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Introduction
Iris yellow spot virus (IYSV) is a tospovirus in the Bunyaviridae family vectored by onion thrips, 
Thrips tabaci (Cortes et al., 1998).  While the interaction of Tomato spotted wilt virus, (the type 
member of the genus Tospovirus), its thrips vector and host plants has been studied extensively 
(Whitfield et al., 2005), the interactions of IYSV, T. tabaci and Allium cepa are less detailed.  Two 
techniques that will be useful in further studies describing the IYSV - T. tabaci - Allium cepa system 
are presented here.

Inoue et al. (2010) recently showed no significant differences in the larval mortality of IYSV-infected 
and uninfected T. tabaci, and it would be interesting to determine whether IYSV infected and 
uninfected T. tabaci respond differently to various environmental conditions.  However, before those 
comparative studies can be undertaken, reliable access to colonies of IYSV infected and non-infected 
thrips is required.  Initially, onions that did not show symptoms of IYSV were collected from the field 
with the intent to rear the thrips from those onions as IYSV-free thrips.  Unfortunately, these field 
collected plants consistently tested positive for IYSV by ELISA and we had to assume that the thrips 
feeding on them were also infected.  Although onion thrips prefer onion, they will use other plants as 
hosts (Sakimura, 1932; Doederlein and Sites, 1993).  As far as we know (Whitfield et al., 2005), IYSV 
is not transmitted to thrips offspring, but must be acquired each generation during thrips feeding on 
infected plant material.  If a plant is not a host for IYSV, the virus won't infect the plant as thrips feed 
on it.  If the plant does not get infected, then subsequent generations of thrips that feed on that same 
plant should likewise have no source of IYSV to acquire.

It is also unknown how IYSV is distributed in an onion plant, and at what levels.  Onions are monocots, 
so it is reasonable to assume that the distribution and movement of IYSV is different than that of 
TSWV in tomato which is a dicot.  Quantitative Real-Time Reverse Transcriptase PCR was used to 
measure the amount of IYSV at different locations and in different tissues in onion plants, and 
preliminary results are presented here.

Production of Clean Thrips
Materials and Methods - Five pots each of radish (Alta Globe variety) and onion (grown from Gurney's 
yellow onion sets) were planted with 4 plants/15 cm diameter pot and isolated from external sources of 
thrips with a  plastic and mesh cylinder placed over the clean plants.  Before adding thrips from 
symptomatic onion plants, a tissue sample from each of the 4 plants in a pot was pooled and tested by 
RT-PCR for IYSV.  A sample of 34 thrips (adult and juvenile) was removed from a single symptomatic 
onion plant; 12 thrips were placed onto radishes in a single pot, 12 were placed onto onions in a single 
pot, and 10 were tested for IYSV. Samples of 34 thrips were removed and transferred from a total of 5 
symptomatic onion plants and IYSV presence in symptomatic leaves was verified by RT-PCR.  At 2 
week intervals for 12 weeks, a portion of a leaf from each of 4 plants was removed and pooled by pot 
before testing for IYSV.  To increase the chance of detecting IYSV, tissue samples with thrips damage 
were preferentially selected.  Five thrips were collected from each pot and pooled by pot on the same 
day.  
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Results and Discussion - RT-PCR results are summarized in Table 1.  The symptomatic source plants 
(not shown) and onion thrips removed from them were positive for IYSV.  The onion and radish plants 
were negative for IYSV when the infected thrips were initially transferred to them.  IYSV was detected 
in onion plants by week two and remained in these plants throughout the sampling period, while IYSV 
was not detected in the radish plants during the 12 week period.

Thrips were not collected during week two as not enough time had passed to produce the next 
generation and insect numbers were too low.  Thrips collected from IYSV positive onion plants 
remained positive for IYSV over the 12 weeks.  Thrips collected from radish plants were negative by 
week 4, and remained IYSV-free over the 12 weeks.  During week 9, thrips were transferred from old 
to new plants of the same species.  IYSV was detected in three of the four thrips samples collected at 
week 10 from radish.  This is very likely a contamination event as a result of collecting IYSV infected 
thrips from onions first instead of collecting uninfected thrips first.  IYSV was not detected in radish-
reared thrips during week 12, with the exception of a mislabeled sample that may have actually been 
the onion reared thrips. 

Higher thrips numbers were generally observed on onion.  For future work where large numbers of 
clean thrips are needed, the best strategy may be to rear thrips on radish for 4 to 6 weeks then transfer 
the clean thrips to onion plants to increase their numbers.  Results from onion pot 5 indicate this may 
be a good strategy, as plants in this pot did not become infected with IYSV nor was IYSV detected in 
the thrips collected from that pot during the 12 week sampling period.

Onion Plants Thrips (5/sample) Radish Plants Thrips (5/sample)
Sample 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Week 0 - - - - - + + + + + - - - - - + + + + +

2 + - + + - * * * * * - - - - - + - * * *
4 + + + + - + - + + - - - - - - - - - - -
6 + + + + - + + + + - - - - - - - - - - -
8 + + + + - + + + + - - - - - - - - + - -

10 - - + + X + + + + X - - - - X + + - + X
12 + - + + X + -? + + X - - - - X - +? - - X

Table 1: Summary of RT-PCR results for the presence (+) or absence (-) of IYSV.   Samples not collected indicated by “*”.  
Pots no longer available indicated by “X”.  Mislabeled sample indicated by “?”.

IYSV Detection by Quantitative Real-Time Reverse Transcriptase PCR
Materials and Methods - The IYSV nucleoprotein gene was amplified by RT-PCR with primers 
designed by Coutts et al. (2003).  RT-PCR product was purified from the gel with Qiaquick Gel 
Extraction kit (Qiagen) according to manufacturer's instructions and ligated into the pGEM-T Easy 
vector (Promega Corporation) using the Fermentas rapid ligation kit.  The vector was heat shock 
transformed into chemically competent Escherichia coli, strain DH5α, and transformed colonies were 
visible when grown on selective media.  Five ml of 4 transformed colonies were grown separately and 
plasmids were purified from culture.  Real time PCR primers were designed specific to the plasmid 
insert.  Control primers were designed specific to the Allium cepa cytochrome oxidase subunit 2 gene 
(GenBank accession no. GU253305).



Real-time PCR reactions were performed on a Bio-Rad iCycleriQ Multicolor Real-Time PCR 
Detection System using the following conditions: 95° C for 3 min; 40 repeats of 95° C for 10 sec., 60° 
C for 45 sec.; 95° C for 1 min; 55° C for 1 min.  A melting curve was included at the conclusion of the 
40 repeats.  Each 25 μl reaction consisted of 12.5 μl 2x iQ SYBR Green Supermix (Bio-Rad), 1.0 μl of 
a 2.5 μM mixture of the forward and reverse primers, 6.5 μl water and 5.0 μl cDNA diluted to 6.0 x10-2 

ng/μl. The standard curve used to detect the IYSV N-gene consisted of 10-fold serial dilutions from 1.0 
ng/reaction to 1.0 x10-6 ng/reaction.  The standard curve used with the control primers consisted of a 
dilution series from 1.0 ng/reaction to 1.0 x10-3 ng/reaction.  Non-template controls were included for 
each standard curve and a no reverse transcriptase (-RT) negative control was included with each group 
of samples.  All reactions were run in triplicate.  If any amplification occurred in the -RT control, the 
mean was found and subtracted from the mean of each sample.

Five mature, medium-sized onions (Belmar yellow variety) displaying IYSV symptoms were removed 
from the field in August 2010.  Dead leaves and dirt were removed from each plant.  Ten samples 
(sample size varied) per plant were collected and prepared for RT-PCR.  Up to 1.0 μg total RNA was 
used for each cDNA reaction.  cDNA was brought to a final concentration of 10 ng/μl before use in 
PCR.

Results and Discussion – Representative amplification curves for the IYSV N-gene standard curve are 
shown in Figure 1 (top). The average slope for the IYSV N-gene standard curves was -3.401, with an 
average correlation coefficient of 0.997, indicating efficient reactions.  The melt curve displayed a 
single peak, indicating the presence of only one PCR product.  Some areas of each onion had a high 

amount of IYSV (Fig. 1, bottom: left group of 
curves) while other areas had little (Fig. 1, 
bottom: right group of curves) to none (Fig 1, 
bottom: curves below the orange threshold 
line).  

Copies of the IYSV N-gene/ng of input cDNA 
varied widely throughout the onion plants. 
Copy numbers in lesions (Fig. 2) ranged from 
over 3.93 x106 to about 3.66 x104 equivalent 
copies/ng of input cDNA.  Lesions from the 
same plant had significantly different means; 
means were compared by LSD, α= 0.05.  

IYSV has been detected in bulb, root and basal 
plate tissues by less sensitive ELISA and RT-
PCR although not as consistently as in leaf 
tissue and not all varieties tested showed IYSV 
in bulb, root and basal plate tissues (Schwartz 
et al., 2008).  When examined by QRT-PCR, 
these plant tissues that do not typically exhibit 
symptoms showed inconsistent amplification. 
Sometimes only one or two of the three 
replicates would amplify and when 
amplification did occur it was at a very low 
level.  Because amplification was low and 
inconsistent, it is hard to say for certain that 

Figure 1: Amplification curves for the IYSV N-gene standard curve  
dilution series shown in the top figure.  Representative IYSV N-
gene amplification curves (bottom).



IYSV was present in these tissues.  The small 
amount of amplification that did occur could 
be due to background contamination.  

In leaves with no lesions but apparent thrips 
damage, the amount of IYSV varied from 
thousands of copies to only a few.  Many 
results led to further questions.  Areas of the 
leaf (e.g., abaxial side) behind the lesion had 
drastically fewer copies of IYSV than the 
lesion (e.g., adaxial side).  One of the sampled 
leaves had a lesion near the tip of the leaf. 
Two more non-lesion samples were taken from 
this leaf; one was in the middle of the leaf and 
the other was in the neck.  The lesion showed 
a high level of IYSV, while the other two 
samples had less than 5 copies.  

From these results it is not clear how much, or 
even if, IYSV is moving through the plant on 
its own or if thrips are solely responsible for 

moving the virus.  Because the IYSV genome does contain a gene that likely codes for a movement 
protein (Cortez et al., 2002), it would be surprising if IYSV did not move through onion plants.  Thrips 
feed on plant epidermal and mesophyll tissues rather than vascular tissues (Ananthakrishnan, 1980) 
which may help explain the patchy distribution of IYSV in onion plants.  

More detailed mapping of IYSV in onion plants including flowers, umbels, scapes and other varieties 
will be conducted in the future.  More work is needed to understand IYSV behavior independent of 
thrips.
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Figure 2: Equivalent copies of IYSV N-gene/1.0 ng input cDNA.  
Lesion samples removed from the same plant (e.g., #4) have the  
same color bars.  Lesions with significantly different equivalent  
copies are indicated by different letters, LSD, α = 0.05.
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