Physiological and Molecular Plant Pathology 113 (2021) 101583

ELSEVIER

Contents lists available at ScienceDirect
Physiological and Molecular Plant Pathology

journal homepage: www.elsevier.com/locate/pmpp

Check for

Virus-induced gene silencing of Xa38 compromises the resistance towards | W&

bacterial blight disease of rice

R. Kant®, K. Kumari“, P. Mishra ", R. Rai”, K. Singh ¢, I. Dasgupta®"

2 Department of Plant Molecular Biology, University of Delhi South Campus, New Delhi, 110021, India

Y [CAR-National Institute for Plant Biotechnology, Pusa Campus, New Delhi, 110012, India

¢ ICAR-National Bureau of Plant Genetic Resources, Pusa Campus, New Delhi, 110012, India

ARTICLE INFO ABSTRACT

Keywords:
Bacterial blight
VIGS

Xa38
Transcripts
Resistance

Bacterial blight (BB) is one of the most destructive diseases of rice, caused by the bacterial pathogen Xanthomonas
oryzae pv. oryzae (Xoo). Several BB resistant genes have been deployed in rice cultivars. One such gene is Xa38,
which exhibits resistance against several Indian Xoo races. Since the detailed characterization of Xa38 is still
awaited, we have used Virus Induced Gene Silencing, using the rice-specific pRTBV-MVIGS system, to silence
Xa38 and study its effect on the symptom development of BB. We find that Xa38 silencing compromises the

resistance towards Xoo. Silencing results in increased BB symptoms and enhanced Xoo accumulation.

1. Introduction

Rice (Oryza sativa L.), the most important staple food crop, accounts
for 35-60% of the calorie’s consumption in Asian countries [1]. Bacte-
rial blight (BB) disease caused by Xanthomonas oryzae pv. oryzae (Xo00) is
one of the most devastating diseases, mainly in irrigated and rain-fed
lowland areas, prevalent in both tropical and temperate regions of the
world, including majority of Asia, Northern Australia, United States of
America and parts of West Africa. BB poses a significant threat to sus-
tainable rice production in the regions mentioned above [2-4]. BB is
managed primarily through the deployment of host resistance (R) genes.
To date, more than 40 R-genes identified from various wild varieties,
land races and mutant populations, have been reported to confer resis-
tance against BB [5,6] (Table 1). Of the above, only twelve genes (Xal,
Xa3/Xa26, Xa4, xa5, Xal0, xal3, Xa21, Xa23, xa25, Xa27, xa41) have
yet been characterized [75,76] at the molecular level and elucidate
diverse mechanisms adapted by rice to confront Xoo (Table 2). Unlike
other plant-pathosystems, including rice-fungi, where the major resis-
tance genes encode polypeptides comprising nucleotide binding (NB)
leucine-rich repeat (NB-LRR) domains [95], rice Xoo utilizes only one
NB-LRR type gene, so far (Xal, 7) and others encompass receptor-like
kinases e.g.Xa21 [46], Xa26 [96]), MtN3/saliva gene family member
(xal3, [97,98]), transcription factor (xa5, 19) and other biochemically
different proteins e.g.Xal0 [87] and Xa27 [99]. The diversity of genes
and molecular mechanisms utilized by rice uniquely against Xoo,
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underlines the need to characterize more Xa genes.

Xa38, a relatively recent R gene identified in Oryza nivara acc. IRGC
81825 and mapped on the chromosome 4 L in a 38.4 kb region [100], is
reported to be highly effective against several Indian Xoo races [66].
Further refinement of its molecular map has suggested the locus
LOC_0s04g53030 as the most probable candidate for Xa38 [101].
Marker assisted introgression of Xa38 into popular Indian cultivated rice
varieties, susceptible to BLB, underscores its importance in conferring
BB resistance [102,103]. However, as with many other BB host resis-
tance sources identified, understanding the molecular mechanism of
resistance conferred by Xa38 awaits its cloning and characterization.

23.  xa25/ 12 Chinese and Minghui 63, HX-3 [14,
Xa25 Philippine races (somaclonal mutant of 54]
w/ Minghui 63)
Xa25
24.  Xa27 6 Chinese strains O. minuta IRGC 101141, [54,
and Philippine IRBB27 55]
race 2to 6
25. xa28(t) - Philippine race2 Lota sail [14]
26.  Xa29(t) 1 Chinese races O. officinalis (B5) [56]
27.  Xa30(t) 11 Indonesian races O. rufipogon (Y238) [571
28.  xa31(t) 4 Chinese races Zhachanglong [58]
29.  Xa32(t) 11 Philippine races Oryza australiensis [59]
(introgression line C4064)
30. xa33(t)/ 7 Thai races Ba7, O. nivara [60,
Xa33 61]
31. xa34(t) 1 Thai races Pin Kaset, O. brachyantha
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Table 1
List of BLB resistance genes identified.

Table 2
Xa genes characterized at molecular level.

Identified Xa resistance genes Characterized Xa genes

S. Xa Chromosome  Races of Donor variety References S. Xa genes Encoding proteins References
No. genes Xoo against No.
hich
:Zsilsctance 1 Xa3/Xa26 Leucine-rich repeat receptor like kinase [11,77,78]
exhibited [LRR.-RLK.] ‘ -
2 Xa21 Leucine-rich repeat receptor like kinase [46,79]
1 Xal 4 Japanese Kogyoku, IRBB1 [7-9] [LRR-RLK]
race-I 3 Xa4 Wall-associated kinase/RLK [80]
2 Xa2 4 Japanese IRBB2 [8,10] 4 xal3 SWEET-type protein [MtN3/saliva] [36,81]
race-II (OsSWEET11)
3. Xa3/ 11 Chinese, Wase Aikoku 3, [11-16] 5 xa25 SWEET-type protein [MtN3/saliva] [82,83]
Xa4b/ Philippine Minghui 63, (OsSWEET13)
Xa6/ races, and IRBB3, Zenith, 6 xa41 SWEET-type protein [70,
xa9/ Japanese Khao Lay Nhay (OsSWEET14) 84-86]
xa26 races and Sateng, Nep 7 Xal0o Executor R protein, encodes 126 A A, [87]
Bha Bong with four potential transmembrane
4. Xa4 11 Philippine TKM6, IRBB4 [16-18] helices.
(Xa4a) race-I 8 Xa23 Executor R protein, encodes 113 A A, [88,89]
5 xa5 5 Philippine IRBB5 [17,19, with four potential transmembrane
races I, II, 20] helices.
111 9 Xa27 Executor R protein [Apoplast, rice unique [90]
6. Xa7 6 Philippine DZ78 [21-24] gene]
races 10 Xal NBS-NLR (Nucleotide binding domain or [7,91]
7. xa8 7 Philippine PI1231128 [25] site and leucine rich repeat)
races 11 xa5 TFIIA transcription factor (TFIIA [92-94]
8. Xalo 11 Philippine Cas 209 [26-28] transcription factor IIA)
and
Japanese
races (continued)
9 Xall 3 Japanese IR8 [29,30] Chinese and
;faIcAes\;B, I Philippines races
10 Xal2 4 Ind ’ . K ku. Javald 11311 37. Xa40 (v 11 Korean BB races IR65482-7-216-1-2 [69]
) a rzcglzleswn ogyoxuy, Java 38. xa41(t) - Various Xoo Rice germplasm [70]
. e strains
1. xal3 8 i::%pme BJ1, IRBB13 [32-36] 39. xa42 3 Japanese Xoo XM14, a mutant of IR24 [71]
s . races
12 Xal4 4 f:c‘l‘gp‘"e N1 [37-39] 40.  Xa43 11  KoreanBBraces P8 (IRGC: 126,955) [61
41. xa44 11 Korean BB races IR73571-3B-11-3-K3 [72]
13. xal5 - ::f:snese M41 mutant (401 42.  Xa45 8 Indian Punjab Oryza glaberrima [73]
L races (IRGC:102600B)
14. Xal6 - Japanese Tetep [41] 43.  Xa46(t) 11 Chinese Xooraces  japonica line [74]
races - Lijiangxintuanheigu (LTH)
15. Xal7 - Japanese Asominori [42]
races
16. Xal8 - Burmese IR24, Miyang23, [43]
races Toyonishiki Virus Induced Gene Silencing (VIGS) technology, offers a rapid and
17.  xal9 - Japanese XMS5 (mutant of [44] convenient avenue for the functional analysis of plant genes [104-109].
18 20 ;aces ;(Rl\ig)( . 5] VIGS exploits the plant defense pathway, based on RNA-interference
. X - apanese mutant of . g . .
rafes 1R24) (RNAI) for the sequence-specific degradation of transcripts through
19.  Xa21 1 Philippine 0. longistaminata, [46-48] inoculation of recombinant viral vectors carrying fragments of the gene
and IRBB21 to be silenced. VIGS results in the transient loss of function of the target
Japanese gene in the plant, which leads to a measurable phenotype, thereby
races : s . .
revealin ene function in a relatively short time [106,110,111].
20.  Xa22 11 Chinese Zhachanglong [49,50] € R g the g u ,Ct o a relatively short time [ ’ ’ ]
races Using VIGS, the functions of several plant genes have been revealed,
21.  Xa23 11 Indonesian  O. rufipogon [51] both for dicots [112-115] as well as monocots [116,117]. Of the several
races (CBB23) VIGS vectors developed for gene silencing in monocots [109], one
2. xa24 2 Ph(lihppme DV86 [52,53] derived from the rice-infecting DNA virus, belonging to the species Rice
t o .
@ Zr}llinese tungro bacilliform virus (pRTBV-MVIGS, 117) has been demonstrated to
races be a suitable system for rice. In this study, we deployed pRTBV-MVIGS
system to examine the candidature of locus LOC_0Os04g53030in Xa38
. mediated resistance.
(continued)
EZ?’ 2. Material and methods
0.
32,  Xa35(t) 11 Philippine races Oryza minuta (Acc. [63]
No.101133) 2.1. Plant material and bacterial strains
33.  Xa36(t) 11 Philippine races C4059 [64]
34. ;‘137 v dien Puniab e ccals [EZ] The rice varieties PR114BB susceptible and PR114 (Xa38) BB resis-
3 a38 4 ch:n uwa 0. nivara IRGC81825 27]’ tant were grown in an insect-free growth chamber (Conviron S10H) at
36. Xa39 11 FF329 [68] 30 OC, 60%-70% relative humldlty and L14:D10 (hghtdark) hours for

(continued on next column)

two months. Bacterial Xoo strain PbXo7 was grown in peptone sucrose
agar incubated at 28 °C for 2-3 days. Bacterial strain DH5a and
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agrobacterium strain EHA105 was grown in Luria-Bertani agar incu-
bated at 37 °C and 28 °C respectively.

2.2. Construction of gene silencing plasmids for VIGS

For VIGS, it is not necessary to clone the entire gene to be silenced in
the vector and in most cases only part of the gene to be silenced is cloned
[118]. To clone the putative Xa38 gene fragments in pRTBV-MVIGS
vector, 5988 bp of the candidate locus, LOC_0s04g53030_nivara [101]
was targeted. The two longest ORFs, ORF-I (1703 bp) and ORF-III (1775
bp) out of four found using ORF Finder (https://www.ncbi.nlm.nih.go
v/orffinder/), were selected for further analysis. Primers were
designed (Table 3) to amplify 520 bp from each ORF separately, through
PCR from cDNA prepared using total RNA extracted from PR114 (Xa38)
plants. The amplified products were cloned in antisense orientation at
Mlul and Pacl restriction enzyme sites of pRTBV-MVIGS. The clones
were named as pRTBV-MVIGS-Xa38(ORF-I) and pRTBV-MVIGS-Xa38
(ORF-III) respectively (Fig. 1). The above constructs including
PRTBV-MVIGS (empty vector) were mobilized into the Agrobacterium
strain EHA105 for gene silencing.

2.3. Agroinoculation

Agroinoculation was performed as described earlier [108]. Agro-
bacterium cells containing pRTBV-MVIGS, pRTBV-MVIGS-Xa38(ORF-I)
and pRTBV-MVIGS-Xa38(ORF-III) were inoculated in 20-day old PR114
(Xa38) andPR114 rice plants. The inoculations were performed at the
meristematic region, using 1 ml syringe. The inoculated plants were kept
in controlled conditions at 28 + 2 °C, 80% humidity in a growth
chamber for 24 days to study the gene silencing effect onXoo
pathogenicity.

2.4. Real time PCR analysis of Xa38 transcripts

Total RNA was isolated from agroinoculated rice plants at 24 days
post-inoculation (dpi) using RNeasy plant mini kit (Qiagen, Germany) as
per manufacturer’s instructions. About 2 pg isolated RNA was converted
to cDNA using high capacity cDNA synthesis kit (Applied Biosystems™,
USA) as per manufacturer’s instructions. Real-time PCR was performed
using KAPA SYBR® fast qPCR Master Mix (KAPA Biosystems, USA) ac-
cording to manufacturer’s instructions, to quantify the accumulation of
transcripts specific to ORF-I and ORF-III of the candidate locus
LOC_0s04g53030in PR114 (Xa38) plants silenced with pRTBV-MVIGS
Xa38(ORF-I/III) and silenced with the empty vector (pRTBV-MVIGS),
using Xa38-specific real-time PCR primers (Table 3, qRT Xa38-ORF I/
I11). The ubiquitin transcript (UBQ5, Genbank accession no. AK061988)
was used as internal control and all real-time PCR primers were designed
using Primer Express® software (Applied Biosystems™, USA). The
relative transcript accumulations were calculated using comparative Cr

Table 3
Primers used in the study.
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method [119].
2.5. Challenging rice plants with Xoo and disease assessment

Rice plants of variety PR114, which is susceptible to Xoo strain
PbXo7 from pathotype VII identified in Punjab [120] and the variety
PR114 (Xa38), resistant against PbXo7 [66] were used for disease phe-
notyping. Bacterial suspension of Xoo strain PbXo7 (ODggo of 0.5) was
used to artificially infect the plants using leaf clip inoculation method
[121]. Challenge of plants withXoo was carried out at 10 days
post-agroinoculation for gene silencing. During all experiments plants
were kept in the growth chamber conditions already mentioned in sec-
tion 2.1. Lesion lengths were measured at 14 days post challenge, in both
control (empty vector) and Xa38-silenced plants. The experiment was
repeated thrice.

2.6. PCR-based detection of Xoo

Symptomatic and asymptomatic leaf samples were collected 14 days
after Xoo challenge and genomic DNA was isolated from the collected
leaf samples using DNAeasy plant mini kit (Qiagen, Germany) as per
manufacurer’s instructions. Isolated genomic DNA was further used for
the PCR-based detection of Xoo. PCR was performed according to a
previously published method [122] using the primers specific to Xoo
insertion sequence element (IS1113, Table 3). The reaction mixture was
incubated in thermal cycler for initial denaturation at 94 °C/2 min,
denaturation at 94 °C/20 s, annealing at 56 °C/20 s, extension at
72 °C/50 s followed by final extension at 72 °C/7 min for 40 cycles.

2.7. Semi-quantitative PCR to quantify the levels of Xoo

After confirming the presence of Xoo, the leaf samples were further
used for semi-quantitative PCR to quantify the levels of Xoo DNA in
control plants, silenced using the empty vector pRTBV-MVIGS and
plants silenced using pRTBV-MVIGS Xa38(ORF-I/III). The semi-
quantitative PCR was performed by diluting the extracted DNA in
autoclaved milliQ water in 1:10, 1:50, 1:100 and 1:200 dilutions. PCR
was performed using the primers specific to Xoo insertion sequence
element (IS1113, Table 3) and employed the conditions described in
section 2.6.

3. Results

3.1. VIGS-based silencing of Xa38 ORF-I and ORF-III reduced target
transcript accumulation

To test if LOC_04g53030 has any contribution towards resistance
mediated by Xa38, we chose to individually silence two (ORF-I and ORF-
1) of the four putative ORFs spanning the locus. The pRTBV based

Primer name Primer sequence (5'—3')

Position on Loc_0s04g53030_nivara, UBQ5 nucleotide sequences

Xa38_(ORF I) FP TTAATTAATGTGGGAAGACAAGGAT

Xa38_(ORF I) RP ACGCGTGACACAAAGCTTTGT
Xa38_(ORF III) FP TTAATTAAATTCACCTCCCTTGAGG
Xa38_(ORF III) RP ACGCGTTGAAAGCGTCAAGT
qRT Xa38-(ORFI) FP GCTTGCAACGCTGTTTCTCT
qRT Xa38-(ORFI) RP CCAAATCCACCAATTTGTCC
qRT Xa38-(ORFIII) FP GCTGTCCACTTCATGGGAAT
qRT Xa38-(ORFIII) RP CGTCAAGTGTTGGAGGGAGT
qRT UBQ5-FP ACCACTTCGACCGCCACTACT
qRT UBQS-RP ACGCCTAAGCCTGCTGGTT
TXT (XO)-FP* GTCAAGCCAACTGTGTA
TXT4R (XO)-RP* CGTTCGCGCCACAGTTG

1173-1189
1677-1692
4198-4214
4703-4717
2234-2254
2382-2402
5038-5057
5200-5183
508-528

558-576

Note: Bold letters in the primer nucleotide sequence represent restriction enzyme sites.

? Indicate primers used for IS1113.
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RM17499 1.5 0.2
.......... [ |
(a) R | | Chr 4L
0504g53050-1—| L 404053060-1
0s04g53030 —
419 2122 2471 3212 3269 5044--__5723 5953
1173 1692 4198 4717 Tyl
S| up e )| i 4.
(b) ] ] | ] Putative ORFs of Xa38
ORFI/ ORF I ORFII | OrRrry  (0s04g53030)
3 €— 5 |

(©)

520 bp of ORF 1

pRTBV-MVIGS

pRTBV-MVIGS-Xa38(ORF-I)

pRTBV-MVIGS

pRTBV-MVIGS-Xa38(ORF-III)

Fig. 1. Schematic representation of linkage map of Xa38, putative Xa38 ORFs and recombinant pRTBV-MVIGS clones. (a) Linkage map of locus 0s04g53030 (Xa38)
along with markers on chromosome 4 L and numbers indicate the position of markers. (b) Indicates the identified four putative ORFs (I-IV) of Xa38 and numbers
show the nucleotide positions of all four ORFs and target gene fragments for cloning respectively. (c-d) Vector maps of recombinant pRTBV-MVIGS constructs for

Xa38-ORFI and Xa38-ORFIII showing specific sizes of gene fragments.

silencing constructs were generated as schematically depicted in Fig. 1
and delivered into the PR114-Xa38 seedlings. Next, to assess the
silencing efficiency of these constructs for their respective targets
endogenously, we measured the transcript accumulation of both ORF-I
and ORF-III in the treated seedlings. The transcript levels of ORF-I and
ORF-III exhibited reduction by 50% and 55% respectively in PR114-
Xa38 plants treated with silencing constructs, relative to their levels in
plants treated with empty vector construct (Fig. 2). The results were
reproducible in three independent experiments.

3.2. Silencing of Xa38 ORFs caused increase in BB symptoms

Having attenuated expression of the two ORFs, we next wanted to
check if the attenuation affects the resistance mediated by Xa38. Xoo
strain PbXo7, has been previously reported to be compatible with PR114
and incompatible with Xa38 introgressed in PR114. Both these rice lines
were therefore included as controls for our disease assay experiment.
The reported phenotype tested true in our experiments also, as PR114, in
response to inoculation with PbXo7 exhibited strong disease symptoms
in the form of lesions (about 11 cm, Fig. 3a). Whereas PR114-Xa38’s
response to PbXo7 was same as to that of water, evidencing resistant
phenotype (Fig. 3b). To check if the vectors delivered through Agro-
bacterium amount to any symptomatic response from the plants being
treated, we mock-inoculated the plants pre-infiltrated with empty vec-
tor. None of these plants resulted in disease symptoms (data not shown).

With the controls authenticated, working towards our hypothesis, we
next challenged the PR114-Xa38 plants infiltrated with the silencing
constructs, with Xoo strain PbXo7. Xoo inoculation in both ORF-I

12

0.8

0.6

0.4

Relative transcipt levels of Xa38

0.2

ORFIII silenced

ORFT silenced

Mock silenced

Fig. 2. Quantitative estimation of Xa38 gene silencing. Relative transcript
levels of Xa38-ORFI and Xa38-ORFIII in PR114-Xa38 plants silenced with
PRTBV-MVIGS-Xa38(ORFI) and pRTBV-MVIGS-Xa38(ORFIII) constructs as
compared to control plants are shown by bars. Each set of bars represents
average of three experiments. The transcript levels of Xa38 ORF-I and Xa38
ORF-III in the control plants inoculated with pRTBV-MVIGS (empty vector)
have been set to 1. Error bars represent the standard deviation of mean. The
data is an average of three individual experiments with three biological and
technical replicates.
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—_~
(2)
~

PR114(Xa38)rice plants (Resistant)

Mock PR114-Xa38 ORF-I, Xoo challenged

PR114-Xa38 PR114-Xa38 PR114-Xa38
ORFI ORFIll

PR114

Fig. 3. Symptoms of BB 14 days after challenge of Xoo.(a) PR114 plants silenced with pRTBV-MVIGS (empty vector).(b) PR114-Xa38 plants silenced with pRTBV-
MVIGS (empty vector).(c) PR114-Xa38 plants silenced with pRTBV-MVIGS-Xa38(ORF-I) and (d) PR114-Xa38 plants silenced with pRTBV-MVIGS-Xa38(ORF-III).
Mock-inoculated plants without Xoo infection (inoculated with water) are also shown in each case. (e) Representation of mean lesion lengths (cms) for Xoo inoc-
ulated leaves in PR114 susceptible plants, PR114-Xa38 resistant plants silenced with empty vector, vector containing Xa38(ORF-I) and vector containing Xa38(ORF-
III) respectively. Error bars represent the standard deviation of mean. Asterisks represent statistically significant differences in values between two treatments (**p >
0.01) using Student’s t-test. The experiment was repeated three times and typical symptoms are shown.

silenced as well as ORF-III silenced plants elicited lesions significantly
longer than the same treated with water (mock, Fig. 3c-e, about 6-8
cm).

3.3. Semi-quantitative PCR to quantify the levels of Xoo

To corroborate these visual symptoms, we also crudely quantified
the Xoo population in the PbXo7 inoculated silenced plants. We
deployed a semi-quantitative PCR based method to detect and quantify
X00-IS1113, which is an insertion sequence used as a diagnostic marker
for Xoo [44]. This was done by comparing the amplicon band intensity
across several dilutions of genomic DNA samples from Xoo inoculated
Xa38 ORF I/Ill-silenced versusXoo inoculated control empty
vector-silenced plants. We first analysed RT-PCR amplification of
X00-IS1113 in resistant and susceptible rice lines challenged with Xoo.
As anticipated from a compatible reaction, Xoo population was high
enough in PR114 leaves to show up in the most diluted template
(1/100th, Fig. Sla) whereas, the incompatible environment in
PR114-Xa38 did not facilitate the Xoo proliferation as witnessed from
the fainter band intensities in the lesser diluted (1/10th) to none in the
higher diluted templates (Fig. S1b). In contrast to these non-silenced
plants, the plants silenced for Xa38 ORF-I and those for Xa38 ORF-III
displayed higher presence of Xoo poulations (Fig. Slc & Fig. S1d).

These results agreed well with the phenotyping data from each plant
type tested.

4. Discussion

This study presents utilization of VIGS for assessment of a putative
gene’s candidature in resistance mediated by Xa38, an effective source
of resistance against BB in rice. In post-genomics era, VIGS has been a
useful technique in deciphering functions of plant genes, especially
those responsive to biotic stresses. VIGS of RCR1, an NB-LRR gene in
wheat, impaired its resistance against the necrotrophic fungal pathogen,
Rhizoctonia cerealis, thereby proving the gene’s requirement for immu-
nity in wheat [123]. The technique has also been utilized to study sus-
ceptibility gene, mlo, where silencing resulted in powdery mildew
resistant phenotype in wheat [124]. pRTBV-MVIGS,used in the present
study, is a DNA-based vector [117], for gene silencing in rice. Its efficacy
has been demonstrated with different genes in rice including a well
characterized BB resistance gene, Xa21 [108].

The candidate locus Os4g53030 studied here for its role in Xa38-
mediated resistance is annotated to harbor four ORFs. Since this re-
gion is yet not cloned, we did not have adequate information about
definite boundaries of the gene in this locus. So, we picked two ORFs
from the region for knock-down to test the consequences of their loss of
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function in terms of resistant phenotype. Gene silencing, using corre-
sponding fragment cloned in antisense orientation, has been reported to
be more pronounced than that with sense orientation [108,125,126].
Hence, we generated antisense constructs with short regions from ORF-I
and ORF-III. The accumulation of corresponding transcripts in
PR114-Xa38 plants inflitrated with pRTBV constructs, was reduced by
half relative to that in plants infiltrated with empty vector. The effect of
reduced transcript levels were further reflected in the disease assay with
increae in lengths of lesions in silenced plants. This indicates that the
regions targeted for silencing contribute to Xa38 mediated silencing.
Being a gene silencing approach operational at the post-transcriptional
level, the authors are acutely aware that VIGS cannot distinguish be-
tween the regions targeted and their possible orthologues distributed
elsewhere in the rice genome, which could be simultaneously silenced, if
they share sufficient nucleotide identities between them. Hence, the
results obtained here do mnot accord the candidate locus
LOC_0s04g53030 to constitute Xa38 in entirety, but point towards its
role in conferring resistance. Techniques such as CRISPR Cas-mediated
disruption can lead towards a more conclusive proof of its function.
Further research on cloning and characterization of specific gene(s)
within Xa38 mapped region is warranted to delineate the molecular
mechanism underlying this resistance.

5. Conclusion

VIGS-mediated silencing of two ORFs in the locus LOC_0s04g53030
within the Xa38 gene compromised the resistance towards Xoo, strongly
indicating a functional significance of the locus in the above resistance.
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