A1B3 were completely differentiated tissues. Moreover, these
tissues were already taking part in photosynthesis. Leaves where injection was applied at a
“Source” of photosynthetic products may distribute virus particles through the phloem vascular
tissue. In contrast, shoots do not yet have the capacity as a “Source” and play a reduced role in

spreading of Geminivirus particles through the vascular transportation system.
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Fig. 2: Development of leaf symptoms from the different treatments during 4 weeks post
inoculation. Circle size represent disease intensity in time frame. A: Ratio of extract,
0 = Control (mock), 1 = 1:5, 2 = 3:5; B: Injection spot position, 0 = No injection,
1 = Shoot, 2 = Midle vein, 3 = Ptiole, WPL: Week Post Inoculation
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Fig. 3: Disease intensity development from three treatments successfully infected by injection

The argument proposed above 1s supported by Morra and Petty (2000). They pointed out, that
once Geminivirus infects cells they will associate with the vascular system. Matthews (1970)
described that virus particles will spread from one cell to the nearest cell which in turn would
increase the infection focus. Both this arguments lead to the conclusion that the location of injection
influences spreading of symptoms. Moreover, tissue with photosynthetic activity, will increase the
probability of symptom spreading through the vascular system. The three top leaves are the most
suitable tissues since they still have soft tissues. Furthermore, the leaves are alsc considered to be
the most effective in sunlight energy absorption, so that the metabolic products during the
photosynthetic processes are efficiently produced.

Disease intensity: In order to assess the severity of the disease caused by injected virus particle,
the disease intensity was calculated during 4 weeks of observation (Fig. 3). Data is based on the
average of all successful plants artificially infected by injection. Intensity of the disease was
calculated using equation described by Lapidot ef al. (2001) as follow:

N, x V.
DI (%):Zﬁxloo

Where:
DI = Disease intensity
. = Number of infected leaf with i-th category
= Value of category attack-i
Value of highest category attack
Number of leaf total analyzed

-

Z N =<2
|

The intensity categories are listed at Table 1.

The intensity of the disease development was determined during 4 weeks after treatment and
their overall chservation was shown in Fig. 3.
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Tahble 1: Criterion scale of symptoms severity in pepper yellow leaf curl disease (PepYLCD)*

Level Criterion

0 No symptoms, the inoculated plant showed similar growth and development with non inoculated one
1 Young leaves slightly yellowed at the edges

2 All leaves almost yellow and slightly curly at the ends of the leaves

3 Leaf yellowing, curling and curved upwards, smaller leaves but the plants yet are still growing

4 Plants stimted and yellowing, leaf curled and curved and the growth has been stopped

* After Lapidot ef al. (2001)

Figure 3 showed that disease intensity from A1B2 and A2B1 tended to increase during 4 weeks
after injection while disease intensity of A1B3 remained stable in the second and third week after
treatment. The rate of disease intensity development from both A1B3 and A2B1 decreased during
the second teo third week after injection but again increase progressively from the third to fourth
week. Meanwhile, A1BZ showed stable increase in disease intensity development rate from the
beginning to the fourth week. The zero rate of disease intensity shown by A1B3 was not due to
stopped spreading, but it rather caused by delayed symptoms shown by new emerging young
leaves. On the other hand A2B1 showed a progressive disease intensity development from the third
to fourth week (27.95%). In this case, the young new emerging leaves showed disease symptoms
directly after opening from the bud showing curly, curved, mosaic and dwarf growth features,

The data obtained here is comparable with previous studies describing artificial infection
methods reported by Ganefianti et al. (2008). They reached 40% disease intensity 20 days after
infection. However, in nature disease intensity caused by whitefly transmission could reach up to
95.2% (Trisno et al., 2009). This 1s probably because whitefly movement during the feeding period
causes multiple infections in a single plant. Moreover, the whitefly stylet containing virus particles
directly interacts with photosynthetic products in the targeted phloem. This will increase the
probability of disease intensity. Based on this assumption, the moest important factor affecting
incculation effectivity depends on the direct interaction between wirus particles and the

photosynthetic distribution network in the plant vascular system.

Factors affecting viral injection effectivity: Three of six injection treatments (A1B2, A1B3
and A2B1) showed Geminivirus infection symptoms after seven days post inoculation. Treatment
combination of A1B2 and A1B3 showed almost similar symptoms compared to AZB1. The three
other treatments A1B1, A2B2 and A2B3 showed no symptomatic effect until the end of the
observation time. The failure of these treatments to produce symptoms probably could be most due
to inconsistency of injection depth applied in this study. Manual injection could not accurately
control the depth of needle tip in micrometer scale. That's way a mechanistic way, that can reach
phloem tissue accurately should be developed. Basu and Giri (1993) described some factors
that influence infection effectivity, i.e., source of inoculums, inoculums preparation method
{extract preparation), stability of the virus particle along preparation steps and environmental
conditions such as light intensity and temperature during incubation period. However, such those
factors probably are not the case in this study, since they were handled equally.

The use of young symptomatic and active photosynthetic leaves (B2 and B3) as inoculum source
showed higher chance of infection success. This is based on the fact that the young symptomatic
and active photosynthetic leaves tend to have higher concentration of viral particles, since young
leaves are still symptomatic and contain more photosynthetic preducts. Basu and Gin (1993)
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described, that the quality of inoculum source 1s widely dependent on the concentration of virus
particles and the physiological state of the plant samples that in turn could affect the concentration
of substances that can potentially be a virus inhibitor or inactivator.

Extract preparation is very important to obtain virus particles with a maximum titre. During
extraction process of infected leaf tissue, a wide variety of metabolites from disrupted cells and their
cellular debris are liberated along with viral particles that exist in the metabolic network. Some of
these compounds may lead to inactivation of the virus particle or act as inhibitors in the infection
process. This can be overcome by the addition of potassium phosphate buffer solution maintain a
stable pH, eliminate the inhibitors and inactivators, as well as inhibit oxidation activity and
phenclation. f-Mercaptoethanol helps to prevent the leoss of virus particles infectivity caused by
oxidation processes.

Leaf tissue, especially young leaves probably are the most sensitive tissues to be inoculated.
However, even if the test plants are sensitive to the virus, several factors such as age, nutrition,
temperature and light intensity also determines the degree and extent of infection.

The affinity of Geminivirus to the phloem tissue of the host plant might also be one of the
reasons for the low success rate of mechanical inoculation. Morra and Petty (2000) described that
Begomouirus infection is limited to the phloem tissue of plants. The 38 inoculated tissue sections
contained 317 cells which were infected with Begomouirus. Among them 314 cells (about 99%) were
in the vascular system while only 3 (~1%) were mesophyll cells. Further analysis of the infected
cells associated with the vascular system, showed that 2 were companion cells, 18 were phloem
parenchyma cells and 12 of them are bundle-sheath vessels. They did not find any DINA virus in
phloem sieve elements. The nature of “FPhloem limited” Geminivirus particles complicates the
process of mechanical inoculation, in this case virus particles can only replicate in cells surrounding
the phloem tissue. After artificial inoculation, virus particle stay in a single epidermal cell,
from there the wvirus particles will spread to nearby cells and increasing the focus of
infection (Matthews, 1970).

Rojas et al. (2005) described that only a few of the genus Begomouvirus can come out of the
vascular system to the surrounding mesophyll tissue in the primary affected tissues or organs
infected systemically. Therefore, the accuracy of targeting cells or tissues by injection will
significantly affect the effectivity of artificial infection. Injection must be located accurately to the
spot. where Geminivirus can replicate which 1s the area surrounding the phloem vascular system.
However, so far there is no proper way to control injection due to varying plant tissue characteristic.

The A2B1 was injected with more virus particle (60%) but showed delay symptom (Fig. 2, 3) of
virus infection. In the first week post inoculation, no symptom could be observed, just in the second
week post inoculation symptoms were apparent and progressed until they almost reached the level
of A1B2 and A1B3 after four weeks post inoculation. This result apparently contradicts the common
hypothesis that more virus particles, cause higher infection effectivity. The concentration of virus
particle thus does not have a linear correlation with the infection effectivity. This phenomenon has
been termed as “Bottleneck effect” (Moury et al., 2007). The bottleneck phenomenon 1s an event
where the virus particles that enter into the plant tissue is allowed only in a certain number of the
virus particles. French and Stenger (2003) in their study of wheat streak mosaic virus found that
only about 10 virus particles could contribute to systemic infection in plants after mechanical
inoculation, although a few hundred particles were present at the beginning to initiate an infection.
Furthermore, Moury et al. (2007) pointed out that the average aphid can transmit only 20-50%
virus population existing in their stylets. This amount is apparently low when compared tothe
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Table 2: Comparison of injection method with three existing Geminivirus artificial infection

Type of injection method Disease incidence Incubation period Practicality Reference

Whitefly Yes Short No Inoue-Nagata et al. (2007)
Grafting Yes Long No Aliet al. (2013)
Mechanical No Yes Mayo et al. (2000)
Injection Yes Short Yes This study

existing virus populations in an infected plant tissue. Another possibility could be explained by
reducing of virus particle persistency. Fven though during incculum extract preparation the A2B1
contained more higher titre of virus particle than A1B2 and A1B3, but in line of steps of extract
preparation persistency of virus particle downgraded making incubation time of A2B1 more longer.
Moury et al. (2007) even mentioned wvirulent-avirulent survival where avirulent strains inhibit the
virulent ones to propagate.

Finally, comparison of available artificial infection (T able 2) demonstrates that injection based
incculation provides enough disease incidence with short incubation period and is practical. The
whitefly based method could successfully provide the disease incidence, allowing highly efficient
inoculation with short incubation period. However, maintaining an infectious whitefly population
is tedious and has the risk of uncontrollable virus transmission into the environment. This makes
whitefly based inoculation non-practical. The grafting method has the disadvantage of long
incubation periods and laborious handling. Even though mechanieal inoculation 1s practieal, this
method has a low efficiency in transmitting virus particles.

CONCLUSION

Based on disease incidence, incubation period and practicality, the injection method provides
a promising alternative for Geminivirus artificial infection in chilli pepper compared to the existing
available methods. However, more accurate injection into target tissue, has to be achieved for
further application of this techmque,
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