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Abstract; Calcium-dependent protein kinases (CDPKs) are important calcium sensors in higher plants, which play an
important role in plant resistance to envirenment stress. In this study, a full-length ¢cDNA of RgCDPK gene was cloned
from Rehmannia glutinosa. Meanwhile, the bioinformatics analysis was used the online software, quantitative real-time

PCR technique was used to detect RgCDPK expression level in different tissues. The results were as follows: (1) The
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full-length ¢cDNA sequence of RgCDPK gene was 1 770 bp and encoded 589 amino acid residues; (2) Multiple sequence

alignments and structural analysis revealed that its protein contained serine/threonine protein kinase region and EF-hand

region, which were typical domains of calcium-dependent protein kinase. Phylogenetic analysis showed the highest

similarity with Arabidopsis AtCDPK28. Thus, the gene was defined as RgCDPK ( Genbank accession No. MT024235) ;

(3)The expression analysis of RgCDPK in different tissues revealed that high transcript levels occurred at leaves. In this

study, the CDPK gene of R. glutinosa was successfully cloned, and the expression of the gene in different tissues was

found to be different. The results of this study provide theoretical basis for further study on the function of CDPK in

biotic, abiotic stresses and continuous cropping obstacles.
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Ca™ JZ AT P 40 H v B 22 A 58 A il 24— 26 fl
WG S N Ca™ W BE 1S I = (B B, 77 A (R 5
AL o, 5 4K R 7R B ) LB ( calcium-dependent
protein kinases, CDPKs) J&—F¥ ik 77 75 /Y 8 1134
fit}, >4 CDPK 5 Ca* 45 & J5 , CDPK B 1k & 5 1F
F(Guo et al., 2019) , CDPK 7& a0 7 55 i . T
BOERAMR AR Y A R A B RE SR AR Y
W EEAEH, MR, CDPK BEM YA K S
RE LN B A T AE Ty T RS k8 AR
(Romeis et al.,2000; Geiger et al.,2010) , CDPK
FERLEA 4 A ARG 250 S8, RO 43 0 K i
AT AR X AR IX | 3] ORI 4 X, PR X —
S A LA Ca” 4541 EF F L5 (EF-hand) .
Ca®* 5 EF-hand 254 J5, CDPK 75 [0] 45 44 & /A%
b, B S DR AR A R A £ CDPK K
O FLAE O M 0 T B R AL R R R IR
155 1% 388 22 T Ui IR 45 0 4, DT 98 XA -5 114
I ( Hetherington et al.,1982; Harmon et al.,1987) ,
CDPK TEAHYIAR (25 (0t 4B R SEFNFh 725 4H 2
Sz A3 o 38 A B PR 2 R A B B, BRSO LK
B K IER 4 43 A 34 .31 Fi40 4~ CDPK i
(RS NIEE,2018) o 22 B 2 HIAE ) Gn ik £ fi
(RO 2017) (RIS 3 ( HIBER A, 2016) Fil e
LA (BRI 55 ,2010) HH Y CDPK %5 R B2 4% 5
{EHh 85 CDPK J [R5 B A 53 38 oK WLAR I8

WX SR Y MR Y R
( Rehmannia glutinosa) W i 5 T #2 A, A W
22 RN/ (1 11 RN AR N ST Y o 2
2014) . HuEFE B Py s A& A DA 44 B KR ST b B
FEH AL AR 5, [ B Lok BV 7 T PR R

MO B TE A M A, VR BT IR 2 I
AT RA Wi, B AR R b s B A
FEEE AR AR S 75 5 8~ 10 a Jo A RER
Pt (XUZL 25, 2006) o 5K (A5 (2013) 058 A B,
W AT REMCHIUES B 115 5 RGufeid A Y R(E S,
SEGEMEE, b CDPK RGN A ot & 4
THEMEM, B (2017) i e T
21 A ATRES S AR B 55 SO A S R 1 3
VEME BEREH) CDPK SR (IR X AT 58
W Ko IR o B, AR PRASUZH B IR AT T M o 4 B
(5 SALIY Lo A, N A 4R 1 2507 1) 2 A5 45
MM S R A JE D], Il i oo e B R I
FNSERE . ARSI 1% TN 4 i 2 1 A0 BEAR R
P SRRk 0 A0 0 E 7, G T AR A [R] 4 4R
HE AR, LA TR AT 50 LA 0 32 A B it
SELEY RARE YA T A 2L R R

1 MR 57

1.1 ##4

FHEHERCE 0 R B 2 R A e, 2 R SR
B B2 % 58 % 5 Bl M 8% ( Rehmannia glutinosa)
It B S b ol IR 1R 6 F 5y s T AE I 42
B AR AR B AR, U IS 20 i RO i AEH 2
BYARALLF WAV RS T -80 C KA PRAT, KL%
RS
1.2 RNA B#REUE cDNA &

WO o it e AR AEHEA5 0.1 g, EA T
M, H TRIzol {77 ( Thermo Fisher Scientific ) $&H
RNA, RNA { H 19 S5 rit Dk B S A 0 4 52, A
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MAH 5 T 5 28 cDNA B4 i, B 7 pl RNA
{8 FH TIANScript ¢DNA 2 —85 & Bk & [ RAR A
RHE (b0 AR 7] ] 4 5 cDNA, B4R 7
52 N & U] B kAT
1.3 it CDPK EFE KT

DA 5 2H B v 5 sk AR b — SRR
CDPK 1) unigene 4 & 3 5 7 = % )5 41, i i
Primer Premier 5 & i1 4 R 5|19 , HAKWL R 1,
PCR JZ N M % 4 20 pL, B AR 4 4 R . A5
c¢DNA 2.0 pL.2xEs Taq mix 10 ML\LT()&%I%
( RgCDPK-F,RgCDPK-R) 4% 1.0 pL HAH ddH,0
A SRR IR 95 °C L3 min; 95 C,
455,58 °C ,45 5,72 °C,2 min,35 PMEH ;72 °C 4
il 10 min, PCR 74 ] 1% 5 i B 356 152 v, ik 4Gz )
J& a2 H i R B, pMD19-T #iA i
17 H 0 b By i 36 05 5% AL K #F T DHS o S22 35
AHE, F R T 5 &N R LB K8 57
B | 37 CHIR B e FUBE, R 2 PCR Bk
J ik A TAEY) TR A A R R
1.4 ¥ CDPK BRI ENERFEST

ff H ORF Finder ( http://www. bioinformatics.
org/sms2/orf_find.html) FEATTF L Be 524 A5 25 {5 H]
BLAST ( https://blast. nchi. nlm. nih. gov/Blast. cgi ) #
177 51 1Y 5] U5 P #8 &K ; i ] Protparam ( http://

www.expasy.ch/tools/ protparam.html) i 25 [ 49 43
Tt P BT 1 FH AR LKA SinalP 4.1 (htp://
www.cbs.dtu. dk/services/SignalP/ ) il /3 #r 25 f5
2Ok, f# TMpred ( https;//embnet. vital-it. ch/
software/TMPRED_form. html ) T 25 4 25 B8 X, {d
NPSA server ( http://npsa-pbil. ibep. fr/ cgi-bin/npsa _
automat.pl? page =npsa_sopm.html ) FU £ FH g 45
14 5 {8 il PSORT ( https ://www. psort. org/ ) Tl 2 [
W40 jf % ir; ff FH SMART ( http://smart. embl-
heidelberg.de/ ) Fl I & 1 2 fE 38 ; i1 J] NetPhos 3.1
(http ://www. cbs. dtu. dk/services/NetPhos/ ) TE £ %X
F P A AR AL AL (] MEGAG.0 A4 4 R 48 A1
PEALR ; 8 F DNAMAN #4727 81 Hoxit
1.5 WHEE PCR

W8 26 w5 Wi it 7, i Primer 5.0 i%
115149 qRgCDPK-F .qRgCDPK-R, LA TiP41 A NS
I, SHIOLE R PCR AT &M 5., Bk 20
L AR Z :2XSYBR Green PCR Master Mix 10 L,
5194 0.4 pL, QN Rox Reference Dye 0.1 pL,
ddH,0 7.1 WL BEH cDNA 2 wL, PCR 2 % 2
TR 95 C 20 5, 2 PE 95 C 1 s,1B 2K 56 C
20 s, JEfH 95 °C 15,40 MEFF ;60 C 20 5,95 C 1
s AT R . ROV RS ARAE A B Ce (8, A
2788 I REOR R U R i

x1 5|9FIIKRARE

Table 1 Primer sequences and use

EIL/ B G2 g 1T RN
Primer name Primer sequence Use Amplified length (bp)
RgCDPK-F GAGAAATGGGTAGCTGTT HE A T 1 808
RgCDPK-R TCACAAGCGCCTTCAAAA Gene clone
qRgCDPK-F TCTCAGAAACAAGCCCGACT G E 154
qRgCDPK-R TTCACCTCCTTCTCGAACCC Real-time PCR

TiP41-F ATTGGGTAGATTGCCAGGAG WHERNS 106

al-t1 D
TiPAI-R CCATTGCAGCCAATTCATC Reference gene of real-time PCR

2 SR E W

2.1 RgCDPK EFEHIEE
PEIUE I RNA £ 1% 35088 B B g v ik A6 00 ]

UL = 2% 78 O 4515, 4501 TO R it S 2471, B RNA
i A, TR, AT TR £2sc s, Wi 1 fr
RS SR 20 1800 bp, ¥f PCR 7249
b ] pMD19-T %44 Ji5 Bk 5% BH P 5 B XL 1) I 7
W 25 R 964 5 45 ORF Finder W, %551 & #
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—AK/NR 1770 bp 1) 58 HE 0 FF I EEAE S A
589 NIRRT 45 A f ] DNAMAN #1 {4 5%
SEULFES BEAT 22 91 e xt kB, 7 B AR A5 A1
R AT AR 7 4 o8 & — 3L, it BLAST ¥ f
K,z Kk B 5 % 1 X% K ( Handroanthus
impetiginosus , PIN08903. 1) | % Tl {& ( Erythranthe
guttata, XP_012857661 ) | i€ # B & ( Dorcoceras
hygrometricum ,KZV40794.1) CDPK #& [ /3 51 19 [F]
T 5N 89% 86% 82%

X% i InterProScan 7 £k 7 M T. H X #h &%
RgCDPK 2K 4 H A7 454 32 47 40 7, ReCDPK H.
A5 AMRSFEERI I, 53 & TE 126 ~ 386 o7 1 22 44
PR/ F 2 R AR 1 95K G A A 245 A 3k 4 4> EF-hand,
BT - ok O B A B (433 ~ 461,470 ~ 498,512 ~
540,542 ~570) M LB E 127 51 R HE# CDPK LR
(1) cDNA 2K 75 # Hg 4 RgCDPK , ¥4 H )y
HIHE5C 2 GenBank , SRAFER S-45 - MT024235

bp
2000

1000
750

500

200
100

1. DNA #RUESY T4 5 2. RgCDPK FER Y5474y,
1. DNA maker; 2. PCR amplification product of RgCDPK.

K 1 RgCDPK %[N vifk
Fig. 1 Gene clone of RgCDPK

2.2 RgCDPK HWEMEREST

2.2.1 RgCDPK % & it 2 AL M JiT B 85 K M 55 A7
RgCDPK JEDH A FFHCRIEEAE /N R 1770 bp, 34
i 589 PR FLFR L HL . RgCDPK 25 A J5 il AH X 43
TR 66.06 kD ; B AL S (PL) K 5.91, J5+
A Cooos Hans Nz Ogo0 S 15 » i JEL T HUH 9 272, 4 11
HL I E LR A 80 A~ (Asp + Glu) |, 7 IE HL A & L R

A 89 A (Arg + Lys) . # F5uAd i 1% o0 #r % B
CsCDPK17 Wy 5 Wi 16 2Lk 73.06, N2 E R AN
45 MM A AR E R A, BOF ¥R K R ECh
-0.584, J& TR /KHEHEH .

2.2.2 RgCDPK & & 45 M54 fdi il TMpred 4k
4, 1 RgCDPK 2 1 1% 5 B X, 45 R W R,
ReCDPK 25 I A] REAATE— ™5 AR e , 5 2 309 ~
327,97 [ ARSI, ] SignalP 4.1 4347 RgCDPK
M5, 25 5 o JCBH W05 5 k. ReCDPK 1] fig
ENL T MR 38 5 78 2R AR 1E X b ¥ RgCDPK 2K
A TR Ak (57 A T, 45 5% R, RgCDPK 2R (4%
NZRREEA 71 ARG (>0.5) , Hrfr 22 R
42 4~ INETR 23 4 BEETR 6 1~

2.2.3 RgCDPK #9245 My Fml i FH NPSA server 7F
LR K 4 W ReCDPK Ay — 9% 45 4, 45 S % W
RgCDPK 2 A 41.94% 1) o-12JE | 12.05% Y 4iE fif
HE 6.62% I B-F5 f1 1 39.39% Y TG AL Hh 4 A%
{8 Swiss-model 7FZ&F A4 i b ¥ RgCDPK 1) —
Ry, FIVREBIZ R Bos (K 2), RgCDPK 5
L5 FF CDPK ( SMTL ID: 3q5i. 1) AH 8l B K
33.94% , BAEEEE (>30%) .

¥l 2 RgCDPK 11 =451
Fig. 2 RgCDPK protein tertiary structure prediction
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NP 001190794 1 AtCDPK15 —
NP 1939251 AtCDPK15
0AO093014.14CDPK23
= 100 NP 0013198681 AtCDPK 23
OAP11790.1ACDPK19
NP 176386.2AtCDPK19 CDPK 11
NP 0013206031 AtCDPK 33
NP 0013206041 AtCDPK 33
sp|QBRWL2.244CDP K29
NP 974150 2AtCDPK 29
NP 197437 1AtCDPK 34
= 100 :0A091453.1MCDPK34 -
NP 174807 1 AtCDPK2 -
NP 1961071 AtCDPKA1

100
NP 001190949 1atcopk2s | CPPK 1

N T(:ozxosgwo.mcopms -
NP190753 2A1CDPK13 =
NP 0013263491 AtCDPK13
NP 181717 3AtCDPK14

NP 9736611 AtCDPK14 CDPK Il
OAP03301.14 CDPK24
NP180708.1AtCDPK24
NP2014221ACDPK28 =

100

a7

33

100

99

100

77

100

100

100 100

3

100

100

% NP 0013311991 ACDPK 28
ARGCDPK
— 100 NP173379.1 AtCDPK16 CDPK IV
OAP11640.1 A CDP K16
2 NP 195331 2AtCDPK18
T!:Npooﬂgognmtcopms -

Kl 3 RgCDPK £ |1 1Y R 4t i AL A
Fig. 3 Phylogentic tree of RgCDPK protein

WA TR BN B RegCDPK BB 78RR #6 1. 0, I, IV U A4 S #%, H  ACDPKI,
AL T, 25 5 R RgCDPK E &AL k8% AtCDPK2, AtCDPK26 J& T 1 % ji%; AtCDPKIS5 .
71 ABERRALA S (>0.5) , Horb 22 &2 42 1, AtCDPK19 . AtCDPK23, AtCDPK29 . AtCDPK33
IVATR 23 1, AR 6 1~ AICDPK34 J& F I & J%; AtCDPK13 , AtCDPK14
2.2.4 RgCDPK # 2 Lt A R R & o4 (] ACDPK24 J& F Il & % ; AtCDPK16, AtCDPK18 |
MEGAG6.0 ¥ RS Ab , IR IF CDPK 4. ACDPK28 J& T IVF %, WK 3 fizs, RgCDPK 5
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SiCDPKS SCANGNABSIETEAVN. ................. FHFGNRR.AAASKPGAT......... KODVPPNNPORTRENNKTQHPD . . . KQSQOVI Sy C 85
HiCDPK CGSNSNAPSTSGS HHONRRSSAASKLPATTSSTVTG . KKQOEGSHNNHHMAKENHKNQQQQ . . . KHSQQIT i C 90
EgCDPK28 . ITSEETKINGS . . . . . APSTTTTGN. .................. VHQONRRSSATSKPSSFKTTFTASSKKQEGSONNNLIMTRDNHKNQOQQ . . . KRSHKIT| - G 89
CaCDPK18 SGSNSNTBTTTTTTTVS . . oo vveveennn.n HQQONRKVSTKAT . TSGNNS. . . . .. VASKEQELHYNGKGSHPNOQKO . . . KNTEQGK] . 89
CrCDPK16 SGSNSNN.....TQSAN.......ouuvnunn... NGGNNRKTTTKPPPSSANTS. . . ... VTSKFGGSHFISGRESNKNHOHO . . . RNPQOTK] e C 85
NtCDPK28  MENNOIEEIS SIVSGSNSNTPSTTTITVN . . oo ovvveeveenn e VRMNTANPPSTSTITST......... KQEGSHCNKQIVKDNERSQHOKQQPRNSQQONV] 93
RgCDPK SGSHSNTPSTTTTTAAASATASASASATTTSTANVHPQTRRSSAASKAPSTNPSAVTS . KKQEGSHN . QQJPRENHKNQQOOQ . . . KQSQHIF] Sy G} 111
Consensus
SiCDPK8 205
HiCDPK 210
EgCDPK28 209
CaCDPK18 209
CrCDPK16 205
NtCDPK28 3} < 7E 213
RgCDPK "GPMDKDF] < YA 231
Consensus
SiCDPK8 325
HiCDPK 330
EgCDPK28 329
CaCDPK18 329
CrCDPK16 325
NtCDPK28 333
RgCDPK 351
Consensus
SiCDPK8 445
HiCDPK 450
EgCDPK28 449
CaCDPK18 449
CrCDPK16 445
NtCDPK28 453
RgCDPK 471
Consensus disvl nmrgfvkysr kgfalralast

EF-hand
SiCDPK8 564
HiCDPK 568
EgCDPK28 558
CaCDPK18 568
CrCDPK16 562
NtCDPK28 570
RgCDPK 589
Consensus

SiCDPKS. 2 #k(XP_011099853.1) ; HICDPK. %548 X% A ( PIN08903.1) ; EgCDPK28. M ifi4£ ( XP_012857661) ; CaCDPK18. Wit
H(XP_012857661.1) ; CrCDPK16. K #1E( AGH25068.1) ; NICDPK28. Xl E (XP_016507827.1) .

SiCDPK8. Sesamum indicu (XP_011099853.1) ; HiCDPK. Handroanthus impetiginosus (PIN08903.1) ; EgCDPK28. Erythranthe guttata (XP_
012857661 ) ; CaCDPK18. Coffea canephora (XP _012857661.1); CrCDPKI16. Catharanthus roseus ( AGH25068.1) ; NtCDPK28. Nicotiana

tabacum (XP_016507827.1).

[l 4 RgCDPK [AVR 751 L
Fig. 4 RgCDPK multiple alignment of homologous

amino sequences

AtCDPK28 #bF[a]— 43 3, Ul Wl H A G J& T CDPK
V%, S IT AICDPK28 ] P51 Fe it

iz Jil DNAMAN TEZ A B 2 Jfk SiCDPKS8 %
AR K HiCDPK %5 5 4 # ReCDPK #E1T £ %41
Hext, i 4 BFx, ReCDPK B A 4 A it 7Y ()
CDPK Z5 9 35 . w] A5 X A Ak DX 400 i) DX o 4
X, AT N iy, [ AR A 25 e DX O
PR, 2 300 SR EFR A A, i X 5 A R
WEALAE 9 Ser/Thr 25 1 #0EE 7 51, A A o] Bk Sk
fEALIX, R B S ATP 256 M1ER 76 C W f 4 4
EF-hand 2544, 6 M AR SF X, R EEAE I Ca® 854
MIVER, R sF g 2

2.3 RgCDPK MR LA RIE T

2 i PCR F RS0t s B i i 4
Mrh Rk, AR IWE 5, HE S5 Al A,
RgCDPK FEHU B AR | i A AE I Hh 39 3= ik, #E 0t
RIS A, AE AR R m &L, 78
FRAT Rk 22 F DN

3 W54
A5 5 e 15 51— 4 7 1 55 46 1) ReCDPK 3

, H TP R HE K /N A 1 770 bp, He 4 i 589 4
RILTRIE L, Xt RgCDPK K& [H () 4544 Kz 4 5 1 &
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Fig. 5 Tissue-specific analysis of RgCDPK

FEFT T 2 B, AR SP 250 B 4 A4S LRl g ]
AR X AR DX R 4R X, A5 A S AR R
P I8l ML) S5 A ERAE . CDPK FERIRR TR0 Ai Tz
FEML i A RS MR AR A AR E T S R A T &)
CDPK FE:[H )33k (Raices et al., 2003 ; [ BB &
2019 ; HH 4 ,2019;Li et al.,2019) . ASHF 5838 i
WIGE i PCR X} RgCDPK 78 85 A [a] 4 4 (1) 5
SHERIB LS R AT T, KB RgCDPK e v &
IR, RO AR 7 A6 M b i AH X 3R 0K i
b B AR DoCDPK1 W JE T CDPK N %%, 2
HAEM v 3Rk i fe i, HOROR 25 FEAR rh 3R Gk it
R BB 2017 ) o BB RgCDPK 13k B A
HAVRE %, HAFAEY) o iy CDPK R )& T 7]
— W R AB A AT REAA]
AR RES 2] T 1 580 CDPK 5N, R4
HEA s AT & B, AT B JE T CDPKD ZK %, 59w
I¥ AtCDPK28 [AlEPE il . AtCDPK28 k7 5] L
FA ST Nacl HiPEREAIR , TR 3 38 D) 3 o 480 a5 %t
Bk W aa Bz v, W JE T CDPKD K% Y
DoCDPK1 7EARIR . ABA 58 0 35 7] 935 &
AN L PT E E  B 2 37 A S 2 R BT b R 4
VVER . EVERES 4R e A — 1 3 b ok o
[FFE Y SO ZAED S R MEDAERKEE 55
( EWIEE,2019) , EA/E R PR ) th 52 1) — 2 72
Iia . CaA M Z ISR S R 5 A i 8 AR
B Wi B2 v 43 Y 25 R AR o (SR T B AR

2013) , Il 4% 4 i £ F1 G ( CDPK) (5K B 58 55,
2012) 78 b #5 7% A () A= B 7 b m] BE B & 5 % &
PAVEH ., CDPK11 HEPRAE 3% A M o B K v s
Wik B B & TSk FE ML E, I CDPK20 7F
R R v 3 3 A Ml B v 2R 8 0 R T Sk b
HCAET IR (R4 ,2017) . X AT RER AR
] CDPK 25 [ 3 o A B b 78 A B3 25 76 M 3% 3%
VEBERGSAY T Aad 72 R FEAS [ A €, AT A
Hi #5109 JE R, RgCDPK 3 R AE N H %
CDPK F:H 05 o B — B, 7T RETE b B 5% 4F s o o
RHE—E W RE , (H AT 5 R X A b 8 5% 1 R
IR S R 20 b i) 2 3k R R AT AR 5T, I o G
) 25 EER b Ca™ (55 5 5 M ER
MRIRREIRNERE, BHFEIATIRA I
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