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Abstract: 3-Hydroxy-3-methylglutaryl coenzyme A reductase (HMGR) is the first rate-limiting enzyme of
terpenoid biosynthesis in the mevalonic acid pathway (MVA) pathway. It is an important regulatory site in terpenoids
metabolism pathway in the cytoplasm. According to the transcriptome database of Cinnamomum camphora, two
HMGRs named CcHMGR1 (GenBank: MN163055) and CcHMGR?2 (GenBank: MN163056) were cloned by cDNA
from C. camphora. The ORF of CcHMGRI and CcHMGR?2 is composed of 1 689 bp and 1 683 bp, respectively,
encoding 562 and 560 amino acids. The bioinformatics analysis of CcHMGRI and CcHMGR?2 indicated that the
molecular weight of the encoded protein is 59.819 kDa and 59.397 kDa, with a theoretically isoelectric point of
8.20 and 8.61, respectively. There are 2 transmembrane structures without signal peptide existing in the encoded

amino acid of CcHMGRs. The analysis of sequence alignment and phylogenetic tree showed that the CcCHMGRs
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belonged to the HMGR family. The camphor is divided into five chemitypes, according to the main chemical

compounds in C. camphora. The results of the real time PCR indicated that the expression level of CcHMGRs in

Cineol type was higher than that in Linalool type, iso-nerolidol type, Camphor type and Borneol type. CcHMGRs

expressed highest in roots and lowest in branches. In this study, the cDNA full length of CcHMGRs were cloned

from C. camphora for the first time. Our results revealed that the expression level of CcHMGRs were different

among five chemical types and different plant tissues, and the research provides foundation for further study of the

terpenoids biosynthetic pathway in C. camphora.

Key words: Cinnamomum camphora; 3-hydroxy-3-methylglutaryl coenzyme A reductase; bioinformatics;

chemical type; expression analysis.
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Figure 1 Terpenoids biosynthesis pathway in C. camphora. The
round boxs represent the key enzymes in the terpenoids biosynthesis
pathway. Light gray represents unpublished, gray represents pub-
lished, and black represents the research in this figure. AACT:
Acetyl-CoA C-acetyltransferase; HMGS: Hydroxymethylglutaryl-
CoA synthase; HMGR: Hydroxymethylglutaryl-CoA reductase
(NADPH); MK: Mevalonate kinase; PMK: Phosphomevalonate
kinase; MVD: Diphosphomevalonate decarboxylase; FPPS: Farne-
syl diphosphate synthase; DXS: 1-Deoxy-D-xylulose-5-phosphate
synthase; DXR:1-Deoxy-D-xylulose-5-phosphatereductoisomerase;
MCT: 2-C-Methyl-D-erythritol 4-phosphate cytidylyltransferase;
CMK: 4-Diphosphocytidyl-2-C-methyl-D-erythritol kinase; MCS:
2-C-Methyl-D-erythritol 2,4-cyclodiphosphate synthase; HDS: (£)-
4-Hydroxy-3-methylbut-2-enyl-diphosphate synthase; HDR: 4-Hy-
droxy-3-methylbut-2-en-1-yl diphosphate reductase; IDI: Isopente-
nyl-diphosphate Delta-isomerase; GPS: Geranyl diphosphate syn-
thase; GGPS: Geranylgeranyl diphosphate synthase
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Figure 2 Amplification products of CcHMGRs gene
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Sequences of primers used in the CcHMGRs cloning and expression

Primer sequence (5'-3")

Primer name

Full-length of cDNA

Realtime PCR

ATGGCACATTCCAAACCAGATC
TTAGGATGCTGCAAGCTTTGCA
ATGGCTACTTTCTACAAGAAGCCTG
TCAGGAGACAACTTTGCATATATCT
TGCATGAGGGCTTTCCAGACAT
GTGGTCTTGAGGACTGTTCTGACC
TCTGCAGAACGATTTCCCTGACAT
CACTGGTCTTCAGGACACTCCTTACT

CcHMGRI-F
CcHMGRI-R
CcHMGR2-F
CcHMGR2-R
CcHMGRI1-qF
CcHMGR1-qR
CcHMGR2-qF
CcHMGR2-qR
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Figure 3 Multiple comparison of amino acid sequence of HMGRs in C.
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camphora and other plant species
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Figure4 Phylogenetic analysis tree of CcCHMGRs with other plant
HMGRs The sequences were obtained from the GenBank database.
NP 000850.1: Homo sapiens; AAH85083.1: Mus musculus; NP
732900.1: Drosophila melanogaster; NP 001295235.1: Bombus
terrestris; ABY84848.1: Ganoderma lucidum; AAB67527.1: Sac-
charomyces cerevisiae; WP 106022668.1: Borreliella burgdorferi,
WP 080865132.1: Agrobacterium tumefaciens; XP 024387921.1:
Physcomitrella patens; XP 002988517.1: Selaginella moellendorf-
fit; AAU89123.1: Ginkgo biloba; AGA18962.1: Dendrobium offi-
cinale; AAD38873.1: Oryza sativa; NP 001146733.1: Zea mays;
AAF16652.1: Arabidopsis thaliana; AAD47596.1: Artemisia annua;
ABY20976.1: Medicago truncatula; AAB62581.1: Solanum lycop-
ersicum; AIX87980.1: Panax ginseng; ACT65734.1: Salvia milt-
iorrhiza; ALU11310.1 Tripterygium wilfordii; MN163055: Cinna-
momum camphora 1; MN163056: AAY87014.1: Cinnamomum
camphora?2; Cinnamomum micranthumf. kanehirae 1;RWR72749.1:

Cinnamomum micranthum f. kanehirae 2
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Figure 5 Relative expression levels of CcHMGRs. A: Analysis
of the expression level of CcHMGRs gene in different chemotypes
of C. camphora. B: Relative expression levels of CcHMGRs in

branches, roots and leaves of C. camphora
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