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Cloning and bioinformatics analysis of C3H
gene in Rehmannia glutinosa
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( College of Life Sciences, Henan Normal University, Xinxiang 453000, Henan, China )

Abstract ; Coumarin-3-hydroxylase belongs to the cytochrome P450 family, one of the largest protease families ,and plays an
important role in plants. However,its role for verbascoside biosynthesis remains deficient. In order to understand the role of
P-coumarate 3-hydroxylase for verbascoside biosynthesis in Rehmannia glutinosa (RgC3H) ,C3H was mined from a candi-
date KEGG pathway based on the metabolomics analysis of R. glutinosa, and a conserved sequence of homologous gene was
obtained in NCBI by multiple alignment. According to its fragment and SRA database of R. glutinosa, we cloned its full
length CDS (RgC3H) by electro cloning and RT-PCR, and performed its bioinformatics analyses. The results were as fol-
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lows: RgC3H gene was 1 530 bp in length and encoded a 509-amino acid protein with a molecular weight of 57.91 kD and

without signal peptide; According to its amino acid sequence and structural analysis, RgC3H contained one conserved do-

main-cytochrome P450 domain,suggesting that it belonged to cytochrome P450 family; Phylogenetic tree analysis showed

that RgC3H had high homology with the C3H genes of Sesamum indicum and Erythranthe guttata. This study laid a founda-

tion for further research on the role of RgC3H gene in the pathway of verbascoside biosynthesis in Rehmannia glutinosa.

Key words: Rehmannia glutinosa, C3H gene, gene cloning, bioinformatics
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RO BGEER (JH AT % 45 ,2015) \RgTPI 5 F (1R 6%
B ,2018) (RghBNG F:[H (5K My, 2014 ) 55 | {H B
WA D RE R IEAR £

5. MR-3-¥2 1L i ( p-coumarate 3-hydroxylase,
C3H) J& T 40 i (0 & P450 Hh ) CYP9S W5 %, 4
L2 P450 2 5 KR i R R AR ) 6 il
o TERE Y A K R B R kP AR R (B
4% 2008) . HAT,C3H FH E 75U E I+ ( Schoch et
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85 2017) SAEY P B WA E . C3H S B EAENE
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P8 ) H Unigenes ( Wang et al.,2017) , 1 25X i 2
AT 42 4t C3H S H i Ak i 42 (Zhou et al.,
2018) , H 5 BE ALK G B 3¢ i 7B - 90 20
UESE (Wang et al.,2017) , {H 2, i3 4K C3H 4k
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51| : GAGTTCAGACCCGAGAGGTTTCAAGAGGAGG
ACATCGACATGAAGGGGACCGATTATCGGCTACT
TCCGTTCGGGTCAGGACGGCGTATTTGCCCCGGT
GCACAACTTGCTATCAACTTGGTG, RgC3H *:
21 F 5] R (F.: 5-ATGGCTATCCCTCTCCTCAT-
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2000bp

1000bp

M. DL 2000 DNA ¥5ic; 1. RgC3H F:[H %) PCR 724,
M. DL 2000 DNA marker; 1. PCR products of RgC3H gene.

&l 1 RT-PCR ¥1§ RgC3H LIk
Separation of RT-PCR amplified product of RgC3H

Fig. 1
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ATGGCTATCCCTCTCCTCATTCTCTCCTTCCTCACCATTTTCATCGCCTACAAACTCTTCCAGCGCCTCCGT

M A I PLL IL S FUL TIV F I AYZK K LTF QRILHR
73 TTCAAGCTTCCGCCGGGCCCACGGCCGCTCCCCATCGTCGGAAACCTCTACGACCTAAAACCCGTCCTCGTC
25 FKLPPGP RPL P IVG N LY DL KPV L V
145 CGTTGTTTCACCGAGTGGTCTCAAATCTACGGCCCGATCTTCTCCGTCTACTTGGGCTCGCATCTGAGCGTC
49 RCF TEW S QI Y GPI FS VYL GS HLS V
217 GTGGTGAACTCAGCTGAGCTAGCTAAGGAGGTTTTGAAAGACAACGATCAGCAGTTGGCCAATAGGAACAGG
73 VV N SAE LA K EV LKD NDOQQL ANR N R
289 ACGCGTCAGATTGCGAAGTTCAGCAAGAATGGGATGGATTTGATTTGGTCCGATTATGGGCCCCACTATGTG
97 TR Q I A K F S KN GM DLTI WSDY GPHYUV
361 AAAGTGAGGAAATTGTGTACGCTTGAGCTTTTCTCGATGAAGAGGATTGATGCGCTTAGGCCGATTAGAGAA
121 K VR KLC TL ELF S MKR IDATLRPTIRE
433 GATGAAGTTACTGCCATGGTCGAGTCTATTTTCAAGGATTGTGTCAAGCCTGAAAACAAGGGCAAAGCTTTG
145 DE VT A M V ESI F KDCVEKZPEN KGIK AL
505 GTGCTGCGCGAATACTTGGGAATGATGGCATTCCTTCACATAACAAGATTGAGTTTTGGGAAGAGATTCATG
169 VLR EYL G M MA FLH ITRLS FG KRTFM
577 GACTCAAATGGTGTAATTGATCAACAGGGAGAAGAGTTGAAGGGTATTCTAAACAACGGAATTAAGTTGGGT
193 DS N GVI DQQ GE ELK GI LNN GTIZK LG
649 ACCAAGAAGTCCTTCGCGGAGTTCCTCCCATGGTTGCGGTTCTTGTTCAAGGCCGAGAACGAGGCGCTAGCA
217 T K KS FA E FLP WL RFL FKAUENEA ATLA A
721 GAGCATGATGCACGTGCCGATAGCTTCACCAAGAAAATCATGGAGGAACACACCATCGCACGGAAGAAAACT
241 E HD A RA DS FTI K KIME EHT IAR KK T
793 GGGAATACCAAAAGCCATTTCGTCGATGCTTTGCTAACTCTTCAGAAGGAATATGACTTGAGTGAGGACACC
265 G NT K 8 H FVDAL LTL QKE YD LSETDT
865 ATTATCGGCCTCCTTTGGGACATGATCTCAGCCGGCATGGACACCACCACGATCACCGTCGAATGGGCTATG
289 I I G LLW D MIS AG M DT TTTITV EWA M
937 GCCGAGATGGTACGAAACCCGAGAGTGCAACAAAAGGTGCAAGAGGAACTCGACCGTGTCGTCGGTAAAGAT
313 A E M VRN PRV Q Q KVQ EE LDRVVGK D
1009 CGTGTAATGACCGAAGCGGACATCCCCAATCTCCCTTACTTGCAATGTGTGACCAAAGAATGTTTCAGAATG
337 RV M TE AD I PN LP YLOQ CVT K ECTF RM
1081 CACCCTCCGACACCGCTGATGCTCCCCCACAAGGCCAACACGAACGTCAAGATCGGCGGTTACGACGTCCCG
361 H PP TPL ML PHK ANTN VKTI GGY DV P
1153 AAAGGAGCGACAGTGAGCGTCAACGCGTGGGCCATCGCTCGGGACCCAGCTATCTGGAAAAACCCTATCGAG
385 KGG AT VSV N AW AIAR DPA IW KNUPTIE
1225 TTCAGACCCGAGAGGTTTCAAGAGGAGGACATCGACATGAAGGGGACCGATTATCGGCTACTTCCGTTCGGG
409 FRPERTFQE ED IDMKG TDY RL LPF G
1297 TCAGGACGGCGTATTTGCCCCGGTGCACAACTTGCTATCAACTTGGTGTCATCCATGTTGGGACACATGGTG
433 S G RRICPGA Q L A I N LV S8 S M LGHMV
1369 CACCACTTTGATTGGGCCCCTCCGGCTGGGGTTAGGCCGGAAGATATGGACATGATGGAACAACCTGGAACG
457 HH FDW AP PAGVR PED MDMMEUZ QP GT
1441 GTTACTTACATGCGAACCCCTCTCCAGGCTGTTCCGACGCCAAGGTTGTCGGCCGACCTGTTCAAGCGTGTG
481 v TY¥ MRT PL QAV PTUP R LSA DLTF KRV
1513 GCTGTTGGAAATGTATGA

505 AV GN V »

2 RgC3H JEN CDS MR IR S 0 i 3L 1R )7 51
Fig. 2 CDS sequence of RgC3H and amino acid sequence of its coding RgC3H

FH 25 F (8, 2 3 B0 2 W00 1 140 B 25 AR T
it 5 4 AR E R, BN AR B

FOAAL PO AR P LA 2 A g
WH B WESRAEYIETE(Liet al. ,2019) , [HE H#E
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i Rehmannia glutinosa
EACMMEL Nicotiana sylvestris

WEHi4E  Erythranthe guttata

ZHR Sesamum indicum

MLt Sinopodophyllum hexandrum

3 Rehmannia glutinosa
FAEME Nicotiana sylvestris

WEifi4t  Erythranthe guttata

Z IR Sesamum indicum

Lt Sinopodophyllum hexandrum

3 Rehmannia glutinosa
FACMEE Nicotiana sylvestris

WEfi4E  Erythranthe guttata

2R Sesamum indicum

BeJLt  Sinopodophyllum hexandrum

Hh 3 Rehmannia glutinosa
EAEME Nicotiana sylvestris

WElfitE  Erythranthe guttata

2K Sesamum indicum

Bt Sinopodophyllum hexandrum

3 Rehmannia glutinosa
FEAEINE Nicotiana sylvestris

WEEifE  Erythranthe guttata

2K Sesamum indicum

Bt Sinopodophyllum hexandrum
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RFLEKTINOLLAEHDALANS FNKK]
PLIMEGAFAKHOARRR LIRA)

DWAIZP. AVGNV
TIHAIZA P PVDM

E LAPN| AVGNT
THTIZP [ASGNV
RWAIFPEEVRPRIE T Gl VDMX

Kl 3 RgC3H Z 3R )T 51 it [A] 514 Lo Xt

OIRNIENIATROTAK
NIB DI FIRTRPANNL
LIBANINSITHO TNK'
N
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FINGHVSNGT!

EIRNLIADMLNS ST
LIANLHNGT]
iF

Fig. 3 Multiple alignment of amino acid sequence of RgC3H with other known plant species C3H

MR Acacia koa
3% )L Caragana sinica
KH¥E Hibiscus syriacus

5 Platycodon grandiflorus

I : i SR Epimedium sagittatum

kLt Sinopodophyllum hexandrum

]

R AR Isatis tinctoria

KA Narcissus tazetta

KIEFA Pinus taeda

_:*fji Cunninghamia lanceolata
WA Ginkgo biloba

FLAWME Nicotiana sylvestris

Fig. 4 Phylogentic tree of RgC3H protein amino acid sequences

_|——iﬂlfi5 Rehmannia glutinosa

Z Wk Sesamum indicum

Bl 4  ReC3H & HZAIEIRIT A M R Gt

%N Neosinocalamus affinis

W€ Erythranthe guttata
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Fig. 5 Conservative domain analysis of RgC3H
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Fig. 6 Prediction of secondary structure of RgC3H
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Fig. 7 Prediction of three-dimensional structure of RgC3H
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1 C3H 1EJ& W 44 1 & & 12 1Y B 33 i ( Schoch et
al., 2001) , H A7 W 0F 58 © 42 4 5 1 M %% C3H

(Wang et al.,2017;Zhou et al., 2018 ) S H:gg iy %t
Al RgC3H 1Y Unigene ( Wang et al.,2017) , {H &,
WA vl RgC3H 2 K IEFFR AR KA L
TERETVER .

ARG I T W B AR AL o T i2 B C3H, R
FHRIR 7e b | L7 5o b4 R 456 RT-PCR W7 ik B
WARTE T RgC3H 421K CDS, I % o 3L )¢ 37 Bz H:
St () R T ) R R 7 ST T AR R AR A
By, X 28 SRR B0 7 FRAT A ST B R e R R R A
BERG TR e dk YRR JPE s ReC3H M P 45 R R
1 530 bp, A=W B2 A = B H g bt 509 /> 2 3k
i, HA C3H f B AR SF P450 S5 3k, X S A
MEEAT AR A AR T SRR C3H BRI AR SR
PRI /N | B8 LR 5 B A B0 45 T T ) 45 R — B0 (R 3%
I 45, 2012 2 A 36 4%, 2017; RE 045, 2018) ;
ReC3H 7R MK L 5 Z MY ny C3H B A
e i E IR M, H R Gk b R A5 R R, Hb i
RgC3H IR 52 bk (NM_001304410. 1) FI 4% i 4
(XM_012972625.1) [ C3H H& R AL 23 51 v ik
91% 1 82% ,ixX 5 Ml A1) J@ T 45 R A6 B 49 19 53
M A — F; % H SOPMA Tl RgC3H & 11 —
P FRWIZE AP FE R o B TCHE ih 4
B, FEAREEF B 5% f AR 4 D 5 {5 5 IR 43 BT
i E R RN A, B R K, A
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