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Abstract

NPR1 is an essential positive regulator of salicyliddaoduced PR gene
expression and systemic acquired resistance. Twel ioll-length NPR1-like genes;
MNPR1A and MNPR1B, were isolated by application of the PCR and RACE
techniques. The two identifiddNPR1-sequences differed greatly in their expression
profile using gRT-PCR following either elicitor d¥oc treatment. MNPR1A was
greatly expressed aft&oc treatment with higher and earlier expression mRbc-
tolerant cultivar GCTCV-218 than in the sensitiveltivar Grand Naine. In
comparison MNPR1B was highly responsive to SA, but not to MeJA tmeatt, in
both the tolerant banana cultivar GCTCV-218 andrioge sensitive cultivar Grand
Naine. Expression of tHdNPR1 genes further directly related RR gene expression
known to be involved in fungal resistance. Redusaukitivity toFoc in GCTCV-218
might be partially attributed to the higher andeamlier expression of botdNPR1A

andPR-1 in this cultivar aftefFoc treatment.

Keywords. NPR1; Banana;Musa; Fusarium oxysporum; systemic acquired

resistance; PR proteins

Abbreviations: NPR1, non-expressor of pathogenesis-related gen®dNPRI1A,
Musa non-expressor of pathogenesis-related genes MMPR1B, Musa non-
expressor of pathogenesis-related genes 1A; SAgcybBal acid; MeJA, methyl
jasmonate;Foc, Fusarium oxysporum Schlecht f. spcubense (Smith) Snyd; SAR,

systemic acquired resistance; PR proteins, patlesienelated proteins
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1. Introduction

NPR1 is an essential positive regulator of SA-induédigene expression and
SAR [39]. The PR proteins are expressed in plantsesponse to infection by
pathogens such as fungi or viruses [16, 31, 38sé&hnclude PR-1yhose biological
activity is still unknown but seemingly has antifah activity, and PR-3, which
consists of various chitinases and lysozynN#2R1 is localized in the cell cytoplasm
[21] and exists as an inactive oligomer. This aligo has to be activated by the
perception of salicylic acid [21]. Redox changesthe cytoplasm results in the
dissociation of the NPR1 protein into monomeriavecforms, which translocates to
the nucleus where they interact with members of T family of transcription
factors [13]. NPRI-TGA transcription factor compésxare known to bind to SA-
responsive elements in tiR-1 promoter, facilitatingPR gene expression and the
deployment of SAR [27, 39]. The co-regulatory atyiwf NPR1 is facilitated by the
presence of the Bric-a-Brack Poxvirus and zincdm@BTB/POZ) domain and the
ankyrin repeats found within their protein struet{, 8, 28]. In addition to its role in
regulating SAR, a further function dfPR1 in cross-communication between SA- and
jasmonic acid-dependent defence signalling pathwagseen found [24].

Several studies have shown that over-expressidiiPRI provides resistance to
a variety of bacterial and fungal pathogens [11, 12 40]. Also there is evidence
from transgenic plants that SA afiR-1 are required irArabidopsis for resistance
against pathogen infection [34], and thNRR1 is involved in resistance to Fusarium
head blight in wheat [18]. However, transge®ig/za sativa (rice) plants, expressing

an Arabidopsis NPR1 gene displayed a lesion mimic cell death phenofygg¢ while
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rice plants over-expressing a rib’R1 homologue lH1) had increased SA levels
and were more sensitive to light resulting in a dywaenotype [11].

NPR1 is further functionally conserved in diverse plapecies and full length
NPR1 sequences from some of these have been depositdk iGenbank. In the
Arabidopsis genome sixXNPR1-related genes have been identified [17]. In additi
MpNPR1-1, has been recently cloned frokhalus domestica (apple) [19] while in
Brasica juncea, two copies of thé&lPR1 gene have been identified [20]. In rice, three
homologousNPR1-like genesOsSNPRL/NH1, OsNPR2/NH2 andOsNPR3, have been
isolated [40].0sNPRL1 is induced not only after treatment with the rg&thogens
bacterial blightXanthomonas oryzae pv. oryzaerice and blastMagnaporthe grisea,
but also by benzothiadiazole, methyl jasmonate @leahd ethylene [40]. Despite
these reports, information about existence andesgwn ofNPR1-like genes in
monocot plants is still very limited.

The aim of this study was therefore to isolate ahdracterize expression of
NPR1-like genes from banana following SA, MeJA and Fusariueatiment.
Fusarium wilt caused bijoc is one of the most destructive diseases knowramaba
and a major threat to the international bananastmgli26]. Results show that the two
newly isolatedNPR1-like genes,MNPR1A and MNPR1B, greatly differed in their
expression due to elicitor arfeoc treatment in two banana cultivars, a relatively

tolerant cultivar GCTCV-218 and a more-sensitiviicar Grand Naine.
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2. Reaults

2.1. ldentification and isolation of NPR1-like genes

PCR amplification using primer pairs designed riqphfy the highly conserved
ankyrin repeat region of knowdPR1 gene sequences yielded two distinct products of
approximately 570bp. By applying a combinationlsf 8 RACE and 5’-end genome
walking techniques, full-length sequences were aitgol. MNPR1A (GenBank
accession noDQ925843) had a full length of 1927 bp andNPR1B (GenBank
accession noEF137717) had a full length of 2073 bp. The complete amauid
sequences of the two gene sequences displayed d&atity. Further, these full
length sequences had the highest identity withriteeNPR1 gene sequence, 63% for
MNPRI1A and 65% foMNPRI1B (table 1). A preliminary phylogenetic analysis using
bootstrap consensus for neighbour joining, maximpansimony and maximum
likelihood revealed thatINPR1A andMNPR1B grouped closely with other monocot
plants, such as rice and maize, for whdPR1 gene sequences have already been
identified (data not shown).

Detailed analyses of the two MNPR1 sequences ledd¢laat the two sequences
harbour a BTB/POZ zinc finger domain and the ankygpeat domainfigure 1),
typical features oNPR1 genes which are highly conserved across many eseci
However, there is a relative positional change soche amino acid dissimilarities
occur in these domains between the two isolatedesexgs. The BTB/POZ domain of
MNPRI1A was identified at amino acid positions 58 tol36Glevthe ankyrin repeats

were identified at amino acid positions 290 to 388 324 to 349, respectivelygure



139 1). In comparison, the BTB/POZ domain MNPR1B occupies amino acid positions
140 65 to 148 and the ankyrin repeats are found atipnsi302 to 377 and 336 to 361.
141

142  2.2. Elicitor-induced MNPR1 and PR gene expression

143

144  SA and MeJA treatment induc&NPR1A andMNPR1B gene expression in both the
145 tolerant GCTCV-218 and the sensitive Grand Naingaba cultivarsf(gure 2A and
146  2B). However,MNPR1A expression was not significantly (P<0.01) differérdm
147 basal levels of expression in both banana cultigatbe start of the treatmeffitg(re
148 2A). MNPRI1B expression was significantly induced 1.3-fold (40 12 h after SA
149 treatment in Grand Naine and in GCTCV-20M8\JPR1B was significantly elevated by
150 3.2 fold (P<0.01) 24 h after treatmenfigure 2B). In general, MeJA-induced
151 MNPRI1B expression was much lower than SA-indudé§PR1B expression. When
152  plants of both cultivars were treated with MeJA3.2-fold significant induction
153 (P<0.05) in MNPR1A expression was observed at 12 h after MeJA tredtmen
154  followed by a decline in expression in GCTCV-219antcompared to expression at
155 the beginning of the treatmerftgure 2C). Such a significant increase in expression
156  (3.5-fold) (P<0.05) at the same time point followayg a decline in expression was
157 also observed foMNPR1B in GCTCV-219 figure 2D). In contrast, in Grand Naine
158  no significant induction oMNPRI1A (figure 2C) and a 2.9-fold induction dWINPR1B
159  expression over 48 Higure 2D) were found.

160 SA and MeJA treatments also inducB&-1 and PR-3 gene expression in
161 GCTCV-218 and Grand Naindigure 3A and 3B). However, in contrast to SA-
162 induced expression in Grand NairfeR-1 expression in GCTCV-218 significantly

163 increased (P<0.01) at 12 h (1.8-fold), 24 h (5l8)fand 48 h (4-fold) after SA
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treatment. In Grand Naine, no significant increasPR-1 expression occurred over
48 h. HoweverPR-3 expression increased after SA treatment in botiaba cultivars
and expression was significantly higher (P<0.0555@TCV-218 at 24 h (1.8-fold)
and 48 h (1.5-fold) after SA treatment when compaoeGrand Nainefigure 3B).
WhenPR-1 andPR-3 expression was measured in the two cultivars afierA
treatment,PR-1 expression significantly increased (10.9-fold) @F®%) 12 h post
MeJA treatment in GCTCV-218igure 3C) compared to the expression at 0 h. This
was followed by a sharp decline PR-1 expression. Such an increase RR-1
expression was not found for Grand Naine. In catntRR-3 expression significantly
increased following MeJA treatment and expressias W3.9-fold (P<0.05) higher at
48 h post MeJA treatment when compare®m®s3 expression at the beginning of the
experiment figure 3D). In GCTCV-218, no increase iAR3 expression was found

after MeJA treatment.

2.3. Fusariumrinduced MNPR1 and PR gene expression

Expression of bottMNPR1A andMNPR1B was found due téoc treatment in
both banana cultivargigure 4A and4B). However, increase iMNPRLA expression
was much higher (1.3-fold) in GCTCV-218 than in @taNaine. In Grand Naine,
MNPRI1A expression at 24 hours after infection was sigaiftly 1.9-fold higher
(P<0.05) tharMNPR1B expressionfigure 4A) whereas in GCTCV-218 this increase
in expression at 12 hours after infection was l#ld-higher (P<0.05)f(gure 4B) for

MNPR1A compared toINPR1B.
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Both cultivars also express@&R-1 and PR-3 due toFoc treatment figure 4C
and4D). However, Grand Naine expressed significantly el®iR-3 thanPR-1 with a
1.5-fold difference in expression (P<0.05) 24 hoafter infection figure 4C),
whereas GCTCV-218 expressed significantly mBRel than PR-3 with a 3.9—fold
difference in expression (P<0.03)g(ure 4D) 12 hours after infection. However, this
increase iPR-1 expression in GCTCV-218 was followed by a shargide to near

basal levels.
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3. Discussion

This is the first report on the isolationPR1-like gene sequences from banana
and their expression due to elicitor and fungahpgén treatments. We have isolated
two distinct sequencedINPR1A and MNPR1B, from Cavendish banana and both
have the typical features of other previously désc NPR1-like gene sequences.
This includes two identifiable protein-protein irdgetion motifs; a zinc finger and
ankyrin repeat domains (ARD) [8, 13, 28]. Furth&e two sequences share a 78%
similarity in their amino acid sequence but varytheir sequence from previously
describedNPR1-like gene sequences [17]. Our preliminary data alsow that the
two banana sequences also group more closely whttr omonocoNPRL sequences
but less with known dicot sequences (Endah, unglbdl results).

So far, we have no knowledge of the genomic originthe two banana
sequences. Cultivated banana plants in the getuss, such as Grand Naine (AAA),
are derived from the wild diploid banana spediésacuminata and M. balbisiana
[22] contributing either the A or B genome, respaty. Cultivars resulting from this
hybridisation are either diploid (AA, AB, BB), timd (AAB, AAA, ABB), or
tetraploid (AAAB, AABB, ABBB) [22]. InBrassica juncea, there is evidence that the
two versions oNPRL originate from two individual parental genom&si@pa andB.
nigra) [20]. However, since Grand Naine (AAA) only contithe A genome, this
genome has very likely contributed boltNPR1 gene sequences. We currently
speculate that the two sequences could be part greaterNPR1 gene family in
banana and are possibly involved in a variety ah@gen defence mechanisms like
other NPR1-like gene sequences [4, 17]. Alternatively, irgpeecific and inter-

specific hybridisation of subspecies belonging e Musa genus might have

10
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contributed to the overall genome of Cavendish barr@sulting in a very complex
genome [5, 10] in which the A genomes are not idaht

This study further showed thBtNPR1A andMNPRI1B are expressed in banana
after SA and MeJA elicitor treatment. This resalconsistent with findings of other
research groups th&PR1 is expressed when plants sense SA, MeJA or pathoge
attack [8-9, 18, 25, 40]. However, in comparisorMNPR1A, MNPR1B was highly
responsive to SA-treatment in both banana cultieas to a much smaller degree to
MeJA treatment. In a previous study wihjuncea plants, JA was ineffective in both
NPR1 and PR-1 expression [20]. However, in a recent study exqoesof the rice
OsNPR1SA was found after MeJA treatment by Yuarl. [40]. In general, jasmonic
acid pathways have been shown to be activated glherbivore and pathogen attack
[32]. Further, there is evidence tHdPRL1 is also involved in cross-communication
between SA- and jasmonic acid-dependent defensalbigy pathways [24].

In our study both MNPR1A and MNPRI1B expression was associated with
greatly increase®R gene expression in the mdfec-tolerant cultivar GCTVV-218.
This increase was either gradual, as a responS@ tweatment, or rapid followed by
a sharp decline as a response to MeJA treatmestmfar expression profile was
observed in the response BMNPR1B to MeJA treatment. In contradbR-3 was
highly responsive to MeJA treatment but only in there Foc-sensitive cultivar
Grand Naine. Future research has therefore to sh&NPR1B, in comparison to
MNPR1A, is more prominently involved iRR-3 expression.

In this study there was also a clear differenceMINPR1A and MNPR1B
expression followingFoc treatment. MNPR1A, but not MNPR1B, was more
responsive in both cultivars to treatment witbc. Response té-oc treatment was

also earlier and of a higher magnitude in the nkmetolerant cultivar GCTCV-218

11
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than in the mord-oc-sensitive cultivar Grand Naine. Similar observasiavere also
made on the expression of the two pathogenesitedezened’R-1 in GCTCV-218
andPR-3 in Grand Naine. Less sensitivity Enc in GCTCV-218 might be partially
attributed to a higher and an earlier expressioath MNPR1A and PR-1 in this
cultivar after Foc treatment. This response &R-1 has also been reported for
GCTCV-218 after treatment witlroc [36]. There is evidence that necrotrophic
pathogens, such as Fusarium, elicit the jasmon/edhylene-dependent pathway,
whereas biotrophic pathogens elicit a SA-dependmthway [23, 33]. Recent
analysis in Arabidopsis further revealed that tesise toFusarium oxysporum
requires, besides the ethylene, jasmonic acid, @hdcignalling pathways also the
NPR1 gene [7]. Since we did not observe a pronouncsporesse byMNPR1A to SA
or MeJA treatment in comparison to the high respahst was found foMNPR1B
after SA treatment, we currently speculate MaIPR1A might be more responsive to
the ethylene dependent pathway when treated Fath

This study has provided first evidence for thestetice of a possibPR1 gene
family in banana. We have also shown that the twwiy identified MNPR1-
sequences differ greatly in their expression peofdllowing either elicitor orf~oc
treatment. Expression of the two gene sequencésefurelated to the expression of
two specificPR genes known to be involved in fungal resistancawéler, the exact
function of the two gene$/NPR1A andMNPRIB, in plant defence response is yet to
be elucidated in further studies. As a first steyg, are currently investigating if
transformed plants over-expressing eithi®PR1A or MNPR1B are more resistant to

Foc treatment.

12
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268 4. Materialsand methods

269

270 4.1. Isolation of banana NPR1-like gene sequences

271

272 For the isolation ofNPR1-like gene sequences from banana, PCR primers
273  (forward primer 5-GAGCTTTTGGATCTCGCACTTGCAGA-3'everse primer 5'-
274 CCGAGCTCCACTGTTTTGGAGAGTGCT-3") were designed usigimer 3
275  software based on sequence information availall¢ht riceNPR1 gene (GenBank
276  accession nAAY92398). Double-stranded cDNA synthesized from Cavenbtmmana
277  (Grand Naine) roots was used as a PCR templatearkplification by PCR, a primer
278  annealing temperature of 55 °C was used in a stdrRIaR reaction.

279 A combination of both 5" and 3' Rapid Amplificati@f cDNA Ends (RACE)
280 and genome walking were applied to isolate fulgancDNA clones ofNPR1-like
281 banana sequences. For isolationMfIPR1A, both 5' and 3' RACE was performed
282 using the GeneRacer™ kit according to the manufectuinstruction (Invitrogen,
283 USA) along with gene-specific primers. Two nestede&specific forward primers 5'-
284 TGGTGATGACTTGCGGGGAAGATT-3 and S'-
285 TTGCCATGGACATTGCTCGAGTTG-3' and two reverse nestpdimers 5'-
286 AATCTTCCCCGCAAGTCATCACCA-3 and 5'-
287 TGCGGGTCTCTTCTTTCAGCTTGC-3' were used to amplife tB'- and 5'-ends,
288 respectively, of theMNPRLA gene. Both ends were joined by amplifying with
289 forward 5'-CGGCGCGATATGGAAGACAA-3 and reverse 5'-
290 GCAGGAGTCAGCAAAAGGAAGC-3' primers that flank the dmg region and a
291  portion of un-translated regions (UTRs) of thiNPR1A gene. Similarly, 3' RACE

292 was performed to isolate the 3' end MNPR1B using two nested gene specific

13
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primers 5-TGATGGCACATCGGAGTTCACC-3' and 5'-
GCATCTGGCACGAATGAGAGCA-3. The 5" RACE, 5' neste8l, RACE and 3'
nested primers were provided with the GeneRacert™irkritrogen, USA) that were
used together with the gene specific primers. Then8 ofMNPR1B was amplified
from genomic DNA by genome walking using a seriege@ne specific and adapter
specific primers from a library generated by digestwith different restriction
enzymes EcoRV, Pwull, Smal, Scal and Slul) and ligation of adapters according to
the method described by Siebettal. (1995). The coding region and portions of
UTRs of MNPR1B were then amplified from a cDNA template usingwiard 5'-
TTGGACGACGGCGGTACACG-3' and reverse 5'-
CAGCATGATCTAGTGGTGTGTCATGG-3' primers. All amplifte PCR products
were T/A cloned into the pCR4-TOPO cloning vectmvitrogen) and sequenced

using M13 forward and reverse primers.

4.2. Sequence analysis

Sequencing of the inserts was performed by usiteg BigDye’ Terminator
Cycle Sequencing FS Ready Reaction Kit, v 3.1(lReBtmer, Applied Biosystems,
USA) in an ABI PRISM 3100 automatic DNA-Sequencer (Applied Biosystems).
The BLASTN and BLASTP programs [1] were used fon@eequence similarity
searches. Amino acid sequences of selected moaadotlicotNPR1-like sequences
were aligned using Clustal W [35] and ExPASYy [1%swutilized for the prediction of
amino acid features and identification of consendsmmains of MNPR1A and

MNPRI1B.

14
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4.3. Plant material and treatment

Tissue cultured banana plants (cv Grand Naine &@IrCV-218) were
hydroponically grown in 250 mL cups in a green ®ftalowing the method of Van
den Berget al. [36]. Once plants had attained a five leaf stage had developed a
healthy root system, they were challenged with moculum of Foc (2.5 x 16
condia/mL) 5 mM SA or 5 uM MeJA. Unless stated otherwise, the enbiot system
was harvested at time points 0, 12, 24, and 484t fpeatment and flash frozen in
liquid nitrogen and stored at -&D. Three plants were used for each time point for
every treatment, and for sample collection rootsthaf three plants were pooled
together. The experiment was repeated once.

Pathogen infection of the banana plants was derdescribed in Van den Berg
et al. [36]. The entire root system of the control plawts slightly wounded and 2.5
mL of sterile distilled water was added to each.@pntrol samples were harvested
in the same manner as described above.

Treatment with SA was performed following a maefifimethod of Andersoet
al. [2]. Both the roots and leaves of each plant vegrayed with a 5 mM salicylic
acid salt solution until imminent run-off. Planteng kept in a closed Perspex box
until time for collection of samples. Control plantere sprayed in the same way with
sterile distilled water. Treatment with MeJA wasris out by taping cotton balls
containing 400 pL of a 5 uM MeJA solution in ethbioo the roof of a sealed
Perspex box in the which banana plants were kdp&Aand MeJA treated samples

were collected and stored as described above.

4.4. RNA Extraction and cDNA synthesis

15
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343

344 Total RNA was extracted from root material of Giadaine and GCTCV-218
345 using the Qiagen RNeasy plant mini kit (Qiagen,éviala, CA) according to the
346  manufacturer’s instructions. Traces of DNA in theARsamples were eliminated by
347 treating each RNA sample with DNase 1 (Fermentés &ciences, Hanover, MD).
348  First strand cDNA was subsequently synthesized fioenDNA-free RNA samples
349 by random hexamer primering (Fermentas Life Scignétanover, MD) using the
350 first strand cDNA synthesis kit according to thenuiacturer’s instruction (Promega,
351 USA). The quality of the cDNA was verified by anfping a 170 bp actin fragment
352 (data not shown) with banana actin forward 5-ACCGICCCCTCTTAACCC-3
353 andreverse 5-GTATGGCTGACACCATCACC-3’ primers [37]

354

355 4.5, Quantitative RT-PCR

356

357 Four genedMNPR1A, MNPR1B, PR-1 and PR-3) were used for expression
358 studies in Cavendish banana plants. The Musa 288 Ras used as an endogenous
359 control. Primer 3 was used to design primers figiNPR1A and MNPR1B gene
360 sequences while primer sequences for the ampldicaif PR-1, PR-3 and Musa 25s
361 rRNA PCR products were obtained from Van den Ber@l. [36]. Primers for
362 MNPR1A were 5-GTCGGCATTGTACCAACACA-3' (forward primer) mal 5'-
363 CAGTGCAGGAGTCAGCAAAA-3 (reverse primer); MNPR1B 5'-
364 AGGTTTGCCCGAACAAGAAG-3 (forward primer) and 5-
365 TGAGAGGCAACAACTCAGAGAG-3’ (reverse primer).

366 Quantitative real time PCR (qRT-PCR) was performsithg the LightCycler®

367 480, 384-well PCR plates and the LightCycler® 480BR Green | Master kit

16
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(Roche Diagnosits, Germany) following the manufeats instructions. All reactions
were conducted in triplicate with each PCR reactonsisting of 1 pL of the diluted
template (1/10), uM primers, and 5 pL Lightcycler® 480 SYBR-Green &aster
mix. The reaction volume was adjusted to 10 pL witiclease-free water. Non-
template control (NTC) reactions contained watestaad of cDNA as template.
Cycling consisted of an initial denaturation phas&0 min at 95°C an amplification
phase of 45 cycles each consisting of a denatuaratep at 94°C for 5 s, annealing at
63°C for 5 s and extension at 72°C for 10 s. Irdiial PCR products were analysed
by melting-point analysis during which samples wkeated from 65°C for 10 s to

95°C and the decline in fluorescent signals of eadividual sample was assessed.

4.6. Data analysis

QRT-PCR data was analysed as previously descrimedthe Applied

Biosystems, User Bulletin No. 2 [3]. The significarnof differences for all treatments

and between the two cultivars was analysed by Cae-ANOVA and the Tukey

Highest Square Difference (HSD) test at p<0.05guitine Statistica software [30].
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511
512 Table I. Homology between MNPR1A and MNPR1B and NifiRe amino acid

513 sequences (% identity) in plants.

514
MNPRIA MNPRIB
Musa NPRIA (MNPR1A) i
Musa NPRIB (MNPRIB) 78
Capsicum anmim 60 63
Oryza sativa 63 63
Hordeum vigare 60 62
Nicotiana tabactm 58 62
Lycopersicum esculentum 60 63
Arabidopsis thaliana 47 8
Brassica napus 46 46
Helianthus anmius 40 38
515
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Figurelegends

Fig. 1. Multiple alignment oMNPR1A andMNPRI1B with selected plant NPR1-like
amino acid sequences. Amino acid sequences wageedliby Clustal W multiple
alignment software (Thompsaat al., 1994). Identical amino acids are represented
with dots. Vertical rectangles represent consemsteine residues and horizontal
rectangles represent BTB/POZ domain (filled) consérankyrin repeat domain in
both MNPR1A and MNPR1B. Accession numbers usedhi@& alignments are
Capsicum annum (ABG38308.1), Lycopersicum esculentum (AAT57637.1),
Nicotiana. tabacum (ABH04326.1), Oryza sativa (NP_001042286.1)Hordeum.
vulgare (CAJ19095.1) Arabidopsis thaliana (AAM65726.1), andBrassica nhapus

(AAM88865.2).

Fig. 2. Relative gene expression levels in rootsplaints of Cavendish banana
cultivars GCTCV-218 and Grand Naine. Gene expressi@s determined for
MNPR1A andMNPR1B after treatment with 5 mMsA (A) and (B) and 5 uM MeJA
(C) and (D), respectively. Samples were collectedl laand 12, 24 and 48 hours after
treatment with the pathogen or the respectiveteticirhe experiment was repeated
once; the relative expression was determined bytgative RT-PCR and expressed
relative to a ‘calibrator’, the expression levelGat. The relative expression ratios
were plotted on the graph. Results are meanSEM of six individual plants.

*Significant difference at P<0.05.
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Fig. 3. Relative gene expression levels in rootsplaints of Cavendish banana
cultivars GCTCV-218 and Grand Naine. Gene expressias determined foPR-1
and PR-3 after treatment with 5 mMbA (A) and (B) and 5 uM MeJA (C) and (D),
respectively. Samples were collected at 0 h and242and 48 hours after treatment
with the pathogen or the respective elicitor. TRpegiment was repeated once; the
relative expression was determined by quantited®VePCR and expressed relative to
a ‘calibrator’, the expression level at 0 h. Thiatiee expression ratios were plotted
on the graph. Results are meahsSEM of six individual plants. *Significant

difference at P<0.05.

Fig. 4. Relative gene expressionMNPR1A andPR-1 (dark bars) an#INPR1B and
PR-3 (white bars) inFoc-infected roots of Cavendish banana cultivar Griiadhe
and GCTCV-218. Samples were collected for analgs@sh and 12, 24 and 48 hours
after treatment. Relative gene expressioiMdiPR1A and MNPRI1B (A and B) and
PR-1 andPR-3 (C and D) was determined and compared in eacheotultivars. The
experiment was repeated once; the relative exjpressas determined by quantitative
RT-PCR and expressed relative to a ‘calibratorg #xpression level at 0 h. The
relative expression ratios obtained from the onbumded control plants at each time
point was subtracted from those of the infected wodnded samples to obtain the
effect due to infection only. The expression ratiog to infection were plotted on the
graph. Results are meafisSEM of six individual plants. *Significant diffenee at

P<0.05.
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Figure 3
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Figure 4
A Grand Naine B GCTCV-218

10 B MNPRIA 10 W MNPRIA
2 0 MNPRIB = 0 MNPRIB
S8 g 87
A "
B B
B 6 B 6 #
[ 1] 1]
n . x
k- %
e 2 g 2

1] 12 24 48 0 12 24 48
Hours after Foc treatment Hours after Foc treatment
[} Grand Naine D GCTCV-218

10 = PR-1 4 . PR-I
& 0O PR3 = & O PR3
s g g 10}
w 2

6 ® 2
E g 6
- 1]
g4 £
I =
" i-t‘ é 2

[| _jI‘ L L I iI‘ ] -

0 12 24 48 0 12 s | 48

Hours after Fec treatment

Hours after Fec treatment

29




