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Abstract: Ca®>" is a second messenger in plant cells, and Ca’’-ATPase (ACA/ECA), as an important protein in Ca>"
transport, plays a crucial role in ensuring the balance of intracellular calcium ions and abiotic stress in plants. To inves-
tigate the biological function of Ca*'-ATPase (ACA/ECA) in Hevea brasiliensis, 45 ACA/ECA gene family members
were identified from the rubber tree genome using the ACA/ECA protein sequence of the model plant Arabidopsis as a
probe, including 38 ACA members and 7 ECA members. Expasy and Plant-mPLoc were used to comprehensively ana-
lyze the physicochemical properties, gene structure, chromosomal localization, phylogeny, and expression patterns of
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the 45 members. Physicochemical properties analysis showed that the number of amino acids encoded by each member
was 86—1142, the molecular weight of amino acids ranged from 10 048.04 to 125 412.75 Da, and the protein products
were mostly localized on the cytoplasmic membrane, with a few members localized on the endoplasmic reticulum,
chloroplast, vacuole, and nucleus. In evolutionary, members of the ACA/ECA family were clearly clustered into ACA
and ECA two branches, and rubber tree members were always in close proximity to cassava in both branches, indicating
that there was a close relative between rubber tree and cassava during phylogeny. Chromosomal localization revealed
that the 45 members of the ACA/ECA family were unevenly distributed across 14 chromosomes and one contig in rub-
ber tree, in which, chromosomes 2 and 9 had the largest member distribution of 11 members. Expression analysis
showed that there were obvious differences in the expression of some members in different groups, HbDACA31 was ex-
pressed the most in leaves, HDACA36 was expressed the most in latex, and the expression of HDACA36 was obviously
up-regulated in latex after treatment with ethenol. In addition, we also analyzed the influence of tapping on ACA/ECA
gene expression, and found that HODACA36 was at a high expression level during tapping of the two rubber tree varieties,
PR107 and Reyan 8-79, and significantly up-regulated during tapping of high-yield variety Reyan 8-79 ,which specu-
lated that HbACA36 was involved in the regulation of rubber biosynthesis and played an important role. The results
presented in this study reveal the physicochemical properties and expression patterns of ACA/CA family members for
the first time in rubber tree, and would provide a foundation for further investigation of the biological functions of

ACA/ECA genes in H. brasiliensis, especially in the regulation of the rubber production.
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Tab. 1 ACA/ECA gene family members of H. brasiliensis
SEH 4 T L 1D PR s FER KA Eﬁ{ég‘% BEM Iy TR FhHR V40 fif R o7
Gene name Gene ID Chromo- Localization Gene Protein Mqlecular Isoelc?ctrlc Subc.ellu.lar
some length/bp length/aa  weight/Da point localization
HbACAL EVMO0016302.1  LGO07 120 75 368~12 087 029 11 662 818 89 587.47 572 mRgR{Ak . W
HbACA2 EVMO0012621.1  LGO3 48 737 744~48 743 632 5889 1032 113 138.54 8.78  WhERfAk . PIBTM L W
HbACA3  EVMO0000857.2  LGI2 6216 555~62 23 381 6827 1020 111 182.75 8.82  RMRLR{k . NN | I
HbACA4 EVMO0011980.1 LG06 78963 020~78 970 776 7757 1015 112 073.73 6.92 W&k PIBTM L B
HbACA5 EVMO0039732.1 LG16 87 565443~87 571971 6529 1015 118 852.42 6.49 Mgk PIBTM L B
HbACA6 EVMO0010645.1 LG16 87 574251~87 591324 17074 943 108 545.60 6.43  MRER{k . N
HbACA7 EVMO0003754.1 LGO7 102 697 785~102 701 228 3444 1027 118 823.48 6.37 AR
HbACA8 EVMO0006762.1  LG02 3 117 085~3 120 040 2956 728 117 316.59 6.75 YRR
HbACA9  EVMO0005296.1  LGO02 3265 205~3 267 018 1814 558 23582.69  9.14  4fpE
HbACA10 EVMO0026077.1  LG02 3125 359~3 127 310 1952 625 115 834.52 5.94  4upufE
HbACA1l EVMO0031132.1  LG02 3233 955~3 236 682 2728 883 110 578.33 583 4upufE
HbACA12 EVMO0024428.1  LGO02 3243 686~3 246 736 3051 1016 111 393.79 8.36  HfifiE
HbACA13 EVMO0015252.1  LG02 3262 343~3 263 065 723 178 111 989.14 7.98 4R
HbACA14 EVMO0024534.1  LG09 66 096 509~66 100 083 3575 750 110 309.03 592 YRR
HbACA15 EVMO0029641.1  LG09 66317 572~66 321 445 3874 720 103 884.94 574 AU
HbACA16 EVMO0017927.1 LGOS 4391 059~4 394 100 3042 1013 121 009.41 534 4upufE
HbACA17 EVMO0032610.1 LGl 12 512 452~12 513 504 1053 209 113 546.69 8.23 A
HbACA18 EVMO0030427.1  LG09 66 076 346~66 079 704 3359 733 116 818.40 5.18  ZfiffE
HbACA19 EVMO0003826.1  LG09 66 279 877~66 304 362 24 486 1142 80 664.67 721 4R
HbACA20 EVMO0027429.1  LG09 66 104 652~66 105 203 552 183 68 724.97 6.08  HfifLfA
HbACA21 EVMO0015004.1  LG09 66 325 873~66 326 422 550 137 97 047.61 8.07  MhoRik. ZHAEA
HbACA22 EVMO0014853.1  LG09 66 353 279~66 353 827 549 182 112 055.29 8.31  ZWMINE. 4%
HbACA23 EVMO0033987.1  LG09 66 354 136~66 354 761 626 151 20 006.51 545  4UpufE
HbACA24 EVMO0021882.1  LG09 66 116 797~66 120 161 3365 465 61 593.16 6.18  ZfifiE
HbACA25 EVMO0003506.1 LGOS 4375 525~4 379 761 4237 1004 118 968.46 6.44 YA
HbACA26 EVMO0010956.1 LGOS 96 367 224~96 370 397 3174 1057 10 048.04 9.21  4HfEAR
HbACA27 EVMO0037889.1 LG16 10542 615~10 545 666 3052 1006 104 419.52 6.83 4N
HbACA28 EVMO0032692.1 LG16 10696 931~10 700 001 3071 1011 116 861.51 8.48  ZupufE
HbACA29 EVMO0016389.1  LG09 62325 967~62 328 900 2934 977 117 740.50 524 4upupE
HbACA30 EVMO0028891.1  LG09 62389 407~62 392328 2922 973 107 702.42 535 HiffE
HbACA31 EVM0000930.1 LGOS 38 103 650~38 144 781 41 132 1082 107 266.05 5.40 4R
HbACA32 EVMO0008651.1  LG02 8 008 368~8 075 531 67 164 1058 80 305.37 837  HHMUAR
HbACA33 EVMO0021769.1  LG02 7964 947~8 005 806 40 860 956 82 737.19 6.63 AU
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Tab. 1 ACA/ECA gene family members of H. brasiliensis (comtinued)
S K B £ 1D g 1k o e AN EHJ&E AR5y hE %tﬁﬁ_ SV 21 i 5E 37
Gene name Gene ID Chromosome Localization Gene Protein Mqlecular lsoelgctrlc Subc.elluilar
length/bp length/aa weight/Da point localization
HbACA34 EVMO0034728.1 LG02 7829 269~7 854 528 25260 1082 20379.37 8.93 2 i 5
HbACA35 EVM0001605.1 LG02 7963 616~7 964 455 840 86 50 604.66 5.47 2t A%
HbACA36 EVMO0027126.1 LGOI 5339293~5359637 20345 1070 125 412.75 6.14 2 A
HbACA37 EVMO0017585.1 LG14 36 438 395~36 464 099 25 705 990 79 361.44 6.55 21 Jifa J5E
HbACA38 EVM0033009.1 LG14 36 607 045~36 633 937 26 893 1080 15 362.58 8.93 2 i A
HbECAL EVMO0006681.1 LGI2 6 495 924~6 517245 21322 1001 20 166.08 5.95 2 i 5
HbECA2 EVMO0032367.1 LGI0 74 562 648~74 567 522 4875 1050 16 172.53 8.73 A JBE 19
HbECA3 EVMO0035728.1 LGO05 101 795 694~101 800 096 4403 1057 116 356.77 7.76 A JBT I
HbECA4 EVMO0037175.1 LGO03 3 585 354~3 589 740 4387 760 84 489.55 5.53 PN JBT
HbECA5 EVMO0033174.1 LG02 19 860 280~19 864 338 4059 1070 111 941.08 5.94 PN JBT
HbECA6 EVMO0001506.1 LG13 4899 156~4 905 549 6394 1059 109 762.53 5.78 A J5
HbECA7 EVMO0042041.1 Contig01284 39 845~46 637 6793 954 104 494.54 5.27 A JBT I
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Fig. 1 ACA/ECA protein phylogenetic tree of H. brasiliensis and other four plants
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