&M Guihaia Apr. 2020, 40(4) ; 492-500 http://www.guihaia—journal.com

DOI: 10.11931/ guihaia.gxzw201901005

FokdG, Bl BUET, S MR BRI N Y s SRR B L], 7 PYAER), 2020, 40(4) : 492-500
LI BY, LI QQ, GONG SM, et al. Cloning and bioinformatics analysis of nucleoside diphosphate kinase gene from Rehmannia glutinosa [ J].
Guihaia, 2020, 40(4) : 492-500

WEZE ZBRABERNNZERENERFESM
ks, ik, EE, EHH5, B T, Bak

( MRS R A ArRbeAoEBE, TR BT S 453000 )

W E. B BRERPEES (NDPK) B2 —ME AT 2TineE A, BA BRI NIER BS54
AR EE AR a BRI S E e B T R, N T M AT R A I A
(RgNDPK 1) W25 #) TBER: BT, i A 58 F) FH b ¥ % SR gl 2 B0 | 3l FL 7 5e B 1 7 TR 3R A5 T ReNDPK. 1
B4 K eDNA P8 K2 765 bp, AEWIE B 220 BT 45 R 3R WY, RgNDPK 1 6 PR i) I ik 8] B AE 4 B2
447 bp, Gt 148 N FEMR , HAT BT ()42 Bl IR VA 176 1 25 4 Bl RN LA B R AL T5 8 05, RgNDPK 1 3
[R] Gt RS 174) B 1 S o2 1 4 M 5, S22 TG B T DX 3 i s /K M B 1 18 1 TS 2R R R VR 0 i T — i T T Tl
ARIPER ST, A BN 97% 1 96% , TELF LY P EATTEAR T HREEER , ARy ZH —
Tl TR TR il S 3 1R 1 97 R A e 2 AR DL PRSP 25 78 38, D ReNDPK T 3[R it 4 i 1) B 4 0 R A% 1 W IR I
W Z R 5L, W IT 45 3R N 3t — B RgNDPK T W9 PE T (2549  h e e ek MU IR 4L T B B9 Mg
WA

IR MR, R BRIV (NDPK) , HLFRORE, AR B
RESES: Q943 XEFRIRE: A f
TEHE, 1000-3142(2020)04-0492-09 FEHRNE (A TEMR % ) #RIRAD (OSID ), Bierids

Cloning and bioinformatics analysis of nucleoside
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Abstract; Nucleoside diphosphate kinase (NDPK) is a highly conserved multifunctional protein, can catalyze substrate
phosphorylation and participate in many metabolic processes, such as plant growth and development, abiotic stress, sus-
ceptible stress, photosynthesis and energy metabolism. In order to understand the structure, function and character of

NDPK gene in Rehmannia glutinosa (RgNDPK I), full length ¢cDNA of RgNDPK I was obtained by silico cloning from
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the transcriptome data of Rehmannia glutinosa. The length of RgNDPK I was 765 bp. According to bioinformatics analy-

sis, with an open reading frame of 447 bp, RgNDPK I encodes 148 amino acids, and has typical nucleoside diphosphate

kinase domain and other phosphorylation active sites. The protein encoded by RgNDPK I was located in the cytoplasm,

and it was hydrophilic protein without transmembrane region. The protein was similar to nucleoside diphosphate kinase of

Sesamum indicum and Handroanthus impetiginosus , 97% and 96% respectively. NDPK gene has been cloned in many or-

ganisms, and there are many similar conservative domains in the amino acid sequences of different plants, so it is pre-

sumed that RgNDPK 1 is a member of the nucleoside diphosphate kinase superfamily. This study provides an important

theoretical basis for further exploring the character, structure, function and expression mechanism of RgNDPK 1.

Key words: Rehmannia glutinosa, nucleoside diphosphate kinase(NDPK) , silico cloning, bioinformatics
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RNA , | DNase/RNase-free 4b ¥ | ) = NIE LEPS
[ DNase , ZBEDLTE BIUL RNA ( PMIESE ,2008) . 2R
J& A i OB TR RNA 1Y 260 nm/280
nm M RNA B BE IR FH SRS B e 15 i Dk Az )
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1 RgNDPK T J:[A % PCR ¥ 3%
Fig. 1 PCR amplification of RgNDPK | gene

P4 R 00 H A3 1) 2 cDNA JF 51
765 bp, ORF Finder 73 #7715 K1 H I3 2 HE ( ORF)
BEFHE 125~ 571 DRAFIR, K JE N 447 bp, 4t
148 MR MR (K 2), INTERPROSCAN F1 CDD
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GGGTTTCTGGCCGTGCTGGGCAGCCACACATTTATATATATTGAGAGAGGGAGCCTCTGT
ATATCTCCGCCATTGCTTCATTGTCTGAAAACTGAAACCGATTAACCATATCCCCTCAGT
AGCAATGGAGCAGACTTTCATTATGATCAAACCTGATGGTGTTCAAAGAGGCCTGGTTGG
MEQTT FTIMTIIKZPDG GV QR GL VG
TGAGATCATTGGCAGATTTGAGAAGAAAGGTTTCACTTTGAAAGGTCTTAAGCTAATTAC
EI I GRVFEZ KZ K GTFTULI KG GTLI KT LTIT
TGTGGACCGTGCTTTCGCTGAGAGGCACTATTCTGATTTGTCTGCAAAGCCCTTTTTCAA
VDR AFAERHY SDILS SAKZPTFTFN
TGGGCTTGTTGAGTACATTATCTCTGGCCCAGTCGTTGCAATGGTTTGGGAGGGTAAGAA
G LVEYTITTIS SGPVVAMVWETGT KN
TGTGGTAACTACTGGTAGGAAGATCATCGGAGCCACCAACCCTGCTGACTCTGCTCCCGG
vvTTGRIE KTITIGATNPADSAPSG
GACCATCCGTGGTGACTATGCCATTGACATTGGCAGGGATGTGATCCATGGTAGTGATGC
T T RGDYATIDTIGRDUVIHGSTDA
AGTTGAGAGCGCGAGGAAGGAGATTGCACTGTGGTTCCCAGAAGGAATTGCAGAATGGAG
VESARIKETIALWTFUPES GTIAEWR
AAGCAGCCTTCACTCCTGGATCTATGAGTGAATTTATTGAAAGTCAGCCTATAGTTATAT
S S L HSWTIYE
GTATCGCCCTTAGCTACTATTTATATCAGCGAGTTGCGAGTTTTGGCTTTTCATATTTTG
AGTTTTTAGAACCTTGGATTTCGGAGTTTATTTGTCTTGTCATTGGCCGGAGCGCTTAGT
TTTCGCGAATATTATTGTTATTATATTGCTAAGTTTTCAGCTTTT

Kl 2 RgNDPK 1 JEFAY cDNA FF51) K H: 4 it 4 28 5L 7R 5 971
Fig. 2 c¢DNA sequence and amino acid sequence of RgNDPK I gene
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2.4 #ERgNDPK 1 R EARIEIERFF 9
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496 L 40 45
& 1 RgNDPK [ 5H ¥ — BiER I E 7 51 a0 48 MU
Table 1 Similarity between RgNDPK 1 and NDPK in other plants
(%)

AR Handroanthus impetiginosus 96 PIN18357.1

2R Sesamum indicum 97 XP_011093235.1

WBIEIEH Nicotiana tomentosiformis 94 XP_009595923.1

HRINME Coffea canephora 94 CDP09424.1

BB Capsicum annuum 93 XP_016544489.1

G4 Genlisea aurea 93 EPS65151.1

LAEM L Nicotiana sylvestris 93 XP_009788779.1

W N Daucus carotasub ssp. sativus 92 XP_017226359.1

6] H 3 Helianthus annuus 91 XP_021994173.1

WA Hevea brasiliensis 93 XP_021679143.1

TR Solanum tuberosum 92 XP_006347985.1

JHH Nicotiana tabacum 91 XP_016495271.1

R Jatropha curcas 92 NP_001295742.1

i Solanum lycopersicum 91 NP_001234174.2

2K Camellia sinensis 89 AEC10975.1

F Nelumbo nucifera 91 XP_010258739.1

A% Manihot esculenta 91 XP_021614468.1

9% I Macleaya cordata 89 OVA11298.1

FRA Ziziphus jujuba 89 XP_015886557.1

BE Lactuca sativa 89 XP_023772781.1
011093235.1) SEWFh % —BERIMEE R 27 50 1L 3 M BRI R O RIE (B 7) .
XA R AN 6 Fs S AL 35 96.25%
R BRI E (  EE TS E RS 3 it ib
ot Z T RAT

FIH blastn 1 MEGA7.0 ¥ RgNDPK T % 3L 1R Wt W R O R TR W R e K

F%‘ﬁﬂ%lﬁ]%ﬁﬁii%%ﬁ@%ﬁE‘J&‘*“ TWERRUAEE R, FAT LR W B R AL AU AR T (X 5E L 2016)
Fe 9 i AT &R B8 3k AL oy B, 3k B S HL Test of E*ﬁ%ﬂ/‘]ﬂ“%@ik\jlff'i%ﬂj}kwwﬁﬂ{%ﬁ tE

Phylogeny “A Bootstrap method , 1% # No. of Bootstrap
Replications 24 100, HAth 25035 0 BOIE, 43 B &
TR B 2R 5 A XUAS B R R T 1
FHEGIT R W H R 4 00 R B i 5 ) H 28 B

YR B B DR A DG R 1) 5 S 3R 58 | i AR AN
S AL S AR B A R PEAE A ( Yang et al., 2003
Eiﬁ%@mh%mmﬁfgggmzx 2 U
4, 2017) . HET, YRR R
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¥l 3 RgNDPK T & A% i 7K 5 Fiil
Fig. 3 Hydrophobicity prediction of RgNDPK I protein

B len  ¢TP mlP  SP other Loc RC TPlen
N A
we 148 0,059 0.127 0.091 0,922 _ 2
Sequence
B =
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Kl 4 RgNDPK T & [ 04 7 40 i s o7 5

Fig. 4 Subcellular localization prediction of RgNDPK I protein
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A. Secondary structure prediction; B. Tertiary structure prediction.

&5 RgNDPK T & A4S # Fim
Fig. 5 Structure prediction of RgNDPK I protein
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90 M #%, NDPK I & fi F W &% {4 6 ki 44, 1
NDPK Il AT &8 A7 T 244 (£SO 5 ,2011) . A
A8 I 1 V8 1% 2 i 2 27 B A ek Pl e R
(1R 2% F55,2005) B U Ml v b v B AT B A B
W R UL N RgNDPK T Y ¢DNA FE 41, T i
BEAE K B b 447 bp, 4 15 148 A & R,
RgNDPK 1 JEF 4t & 1 & A IR 5F 1 B

TP 5 ) 3R Al W T A 3 PR, LRSS A
NDPK I B0 ~F 4546 38 w55 BE AR, 17 HL 7 240 B 5 o7
T 40 5, 25 B RgNDPK [ 2 A% T — B % 84 1 bR
FWE M R, H ) T NDPK [ 2. A i, #E
RgNDPK 1 B [H W BEAEAS P A6 K & T B I I8
SfE BAG s AREW e | TE R FIET 4E R 105 A
O3 T R AFEAE T (CREE RS ,2017)

E— 7 & B0 B RgNDPK T 5 2 jk %8
TE RS 1 A% 7 W T R A DL 3, 43 ol ok
97% 1 96% , i FL /N [F) A8 4 1) A% 1 — 1k TR 3 it A7
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PIN18357.1 8£4EM$ Handroanthus impetiginosus
XP_011093235.1 ZRk Sesamum indicum
XP_022843549.1 K= Olea ewropaea var. sylvestris
PIN22796.1 354X $ Handroanthus impetiginosus
XP_011101860.1 Zfk Sesamum indicum
XP_009595923.1 FBEEFEE Nicotiana tomentosiformis
CDP09424.1 FHRIMIME Coffea canephora
XP_016544489.1 3§l Capsicum annuum

EPS65151.1 &¥tE  Genlisea aurea

MK248733 b5 Rehmannia glutinosa

PIN18357.1 5% X% Handroanthus impetiginosus
XP_011093235.1 ZRk Sesamwm indicum
XP_022843549.1 K= Olea europaea var. sylvestris
PIN22796.1 5% M Handroanthus impetiginosus
XP_011101860.1 ZH& Sesamum indicum
XP_009595923.1 FBEIEFEE Nicotiana tomentosiformis
CDP09424.1 FHRIMIME Coffea canephora
XP_016544489.1 HRH Capsicum annuum

EPS65151.1 @$tE  Genlisea aurea

MK248733 b3 Rehmarmia glutinosa

PIN18357.1 5% Handroanthus impetiginosus
XP_011093235.1 Zf#& Sesamum indicum
XP_022843549.1 K= Olea europaea var. sylvestris
PIN22796.1 56 M$% Handroanthus impetiginosus
XP_011101860.1 ZRk Sesamum indicum
XP_009595923.1 FHEREER Nicotiana tomentosiformis
CDP09424.1 FHIMIEE Coffea canephora
XP_016544489.1 ¥&Hl Capsicum annuum

EPS65151.1 &%tE  Genlisea awrea

MK248733 ith 3 Rehmannia glutinosa

HE'.‘TF IHI}.FIH
MEQTF IMIKPD(
MEQTF IMIKPD(
MEQTF IMIKPD(
MEQTF IMIKPD(
MEQTF IMIKPD(
MEQTF IMIKPD(
MEQTF IMIKPD(
MEQTF IMIKPD(

EIALWFPEGH
SETALWFPE
SEIALUFPE
S“ETALWFPE
m IALVFPE
-
WS E TALUFPEG
;R‘Pu ALUFPEGHA

Kl 6 RgNDPK T K HCAAH P 4% 1 W R Uk Il 1) 22 )3 1) EE XS
Fig. 6 Multiple sequences alignment of RgNDPK I and NDPK in other plants

— 2 JEMHEE Nicotiana sylvestris XP_009788779. 1

——— XEEWEE N tomentosiformis XP_009595923. 1

5 71

TE A FHARL G 14 < 235 40 8 X 5 i N B F 58 45 O
A UE B b B

ML (2 &

M Rehmannia glutinosa MK248733

3R%# Capsicum annuum XP_016544489.1

il Coffea canephora CDP09424. 1
BBy Handroanthus impetiginosus PIN18357.1

B¥E Genlisea aurea EPS65151. 1

— F W Sesamum indicum XP_011093235.1

HE®E N Daucus carotasub ssp. sativus XP_017226359. 1

33

48

—
0.0100

BEM Hevea brasiliensis XP_021679143.1

BB Helianthus annuus XP_021994173.1

&l 7  RegNDPK 1 [RIE T3 053+ &R Gk AL i
Fig. 7 Molecular phylogenetic tree of homologous sequences of RgNDPK |

FE 4, 2016 ), OF —

RgNDPK T A # 4 —
i Y%
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ok PR WU T RR SR, X (2016)
W5 & BRAZ AT Wl I Tty LA e AL Wl 1R S A 6 75
AVEHT, B eSS (2016) BF 9T & BE 22 5 NDPK R
A LAk 2% BN A Ak T i A IR 4 A 4 ) N 5 5%
FiR36 VR R B8 (2011) i 55 32 W] NDPK I 38 43
P AE Y AL 0 2 5 T R R 22 R 55 K T B R
B GRR R A (2012) o X H R A% T U IR i 3
HPEAT T e BRI ThBERIE . 53 46, NDPK T 78 AN [A]
WY IR R IAFE 2 5, 6 — S ) b & 15
GRINBEVEFT, N 4% % NDPK [ 25 1 3k FI 4T 4k
ZIE R, ERPAELE G4 45819 NDPKI o] DL 5
DNA 254 (AREBYREE 2017) o B IRAS BT ST 0] Hi #
RgNDPK 1 JE 04T 1 5 B S AR W A5 B 5 50 BT,
{HR 5 T4 8 RgNDPK 1 3 [H i ELAK o)y i K HiAE
LA — L HWAMIE
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