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Abstract:

Insect herbivory triggers cytosolic proteome reprogramming by activating defense pathways and
modulating key metabolic processes. We found that simulated herbivory in pigeon pea (Cajanus
cajan) induced reactive oxygen species (ROS) production and molecular alterations within 12
hours (h) of post treatment. We compared the leaf proteome profiles of two cultivated genotypes,
ICPL 332 (moderately resistant) and ICPL 87 (susceptible), using two-dimensional
polyacrylamide gel electrophoresis (2D-PAGE) coupled with mass spectrometry (MS). More than
220 protein spots were detected in ICPL 332 and over 200 in ICPL 87. Comparative analysis
revealed 75 differentially accumulated proteins (DAPs), of which 40 were consistently
reproducible across biological replicates. These included 11 unique to ICPL 87, 9 unique to ICPL
332, and 10 common to both genotypes. Among the shared DAPs, ICPL 332 showed five
upregulated and five downregulated, whereas ICPL 87 exhibited only two upregulated and eight
downregulated. Functional categorization grouped DAPs into primary metabolism, stress
response, and growth and development. Proteins related to primary metabolism were largely
downregulated in both genotypes, while stress-associated proteins exhibited substantial
downregulation in ICPL 87 compared to ICPL 332. Overall, the results demonstrate proteomic

adjustments underlying defense responses in pigeon pea genotypes.
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Introduction:

Insect pests represent a major biotic constraint to global agriculture, causing yield losses estimated
to exceed 18% worldwide [1]. To counteract these threats, plants have evolved sophisticated
defense mechanisms, comprising both constitutive adaptations and inducible responses that
function across developmental stages. These defense responses are initiated by the recognition of
herbivore-associated molecular patterns (HAMPs) present in oral secretions (OS), which contain
key molecules such as glucose oxidase, apolipophorin, caspase, scolexin, lectins, phenol oxidase,
hemolysin, and damage-associated molecular patterns (DAMPs) released from wounded plant
cells [2]. Plant respond to biotic and abiotic stressors by activating complex signaling networks,
characterized by calcium fluxes and phosphorylation cascades, which are central to the regulation

and coordination defense responses [3].
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Herbivore attack also induces extensive transcriptional and translational reprogramming, leading
to dynamic shifts in gene expression profiles. While numerous transcriptomic studies have
characterized these responses across diverse plant species [4,5], proteomic level changes remain
comparatively underexplored. Because host-pest interactions ultimately reshape the proteome
through the expression of various defense-related genes, a proteomic perspective is crucial for
identifying key proteins underlying herbivory induced responses and for deepening our
understanding of plant-insect interactions.

Pigeon pea (C. cajan) is a major grain legume grown extensively in India. However, its production
is severely constrained by the pod borer H. armigera, one of the most destructive pests globally.
The pest’s diverse host range, capacity to inflict damage during sensitive crop stages such as
flowering and pod formation, rapid life cycle, high dispersal ability, and propensity to evolve
resistance against chemical insecticides make it exceptionally difficult to manage [6]. Although
proteomics has been widely applied to investigate legume responses to abiotic stresses [7,8],
pigeon pea defense responses to /. armigera have been investigated primarily at the genomic and
transcriptomic levels our group [9,10] and other laboratories [11]. Similarly, our group has also
studied changes in the pod wall proteome profile of chickpea due to Helicoverapa armigera attack
[12]. Multi-omics studies in other crop systems have provided valuable insights into plant-insect
interactions; for example, transcriptome-metabolome analyses have uncovered secondary
metabolite reprogramming in cotton upon infestation by Helicoverpa and Spodoptera [13], while
similar approaches in maize (Spodoptera exigua) and rice (Cnaphalocrocis medinalis) revealed
key defense-responsive genes and pathways [14,15]. Extending such studies to pigeon pea at the
proteome level would provide novel insights into herbivory-induced molecular responses, thereby
advancing sustainable pest management strategies.

Mass spectrometry (MS)-based proteomics offers a robust platform for elucidating proteome
alterations induced by biotic stresses. Our earlier work using 2D-PAGE coupled with MS
identified DAPs in chickpea pod wall treated with H. armigera OS, detecting 35 and 20 DAPs in
the commercial cultivar JG 11 and resistant cultivar ICC 506-EB, respectively, after 12 hours of
simulated herbivory [12]. Similarly, Rathinam et al. [16] reported substantial proteomic
reprogramming in pigeon pea (C. cajan) and its wild relative (C. platycarpus) at multiple time
points post-infestation, although their experimental design involved direct larval feeding, which

could introduce variability due to uncontrolled mechanical damage, larval movement, feeding
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94  heterogeneity, and frass deposition. A subsequent study employed Tandem Mass Tag (TMT)-
95  based proteomics to compare proteome profiles of the wild-type resistant accession IBS 34719 and
96  susceptible cultivar ICPL 87, revealing distinct proteomic signatures between the two genotypes
97 [17]. However, this work did not include insect infestation or OS treatment, and the use of wild
98 relatives with considerable genotypic and phenotypic divergence from cultivated germplasm
99  complicates direct extrapolation of the results to pigeon pea breeding programs.
100  Earlier studies demonstrated that pigeon pea genotype ICPL 332 exhibits antixenosis-based
101  resistance to H. armigera, being less preferred for oviposition compared to the susceptible
102  genotype ICPL 87 [18]. ICPL 332 has been classified as moderately resistant, whereas ICPL 87 is
103 highly susceptible to H. armigera infestation. To further elucidate the molecular basis of these
104  contrasting phenotypes, we investigated the leaf proteome profiles of ICPL 332 and ICPL 87
105  following the application of H. armigera OS as a proxy for herbivory. This comparative proteomic
106  approach aims to identify herbivory-responsive proteins and provide mechanistic insights into
107  defense strategies deployed by pigeon pea against H. armigera.
108  Materials and methods:
109  Plant material
110  Two pigeon pea (C. cajan) genotypes, ICPL 332 (moderately resistant) and ICPL 87 (susceptible),
111 were procured from the International Crops Research Institute for Semi-Arid Tropics (ICRISAT),
112 Patencharu, Hyderabad, India. The growth conditions of pigeon pea plants were maintained
113 according to S. et al. [19]. For protein extraction, fresh leaves were collected from five-week-old
114  plants, 12 h post application of H. armigera OS.
115  Insect rearing, collection of OS, and plant treatment
116  The first-instar larvae of H. armigera were procured from ICRISAT-Hyderabad and reared at 25°C
117  in insect-rearing trays on artificial diet composed of chickpea (37.5%), ascorbic acid (0.58%),
118  sorbic acid (0.375%), aureomycin powder (1.43%), one multivitamin tablet, instant dry yeast (6%),
119  and Difco agar (2.18%). After 2-3 weeks, pupae were transferred to plastic containers lined with
120  absorbent cotton wool. Emerging adults were maintained in a 1:3 male-to-female ratio for mating,
121  with container openings covered with cotton mesh for ventilation. Adults were fed with 25%
122 sucrose solution adsorbed onto cotton wool. Eggs laid by females were allowed to hatch, and first-

123  instar larvae were transferred to fresh rearing trays.
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124 For collection of OS, mature larvae were gently inverted over microcentrifuge tubes, and the
125 abdomen was stroked to release OS. The collected OS was stored at -80°C until further use.
126  Simulated herbivory was performed by mechanically wounding leaves with a paper punch,
127  followed by application of diluted OS (1:4; v/v) using a fine paint brush. Leaf tissues were
128  collected 12 h post-treatment (hpt), snap-frozen in liquid nitrogen, and used for protein extraction.
129  Detection of hydrogen peroxide

130  Hydrogen peroxide (H,O,) accumulation in response to simulated herbivory was quantified
131  following the protocol of Labudda et al. [20] with minor modifications. Approximately 100 mg of
132 leaf tissue was homogenized with 1 mL of an extraction mixture containing 10 mM sodium
133 phosphate buffer (pH 5.8), 1 M potassium iodide, and 0.1% trichloroacetic acid (1:2:1; v/v/v). The
134  homogenates were centrifuged at 16,000xg for 15 min at 4°C, and the resulting supernatants were
135  incubated in the dark for 20 min at room temperature. Samples were again centrifuged at 16,000xg
136  for 10 min, and the absorbance was recorded at 350 nm using a Basic BioSpectrometer
137  (Eppendorf). H,O, concentrations were determined from a standard curve and expressed as mM g
138 ! fresh weight.

139  In addition to quantitative estimation, qualitative detection of H,O, was performed using the 3,3'-
140  diaminobenzidine (DAB) staining method described by Liu and Tim [21]. A 1 mg mL-' DAB
141  solution (pH 3.6) was prepared by dissolving the reagent in distilled water for overnight at 37°C
142 with continuous shaking at 200 rpm. Leaf samples, harvested 12 h post-treatment, were immersed
143  in DAB solution and incubated in the dark at 37°C with shaking (130 rpm) for 16 h. Following
144  incubation, the solution was replaced with ethanol:acetic acid (3:1; v/v) and samples were boiled
145  in a water bath at 100°C for 1-2 h to remove chlorophyll pigments. Finally, tissues were cleared
146 by boiling in lacto-glycerol solution (lactic acid:glycerol:H,O; 1:1:1; v/v/v) for 1 h at 100°C. The
147  stained leaves were imaged and used for subsequent qualitative analysis.

148  Antioxidant enzymes assays

149  To evaluate the activity of key antioxidant enzymes, including peroxidase (POD), superoxide
150  dismutase (SOD), and catalase (CAT), in response to simulated herbivory, biochemical assays
151  were performed. Approximately 100 mg leaf tissue was homogenized in liquid nitrogen and
152 resuspended in 3 mL of extraction buffer containing 0.1 M phosphate buffer (pH 7.5) and 0.5 mM
153  EDTA. The homogenate was filtered and centrifuged at 15,000 x g for 20 min, and the resulting

154  supernatant was used as the enzyme extract. Enzymatic activity of POD, SOD, and CAT were
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155  determined following protocols of Castillo et al. [22], Dhindsa et al. [23], and Aebi [24],
156  respectively, with minor modifications.

157  Total protein extraction for proteomic analysis

158  Total protein was extracted from 1 g leaf tissue collected from untreated (control) and treated
159  plants following the protocol of S. et al. [19]. Leaf samples were collected in triplicate from both
160  groups to ensure reproducibility. The isolated protein pellet was resuspended in 200 pl of the
161  ReadyPrep™ 2-D starter kit Rehydration/sample buffer (Bio-Rad, USA). Protein concentration
162  was determined using Bradford assay, and the samples were subsequently used for two-
163  dimensional SDS-PAGE analysis.

164  Two-dimensional SDS-PAGE (2D-PAGE) analysis and MS analysis

165  Proteins were separated using two-dimensional SDS-PAGE (2D-PAGE). Immobilized pH
166  gradient (IPG) strips (pH 4-7, 7 cm; ReadyStrip™ IPG Strips, Bio-Rad, USA) were passively
167  rehydrated and loaded with approximately 50 pg proteins. Isoelectric focusing (IEF) was
168  performed using the PROTEAN®i12™ [EF system (Bio-Rad, USA) using the manufacturer’s
169  protocol (Table 1). The IEF, equilibration, SDS-PAGE, silver staining and MS conditions were
170  followed according to S. et al. [19].

171 For MS analysis, 40 DAPs reproducibly detected across three biological replicates from both
172 cultivated pigeon pea genotypes were excised and subjected to proteomic profiling. Peptides were
173  analyzed using an Easy-nLC 1000 system coupled to an Orbitrap Exploris mass spectrometer. Raw
174  spectra data were processed using Proteome Discoverer (v2.5) software against the
175  UniProt Cajanus cajan protein database [25]. Candidate proteins were selected based on peptide-
176  spectrum match (PSM) scores. Protein identification was performed using Sequest and Amanda
177  search algorithms, with precursor and fragment mass tolerances of 10 ppm and 0.02 Da,
178  respectively. Protein identifications were filtered at a stringent false discovery rate (FDR) of 1%
179  (q £0.01). Relative fold changes (FCs) between the two genotypes were quantified in triplicate
180  using Imagel. In addition, a heatmap was generated for the 10 common DAPs identified in both
181  genotypes using the R statistical software (R Core Team, Austria).

182  RNA extraction, cDNA synthesis and quantitative PCR analysis

183  Total RNA extracted from leaves of five-week-old pigeon pea plants at 12 h after post-treatment
184  using the RNeasy plant mini kit (Qiagen, Germany), following the protocol described by Meshram

185 et al. [10]. Control and treated samples were collected in biological triplicates. For quantitative
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186  PCR (qPCR), 30 ng of cDNA was used as a template in reactions prepared with PowerUp™
187  SYBR® Green Master Mix (Applied Biosystems, USA) and performed on the QuantStudio™ 5
188  Real time PCR system (Applied Biosystems, USA), according to the manufacturer’s protocol.
189  Gene specific primers were designed wusing the OligoPerfect™ Designer tool

190  (https://www.thermofisher.com/apps/oligoperfect/design) (Table S1). Expression levels were

191  normalized using 7ubulin as an endogenous reference gene.

192  Statistical analysis

193  The experimental data from biochemical analysis and qPCR analysis were statistically analyzed
194  using a two-tailed Student’s t-test with two sample groups assuming equal variances. The corrected
195  p-value < 0.05 was considered significant. The graphical representations of the data were done
196  with GraphPad Prism software (https://www.graphpad.com).

197  Results and Discussion:

198  Application of OS induces reactive oxygen species (ROS) generation in pigeon pea

199  Under stress conditions, plants generate ROS, which act as key indicators of host-pathogen
200 interactions and the activation of downstream signaling pathways. Kuzniak and Kopczewski [26]
201  reported that elevated ROS production within chloroplasts is associated with a decline in
202  photosynthetic rate. To assess ROS accumulation in cultivated pigeon pea genotypes, we
203  performed an H,O, assay at 12-, 24- and 48-h post simulated herbivory (Fig. 1a). A significantly
204 higher level of H,O, was detected in treated leaf tissues of both genotypes compared to control
205 plants at 12 h and 24 h. This regulated ROS generation plays a pivotal role in activating defense
206 mechanisms against pathogen attack and contributes to the modulation of the overall stress
207  response in plants. The maximum accumulation of H,O, was observed at 12 h post-treatment in
208  both genotypes, followed by a gradual decline, with the lowest levels recorded at 48 h irrespective
209  of genotype. Based on this accumulation trend, the 12 h time point was selected for subsequent
210  proteomic analysis in response to simulated herbivory.

211 Furthermore, a DAB assay was performed to qualitatively visualize ROS accumulation at 12 h
212 post-simulated herbivory (Fig. 1b, Ic). In agreement with the quantitative assay, significantly
213 elevated H,O, levels were observed in treated leaf samples of both genotypes compared to
214  controls. Notably, H,O, accumulation was higher in the moderately resistant cultivar ICPL 332
215  than in the susceptible ICPL 87 at 12 h post-treatment. This finding is consistent with earlier
216  reports of ROS accumulation in ICPL 332 following Helicoverpa infestation [9,10], indicating that
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217  simulated herbivory induces ROS production, which in turn activates defense signaling pathways
218 and contributes to both localized and systemic responses against potential herbivore challenges.
219  Enhanced ROS levels trigger antioxidant defense mechanisms in pigeon pea

220  Stressful environmental conditions disturbs cellular homeostasis and ion balance in plants, leading
221  to osmotic stress that stimulates the overproduction of ROS. Excessive accumulation of ROS
222 results in damage to cellular organelles and membranes via lipid peroxidation, degradation of vital
223 biomolecules, and in severe cases, cell death. To counteract this, plants rely on antioxidant
224  enzymes, which constitute the first line of defense against ROS-induced oxidative injury and are
225 indispensable for maintaining redox equilibrium [27]. Evidence from earlier studies demonstrates
226  that induction of enzymatic and non-enzymatic antioxidants is a critical adaptive response,
227  enabling cells to overcome oxidative damage imposed by environmental stresses [28].

228  In the present study, we evaluated the activity of key antioxidant enzymes - POD (Fig. 1d), SOD
229  (Fig. le) and CAT (Fig. 1f) -in cultivated pigeon pea genotypes subjected to simulated herbivory,
230  at 12-, 24-, and 48-h post treatment. Across all time intervals, both genotypes exhibited higher
231  antioxidant activity relative to untreated controls. Notably, ICPL 87 showed markedly elevated
232  antioxidant enzyme activity at 12 h compared to ICPL 332. Although ICPL 332 displayed
233 relatively lower antioxidant activity at 12 h, it showed a progressive increase at 48 h, a pattern not
234 evident in ICPL 87. The reduced antioxidant enzyme activity in ICPL 87 may be resulted due to
235  the downregulation of the P-type Cu* transporter (COPT; AOA151TJQS; Spot No. S17) and
236 glutaredoxin-dependent peroxiredoxin (GPx-Q; AOA151TVBO; Spot No. S18), as identified in our
237  proteomic dataset. COPT has been established as a central regulator of copper homeostasis,
238  directly influencing the enzymatic activity of Cu/Zn superoxide dismutase (Cu/ZnSOD), a pivotal
239  antioxidant enzyme [29]. Likewise, GPx-Q plays an essential role in peroxide detoxification under
240  oxidative stress [30]. Our results are in consistent with prior reports showing that enhanced
241  antioxidant activity contributes to the activation of plant defense systems and facilitates tolerance
242  to diverse abiotic stresses. Furthermore, we observed that elevated ROS levels at the 12 h coincided
243 with suppressed antioxidant enzyme activity, whereas later time points revealed an inverse trend,
244  where enhanced antioxidant activity corresponded to reduced ROS accumulation.

245  Identification of DAPs in pigeon pea in response to simulated herbivory

246 To investigate the signaling mechanisms operating during the interaction between pigeon pea (C.

247  cajan) and H. armigera, we examined the leaf proteome of two cultivated pigeon pea genotypes


https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.05.07.723431; this version posted May 8, 2026. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

248 12 h after simulated herbivory. Total proteins were extracted from control and treated samples in
249 triplicate and subjected to 2D-PAGE analysis. Approximately 220 protein spots were detected in
250 ICPL 332, whereas about 200 spots were observed in ICPL 87 (Fig. 2). Image analysis revealed
251  ~40 DAPs in the susceptible cultivar ICPL 87 and ~35 DAPs in the moderately tolerant cultivar
252  ICPL 332. From the 75 DAPs across both genotypes, 40 reproducible spots (21 from ICPL 87 and
253 19 from ICPL 332) were selected for MS analysis, based on consistent detection in SDS-PAGE
254  profiles obtained from triplicates samples to reduce error and misinterpretation (Fig. S1, S2).
255  Among these 40 DAPs, 10 (hereafter referred to as common proteins) were present in both
256  genotypes and further used for comparative statistical analysis (Fig. 3). Fold change (log2 fold) of
257  the DAPs were quantified using the ImagelJ software to assess the differential proteomic responses
258  under simulated herbivory by OS of H. armigera.

259  The identified DAPs were classified into three functional categories: (a) primary metabolism, (b)
260  stress response, and (c) growth and development. Of the 21 DAPs identified in ICPL 87, 10 were
261  common proteins (six related to primary metabolism, three to stress responses and one to growth
262  and development; Fig. 4a, 4b; Table 2), whereas the remaining 11 were unique (six associated with
263  primary metabolism, two with stress response, one with growth and development and two with an
264  unknown function; Fig 5a, 5b; Table 3). Similarly, among the 19 DAPs identified in ICPL 332,
265 nine were unique (five involved in primary metabolism, three in stress response and one of
266  unknown function; Fig 5c, 5d; Table 4), while 10 were common proteins shared with ICPL 87 (six
267  involved in primary metabolism, three in stress responses and one in growth and development;
268  Table 2).

269  Altered photosynthetic rate in pigeon pea cultivated genotypes post simulated herbivory
270  Photosynthesis in plants is markedly influenced under biotic stress, such as pathogen attack or
271 insect herbivory. During such conditions, plants frequently reallocate energy and metabolic
272 resources from photosynthesis and growth toward defense responses, including the production of
273  ROS and defense-related proteins. These metabolic adjustments collectively suppress
274  photosynthetic efficiency, limit biomass accumulation, and, under sustained or severe stress,
275  compromise plant productivity and yield.

276  To assess the influence of simulated herbivory-induced stress response on pigeon pea, we first
277  examined the differential regulation of photosynthesis- and stress-related proteins. MS data

278  revealed that, among the commonly expressed proteins, several key photosynthesis-related
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279  proteins, including oxygen-evolving enhancer protein 1 (OEE1; AOA151RSKS; Spot No. S2;
280  S23), ribose-5-phosphate isomerase (RPI; AOA151TXP4; Spot No. S4; S25), and two isoforms
281  ofribulose bisphosphate carboxylase/oxygenase (RuBisCO) activases (RCA1; A0A151S137;
282  Spot No. S1; S22 and RCA2; A0OA151QUI2; Spot No. S3; S24), were differentially regulated in
283  both cultivated genotypes following simulated herbivory. In addition, two unique photosynthesis-
284  related DAPs were detected in ICPL 87, namely plastocyanin (PC; AOA151TCL1; Spot No. S12)
285 and an isoform of OEE1 (AOA151TI42; Spot No. S11), whereas one unique protein, the 23 kDa
286  subunit of the oxygen evolving system of photosystem II (23kDa-OES-PSII; AOA151RKET1; Spot
287  No. S32), was observed in ICPL 332.

288  Among these proteins, RuBisCO activase (RCA) plays a critical role in RuBisCO activation but is
289  known to undergo downregulation under stress conditions. In Arabidopsis, elevated jasmonic acid
290 (JA) levels under stress has been shown to repress RCA through F-box protein coronatine-
291  insensitive 1 (COIl)-mediated degradation [31]. Consistent with these findings, RCA was
292  significantly downregulated in both pigeon pea genotypes under simulated herbivory.

293  Similarly, OEEI1, an essential component of photosystem II, was also downregulated in both
294  genotypes. Although its role under abiotic stress, including drought, salinity, and oxidative stress,
295  has been associated with chloroplast degradation through interactions with PsbO1 [32], its function
296  under biotic stress remains less clearly defined. Previous studies suggest that in addition to
297  regulating light-driven water splitting and maintaining photosynthetic electron transport (PET),
298  OEEI possesses H202 scavenging activity [33]. Therefore, downregulation of OEE1 impairs PET,
299 lowers photosynthetic efficiency and promotes ROS accumulation. In line with this, our study
300 demonstrated significant OEE1 downregulation in both genotypes, with a significant effect in
301 ICPL 332.

302  Furthermore, PC, an electron carrier in photosynthesis, was found to be downregulated in ICPL
303  87. Given its central role in PET, suppression of PC disrupts electron transport and enhances ROS
304 accumulation [34]. Likewise, in ICPL 332, the 23 kDa-OES-PSII, a protein essential for
305 photosynthesis and oxygen evolution [35], was significantly downregulated. Earlier reports
306 indicate that loss of this protein reduces O2-evolving activity by lowering the affinity of the
307  oxygen-evolving complex (OEC) for chloride ions, thereby leading to H202 accumulation [36].
308  Taken together, our results clearly demonstrate altered photosynthetic performance in pigeon pea

309 under simulated herbivory. This disruption of photosynthetic processes perturbs electron transport
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310 and energy flow within chloroplasts, triggering ROS production [26], which was further supported
311 by our biochemical assays.

312 ROS-Mediated signaling influences stress related proteins under simulated herbivory

313  ROS function as key signaling molecules during environmental stress by modulating downstream
314  transcriptional regulation through the activation of various transcription factors [37]. In the present
315  study, we observed that simulated herbivory triggered differential regulation of several stress-
316  associated proteins and components of the translational machinery in pigeon pea cultivated
317  genotypes. Among the identified proteins, chloroplast-localized chaperonin 20 kDa (CPN20;
318  AOAI151RIRS; Spot No. S8; S29), thioredoxin-dependent peroxiredoxin (TPx-Q; AOA151U3D7;
319  Spot No. S7; S28), and glycine cleavage system H protein (GCS H; A0OA151TJ48; Spot No. S9;
320 S30) exhibited genotype-specific modulation. TPx-Q, which plays a crucial role in protecting the
321  photosynthetic machinery under oxidative stress [38], was significantly upregulated in ICPL 332
322  but downregulated in ICPL 87, suggesting a stronger oxidative stress response in ICPL 332.
323 Similarly, GCS H, involved in amino acid metabolism and photorespiratory carbon flux [39],
324  showed upregulation in ICPL 332 and downregulation in ICPL 87. Consistent with previous
325  findings in tobacco, where GCS H overexpression enhanced stress adaptation, biomass production,
326  and photosynthetic efficiency [40], our results indicate that ICPL 332 employs a more effective
327  adaptive strategy. In contrast, CPN20, implicated in protein folding and abscisic acid (ABA)
328  signaling [41], was downregulated in both genotypes, indicating possible suppression of its role

329  under herbivory-induced stress.

330 In addition, ICPL 332 displayed increased accumulation of several stress-responsive proteins,
331  including germin-like proteins (GLPs; AOA151RWD4; Spot No. S37), BURP domain-containing
332 protein 3 (BURP DCP 3; AOA151U7C1; Spot No. 39), and NAC domain-containing protein 29
333  (NAC DCP 29; AOA151T9N7; Spot No. 38). GLPs and BURP DCP 3 are known to contribute
334  stress tolerance [42], while BURP family genes in soybean have been reported to respond to stress
335  owing to stress-related cis-elements present in their promoter regions [43]. Interestingly, despite
336  their importance, NAC DCP 29, a well-characterized transcription factor involved in stress
337 regulation [44], was downregulated, pointing toward a complex transcriptional control in ICPL

338 332 under herbivory stress.
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339 In the case of translational machinery, the large ribosomal subunit protein bL12 C-terminal
340 domain-containing protein (bL12 CTD; AOA151RAI7; Spot No. S10; S31) showed genotype-
341  specific expression pattern. This chloroplast-associated 50S ribosomal protein [25] contains a C-
342  terminal domain that facilitates interaction with translation factors. Although its precise stress-
343  related role remains unclear, bL12 transcripts have been reported to increase in response to heat
344  [45] and high-intensity light stress [46], likely as a compensatory mechanism to maintain
345  photosynthetic efficiency. Under simulated herbivory, however, bL12 was significantly
346  downregulated in ICPL 87 but strongly upregulated in ICPL 332, reinforcing the latter’s superior
347  stress tolerance. Furthermore, elongation factor Tu (EF-Tu; AOA151UONS; Spot No. S19), which
348  mediates GTP-dependent aminoacyl-tRNA binding during translation, was slightly upregulated in
349  ICPL 87. While EF-Tu has been implicated in preventing protein aggregation under stress [47], its
350 limited accumulation in ICPL 87 suggests comparatively weaker stress adaptation than in ICPL
351 332.

352  Taken together, these proteomic insights highlight that ICPL 332 possesses a more effective
353  defense response to simulated herbivory than ICPL 87, as reflected by the upregulation of critical
354  stress-related proteins and components of the translational machinery. The genotype-specific
355  regulation of stress-associated proteins and ribosomal machinery underscores distinct adaptation
356  strategies, with ICPL 332 demonstrating enhanced resilience to herbivory-induced oxidative
357  stress. Furthermore, the differential expression of numerous primary metabolism-related proteins
358 across both genotypes suggests a coordinated response, where herbivory stress not only activates
359  defense mechanisms but also reprograms core metabolic pathways to balance energy demands and
360  sustain cellular functions during stress adaptation.

361 Quantitative PCR (qPCR) analysis of selected genes

362  To further corroborate the proteomics findings, qPCR was employed to assess the transcript
363  abundance of six key common proteins that displayed differential expression pattern, thereby
364  determining whether the observed variations at the protein level were also mirrored at the mRNA
365 level following 12 h post-simulated herbivory (Fig. 6). In the cultivated genotype ICPL 332,
366  genes associated with photosynthetic processes, specifically RCA1 (AOA151S137) and OEE1
367 (AOA151RSKS5), demonstrated a clear downregulation at the transcript level, suggesting a
368  suppression of photosynthetic activity under herbivore-induced stress. In contrast, the stress-

369  responsive gene TPx-Q (AOA151U3D7) showed a slight but notable upregulation, which was in
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370 agreement with the corresponding protein-level data, thereby reinforcing its potential role in
371  stress adaptation. On the other hand, in the cultivated genotype ICPL 87, a distinct expression
372 profile was observed wherein all the selected genes, including TPx-Q, were consistently
373  downregulated, with the only exception being a minor upregulation recorded in the RCAT gene.
374  This genotype-specific divergence in transcriptional regulation highlights the differential stress-
375 response strategies employed by the two pigeon pea genotypes when exposed to herbivory.

376  Conclusion

377  This study provides valuable insights into the proteomic alterations occurring in pigeon pea leaves
378 following simulated herbivory. The generation of ROS under simulated herbivory conditions
379  triggered the activation of antioxidant enzymes and modulated stress-responsive proteins at the
380 12 h time point. Differential regulation of proteins associated with primary metabolism, stress
381 adaptation, and growth-related processes underscores the complexity of plant defense strategies.
382  Notably, the stronger downregulation of stress-responsive proteins in the susceptible cultivar
383  (ICPL 87) relative to the moderately resistant cultivar (ICPL 332) indicates a genotype-dependent
384  variation in defense responses. Collectively, these findings enhance our understanding of the
385  molecular mechanisms underlying herbivory-induced stress adaptation in pigeon pea and hold
386 promise for the development of pest-resistant cultivars through selective breeding and
387  biotechnological interventions. Nevertheless, further investigations are needed to clarify the
388 functional significance of the unidentified proteins and their potential contributions to stress
389  tolerance.

390

391

392  Author Contributions

393  S.A.: supervision, conceptualization, data curation, writing — review and editing, project related
394  administration. B.K.S. Administration, A.S.: methodology, data analysis, writing of original draft.
395 P.J.K.: data analysis, writing of original draft. S.K.M: methodology. J.J.: maintained the insect
396 larvae for extraction of OS. A.D.: extracted the OS. R.I.P.: methodology. D.D.: writing — review
397 and editing, S.D: methodology.

398  Acknowledgment

399 AS acknowledges the financial support received through the Department of Science and
400  Technology-Innovation in Science Pursuit for Inspired Research (DST-INSPIRE) Fellowship


https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.05.07.723431; this version posted May 8, 2026. The copyright holder for this preprint (which

401
402
403
404
405

406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433

434
435
436
437
438
439
440

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

(Application No. DST/INSPIRE/03/2022/001942, Reg No. 1F210021) from the Department of
Science and Technology, Government of India, for the pursuit of her doctoral research.

Funding

This work was funded by the Department of Biotechnology, Government of India, India (Grant
No. BT/PR25127/NER/95/1030/2017 dt: 12.09.2018 to 2021).

Ethics declarations

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Approval of the research protocol by an institutional reviewer board
Not applicable.

Informed consent
Not applicable.

Registry and the registration no. of the study/trial
Not applicable.

Animal studies
Not applicable.

Clinical trial number
Not applicable.

References
[1] Sharma S, Kooner R, Arora R. Insect pests and crop losses. Breeding Insect Resistant Crops
for Sustainable Agriculture 2017;45—66. https://doi.org/10.1007/978-981-10-6056-4 2
[2] Wang XY, Cai DZ, Li X, Bai SF, Yan FM. Identification and physicochemical properties
of the novel hemolysin (s) from oral secretions of Helicoverpa armigera (Lepidoptera: Noctuidae).
Journal of Insect Science 2021;21:12. https://doi.org/10.1093/jisesa/ieab082
[3] Howe GA, Jander G. Plant immunity to insect herbivores. Annual Review of Plant Biology

2008; 59:41-66. https://doi.org/10.1146/annurev.arplant.59.032607.092825


https://doi.org/10.1007/978-981-10-6056-4_2
https://doi.org/10.1146/annurev.arplant.59.032607.092825
https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.05.07.723431; this version posted May 8, 2026. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

441 [4] Olivas NH, Coolen S, Huang P, Severing E, Verk MC, Hickman R, Wittenberg AHJ, Vos
442 M, Prins M, Loon JJA. Effect of prior drought and pathogen stress on Arabidopsis transcriptome
443 changes to  caterpillar  herbivory. = New  Phytologist  2016;  210:1344-1356.
444 https://doi.org/10.1111/nph.13847

445 [5] Ye W, Segura C, Degen T, Erb M, Turlings TCJ. Belowground and aboveground herbivory
446 differentially affect the transcriptome in roots and shoots of maize. Plant Direct 2022;6:e426.
447  https://doi.org/10.1002/pld3.426

448 [6] Kaur A, Grewal SK, Singh R, Bhardwaj RD. Induced defense dynamics in plant parts is
449 requisite for resistance to Helicoverpa armigera (Hubner) infestation in chickpea. Phytoparasitica
450 2017; 45:559-576. https://doi.org/10.1007/s12600-017-0615-9

451 [7] Barua P, Subba P, Lande NV, Mangalaparthi KK, Prasad TSK, Chakraborty S, Chakraborty
452  N. Gel-based and gel-free search for plasma membrane proteins in chickpea (Cicer arietinum L.)
453 augments the comprehensive data sets of membrane protein repertoire. Journal of Proteomics 2016;
454 143:199-208. https://doi.org/10.1016/j.jprot.2016.04.015

455 [8] Zadraznik T, Jacobsen W, Megli¢ V, Vozli¢ J. Proteomic analysis of common bean stem
456  under drought stress using in-gel stable isotope labeling. Journal of Plant Physiology 2017;
457  209:42-50. https://doi.org/10.1016/j.jplph.2016.10.015

458 [9] Meitei AL, Bhattacharjee M, Dhar S, Chowdhury N, Sharma R, Acharjee S, Sarmah BK.
459  Activity of defense related enzymes and gene expression in Pigeon pea (Cajanus cajan) due to
460 feeding of Helicoverpa armigera larvae. Journal of Plant Interactions 2018; 13:231-238.
461  https://doi.org/10.1080/17429145.2018.1466373

462 [10] Meshram S, Das D,Singh S, Bhattacharjee M, Patil RI, Arunima S, Kalita P J, Jaba J,
463  Sarmah B.K, Acharjee S. Dynamics of cytosolic and organellar gene transcripts in wild and

464  cultivated genotypes of pigeon pea due to simulated herbivory, Plant Science 2025;112537

465  https://doi.org/10.1016/j.plantsci.2025.112537.

466 [11] Rathinam M, Mishra P, Mahato AK, Singh NK, Rao U, Sreevathsa R. Comparative
467 transcriptome analyses provide novel insights into the differential response of Pigeon pea (Cajanus
468 cajan L.) and its wild relative (Cajanus platycarpus (Benth.) Maesen) to herbivory by Helicoverpa
469 armigera (Hiibner). Plant Molecular Biology 2019; 101(1-2):163-182. doi: 10.1007/s1

470 [12] Bhattacharjee M, Dhar S, Handique PJ, Acharjee S, Sarmah BK. Defense response in

471  chickpea pod wall due to simulated herbivory unfolds differential proteome profile. Protein Journal


https://doi.org/10.1111/nph.13847
https://doi.org/10.1007/s12600-017-0615-9
https://doi.org/10.1016/j.jprot.2016.04.015
https://doi.org/10.1016/j.jplph.2016.10.015
https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.05.07.723431; this version posted May 8, 2026. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

472 2020; 39:240-257. https://doi.org/10.1007/s10930-020-09899-9

473 [13] Si H, Liu H, Sun Y, Xu Z, Liang S, Li B, Ding X, Li J, Wang Q, Sun L, Zhang X.
474  Transcriptome and metabolome analysis reveal that oral secretions from Helicoverpa armigera
475  and Spodoptera litura influence wound-induced host response in cotton. The Crop Journal 2020;
476  8(6):929-42. https://doi.org/10.1016/5.¢j.2019.12.007

477 [14] Luo Q, Duan F, Song W. Transcriptomics integrated with metabolomics reveals the
478  defense response of insect-resistant Zea mays infested with Spodoptera exigua. Heliyon. 2025;
479  https://doi.org/10.1016/j.heliyon.2025.e42565

480 [15] Wang Y, Liu Q, Du L, Hallerman EM, Li Y. Transcriptomic and metabolomic responses
481  of rice plants to Cnaphalocrocis medinalis caterpillar infestation. Insects 2020; 11(10):705.
482  https://doi.org/10.3390/insects11100705

483 [16] Rathinam M, Bernd R, Jonas G, Pragya M, Laura K, Witold W, Christian P et al.
484  Unraveling the proteomic changes involved in the resistance response of Cajanus Platycarpus to
485 herbivory by Helicoverpa armigera. Applied Microbiology and Biotechnology 2020; 104(17):
486 7603-7618. doi:10.1007/s00253-020-10787-6

487 [17] Ngugi DA, Njaci I, Higgins TJV, Williams B, Ghimire SR, Mundree SG, Hoang LTM.
488 Comparative TMT proteomic analysis unveils unique insights into Helicoverpa armigera (Hiibner)
489 resistance in Cajanus scarabaeoides (L.) Thouars. International Journal of Molecular Sciences
490 2021;22: 5941. https://doi.org/10.3390/ijms22115941

491 [18] Kumari DA, Reddy DJ, Sharma HC. Stability of resistance to pod borer, Helicoverpa
492  armigera in Pigeonpea. Indian Journal of Plant Protection 2010; 38:6—12. ISSN 0253-4355

493 [19] S Arunima, Das A, Kalita PJ, Patil RI, Pandey N, Bhattacharjee M, Sarmah BK, Das D,
494  Acharjee S. Improved methods for total and chloroplast protein extraction from Cajanus species
495  for two-dimensional gel electrophoresis and mass spectrometry. PLoS ONE 2024;19: ¢0308909.
496  https://doi.org/10.1371/journal.pone.0308909

497 [20] Labudda M, Muszynska E, Gietler M, Rézanska E, Rybarczyk-Plonska A, Fidler J,
498 Prabucka B, Dababat AA. Efficient antioxidant defence systems of spring barley in response to
499 stress induced jointly by the cyst nematode parasitism and cadmium exposure. Plant and Soil (2020;
500 456(1):189-206. https://doi.org/10.1007/s11104-020-04713-y

501 [21] Liu Z, and Tim F. DAB staining and visualization of hydrogen peroxide in wheat leaves.
502 Bio-protocol 2012; 2: 309-309.


https://doi.org/10.1007/s10930-020-09899-9
https://doi.org/10.1016/j.heliyon.2025.e42565
https://doi.org/10.1371/journal.pone.0308909
https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.05.07.723431; this version posted May 8, 2026. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

503 [22] Castillo FJ, Penel C, Greppin H. Peroxidase release induced by ozone in Sedum
504  album leaves: Involvement of Ca>". Plant Physiology 1984; 74:846-
505 851. https://doi.org/10.1104/pp. 74.4.846

506 [23] Dhindsa RS, Plumb-Dhindsa PA, Thorpe TA. Leaf senescence: correlated with increased
507 levels of membrane permeability and lipid peroxidation, and decreased levels of superoxide
508 dismutase and catalase. Journal of Experimental Botany 1981; 32(1):93-101.
509 https://doi.org/10.1093/jxb/32.1.93

510 [24] Aebi H. Catalase in vitro. Methods in Enzymology 1984; 105:121-126. Academic press.
511  https://doi.org/10.1016/S0076-6879(84)05016-3
512 [25] UniProt: the Universal Protein Knowledgebase in 2023 Nucleic Acids Research, 2023;

513 51: D523-D531. https://doi.org/10.1093/nar/gkac1052

514 [26] Kuzniak E, Kopczewski T. The Chloroplast Reactive Oxygen Species-Redox System in
515 Plant Immunity and Disease. Front Plant Science 2020 ;11:572686. doi: 10.3389/fpls.2020.572686.
516 PMID: 33281842; PMCID: PMC7688986.

517 [27] Rajput VD, Harish, Singh RK, Verma KK, Sharma L, Quiroz-Figueroa FR, Meena M,
518 Gour VS, Minkina T, Sushkova S, Mandzhieva S. Recent developments in enzymatic antioxidant
519 defence mechanism in plants with special reference to abiotic stress. Biology 2021; 10(4):267.
520 https://doi.org/10.3390/biology 10040267

521 [28] Zandi P, Schnug E. Reactive oxygen species, antioxidant responses and implications
522 from a microbial modulation perspective. Biology 2022; 11(2):155.
523  https://doi.org/10.3390/biology11020155

524 [29] Xu J, Xiaoguang D, Jun Y, John RB and Peng Z. Coupled expression of Cu/Zn-
525 superoxide dismutase and catalase in cassava improves tolerance against cold and drought stresses.
526 Plant signalling and behaviour 2013;8(6):¢24525. https://doi.org/10.4161/psb.24525

527 [30] Rouhier N, Gelhaye E, Gualberto JM, Jordy MN, Fay E, Hirasawa M, Duplessis S,
528 Lemaire S D, Frey P, Martin F, Manieri W, Knaff DB, Jacquot JP. Poplar Peroxiredoxin Q: a
529 thioredoxin-linked chloroplast antioxidant functional in pathogen defense. Plant Physiology
530 2004;134:1027-1038. https://doi.org/10.1104/pp.103.035865

531 [31] Raza A, Charagh S, Zahid Z, Mubarik MS, Javed R, Siddiqui MH, Hasanuzzaman M.
532 Jasmonic acid: a key frontier in conferring abiotic stress tolerance in plants. Plant Cell Reports

533  2021;40:1513-1541. https://doi.org/10.1007/s00299-020-02614-z


https://doi.org/10.1104/pp.74.4.846
https://doi.org/10.1016/S0076-6879(84)05016-3
https://doi.org/10.3390/biology11020155
https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.05.07.723431; this version posted May 8, 2026. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

534 [32] Wang S, Blumwald E. Stress-induced chloroplast degradation in Arabidopsis is regulated
535 via a process independent of autophagy and senescence-associated vacuoles. The Plant Cell 2014;
536 26:4875-4888. https://doi.org/10.1105/tpc.114.133116

537 [33] Deng L, Yang Y, Chen Y, Xie X, Yang W, Shuai Y, Wang K, Zhang J, Xiang H, Li M,
538 Yu Z. OEEI affects the tobacco photosynthesis through the hormone regulation Industrial Crops
539 and Products 2025; 231:121171. https://doi.org/10.1016/j.indcrop.2025.121171

540 [34] Schoéttler MA, Kirchhoff H, Weis E. The role of plastocyanin in the adjustment of the
541 photosynthetic electron transport to the carbon metabolism in tobacco. Plant Physiology.
542  2004;136(4):4265-74. doi: 10.1104/pp.104.052324

543 [35] Ifuku K, Sato F. Importance of the N-terminal sequence of the extrinsic 23 kDa
544  polypeptide in photosystem II in ion retension in oxygen evolution. Biochimica et Biophysica
545 Acta (BBA)- Protein Structure and Molecular Enzymology 2001; 1546(1):196-204.
546  https://doi.org/10.1016/S0167-4838(01)00139-X

547 [36] Fine PL, Frasch WD. The oxygen-evolving complex requires chloride to prevent
548 hydrogen peroxide formation. Biochemistry 1992; 31(48), 12204-12210.
549 doi:10.1021/bi00163a033

550 [37] Sood M. Reactive oxygen species (ROS): plant perspectives on oxidative signalling and
551 biotic stress response. Discover Plants 2025; 2(1):187. https://doi.org/10.1007/s44372-025-00275-
552 4

553 [38] Zhang H, Wang Z, Huang J, Cao J, Zhou Y, Zhou J. A novel thioredoxin-dependent
554 peroxiredoxin (TPx-Q) plays an important role in defense against oxidative stress and is a possible
555 drug target in Babesia microti. Frontiers in Veterinary Science 2020; 7:76.
556  https://doi.org/10.3389/fvets.2020.00076

557 [39] Timm S, Florian A, Fernie AR, Bauwe H. The regulatory interplay between
558 photorespiration and photosynthesis. Journal of Experimental Botany 2016; 67:2923-2929.
559 https://doi.org/10.1093/jxb/erw083

560 [40] Lopez PE, Fisk S, Brown KL, Bull SE, South PF, Raines CA. Overexpressing the
561 H-protein of the glycine cleavage system increases biomass yield in glasshouse and field-grown
562 transgenic  tobacco  plants. Plant  Biotechnology  Journal  2019;  17:141-151.
563  https://doi.org/10.1111/pb1.12953

564 [41] Zhang XF, Jiang T, Wu Z, Du SY, Yu YT, Jiang SC, Lu K, Feng XJ, Wang XF, Zhang


https://doi.org/10.1105/tpc.114.133116
https://doi.org/10.1016/S0167-4838(01)00139-X
https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.64898/2026.05.07.723431; this version posted May 8, 2026. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

565 DP. Cochaperonin CPN20 negatively regulates abscisic acid signalling in Arabidopsis. Plant
566 Molecular Biology 2013; 83:205-18. https://doi.org/10.1007/s11103-013-0082-8

567 [42] Liao L, Hu Z, Liu S, Yang Y, Zhou Y. Characterization of Germin-like proteins (GLPs)
568 and their expression in response to abiotic and biotic stresses in cucumber. Horticulturae 2021;
569  7(10) https://doi.org/10.3390/horticulturae7100412

570 [43] Xu H, Li Y, Yan Y, Wang K, Gao Y, Hu Y. Genome-scale identification of soybean
571 BURP domain-containing genes and their expression under stress treatments. BMC Plant Biology
572 2010; 10: 197. https://doi.org/10.1186/1471-2229-10-197

573 [44] Nuruzzaman M, Manimekalai R, Sharoni AM, Satoh K, Kondoh H, Ooka H, Kikuchi S.
574 Genome-wide analysis of NAC transcription factor family in rice. Gene 2010; 465:30—44.
575 https://doi.org/10.1016/j.gene.2010.06.008

576 [45] Yu HD, Yang XF, Chen ST, Wang YT, LiJK, Shen Q, Liu XL, Guo FQ. Downregulation
577 of chloroplast RPS1 negatively modulates nuclear heat-responsive expression of HsfA2 and its
578 target genes in Arabidopsis. PLoS Genetics 2012; 8:€1002669.
579 https://doi.org/10.1371/journal.pgen.1002669

580 [46] Schuster M, Gao Y, Schéttler MA, Bock R, Zoschke R. Limited responsiveness of
581 chloroplast gene expression during acclimation to high light in tobacco. Plant Physiology 2020;
582  182:424-435.

583 [47] Fu J, Momc¢ilovi¢ I, Prasad PVV. Roles of protein synthesis Elongation Factor EF-Tu in
584 heat tolerance in plants. Journal of Botany 2012; 835-836. https://doi.org/10.1155/2012/835836
585


https://doi.org/10.3390/horticulturae7100412
https://doi.org/10.1186/1471-2229-10-197
https://doi.org/10.1016/j.gene.2010.06.008
https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

FIGURES

Fig.1
ICPL 332 ICPL 87
a) | i [ 1CPL 332 W ICPL 87 b) - ¢)
i . .
= .
..E —
= 3.0
=
-t; !
=
e L0
=2
o
E By
1.0 - ' -
: |
=
e - j
< 0,0
Control 12 hpt 24 hpt 48 hpt
bioRxiv preprift doi: https://doi.o_rg/l()_.648;;ﬂa%§)mz§£fﬂ HE'%&E.JM’JM May 8, 2026. The copyright holder for this preprint (which
B O it oy 8 Y 40 oy hariona hoamge, P AAAEUERIt In pEpeLI: 1S made
Control Treated Control Treate
d
d) e) 2.0 o 1cpL 332 W ICPL ST

hi 0 1CPL. 332 W ICPL ST

4

Unit activity/mg protein/min
Unit activity/g FW
=

Conitrol 12 hpt 24 hpt 48 hpt Control 12 hpt 24 hpt 48 hpt
Hours post treatment (hpt) Hours post treatment (hpt)

f) 150 5 1CPL 332 W ICPL§7

100

Unit activity/mg protein/min

Control 12 hpt 24 hpt 48 hpt
Hours post treatment (hpt)



https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

Fig.2

4 _Z 4 'IL

P
r.. %r- ; r !" Srﬁ Yi
i %: .‘f _ . 4B v sﬁ os16 v ®

LW 85 = _ . " -E}SIT Elﬂa &Ig
.54 (=]

520
* .
bioRxiv preprint doi: https://doi.org/10.6 8/2026.05.07 #23431; this versT_'on posted May 8, 2026. The copyright holder for this preprint (which . 'B

was not certified by peer resa/v i agl H

r/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
ailable under a CC-BY 4.0.International license

, e es21
o ) & .

Ggm .

Control

Treated

b)

*--1

Control Treated


https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

Fig.3

ICPL 332 ICPL 87

bioRxiv preprint doi: https://doi.org/10.64898/2026.05.07.723431, this version posted May 8, 2026. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under a CC-BY 4.0 International license.

Common DAPs

N sample_Type Jj  Sample_Type

2 BNICPL332 Treated
L ICPLAT Treated
- 1

1
0EE1

05 05

CPANZD

GCS H protein

bBL12CTD

RPI

adziboq
48740
paEalL ZEE1JDI

pe1est |


https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

Fig.4

Proteins downregulated in ICPL-332 B ICPL3Z W OICPLET

2.1k
CT CT €T €T €T
IcPL87 @ Qo Qo ©o ¢

cr3z2 9o @4 9 Ve -

RCA1 OEE1 RCA2 G5 CPN20

g <

ange w.r.t control-Log2)
&

Protein expression

=

bioRxiv preprint doi: https://ﬂ%%d&ﬂ[ﬂmﬂlﬁﬂviﬂol%&ﬁﬁozs. The copyright hoIdeHor thi

5 fiﬂ‘srim (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the pregrint in Npetuit)?‘.? 1$ made
available under a CC-BY 4.0 International license. s

cT £T1T CLT1 €T €T £
IcPL-87 - = ° ST W . e —
o o P 3 Q
ICPL-332 . ' » . » " LI & & & & & 4:1"}1 ¢ {?F ﬁ'&
&
¢cTPI  TPx-Q RPI GCSH bL12-CTD ¢

Protein Protein Name



https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

Proteins downregulated in ICPL-87

c T €C T CcT C T c T C
.

.'?.b’-i | B

up OEE1 COPT GPx-Q PC DUF632-DCP|

Proteins upregulated in ICPL-87

bioRxiv pcprint doi];ntps:/IGG.orgMOI4898/£ZG.05.07-.|;23431; tﬁ versi(:[posted{;!ay 8, 2])-26. The copyright holder fqg

was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the prep

le er a CC-BY 4.0 International license.
o g - > = o " - W

ER-DCP CSase ATP-SSB EF-Tu Rieske-DCP

Proteins downregulated in ICPL-332

c T ¢c v € 1T € T C€ T
IR TR B Y A

ATPase ATP-SSB NAC-DCP29 UP 23 kDa-OES-
complex PSII

Proteins upregulated in ICPL-332

C T C (] C T C T
. " r » . * @

GLPs  ATP-SDC BURP-DCP cpTPI

b)

T

-

Protein expression
{Fold change w.r.t control-Log)

r this preprint (which Q.q,ﬁ_.

2.01

1.0

0.0+

-1.07

-2.01

W ICPL-87

-3.0

rint in perpetuity. It is made % Q 3 4 ﬂi Y e N ﬂ
N o
L)
Protein Name
d)
B ICPL-332
& 3
<
=
£E8 L0
g5
B
g 00
:
=3 4%
=
'l=
= 20 .
B 2 3 o L Q>
FFE S LT SEL
-:F¢ <& g,':’ Qf?’ 2 qg g
& LAY oA
‘ﬂ@ I\ 099 D
> ¥

Protein Name



https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

Fig.6
Relative expression profile

B ICPL332 B ICPLS7

0.5q
*

0.0+

-ﬂ-s—

2FC value

Ly

bioRxiv preprint demhttpd/(dli=grg/10.64898/2026.05.07.7
was not certified by peer rejiew) is the author/funder,
available un

on posted May 8, 2026. The copyright h
bioRxiv a license to display the preprint
) International license.

this prg
btuity. It

-'1-5'

Py -i,'q"" a N P
& & ﬁ"' qﬂ

Target genes


https://doi.org/10.64898/2026.05.07.723431
http://creativecommons.org/licenses/by/4.0/

Tables

Table 1. PROTEAN®i12™ [EF system condition for IEF

Step Voltage Gradient Current

Value

Units

1 250 Linear 50
2 4000 Linear 50
3 4000 Rapid 50

0:20
2:00
10,000

HH:MM
HH:MM
Volt Hr
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Table 2: List of common proteins identified in Pigeon pea (ICPL-87 and ICPL-332) 12 h post treatment

Spots
used for Protein -
PSM Peptide
M Proteome Discoverer scorein e P mateh in Log2fold
cultivar 72:8) acarchi nesall Protein icpLs7 OO eprar MW Calestated  ShEMERI
8No. ICPL-RT Catepory  Accession No. 5 ahbreviation Funcition ICPL-RT ICPL-87 &
& ICPL- against the Uniprot & ICPL- & ICPL- & ICPL- (kDa) pl ICPL-332
332 Cajarnuy cajar datahase iz 332 33z
BT 332 87 331 87 332 &7 332 B7 332
Ribulese bisphosphate
a1 524 Primary ADAL515137 carboxylase/oxy gennse RCAI ) . p
1. metgbelism activase, chloroplastic Photosynthesis 23 3% 3% 2% 4 9 0.4 5.59 .11 042
ADAISIREES Oy gen-gvolving DEE 1
2. 22 53R enhancer prodein 1, Phoiosynihesis 15 26 27 44 5 6 B8 7.28 1,65 -1,12
chloroplastic
ADATSTOUI2 Ribulose bisphosphate RCAZ
carpxy lase/oxy gennse ) -
3 513 825 activase, chloroplastic Pholosynthesis o 11 56 22 20 5 46.3 6.R3 4173 .46
ADAISITXP4 Ribose=5-phosphale RPI
4, 517  83% ISOTETESE Photosynthesis d 4 4 17 1 3 29.5 6,57 028 1,00
ADALSISUTS Triosephosphate cTPI G .
-1 al® 332 ispmierase, cylasalic ycolytic 8 6 40 23 5 3 7.2 6,23 063 1.88
pathway
ADAISIUDGE  Gluwamine synthetase G5 Nitrogen
B, 514 326 abolism 47 6 41 11 14 3 47.0 6,74 136 -1l
Thigredexin-dependeni
Btress peroxinedoxin TPx-) Diefense against
7. 54 537 ADAISILIADT oocidative stress 9 w27 18 3 4 186 6,55 =255 1.18
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20 kDia chaperonin, CPN20 Abscisic acid

8 55 530 AL chlomoplastic (ABA) 14 12 42 42 (] fi 6.6 B.o3 A0 <101
sigrualling
Glycing cleavage system  GCS H profein .
ADATSITHE : Drecarboxy lation
2 ) =
o, &6 83R H protein of glycine 11 a2 15 3 2 17.9 5.52 .16 104
Large nbosomal subunit bL12 CTD
Growth and protein bL 12 C-ierminal
1. 57 534 devela ADATSIRAIT domain-containing Translation 8 6 19 20 3 2 15.2 598 -1.31 0638

protein
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Table 3: List of identified proteins in Pigeon pea (ICPL-87) 12 h post treatment

Proteome Discoverer

Proten

Spot Accession No, (vL.5) search resuli . P5M Peptide MW Calculated
S.No. M. Category against the Uniprot Protein abbreviation Function score  “OVETREE  atch (kDa) pl Log2fuld
Cajanus cajan database i
53 Primary ADA1SITI42 Oy gen evolving CEE 1 . .

1. bolism enhancer protein | Photosy nthesis 7 i ] 8.5 T.65 0,33

2 sI0 RERESITEE Plastocyanin PC Photosy nthesis 5 % 2 164 52 0.84
ADATSISEVE Rizske doman Rieske-DCP

3 521 conlaining prolein Eleciron iransport 2 7 | 18.0 0,89 1.13
ADALSITIID ATP synthase subunil ATP=53B

4. 511 hela ATP synthesis 19 i5 4 12.7 £.13 .04
AOAISISIET  Enoyl reductase (ENR) ENR-DCP

5. SIS GO COmATRIE Falty acid biosynthesis 7 17 3 2.8 5.63 0.11

protein

6. Sl6 ADAISIRVSS  Cysicine synihase Clase Cysteine metsbolism 2 9 I 402 805 0.45

ADALSITIOR P-type Cu (+) COPT :
Sirgss Mainienance of copper

7. 5B response fransporier A 1 5 | ’0.7 T.01 =1.21

ADALSITVED  Glularedoxin-dependent GPx-0)
penxiredoxin Cellular response o )
3. &0 acidative sizess 12 b 5 223 T.11 1.95
Growthand  ADALSIUONS Elongation factor Tu EF-Tu :

9. 520 development Translation i 4 rd 490 1.59 .86

I, 512 Unknown  ADATSIOQYST  Uncharacterized protein UP Unknown 11 19 4 513 6.3 =63
ADAISITCNZ DUFS32 domain- DUFG32-DCP

i1, S18 coniaining proein Unkmown | & | TR.1 R.65 0,51
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Table 4: List of identified proteins in Pigeon pea (ICPL-332) 12 h post treatment

Frotenme Discoverer (v2.5) search resuli Frotein Protein
SNo. Spot Catepory Acoession No. against the Uniprot Cajarus cgjan abbreviation Function P5M  coverage Peptide MW Calcolated LogZ2lold
Mo, datahase ECOre (%) maich  (kDa) pl
13k Da-0ES-
1. 331 Primary ADAISIREE] 23 kD subunit of oxygen evolving system of PSII Pholosynihesis 24 44 7 244 693 -1.24
mizlabalism photosysiem 11

1. 522 ADALSITCVE ATPase FINVIAL complex alphabeta ATPasec ATP 4 24 | 6.5 .99 -1.41

subunit N ierminal domain containing protein -~ complex metabolic

process
3. 523 ADALSITID ATP Synihase subunil bela ATP-55B ATP synihesiz 14 B 2 127 B3 =0.53
4. 536 ADATSILIZ2T ATP synthase delia chain, chloroplastic ATP-EDC ATP synthesis 11 0 4 7.1 6,96 1.34
5. 540 ADATSITVED Trnose phosphate isomerase, chlomplastc CpTPI Calvin-Benson ] [§] 4 19 7.30 149
cycle
f. 533 Stress ADATSIRWDS Germin-like protein GLPs Biotic/abiotic 3 [§] 2 23.2 .76 214
PE SRS slress
MESPOnEIvE
profein

7. 527 ADALSITINT MAC domain containing profein 29 MAC-DCP2Y  Transcrplion I i1 i K2 .00 =1.27

regulation
H. 530 ADATSITITCI BURP domain coniaining proiein 3 BURF-DCP Siress I [[1] | 6.6 712 235

MESpOIsIveE
9. 529  Unknown ANALSICN ST Uncharacterixed protein up LInkngwn It 15 B 513 .30 0,83
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