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Abstract: Rubber tree latex metabolic processes are regulated by a variety of mechanisms, among which ubiquitination
modification is the most significant. The phloem protein PP2 belongs to the F-box protein family and is specifically
highly expressed in latex, which may be involved in the regulation of latex regeneration. In this study, bioinformatics
and expression pattern analysis were conducted on 17 F-box members of the HbPP2 gene identified in the genome of
Hevea brasiliensis. The results revealed that the majority of proteins encoded by the rubber tree PP2 genes were unsta-
ble hydrophilic proteins with molecular weights ranging from 9.402 to 61.206 kDa. Phylogenetic analysis showed that
the 17 HbPP2 genes in the H. brasiliensis could be divided into three subgroups (Subgroup I, Subgroup II, Subgroup
[II), in which HbPP2 members were completely absent in subgroup I. Analysis of cis-acting elements revealed that the
rubber tree PP2 gene family contained diverse functional elements involved in growth and development regulation,
hormone response, and light response. Subcellular localization analysis indicated that PP2 proteins were primarily lo-
calized in chloroplasts or cytoplasm. Tissue expression analysis showed that, except for some members with tis-
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sue-specific expression, most members of the rubber tree HbPP2 family were expressed in various tissues. In latex, the
expression levels of six genes, HbPP2-B1, HbPP2-B1.1, HbPP2-B10.1, HbPP2-A13.2, HbPP2-B13 and HbPP2-A15.1,
were relatively high, but tapping treatment significantly upregulated the expression of HbPP2-A13.2 and HbPP2-B13.
This study would provide preliminary insights into the physicochemical and expression characteristics of the HbPP2
family members in the H. brasiliensis, laying a foundation for further research on the functions of this genes family in
rubber trees latex synthesis and metabolism.
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Tab. 1 Primers for RT-qPCR
5194 B 1YFEF) (5-3")

Primer name Primer sequence (5'-3")
HbPP2-A13.2-F TGGACAATCCTGGGAACTGG
HbPP2-A13.2-R TGTGCTCATCTCACTGCCTA
HbPP2-B13-F TGACAACAGCAGCTTATGG
HbPP2-B13-R CAATCTCCAGCCACCCATC
HbPP2-BI1.1-F GCTGAAGGTTGTAAGCGAAGTT
HbPP2-BI.1-R GTGGCGGAATAACCCGACTT
HbPP2-B10.1-F GAACTGGTTGGAGGCGTGAA

HbPP2-B10.1-R TTCCGTTTTCGGTCTCATCTCT

HbPP2A15.1-F TGACGCCACCAGAGATTTGT
HbPP2A15.1-R CCATCGTCAAATGGAACGGGA
HbPP2A14.1-F GTGGAGGTCCTTCTCCATCAA
HbPP2A14.1-R CGTCTCCCACACAAAATCGG
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Tab. 2 Physicochemical properties of proteins in HbPP2 gene family

A FEP ID HIERAHL it I ENEY N FIKFRH

Protien Gene ID Number of amino acids Molecular weight/kDa pl Instability index GRAVY
HbPP2-B1 scaffold0016_1581782 198 22.829 5.48 36.08 -0.608
HbPP2-A15 scaffold0020_30195 296 33.407 6.25 49.35 -0.313
HbPP2-A12 scaffold0082_457438 172 19.697 7.62 31.82 -0.178
HbPP2-A14 scaffold0148_1285467 285 32.384 6.65 50.70 -0.284
HbPP2-B13 scaffold0178_461591 140 15.530 9.64 48.08 -0.500
HbPP2-BI15 scaffold0340_117358 538 61.206 7.03 4791 -0.456
HbPP2-B15.1 scaffold0340 123434 231 26.018 5.37 46.87 -0.324
HbPP2-A13 scaffold0425 531538 290 32.903 6.20 46.35 -0.373
HbPP2-A13.1 scaffold0425_534088 290 32.958 6.36 47.87 —-0.386
HbPP2-B10 scaffold0429_412565 170 19.614 7.83 47.37 -0.245
HbPP2-B10.1 scaffold0594_96082 201 23.027 5.54 40.93 -0.297
HbPP2-A15.1 scaffold0753_521075 294 33.394 5.94 55.04 -0.370
HbPP2-A13.2 scaffold0782_510591 290 32.886 6.38 35.09 -0.273
HbPP2-A12.1 scaffold0976_68746 295 33.524 9.06 41.26 -0.265
HbPP2-A14.1 scaffold0997_310741 285 32.328 7.99 51.38 -0.248
HbPP2-B11 scaffold1141_68043 83 9.402 8.74 35.23 0.206
HbPP2-BI1.1 scaffold1150_191714 335 37.344 5.14 42.82 -0.444
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Tab. 3 Subcellular localization and secondary structure prediction of HbPP2 proteins

¢HE| 7 240 E 3z o- 1Rt B-#e A A To AL 2
Protien Subcellular localization Alpha helix/% Beta turn/% Extended strand/% Random coil/%
HbPP2-B1 Chloroplast, Cytoplasm 12.63 5.05 27.78 54.55
HbPP2-A15 Cell membrane, Chloroplast 25.34 7.09 27.03 40.54
HbPP2-A12 Cell membrane, Chloroplast 16.28 9.88 38.37 35.47
HbPP2-A14 Chloroplast 26.67 7.02 24.21 42.11
HbPP2-B13 Chloroplast 10.71 7.14 22.86 59.29
HbPP2-BI15 Nucleus 28.44 4.65 23.42 43.49
HbPP2-B15.1 Nucleus 27.27 4.33 21.65 46.75
HbPP2-A13 Chloroplast 22.76 5.17 28.28 43.79
HbPP2-A13.1 Chloroplast 23.45 5.86 26.21 44.48
HbPP2-B10 Chloroplast 14.71 4.71 29.41 51.18
HbPP2-B10.1 Cytoplasmic 9.95 8.46 35.32 46.27
HbPP2-A15.1 Nuclear 25.17 6.80 25.85 42.18
HbPP2-A13.2 Nuclear 22.07 6.21 26.55 45.17
HbPP2-A12.1 Cytoplasmic 24.75 4.75 25.08 45.42
HbPP2-A14.1 Nuclear 22.81 6.32 28.77 42.11
HbPP2-BI11 Cytoplasmic 16.87 7.23 42.17 33.73
HbPP2-BI1.1 Nuclear 22.39 5.67 23.88 48.06
3 « ‘ ~) ) -
% A i %
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A 2
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Tertiary structure model of HbPP2 proteins
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Fig. 2 Sequence structure analysis of HbPP2 proteins
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Fig. 3 Cis-regulatory elements in promoter region of HbPP2s
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Fig. 4 Phylogenetic analysis of PP2 in H. brasiliensis, Arabidopsis thaliana and Manihot esculenta
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Fig. 5 Expression analysis of HbPP2s in different tissues (A) and different tapping number (B) of rubber tree
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