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ABSTRACT

The biochemical defence related responses confdayeinl and Dn5 resistance genes in wheat againssign
wheat aphid (RWA) biotype 2 and biotype 3 in Sdftica were investigated. The early responses ofattio
aphid investigation were determined and these gheduthe activities of enzymes associated with gmermgtion of
reactive oxygen species (superoxide dismutaseitgcBOD and NADPH oxidase). The effect of aphidstation on
the activities of PR proteins was also determiriidtype 2 and 3 infestation induced increase inyere activities
of p-1,3-glucanase, peroxidase, NADPH oxidase and e dismutase in the resistant wheat cultivar
(PAN3144) hours post infestation, but a relativiedlwer enzyme activity of the uninfested plant ef tesistant
cultivar (PAN3144), susceptible uninfested culti(RAN3364) and the infested susceptible cultivahANB364).
These findings suggest that enzymes play a roledisators in the RWA — wheat resistance respomke. results

obtained are consistent indicating that biotypen® diotypes 3 are virulent to Dn1 but, avirulentDo5 containing
cultivars.
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INTRODUCTION

Wheat (riticumaestivurrL.) is a cereal grain, which is cultivated and sstmed worldwide. The effects on wheat
plant upon attack by pathogens or pest infestakieRussian wheat aphid (RWA) decreases the valughi®
development of the agricultural sector in the counthe crop is a member of the gentrticum and the main
cultivated varieties include the bread whebgéstivumL.) and durum wheafT( durum), which both account for
about 95% and 5% of world wheat respectively [IjeTcultivation of wheat in South Africa is found tinree
distinct production areas; the Western Cape, Namtligape and Free State provinces. Biotic and abgitesses

(e.g. pathogen /insect attack and drought) are rfeitors responsible for the declining of wheatdudion in
South Africa and other countries.

The RWADiuraphisnoxia(Kurdjumov) (Homoptera: Aphididae) is a spindleaphd, soft-bodied, lime green insect
with shortened antennae and reduced cornicle aenldeof its abdomen [2]. The RWAs have an extrenhij
reproductive rate and short life cycle. Aphids fdeam sieve elements (phloem feeders) and causeagarhy
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draining plant nutrients. During the feeding, thaypbe the intercellular spaces until the sieve elams of the
phloem tissue are reached, where they continualraly nutrients.

Biotypes are population of insects that are ablénjiare cultivated plants containing specific gex)egreviously
resistant to known aphid populations. The presearidbe first resistance breaking biotype @f noxia in South
Africa was reported in December 2005 [3]. This nlemtype had a different damage-rating score in seoh
conferring resistance to wheat cultivars [4], arebwlesignated as RWASA2 due to its virulence tosvasdsting
resistant lines in South Africa [3, 5, 6]. It wasabvered in the Eastern Free State province awilikent to wheat
cultivars withDn1 resistance gene. A third new RWA biotype, RWAS¥S reported in South Africa in 2009 and
it was also virulent to existing sources of resiseaOnl, Dn2, Dn3, Dn4, Dn5 andDn9) [4]. The first biotype that
emerged in 1978 was now designated as RWASAL. Tdmovkry of evolving RWA biotypes is a challenge to
wheat production in the country. Host plant resiseahas been an affordable and efficient strategyanage RWA
infestations. In South Africa, cultivars incorpingt the Dnl gene are resistant to the original biotype now
designated RWASAL.

The effects (damage symptoms) due to RWA infestatare different in susceptible and resistant whehivars.
The visible symptoms at the RWA feeding site inelwhlorotic streaks and leaf rolling in susceptiplents and
necrotic spots on resistant plants [7, 8,9]. TheARVWdre located on adaxial leaf surfaces, in thés afdi young
growing leaves or within rolled leaves.The rolledfl shelters the RWA against climatic conditiomedf, rainfall or
drought), natural enemies (ladybirds and parasitagps) and insecticides (contact insecticides). [Odilorotic
white spots are also visible symptoms indicatingrugition of plant chloroplasts and cell membrangsddivary
enzymes [11].Other symptoms associated with apeding include prostrate growth, and white, yellowd purple
longitudinal streaks on leaf surfaces [12]. Sakeéeadl [13] suggested that the injection of aphid saliva xylem is
the major cause of white and yellow streaks ondsaas well as leaf rolling.

Plants do not have an adaptive immune system tiegirthemselves against pathogens or insects bualde to
defend themselves by activating defence responsshamesms [14]. The defence responses activatedphid a
feeding are similar to those activated by bacteximhl or fungal pathogens [15]. Environmentaksses such as
heat, cold, water stress, mechanical and cheniegses pose a threat to plants as well as to geatiscand insects
[16]. The interaction between plants and pathogendd either result in basic compatibility or basicompatibility
[15]. Basic compatibility results in pathogens sssfully colonizing the plant and cause diseaseveier, plants
also have a specific resistance mechanism callstihcompatibility [17]which results in the actii@t of defence
responses, producing resistance (disease free)sagaithogens.

Randolptet al [18] reported thatmany researchers have categbriesistance in RWA-resistant wheat and have
found various degrees of antibiosis, antixenosid tnberance, with Milleret al [19] reporting that these three
mentioned degrees of resistance were exhibitedhsatvcontainindgpn4. Field studies have shown that the recently
developed biotypes (RWASA2 & RWASA3) are viruleatgreviously resistant wheat. In the previous béuital
studies [20, 21] have shown that RWASAZ2 has oveeasistance conferred Bl but notDn5 resistance genes.
TheDn5 gene confers resistance to RWASAL and RWASAZ2.

The discovery of the new RWA biotypes is a sigmifit challenge to the wheat industry in South Afrasa
resistance in wheat cultivars that gave wheat predua long-term solution to RWA control will noniger be
effective in areas where these biotypes (RWASA2 BRNIASA3) are prevalent [4]. Considering the ecormmi
importance of wheat as well as the destructivereatfi RWA to the crop, the present study was u@adtert with the
main objective of determining the biochemical resges conferred bfpnl andDn5 against the South African
RWA biotypes 2 and 3.

MATERIALSAND METHODS

Plant material and infestation

Resistant wheat cv. PAN3144 containing B resistance gene and the isogenic susceptibletwlie2AN3364
containingDnl R gene were grown under the greenhouse conditicsguare pots, at temperatures of 24°C (+2°C).
One set of each of the uninfested cvs. were usamb@isol treatments. The experiment was laid irommgetely
randomised design (CRD). Culture conditions andst#tion procedures were as described by Du Titfaestly,
plants were infested + 20 aphids/plant and hardest¢he early three-leaf growth stage after spepiériods (0, 24,
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48, 72, 96 and 120 h post-infestation) to deterrfitie3-glucanase and peroxidase activity. Anotheo&éte same
plants were infested and harvested at three lestage after specific periods (0, 3, 6, 9, 12 and pdst-infestation)

to determine superoxide dismutase and NADPH oxidastivity. The leaves were harvested immediately,
(intercellular washing fluid (IWF) of plants for dmstream defence response was collected, frozeliguid
nitrogen and stored at —20 °C) for further biochzahassay.

Extraction procedures

IWF of the plant was collected. Leaf pieces (8 amgre rinsed twice in distilled water. The IWF leavwwere
vacuum infiltrated with 50mM Tris-HCL, pH 7.8 forrBin using a water jet pump, dried and centrifu@f@@D x g)
for 10 min at 4°C. The filtrate (+ 300 pl) was emited and stored as aliquots (100 pl) eppenddrfjlicates and
used as enzyme extract.

Protein concentration

Protein content of the enzyme extracts was deteunatcording to the method of Bradford [23] usiftglobulin
as standard. The reaction mixture consisted ofjllGlstilled water, 40 ul Bio-Rad reagent and 1G{ahdard (0.5
pg. pul-1Y-globulin).

Super oxidasedismutase activity (SOD) assay and extraction

The enzyme was extracted according to the modifiethod of Milosevic and Slusarenko[24]. Frozen é&sa(lg)

were ground to a fine powder in liquid nitrogentiaxtion buffer (50 mM potassium buffer, pH 7.0)saxsdded in a
ratio of 1:4 (leaf tissue: buffer), then the homoge was centrifuged at 12000 rpm for 15 min at. 4@ reaction
mixture consisted of 50 mM potassium phosphateeouffH 7.8, containing 13 mM methionine, 75 uM bliblue

tetrazolium, 0.1 mM EDTA and 2 uM Riboflavin.

The enzyme extract (30 pul) was added to the reactiixture to a total volume of 1000 pl. The samgphel the
control cuvette were irradiated 30 cm below twafiscent lamps for 30 min in a box covered withmahium foil,
while the blank cuvette was not irradiated. Thengjgain absorbance was measured at 560 nm.

NADPH oxidase activity assay

The enzyme was extracted according to the modifiethod of Milosevic and Slusarenko[24]. Frozen é&sa(lg)
were ground to a fine powder in liquid nitrogentiaxtion buffer (50 mM potassium buffer, pH 7.0)saxsdded in a
ratio of 1:4 (leaf tissue: buffer), then the homuoage was centrifuged at 12000 rpm for 15 min at. A& enzyme
activity was determined from the supernatant usingpectrophotometer (Askerlaidal 1987as modified by
RamachandraRab al [25]). A reaction mixture of 540 pl 50 mM potassi phosphate buffer pH 7.0, 300 pl 150
UM NADPH, 100 pl 100 uM KCM and a 60 ul enzyme astrwas prepared and the change absorbance was
measured at 340 nm for 3 min at 25°C.

B-1,3-glucanase activities assay

The enzyme activity was determined according t& Eiral. [26]. The enzyme assay contained 10 ul of IW, 2b
laminarin (2 mg mit) and 240 pl sodium acetate buffers, pH 4.5. Tédstion mixture was incubated at 37°C for 10
min. 500 ul of a copper reagent (Somogyi) were ddaled the reaction mixture boiled for 10 min andled.
Nelson’s reagent of 500 pl was added to the reaahixture, thoroughly mixed, and the absorbancewad at 540
nm.

Peroxidase activity assay

The peroxidase (POD) activity was determined usingodified method of Zieslin and Ben-Zaken[27]. SThssay
was composed of 840 ul of 40 mM potassium phospbafer (pH 5.5) containing 2 mM EDTA, 100 pl of 5
mMguaiacol, 10 pl of enzyme extract and 50 pl @ ®M H,O,. The change in absorbance was measured at 470
nm for 180 s at 30°C and the specific activity GfPwas expressed as umoltetraguaiacot prgtein min'.

RESULTS

Effect of RWASA2 and RWASA3 infestation on B-1,3-glucanase activity in resistant (PAN3144) and
susceptible (PAN3364) wheat cultivars

The induction off-1,3-glucanase activity of the different cultivdidlowed an increasing pattern as hours post
infestation elapsed. The enzyme activity of thenfested plants of both cultivars remained relayivelv at all-time
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intervals (Fig. 1A and B). The RWASA2? infestatiarduced an increase B1,3-glucanase activity in PAN3144
just after infestation. The activity continued twliease as infestation continued. The highest ediactivity (2.4-
fold) was measured at 48 hpi. RWASAZ2 infestatioo it induce any increase in activity of PAN336btighout
the 120 h period (Fig. 1A). RWASAZ3 infestation iméd a sharp increase finl,3-glucanase activity in thens-
containing cultivar (Fig. 1B). An increase in adtwegan just after infestation (2.3 fold at 24md was sustained
for 72 h, thereafter a decline of activity at 12@dcurred. RWASA2 and RWASA3 inducédl,3-glucanase in
PAN3144 differed. The earliest increase in actiiy3-fold at 24 hpi) was induced by RWASA3 infedita.
RWASAZ3 infestation induced relatively higher levedlsPAN3144 than RWASA?2 infestation (Fig. 1A & B).
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Figure 1: Effect of RWASA2 and RWASA3 infestation on p-1,3-glucanase activity in resistant (PAN3144) and susceptible (PAN3364)
wheat cultivars.

The RWASA2 and RWASA3 induced peroxidase in PAN3d#tered. While, in the earliest increase in aityiy2-
fold at 24 h) was induced by RWASA3 (Fig. 2A & Bhe RWASA?2 infestation induced an increase in pielase
activity in PAN3144 just after infestation (Fig.2A)he activity continued to increase as duratiorindéstation
proceeded. RWASAZ2 infestation did not induce argyrease in activity of PAN3364 throughout the 12pehiod.
RWASAZ3 infestation induced an increase in peroxadastivity in theDn5 containing cultivar which began just
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after infestation (2-fold at 24h, 2.2-fold at 48d1)d was sustained for 72 h, thereafter there w@echne, and at
120 h the activity had declined to control leveigy(2B).
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Figure 2: Effect of RWASA2 and RWASA3 infestation on peroxidase activity in resistant (PAN3144) and susceptible (PAN3364) wheat
cultivars.

RWASA?2 infestation induced an increase in NADPHdase activity in PAN3144 which was evident juseaft
infestation. The activity continued to increasendsstation and the highest induced activity (2B} was measured
at 9 hpi (Fig.3A). RWASAS infestation induced a ghancrease in NADPH oxidase activity in tBa5- containing
cultivar (Fig.B). An increase in activity begarsflafter infestation, and at 9 hpi there was af@®increase. The
activity was sustained for 12 h, thereafter a declof activity towards 24 h. There were levels ofivaty in
RWASA2 and RWASAS, but PAN3144 showed induced ety higher levels of activity than RWASA2
infestation.
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Figure 3: Effect of RWASA2 and RWASA3 infestation on NADPH oxidaseactivity in resistant (PAN3144) and susceptible (PAN3364)
wheat cultivars.

RWASA?Z infestation induced an increase in supemxigmutase (SOD) activity in PAN3144 just aftdegtation.
The activity continued to increase as infestationtionued, but there was a decline towards 24 hpittee highest
induced activity (2.1-fold) was measured 9 hpi (#&). RWASA2 infested and uninfested did not indwgy
increase in activity of PAN3364 throughout the 2geniod. RWASAS3 infestation induced a sharp incréassOD
activity in theDn5-containing cultivar just after infestation (F#B). At 9 hpi, the activity was 2.3 fold higher tha
in the uninfested controls and was sustained foh,lthereafter there was a decline of activity talgsa24 hpi.
RWASA2 and RWASAS induced levels of activity in PBN4 and were not significantly different.
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Figure 4: Effect of (A) RWASA2 and (B) RWASA3 infestation on SOD activity in resistant (PAN3144) and susceptible (PAN3364) wheat
cultivars.

DISCUSSION

Russian wheat aphid remains a threat to wheat gleoduction in South Africa and other countries.otigh
methods like the use of expensive chemicals haeaus®d to sustain wheat plant production, breedbisigtant
cultivars is the most reliable. The defence relardyme activities were used as indicators of irduesistance.
RWASA?Z infestation induced defence responses anthéDn5 containing cultivar and not in tHgnl containing
cultivar. Jankielsohn[4] noted that this RWASAZ2 thjme is distinguished from RWASAL1 on the basis of
itsvirulence toDnl-based resistance in wheat.This is in agreemdhtprevious studies [20, 21] that RWASA2 has
overcome the resistance conferredmi. The fact that RWASA3 infestation induced deferesponses only in the
Dn5 containing cultivar, demonstrates that RWASA&swirulent as RWASA2 tBnl sources of resistance.
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The findings are also consistent with Tolretal [28] who reported that RWASAZ2 infestations in teas Free
State, South Africa, were wide spreadand virulenivheat cultivars carrying thenl resistance gene. The results
further indicate thabn5 confers resistance against both RWASA2 and RWASAsBious scholars[20, 21]reported
that theDn5 gene also confers resistanceDiml gene containing cultivars. Moreover, Jankielsédhng¢ported that
the new biotype RWASAZ3 is virulent to the same stsice sources as RWASARM(1,Dn2,Dn3 andn9), but it
also have added virulence@m4, whereas RWASA?Z is avirulent to this resistarmace.

CONCLUSION

The two RWA biotypes, RWASA2 and RWASA3 are virdléa Dnl containing cultivars. The induction of the
resistance responses by RWASAS indicates that d@visulent toDn5 containing cultivars. Further studies could
unravel the resistance conferred by5 against the three South African biotypes. Sudbrination could be
valuable in deployment of sources of resistanagherwise susceptible cultivars.
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