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Analysis of function and metabolic pathway of phosphorus-
responsive genes of Castanopsis chinensis
under low phosphorus stress
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Abstract: Phosphorus is the key nutrient factor for limiting the plant growth and production in subtropical evergreen
broad-leaved forest. It is of great significance to study on the molecular mechanism of dominant species response to low

phosphorus stress in the forest community. Castanopsis chinensis is the dominant species in 20 hm® lower subtropical ever-
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green broad-leaved forest plot in Dinghushan and plays very important role in forest community assembly and mainte-
nance of biodiversity. In this study, high-throughput sequencing technology combined with bioinformatics softwares were
used to deep analyze the genome sequence of C. chinensis. Sequencing quality was assessed by FastQC and clean data
was demutiplexed by Stacks. The assembly of reference sequence of C. chinensis genome was preliminarily completed by
dDocent and the fasta format file of genomic reference sequence totally contained 1 488 contig sequences including for-
ward strand and reverse strand. Sequencing alignment was conducted by Bowtie2 and the individual sequence information
was completely aligned to reference sequence. The results were as follows: (1) Pearson correlation analysis was per-
formed using the data of soil available phosphorus content in Dinghushan plot with the result of sequence alignment ma-
trix and the result showed that 37 significant phosphorus-responsive genes were detected. The GO function annotation a-
nalysis of the phosphorus-responsive genes found that among the 29 GO annotation classifications, there were 13 genes in
the molecular functional class and the predicting functions included NAPE-specific phospholipase D activity,
cytochrome-c oxidase activity, electron transporter and peroxidase activity. (2) The predicting function of 11 genes in
the class of biological process class involved in RNA splicing, oxidative phosphorylation, photosynthetic electron trans-
port in photosystem II. Cellular component class contained nine genes, including chloroplast, integral component of mem-
brane and photosystem II. Moreover, the result of KEGG analysis showed that the KEGG terms of 37 genes were signifi-
cantly enriched to the metabolic pathway of photosynthesis and psbD was the major gene participated in the regulatory
process. This study reveals that many phosphorus-responsive genes are involved in the regulation of various biological
pathways in the growth stage of C. chinensis under low phosphorus stress. psbD gene is a major phosphorus-responsive
gene adjusting plant growth by regulating photosynthesis in leaves. The specific function of psbD gene in C. chinensis
needs to be further vertified.

Key words: Castanopsis chinensis, low phosphorus stress, phosphorus-reponsive genes, gene function, metabolic pathway
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Table 2 Functional classification of phosphorus-responsive genes

GO FERMLIRE S 25 GO %3R5 Unigene % H Unigene %5
GO_function classification GO accession No.  Unigene number Unigene 1D
H2 )23 72 Biological process 11

RNA 5545 RNA splicing G0:0008380 1 ¢650
A A Aerobic respiration G0:0009060 1 €525
M F %1855 Electron transport chain G0:0022900 1 525

N B AR 4 Lipid catabolic process G0:0016042 1 ¢310
mRNA fIll T. mRNA processing G0:0006397 1 650
FALIE 5 Oxidation-reduction process G0:0055114 1 c446
F AR 1L Oxidative phosphorylation G0:0006119 1 €525
s BE WE AR AR AR 35 Phosphatidylcholine metabolic process G0:0046470 1 c310
JeE G 1 Ho i 1443513 2 Photosynthetic electron transport in photosystem I G0 ;0009772 1 31
U4k R Response to oxidative stress G0:0006979 1 c446
tRNA Jll T tRNA processing G0:0008033 1 ¢650
AN J843 Cellular component 9

f4%44& Chloroplast G0:0009507 2 ¢650;c31
A1 B 52 4 78,43 Integral component of membrane G0:0016021 2 c31;¢525
41 i A5 Membrane G0:0016020 1 ¢310
2RI AAK N X Mitochondrial inner membrane G0 :0005743 1 c525
JeZ G 11 Photosystem 11 G0:0009523 1 31

FE YT AL BE Plant-type cell wall G0:0009505 1 c446
I I &% Respiratory chain G0:0070469 1 525
4y T2 Molecular function 13

NAPE-45 5 VLB BE S D 75 I NAPE-specific phospholipase D activity G0:0070290 1 ¢310
RNA %54 RNA binding G0:0003723 1

58 F 454 Calcium ion binding G0:0005509 1 ¢310
ML, 3R ¢ S LRGP Cytochrome-c oxidase activity G0:0004129 1 €525
W TG T Electron carrier activity G0:0009055 1 €525
HiLF %1% Electron transporter G0:0045156 1 31
1141 F 454 Heme binding G0:0020037 2 c446;¢525
2k 85 1454 Tron ion binding G0:0005506 1 €525
4 JB B 1454 Metal ion binding G0:0046872 2 c446;c31
i A AP 2 Peroxidase activity G0:0004601 1 446
WEARHE D 7% Phospholipase D activity G0:0004630 1 ¢310

A2 KB5S 235 F I (Chu et al., 2018) ., ZWF T GO e B0 ¥ S KEGG & B0 #7, 45 - &
IR O AT S ap BB AV LR HE—LPEFT B HER 29 4 GO R 2R 8 2 T Il g Y



8 1] BT ¢ AR 0 R 13 PR T B B A T B 0 A 1137

100

o

HEFEBSL

Percent of genes

o

0.1
1 2 3 4 5 6 7 8

W EYHAXER
Ap- related genes

10 11 12 13 14 15 16 17

GO 4321 GO term

1-7. 44

1. 400 2. 408414 3. 40HEAE,; 4. A0MES; 5. dUBARAL 5 ; 6. KO TE AW 7. M4y . 8-12. 44 F

Uite 8. 4G 9. MALTEME; 100 B TENE; 10 BHIENE; 12, JrERIENE, 13-17. AR 130 AR 14, Al

15, PR NS AR ; 16. RO N ; 17, EAL,

1-7. Cellular component 1. Cell; 2. Cell part; 3. Membrane; 4. Organelle; 5. Membrane part; 6. Macromolecular complex; 7. Organelle

part. 8—12. Molecular function 8. Binding; 9. Catalytic activity; 10. Electron carrier activity; 11. Transporter activity; 12. Antioxidant

activity. 13—17. Biological process 13. Metabolic process; 14. Cellular process; 15. Single —organism process; 16. Response to stimulus;

17. Localization.

B 1 s R REE GO & HEaHT

Fig. 1 GO enrichment analysis of phosphorus-responsive genes
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Fig. 2 Phosphorus-responsive genes involved in the metabolic pathway of photosynthesis
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