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Response of growth, physiology and differential gene expression to phosphate
supply level in switchgrass (Panicum virgatum L.)
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Abstract: [ Objectives ] We explored the physiological metabolism and transcriptional changes of switchgrass
(Panicum virgatum L.) under different phosphorus levels, aiming to understand the phosphorus response of root
morphology and growth of switchgrass. [ Methods ] A hydroponics experiment of switchgrass was carried out,
based on the Hoagland nutrient solution, 4 KH,PO, supply levels: 20, 100, 200, 500 umol/L were setup (recorded
as P20, P100, P200, P500). After 45 days of treatment, the seedlings were harvested for determination of
physiological, root phenotype indexes and antistress enzyme activities, and transcriptome sequencing of leaves
and roots was performed to identify the differentially expressed genes (DEGs) in leaves and roots. Some high
expressed DEGs from glycolysis and phenylpropyl biosynthesis pathways were selected for qRT-PCR analysis to

confirm the accuracy of transcriptome sequencing. [ Results ] With the increase of P supply level, the activities
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of SOD, POD, and CAT in the leaves showed a trend of initially decreasing and then increasing; the total length,
total area, and vitality of the roots increased first and then decreased; the acid phosphatase activities and
phosphorus contents in both leaves and roots showed an initial increase followed by a decrease trend. There were
1091 and 1762 commonly expressed genes in the leaves and roots under all the phosphorus levels. GO enrichment
annotation showed that the DEGs in leaves were mainly enriched in ion transmembrane transport and
oxidoreductase, and the DEGs in roots were mainly enriched in specific DNA sequence binding, active
transmembrane transport and lyase, and the DEGs in both the two organs in antioxidant enzyme, transferase and
inorganic molecular transmembrane transporter. KEGG enrichment analysis showed that there were 9 common
metabolic pathways in switchgrass leaves and roots, the DEGs were significantly enriched in amino sugar and
nucleoside glucose metabolism, glycolysis/gluconeogenesis, phenylpropanoid biosynthesis, sucrose and starch
metabolism pathways, and both glycolysis and phenylpropanoid biosynthesis pathways were enriched 16 DEGs
each, and a total of 20 DEGs involved in phosphorus uptake transportion. The differential expression of AE, PGM,
HK, PFK in key enzyme genes of glycolysis pathway, that of PAL, CCR, CAD, C4H, 4CL in key enzyme genes in
the phenylpropanoid biosynthesis pathway, and GPT2, PHT2;1, TPT, PPTI, PPT2, PPT3, PiC3, APC2 in
phosphorus uptake and absorption transporter explained the metabolic response differences of switchgrass to
phosphorus nutrition. [ Conclusions ] The suitable phosphorus supply level is conducive to good switchgrass root
morphology, low anti-stress enzyme activities in leaves, and high acid phosphatase activity in leaves and roots,
and high dry matter weight, as a result. The number and levels of differentially expressed genes related to
glycolysis, phenylpropanoid biosynthesis and phosphorus absorption and transport in leaves and roots, which are
caused by the P supply levels, could partially explain the mechanism.

Key words: phosphorus supply level; Panicum virgatum L.; physiological index; transcriptome; glycolysis;
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# 1 qRT-PCR 3411582
Table 1 Information of qRT-PCR primers
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Actin CCACGTGCTGTTTTCCCAAG AAAGAGTAGCCCCTCTCCGT
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Fig. 1 The biological and phynotype indicator values of switchgrass as affected by KH,PO, supply levels
E: P20, P100. P200. P500 4351t KH,PO, ffi57 /K4 20, 100, 200 il 500 pmol/L, #£ b 8ih: FAR /NG FR: R Ab Bl i) 2 7 i 3

(P<0.05),
Note: P20, P100, P200 and P500 stand for KH,PO, supply levels of 20, 100, 200 and 500 umol/L, respectively. Different lowercase letters above or

below the bars indicate significant difference among treatments (P<0.05).
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Fig. 2 Correlation of switchgrass leaf and root phosphorus content with the biological and phynotype indicators and the

Note: *—P<0.05, **—P<0.01.

random forest analysis for the main driving factors
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Fig. 4 GO analysis on the enrichment of differentially expressed genes (DEGs) in the biosynthetic process (BP) and
molecular function (MF) regulation of leaf and root in P100 compared to P20
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Fig. 5 GO analysis on the enrichement of differentially expressed genes (DEGs) involved in the biosynthetic process (BP) and
molecular function(MF) regulation under P200, compared to P20

. P20 A1 P200 4351103 KH,PO, LR /K- 20 5

200 pumol/L.

Note: P20 and P200 stand for KH,PO, supply levels of 20 pmol/L and 200 umol/L, respectively.
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Fig. 6 GO analysis on the enrichment of differentially expressed genes (DEGs) in the biosynthetic process (BP) and
molecular function (MF) regulation under P500, compared to P20

1: P20 M1 P500 435183 KH,PO, fit)i /K- 20 5 500 pmol/L.
Note: P20 and P500 stand for KH,PO, supply levels of 20 pmol/L and 500 pmol/L, respectively.
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Fig. 7 KEGG enrichment analysis of differentially expressed genes (DEGS) in leaves and roots
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Note: P20, P100, P200 and P500 stand for KH,PO, supply levels of 20, 100, 200 and 500 umol/L, respectively. EIP, GIP and MET are the biological
classifications analyzed for KEGG enrichment, representing environmental information processing, genetic information processing and metabolism,

respectively.
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Fig. 8 Expression levels of differentially expressed genes (DEGs) in glycolysis and phenylpropyl biosynthesis pathway
of leaves and roots as affected by P treatments
T BAMERLZ LN, TRNER LN, A RAF b HR] 22 5 25 B K 9 FPKM (B, BEBLL, BB . FPKM— TMhik:
3% SR BE T WS IR fragments, M ZETEAT AL BK IR J9 T Leaf P20, M Leaf P100, M Leaf P200. M Leaf P500, R Root P20, #R

Root P100, #2 Root P200. #R Root P500, P20, P100. P200. P500 /35t KH,PO, fit)i /K 20, 100, 200 1 500 pmol/L.

Note: The dashed line represents a multi-step reaction, and the solid line represents a one-step reaction. The heatmap shows the FPKM values of the

differential genes between treatments, the redder the colour, the higher the value. FPKM is fragments per kilobase of exon model per million mapped
fragments. From left to right treatments are Leaf P20, Leaf P100, Leaf P200, Leaf P500, Root P20, Root P100, Root P200, Root P500. P20,
P100, P200 and P500 stand for KH,PO, supply levels of 20, 100, 200 and 500 umol/L, respectively.
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Fig. 9 Leaf and root phosphorus uptake, transport and regulation of DEGs
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Note: P20, P100, P200 and P500 stand for KH,PO, supply levels of 20, 100, 200 and 500 pmol/L, respectively. The heatmap shows the FPKM values
of the differentially expressed genes (DEGs) between treatments, the redder the colour, the higher the value. FPKM—Fragments per kilobase of exon

model per million mapped fragments.
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Fig. 10 qRT-PCR verification of 6 differentially expressed genes involved in glycolysis and phenylpropanoid

biosynthesis pathways
. P20, P100. P200. P500 Zrlft3E KH,PO, BERI /KK 20, 100, 200 1 500 umol/L, FPKM—%ET-/M6l 4 % 54 1 J7 LBt i)

fragments.,

Note: P20, P100, P200 and P500 stand for KH,PO, supply levels of 20, 100, 200 and 500 umol/L, respectively. FPKM—Fragments per kilobase of

exon model per million mapped fragments.
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