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1 EXECUTIVBUMMARY

Pseudomonas syringagv. actinidiae (Psa) is the causal agent bécterial canker in kiwifruit,a
significant threat with wide reachingecconomic onsequences. Psa has been estimated to have
cost over $1 billion to the New Zealand kiwifruit industry since 20B2hough productivity has
recovered, Psa still remains a prevalent threat as the majority of orchards harbour the bacteria
and only one kiwifuit growing regionin New Zealandas yet to exhibit infection Control

methods are currently in place andeingused tomanagethe incidence ad progression of Psa
infection. Thishasrelied upon chemical products such as copper, antibiotics and elisitior

addition to orchard management practises such as the removal of infected material. More recently
the use of other biologichorganisms to control Psa haueen trialled and included ira
comprehensive control programmeall these products areeffective to various extentsput it has
been faund that some samples of Psa haaequired low level resistance toosne of the chemical
controls, which couldpotentially render them ineffective. Subsequently a continuit/H / Zespri
fundedresearch programme isssential as an effective response to ensure the ongoing ability to
control Psa, addressing the occurrence of resistance, optimising control methods, and identifying
new ways of combating bacterial canker.

This document aims to review past and ongoing raseh addressing the threat of Psa to New
Zealand kiwifruit, identifying areas where research needs to be strengthened and highlighting new
and novel areas which could have potential in combatting Psa. Téngew coversthe

epidemiology of Psa, biologicaind chemical control of the bacteriayn-orchard management and

the breeding of Psa tolerance varieties of kiwifruit.
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2 INTRODUCTION

2.1 GENERAINTRODUCTION

The bacteriunPseudomonas syringagone of the most prevalent plant pathogens, existingnase
than 50 varieties, and is able to infect over 180 plant spgGesizélez et al., 200d). syringagv.
actinidiae(Psa) is one such variety and is thasmof bacterial canker in kifwiit (Actinidiaspp).
The disease presents itéghrough leaf spotting, bud browningud drop, cane diebaclkand redor
white exudate from canes or trunkand extreme cases even vine defalestra et al. 2009). Psa
can be classified into several types of biovars. Biovars 1 and 2 were involvebreatstcausing
moderate damage in kiwifruit industries in Japan, China, Korea and Italy. Recent outbreékg caus
serious damage to kiwifruit, including that of New Zealdralje been caused by Psa biovar 3,
otherwise known as Psd. Psa was historicallyged into a forth biovar, known as Pk¥, however
this bacterium is no longer considered a type of @audet al. 2015)

Although not much is known about how this bacterium causes dis@dasdhought to be spread
primarily by watersplash, and thyies in humid and wet conditionH.is thoughtto initially survive
on the surface of thelantlike many of its relatives (Arnold et al. 2Q,Landwhen the opportunity
arises, it wilinvade the plant through natural openings or wourtdspread througtthe plant and
either survive asymptomatically or ttause disease in tHeavescane and trunks of kiwifruit
(Vannesteet al.2011a). It is noted that rain is ady component of infectionn the absence of
rainfall,bacterial populations oP. syringagemain static (Everett 2011b).

Although it is relatively easy to kill on a lab bench or a surface, there is no cure for Psafecioen
takes holdDonati et al. 201 meaning the control of Psa relies on prevention and control.
Currently diseasemanagements limited to physical orchard practises such as the removal of
infected plant materiahnd trying to slow the spread of R$2hemicatompounds such as copper
elicitorsand antibiotics are used to prevent the disease from occurring, howeesetpractisesnay
becomeless and less effective unldsacterial resistance imanaged carefully

2.2 TIMELINE

Psa wadgirst described irChina and Japan duriige 1980sw~hich soon spread to neighbouring
provinces, countries and even as far as If@lgkikawa et al. 198Mazzaglia et al. 20).2Although
quietly active, the disease did not rear its head significantlyl antltalian outbreak in 2008
(Balestra et al. 2009later spreading td-ranceand Portugaivhich affectedboth A. deliciosandA.
chinensigarietiesof kiwifruit, of particular significance to Zespri and KVH; Hort16A and Hayward
(Vanneste et al. 20H] Balestra et al. 2030In Novembei201Q, the disease had reached New
ZealandEverett et al. 2014). Psa has since spread to Sp@alestra et al. 20)1Switzerland (EPPO
2011a), Australia (EPPO 2011b), Germany (EPPQ ebildjAnonymous 2011 5lovenigDreo et

al. 2014) and Greece (Holeva et al. 2015)

Thought to originate from China (Butler et al. 20F3abiovar 3 (Ps&/), henceforth referred to as
Psa unless otherwise statedas first discovered in the Te IRuregion of the Bay of Plentyhere it
spread to surrounding areas before becomimgespread as ofAugust 2016 it was estimated that
at least84%of orchards were infected witRsa (Kiwifruit Vine Health, 201&ymptoms were first
found on the Hort16A species, and then soon after on the Hayward variety (Everett et d).2011
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Hort16A was found to be especially susceptible to(Bsdestra et al2009) exhibiting more severe
symptoms such as whole vine collapdeading to the removal of large volumes of infected canopy
and vineswvhich affected downstream productivitidayward was found to be susceptible to Psa, but
to a lesser extent, expressitger development of symptoms and less effect on productivity (Froud
et al. 2014. As aresult,the success of the industry primarily dein by Hort16A seemed unlikely.
Fortunately,Plant and Food ésearchPFRand Zesprbreeding programmes had produceéw
cultivars which were originally designed to access the early market. The cultivar Gold&g53)
released to growers in 2010 rapidlyreplace cultivars oflort16A G3 has shown tmore tolerant

than Hortl6Ain regards to Psa infectioipyte et al2011). It was hoped that by thpredominant

use of the tolerant cultivars Hayward and G3 Psa could be effectively managed.

The incidence of Psa has increased rapidly since 2010; with the rate slowing as the number of Psa
positive orchards becomes saturatéfigure 1) Nelsonremainsthe only kiwifruit growing region to
date, which has no Pgaositive orchards.

.T,K\Lﬂ.. Orchards with Ps&/ identified 2010- 2016
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Figure 1: The incidence of Psa in New Zealand orchards from 2010 to 2016. ColitesyafVine
Health 2016.
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Export of New Zealand Grown Kiwifruit
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Figure 2: The export of Newaland grown Kiwifruit since the inciderafdPsaZespri Annual Reports
2009/2010¢ 2015/2016).
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Figure 3: Return price per Tray for New Zealand Grown Green andd@eties of KiwifruifZespri
Annual Review 2015/2016)

YASATFTNHA G Aa <2mostvaludble ar8 biggésSekpbrt inflis@ies, producing over 100
million trays of fruit from over 11,000 hectares of orchard, with around 80% of production coming
from the Bay 6Plenty region. In 201the industry exports from New Zealand were valued\atr

$1 billion. However, after the onset of Psa, the industry production declined by over 10%. In 2012, it
was originally predicted that Psa would cost the New Zealand kiwifruit industry up to $410 million by
2017 (Greer and Saunders 2012). However, IM20was thought that the industry had lost close to
$900 million since the onset of Psa (Birnie and Livesey 2014).
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Zespri annual report statistics (figuresiggestthat the overallcost of Psa was not truly felt until
2014 when both exported kiwifruitolume and export earnings dropped to 2610 levels
Arguably the cost of Psa was felt much earlier at an individual or orchardTéigkrend is inversely
correlated with the return for ary of each variety of kiwifruifigure 3)

Despite the hgh incidence of Psa, the kiwifruit industry is growing at apracedented rate Since
2015the revenues generated from exportilddew Zealand grown kiwifruit hasirpassed 2014
annualpredictions (Birnie and Livesey 2014 addition toexceedingevenuegenerated prior to
Psa. This growth iproductivity to support industry growth relied heavily on a successiponse to
combat Psa and bacterial canker. Although economically the industry is improving, maintaining
research and active management of Psasisential to prevent further widespread outbreadsd
productivity loss.

2.3 NEWZEALANINDUSTRRESPONSE FSA

Kiwifruit Vine Health Inc (KVH) was established in December 2010 to lead the New Zealand kiwifruit
industry response to the Psa epidemic. KVHragses areas where the knowledge of Psa and how it
causes infection is poor, and commissions research to address this.

Zesprijs contracted by KVH, to coordinate and facilitate a comprehemssearchprogramme This
will allow the better understandingf the bacteria and determine effective techniques to prevent
infection and spread.

This document will review the research and accumulated knowledge of the epidemiology, control
and prevention of Psa in New Zealandith the aim toidentify areas of resarch thatmayrequire
more attention.The five main researchreasare:

1 Epidemiology

9 Detection and Psa Genetics

1 Chemical and Biological Control

1 Orchard Management

1 Psa Tolerance Breeding Programme
3 RESEARCH

The scientific antiorticultural communities havdeen aware of Psa for decad@sakikawa et al.
1989) When ZespriarietyHort16A became infected in Italy, New Zealand became involved and
contributed toscientificresearch aimedt understanding this bacteriunwhenthe diseasearrived

in New Zealandery little was known about how it survives and cagiglisease in this climate, this
translated intouncertainties with regard to best practicescontrolling this diseasé.he
understandingpf the conditions in which Psa thrives and investigating thegss of how infection
is caused and developed will allow us to effectively prevemtrol and manage the disease.
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3.1 EPIDEMIOLOGY

The understanding of the biology and physiology of Psa in 2011 was limited, which was evident by
commissioned reviews screening the available scientific literature (Everett 2@uittytill, in2016,

our knowledge of the epidemiology is far from comprebiee.

3.1.1 Psa Infection

Psa can be found associated with a wide variety of kiwifruit plant tissues. Interestingly, Psa can be
found in healthy tissue, andot always detectedn diseased tissud o date the bacterium has been
found on leaves, buds, flowergats, pollen and the woody tissues of vines (Froud et al. 2015;
Sutherland 2013; Horneat al. 2011).

The most paragidmatic symptom of Psa is the formation of cankers in the woody. tBeserally
found on the trunk or the leaders within the vinney ae most readily observed during early spring
Cankers are associated with the production of red or cloudy exugiédere 4d) This exudate is a
mixture ofplantsap andmay contairPsa(Vannesteet al. 2011d).

During late spring to summgleavesstart to emergeandare one of the primary infection sites for
Psa. They tend to exhibit dark brown spots at the site of infection surrounded by a yellow halo
around the circumferencérigures 4a andb). While younger leavegappearto be more susceptible
to Psainfection there are cultivar differences with regards to symptom expressionkatward
leaves tenihgto exhibitan increased amount déaf spotas compared to thé&3cultivar. Leaf
spotting can lead to the wilting or necrosis of the leaf tisairen infection progressegigure 4),
thisthen canextend tothe shootsand caness Psa progresses through the viGane dieback is
where the cane takes a blackened, dehydrated appearance and fails to produce any viable buds or
flowers, this is likelyo be due to the blockage of vasculatuige-back starts at the point wherésa
enters the cane, presumabfyom the infected leaf and stem, and can mobk#aterially through the
cane and eventually infect the leader (Vannestal. 2011d).

Another important secondary symptom is budyrethich is the partial or full browning of buds
indicating tissue deathinfected buds can fail to develop and may wilt and drop off, affecting yield
and productivity (Vannestet al. 2011d).Thissymptom is not unique to Psa, but can be caused by
other Pseudomonas spncludingthe casual agent of bksum blight.Psa is nowowever

recognised as the main contributidtseudomonaspecies to budrot in green Kiwifruit varieties
(Tysonet al. 2015b) Budrot is less prevelant in the G3 variety of Kiwifruit.
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Figure 4 Examples of theommon symptoms of Psa; Leaf spot (A & B); Budrot (B); Leaf Wilt and Necrosis (C) and production of red exudate fiean an infec
lenticel (D).
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3.1.2 Life Cycle and Pathogenesis of Psa

In New Zealand, Psa has the ability to infect kiwifanil produce viable irmulumall year around,

but is more prominentin springand autumn(Tysonet al. 2014c) As rainfall or water is essential to
the infection process, it was thought that Psa maynb&urallyspreadthrough a combination of rain
and wind mediated splasBacerial spread through aerosols were found to increase after rainfall.
The waterislikely to either be essential to the replication of the bacteria facilitating infection, or for
the movement of Psa from one location to another where it is better locatazhtse infection

Wind and hail can also damage the vine and provide additional entry points fothRs& most
evident as an increase in the severity of symptoms was obsesaatited with gaps in shelter
beltsor unprotected areas (Casonato and Bent 2014)

Temperature is another key factas the optimal temperature for Psa proliferation and spread of
infection is around 10 °C to 20 °C, where callus formation in the vine was found to occur at
temperatures arand 25 °C, which correlates with the decline of Psa populations angteyrm
(Froudet al. 2015) Conversely temperatures which promote frost can also promote Psa infection.
Extreme cold events or frosts can damage the vine and act as an additional eintrjop Psa,
thereby increasing the incidence of PBaostalsopromotes theproliferation andprogression of Psa
throughout the vine, although the reason is unknown (Ferrante and Scortichini 2014).

Once Psa reaches the surface of the vine, it wiltabégandinvade the plangither through natural
openings in the leafor through wounds or scarslethods which allowed the visualisation of
bacteria showed that Pszan enter through stomata, and through leaf scars and broken trichomes
(surface hailike projection) (Spineliet al. 2011). Other potential infection sites have also been
identified.

Figure 5 Lenticels argas exchangeodulesfound on the surface of woody material within the
kiwifruit vine.This image shows the presence of lenticels on anRsated cane.
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Lenticelsare gas exchange nodules found on the stem of woody plant matknrehs found that Psa
could colonise these pores, and subsequently invade the cells beneath. Matioglswere found

to be more susceptible aritthas beerconcluded that Psis likely to bemore successfudt
colonisingenticelsduring springfigure 5)(Everettet al. 20123). Cicadas are insects which cause
damage to the kiwifruit vine by laying egg#o canes. Researchas shownhat Psa can potentially
use these wound site® infect the vine. However, this is not always statistically significant (Tgtson
al. 2012).Other work has shown that the root system of kiwifruihes is a potentigboint of entry

for Psa infection (Vanneste 2013)though growers have reported no increase in infection
susceptibility when wounding the roots in a practise @hhleot pruning

It has been reportedhat once infected, Psa can migrate through the kiwifuine to become a
systemic infection though tissues may remain asymptomslicen Psa was artificially wound
inoculated within the trunks of Hort16A cultivars the bacterium was found to have travelléa aip
meter either direction from the point of entry (Tyset al. 2014b). Although an important technique
to remove a substantial amount of inoculum, removing infected matéiahlikely to remove all Psa
from the vine and symptom expression may reoccur at a later.d2gehas also beefound in the
root stoks meaning regrafting might not necessarily prevent infectiohthe new scionThis

impacts potential management techniques (Horeerl 2011). More research needs to be
conducted to find the consequence of the presence of bacteria in asymptomatiefiand the
extent of contribution to reinfection and disease.

3.1.2.1 Seasonalitand Vine Age

Kiwifruit vines are deciduous and lose their leaves in the autumn/winter period and will grow new
leaves in springlhis cyclic characteristic is also observed miRf@ction, with symptoms beginning

to express in sprirfgutumn and becoming absenin winter. This is thought to correlate with

weather and temperature, with sprirgnd autumnharbouring more rainfall and milder

temperatures (Frouet al. 2015). Thisncidence of infectiorcould also be correlated with the age of
the plant tissue, as it haseen shown that young leaves (up to four weeks old) are significantly more
susceptible to Psa than their older counterparts (Tysbal. 2015). This correlates witheports

from New Zealand growers that young growth, or new grafts are more susceptible than older plants
in the same orchard, however the idea that young plants are more susceptible is disputed (Vanneste
et al. 2011d; Zhangt al. 2013).

3.1.2.2 Inoculum Sources

Once infection has taken holddanpresent in avariety of symptoms. Important symptoms

regarding the transmission of Psa are leaf spotting and the production of exudate. Psa leaf spotting
is a common symptom within kiwifruit orchasgccurring from early spring to late autumn, with up

to 50% of Hayward leaves exhibiting these lesions. Although infected woody matefiahis

removed leaves exhibiting infectioremain within the vineResearcthas shown that these leaf

spots are vible sources of live Psa, which under high humidity can provide inoculum to infect
neighbouringplants, orre-infect the original vingdCasonateet al. 2014). Infected plant material will
produce exudate2 NJ Wof SSRAY 3 &l LIQ I y Rolo@lUging@révioslytf 1 & G KAGS
established genetic testye Psahas beeridentified inboth types of exudate and are therefoee

viable source of inoculum (Bioneli al. 2013).
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3.1.2.3 Environmentainoculum Sourcexd Psa

Psa is an epiphytic bacterium and canvéug outside the host plant. For this reason, it is critical to
examine and identify the environments which have the potential to support and harbour Psa. This
knowledge can help prevent and limit the spread of infectibmaddition to plant material, sbhas

been shown to be an important vector of Psa, with surfaces or equipment becoming contaminated
after contact with Psa containing soil (Everettal. 2012c). This subchapter aims to highlight other
possible environmental sources of Psa.

3.1.2.3.1 Compost

Compostmay beusedto add organic matter and increase nutrient content to soilkiwifruit

orchards. If Psa can survive in compost, this could increase the risk of Psa within and to surrounding
orchards.

To investigate whether Psa could survive in comparst, whether this implicated compost as a

potential source of infection, compost made from nkimvifruit green waste, was tested for the

presence of Psa. No level of Psa could be detected. This could be due to the compaosting process, or
due to the composhot containing kiwifruit and therefore no Psa contaminated material.

When Psa was artificially added to the compost, it was determined that Psa could not multiply and
few bacteria survived for more than a few days. Otbacteria were identified within tb compost
which could be inhibiting the growth of Psa, but due to the nature of these organismaaveyot
beenpursued as viable biocontrol agents (Vannestal 2013b). Compostoes not support the

growth of Psa and is unlikely to beviable sourcef Psa.

3.1.2.3.2 Honeybees and Hives

Honeybees collect pollen from flowers and will distribute this to different vines. There is a concern
that these bees can either become contaminated with Psa from infected vines, or transfer infected
material such as pollendm one vine to another, facilitating the spread of Psa infection.

In experiments in which honeybees were exposed to pattamaminatedwith P. syringadacteria,

and exposed to honeybees. It was found that the bacteria could be recovered from the bees for up
to 2 weeks aftethe initial contact. Bacteria could also be recovered from+eaposed bees within

the same hive, showing that not only coulfdsyingaesurvive within the hive, but it could rapidly
spread between honeybees (Pattemageal. 2011). This work implicates hives and honeybees as a
viable source of infection and can facilitate the spread of Psa.

3.1.2.3.3 Pollen

To produce fruit a female kiwifruitower must become pollinated bgollen frommale plants. This is
primarily facilitated by wind and insect driven pollination. RFssybe present in the flowers of
infected plants, so it is possible that thesociategollen could also contain and be ausce of Psa.
Pollen may therefore transmihe infectionto other plants through the process of natural or
artificial pollination. Italian researeis haveshowed through genetic and culturing technigubat
they were able taletect and isolate viable BSrom harvested pollen from Hayward flowers. This
contaminated pollen was then used to pollinate several kiwifruit plots. The use of contaminated
pollen resulted in the transfer of Psa and infection of previously clean plants (Stefani and Giovanardi
2011;Vannesteet al. 2011c). This work implicates pollen and the process of pollination from
infected males as a possible source of Psa.
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3.1.2.3.4 Leaf litter andPruned Plant Debris

During the life cycle of an orchard, leaves and vine material will become deposited ground. As
this material is capable of harbouring Psa, the potential of leaf littendmel debris to acas sources

of Psa was investigated (Horreral. 2011). Infected leaves and cane material was incubated for a
set amount of time in a varietyf conditions, to assess the recoverability and survival of Psa. It was
found that Psa can survive in the infected leaves and leaf litter for up to 3 months. Psa was also
found to survive in winter caneJNXJzy" forya3i@iaramount of time. This work shes that

LINIMzy and Bd®lidter can be a source of Psa which has the potential to infect nearby plants. This
hasprovided valuable information to grower® help shapdheir managemenpracticesto minimise
their risk of Psa infectiont is recommendedhat digester and copper products are used on mulched
LINMzy angd Bdihdaterial to promote tissue break down and prevent this material acting as a
inoculum source of Psa

3.1.2.3.5 Shelter and Weeds

Research has established that Psa and its relatives can survive on the surface of a plant without
causing disease (Vannedkal 2011a). Work has investigated whether Psa could survive on nearby
non-kiwifruit plants such as weeds or shelter (Horeeal. 2011). This could provide an additional
source of Psa infection. Weeds found on orchard floors, and plant species from shelter belts were
tested for their ability to harbour Psa. It was found that in all sag&sa may survive for a short

period of time, however,it could not replicated andhence shelterbelts and weeds amnet likely to

be a source of Pganoculum

3.1.2.3.6 Water

P. syringadias been found in water in New Zealand and in other countries (Vanatate2008;
Morris et al. 2010). Essential to thiafection process, water has been thought to allow the bacteria
to survive and multiply allowing the bacteria to become widespread. Work has been performed to
assess whether Psa, like its close relatives, can also survive in water and if infected oatbard w
could be a source of Psa infection (Horeeal. 2011). Psa was atrtificially added to several water
sources including tap and rainwater to assess the ability of the bacteria to survive. Psa could not
survive in tap water, this may be due to the cheatitreating process. Psa could survive indefinitely
in sterilised rain water, however struggled to survive when the rainwater westeniised. This was
attributed to the presence of other microorganisms in the water which@rhpeted or inhibited

the growth of Psa.

When water from orchards was tested for the presence of Psa, none could be found either from
culturing or by genetic testing. High concentrations of other microorganism were found, which may
be responsible for preventing Psa survival anglioation. This work reports that water is unlikely to
harbour Psa and subsequenfiyesentsa low infection risk.

3.1.3 Modelling Risk

During the Italian outbreak of Psa it was noted that spring and autumn were important times for the
progression of infectionThis was likely to be because spring and autumn harbour the optimal
temperatures for the bacteriu®? & NXB LIvh&réab sukhriey'would lead todecrease in bacterial
populations and winter would prevent the progression of the disease. Temperature20Vex
correlated with the absence of new symptoms (Vanneste 2013a).
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However, in New Zealand summer and winter temperatures generally never get hot or cold enough
to reduce bacterial numbers or prevent the spreading of infection respectively. This medns th
infection can occur all year around theoretically. Previous prediativdellingsoftware for other

bacterial disease had been updated to include data on the incidence of Psa during different weather
conditions, including wind, humidity and rdiall (Beresford 2011) This allowed growers to predict

the risk of Psa depending on the weather and apply appropriate protection
(http://www.kvh.org.nz/kiwi_psa.

3.1.3.1 Validation and Optimisation

The Psarisk modelwadz® & SljdzSy (it & @It ARFGSR dzaAy3a @2dzy3a K2 N
(McKay 2012). These trap plants were placed within an orchard block in several locations and

exposed to both the weather and environmental Psa inoculum for a week. The sevéeidy of

spotting was compared to the calculated risk of Psa infection and it was found that the two highly
correlated, suggesting the model was accurate and that growers could use this to accurately assess

their risk of Psa infection.

To improve the risk maglling, Tyson et al. (2084 sought to provide data that included seasonal
variation. They found that rainfall was still an extremely important factor with no Psa symptoms
occurring without prior rainfall conditions. The results from this project suggebtadthe Psa risk
model had greater predictive power during spring and winter, whereas performed poorer over
autumn and winter. It was speculated that this could be due to differences in the plant maturity,
levels ofenvironmental Psa, in additidn environmental factors (Tysoet al. 2014). Thereare

further proposals to incorporate the risk posed by frost events into the current model (Beresford, R.
Personal Communication 2016).

3.2 DETECTION

New Zealand kiwifruit orchards can contain several straifidsefidomonabacteria andsubtypes of

Psa. It is important to be able to distinguish between them to accurately assess the disease state of
an orchard and to effectively manage the disease.

Originally there were four biovars of Psa that had been identifiedd-wide. New Zealand found
itself host to two subtypes of Psa, one which is the highly virulent strain which is céusidigease
found in orchardsreferred to asPsaV, the other is a low virulent strain which causes leaf spotting
historically knavn asPsalLV, nownewlydesignatedP. syringagv. actinidifoliorumpv. nov. (Pfm)
(Cuntyet al. 2015) This meant that the presence of leaf spotting, would not necessarily reflect the
disease status of the orchard. Therefore, a test to distinguish betwheetwo organismavas

critical.

Historically, candidate Psa bacteria woulddoétured andisolated from infected material in a
process whiclwould span ateast a week. The DNA of the bacteria would then be extracted and
subsequently tested to screen farunigue regiorof the genomewhich would identify the subtype
of PsaVanneste 2018 This method is both time consuming and labour intensiVerefore, unique
methods of identifying Psa and the subsequent subtype which did not rely on time consuming
culturing and isolation were investigated.
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3.2.1 GeneticBased Detection

Thepossibility of a fast, sensitive test that did not rely on culturing bactess investigated

Rikkerinket al. (2011)Identified key genes which were likely to contain differenisesveen both

Psa and other baeria andbetween Psa&/ and Bm. These genes included thosesponsible for the
differences observed in virulence between the subtypes. Once the genomes for these bacteria had
been published, the search included universal gesigared byheserelated bacteria but focused on
finding those with subtle differences, such as the presence or absence of a particular stretch of DNA.
Upon identifying regions of DNA whidtifered between Ps&/ and Bm, quantitativePCR assays

were devéopedproviding the ability to distinguish betwed?saV or Pfmandother bacterial
speciesThese assays were then validated independetiityure 6)

Figure 6 Differences in the bacterial DNA sequence allows the identification of Psa and
subtypes(http://www.biomedheads.com/restrictionigests.htm

This workprovideda rapid, and sensitive assay which could detect and type Psa baet&aated
from leaf and cane tissyallowing thedisease status of the orchatd be determined rapidly

More recently PFR hawgorked to utilisenovelgenetictechnologies to detect and type Psa (Notomi

et al. 200Q Bihimannet al. 2013. Similar to qPCR, loapediated isothermal amplification (LAMP)

was used to detect the presence of Péaising uniqgue DNA signaes (Ruinelli et al. 2016)Jnlike

other genetic techniques, LAMP does not require expensive machinery to manipulate temperature
and can be used in the field. Results can be produced quickly, but may require experienced analysis.
There are validated pradtts on the market which can be used to perform LAMP assays to detect
PsaV which produce easy to interpret resuitsaround 15 minutes which can determine if plant
material is infected prior to the onset of symptont$owever, this research still requiresore work

to validate its reliability andssess suitabldemand in the industry.
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