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Abstract: This study aimed to systematically identify the rice SPX gene family at the whole-genome level, characterize its evolu-
tionary features and expression patterns, and provide a basis for elucidating SPX functions in phosphorus signal transduction.
Bioinformatics approaches were used to identify SPX genes in rice and to analyze their physicochemical properties, phylogenetic
relationships, gene structures, conserved motifs, promoter cis-acting elements, and collinearity. Transcriptomic data and quantita-
tive real-time PCR (RT-qPCR) were used to examine tissue-specific expression and responses to phosphorus stress. Six SPX genes
were identified and mapped to five chromosomes. Phylogenetic analysis showed that OsSPX! and OsSPX2 clustered together
with 100% bootstrap support, whereas OsSPX3 formed a well-supported subclade with OsSPX5 and OsSPX6. Collinearity analy-
sis identified two segmental duplication pairs (OsSPX1/OsSPX2 and OsSPX5/0OsSPX6), and all K,/K; values were < 1 (0.19-0.44),
indicating strong purifying selection. Gene structure analysis showed that OsSPX members contain 2-3 exons, and conserved
motif distributions were highly consistent with the phylogenetic relationships. Promoter analysis identified 135 cis-acting ele-
ments, mainly related to hormone, light, and stress responses, with methyl jasmonate- and abscisic acid-responsive elements being
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the most abundant. RT-qPCR analysis in the ShijinB variety indicated that OsSPXI-OsSPX6 were preferentially expressed in
roots, with OsSPX3 also showing relatively high expression in inflorescences and OsSPX! and OsSPX4 showing relatively high
expression in leaves. Under low-phosphorus conditions, OsSPX1, OsSPX2, OsSPX3, OsSPX5, and OsSPX6 were significantly
upregulated, with OsSPX3 showing the strongest induction, whereas OsSPX4 was not affected by phosphorus availability. Overall,
the rice SPX gene family appears to have expanded via segmental duplication and subsequently evolved under purifying selection;
although gene structures and motif compositions are relatively conserved, members show clear tissue specificity and differential

responsiveness to phosphorus stress.

Keywords: rice; SPX gene family; phosphorus stress; bioinformatics; expression analysis
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Fig.1 Chromosomal localization of the OsSPX gene family in rice
F1 KESPXEEREMAERER
Table 1 Basic information of SPX gene family members in rice
Protein length Molecular weight S Aliphatic ¥l
Gene Gene ID pl Instability index .
(aa) (kD) index GRAVY
OsSPX1 050620603600 295 33,111.71 5.21 58.57 83.02 —0.516
OsSPX2 050220202200 280 30,955.09 5.67 43.58 76.29 —0.507
OsSPX3 051020392600 277 30,844.51 9.56 56.96 81.01 —0.345
OsSPX4 050320827500 320 35,772.12 4.98 48.49 78.75 —0.543
OsSPX5 050320406100 247 27,513.64 6.93 66.76 92.11 —0.190
OsSPX6 050720614700 234 25,959.86 6.41 52.46 91.45 —0.169

GRAVY: grand average of hydropathicity; pl: isoelectric point.
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Table 2 K,/K, values of the OsSPX gene family
75 1 73 2 EIREPE 7] S TR SRR 5 W] SO R 2 L
Seq 1 Seq 2 K, K K.J/K,
OsSPX2 OsSPX1 0.182907702 0.959501343 0.190627875
OsSPX5 OsSPX6 0.256450887 0.574747502 0.446197480
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Fig. 4 Distribution (A) and quantitative (B) of cis-acting elements in OsSPX promoter regions
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Fig.5 Expression patterns of OsSPX genes in different rice tissues based on transcriptomics (A) and RT-qPCR (B)
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Fig. 6 Expression patterns of OsSPX genes under different phosphorus conditions based on transcriptomics (A) and RT-qPCR (B)
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Table S1 Primer sequence for RT-qPCR
TR ElkZ2]l
Primer name Primer sequence (5-3")
qOsSPX1-F AATACATCATCCGCCAGAAGGAGC
qOsSPX1-R AGCCCCAGTCCTCTTGTCATA
qOsSPX2-F GCTGCTCGAGAATTACAGCG
qOsSPX2-R GTCGGTGGTGAAGAAGGGTT
qOsSPX3-F GCCGTCAACTACACAGGGC
qOsSPX3-R TCCGTCGTGAAGAACGGCT
qOsSPX4-F ATCGAGAGGGAGGAGTGGTA
qOsSPX4-R AGGGAGCTATAGGTTTGCAG
qOsSPX5-F GCGCGACCATTTCCTCAACTA
qOsSPX5-R AGGAAGAAGGCGTTGAACTTG
qOsSPX6-F AAGGAGCTGAAGCGCATCGT
qOsSPX6-R AGGAGTCGATCTTGTCGATGTC
Mizk 2 OsSPX EERIZHIGE RAFILHIE
Table S2 Transcriptomic expression data for the OsSPX gene family
SR {=if High phosphorus % Low phosphorus
Gene i1 i 2 i3 A1 2 3
Replication 1 Replication 2 Replication 3 Replication 1 Replication 2 Replication 3
OsSPX1 43.136410 31.516768 43.498970 760.657471 751.231750 723.610413
OsSPX2 22.661093 21.275381 21.853298 109.968208 94.663010 113.422134
OsSPX3 0 0.128173 0.132963 422.991394 473.344635 425.543488
OsSPX4 27.393534 24.097389 24.996458 27.083014 22.188303 24.889666
OsSPX5 3.738686 1.741453 2.510515 869.731812 928.867554 833.532715
OsSPX6 12.914185 7.527859 9.783573 689.889404 798.101257 700.648438

RS BERMEBES T /3 IXE R 3 A EW 2 B

Values in the high phosphorus and low phosphorus columns represent three biological replications.



