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Abstract: Objective To identifiy a receptor-like kinase (RLK) encoding gene named as DoRLK (GenBank accession No.
ANC68272.1) from Dendrobium officinale. Methods RT-PCR and RACE technologies were used to isolate the full length cDNA of
DoRLK. Characteristics of physiochemical properties, conserved domains, and subcellular localization of the deduced DoRLK protein
were determined by a series of bioinformatics tools. The analyses of multiple alignment and phylogenetic tree were performed using
DNASTAR 6.0 and MEGA 7.0 softwares, respectively. Quantitative PCR was used for gene expression analysis. Results The results
showed that the full length cDNA of DoRLK was 1 715 bp in length and encoded a 423 aa protein with a molecular weight of 47 800.88
and an isoelectric point (pI) of 9.47. The deduced DoRLK protein, like other RLK proteins, constituted one conserved domains
(85—370) and one transmembrane motifs (250—270). Multiple sequence alignment and phylogenetic analyses demonstrated that
DoRLK had high identity (43.62%—63.35%) to a number of RLK genes from various plants and was closely related to Phalaenopsis
equestris, Phoenix dactylifera and Asparagus officinalis. Real time quantitative PCR (qPCR) analysis revealed that DoRLK was

expressed in the three included organs. The transcripts were the most abundant in the roots with 2.22 fold over that in the leaves,
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followed by that in the stems with 2.75 fold. Conclusion Molecular characterization of DoRLK will be useful for further functional

elucidation of the gene involving in D. officinale responses to environmental factors.

Key words: Dendrobium officinale Kimura et Migo; RLK; gene expression; quantitative PCR; stress resistance
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TGTTGAGAGACCTCCTTTTCC-3’, ##% & SMAR
Ter™ RACE c¢DNA Amplification Kit (Clotech, H
A WA, 285 UPM 5IMAE&#4T 2 &
3’-RACE.

2 /X RACE-PCR [RMAKZRIY)y 25 pL, A4 10X
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Advantage® 2 PCR buffer 2.5 pL, dNTPs (10
mmol/L)0.5 uL, DoRLK-R ¢ DoRLK-F(10 pmol/L)
% 0.5uL, 10XUPM 0.5 uL, 5’-RACE ready cDNA
g, 3-RACE ready ¢cDNA #ifg#% 1.0 uL, 50X
Advatange® 2 Polymerase Mix (5 U/L)0.5 pL, ddH,0
19.5uL. PCR #7495 C. 3min, 95 C. 30s,
68 ‘C. 2 min 32 ME¥H; 72 'C. 7min, 4 CIkio
PCR P48 1.5%BRIEHEBEI FIK , TianGen fiZ[A1YA
W& (TianGen 2w, HED 4ifl H %, &
$% % pMDI8-T vector (Takara A @), HE)D, #ik
KIFF B Escherichia coli IM109 [B52 254110, BEAL
Phit 3 AvelE Itk Bl AR A TR AT R =)
¥ o T3k cDNA 74155 EST $f#, Beitis T8
B HE CORF) 751 % DoRLK-S: 5-ATGAAG-
TGTTTCCAATTCTCAAATGGAG-3’; DoRLK-AS:
5’-AAGCTTGTTAGAGCTCATTGA-3’, 474 (K 5
RT-PCR 4&1iF .
2.3 FHISH

i — R I 2% AE 2 T 21T DoRLK FE[K #%
12 N w1 AR5 B e 51040t FIF NCBI
f) BLASTx Chttp://www.ncbi.nlm.nih.gov/blast/) Al
ORF Finder Chttp://www.ncbi.nlh.nih.gov/gorf/gorf.
html) 731 cDNA /751 ; F| EXPASy Proteomics Server
] ScanProsite Chttp://prosite.expasy.org/scanprosite/)
A1 SMART ( http://smart.embl-heidelberg.de/smart/
do_annotation.p]?DOMAIN=SM00157) 43 #t DoRLK
B A AR IT; Protparam Chttp:/web.expasy.
org/protparam/) 1 SOPMA Chttp://npsa-pbil.ibcp.
fr/cgi-bin/secpred_sopma.pl) 437 85 [ 5 EEAL 4 5 Al
2R 4R R H SWISS-MODEL (http:/swissmodel.
expasy.org/) BT = 4E@B504T; SignalP 4.0
Chttp://www.cbs.dtu.dk/services/SignalP/) Fl TMpred
(https://embnet.vital-it.ch/software/TMPRED_form.html) T3
W25 B BT A5 5 IR E8 E X 38 ; ProtComp  Chttp:/
www.softberry.com/berry.phtml?topic=protcomppl&gro
up=programs&subgroup=proloc) #4175 H 5 .41
SERLHT. KF DNASTAR 6.0 HETEIERR 741 HE
SForHTs M5B MEGA 7.0 # 8 R .
2.4 qRT-PCR ##f

73 2 pg M. 2L HRERLE RNA SOEEFG AL
cDNA, EFlo {EANSER, qRT-PCR %34T DoRLK
R MH LA . QRT-PCR 5|4 DoRLK-qRT-S:
5’-GGAAGTGCTGCTCCACGGTTAA-3’ Al DoRLK-

qRT-AS : 5’-GGCTCCTGGTACTGGCTACTCA-3’
(K47 18 7= 41K 320 bp. I ABI PRISM 7500 qRT-PCR
{X (Applied Biosystems, [ i#4T qRT-PCR. %
BifRZR 25 pL 4% 2XSYBR® Premix Ex Tag™
Master Mix (Takara A®], H[E) 12.5 uL, E. &
[ 514 (10 umol/L) 0.5 uL, ROX 0.5 uL, cDNA 2
uL, ddH20 9 pL. HARMNER 3 K, BRI
BRI, Ses6 B 3 . PCR ¥ N 95 'C.30s,
95 ‘C. 10's, 60 ‘C. 45 s, 40 MEH, SNVLL
LRI ZE . M4 ABI PRISM 7500 SDS #fF
(Applied Biosystems, [E) £ IITEH B{E (cycle
threshold, Cp), Fi 2722Ct JyykUON S SE ] () AR
B,
3 SERESH
3.1 DoRLK EE 21 cDNA 7=fE

L BlastX 4t bbxd ] s g an 7 5 A
5-UTR, #|Hl RACE 5|¥i47 2 Ik 3°-RACE ¥ 14,
5546 EST HH—4% 1 715 bp i) cDNA; BLASTX
ST RS GenBank H CLEM I Z FAEY RLK
s R T B A B S AR ATE (49%~57%), 4 H:
it % A DoRLK, #&7%% GenBank 3K 75 V¥ it 5
ANC68272.1. % cDNA J7 5L 5 52 BT i [ 2 AE
(ORF) K 1272bp, 5°-UTR K: 251 bp, 3*-UTR &
192 bp, F A7 1 NEMZAY) mRNA J1JE{E 5 AATAA
DL K polyA JB B, 2R % i ¥ B ik fe 2k 7 41
CAAATGG I A fF & KOZAK # N C gy
A/GNNATGG) U4, {§iH{ DoRLK-S/DoRLK-AS 3|
Y47 qRT-PCR ik 3 7= AF i — 2% (& 1),

T Mo —

2000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

M-Marker 1-3’-RACE § 344 2471874
M-Marker 1-3’-RACE amplicon 2-amplicon

1 DoRLK EFE %K cDNA f£
Fig. 1 Cloning of a full length DoRLK gene in D. officinale
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TR T A SE B ORF, BEMIE B i oh 3k
3 DoRLK Z£[H 4 cDNA.
3.2 DoRLK EFEHRmEERBBUIFES

Protparam Tiiill DoRLK £ K| 2 i 1) 85 11 5 1) 43
T A Ca11sH3378N6040620S15, BL T 423 DNRIER
BRI, M T E 47 800.88, ZEHLA 9.47;
DoRLK & 77 IE AR (Arg+Lys) A 61,
AR HE (Asp+Glu) N 47. ZEAMANFEE R
N 36.74, gl ZBUN 79.74, SEIKVERBUH-0.487.
SOPMA 73 #r %], DoRLK EH &M FHH o
PR (35.46%). BEALGHT (39.01% ). A& i 5
(16.55%) F/DER B A (8.98%) KK,
3.3 DoRLK EBRL#E. EMFMBEEX S

ScanProsite 5 SMART %5 345 Wos 5 ATP 45
AL (91~119), BE4h, ScanProsite 45 9% H
DoRLK &5 [ 2 £ s S AH Y 1 B B 45 3 (85~
370>, SMART 53R E/R7E 81~366 AN A
WEIR L R RIS X, T Re & —Fh 2 R IR /75 TR/
RIRG, P4 45 RAHL. TMpred 43H45 3 250~
270 IR AAFE— N EEIEZER) (N 4, 13
53 601), SgnalP 4.0 73 #r & A A 15 5 Ik ProtComp
SERENZE AN T (1545 8.8), 1E 410
IR B A — /M RE B LA X, v R
—NEEHERNZAREA .
3.4 DoRLK EBHI=HEE

¥ DoRLK & H 7 #1#£5¢ SWISS-MODEL #i#f&
e, PAEHAFEPEZE (Protein Data Bank, PDB)
ORI 7 BAK1 (PDB No.: 3t18.1.A) A. D.
G. H bR T, 347 [RIUR ALl A4 T .
2 453K, DoRLK 5 BAKI & 45T 51
A 43.45%FME, IRl 5 R AL

2 ET SWISS-MODEL #J DoRLK & H =4 #1&
Fig. 2 Three-dimensional structure of DoRLK protein
based on SWISS-MODEL

3.5 EBERFFILExTEEL ST

izH] DNASTAR 6.0 H1[#] MegAlign #£/5, *f
DoRLK 5CERMHYIN 6 A~ RLK & [T 275
Xf (K 3). 4R E R, BREAA DoRLK HEH S5/
W5 W5 858 *= Phalaenopsis equestris (Schauer) Rchb.
PBL19 (XP_020589184.1) —&M:fm, N 63.35%;
5 P % Asparagus  officinalis L. PBLI19
(XP_020276044.1) HJ—EMERz, N 48.42%; 5i&
Nelumbo nucifera Gaertn. At5g47070 (XP_010253 943.1)
Mg A8 Gossypium  hirsutum L. At5g47070
(XP_016725497.1) HJ—FMEEh, 735108 46.93%41
4726%; 5% A M Dendrobium catenatum L. PBL19
(XP_020698502.1) FIPEFEEFE Medicago truncatula
Gaertn (XP_013449997.1) M—&PEE L, 2 51A4
43.62%71 43.78%.
3.6 DoRLK EFRILEHMARZHLK ST

A A MEGA 7.0 #fF, KA & KR IE
(Maximum Likelihood, ML) #J%& DoRLK Fl4l &
TP KFEERY) RLK FKEH 7 & A RS
(Bl 4). 853K, 37 MEARMEY RLK EA
FWRIr T B I 4 1. T T TV 4 K337 ; DoRLK
WERAEAH 2 733, 5 ZRHA/N 2050 =2 (1 3k ¢
Fiik.
3.7 BERERIKEX

I3 AIBREUA R 25 SRR S RNA, FIA
qPCR AR DoRLK &K 2Rk Kl S
S5, DoRLK 7£ 3 FpafE Hh¥F Rk, HAH
WRIKBEBAFAEZE o UM AR IEFEAR, 1 5%
KIEA MR RIS ER S, Zh&d, 27t
H 2.22 51 0.8 fi.
4 g

RLK 75 HE 41 [ 44 Foft 26 4 A0 A 26 9 3 B 7
WRIEEZER, Z258FEES5EKS. EHEEEN
TR B, MYPish. siE. PUEmEE
ey 2 55 A B FR 20 H AT R I R AR R B4
S5 Sk T A gitS oy RLK FIFERR 20509 610 24
A1 110 ANFRR T, e T8k A it HAh 2
RLK J A 5o [ IR0 70 R DL AR T8 o« ASEER F ) RACE
vobE 3K DoRLK M 4, 4mfih (1 A RLK &
TRT I 22 R T B B A S5 K RN IS 25 )3, 5
ZMAEY) RLK & EAEF SRS, # bR
RLK 7> T HEAL R B4 T, X 2645 B B DoRLK 2
SRtk B A i RLK 2R A F T LA
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BRECAME (ANCO8272.) .. B 54
ANEUSIIE 2 (XP_020589184.1)  MRTSLSMIFLTVEESLSRGSNLLHLLEINLTLENFEIRFQTCSIS 97
PIFE(XP_020276044.1) e ME 54
3% (XP_010253943.1) ) P
HidE (XP_016725497.1) 56
BRI A (XP_020698502.1) 54
PEAETE (XP_013449997.1) 75
consensus
B (ANC68272.1) 154
NSRS (XP_020589184.1) 197
PP (XP_020276044.1) 154
FE (XP_010253943.1) 152
M4 (XP_016725497.1) 156
B AR (XP_020698502.1) 154
BHE A (XP_013449997.1) v 175
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M (XP_010253943.1) GIPYLEEEMDFQIIER 252
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PR (XP_013449997.1) ARGLTYLHEEMDEQIIFROFRESHILLOTfewHz! GLARIGHEDC 275
consensus a derg gqrll yeympn sv a daargl ylhe m fqiifrd k snilld w aklsdfglar gp g h
BRI A (ANC68272.1) 354
NE IS IEE 2 (XP_020589184.1) 397
5% (XP_020276044.1) 354
¥ (XP_010253943.1) 352
HidE (XP_016725497.1) 35
BRI (XP_020698502.1) 34
FALETE (XP_013449997.1) i 375
consensus wvgt gvaapey tg 1l k d ws gv lyelitgr pd nrp eg l ew p d kkf i dpr
R A (ANC68272.1) sEE TR IsTEY. . | :ﬂgm %AE by 3
N2 UG (XP_020589184.1) TEZk TELIAEN. . BRAKSR AU 465
9% (XP_020276044.1) Lo MEL THENG TR LS e T DT T 431
ﬁ (XP7010253943,1) MG JZESSHMEMLAE. . JJELTRRECRMEESH. VY 426
Hide (XP_016725497.1) ML CPATRSSTE. . KEVERLIGRE. . RIEET 451
B ATk (XP_020698502.1) VERR -.EPELRE\’FLQEEAAQK.EQ%EH L 430
FEAETE (XP 013449997.1) 4 Nf25SSDTNSQLPLENVSR, . . IEVERETEME. N T 446
consensus Ip mSev v kr
3 DoRLK 5H{hiE4) RLK EAZF L3
Fig. 3 Multiple sequence alignment of DoORLK and RLK proteins from other plants
BRI E (XP 019250676.1) \ 3
FAEME (XP 009764511.1)
B AEFEACFIF N (XP 015086325.1) 99
FAh (XP 004246645.1) E
WAL (EYU34470.1) i 2
BB (EEF42926.1) ;él
HHMICH (KIB62397.1) =
PFHIZE (XP 004304448.1) = 1.00
%1 (XP 009350770.1) I 1 I 0.80
Hi% (XP010658387.1)
FEHLFE (XP 016725497.1)
A (XP 007009900.2)
KT (OMP01096.1) 0
¥ (XP 010253943.1) H ES IR
# (XP 010241858.1)
%7@ (OVA18034.1) ]
AR (XP 006827432.1) & | . > J¢A 40 F A FE
7% (XP 008776800.1 X 5 FIMH qRT-PCR ## DoRLK EE AL RIAER
E‘{FH*?% (XP 010918688.1) Fig. 5 Tissue-specific expression pattern of DoRLK gene
Ly (XP 008784814.1) ; '
WA (XP 008784814.1) using qPCR analysis
P (XP 020261361.1)
% (XP 020261369.1 1I 2p N
S (0P 020592539.1) RN AR S TR B RS, B A Hoxt
/NS (XP 020589184.1) L S S =
A (XP 020691888.1) o e I s
| /Mt (XP020593828.0) m. PBL & MAJET RLK 1252 44 B i i i
BB A (XP 020698502.1) v . .. e
——EPEA L (XP 009386349.1) (receptor-like cytoplasmic kinase, RLCK), &% ATP
P (XP 0202760441 A 3 5 23
/ﬁzi EXP 008778999.1; I éé:él\iﬁ*nﬂ@w{%ﬁ@iﬁ’ ﬁk&%ﬂ%%*@iﬁﬁzuﬂﬂﬁl\ég*@

AR
LS
R
IKFE
IKFE

(XP 010935733.1)
(XP 010935734.1)
(PAN08987.1)
(XP 015627614.1)
(EEC74260.1)

=
Jw

4 DoRLK 5#E#) RLK ZFKi%#R 5 & AR LR 7347
Fig.4 Phylogenetic tree of DoRLK with some RLK proteins

from plants

W, miREEYERKE, LHEEY R A
HENEHM, DoRLK M5 5L FTT BAK] &
45K T 512518, BAK ZEREYIR S0R 1254
o, HRAES B AR R EEAE U, R,
DoRLK 5 A] & 2 5 AL W) Jilpie N 2 1455

Y RLK BIRiE B AHLSRE R fEKAE
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AR SR UR R SR 7 T

SR PLILAEBURL . AHT S DoRLK & 7415/
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