
Pak. J. Bot., 56(4): DOI: http://dx.doi.org/10.30848/PJB2024-4(35) 

TRANSCRIPTOME PROFILING OF CANNABIS SATIVA L. RESPONSE  

TO LOW PHOSPHORUS STRESS 
 

WENGONG HUANG1*, GUIJIANG WANG2, HUI LIAO1, GUOFENG CHEN1, FENG LIU1, JIANNAN DONG1, 

HONGMEI YOU1, WEI GUO1, CHUANYING REN3 AND QINGHUA KANG4
 

 

1Safety and Quality Institute of Agricultural Products, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China 
2Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China 

3Food Processing Institute, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China 
4Institute of Industrial Crops, Heilongjiang Academy of Agricultural Sciences, Harbin 150086, China 

 *Corresponding author's email: huangwengong1736@163.com 

 
Abstract 

 

The regulation of differential gene expression in Cannabis sativa L. was investigated under low-phosphorus stress treatment 

for 75 days. The results of transcriptional sequencing showed that 1,242 differentially expressed genes (697 upregulated and 545 

downregulated) were identified 75 days after low-P treatment. The results of GO functional enrichment analysis showed that the 

differentially expressed genes were mainly concentrated in biological processes, cellular components, and molecular functions. 

Results of the enrichment analysis of the KEGG pathway, which comprised three functional classes of function, showed that these 

differentially expressed genes were involved in cellular processes, environmental information processing, genetic information 

processing, metabolism, and organic systems. A total of 1,356 expression genes from 60 transcription factor families were 

annotated, most of which belonged to MYB, AP2-EREBP, BHLH, NAC, MADS, ABI3VP1, C3H, FAR1, WRKY, and GRAS. 

A total of 143 genes directly related to P and 25 genes related to auxin were identified. These differentially expressed genes 

revealed the transcriptional regulation pathway involved in low-phosphorus tolerance in C. sativa and provide a basis for the 

cloning and functional verification of genes related to low-phosphorus tolerance in this species. 
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Introduction 

 

Phosphorus (P) is easily fixed by organic matter and 

minerals, and crop plants cannot directly absorb fixed P. The 

phenomenon of P deficiency in cropland is widespread, and P 

deficiency has become the main factor restricting crop growth 

(Carstensen et al., 2018). Plants absorb P primarily in the form 

of phosphoric acid, which contains H2PO4
-, HPO4

2- and PO4
3-, 

and plants most easily absorb H2PO4
- (Vance, 2001). 

Fertilisation is the main artificial means of alleviating soil P 

deficiency. However, large-scale application of P fertiliser 

increases production costs, accelerates the depletion of P 

resources, and causes environmental pollution. The study of 

low-P stress responses in crop plants and the regulation 

mechanisms of gene expression is an important scientific and 

technological issue in the field of crop biology, which has 

important ecological and social significance. Cannabis sativa 

L. is a very old crop with a long history of cultivation in China 

and has important applications in agriculture, industry, and 

medicine (Wang et al., 2019; Zhang et al., 2018). P is an 

essential element for the growth and development of C. sativa. 

Scientific research on P absorption and utilisation by C. sativa 

and improvement of the species in terms of adaptability to low 

P stress are of great significance for realising “double 

reduction” of agricultural fertiliser in China, protecting the 

environment, avoiding environmental pollution caused by 

excessive application of chemical fertiliser, realising the goals 

of water quality ultimately, achieving the broader goals of 

green and sustainable development. 

P is a vital nutrient for plant growth (Li et al., 2017; 

Patrick et al., 2021). P deficiency limits the growth, 

development and productivity of rice (Prathap et al., 2023). 

P is a component of many important organic compounds in 

crops and participates in various metabolic processes, 

namely photosynthesis, respiration, membrane lipid 

synthesis, and nucleic acid synthesis (Theodorou & Plaxton, 

1993). When crop plants are subjected to P stress, their 

growth rates and root-to-shoot ratios change significantly 

(Cakmak et al., 1994; Eircsson et al., 1996). At present, the 

ways in which crops adapt to low P fall into two categories: 

P uptake and transport in low P environments. Low P stress 

is first signalled through the root tips (Doerner, 2008). The 

regulatory pathways of root morphological remodelling 

under low-P conditions are diverse, and many biological 

compounds have been found to be involved in this function 

(Abel et al., 2002). In particular, some Transcription 

factors (TFs) were identified that have a big role in low P 

conditions, such as MYB TF PHR1 (Rubio et al., 2001), 

WRKY6 (Chen et al., 2009) and WRKY75 (Devaiah et al., 

2007) of Arabidopsis thaliana L., as well as Oryza sativa 

L. bHLH TF OsPTF1 (Yi et al., 2005) and Nicotiana 

tabacum L. bZIP TF Phi-2 (Toshio & Toshiyuki, 2002). 

There are approximately 1,800 TFs in A. thaliana, 

including 72 WRKY TFs, 133 MYB TFs, and more than 

600 zinc-finger protein genes. Under low-P conditions, 

approximately 30 TF genes in A. thaliana were up-

regulated or down-regulated (Hammond et al., 2003; 

Misson et al., 2005). Many P transporters in plants are 

divided into the PHT1, PHT2, and PHT3 families. P 

transporters are categorized based on the different kinetic 

characteristics of binding P; that is, high- and low-affinity 

P transporter proteins, which are active in environments of 

low P and sufficient P, respectively (Chen et al., 2008). 

Members of the PHT1 family are located on the plasma 

membrane of cells and play roles in P absorption and 

distribution. The number of PHT1 family members differs 

between plant species (Karandashov & Bucher, 2005; Shin 

et al., 2004). In low-P environments, At4 (Shin et al., 2006), 

AtSPS (Duan et al., 2008) and others participate in P 

transport and distribution. 
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A published sequence map of the C. sativa genome has 
greatly advanced the study of this species (Laverty et al., 
2019). At present, the molecular mechanisms and genes 
involved in the regulation of low-P stress in C. sativa 
remain unclear. The expression of specific responsive 
genes determines the morphological and physiological 
changes in C. sativa under P stress; thus, the study of 
differential gene expression is helpful in revealing the 
internal molecular response mechanism of C. sativa under 
P stress, with the goal of advancing molecular-assisted 
breeding. In this study, the differentially expressed genes 
(DEGs) of the C. sativa variety Longdama No.5 were 
identified after low P treatment, and the molecular and 
signalling pathways related to P stress were uncovered, 
laying a basis for the cloning and functional verification of 
genes related to low P tolerance in C. sativa. 

 

Material and Methods 
 

Plant materials: Seeds of C. sativa variety Longdama 

No.5 were provided by the Institute of Industrial Crops, 

Heilongjiang Academy of Agricultural Sciences. 
 

Growth conditions and stress treatment: The culture 

substrate was sand. Soak sand in tap water, washed off the 

soil to clear bottom, after which the sand was soaked in 0.5% 

HCl for 24 h and then rinsed with neutral tap water. The 

sand was then packed into a plastic bucket with the 

following dimensions: bottom diameter 22.0 cm, top 

diameter 28.5 cm, height 27.0 cm. Each basin contained 

13.0 kg of quartz sand, 4.0-5.0 cm above the basin, for the 

watering of nutrient solution and water. 

Longdama No.5 seeds were disinfected and sowed in 

the prepared sand (4 seeds sown in 637.6 cm2 area in each 

pot). Seeds were sown on May 1, 2020 and distilled water 

was added to prior to the emergence of the seedlings. Three 

days after seeding, 1 L of water-nutrient solution was added 

once to each pot twice each day (from 8:00 a.m. to 9:00 a.m. 

in the morning and 5:00–6:00 in the afternoon). Each pot 

was washed with 5 L of distilled water every 5 d to remove 

the accumulated salt in the sand. Over the course of 75 d in 

the greenhouse, the indoor temperature was between 26°C 

and 20°C, the relative humidity was maintained over 60%, 

and the light was 14 h/d. On May 6, the seedlings were 

treated with nutrient solutions of different concentrations of 

P. Hoagland medium consisted of 2 mmol/L KCl, 1 mmol/L 

KH2PO4, 5 mmol/L KNO3, 4 mmol/L Ca(NO3)2, 1 mmol/L 

NH4NO3, 2 mmol/L MgSO4, 0.1 mmol/L FeSO4, 0.1 

mmol/L EDTA-2NA, 0.13 mmol/L MnSO4, 0.1 mmol/L 

H3BO3, 0.03 mmol/L ZnSO4, 1 μM Na2MoO4 and 0.1 μM 

CuSO4. Two P levels of KH2PO4 (0.1 mmol/L and 1 mmol/L) 

and KCl (2.9 mmol/L and 2 mmol/L) in Hoagland medium, 

named LP and CK, were used to balance the concentration 

of K. Each treatment was repeated three times. 
Whole seedlings were sampled at the flowering stage 

and stored at -80°C after freezing with liquid nitrogen, to 
be utilized for RNA extraction for and sequencing analysis. 
 

Transcriptome sequencing: Whole plant RNA extracted 

from CK and LP were named CK-1, CK-2, CK-3, LP-1, 

LP-2 and LP-3, respectively. Quality and quantity analyses, 

database construction, and Illumina sequencing of the total 

RNA were performed using BGI (Shenzhen, China). 

Results and Analysis 

 

RNA-seq sequencing results: An Illumina sequencing 

library was constructed by comparing the total RNA of 

samples treated with low-P for 75 d with the corresponding 

time. Each library averaged 43.82 M million raw 

sequencing readings, of which more than 97.92% were 

filtered. When the filtered readings were compared with 

the genome sequence of C. sativa, at least 82.63% of the 

filtered readings corresponded to the reference genome 

sequence in the database (Table 1). 

In this study, the threshold of the difference in multiple 

DEGs was set as ≥2.0. A Q-value threshold of <0.05 and 

an absolute value of Log2 ratio ≥1 was used to screen DEGs 

with low P content. In total, 1,242 low-P response genes 

were identified after 75 d of low-P treatment. 

 

Gene ontology (GO) functional enrichment: GO was 

divided into biological processes, cell components, and 

molecular functions. Functional classification was 

performed based on the results of differential gene tests. 

Each major category had a hierarchy of subcategories. The 

following (Fig. 1) shows the GO annotation classification 

results of the DEGs. 

 

KEGG pathway enrichment: Based on the official 

KEGG classification and annotation results, DEGs were 

classified into biological pathways. Generally, the function 

of Qvalue≤0.05 was considered as significant enrichment. 

Genes involved in the KEGG metabolic pathways were 

divided into five branches: cellular processes, environmental 

information processing, genetic information processing, 

metabolism, and organic systems. Each branch was then 

classified and counted. The KEGG pathway annotation 

classification results for the DEGs are shown in (Fig. 2). 

 

Differential expression transcription factor analysis: 

Over a long period of evolution, C. sativa has developed a 

complex and effective mechanism of adaptation and 

resistance to various biological and abiotic stresses. 

Transcriptional regulation of gene expression plays a 

significant role in the stress response of cannabis plants. 

After TF annotation of DEGs for 75 d under low P stress, 

1,356 DEGs from 60 TFs families were annotated (Table 

2), most of which belonged to MYB, AP2-EREBP, bHLH, 

NAC, MADS, ABI3VP1, C3H, FAR1, WRKY, and GRAS. 

 

Functional analysis of DEGs: In this study, 143 genes 

directly related to P were screened out from the DEGs in 

the low-P transcriptomic data of C. sativa (Table 3), among 

which 55 genes were up-regulated (2.00-9.24 fold up-

regulated) and 88 genes were down-regulated (2.01-10.26 

fold down-regulated). These genes may play a significant 

role in the P stress response. 

In the difference comparison groups, 25 genes were 

annotated as auxin-related genes (Table 4). These genes 

regulate the growth of C. sativa plants under low P stress; 

thus, low P levels may induce the differential expression of 

these genes, regulate hormone synthesis, and affect the 

growth and development of C. sativa. 
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Table 1. Major characteristic of six libraries. 

Sample 
Total raw reads 

(M) 

Total clean 

reads(M) 

Clean reads ratio 

(%) 

Ratio of mapped reads to total 

clean reads (%) 

Uniquely mapping 

(%) 

CK-1 43.82 42.99 98.11 82.68 63.49 

CK-2 43.82 43.04 98.21 82.63 63.42 

CK-3 43.82 42.91 97.92 82.77 63.02 

LP-1 43.82 42.83 97.73 83.41 65.16 

LP-2 43.82 43.08 98.30 83.04 64.83 

LP-3 43.82 42.94 97.99 83.94 65.42 

 

Table 2. Main TFs under low P stress. 

TFs Number TFs Number TFs Number 

MYB 178 HSF 19 CPP 6 

AP2-EREBP 114 SBP 18 Sigma70-like 6 

bHLH 107 C2C2-GATA 18 CSD 5 

NAC 84 bZIP 17 SRS 5 

MADS 69 OFP 16 EIL 4 

ABI3VP1 66 Alfin-like 13 GeBP 4 

C3H 59 zf-HD 12 TIG 4 

FAR1 52 Tify 11 VOZ 4 

WRKY 49 LIM 11 BBR/BPC 3 

GRAS 44 PLATZ 11 HRT 3 

C2H2 43 C2C2-CO-like 10 NOZZLE 3 

LOB 39 C2C2-YABBY 10 TAZ 3 

Trihelix 29 GRF 9 PBF-2-like 2 

G2-like 28 HB 8 S1Fa-like 2 

C2C2-Dof 27 RWP-RK 8 SAP 2 

mTERF 24 ARR-B 7 ULT 2 

FHA 23 BES1 7 VARL 2 

ARF 21 BSD 7 CAMTA 1 

TCP 19 E2F-DP 7 DBP 1 
 

 
 

Fig. 1. GO enrichment of the DEGs under low P treatment after 75 days in C. sativa L. 
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Table 3. Screening of 143 genes directly related to low P treatment in C. sativa L. 

Gene ID 
LP/CK log2 values 

log2 FC 
Annotation 

Cs115704090 9.24 
Transferase activity, transferring phosphorus-containing groups 

Cs115706090 9.01 

Cs115716746 9.01 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115706092 9.00 
Phosphorus metabolic process 

Cs115698909 8.91 

Cs115713886 8.38 

Transferase activity, transferring phosphorus-containing groups Cs115704891 8.03 

Cs115694875 7.94 

Cs115694876 7.00 Phosphorus metabolic process 

Cs115704458 6.83 

transferase activity, transferring phosphorus-containing groups 

Cs115704502 6.31 

Cs115698747 5.84 

Cs115696874 4.84 

Cs115717222 4.53 

Cs115724568 4.31 Phosphorus metabolic process 

Cs115714881 4.17 Transferase activity, transferring phosphorus-containing groups 

Cs115717424 3.93 

Transferase activity, transferring phosphorus-containing groups 

Cs115700924 3.91 

Cs115718016 3.73 

Cs115725707 3.57 

Cs115715243 3.56 

Cs115698016 3.43 Phosphorus metabolic process 

Cs115717072 3.38 

Transferase activity, transferring phosphorus-containing groups Cs115702895 3.38 

Cs115698306 3.03 

Cs115702351 2.98 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115709783 2.90 
Transferase activity, transferring phosphorus-containing groups 

Cs115723758 2.89 

Cs115712424 2.86 Transferase complex, transferring phosphorus-containing groups 

Cs115707636 2.67 Transferase activity, transferring phosphorus-containing groups 

Cs115709650 2.55 
Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115700857 2.53 

Cs115712166 2.49 
Transferase activity, transferring phosphorus-containing groups 

Cs115724123 2.48 

Cs115704842 2.45 Phosphorus metabolic process 

Cs115704817 2.40 

Transferase activity, transferring phosphorus-containing groups 

Cs115718571 2.38 

Cs115705484 2.30 

Cs115720952 2.34 

Cs115698864 2.22 

Cs115699542 2.22 

Cs115705501 2.19 

Cs115697461 2.19 

Cs115710531 2.18 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115706576 2.18 

Transferase activity, transferring phosphorus-containing groups Cs115704759 2.13 

Cs115695532 2.13 
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Table 3. (Cont’d.). 

Gene ID 
LP/CK log2 values 

log2 FC 
Annotation 

Cs115724778 2.10 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115697891 2.09 Transferase activity, transferring phosphorus-containing groups 

Cs115716260 2.06 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115705023 2.06 

Transferase activity, transferring phosphorus-containing groups Cs115710492 2.04 

Cs115723355 2.03 

Cs115714544 2.02 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115709286 2.00 Transferase activity, transferring phosphorus-containing groups 

Cs115708323 -10.26 Phosphorus metabolic process 

Cs115723863 -8.53 Transferase activity, transferring phosphorus-containing groups 

Cs115709767 -8.49 Transferase complex, transferring phosphorus-containing groups 

Cs115714715 -7.53 

Transferase activity, transferring phosphorus-containing groups Cs115716820 -7.23 

Cs115702681 -6.85 

Cs115715604 -6.37 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115714782 -6.00 

Transferase activity, transferring phosphorus-containing groups Phosphorus metabolic process 
Cs115705847 -5.83 

Cs115713883 -5.77 

Cs115696485 -5.77 

Cs115711449 -5.65 

Transferase activity, transferring phosphorus-containing groups 

Cs115713880 -5.64 

Cs115723435 -5.55 

Cs115717484 -5.30 

Cs115713879 -5.17 

Cs115708008 -5.05 

Cs115697923 -4.78 

Cs115700275 -4.75 

Cs115695347 -4.69 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115716855 -4.66 

Transferase activity, transferring phosphorus-containing groups 

Cs115723017 -4.20 

Cs115719690 -4.15 

Cs115717936 -3.95 

Cs115721224 -3.86 

Cs115705352 -3.80 

Cs115703641 -3.72 

Cs115695328 -3.63 

Cs115702369 -3.62 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115695531 -3.59 

Transferase activity, transferring phosphorus-containing groups 

Cs115719899 -3.52 

Cs115695801 -3.52 

Cs115723844 -3.51 

Cs115720554 -3.42 

Cs115697714 -3.31 

Cs115699457 -3.28 

Cs115701084 -3.14 
Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115719710 -3.14 
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Table 3. (Cont’d.). 

Gene ID 
LP/CK log2 values 

log2 FC 
Annotation 

Cs115713888 -3.13 

Transferase activity, transferring phosphorus-containing groups 

Cs115722745 -3.12 

Cs115716856 -3.10 

Cs115717483 -3.08 

Cs115700858 -3.07 

Cs115704873 -2.99 

Cs115694758 -2.97 

Cs115716853 -2.94 

Cs115708143 -2.94 

Cs115707679 -2.91 

Cs115705341 -2.90 
Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115702574 -2.90 

Cs115694938 -2.88 

Transferase activity, transferring phosphorus-containing groups 
Cs115702823 -2.85 

Cs115707631 -2.85 

Cs115696624 -2.81 

Cs115724184 -2.79 Phosphorus metabolic process 

Cs115720422 -2.76 

Transferase activity, transferring phosphorus-containing groups 

Cs115724602 -2.74 

Cs115710421 -2.70 

Cs115725660 -2.68 

Cs115711057 -2.67 

Cs115709169 -2.62 

Cs115724117 -2.62 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115720879 -2.58 
Transferase activity, transferring phosphorus-containing groups 

Cs115713528 -2.55 

Cs115721787 -2.53 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115696830 -2.47 

Transferase activity, transferring phosphorus-containing groups 

Cs115697794 -2.44 

Cs115713994 -2.39 

Cs115711049 -2.39 

Cs115714749 -2.37 

Cs115696785 -2.36 

Cs115707346 -2.36 

Cs115704132 -2.34 

Cs115706267 -2.30 

Cs115696906 -2.26 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115702829 -2.25 
Transferase activity, transferring phosphorus-containing groups 

Cs115707474 -2.25 

Cs115717997 -2.22 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115712371 -2.18 

Transferase activity, transferring phosphorus-containing groups 
Cs115707472 -2.17 

Cs115702328 -2.15 

Cs115722026 -2.14 

Cs115708176 -2.14 Hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

Cs115707098 -2.13 

Transferase activity, transferring phosphorus-containing groups 

Cs115718803 -2.11 

Cs115702983 -2.07 

Cs115719493 -2.03 

Cs115720841 -2.01 
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Table 4. Screening of 25 auxin related genes under low P treatment in C. sativa L. 

Gene ID 
LP/CK log2 values 

log2 FC 
Annotation Gene ID 

LP/CK log2 

values log2 FC 
Annotation 

Cs115725651 4.86 

Response to auxin 

Cs115721011 2.78 

Response to auxin 

Cs115695781 4.74 Cs115714004 2.40 

Cs115721015 4.07 Cs115721441 2.32 

Cs115710200 3.95 Cs115725165 2.30 

Cs115700775 3.59 Cs115725551 2.23 

Cs115695450 3.56 Cs115724786 2.22 

Cs115720602 3.36 Cs115721008 2.20 

Cs115725166 3.29 Cs115695779 2.18 

Cs115721439 3.20 Cs115721440 2.12 

Cs115721009 3.19 Cs115695783 2.11 

Cs115708265 3.11 Cs115704933 -3.89 

Cs115721014 2.90 Cs115695780 -3.83 

Cs115709564 2.81 
Cellular response to auxin 

stimulus 

  

 

 
 
Fig. 2. KEGG pathway enrichment of the DEGs under low P 

treatment after 75days in C. sativa L. 

 

Discussion 

 

Under low P stress, C. sativa plants form a complex 

gene expression regulation network to resist environmental 

damage. Transcriptome high-throughput sequencing 

technology can not only provide comprehensive and rapid 

transcriptional sequence information of C. sativa but also 

provide functional analysis of genes using a variety of 

biological databases to uncover the molecular mechanisms 

of plant responses to stress. In our study, the Illumina 

HiSeq 4000 sequencing platform was used for 

transcriptome sequencing of C. sativa plants treated with 

low P stress, and 1,242 DEGs were identified. GO 

enrichment analysis revealed that these DEGs were related 

to biological processes, cell components, and molecular 

functions. KEGG pathway enrichment analysis showed 

that these DEGs were involved in cellular processes, 

environmental genetic information processing, information 

processing, metabolism, and organic systems pathways, 

suggesting that these functions and the response to low-P 

stress played a positive role, as this annotated information 

also provided data resources for further mining of 

resistance genes of C. sativa. 

TFs are the main regulatory factors of many stress-

response genes and play significant roles in plant responses 

to stress. In our study, several TFs, namely ERF, bHLH, 

WRKY, and MYB, whose expression levels changed 

significantly under low P stress, have been shown to be key 

regulatory factors involved in various abiotic stresses and 

are thought to be widely involved in the synthesis of 

secondary metabolites in plants (Ali et al., 2018). ZmGPX-

PDE1 and ZmGPX-PDE5 were transcriptionally regulated 

by ZmPHR1, a well-described phosphate starvation-

responsive TF of the MYB family (Wang et al., 2021). A 

total of 1,356 TFs were significantly differentially 

expressed under low P stress (Table 2). It was speculated 

that these TFs responded to the low P levels in C. sativa. 

When P starvation occurs, the TF OsPTF1 gene, a 

bHLH TF that can tolerate low P levels in O. sativa roots, 

is induced and participates in the response to low P (Yi et 

al., 2005). In our study, the expression of bHLH TFs 

differed under low P stress, indicating that bHLH TFs may 

induce and regulate the expression of stress-related genes, 

which is of great significance in the stress-resistant 

response of the cannabis plants. In previous studies, 

functional genomics was applied to determine the overall 

gene expression of Glycine max L. under P deficiency 

stress, and it was found that most of the differentially 

expressed TFs induced by P deficiency in G. max. roots 

belonged to the MYB family (Hernández et al., 2007). As 

well, 81 WRKY TFs have been identified in Solanum 

tuberosum L., which show different expression patterns 

during various abiotic stress responses (Huang et al., 2012). 

They studied the possible role of GmWRKY46 in the P 

starvation stress tolerance of soybean (Li et al., 2021). The 

results of the present study also showed that MYB and 

WRKY TFs were differentially expressed under stress 

induction and that these TFs may regulate the gene 

expression of C. sativa in response to low P stress. 

Plant hormones are involved in stress physiology and 

biochemical reactions. When plant hormones sense 

biological or abiotic stress, they trigger specific signalling 

pathways that affect plant metabolism, ultimately leading 
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to changes in growth patterns to adapt to stress. IAA is 

believed to play a significant role in mediating plant 

defence responses to abiotic stress (Verma et al., 2016). 

IAA plays a significant role in the response to low P in 

plants. Studies have found that by regulating the expression 

of the auxin carrier gene OsAUX1, IAA promotes the 

growth of Oryza sativa L. root hairs to obtain more P in 

response to low P (Giri et al., 2018). In the present study, 

25 auxin-related genes were identified. Low P significantly 

promoted the expression of IAA-related DEGs in C. sativa, 

suggesting that IAA signalling plays a significant role in 

the response of cannabis plants to low P stress, laying a 

basis for uncovering the molecular mechanism of auxin 

response to low P stress in this species. 

 

Conclusions 

 

By analysing the transcriptome data of C. sativa plants 

under low P treatment for 75 d, 143 genes were found to be 

directly related to levels of P. Low levels of P directly 

affected the expression of these genes, as evident in signal 

transduction and adjustment of P levels, as well as the 

physiological process in the plants. Twenty-five auxin 

related genes were identified. Low P levels induce the 

expression of these genes and regulate auxin synthesis, 

thus affecting the growth and development of the cannabis 

plants. The differential genes identified above 

preliminarily uncovered the transcriptional regulatory 

pathways involved in low P tolerance in C. sativa, which 

may lay the basis for the cloning and functional validation 

of low P tolerance-related genes in this species. 

 

Acknowledgements 

 

This study was based on State Key Laboratory of 

Market Regulation (quality and safety of grain and 

product). This work was supported by the [Heilongjiang 

Province modern agricultural industry technology 

collaborative innovation system-Hemp (medicinal) 

resources genetic improvement and innovative utilization 

collaborative innovation post] under Grant [number 

YYM19SQ-24] (Wengong Huang). 
 

References 

 

Abel, S., C.A. Ticconi and C.A. Delatorre. 2002. Phosphate 

sensing in higher plant. Physiol. Plant., 115: 1-8. 

Ali, K.S. M.Z. Li, S.M. Wang and H.J. Yin. 2018. Revisiting the 

role of plant transcription factors in the battle against abiotic 

stress. Int. J. Mol. Sci., 19(6): 1634. 

Cakmak, I., C. Hengeler and H. Marschner. 1994. Partitioning of 

shoot and root dry matter and carbohydrates in bean plants 

suffering from phosphorus, potassium and magnesium 

deficiency. J. Exp. Bot., 45: 1245-1250. 

Carstensen, A., A. Herdean, S.B. Schmidt, A. Sharma, C. Spetea, 

M. Pribil and S. Husted. 2018. The impacts of phosphorus 

deficiency on the photosynthetic electron transport chain. 

Plant Physiol., 177(1): 271-284. 

Chen, Y.F., L.Q. Li, X. Qian, Y.H. Kong and W.H. Wu. 2009. 

The WRKY6 transcription factor modulates PHOSPHATE1 

expression in response to low Pi stress in Arabidopsis. Plant 

Cell, 21(11): 3554-3566. 

Chen, Y.F., Y. Wang and W.H. Wu. 2008. Membrane 

transporters for nitrogen, phosphate and potassium uptake 

on plants. J. Integr Plant Biol, 50: 835-848. 

Devaiah, B.N., A.S. Karthikeyan and K.G. Raghothama. 2007. 

WRKY75 transcription factor is a modulator of phosphate 

acquisition and root development in Arabidopsis. Plant 

Physiol., 143(4): 1789-1801. 

Doerner, P. 2008. Phosphate starvation signaling: a threesome 

controls systemic Pi homeostasis. Curr. Opin. Plant Biol., 

11: 536-540. 

Duan, K., K.K. Yi, L. Dang, H.J. Huang and W. Wu. 2008. 

Characterization of a sub-family of Arabidopsis genes with 

the SPX domain reveals their diverse functions in plant 

tolerance to phosphorus starvation. Plant J., 54: 965-975. 

Eircsson, T., L. Rytter and E. Vapaavuori. 1996. Physiology of 

carbon allocation in trees. Biomass Bioener., 11: 115-127. 

Giri, J., R. Bhosale, G.Q. Huang, B.K. Pandey, H. Parker, S. 

Zappala, J. Yang, A. Dievart, C. Bureau, K. Ljung, A. Price, 

T. Rose, A. Larrieu, S. Mairhofer, C.J. Sturrock, P. White, 

L. Dupuy, M. Hawkesford, C. Perin, W.Q. Liang, B. Peret, 

C.T. Hodgman, J. Lynch, M. Wissuwa, D. Zhang, T. 

Pridmore, S.J. Mooney, E. Guiderdoni, R. Swarup and M.J. 

Bennett. 2018. Rice auxin influx carrier OsAUX1 facilitates 

root hair elongation in response to low external phosphate. 

Nature Comm., 9(1): 1408. 

Hammond, J.P., M.J. Bennett, H.C. Bowen, M.R. Broadley, C.E. 

Dan, S.T. May, C. Rahn, R. Swarup, K.E. Woolaway and P.J. 

White. 2003. Changes in genes expression in Arabidopsis 

shoots during phosphate starvation and the potential for 

developing smart plant. Plant Physiol., 132(2): 578-596. 

Hernández, G., M. Ramírez, O.V. Lopez, M. Tesfaye, M.A. 

Graham, T. Czechowski, A. Schlereth, M. Wandrey, A. 

Erban, F. Cheung, H. Wu, M. Lara, C. Town, J. Kopka, M.K. 

Udvardi and C.P. Vance. 2007. Phosphorus stress in 

common bean: root transcript and metabolic responses. 

Plant Physiol., 144(2): 752-767. 

Huang, S.X., Y.F. Gao, J.K. Liu, X.L. Peng, X.L. Niu, Z.J. Fei, 

S.Q. Cao and Y.S. Liu. 2012. Genome-wide analysis of 

WRKY transcription factors in Solanum lycopersicum. Mol. 

Gen. Genom., 287(6): 495-513. 

Karandashov, V. and M. Bucher. 2005. Symbiotic phosphate 

transport in arbuscular mycorrhizas. Trends in Plant Sci., 10: 

22-29. 

Laverty, K.U., J.M. Stout, M.J. Sullivan, H. Shah, N. Gill, L. 

Holbrook, G. Deikus, R. Sebra, T.R. Hughes, J.E. Page and 

H.V. Bakel. 2019. A physical and genetic map of Cannabis 

sativa identifies extensive rearrangements at the THC/CBD 

acid synthase loci. Genome Res., 29: 146-156. 

Li, L.Q., L.P. Huang, G. Pan, L. Liu, X.Y. Wang and L.M. Lu. 

2017. Identifying the genes regulated by AtWRKY6 using 

comparative transcript and proteomic analysis under 

phosphorus deficiency. Int. J. Mol. Sci., 1046(18): 1-20. 

Li. C. K.N. Li, X.Y. Liu, H. Ruan, M.M. Zheng, Z.J. Yu, J.Y. Gai, 

SP. Yang. 2021. Transcription factor GmWRKY46 enhanced 

phosphate starvation tolerance and root development in 

transgenic plants. Frontiers in Plant Science, 12: 1-17. 

Misson, J., K.G. Raghothama, A. Jain, J. Jouhet, M. Block, R. 

Bligny, P. Ortet, A. Creff, S. Somerville and N. Rolland. 

2005. A genome-wide transcriptional analysis using 

Arabidopsis thaliana Affymetrix gene chips determined 

plant responses to phosphate deprivation. Proceed. Nation 

Acad. Sci. Unit. States Amer., 102(33): 11934-11939. 

Patrick, V., C. Paul, K. Dylan and W. Brian. 2021. Elevated 

phosphorus fertility impact on Cannabis sativa ‘BaOx’ growth 

and nutrient accumulation. International Journal of Innovative 

Science, Engineering & Technology, 8 (2): 346-351. 

https://www.frontiersin.org/people/u/289861
https://www.frontiersin.org/people/u/407805


TRANSCRIPTOME PROFILING RESPONSE TO LOW PHOSPHORUS STRESS 9 

Prathap, V., K. Suresh, L.M. Nand, M. Chirag, D. Monika and T. 

Aruna. 2023. Phosphorus starvation tolerance in rice through 

combined physiological, Biochemical and Proteome 

Analyses. Rice Science, 6: 613-631. 

Rubio, V., F.S. Linhares, R. Solano, A.C. Martin, J. Iglesias, A. 

Leyva and J. Paz-Ares. 2001. A conserved MYB 

transcription factor involved in phosphate starvation 

signaling both in vascular plants and in unicellular algae. 

Gen. Develop., 15: 2122-2133. 

Shin, H., H.S. Shin, G.R. Dewbre and M.J. Harrison. 2004. 

Phosphate transport in Arabidopsis: Pht1;1 and Pht1;4 play 

major role in phosphate acquisition from both low-and high-

phosphate environments. Plant J., 39: 629-642. 

Shin, H., H.S. Shin, R. Chen and M.J. Harrison. 2006. Loss of 

At4 function impacts phosphate distribution between the 

roots and the shoots during phosphate starvation. Plant J., 

45: 712-726. 

Theodorou, M.E. and W.C. Plaxton. 1993. Metabolic adaptations 

of plant respiration to nutritional phosphate deprivation. 

Plant Physiol., 101: 339-344. 

Toshio, S. and N. Toshiyuki. 2002. The possible involvement of 

a phosphate-induced transcription factor encoded by Phi-2 

gene from tobacco in ABA-signaling pathways. Plant Cell 

Physiol., 43(1): 12-20. 

Vance, C.P. 2001. Symbiotic nitrogen fixation and phosphorus 

acquisition. Plant nutrition in a world of declining renewable 

resources. Plant Physiol., 127(2): 390-397. 

Verma, V., P. Ravindran and P.P. Kumar. 2016. Plant hormone-

mediated regulation of stress responses. BMC Plant Biol., 

16:86. 

Wang, J.X., W.B. Pan, A. Nikiforov, W, King, W.T. Hong, W.W. Li, 

Y. Han, J.N. Patton, J.B. Shen and L.Y. Cheng. 2021. 

Identification of two glycerophosphodiester phosphodiesterase 

genes in maize leaf phosphorus remobilization. The Crop 

Journal., 9(1): 95-108. 

Wang, G.J., S.Q. Zhang, L.G. Zhang, Y.Y. Fang and N. Zheng. 

2019. Development of DUS test guidelines for industrial 

hemp in China. Heilongjiang Agri. Sci., 3: 120-122 (Chinese 

with English abstract). 

Yi, K.K., Z.C. Wu, J. Zhou, L.M. Du, L.B. Guo, Y.R. Wu and P. 

Wu. 2005. OsPTFl, a novel transcription factor involved in 

tolerance to phosphate starvation in rice. Plant Physiol., 

138(4): 2087-2096. 

Zhang, S.Q. G.J. Wang, X.Y. Song, Y.Y. Fang, N. Zheng, G.W. 

Wu, X.X. Song and J. Chen. 2018. Advantages and 

countermeasures of hemp industry development in 

Heilongjiang Province. Heilongjiang Agri. Sci., (1):125-128 

(Chinese with English abstract). 

 

(Received for publication 10 August 2022) 


