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Genome-wide Identification and Expression Analysis of

4CL Gene Family in Camellia sinensis
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Abstract: 4-Coumaric acid coA ligase (4CL) is the core enzyme in the phenylpropane metabolic pathway of
tea tree, the key enzyme in the biosynthesis of flavonoids and lignin, and plays an important role in the re-
sistance to stress and the formation of tea quality. In this study, through bioinformatics analysis, 8 and 9
4CL gene family members were identified from the C. sinensis ‘Huangdan’ and C. sinensis ‘ Tie-guanyin’,
which were named HD -Cs4CL1-8 and TGY-Cs4CL1-9, respectively. Phylogenetic analysis classified
them into two groups A and B. HD -Cs4CL3, HD -Cs4CL7, TGY-Cs4CL2 of subfamily I and HD -
Cs4CL2, TGY-Cs4CL5 of subfamily [ in group A may be involved in lignin and flavonoid synthesis, re-
spectively., A large number of cis-acting elements related to plant development, hormone, and stress re-
sponse were found in 4CL genes. Analysis of transcriptome data from different tissues showed that Cs4CL
genes played an important role in the specific development stage of tea tree. Real-time fluorescence quanti-
tative detection showed that the expressions of HD -Cs4CL6 and HD -Cs4CL8 were significantly up-regu-
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lated under GA, MeJA, ABA, 4 °C, and drought treatments. The expression of HD -Cs4CL7 was up-reg-
ulated under ABA and drought treatments. The expressions of HD -Cs4CL2 and HD -Cs4CL3 were up-

regulated under ABA treatment. This study provides a reference for further exploring the biological mech-

anism of tea 4CL gene family involved in responding to various environments.
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H K Z FK Genes name

L5149 Forward primer(5'—3")

T #5149 Reverse primer(5'—3")

HD -Cs4CL2 GCCATTCCAAAGTCTCCTTCTG CTGCGGACATGGCTAGTTTG
HD -Cs4CL3 GCGGCATAACTATTACCACAGC ATGAGTTTCGCCTTGGATGC
HD -Cs4CL4 ACCAAAGCCGCATCGAAATC ACCAGAGTTTCTCCCATTGCC
HD -Cs4CL5 GCGATCAAAACCCTCCCAATTC TTTGCTTGCTCCGGTTGTTC
HD -Cs4CL6 GCTCTAATGGTGTCTGCGAATC GTCCAAACACATGAAACATCGC
HD -Cs4CL7 TTCGCTCAACTCGGTTTTGC ACAAATGGCCCAATCGTCAC
HD -Cs4CLS8 AAAACCACGTCGCCTTCATC TCATGTGAGTGATCTCGGACTG
CsGAPDH TTGGCATCGTTGAGGGTCT CAGTGGGAACACGGAAAGC
Chro2 Chi04  Chr07  Chrl3 Chrls Chr02  Chr06 Ch07  Chrll Chrl2 Chrl3 Chrls
roMb M N roMb [T rorcsecss []
50 Mb 50 Mb TORCs4CL6
"HD-Cs4CLS HpCsACET [rancsicLl TGY-Cs4CLS e
F100 Mb spesicis 1100 Mb
[~ HD-Cs4CL4 TOV-Cs4CL7
F150 Mb F150 Mb
L i corcis [~ TGY-Cs4CLs
k200 Mb F200 Mb
Frovcoace U
= HD-C54CLS (8 [~ TGY-Cs4CLS
F2somp | [TFeesie N F250 Mb
Lo L300 Mb

A. HD -Cs4CL Bt € i3 B. TGY-Cs4CL B AR EA .

B 1

Cs4CL FRAEAR 1 i %€ (L

A. HD -Cs4CL chromosome localization online; B. TGY-Cs4CL chromosome localization online.

Fig. 1

Localization of HD -Cs4CL and TGY-Cs4CL genes in Camellia sinensis
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Table 2 Sequence characteristics of the Camellia sinensis 4CL gene family

CDS/bp ORF/aa localization

HD -Cs4CL1 HD. 02G0021110 1710 578 140. 87 4,95 0. 809 Jfi I Plasma membrane
HD -Cs4CL2 HD. 02G0027390 348 570 31.76 5. 34 —0.457 2 ki & Mitochondrion
HD -Cs4CL3 HD. 04G0003270 1632 543 134. 96 4. 96 0. 824 JF I Plasma membrane
HD -Cs4CL4 HD. 04G0016430 1686 561 142.75 4.91 0. 863 JRJE Plasma membrane
HD -Cs4CL5 HD. 06G0038090 1653 550 137. 50 4.93 0.853 JlE Plasma membrane
HD -Cs4CL6 HD. 13G0010220 288 544 24.00 5.36 0.458 i HfiA% Nucleus

HD -Cs4CL7 HD. 15G0008250 1629 542 134.56 4.98 0.796 JfiBE Plasma membrane
HD -Cs4CL8 HD. 15G0010720 1683 560 142. 52 4,92 0. 851 S Plasma membrane
TGY-Cs4CL1  CsTGY02G0001719 1677 558 142. 05 4.92 0. 856 JiE Plasma membrane
TGY-Cs4CL2  CsTGY02G0003058 1632 543 134. 93 4.96 0. 821 JRJE Plasma membrane
TGY-Cs4CL3  CsTGY06G0000167 1698 565 143. 45 4.93 0.816 W% M Endoplasmic reticulum
TGY-Cs4CL4  CsTGY07G0001858 1710 569 140. 90 4.95 0. 809 JilE Plasma membrane
TGY-Cs4CL5  CsTGY07G0002365 1713 570 143. 34 4.92 0.835 N M Endoplasmic reticulum
TGY-Cs4CL6  CsTGY11G0000579 1653 550 137. 47 4.93 0. 850 JRJE Plasma membrane
TGY-Cs4CL7  CsTGY12G0001417 1710 569 142. 88 4.98 0.688 JFE Plasma membrane
TGY-Cs4CL8  CsTGY13G0000970 1635 544 136. 35 4. 99 0.671 MR M Endoplasmic reticulum
TGY-Cs4CL9  CsTGY15G0001047 1683 560 142. 49 4.92 0. 852 JRJE Plasma membrane

At U IT s Pro. 8 ; Os. KA s Gm. K& Nt JHH; Mn. FH# 5
Ri. H# ¥ Lp. BEH,
Bl 2 4CL ZW M RG]

At. Arabidopsis thaliana ; Pto. Populus tomentosa Carriere;
Os. Oryza sativa L. ; Gm. Glycine max; Nt. Nicotiana ;
Mn. M. notabilis Schn; Ri. Rubus idaeus 1. ; Lp. Lolium perenne L. .
Fig. 2 Phylogenetic tree of the 4CL family
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A. Phylogenetic tree of the Camellia sinensis 4CL family; B. Gene structure of Camellia sinensis 4CL family.

Fig. 3 Camellia sinensis t gene family structure
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A. Phylogenetic tree of the Camellia sinensis 4CL family;
B. Camellia sinensis 4CL protein conserves motif order.

Fig. 4 Camellia sinensis 4CL conservative motif
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A. Align conserved domains using DNAMAN software;
B. Sequence conservatism,
Fig. 5 Multisequence alignment of the Camellia sinensis

4CL domain
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Fig. 6 Analysis of homeopathic elements of promoters of the Camellia sinensis 4CL gene family
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Fig. 7 Expression profiles of HD -Cs4CL and TGY-Cs4CL genes in five tissues
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