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WE: N T BN (Phyllostachys edulis) A ATEER-4-F2 AL L R (CAH) (1 53 THFE e LR IAER, R AEDIE BT R AE AT
PR AH B A b 458 6 > CAH Al A (PeC4H1~PeCAH6), H:FI4mid X K /&4 1 506~1 695 bp, #Eill4wi% 501~564 aa, ¥JE
ARSF M R A A0 TR IRES GBS TR 5 NMRFEYERYIR AL 5, 8 T4 &K P450 5. REHHE IR, 6
AN PeC4Hs 1] 43 2 35, & 2 A 4 AR . s B /- TR W, PeCAHs 1EBT 26 N I FRIL S AEE W B2 57,
An[F) e B 5 PeCAHs IR IA % it i % - PeCAHs B3T3 4 &4 2 Pl R S Mna A5 5 IR 2 75, PeC4Hs
FIEZT 2R GAs IR, T2, 1 PeCAH3/4 TEMR 1 35 RIFZRIE, HAMGE R FAEIL; GAs &bFE i+ PeC4H3/6
G, B EEE RS, R PeCAH2/5 fEALFERT 1 h 4 R )G R EiF, = 8 h WK A FIALFE G
[2RIEK . [RItk, PeC4AHs R REYE AT 5 I A I Ak 1 RS AN Rkt A= M il v R A6 B AR A .
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Identification and Expression Pattern Analysis of C4H Genes in
Phyllostachys edulis

LI Guangzhu, ZHU Chenglei, YANG Kebin, WANG Xinyue, GAO Zhimin®

(Institute of Gene Science and Industrialization for Bamboo and Rattan Resources, International Center for Bamboo and Rattan, Key Laboratory of National

Forestry and Grassland Administration/Beijing for Bamboo & Rattan Science and Technology, Beijing 100102, China)

Abstract: To reveal the molecular characteristics and expression pattern of C4H genes in moso bamboo
(Phyllostachys edulis), six C4H gene members (PeC4H1-PeC4H6) from moso bamboo genomic database were
identified by bioinformatics method. The length of gene coding region ranged from 1 506 to 1 695 bp, encoding
501-564 aa, and all of them have conserved heme binding domain, threonine binding channel motif and five
characteristic substrate recognition sites, which belong to the cytochrome P450 superfamily. Phylogenetic analysis
showed that the six PeC4Hs could be divided into two classes, containing 2 and 4 members, respectively.
Transcriptome analysis showed that there were significant differences in the expression of PeC4Hs in 26 tissues of
moso bamboo, and the expression of PeC4Hs in bamboo shoots at different heights were different by gPCR.
There were a variety of cis-regulatory elements in response to stress and hormone signals in the promoter
sequences of PeC4Hs. The expression of PeC4Hs was affected by drought and GAs. Under drought, only
PeC4H3/4 expression was significantly up-regulated in roots, while others were down-regulated. Treated by GAs,
the expression of PeC4H3/6 in leaves was responded rapidly and significantly up-regulated at first and then
gradually decreased. The expression of PeC4H2/5 in roots was briefly down-regulated in the first hour and then
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significantly increased, finally recovered to the untreated level at 8 h. Therefore, PeC4Hs might play an important
role in the lignification process of bamboo shoot and the response to abiotic stress.
Key words: Phyllostachys edulis; Cinnamate 4-hydroxylase; Bioinformation; Gene expression
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(2 000 bp)H B 4% T AE AT S Hr e, A
Phytozome V. 12 %45 % (https://phytozome.jgi.doe.gov/)
SRAFHNRETT . KFE. EoK(Zea mays). =i (Sorghum
bicolor) A1 —F# 55 1% ¥ (Brachypodium distachyon)Z5 4
YK CAH % EF 751, H5T MEGA X WEY) Clustal
W G IX G IR 7 51 AT 2 3741 Bt 204, FERH
QAR RGNS, H AR 2k A
bootstrap method & A 1 000 /KEE, ZILEE; Hbd
AU p-distance, HABFSECHERINE.

PeCAHs RIRIEAMT  KIE AL ARG
FIEATHE. R 5. M. BHANZESE 26 DML

# 1 SR EE PCR 514
Table 1 Primers used in gPCR

SR BRRY, ik Hrh PeCAHs TERRIZHZ )
ik B B ¥ (fragments per kilobase per million,
FPKM), Xf 44~ FPKM HX LA 2 D9 e % £ (Logy) »
F TBtools #fH2x il ik itk # B . R AR & (RIE
A ) EARERE A RNA, R k7 & (TaKa-
Ra RNA) & i cDNA 25— 24 . F]H Primer Premier
5.0 Bt 6 4 PeC4AHs 4fil [X (14 F bk e & 5
Y, BALE G AR ARA R A FA R 1). LA
& cDNA iR, /i PeNTB 1E NN S IEH R,
MAK R AIFEF 2% Roche Light Cycler® 480 SYBR
Green 7%, gPCR S4G{E qTOWER2.2 #4; Lt
17, F 2788CT y1I291 50 Hr BE DR R AH G R TA o

FIK Gene 514 Primer 1EA %1 Forward sequence (5'~3") J 5% Reverse sequence (5'~3')
PeC4H1 qC4H1 CGAGTACAACTACGGCGACTTCA GCCAGCTTCTTCCTCTCCTCCA
PeC4H2 qC4H2 ACAACCAACCACCGTTACAGAGC GAGCTTCTCCAGGAAGAGTAGG
PeC4H3 qC4H3 GGCTCGCATTCTTCAACAACAACT CGCCGTTCTTCTCTGCCTCAA
PeC4H4 qC4H4 GGCTCCAAGGTGGTCGTCAA GCTGCTCTCCTCGTCCAAGA
PeC4H5 qC4H5 TTCCTCCGCCGCTACCTCAA CGCACCTGATCTCACCTGTCTG
PeC4H6 qC4H6 TTCAGCAACCAGATCCTCAAGCA ACAACAGCATGTCTCACAGGCA

2 EHRS T

2.1 C4H ZF L5 CAH FIHEAL R 07

MY H R 4 H5 s e b R 4 e HY 6 A4S C4H 2
R, gt 35 5 5E I CAH fRF &5 M3, 43
44}y PeC4H1~PeC4AH6. X} PeC4Hs & Hi#4T4>
W& (3 2), KN 501~564 aa, 4> 7 &N 57.04~
63.43 kDa, HEig%EHL N 8.53~9.36, HHANFE

% 2 PeC4Hs I FRAk 1 it

Table 2 Physical and chemical characteristics of PeC4Hs

RECN 43.61~51.94, HETAREEH. AER
ZH SRR L4 A T 4> BT BH,  PeC4Hs #8420
FREFEIR A 2 MMM, AR R & =7
50%LA b, Hh @A RS Exm, YWET
GRS R M B R, HRSMEaERmsEE
AR A E AL TR B, 6 4 PeC4Hs 35 &
MAENRM L, @B T)E, 1ER5WEARE
HAEH

E[ B i Kk (aa) 478 (kDa) L AREE R A b E IR A R 1%
Protein Gene No. Length Molecular weight Isoelectric point Instability index ~ Content of nonpolar amino acids
PeC4H1 PH02Gene03697 505 57.96 9.25 4361 50.00
PeC4H2 PH02Gene04447 505 57.90 9.36 45.30 50.50
PeC4H3 PH02Gene38832 564 63.43 9.21 50.64 50.18
PeC4H4 PH02Gene41975 507 57.29 8.53 51.01 51.28
PeC4H5 PHO02Gene44264 501 57.24 9.31 51.94 50.10
PeC4H6 PH02Gene46974 501 57.04 8.99 49.22 50.30

2.2 PeC4Hs G5t K HoOm o & B IR 751 R 1k
PeC4Hs 19w t5 [X K &4 1 506~1 695 bp, Xf
NN 51 4s Ko 2 425~4 581 bp. £ H T4

Eb 43 47 22 B (] 1), PeC4Hs 5481 77 1) AtC4H1
(AM887619.1)F1/KFE R OsC4H1 (AB207105.1)FH1Ll,
A MR PAS0 (CYPAS0)FK & R A 1R
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AtC4H]1 SLIAVE- - IL TVIS 26
OsC4H1 - -V A L LV 26
PeC4H1 o SA V 26
PeC4H2 5 26
PeC4H3 FVG VRSGN 83
PeC4H4 FVGIVLTGK 50
PeC4H5 26
PeC4H6 26
AtC4H1 DETK 109
OsC4H1 D 109
PeC4HI PEAR 109
PeC4H2 PEAR 109
PeC4H3 REAT 166
PeC4H4 REAT 133
PeC4HS ELAK: 109
PeC4H6 ELAK: 109
AtC4H1 K L F 192
OsC4H1 S | F 192
PeC4H1 E L \ 192
PeC4H2 E L \ 192
PeC4H3 \ YGMME 249
PeC4H4 V YRM! 216
PeC4HS5 | F 192
PeC4H6 | F 192
AtC4H1 IASSKBTGSEGE 275
0sC4H]1 RVME - - - -QTGE| 271
PeC4HI LE LASTKPMDNSGL 275
PeC4H2 F LE LASTKPMDNNGL 275
PeC4H3 NNNY EKRRKV DT GDRNKL 331
PeC4H4 NNNY EK R V DRNKL 298
PeC4H5 A----QTGEI 27
PeC4H6 T----ESGEI 271
AtC4H1 358
OsC4H1 353
PeC4H1 358
PeC4H2 358
PeC4H3 414
PeC4H4 381
PeC4HS 354
PeC4H6 354
AtC4H1 438
OsC4H1 433
PeC4H1 438
PeC4H2 438
PeC4H3 497
PeC4H4 464
PeC4HS 434
PeC4H6 434
AtC4H1 N SII 505
0OsC4H1 | DA 500
PeC4H1 RVF 505
PeC4H2 R RVL 505
PeC4H3 SV I AFHPISA 564
PeC4H4 HEGYGRESCEGINEAERELAL | VEKEMRSEBEMVEREGVERLB] - - - - - - - - - - - - - v vcnnon. 507
PeC4H5 - g-:l I ELEA 501
PeC4H6 LEA 501

Bl 1 B SUREIT. KTEN CAH ZAERRTHI LN . BEITHE: MK PAS0 A fR-F4; A: ERR ZIMA; TRIZ: JRMIRHIGLA .

Fig. 1 Alignment of C4H amino acid sequences among Phyllostachys edulis, Oryza sativa and Arabidopsis thaliana. Black rectangle: Conserved domains of

cytochrome P450 proteins; A: ERR triad; Underline: Substrate recognition sites (SRS).
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W& 2). S5FEH, 6 WFIT 17 /> CAH B vl 4
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B 2 AN KHI4y 32 (Class | AT Class 1), 235415 4 F1
2 > PeC4Hs, # H I RA—EZMIS, X0]
e 5 BTk s 1R A ok B DR B A R 35 TR 5K
Pk FAAE K2, BRI AAE 1> C4H i ok,
HoAth 5 YRR CAH BLIRTE 2 NS A, A
RN H, BTH SR IT C4H SEZ 08
RIS PeC4HL/2, HATREL AtCAHL A HHL
(FIThEE, TEATZR A YA R F v e 2 224 AL,

BdC4H2

0sC4H2

66 BdC4H1 > Class |
ﬁ:"s‘“”'

AtC4H1
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100 PeC4HS6
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Class Il

B 2 REEYET CAH ZIBT I RGN . Per B4, Sbr @i, Zm: FK; Bd: RN Os: /KHE; At 0 RIFT.

Fig. 2 Phylogenetic tree of different plants based on amino acid sequences of C4H. Pe: Phyllostachys edulis; Sh: Sorghum bicolor; Zm: Zea mays; Bd:

Brachypodium distachyon; Os: Oryza sativa; At: Arabidopsis thaliana.
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Fig. 3 Expression analysis of PeC4Hs in twenty-six tissues
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Fig. 4 Expression analysis of PeC4Hs in different height shoots. *: P<0.05; **: P<0.01.
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