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Abstract: Auto-inhibited Ca*"-ATPase (ACA) is one of the Ca*"-ATPase subfamilies that plays
an important role in maintaining Ca®" concentration balance in plant cells. To explore the
function and gene expression pattern of the RcACA gene family in castor, bioinformatics
analysis was used to identify the members of the RcACA gene family in castor. The basic
physical and chemical properties, subcellular location, protein secondary and tertiary structure,
conserved domain, conserved motif, gene structure, chromosome location and collinear
relationship, as well as the evolutionary characteristics and promoter cis-acting elements were
predicted and analyzed. The expression pattern of the RcACA gene under abiotic stress was
analyzed by expression (fragments per kilobase of exon model per million mapped fragments,
FPKM) in castor transcriptome data. The results showed that 8 RcACA gene family members
were identified in castor, acidic proteins located in the plasma membrane. In the secondary
structure of all proteins, the a-helix and random coil is more; the RcACA genes were clustered
into three categories, and the design of the genes in the same category was similar to the
conserved motif. Both of them had four typical domains, ReACA3—RcACAS had a Ca**-ATPase
N-terminal autoinhibitory domain. The RcACA gene is mostly located on the long arm of the
chromosome and has 2 pairs of collinear relationships. There are more light response elements
but fewer hormone-induced elements located upstream of the RcACA coding region.
Interspecific clustering showed that the evolution of 4ACA genes among species was
conservative. Tissue expression pattern analysis showed that RcACA genes showed apparent
tissue expression specificity, and most of the genes showed the highest expression level in male
flowers. Expression analysis under abiotic stress showed that RcACA2—RcACA8 were
up-regulated under high salt and drought stress, and RcACAI was up-regulated at 0—24 h under
low-temperature stress, indicating that RcACA genes positively responded to abiotic stresses.
The above results provide a theoretical basis for exploring the role of the ReACA gene in castor
growth, development and stress response.

Keywords: castor (Ricinus communis); RcACA gene family; bioinformatics; abiotic stress;
expression pattern
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T EAMERIRIME ) RNA 53 REE [R] 6 a4
KK S0-1-S0-3, S12-1-S12-3 Fll S24-1-S24-3;
P0-1-P0-3 . PI2-1-P12-3 Hl P24-1-P24-3 ;
C0-1-C0-3, CI12-1-C12-3 Fl C24-1-C24-3, 27 4
FEAR) cDNA SCEEREE . B A1 7 (1llumina
Novaseq 6000)#057 H A= T A TR R A
FRAFISEM.. M4 RNA-Seq BEHEL ReACA Fit
e Bk g, B 3 BRI EIE; I
T2k Brown P2 B B RNA-Seq JBIAKIRE , 2005
PEIG e RedCA FERIM AR IRHE

2 BER540

2.1 B RcACA RiERIE 2 RIBHM R
TEBE RS FER S E R 8 4~ ReACA Ktk

T1 BEM RcACA EARERREE

B, MRAE ARG AR EALE, KRIRar Tk
RcACAI-RcACAS, I 11 iy S A FRAL P
J(F 1) BEFK ReACA FEHI[) CDS Kk 2 863 bp
(RcACAI)-3 477 bp (RcACA2); P14 JLime
KJETE 956 aa (RcACA1)-1 161 aa (RcACA2)Z
(1) ; i S ) 50 iRy 6-8 45 7 T #E 103.97 kDa
(RcACA1)-126.12 kDa (RcACA2)Z[a]; %5
L, 25 7E 5.05 (RcACA6)-6.85 (RCACAT)Z ], 1
SERMEZR [ (pI<7); ReACAs 5 115 1 31 41 g 75t
W25 SRR B E N AR AN . RcACAs #5 )i
M 2, ZREEMTINE R ER 2, B 1), ReACA2
1 o-1RGER %, B-P&. IEAREEFAN LN 4
L AR 51.31% . 5.87% . 15.67% Al
27.15%.

Table 1 Information about the ReACA gene family members of castor
Gene ID Gene name CDS length (bp) Amino acids (aa) Subcellular location Number of membrane Molecular pl
spanning domain weight (kDa)

RcO1T000864.1 RcACAI 2863 956 Plasma membrane 6 103.97 6.28
Rc02T004471.2 RcACA2 3477 1161 Plasma membrane 8 126.12 5.59
Rc02T004494.1 RcACA3 3104 1035 Plasma membrane 8 111.79 5.89
Rc03T006907.1 RcACA4 3170 1058 Plasma membrane 7 113.92 6.31
Rc04T009215.3 RcACA5 3268 1091 Plasma membrane 7 117.32 6.59
Rc07T015286.1 RcACA6 3234 1079 Plasma membrane 8 116.60 5.05
Rc07T015945.1 RcACA7 3158 1054 Plasma membrane 8 114.10 6.85
Rc10T022747.1 RcACA8 3360 1121 Plasma membrane 7 120.65 5.77

®2 ER RcACA ERARK R
Table 2 Secondary structure of the RcACA protein of castor

Protein ID a-helix (%) Extended strand (%) B-sheet (%) Random coil (%)
RcACA1l 42.77 19.36 6.91 30.96
RcACA2 51.31 15.67 5.87 27.15
RcACA3 44.65 19.04 6.87 29.44
RcACA4 43.23 19.50 6.15 31.12
RcACAS 43.52 18.36 6.24 31.87
RcACA6 44.44 17.42 6.03 32.11
RcACA7 43.46 19.00 7.52 29.99
RcACA8 45.33 19.13 6.89 28.65
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RcACAT RcACA8

Tertiary structure of the RcACA protein of castor.
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Figure 2 The evolutionary relationship and structure of RcACA gene family members in castor.
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Figure 3 The location and collinearity of the RcACA gene.
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Figure 4 Prediction of promoter cis-acting elements of the ReACA gene family members in castor. Position (A)

and number (B) of promoter cis-acting element.
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Figure 5 Cluster analysis of the ACA4 gene family members in castor and Arabidopsis thaliana.
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Figure 7 Expression pattern of the RcACA gene in castor under stress. S, P and C represent NaCl stress, PEG
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