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Abstract 8 

The use of plant growth-promo:ng (PGP) bacteria is an emerging strategy for sustainable agriculture, 9 

offering alterna:ves to chemical fer:lisers and pes:cides. Here, we report the dra$ genome sequence 10 

of Lysinibacillus capsici NAVL5D which showed in vitro the poten:al to promote plant growth. This 11 

strain was isolated from the leaf of a le\uce plant grown in South Africa. The genome generated using 12 

the Illumina NovaSeq 6000 had a size of 4,631,824 bp, with 22 con:gs and a G + C content of 37.3%. 13 

In vitro tests demonstrated the strain's poten:al for plant growth promo:on through nitrogen fixa:on, 14 

phosphate solubiliza:on, indole-3-ace:c acid (IAA) produc:on, hydrogen cyanide (HCN) synthesis, and 15 

siderophore produc:on. Genome analysis revealed subsystems for auxin biosynthesis and nitrogen, 16 

phosphorus, and potassium metabolism, as well as PGP genes suppor:ng these growth-promo:ng 17 

traits. Addi:onally, the genome predicted five biocontrol secondary metabolites, including terpenes 18 

and cyclic-lactone-autoinducers. However, eight pathogenicity-related genes and six an:bio:c 19 

resistance genes were also iden:fied, including vanW, vanT, vanY, qacJ, msr(G), and FosBx1. An:bio:c 20 

suscep:bility tes:ng confirmed resistance to mul:ple an:bio:cs, par:cularly beta-lactams. Evidence 21 

of horizontal gene transfer was observed in the genome, which is significant given its established role 22 

in facilita:ng the spread of an:bio:c resistance and virulence genes among bacteria. In vivo seed 23 

germina:on assays further demonstrated the strain’s ability to promote plant growth, confirming its 24 

func:onal poten:al beyond in vitro observa:ons. While L. capsici NAVL5D shows promise for 25 

sustainable agriculture applica:ons, its poten:al pathogenicity and an:bio:c resistance warrant 26 

further inves:ga:on to ensure its safe use as a plant growth-promo:ng agent. 27 
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Announcement 30 

Lysinibacillus, a member of the Bacillaceae family, is a gram-posi:ve, rod-shaped, endospore-forming 31 

bacterium (Ahsan & Shimizu, 2021). Lysinibacillus strains have recently been explored for their diverse 32 

ecological roles and poten:al a\ributes in plant growth promo:on and biocontrol (Ahsan & Shimizu, 33 

2021; Burke\-Cadena et al., 2019). Lysinibacillus capsici, in a symbio:c rela:onship with vegetables, 34 

can enhance plant development through its versa:le metabolic capabili:es and resilience under harsh 35 

environmental condi:ons (Kim et al., 2024). Strains of this bacterium have been reported as bio-36 

nutrient facilitators through the fixa:on of atmospheric nitrogen (Afzal et al., 2019; Kim et al., 2024),  37 

and phosphate solubilisa:on (Kumar et al., 2025), making essen:al nutrients more accessible to plants 38 

(Afzal et al., 2019; Kim et al., 2024)Click or tap here to enter text.. They are known to produce 39 

various phytohormones, such as indole-3-ace:c acid (IAA), a type of auxin that s:mulates root growth 40 

and enhance the plant's ability to absorb water and nutrients from the soil (Kurepin et al., 2014), 41 

produce hydrogen cyanide (HCN), which at low concentra:ons, can act as a biocontrol agent against 42 

plant pathogens (Sehrawat et al., 2022) Click or tap here to enter text.. Strains within this genus 43 

are also known to produce siderophores, compounds that chelate iron from the environment, thereby 44 

making the essen:al micronutrients available to plants and enhancing their metabolic func:ons and 45 

stress resilience (Chaudhary & Sindhu, 2025). All these a\ributes, if harnessed effec:vely, can 46 

poten:ally contribute to sustainable agriculture by reducing the need for agrochemicals. However, the 47 

safety profile of endophy:c bacteria should be carefully considered in the context of sustainable 48 

agriculture. This study evaluated the PGP poten:al of L. capsici strain NAVL5D and characterized its 49 

safety profile through integrated culture-dependent methods and whole-genome analysis. 50 

Lysinibacillus capsici NAVL5D was isolated from the leaves of le\uce (Lactuca saAva) plants collected 51 

from a smallholder farm in North-West Province, South Africa (26.6639° S, 25.2838° E). Healthy le\uce 52 

leaf :ssue samples were subjected to surface sterilisa:on using a combina:on of 85% ethanol and 53 

2.5% sodium hypochlorite. Following surface sterilisa:on, the :ssues were crushed, and one gram was 54 



suspended in 19 mL nutrient broth and incubated at 37°C for 24 h. Pure isolates were obtained by 55 

culturing 500 µL of the suspension on nutrient agar and sub-culturing three :mes on fresh nutrient 56 

agar plates, incubated at 37°C for 24 h each :me.  57 

Genomic DNA was extracted from an individual pure colony of L. capsici NAVL5D using a Quick-DNA 58 

Fungal/Bacterial Miniprep Kit from Zymo Research (Inqaba Biotec, South Africa). Library prepara:on 59 

and pair-end sequencing (2 × 150 base pairs) were performed using the Illumina TruSeq Nano DNA 60 

library preparation kit (Illumina) and the NovaSeq 6000 platform at the Novogene facility (Singapore, 61 

Asia). The read quality of the sequence was determined using FastQC v0.12.0 (Andrews S, 2010). 62 

Adapter trimming, quality filtering, and per-read quality pruning was performed using fastp v0.23.4 63 

(Chen et al., 2018).  64 

The sequence was assembled de novo into filtered paired-end reads using SPAdes v3.15.3 (Bankevich 65 

et al., 2012). CheckM v1.2.2 (Parks et al., 2015) was used to evaluate genome completeness. The 66 

assembly achieved a high coverage depth of 359.3 and was characterised as 99.34% complete with 67 

1.21% contamination. The genome size for L. capsici NAVL5D was 4,631,824 bp, N50 was 2,566,169, 68 

and GC content was 37.3%, with 22 contigs. Species designa:on of the strain was first determined by 69 

extrac:ng the 16S rRNA gene from the genome using extractseq version 5.0.0 (Rice et al., 2000) and 70 

blas:ng against The Na:onal Center for Biotechnology Informa:on 16S online database. Further 71 

phylogene:c analysis iden:fying closely similar reference genomes and orthologous average 72 

nucleo:de iden:ty (ANI) was performed using Mash v2.3 (Ondov et al., 2016). L. capsici NAVL5D had 73 

98.91% ANI to Lysinibacillus capsici strain PB300 (ASM336750v1). Genome annota:on was performed 74 

using the Rastk (Bresn et al., 2015) and Prokka so$ware (Seemann, 2014). Both annotations 75 

predicted 4,690 protein-coding features and 76 non-coding features. 76 

Prior to genome sequencing and annota:on, the purified isolate was subjected to various qualita:ve 77 

in vitro PGP tests performed in triplicates, while Bacillus paralicheniformis AJVR1 described by 78 

Tsipinana et al. (2024) was used as posi:ve control. The gene:c determinant of the observed 79 

phenotypes were therea$er iden:fied. 80 

https://www.ncbi.nlm.nih.gov/datasets/genome/GCF_003367505.1/


The ability of Lysinibacillus capsici  NAVL5D to fix nitrogen was tested by streaking a loopful of 24-h 81 

culture on Burk’s nitrogen-free culture medium (HiMedia Laboratories, India) incubated for 7 days at 82 

28°C (Orhan, 2016). Visible colony growth on nitrogen-free agar confirmed that L. capsici NAVL5D 83 

ac:vely fixes atmospheric nitrogen (Figure 1a). Genomic analysis iden:fied two nif genes (nifS and 84 

nifU) and an iscS paralog, all cri:cal for synthesizing the nitrogenase enzyme complex. This enzyme 85 

catalyzes the conversion of atmospheric nitrogen (N2) into ammonia (NH3), a biologically accessible 86 

form of nitrogen. Addi:onally, genes encoding urease (ureABC) and its accessory proteins (ureDEFG) 87 

were detected. Urease hydrolyses urea into ammonia and carbon dioxide, while the accessory proteins 88 

ac:vate the enzyme by inser:ng nickel into its inac:ve precursor. Though urease does not directly fix 89 

N₂, these genes enable the strain to recycle nitrogen from urea and maintain nitrogen balance during 90 

nitrogen fixa:on (Burén et al., 2020). This prevents ammonia toxicity by directing NH3 toward 91 

biosynthesis, collectively explaining the observed nitrogen-fixing phenotype. Es:ma:on of inorganic 92 

phosphate solubilisa:on was performed by sposng (about 3mm) fresh 24-hour culture of L. capsici 93 

NAVL5D on Pikovskaya medium (HiMedia Laboratories, India) as described by Kapadia et al. (2022).  94 

The 6.67 ± 0.58 diameter (mm) of clear halo around the pure colony (Figure 1b), indicates that L. capsici 95 

NAVL5D could solubilise phosphate. Genomic analysis indicates that L. capsici NAVL5D possesses 13 96 

gene:c elements collec:vely involved in phosphate acquisi:on, signalling, and metabolic adapta:on. 97 

Central to this system is the pstSCAB-phoU operon , which encodes a high-affinity phosphate transport 98 

system cri:cal for inorganic phosphate (Pi) uptake. This operon includes pstS (Pi-binding protein), pstC 99 

and pstA (membrane-spanning permease subunits), pstB (ATPase energy component), and phoU 100 

(nega:ve regulator of Pi transport). (Baek & Lee, 2024). Addi:onal genes, such as ppk and ppk2 , 101 

encode polyphosphate kinases involved in polyphosphate storage and energy metabolism, and phoH 102 

contributes to phosphate homeostasis. The presence of 4-phytase suggests capacity to hydrolyze 103 

phytate, releasing Pi for cellular use. Together, these genes coordinate nutrient scavenging, signaling, 104 

and metabolic flexibility, ensuring survival under fluctua:ng phosphate availability. 105 



Indole-3-ace:c acid (IAA) produc:on by L. capsici NAVL5D was quan:fied using a colorimetric assay 106 

adapted from Lwin et al. (2012). The strain was cultured in nutrient broth supplemented with 5 μg/ml 107 

tryptophan at 35 °C for 5 days, followed by centrifuga:on at 3,000 rpm for 10 minutes to separate 108 

cellular biomass. The supernatant was reacted with orthophosphoric acid and Salkowski’s reagent (50 109 

ml 35% perchloric acid, 1 ml 0.5 M FeCl3) under dark condi:ons for 30 minutes, genera:ng a red 110 

complex propor:onal to IAA concentra:on. Absorbance at 530 nm, measured via spectrophotometry 111 

(Thermo Fisher Scien:fic, USA), yielded an average op:cal density value of 0.079 which was equivalent 112 

to 6.73 ± 0.346 µg/mL for L. capsici NAVL5D, confirming its IAA biosynthe:c capacity rela:ve to a pure 113 

IAA standard curve (Figure 1c).  This phenotypic trait aligns with the presence of tryptophan 114 

biosynthesis genes (trpA, trpB, trpC, trpD, trpE, trpG, trpS ), which encode enzymes cri:cal for 115 

synthesizing tryptophan, a direct precursor for IAA produc:on. While direct IAA-conver:ng genes such 116 

as iaaT, ipdC were not iden:fied in this analysis, the demonstrated IAA produc:on suggests the 117 

presence of uncharacterized or alterna:ve pathways for tryptophan-dependent IAA synthesis. 118 

Hydrogen cyanide (HCN) produc:on by L. capsici NAVL5D was assessed using the alkaline picric acid 119 

method (Castric & Castric, 1983; Reetha et al., 2014). Bacterial cultures were streaked onto nutrient 120 

agar plates supplemented with 4.4 g/L glycine (Sigma-Aldrich, USA). Sterile filter paper soaked in 121 

alkaline picric acid solu:on was affixed to the inner lid of each plate. Following sealing with Parafilm, 122 

plates were incubated at 30°C for 48 h alongside uninoculated control plates. A dis:nct colour 123 

transi:on of the filter paper from orange to brown confirmed HCN produc:on by the strain (Figure 1d 124 

and e). 125 

The observed HCN produc:on reflects func:onal cyanogenesis supported by genomic 126 

determinants rhodanese, sucC, and thiC. While classic HCN biosynthesis is typically mediated 127 

by hcnABC genes (not detected here), the presence of sucC which encodes succinyl-CoA synthetase β-128 

subunit indicates intact Tricarboxylic Acid cycle ac:vity. This supplies ATP and carbon skeletons 129 

essen:al for glycine metabolism, where glycine serves as the direct precursor for HCN synthesis in non-130 

canonical pathways. Concurrently, thiC enables biosynthesis of thiamine (vitamin B1), a cofactor 131 



required for glycine decarboxylase complexes that liberate HCN from glycine. Finally, rhodanese, a 132 

cyanide detoxifica:on enzyme converts toxic HCN into less harmful thiocyanate, allowing cellular 133 

tolerance to self-produced cyanide. Together, these genes likely coordinate HCN synthesis, regula:on, 134 

and detoxifica:on, ensuring the strain’s ability to exploit cyanide-mediated mechanisms such as 135 

inhibi:ng plant pathogens or compe:ng with other microbes while mi:ga:ng self-harm. 136 

The forma:on of an orange halo around Lysinibacillus capsici NAVL5D colonies on Chrome Azurol S 137 

(CAS) agar (Sigma-Aldrich, USA) confirms ac:ve siderophore-mediated iron chela:on.  The assay was 138 

conducted by incuba:ng CAS plates inoculated with pure colonies for 3 days at 28°C (Kotasthane et 139 

al., 2017). Genomic analysis revealed the presence of specialized iron acquisi:on systems. The 140 

genes cbrC (a puta:ve catechol siderophore regulator), QuF (hydroxamate-type siderophore 141 

receptor), QuD (hydroxamate binding protein), cbuB (hydroxamate/carboxylate-type binding 142 

protein), fepC (ABC transporter ATPase), and an Iron ABC transporter permease collec:vely enable 143 

NAVL5D to efficiently scavenge iron, a nutrient cri:cal for growth and survival in plants. In addition, 144 

secondary metabolite of L. capsici NAVL5D were identified using the antiSMASH v.7.1.0 (Blin et al., 145 

2023). The strain was predicted to produce five biocontrol secondary metabolites, including terpenes 146 

which contribute to both pathogen suppression and plant growth promo:on and cyclic-lactone-147 

autoinducers which regulate behaviours like biofilm forma:on or an:bio:c produc:on.  148 

To validate the plant growth-promo:ng poten:al of L. capsici NAVL5D, an in vivo seed germina:on 149 

assay was conducted using le\uce (Lactuca saAva) seeds. The seedlings were coated with a bacterial 150 

suspension standardised to 108 in 0.5% gum Arabic (Heidari Krush et al., 2025), while seeds coated 151 

with bacteria free gum Arabic served as controls. Germina:on occurred in sterile water agar plates 152 

cul:vated in a climate-controlled growth chamber (Weiss Technik, Germany ) at 25°C with 70% 153 

rela:ve humidity for 7 days (Figure 2). Ten biological replicates (five seeds/replicate) were established, 154 

with growth parameters (seedling fresh weight, root length, coleop:le length, leaf length) quan:fied 155 

via destruc:ve sampling.  156 



Data normality was verified using Shapiro-Wilk tests. Parametric data (equal variance confirmed by 157 

Brown-Forsythe test) were analysed using Welch's t-test; non-parametric data underwent Mann-158 

Whitney Rank Sum tests to compare treatment versus control groups with significance thresholds set 159 

at α = 0.05 for all treatment-control comparisons. Lysinibacillus capsici NAVL5D-inoculated seeds 160 

demonstrated significantly enhanced growth metrics rela:ve to controls (p < 0.05), with morphological 161 

differences becoming evident within 72 hours of germina:on (Figure 3). By day 7, inoculated seedlings 162 

exhibited substan:ally increased biomass and organ development: mean fresh weight reached 8.5 ± 163 

2.96 mg (vs. control: 6.07 ±  1.428 mg), while root elonga:on measured 11.7 ± 6.684 mm (vs. 4.6 ± 164 

3.806 mm). Coleop:le and leaf dimensions similarly increased to 2.8 ± 1.317 mm and 3 ± 1.414 mm, 165 

respec:vely, significantly exceeding control measurements (Figure 3). Seedling growth quality was 166 

determined by calcula:ng vigor index and germina:on rate (Walia et al., 2020).  167 

𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛	𝑟𝑎𝑡𝑒	(%) =
𝑁𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑠𝑒𝑒𝑑𝑠	𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑
𝑇𝑜𝑡𝑎𝑙	𝑛𝑢𝑚𝑏𝑒𝑟	𝑜𝑓	𝑠𝑒𝑒𝑑𝑠	𝑠𝑜𝑤𝑛

× 100 168 

𝑉𝑖𝑔𝑜𝑟	𝐼𝑛𝑑𝑒𝑥 = 𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛	𝑅𝑎𝑡𝑒	(%) × 𝑆𝑒𝑒𝑑𝑙𝑖𝑛𝑔	𝐿𝑒𝑛𝑔𝑡ℎ	(𝑐𝑚) 169 

Quan:ta:ve assessment of seedling performance revealed dis:nct responses to bacterial inocula:on. 170 

While the control group achieved a marginally higher germina:on rate of 100%, L.capsici NAVL5D-171 

treated seeds demonstrated a robust 90% germina:on success (Figure 4). More significantly, the vigor 172 

index showed drama:c enhancement in the treatment group, reaching 1,305 compared to the control 173 

value of 478. This 2.7-fold increase in vigor index highlights the strain's profound growth-promo:ng 174 

influence, where slightly reduced germina:on frequency is substan:ally compensated by superior 175 

seedling establishment and physiological robustness.  176 

A mul:faceted safety evalua:on was conducted to assess poten:al consumer health risks associated 177 

with L. capsici NAVL5D, integra:ng phenotypic assays and genomic profiling. Virulence screening 178 

revealed three cri:cal phenotypic indicators: γ-haemolysis (non-haemoly:c) on sheep blood agar, 179 

confirming absence of cytoly:c ac:vity; protease produc:on validated through casein hydrolysis; and 180 



DNase nega:vity on Deoxyribonuclease Test agar, indica:ng limited nucleic acid degrada:on capacity. 181 

These traits collec:vely suggest minimal virulence poten:al, as non-haemoly:c ac:vity eliminates 182 

erythrocyte lysis concerns, protease func:on likely supports environmental adapta:on rather than 183 

pathogenicity, and DNase nega:vity reduces invasive poten:al. Genomic screening carried out by 184 

querying the genome against the PHI-base v5.0 (Urban et al., 2022) database, using Abricate so$ware 185 

(Seemann, n.d.). iden:fied eight puta:ve virulence genes, including stress-response factors like clpP 186 

(proteoly:c complex) and cspA (cold shock protein), but no direct mammalian pathogenicity markers. 187 

An:microbial suscep:bility profiling via CLSI-standardized disk diffusion assay demonstrated 188 

resistance to all tested β-lactams (Ampicillin, Penicillin G, Amoxicillin, Ce$riaxone, Cefixime, Ce$iofur), 189 

Ciprofloxacin, Nitrofurantoin, and Trimethoprim when challenged with 22 an:bio:cs across nine 190 

classes on Mueller-Hinton agar (Table 1; Supplementary figure 1) (Hudzicki, 2012; Weinstein & Lewis, 191 

2020). Complementary genomic screening using Abricate iden:fied detected six resistance 192 

determinants on The Comprehensive An:bio:c Resistance Database (CARD v4.0.0) (Alcock et al., 193 

2023), including glycopep:de resistance genes (vanW, vanT, vanY), disinfectant resistance gene qacJ, 194 

macrolide resistance gene msr(G), and fosfomycin resistance gene fosBx1. These genotypic markers 195 

correlate with observed phenotypic resistance to cell-wall inhibitors and 50S ribosomal subunit-196 

targe:ng an:bio:cs.  197 

In conclusion, L. capsici NAVL5D exhibits robust plant growth-promo:ng capabili:es, supported by a 198 

combina:on of genomic and phenotypic traits that posi:on it as a promising candidate for sustainable 199 

agricultural applica:ons. The strain’s gene:c arsenal includes key determinants for biocontrol, such as 200 

genes involved in siderophore-mediated iron acquisi:on (pchC, fepB, QuF), hydrogen cyanide 201 

produc:on (rhodanese, thiC), and secondary metabolite synthesis, which collec:vely enhance its 202 

capacity to suppress phytopathogens. Addi:onally, its biofer:liza:on poten:al is evident through 203 

nitrogen fixa:on (nifS, nifU), phosphate solubiliza:on (pstSCAB-phoU operon), and IAA biosynthesis 204 

via tryptophan pathway genes (trpA-E, trpG, trpS). These mul:faceted mechanisms align with 205 



observed in vivo efficacy, where NAVL5D significantly improved le\uce seed germina:on rates, root 206 

elonga:on, and seedling vigor. 207 

While these findings highlight NAVL5D’s poten:al as a dual-func:on bioinoculant for enhancing crop 208 

produc:vity and reducing reliance on synthe:c agrochemicals, rigorous further inves:ga:on is needed 209 

to address cri:cal knowledge gaps. Specifically, long-term ecological studies are required to evaluate 210 

its environmental persistence, host-range specificity, and poten:al interac:ons with na:ve microbial 211 

communi:es. Addi:onally, while phenotypic and genomic safety assessments revealed a non-212 

hemoly:c, DNase-nega:ve profile with no overt mammalian virulence markers, comprehensive risk 213 

evalua:ons must extend to field-scale trials to ensure its deployment does not inadvertently disrupt 214 

agroecosystem balance or introduce unintended consequences for plant, animal, or human health. 215 

 216 
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 357 

Figure 1: In vitro screening of Lysinibacillus capsici NAVL5D showing the following results: a) visible 358 

growth suggesting a positive result for atmospheric nitrogen fixation; b) halo zones around triplicate 359 

colonies indicating phosphate solubilisation; c) uninoculated hydrogen cyanide plate; d) orange-360 

a) 

b) 

e) d) 

c) 



brown colour change representing a positive result for hydrogen cyanide production; e) a control 361 

broth and a red coloration, denoting Indole-3-acetic acid (IAA) production 362 

  

  
 363 

Figure 2: Seed germina:on on water agar plates observed a$er 7 days: a) and b) control seeds; c) and 364 

d) seeds treated with Lysinibacillus capsici NAVL5D 365 

 366 

a) 

c) 

b) 

d) 



Figure 3: In vivo measurements of seed germina:on across 7 days, represented as bar graphs with 367 

error bars and sta:s:cally significance indicated by p-values, comparing control seeds with 368 

Lysinibacillus capsici NAVL5D treated seeds 369 

 370 

 
 

 
 
 

 
 371 

Figure 4: Germination across 10 seed replicates: a) control group showing 100% germination; b) 372 

Lysinibacillus capsici NAVL5D treated seeds showing 90% germination  373 

a) 

b) 



Table 1: An:microbial suscep:bility profile of Lysinibacillus capsici NAVL5D determined using disk 374 

diffusion method  375 

An#bio#c 

(concentra#on) 

Class Mechanism of ac#on Phenotypic profile 

Ampicillin (10 µg): Beta-Lactam Inhibi0on of Cell Wall Synthesis Intermediate 

Penicillin G (10 µg): Beta-Lactam Inhibi0on of Cell Wall Synthesis Resistant 

Amoxicillin (25 µg): Beta-Lactam Inhibi0on of Cell Wall Synthesis Resistant 

CeCriaxone (30 µg):  Beta-Lactam Inhibi0on of Cell Wall Synthesis Resistant 

Cefixime (5 µg):  Beta-Lactam Inhibi0on of Cell Wall Synthesis Resistant 

CeCiofur (30 µg):  Beta-Lactam Inhibi0on of Cell Wall Synthesis Intermediate 

 

Doxycycline (30 µg) Tetracyclines 30S Ribosomal Subunit Inhibitors Suscep0ble 

Oxytetracycline (30 

µg) 

Tetracyclines 30S Ribosomal Subunit Inhibitors Suscep0ble 

Tetracycline (30 µg) Tetracyclines 30S Ribosomal Subunit Inhibitors Suscep0ble 

Clarithromycin (15 

µg) 

Macrolides 50S Ribosomal Subunit Inhibitors Suscep0ble 

Erythromycin (15 µg) Macrolides 50S Ribosomal Subunit Inhibitors Intermediate 

Azithromycin (15 µg) Macrolides 50S Ribosomal Subunit Inhibitors Suscep0ble 

Ciprofloxacin (5 µg) Fluoroquinolones DNA Gyrase and Topoisomerase IV 

Inhibitors 

Resistant 

Norfloxacin (10 µg) Fluoroquinolones DNA Gyrase and Topoisomerase IV 

Inhibitors 

Suscep0ble 

Levofloxacin (5 µg) Fluoroquinolones DNA Gyrase and Topoisomerase IV 

Inhibitors 

Suscep0ble 

Trimethoprim 

Sulfamethoxazole 

(25 µg) 

Sulfonamides Combina0on of Sulfonamide and 

Dihydrofolate Reductase Inhibitor 

Suscep0ble 



Trimethoprim (5 µg) Sulfonamides Dihydrofolate Reductase Inhibitors Resistant 

Clindamycin (2 µg) Lincosamides 50S Ribosomal Subunit Inhibitors Intermediate 

Gentamicin (120 µg) Aminoglycosides 30S Ribosomal Subunit Inhibitors Suscep0ble 

Streptomycin (300 

µg) 

Aminoglycosides 30S Ribosomal Subunit Inhibitors Suscep0ble 

Nitrofurantoin (300 

µg) 

Nitrofurantoin Inhibi0on of Bacterial Enzyme Systems Resistant 

Chloramphenicol (30 

µg) 

Amphenicols 50S Ribosomal Subunit Inhibitors Suscep0ble 

Florfenicol (30 µg) Amphenicols Inhibi0on of Pep0dyl Transferase 

Ac0vity 

Suscep0ble 

 376 

 Table 2: Plant Growth-Promo:ng Func:onal and Genomic Features of Lysinibacillus capsici NAVL5D 377 

Functional trait Genetic related function In vitro Result 

Nitrogen fixation nifS, nifU, iscS, ureABC, ureDEFG Positive 

Phosphate solubilisation pstA, pstB,, pstC, pstS, phoS, 

phoU, phoP, regX3, ppk, ppk2, 

phoH, phoR, 4-phytase 

Positive 

IAA trpA, trpB, trpC, trpD, trpE, trpG,  

trpS 

Positive 

HCN rhodanese, sucC, thiC Positive 

Siderophores cbrC, fepC, fhuF, fhuD, Iron ABC 

transporter permease 

Positive 

 378 

Supplementary figure 1: Representa:ve In vitro an:bio:c suscep:bility test for Lysinibacillus capsici 379 

NAVL5D using disc diffusion method 380 
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