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Abstract To obtain key enzyme gene PPH in chlorophyll degradation process of Curcuma alismatifolia Gagnep, on the basis of
obtaining a large amount of transcriptome information by sequencing the full-length transcriptome, we had screened and analyzed
these transcriptome information and obtained 2 PPH genes which named PPH1 and PPH2. The PPH1 gene (GenBank: MT077178)
has a full-length cDNA sequence of 1 795 bp in length, an open reading frame of 1437 bp (from 138 to 1 574 bp), and encode a
sequence with 478AA amino acid. The PPH2 gene (GenBank: MT077179) has a full-length cDNA sequence of 1 393bp, an open
reading frame of 1227bp (from 70 to 1296 bp), and encode a sequence with 408AA amino acid. Using Blast, Translate tool
(ExPASy), Clustal Omega, Find Conserved Domains (NCBI), ProtParam, TMHMM Server, SOPMA, SWISS-MODEL, ClustalX
(1.81), MEGA4.1 and so on. Their amino acid composition, physical and chemical properties, conserved domains, secondary
structures, tertiary crystal structures, and molecular phylogeny were predicted and analyzed. The nucleotide and protein amino acid
sequences of PPH1 and PPH2 have high homology with these PPH genes of other species, and both of them contain a conserved
region PLN02578 with hydrolase characteristic. Molecular phylogenetic analysis showed that a small cluster of PPH1 and PPH2
were closest to Musa acuminate PPH (XP_018677219.1), but far away from dicotyledons. This study provided a molecular basis for
improving color of Curcuma alismatifolia Gagnep sterile bracts by genetic transformation in the future.
Keywords Curcuma alismatifolia Gagnep; Chlorophyll; PPH (pheophytinase gene); Gene

Curcuma alismatifolia Gagnep, also called ‘Siam Tulip’ or ‘Tropical Tulip’, is a perennial bulbous herbaceous
flower of Curcuma in Zingiberaceae, which is native to Chiang Mai and other places in Thailand. The flowering
period of Curcuma alismatifolia Gagnep is more than 3 months. In East China, the flowering period is from late
July to late October. Curcuma alismatifolia Gagnep is a spike, the upper parts are pink broad oval sterile bracts
(the color of the bracts depends on the variety, here is the color of the variety ‘Chiang Mai pink’), and the lower
parts are honeycomb green fertile bracts, containing small purple and white flowers, like gentle lotuses (Ding et
al., 2013). However, the green tip phenomenon of chlorophyll deposition exists at the tip of sterile bracts of most
Curcuma alismatifolia Gagnep varieties, and there is red pigment deposition below the green tip, which is called
scorching phenomenon of ‘green tip with red bottom’ (Figure 1). It is closely related to the light intensity of the
environment. The phenomenon is very obvious when it is in the open air all day, while it is relatively light when in
the shade. The emergence of this phenomenon makes the bracts of Curcuma alismatifolia Gagnep show a
scorching feeling, which seriously affects the beauty and reduces the ornamental value. The green part of
chlorophyll plays a very important role in the formation of ‘green tip with red bottom’. Therefore, taking measures
to reduce the content of chlorophyll in bracts is conducive to inhibit or reduce the ‘green tip with red bottom’
phenomenon.

Pheophytinase (PPH) is a key enzyme for chlorophyll degradation and metabolism discovered recently (Eckardt,
2009; Schelbert et al., 2009; Asumi et al., 2010). PPH specifically cleaves phytol of pheophytin a, prompting
pheophytin a to remove phytol and become phaeophorbide a. And its acting substrate is pheophytin a (Chen et al.,
2017). PPH is a major chlorophyll dephytase during aging (Schelbert et al., 2009). In the process of leaf aging, the
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expression of PPH gene is enhanced, which accelerates the conversion of pheophytin a to phaeophorbide a, thus
accelerating leaf aging (Liu et al., 2016).

Figure 1 Scorching phenomenon of ‘green tip with red bottom’ of Curcuma alismatifolia Gagnep

PPH is commonly found in higher plant genomes, and has been obtained by cloning Cucumis sativus (Wang et al.,
2011), Arabidopsis thaliana (AT5G13800), Lolium perenne (KT345726.1), Guzmania (KP723523) (Liu et al.,
2016), Camellia sinensis (MK986828.1), Brassica oleracea (OL386), Amaranthus tricolor (KY353111.1),
Brassica rapa (AC189212.2) and other plants. At present, there is no report about the key enzyme gene PPH in
chlorophyll degradation and metabolism of Curcuma alismatifolia Gagnep. The purpose of this study is to obtain
the key enzyme gene PPH information of chlorophyll degradation, provide a basis for improving the color of
Curcuma alismatifolia Gagnep sterile bracts in the future, and pave the way for further enriching and exploring
the theory of chlorophyll degradation and metabolism.

1 Results and Analysis
1.1 Acquisition of PPH1 and PPH2
From the database, 13 pieces of information annotated as pheophytinase were screened out, of which 11 pieces
were 1-2K and 2 pieces were 2-3K. Multiple sequence alignment (Clustal Omega) of nucleotides and putative
amino acids was performed to eliminate repeat sequences, and then BlastN and BlastP online alignment of
nucleotides and putative amino acids was performed. Finally, two high quality pheophytinase gene information
were obtained, named PPH1 and PPH2 respectively (Figure 2).

PPH1, GenBank accession number was MT077178, the full-length cDNA sequence was 1 795 bp, ORF was
138~1 574 bp, the inferred number of protein amino acids was 478 AA, the starting codon was ATG and the
ending codon was TAG. PPH2, GenBank accession number was MT077179, the full-length cDNA sequence was
1 393 bp, ORF was 70~1 296 bp, the inferred number of protein amino acids was 408 AA, the starting codon and
ending codon were the same as PPH1.

The Clustal Omega comparison of the amino acid sequences of PPH1 and PPH2 showed that except that PPH1
had 71 more amino acids at the starting position, most of the other amino acid sequences of the two were the same,
and only 6 amino acids were different (Figure 3).



Plant Gene and Trait 2020, Vol.11, No.3, 1-8
http://genbreedpublisher.com/index.php/pgt

3

Figure 2 cDNA sequence and amino acid sequence of PPH1 and PPH2

Figure 3 Alignment of amino acid sequences of PPH1 and PPH2
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1.2 Blast analysis of full-length cDNA and amino acid sequence
Through the BlastN alignment of full-length cDNA sequence of PPH1 gene, it was found that PPH1 gene had
high homology with the PPH genes in Musa acuminata subsp. Malaccensis, Phoenix dactylifera, Elaeis
guineensis, Ananas comosus, Phalaenopsis equestris, Asparagus officinalis, and Dendrobium catenatum. Among
them, it had the highest homology with Musa acuminata subsp. Malaccensis (XM_018821674.1) and Phoenix
dactylifera (XM_008790358.2, XM_008790357.2), which were 74.46% and 71.96% respectively. Then, the
protein amino acid sequence of PPH1 gene was analyzed by BlastP online comparison. It can be seen that it had
the highest consistency with Musa acuminata subsp. Malaccensis |XP_018677219.1| and Nelumbo nucifera
Gaertn. |XP_010269706.1|, which were 71.06% and 69.09% respectively.

Similarly, through the BlastN alignment of full-length cDNA sequence of PPH2 gene, it was found that it had
high homology with the PPH genes in Musa acuminata subsp. Malaccensis, Phoenix dactylifera, Ananas comosus,
Elaeis guineensis, Phalaenopsis equestris, Asparagus officinalis, Setaria italica and Dendrobium catenatum.
Among them, it had the highest homology with Musa acuminata subsp. Malaccensis (XM_018821674.1) and
Elaeis guineensis (XM_010923945.3), which were 74.33% and 72.46% respectively. Then, the protein amino acid
sequence of PPH2 gene was analyzed by BlastP online comparison. It can be seen that it had the highest
consistency with Musa acuminata subsp. Malaccensis |XP_018677219.1| and Ananas comosus |XP_020114200.1|,
which were 71.88% and 70.65% respectively.

1.3 Characteristic analysis of putative protein amino acids
Using online ProtParam to predict and analyze the physical and chemical properties of the putative PPH1 amino
acid sequence, its relative molecular mass was 53.25 kD, the positively and negatively charged amino acid
residues were 48 (Arg + Lys) and 51 (Asp+Glu), and the isoelectric point pI was 6.48. TMHMM Server v. 2.0
was used for online transmembrane prediction, which showed that there was no transmembrane structure and it
was an outside protein. Using SOPMA to predict its secondary structure online, it can be seen that it was mainly
composed of 16.11% extend strand, 32.43% alpha helix, 48.33% random coil and 12.19% beta turn.

Using online ProtParam to predict and analyze the physical and chemical properties of the putative PPH2 amino
acid sequence, its relative molecular mass was 45.52 kD, the positively and negatively charged amino acid
residues were 38 (Arg+Lys) and 48 (Asp+Glu), and the isoelectric point pI was 5.46. TMHMM Server v. 2.0 was
used for online transmembrane prediction, which showed that there was no transmembrane structure and it was an
outside protein. Using SOPMA to predict its secondary structure online, it can be seen that it was mainly
composed of 13.48% extend strand, 37.50% alpha helix, 41.91% random coil and 7.11% beta turn. The conserved
regions of PPH1 and PPH2 were analyzed on NCBI by using Specialized Blast tool (Lu et al., 2020). It was found
that both of them contained conserved region PLN02578 (Aron et al., 2017), which was with hydrolase
characteristic (Lu et al., 2020). The protein amino acid sequence of PPH1 was submitted to SWISS-MODEL
(https://swissmodel.expasy.org/) and the template was searched in the protein structure library. Finally, it was
found that the consistency of the 96th~422nd residues in protein sequence of PPH1 and the A-chain sequence of
human soluble bifunctional cyclohydrolase C-terminal domain 6i5 e.1 had reached 21.13%. Then, the A-chain of
6i5e.1 was used as a template to predict the three-dimensional model of PPH1 protein (Abis et al., 2019) (Figure
4A). PPH2 was subjected to the same treatment, and it was found that the consistency of the 27th~352nd residues
in protein sequence of PPH2 and the A-chain sequence of soluble epoxide hydrolase 3wk4.1 had reached 21.58%
(Amano et al., 2014). Then, it was used as a template to predict the three-dimensional model of PPH2 protein
(Figure 4B).

1.4 Molecular phylogenetic analysis
The obtained amino acid sequences of PPH1, PPH2 and PPH of other species were compared with multiple
amino acid sequences by ClustalX(1.81) software, and then the molecular system tree (MEGA4.1 software) was
constructed (Figure 5). The results showed that PPH1 and PPH2 were clustered into a small group, and then they
had the closest genetic relationship with Musa acuminata subsp. Malaccensis (XP_018677219.1), clustering into
one group. And then they clustered into a big group with other monocotyledons such as Brachypodium distachyon
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(XP_010227493.1), Elaeis guineensis (XP_010931560.1, XP_010922247.1), Panicum miliaceum (RLM73077.1),
Setaria italica (XP_004977026.1), Asparagus officinalis (XP_020254622.1), Ananas comosus (OAY84910.1,
XP_020114200.1), Phalaenopsis equestris (XP_020582283.1), Dendrobium catenatum (XP_020672292.1), Musa
acuminata subsp. Malaccensis (XP_018677219.1) and Phoenix dactylifera (XP_008788579.1). But they were
distinguished from dicotyledons such as Nelumbo nucifera Gaertn. (XP_010269706.1, XP_010279530.1) and
Cinnamomum micranthum (RWR81325.1).

Figure 4 Three-dimensional model of PPH protein
Note: A: PPH1; B: PPH2

Figure 5 Molecular evolution analysis of PPH gene
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2 Discussion
Pheophytinase is a key enzyme for chlorophyll degradation and metabolism newly discovered in Arabidopsis
thaliana by Schelbert et al. (2009), Zhang (2017). PPH is a candidate enzyme involved in the porphyrin-phytol
hydrolysis process. It is very active for pheophytin, but has no effect on chlorophyll. The role of PPH enzyme is
to convert pheophytin a to phaeophorbide a. Its discovery rewrote the process of chlorophyll degradation.
Previously, it was always believed that phytol was removed first and then magnesium was removed in the process
of chlorophyll degradation, but recently with the deepening of research on pheophytinase, it has been believed that
magnesium may be removed first and then phytol was removed (Tian et al., 2010). The substrate of the
deplantation reaction was corrected from chlorophyll a to pheophytin a, that is, magnesium was removed earlier
than phytol (Eckardt, 2009; Tian et al., 2010; Tang and Mao, 2011), while chlorophyllase was not necessary
(Schelbert et al., 2009).

There are few reports on PPH gene expression, only in Arabidopsis thaliana, Brassica oleracea, Cucumis sativus
and Guzmania lingulata (Liu, 2016). According to BLASTP search (NCBI) for homologous proteins, PPH
proteins were widely distributed in algae and land plants and played a very important role (Schelbert et al., 2009;
Agustin et al., 2010). All PPH proteins had a conserved region with hydrolase characteristic, so did PPH1 and
PPH2 in this study, indicating that PPH proteins among species were highly conserved. As for the prediction of
protein tertiary crystal structure, different from Luzia et al. (2018) using Protein Homology/analogY Recognition
Engine V 2.0 (Phyre2) method and using RCSB PDB as a template to construct the tertiary crystal structure of
PPH from Arabidopsis thaliana, we used the A-chain of cyclohydrolase 6i5e.1 and the A-chain of 3wk4.1 as
templates to structure the tertiary crystal structures of PPH1 and PPH2 from Curcuma alismatifolia Gagnep by
SWISS-MODEL method. There were some differences in the morphological structure between the model
constructed in this study and that constructed by Luzia et al. (2018). Similarly, Luzia et al. (2018) also conducted
molecular system analysis of PPH between Arabidopsis thaliana and other species. The results showed that it was
only closely related with three PPH-like proteins of Arabidopsis thaliana, and the consistency with other PPH
proteins was low, ranging from 25.1% to 31.1%. In this study, PPH1 and PPH2 from Curcuma alismatifolia
Gagnep were clustered into a small group. Among them, PPH1 and PPH2 had the highest genetic relationship
with PPH from Musa acuminata subsp. Malaccensis (XP_018677219.1) (71.06% and 71.88% respectively), but
far away from dicotyledons.

3 Materials and Methods
3.1 Test materials
The full-length transcriptome database of flowering plants of Curcuma alismatifolia Gagnep variety ‘Chiang Mai
pink’ was used as test materials. ‘Chiang Mai pink’ was the main Curcuma alismatifolia Gagnep variety for
garden application and cut flower application in the market. The materials were taken from the experimental base
of Xiaoshan Cotton and Bast Fiber Crops Research Institute. Corresponding author Liu Jianxin took the stems,
leaves, sterile bracts, fertile bracts and small flower bracts of ‘Chiang Mai pink’ as mixed materials in 2015 and
sequenced the full-length transcriptome (PBIsoSeq) based on Pacbio method. A total of 64 471 transcriptome
information of Curcuma alismatifolia Gagnep were obtained and annotated. The relevant data were published in
another paper.

3.2 Acquisition of PPH1 and PPH2
According to the annotation information of transcriptome database, the information annotated as pheophytinase
was found, and then sequence analysis, comparison, screening and PCR verification were carried out, and finally
PPH1 and PPH2 genes were obtained.

3.3 Bioinformatics analysis of PPH1 and PPH2 gene
Using bioinformatics methods, the obtained cDNA nucleotide sequences, the primary structure, secondary
structure and tertiary structure of the protein amino acids of PPH1 and PPH2 genes were studied and analyzed.
Specifically, nucleotide alignment (BlastN), multiple sequence alignment (Clustal Omega), protein amino acid
alignment (BlastP), protein amino acid sequence prediction (ExPASy’s Translate tool), physical and chemical
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characteristic analysis (ProtParam), conserved region search (NCBI’s Find conserved domains), protein
transmembrane structure prediction (TMHMM Server v. 2.0), secondary structure prediction (SOPMA) (Combet
et al., 2000), and tertiary crystal structure model prediction (SWISS-MODEL) (Lambert et al., 2002) were carried
out. Finally, the molecular evolution analysis was performed by using BlastP, MEGA4.1 and ClustalX_(1.81)
programs. That is, firstly, the protein amino acid sequence information of PPH of other species with high
consistency was obtained by BlastP online alignment, then the obtained sequences were performed multiple
sequence alignment, and finally the genetic relationship was analyzed by generating molecular system tree.
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