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Introduction of TPD
Definition and symptom: TPD is a complex physiological disorder of rubber tree
caused by overexploitation. The first symptom is no latex flow on the partial tapping
panel. In advanced stage, the whole tapping panel is completely no latex flow.

a healthy rubber tree with normal latex flow. b and c rubber trees partially or completely affected by TPD.

TPD threats: TPD is the most serious threats to natural rubber production, and the
losses caused by TPD account for over 10% natural rubber yield (de Faÿ, 2011).
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Chen et al., 2002; Venkatachalam et al., 2007, 2009; Peng et al., 2011; Gébelin et al., 2013; Li et al., 2010, 2013, 2014, 20 16;
Deng et al., 2014, 2016; Liu et al., 2015; Putranto et al., 2015).

TPD-affected rubber tree shows typical characteristics of PCD
◆ Typical characteristics of programmed cell death (PCD) including DNA laddering,
chromatin condensation, and nuclear membrane blebbing were detected in TPD tree.

Peng et al., Plant Physiol. Bioch., 2011, 49:1429-1435; de Faÿ, Aust. J. Bot., 2011, 59:563-574.

Introduction
PCD plays crucial roles in a wide variety of developmental and
physiological processes in animals and plants. In animals,
caspases are key regulators of PCD (Sueldo and van der Hoorn
2017). However, no orthologous caspases have been identified in
plants. The proteins structurally similar to caspases are
metacaspases (MC) in plants (Uren et al. 2000). Although MCs
have no caspase activities like animal caspases, they are
essential for cell death regulation in plants (Bonneau et al. 2008).

Aims: Since TPD is a PCD process and MC regulates cell death
in plants, we try to elucidate the roles of MC in rubber tree and
TPD in this study.
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HbMC1 encodes 367 amino acids and HbMC1 contains Caspase
and LSD1 zinc finger domains

Fig. 1 Nucleotide sequence of HbMC1 and its deduced amino acid sequences (GenBank accession no. KU188281).

Fig. 2 The predicted domains of HbMC1.

HbMC1 belongs to subclade A

Fig. 3 Phylogenetic relationships of the metacaspase family proteins from rubber tree, Arabidopsis, rice and grape.
The Bayesian phylogenetic tree was constructed using BEAST v1.8.3. The caspase gene Casp1 (NM_009807.2) from Mus
musculus was used as an outgroup to root the tree. The posterior probabilities are given for each node in the tree. The six
subclades are indicated with different colors.

HbMC1 was closely related to rubber tree TPD

Fig. 4 Expression of HbMC1 in bark tissues of rubber tree. H2O2 (A), ethephon (B), and wounding (C) treatments or with
different TPD severities (D). Values are the means ± SD of three biological replicates. Different letters above the bars show
significant differences (P < 0.05, Duncan’s multiple range test).

Overexpression of HbMC1 reduced oxidative stress
tolerance in S. cerevisiae

Fig. 5 Yeast cells transformed with pYES2-HbMC1 were more sensitive to oxidative stress than yeast cells harboring
the empty vector pYES2. (A) Growth of yeast cells in liquid induction medium supplemented with different H 2O2 concentrations.
(B) Growth of yeast cells in solid medium supplemented with different H 2O2 concentrations.

Overexpression of HbMC1 increased cell death induced
by H2O2 in S. cerevisiae

Fig. 6 Comparison of cell survival of recombinant yeasts after high concentration H 2O2 treatment. (A) Spot assay of
recombinant yeasts after high-concentration H2O2 treatment. (B) The number of surviving colonies after 25-fold dilution.

Overexpression of HbMC1 in transgenic tobacco reduced
tolerance to H2O2-induced oxidative stress

Fig. 7 Molecular detection of HbMC1 transgenic tobacco
lines. (A) Characterization of transgenic plants by PCR. Lane P:
positive control (pCAMBIA1301-HbMC1 plasmid). Lane N:
negative control (wild-type). Lanes L1–L9: HbMC1 transgenic
plants. Lane M: DL2000 DNA marker. (B) qRT-PCR analysis of
HbMC1 expression in T1 and T3 transgenic lines.

Fig. 8 Transgenic tobacco overexpressing HbMC1 reduced
tolerance to H 2O2-induced oxidative stress. (A) Phenotypes of
leaf discs of HbMC1-transgenic and WT tobacco plants after 2
days of treatment with H2O (control) or 200 mM H2O2. (B)
Chlorophyll contents of leaf discs after treatments.

Overexpression of HbMC1 in tobacco inhibits
plant growth under H2O2-induced oxidative stress

Fig. 9 Overexpression of HbMC1 in tobacco resulted in enhanced growth inhibition under oxidative stress. (A)
Phenotypes of seedlings grown on solid MS medium supplemented with or without 4 mM H2O2 for 4 weeks. (B) Fresh weight.
(C) Plant height. Values are the means ±SD (n = 15).

Overexpression of HbMC1 in tobacco enhances cell death
under H2O2-induced oxidative stress

Fig. 10 Comparison of H 2O2-induced leaf cell death between HbMC1-overexpressing lines and WT. (A) Histochemical
detection of leaf cell death induced by oxidative stress. (B) The percentage of trypan blue -stained leaf area. Values are the means
± SD (n = 9).

Eleven proteins were identified to be interacted
with HbMC1

Fig. 11 Confirmation of the interactions between HbMC1 and the identified interactors by yeast two -hybrid assay. P:
positive control (pGBKT7-53 and pGADT7-T co-transformants). N1: negative control 1 (pGBKT7-Lam and pGADT7-T cotransformants). N2: negative control 2 (pGBKT7-HbMC1 and pGADT7 co-transformants). 1–11: Y2HGold cells co-transformed
with pGBKT7-HbMC1 and each of the 11 prey plasmids (1–11 as shown in Table 1).

HbMC1-interacting proteins are closely associated with
ROS metabolism, PCD and rubber biosynthesis
Table 1. HbMC1-interacting proteins identified by the yeast two-hybrid assay.

酵母双杂交阳性克隆的验证

ROS metabolism, PCD and RB are key regulating pathways in TPD, therefore HbMC1
may participate several pathways and play important role in TPD by interacting eleven
proteins mentioned above.
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Conclusions
■ HbMC1 contains Caspase and LSD1 zinc finger domains and
belongs to subclade A of clade I.

■ HbMC1 was closely related to rubber tree TPD.
■ Overexpression of HbMC1 reduced oxidative stress tolerance and
enhance cell death induced by hydrogen peroxide in S. cerevisiae and
tobacco.
■ HbMC1-interacting proteins are closely associated with PCD, ROS
metabolism, and rubber biosynthesis.
■ HbMC1 is involved in TPD occurrence and development probably by
regulating ROS induced PCD process in rubber tree.
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