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Maize (Zea mays L.), a globally important cereal, is highly vulnerable to climate-induced drought 
stress. This study evaluated seed biopriming with Bacillus nematocida as a strategy to enhance drought 
tolerance through molecular reprogramming. Maize seeds were bioprimed and subjected to drought 
stress under greenhouse conditions, and the expression of twelve drought-responsive genes was 
analyzed via RT-qPCR. Biopriming strongly upregulated stress-related genes, including PLD (60-
fold), PYL1 (63-fold), SLAH1 (11-fold), and OST1 (7-fold) under combined drought + biopriming, while 
Peroxidase and ZmPP2CA were markedly suppressed. These transcriptional shifts indicate enhanced 
ABA signaling, ion homeostasis, and reduced oxidative stress load. Overall, Bacillus nematocida 
biopriming conferred a > 50-fold activation of key drought regulators, highlighting its potential as a 
sustainable approach to improve maize resilience under water-limited conditions.
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Maize (Zea mays L.), often referred to as the “queen of cereals,” is a vital crop with global significance, not only 
for food security but also for numerous industrial applications. It serves as a primary dietary and economic 
resource for a significant portion of the world’s population1. As one of the most widely cultivated cereal crops, 
maize ranks third globally in production, following rice and wheat, owing to its high nutritional value and rich 
phytochemical composition2–4.

However, climate change, particularly global warming, poses a serious threat to agricultural productivity 
and food security worldwide5. Maize production is highly sensitive to environmental conditions and is 
primarily grown in semi-arid and semi-humid regions6. Increasingly erratic climatic patterns have intensified 
the occurrence of abiotic stresses such as drought, heat, salinity, waterlogging, and cold which severely affect 
maize growth and yield. However, the drastic climate change scenario induces various abiotic stresses, including 
drought, heat, salinity, waterlogging, and cold stress7. Drought is one of the most severe stresses, reducing crop 
productivity and leading to large economic losses8. Drought stress triggers the overproduction of reactive oxygen 
species (ROS), including hydroxyl radicals, hydrogen peroxide, and superoxide anions, which disrupt cellular 
processes and damage plant tissues, ultimately impairing growth and development9,10. Maize’s susceptibility to 
drought highlights the urgent need to improve its resilience in water-restricted environments. Seed enhancement 
techniques such as priming, humidification, and presoaking have been reported to improve germination, seedling 
vigor, and yield under stress conditions. Additional strategies, including seed coating, chemical treatments, and 
microbial inoculation, also contribute to enhanced plant performance11. Seed priming, defined as a controlled 
pre-sowing hydration technique, has attracted increasing attention in recent years due to its proven ability to 
enhance seedling vigor, accelerate germination, and improve plant resilience under diverse stress conditions. 
Biopriming, which integrates priming with beneficial microbial inoculation, further enhances plant resilience 
by stimulating physiological and molecular stress responses12,13. Biostimulants used in biopriming may include 
humic and fulvic acids, chitosan, algal extracts, and various plant growth-promoting microorganisms14. Notably, 
the use of beneficial bacteria such as Bacillus nematocida in seed biopriming has shown promising potential 
in mitigating drought stress and improving crop performance15. Although several Bacillus species such as 
Bacillus subtilis and Bacillus amyloliquefaciens have been extensively studied for their role in enhancing drought 
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tolerance in maize16, little attention has been given to Bacillus nematocida. This strain is particularly unique due 
to its strong root-colonization capacity, production of diverse secondary metabolites, and potential dual role in 
promoting plant growth while simultaneously mitigating biotic and abiotic stress. While Bacillus subtilis and 
Bacillus amyloliquefaciens have been widely used as seed-biopriming agents for maize under abiotic stress, their 
mechanisms are largely confined to phytohormone modulation, biofilm formation, and nutrient mobilization. In 
contrast, Bacillus nematocida exhibits a distinct trait set, including potent root colonization, secretion of volatile 
ketones such as 6-methyl-2-heptanone, and dual abiotic/biotic stress mitigation capacity. These characteristics 
support its mechanistic novelty and applied promise in maize drought-stress amelioration17. Here we present, for 
the first time in maize drought-stress context, the gene expression modulations induced by Bacillus nematocida 
seed biopriming, and we propose that Bacillus nematocida seed biopriming triggers a distinct gene-regulation 
pattern in maize under drought stress, indicating that this strain may activate unique signaling pathways and 
transcriptional networks compared with other Bacillus species. These distinctive features suggest that Bacillus 
nematocida may confer drought tolerance through mechanisms that differ from or complement those reported 
for other Bacillus strains, thereby offering a novel perspective in microbial seed biopriming strategies. In this 
context, the present study aims to investigate the effects of seed biopriming using Bacillus nematocida and the 
regulation of drought-responsive genes to enhance drought tolerance in maize. These insights may contribute to 
developing sustainable strategies for maintaining maize productivity and ensuring food security under changing 
climatic conditions.

Results
Gene expression of drought responsive genes
To better understand the underlying regulatory mechanisms involved in maize drought tolerance, the expression 
of twelve stress-responsive genes was analyzed under four different treatments: Control (C), Drought (D), 
Biopriming with Bacillus nematocida (B), and Drought combined with Biopriming (DB). The expression 
data were grouped into five major functional categories reflecting key biological processes: ABA signaling, 
lipid signaling, antioxidant defense, transcriptional regulation, and ion transport and secondary signaling 
(Supplementary Table 1, Fig. 1).

ABA signaling
Genes related to ABA signaling displayed contrasting patterns under the different treatments (Supplementary 
Table 1). The ABA receptor gene PYL1 was strongly induced under drought combined with biopriming (62.97-
fold), while remaining almost suppressed under drought (0.12-fold) and biopriming alone (0.01-fold). OST1, a 
central ABA signaling kinase, was highly upregulated under biopriming (6.84-fold), while showing only minor 
induction under drought (0.26-fold) and drought + biopriming (0.78-fold). In contrast, SnRK2 exhibited strong 
induction under biopriming (6.96-fold) but was downregulated under drought (0.40-fold) and particularly under 
combined treatment (0.04-fold). The negative regulator ZmPP2CA showed modest induction under biopriming 
(1.88-fold), while expression remained low under drought (0.03-fold) and drought + biopriming (0.52-fold). 
Interestingly, the ABA biosynthesis gene VP14 was repressed in all treatments, with fold changes below 0.5, 
suggesting that priming-enhanced ABA signaling relies more on perception and downstream regulation rather 
than biosynthesis.

Fig. 1.  Fold change of drought-responsive genes in maize under different treatments. Bars represent the 
relative expression (fold change) of selected drought-responsive genes under drought (D), biopriming (B), 
and combined drought + biopriming (DB) treatments, relative to control. Data is shown as mean ± SD of three 
biological replicates. Error bars indicate standard deviation. * indicates significant differences based on Tukey’s 
HSD test at P ≤ 0.05.
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Lipid signaling
Among the tested genes, PLD demonstrated a highly dynamic expression profile, especially under DB treatment, 
Phospholipid signaling showed a remarkable treatment-specific pattern. PLD was strongly upregulated under 
combined drought + biopriming (60.83-fold) compared with modest induction under biopriming alone (4.17-
fold), while remaining repressed under drought (0.84-fold). This indicates that lipid-mediated signaling plays a 
central role in the synergistic response to combined stress.

Antioxidant pathways
The Peroxidase gene showed a strong drought-specific induction (26.72-fold), while it was markedly 
downregulated under biopriming (0.56-fold) and drought + biopriming (0.12-fold). These results suggest that 
canonical peroxidase-based ROS scavenging is mainly activated under drought, whereas biopriming redirects 
antioxidant responses away from peroxidase activity.

Transcriptional regulators
Transcriptional regulators exhibited priming-associated activation. MYB expression was suppressed under 
drought (0.13-fold) but induced under biopriming (1.34-fold) and further increased under combined treatment 
(1.62-fold). Similarly, ZmSRG7 was moderately upregulated by biopriming (3.94-fold), while showing almost no 
induction under drought (0.84-fold) and combined stress (1.00-fold). These patterns suggest that transcriptional 
reprogramming is more strongly triggered by biopriming than by drought alone.

Ion transport and secondary signaling
Ion transport and secondary signaling genes showed treatment-specific modulation. SLAH1, encoding an S-type 
anion channel, was moderately induced under combined treatment (11.34-fold), but strongly suppressed under 
drought (0.34-fold) and biopriming (0.06-fold). Potassium channel 5 (ZmKCH5) showed low fold change under 
drought (0.43-fold) and biopriming (0.28-fold) but was modestly induced under combined treatment (1.72-
fold). Similarly, Kinase showed slight repression under drought (0.35-fold) and biopriming (0.32-fold), with 
modest upregulation under combined stress (1.30-fold).

Discussion
The present study demonstrates that biopriming with Bacillus nematocida substantially modulates the expression 
of drought-responsive genes in maize, leading to distinct transcriptional reprogramming compared to drought 
stress alone. Several key regulators exhibited unique expression patterns, highlighting the role of biopriming 
as a potential strategy to mitigate abiotic stress through priming-induced molecular memory. These findings 
are consistent with earlier reports showing that Bacillus-based seed priming enhances crop stress tolerance by 
reprogramming physiological and molecular responses15,18. A particularly striking feature of our dataset was 
the synergistic induction of PYL1 and OST1 under biopriming with Bacillus nematocida indicating potential 
amplification of ABA perception. ABA receptors (PYL/RCAR family) and the OST1 kinase form the core of 
stomatal closure signaling19. Their combined induction suggests that B. nematocida biopriming enhances ABA 
receptor sensitivity while simultaneously activating downstream phosphorylation cascades, leading to more 
efficient stomatal regulation. Previous studies have shown that microbial inoculants can fine-tune ABA signaling 
by enhancing receptor sensitivity and reducing dependence on de novo ABA synthesis20–22, which aligns with 
our findings.

Interestingly, SnRK2, a central ABA-activated kinase, was strongly induced under biopriming alone 
but suppressed in the combined treatment. This suggests that priming prepares the plant via a “molecular 
memory” mechanism that reduces the need for excessive kinase activation under actual drought stress. Similar 
observations of stress memory, where priming dampens transcriptional amplitude to balance energy use, have 
been reported20–25. It is important to note, however, that these interpretations remain hypothetical and based on 
transcriptional patterns. Further physiological and biochemical validation is required to confirm whether such 
molecular memory and energy-efficient responses translate into functional drought tolerance.

The expression of VP14, a key carotenoid cleavage dioxygenase in ABA biosynthesis, was moderately 
enhanced under biopriming but reduced under drought + biopriming. VP14 encodes the 9-cis-epoxycarotenoid 
dioxygenase (NCED) responsible for a rate-limiting step in ABA biosynthesis26,27. Its downregulation under 
combined stress suggests that bioprimed plants may rely more on enhanced ABA perception (via PYL1/OST1) 
rather than increased biosynthesis, thus conserving resources while maintaining effective stress signaling.

In contrast to studies reporting sustained peroxidase induction under Bacillus priming28, our results showed 
significant repression of peroxidase transcripts in bioprimed plants. This indicates a shift away from classical 
ROS detoxification toward alternative antioxidant and signaling pathways. Supporting this, both PLD and 
SLAH1 were significantly upregulated under drought + biopriming. PLD-mediated lipid signaling and SLAH1-
dependent anion transport are key for regulating stomatal closure and water-use efficiency29,30.

The regulation of Potassium channel 5 (ZmKCH5) also revealed an important mechanism: the gene was 
suppressed under drought and biopriming individually but strongly induced under combined treatment. 
Potassium channels are essential for osmotic adjustment and maintaining turgor pressure under water deficit31,32. 
Thus, biopriming appears to restore potassium transport capacity under stress, improving osmotic balance and 
cell hydration.

The induction of ZmPP2CA and ZmSRG7 further illustrates the complexity of priming responses. ZmPP2CA, 
a negative regulator of ABA signaling, showed moderate induction, likely serving as a feedback mechanism 
to prevent runaway ABA responses and maintain homeostasis23,33. ZmSRG7, which has been linked to stress 
adaptation, was significantly upregulated under biopriming, suggesting roles in osmolyte regulation and 
protective metabolite accumulation under biopriming.
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The induction of MYB transcription factors under biopriming also highlights their importance in 
orchestrating drought responses. MYBs regulate osmolyte accumulation, cuticle formation, and activation 
of late stress-responsive genes34. Their induction suggests that B. nematocida activates broad transcriptional 
reprogramming in maize.

Finally, kinase-like transcripts showed moderate induction, which may reflect additional signaling cascades 
complementary to ABA. Kinase-mediated signaling plays critical roles in integrating ABA, ROS, and ion 
signaling during stress19. The kinase significantly induced under drought + biopriming which suggests that 
biopriming fine-tunes kinase activity, preventing excessive activation while maintaining signaling flexibility.

Collectively, these results demonstrate that Bacillus nematocida biopriming reshapes maize drought responses 
by (i) amplifying ABA perception and signaling (PYL1, OST1), (ii) modulating ABA biosynthesis (VP14), (iii) 
shifting antioxidant strategies away from peroxidase toward lipid- and ion-mediated signaling (PLD, SLAH1), 
(iv) restoring potassium transport (ZmKCH5 ), and (v) broadly reprogramming transcriptional networks (MYB, 
ZmSRG7). It is important to note that the current findings represent transcriptional indications of enhanced 
drought tolerance rather than direct physiological confirmation. Future studies integrating physiological and 
biochemical measurements (e.g., photosynthetic efficiency, relative water content, or biomass) are warranted 
to validate the functional outcomes of the observed gene-regulation patterns. This multilayered regulatory 
adjustment underscores microbial priming as a powerful and sustainable strategy for improving crop drought 
resilience.

Methods
Bacterial culture
Bacillus nematocida was initially cultured on nutrient agar (NA) medium to ensure purity and isolate single 
colonies. The NA plates were incubated at 30 °C for 24 h. A single, well-isolated colony was then aseptically 
transferred into 50 mL of sterile Luria-Bertani (LB) broth in a 250 mL Erlenmeyer flask. The bacterial culture 
was incubated at 30 °C with constant agitation at 150 rpm for 16–18 h to achieve exponential phase growth.

The optical density (OD) of the culture was measured at 600  nm using a spectrophotometer, and the 
bacterial suspension was adjusted to an OD600 of 0.8 (approximately 10⁸ CFU/mL) to standardize the bacterial 
concentration for subsequent seed biopriming experiments. The prepared suspension was stored at room 
temperature and used immediately.

Biopriming and growth conditions
Maize seeds of the drought-sensitive cultivar SC180 were obtained from the Maize Research Department, Field 
Crops Research Institute, Agricultural Research Center (ARC), Egypt. Uniform seeds were surface sterilized 
by immersion in 1% sodium hypochlorite solution for 5 min, followed by five rinses with sterile distilled water 
to remove any residual sterilizing agent. The sterilized seeds were then bioprimed by soaking in a suspension 
of Bacillus nematocida at room temperature for 2 h. After biopriming, the seeds were air-dried under aseptic 
conditions on sterile filter paper for 12 h.

Drought stress treatment
The treated seeds were sown in autoclaved pots (25 cm diameter) filled with a loamy soil-perlite mixture (3:1, 
v/v). Pots were maintained in a greenhouse under controlled conditions: natural light with a 16/8 h light/dark 
photoperiod, temperature of 25 ± 2 °C, and relative humidity of 60–70%.

Drought stress treatment was initiated 45 days after sowing, during the vegetative stage, when plants 
had developed three fully expanded trifoliate leaves. Field capacity (FC) was determined gravimetrically by 
weighing pots after irrigation and allowing free drainage for 24 h, with the recorded weight representing 100% 
FC. Drought stress was imposed by withholding irrigation for 21 days, during which soil moisture declined 
to approximately 25–30% of FC. Control plants were maintained at 100% FC throughout the experiment. At 
the end of the stress period, plant samples were harvested and immediately flash-frozen in liquid nitrogen for 
subsequent RNA extraction.

Primer design
Primers for quantitative gene expression analysis were designed using Primer-BLAST available from the National 
Center for Biotechnology Information (NCBI). Target-specific primers were selected based on the annotated 
gene sequences and optimized for specificity and amplification efficiency (Supplementary Table 2).

RNA extraction and RT-PCR
Total RNA was extracted from the leaves using the COL-NA isolation kit (REME-D, Cairo, Egypt; Lot No. 
DE1-24-014) following the manufacturer’s protocol, and RemeMixgreen plus One-Step RT-qPCR Master Mix 
(REME-D, Cairo, Egypt; Lot No. DR06-25-002) was used for qPCR. The PCR procedure involved a reverse 
transcription at 45 ◦C for 20 min, hotstart activation at 94 ◦C for 2–5 min, followed by 40 cycles for amplification 
(94 °C for 10 s and 50–60 °C for 30 s).

qPCR data analysis
The gene expression experiments were done in three biological replicates. RT-PCR data were analyzed by the 
relative quantification 2−ΔΔCt method35. The relative difference in gene expression using the 2−ΔΔCt method was 
calculated as follows: (ΔCt = Ct target gene - Ct housekeeping gene, ΔΔCt = Ct treatment - Ct control, Relative 
fold change in gene expression = 2−ΔΔCt), (Supplementary Table S1)
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Statistical analysis
The gene expression experiments were done in three replicates. All data were subjected to statistical analysis 
using the MSTATC software (Michigan State University, East Lansing, MI, USA). Analysis of variance (ANOVA) 
was performed to evaluate the significance of differences among treatments, and means were compared using the 
Tukey’s Honestly Significant Difference test at a 5% probability level. A P-value ≤ 0.05 was considered statistically 
significant.

Conclusion
The findings of this study confirm that seed biopriming with Bacillus nematocida can effectively enhance 
drought tolerance in maize by modulating stress-responsive gene expression. Under combined drought and 
biopriming treatment, significant upregulation of key ABA signaling genes and ion transporters, alongside 
altered antioxidant gene expression, highlights the multifaceted role of microbial priming in stress adaptation. 
This approach primes maize plants to respond more efficiently to water-deficit conditions, potentially improving 
crop performance and resilience in the face of increasing climatic challenges. Biopriming thus represents a 
practical and eco-friendly strategy to support sustainable maize cultivation under drought-prone environments.

Data availability
The gene-related datasets used in this study, including accession numbers, are provided in Supplementary Tables 
2 and were obtained from the NCBI database. The nucleotide sequence used during the current study is available 
in the NCBI GenBank database under the following accession numbers: J01238: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​
v​/​n​u​c​c​o​r​e​/​J​0​1​2​3​8​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​J​0​1​2​3​8​)​N​M​_​0​0​1​1​5​5​7​3​0​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​
.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​5​5​7​3​0​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​5​5​7​3​0​)​N​M​_​0​0​1​1​1​2​0​1​0​.​1​: ​[​h​t​​​​t​
p​​s​:​​/​​/​w​​w​​w​.​n​c​​b​​i​.​n​l​​​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​1​2​0​1​0​.​1​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​1​2​0​1​
0​.​1​)​O​N​M​5​3​5​8​7​.​1​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​p​r​o​t​e​i​n​/​O​N​M​5​3​5​8​7​.​1​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​p​r​o​t​e​i​
n​/​O​N​M​5​3​5​8​7​.​1​)​N​M​_​0​0​1​1​1​2​4​3​2​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​1​2​4​3​2​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​
l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​1​2​4​3​2​)​N​M​_​0​0​1​3​6​7​1​5​2​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​3​6​7​1​5​
2​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​3​6​7​1​5​2​)​X​M​_​0​0​8​6​5​4​6​9​9​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​
c​c​o​r​e​/​X​M​_​0​0​8​6​5​4​6​9​9​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​X​M​_​0​0​8​6​5​4​6​9​9​)​N​M​_​0​0​1​1​3​0​4​6​0​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​
n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​3​0​4​6​0​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​3​0​4​6​0​)​N​M​_​0​0​1​1​
7​4​6​0​2​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​7​4​6​0​2​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​
0​0​1​1​7​4​6​0​2​)​N​M​_​0​0​1​3​9​9​0​3​8​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​3​9​9​0​3​8​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​
i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​3​9​9​0​3​8​)​N​M​_​0​0​1​1​1​2​2​1​6​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​1​2​2​1​6​]​(​h​t​
t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​1​2​2​1​6​)​N​M​_​0​0​1​1​5​7​2​1​4​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​
/​N​M​_​0​0​1​1​5​7​2​1​4​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​N​M​_​0​0​1​1​5​7​2​1​4​)​A​J​4​0​1​2​7​6​: ​[​h​t​t​p​s​:​/​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​
h​.​g​o​v​/​n​u​c​c​o​r​e​/​A​J​4​0​1​2​7​6​]​(​h​t​t​p​s​:​/​w​w​w​.​n​c​b​i​.​n​l​m​.​n​i​h​.​g​o​v​/​n​u​c​c​o​r​e​/​A​J​4​0​1​2​7​6​)​.​​
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