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B ZE:. BE wESEUA Dendrobium nobile ™ 3-F2KE-3-WIHE L _BEAIRE A A (3-hydroxy-3-methylglutaryl-CoA
synthase, HMGS) & DnHMGS, HHATHEYERFEMEE S Aix  RAREZERAGEHEXRMY (RT-PCR). ¢DNA
AKuPE 8 (RACE) $iAFfS DnHMGS £ cDNA 2K EWfE BN miD s A B . g5k 1E;
DNASTAR. MEGA 153 AT A ZEIR 2 17 51 LE A R R 57 S B S 28058 5 PCR (qRT-PCR) H AR I & K]
HALHERR . ER  DnHMGS F:K 4K Ky 1 816 bp (GenBank 1/} 5 KX789180), 4ifd—4% 1 474 N MR A 1k £ ik,
AN 23 F ity 52 458.47, “ZEHL AT 5.98. DnHMGS £ A HAA Y HMGS B 1) SUR S MRy, 5REE. fa. 1oK%%
BT RSO R BT . DnHMGS FER B A A PR IERF ek, H AT, DnHMGS 7 SeARTE AU it b 1) 3808 S s
AR 2 2 5L E. (R3S DnHMGS FERFRATE A NZE S >R. it 5 0RNGEA it 7 pE13 #] HMGS
TR 4K cDNA, ZFER 4 T4 8 Ay it — 0 3 7 2 6 DR A 480U b 2840 o A U3 428 P i % 8 R 0 1 R 0 £ i
WAL A PRI B T HER.
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Molecular characterization of 3-hydroxy-3-methylglutaryl-CoA synthase gene
from Dendrobium nobile

LI Qing, LI Biao, GUO Shun-xing
Institute of Medicinal Plant Development, Peking Union Medical College, Chinese Academy of Medical Sciences, Beijing 100193, China

Abstract: Objective To clone and characterize a 3-hydroxy-3-methylglutaryl-CoA synthase (HMGS) gene DnHMGS in
Dendrobium nobile. Methods RT-PCR and RACE technologies were used for gene cloning. Characteristics including the
physicochemical properties and conserved domain of the deduced DnHMGS protein were determined by a series of bioinformatics
tools. The analyses of multiple alignment and phylogenetic tree were performed by DNASTAR and MEGA softwares, respectively.
gRT-PCR was employed to examine the tissue specific expression pattern of DnHMGS. Results  The full length cDNA of DnHMGS
was 1 816 bp (GenBank accession No. KX789180) and encoded a 474-amino-acid protein with a molecular weight of 52 458.47 and an
isoelectric point (pl) of 5.98. The deduced DnHMGS protein, like other HMGS proteins, constituted typical domain and active site.
Multiple sequence alignment and phylogenetic analyses demonstrated that DnHMGS was closely related to Ananas comosus, rice,
and maize monocots. Proteins analysis revealed that DnHMGS was expressed in the three included organs. The transcripts were the
most abundant in the leaves with more than twice that in the roots and stems. However, the expression of DnHMGS changed to stems
> leaves > roots when D. nobile infected by Mycena sp. Conclusion The full length cDNA of DnHMGS is indentified from D.
nobile for the first time. Molecular characterization of DnHMGS will be useful for further functional elucidation of the gene

involving in isoprenoid biosynthesis pathway in D. nobile, and help us understand the molecular mechanism of Mycena sp. which
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better encourages the biosynthesis of dendrobine.

Key words: Dendrobium nobile Lindl.; 3-hydroxy-3-methylglutaryl-CoA synthase; gene cloning; real time quantitative PCR

S BUA M Dendrobium nobile Lindl. A~ %}
(Orchidaceae) 1 it & Dendrobium Sw. Z4FE 2k
FOARREY), A2 Bl s A T R
SR ol 2E N2, HAT 2 1 AR WIS s
Dizk, AEPAR K 2 8y o2 A i a2
2GR BB R B, A kR 4 B ik B
BTy, B By R, suivat. it
AR I T, ok ) R AR
IR R AE . SR1T, A M ) St A < A kb O
AN, EIETCEE RTINS, B T 46
BUARHT AR TR IO AN, R, TR TR T B
P i A kP A FRHR ) e UK

ARt 5 mE R AR, A SRR e
26l FEAINR (mevalonate, MVA) A% & A2 E
Wikt C5 AL RIS, NI, AW IZE
A58 P R R BRI RO A Ak ) 5 BT A

3-Fdk-3-FUE R R4 e A 5 (3-hydroxy-3-
methylglutaryl-CoA synthase, HMGS) /& MVA &%
P AN R, AT DML 1 AN BT A 5 &
W CWESHEE A 4Gk 3-F85E-3- AR Bk CoA,
AP AR a3 HE-3-FOE I kA A I8
J7 i (3-hydroxy-3-methylglutaryl-CoA reductase,
HMGR) L 2 (mevalonic acid), Bl
I8 5 TR FRLA e M S AR W 2 (ispentenyl diphosphate,
IPP) [RTAAR. WFFT R B, HMGS 3% M5 R4 4
N R I IR SR . IR FLTIREE
(e 5 I AR O OC R, i i A HMGS JE A,
RZ = ERETTR 00 S i it S g o v 4
T d AT L, HMGS SR s
TG A AR B R CEZE. B, oAl
SHEIN HMGS SR wbe, wEARFE,
eI AR A =l 2kt
(O B0 it HMGS ZE R a7 4k 125 1

AWFFEE I T8 i HMGS (DnHMGS)
LRI cDNA 2K, WHFHIRHMTAMIE 2008, IF
B Pt EE PCR (QRT-PCR) %R/ 48U
HER AR IR 25, M p R B R
B, AR B AT S SO L A PR B R0 <6
BUA AT RIS G S M BE A, iz s e o
Fefii .

1 mR5AEZE
1.1 ##

EBUA ) Dendrobium nobile Lindl. Jo# 2H5;
T AINGE BB Mycena sp. 35 1 B B 27 RF2# B At
SCPRT B 27 ot 24 FH AR 00T 9 P S A 0T 9 00 48 5 O
TEARS BEARAT . EIAE 1/2 MS iR FAEKE|
3~5 cm WEECAMICEH T, # PDA Rkt Lalikh
TR 7N i BT R R T, 24~26 °C, OB
1500 Ix, JYEHEIFA] 10 h/d 5t F4keRi %, 9 FG
BUFE, W TIRE . AR AL FE A X
1.2 RNA 1ZEUFN cDNA &%

1% RNeasy “Plant Mini Kit (QIAGEN, 7 [%)
AU )45 %K S RNA, Nano Drop™ 2000 43
Y66 E T (Thermo Fisher, 3€[E) 4341 RNA i .
aifE, DEIRPESER UK L e 2 . 4% Prime
Script™ RT Reagent Kit (Takara, HA) #iEHH],
WL cDNA, —20 CIRAE% .

1.3 RACE 5 RT-PCR i

i & NCBI ] BlastX #1 ORF Finder
(http://www.ncbi.nlm.nih.gov/gorf.html) 4341, &I
1 %<1 986 bp i Unigene c90508-g3 J¥ ¥ # 4B N
HMGS , H H 7 58 % 0 JF 3% 4 5 #€ C open
readingframe, ORF) FI5¢44[¥) S"UTR. A% L X7
HIBAE 1 4FE 57514, 148 SMARTer™ RACE
cDNA Amplification Kit (Clontech, HA<) it W4k
1T 3°-RACE PCR Jx Vo LA 1 pg &8UA bR RNA 4
Bk, FIH SMARTScribe™ Reverse Transcriptase
(Clontech, HA) #ATW# 54 3°-RACE ready
cDNA. 3’-RACE 45|#%)5 HMGS-F: 5-CCTGC-
GTCAGTCTAGTCATGTGGATGGC-3’. HMGS-F
5 UPM 514 &, &I & Program] #2771
7 3’-RACE.PCR 1A & A 25 ulL, 1445 2 X SeqAmp™
PCR Buffer 12.5 uL, SeqAmp ™ DNA Polymerase
0.5 uL, 3’-RACE ready-cDNA 1.25 uL, HMGS-F (10
pmol/L) 0.5 uL, 10X UPM 2.5 uL, ddH,O 7.75 uL.
PCR =) 2 UK 5387, [BIWCH (R 4% o vl 100
Y8 PH% G, B ORF 514 HMGS-ORF-F:
5’-TTGAGAAGGAGCCGACGAGAGG-3’#iI HMGS-
ORF-R: 5-TCCAAGCATATCACCATTGGCACTT-3’
DL 5°UTR 514 HMGS-5’UTR-F: 5°-TTGAGAA-
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GGAGCCGACGAGAGG-3’ #1 HMGS-5’UTR-R :
5’-CACATGACTAGACTG-ACGCAGGAAG-3’, LA
& 84T M)k 2% cDNA A% B, Phanta® Max
Super-Fidelity DNA Polymerase-Ex Taq™ (Vazyme,
HED HEAT RT-PCR. WAKR N 25 pl, {FE
2XPhanta Max Buffer 12.5 uL , Phanta Max
Super-Fidelity DNA Polymerase 0.5 pL, dNTP Mix
0.5 uL (10 mmol/L), 1F// 1514 0.5 uL, cDNA 1
uL, ddH,0 9.5 uL. PCR #2724 95 ‘C. 3 min; 94
‘C. 30s, 60 C. 30s, 72 'C. 90s, 35 M
72 ‘CHEMH 7 min; 4 C{Rl. PCR “HZ ke, I
FE 53 BT LABUESE DR cDNA A K] Sk
14 EEREMFIISH

PCR W28 1.0%35 I BE IS HL UK, ShOIE B Tt Jle
aifb PG & (Aidlab, FED itk H 1B
# R4 pTOPO-Blunt Vector (Aidlab, HED, 1k
KJVATF B Escherichia coli DNSa &S24, BaHL
Pk 5 AoekEReMER AR ] BlastX
(http://blast.ncbi.nlm.nih.gov/Blast.cgi)« PRF Finder
Chttps://www.ncbi.nlm.nih.gov/orffinder/) 34T 5> #7
cDNA J¥ %); H ExPASy Protromics Server [
InterProScan (http://www.ebi.ac.uk/ interpro/scan.html)
F1 PROSITE SCAN (http://prosite.expasy.org/) {Ek
ST HMGS 8 i (1) 25 K S F 3L I8 Protparam
(http://web.expasy.org/protparam/) 1 SOPMA (https://
npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl?page=nps
a_sopma.html) 738 & FH JFUBAL L ORI — 2 5 4 5
K H SWISS-MODEL (https://swissmodel.expasy.
org/) M it —4E B SignalP 4.1 Chttp://www.
cbs.dtu.dk/services/SignalP/) 1 TMHMM 2.0 (http://
www.cbs.dtu.dk/servicess TMHMM/) il 25 (A 5 {5 5 ik
ISR 8; PSORT (http://psort.hge jp/form. html)
REAT 5 A B A0 E 70 H - KT DNASTAR 7.1
BATEAEER P i s (5B MEGA 6.0 F3 &
GEA Y .
1.5 qRT-PCR 247

73 500 ng e RASBABR. 25, 0t
Jol RNA S35 cDNA, LB EUF i actin £ 4 A S
M, QRT-PCR 514 HMGS-qPCR-F: 5°-GCGTT-
CAGCAGGAATCATTAGAGG-3’#1 HMGS-qPCR-R:
5’-TCTCAAGCAAGGAAGTGACAACTGT-3" Jx W =
7L 161 bp (311 K cDNA JUBREE 20 154N
qRT-PCR . JH Light Cycler™ 48011 SZiH 5

55 PCR X (Roche, Hiit:) #47 qRT-PCR V. X
RifAZ 15 pL f3%E 7.5 uL 2XSYBR® Premix Ex
TaqTM (Takara, H[E), 0.3 uL 10 pmol/L 1/ % 7] 5]
M), 1.5 uL ¢cDNA, 5.4 pL ddH,0. & 3 N AL,
3 RAEEESL . PCRFEF 95 C. 30s, 95 C. 5s,
60 ‘C. 30 s, 40 MR, NSRRI,
#f& Light Cycler® 480 11 HTC1 44 4 BRAIEFABIE (cycle
threshold, G, JHI 279 i RIS ik it
2 HRE5HH
2.1 DnHMGS £ & 5z EFf LI

181 BlastX 23 H LLXT A %15 Unigene /351 2 AT 5¢
) 5°-UTR, 40k 3-RASE Je b, §H4 K L
h 900 bp (1 HEREA (B 1. sube. 3K 907 bp
P41, 5 Unigene Hf50 T 3k453—4% 1 816 bp 1)
cDNA. BlastX 73 #r & W H- GenBank ' LMK 2
R HMGS BB AR (>77%), 44
4 DnHMGS , #2747 GenBank Jf 3k 73 1 it =
(KX789180), DnHMGS X[ ORF K 1 425 bp,
5°-UTR £ 103 bp, 3’-UTR K 288 bp. 43 ilE 514
HMGS-5'UTR-F/R #1 HMGS-ORF-F/R, £ RT-PCR §*
B AR R H AR (- D, ol W, miEsas
—%% 932 bp FHILEE 5°-UTR, &35 41556
bp MIFFIL S 584 ORF, W 5PHET 71—,
HEMIGAE K3k 7S DnHMGS 2K )42 K cDNA.

M 2 M 3

2000 bp
1000 bp
750 bp
500 bp
250 bp
100 bp

250 bp
100 bp

M-Marker 1-3’RACE ™#) 2-5’UTR ¥ 3-75% ORF
M-Marker 1-3’RACE product 2-5’UTR product 3-full ORF
1 DnHMGS E[E 2 RT-PCR # 1R IR S #E 5L F Kk &
Fig. 1 Agarose gel electrophoresis of RT-PCR amplification
of DnHMGS

2.2 DnHMGS £HERBEREBLIFED
Protparam Filill DnHMGS & [R 4 i &5 11 14 431
A CazasHa601N6070712804, ART 7T JiTE A 52 458.47,
ZEHL N 5.98, A HLERIE (Asp+Glu) 53, IEHIEE
i (Arg+Lys) 47, ZEAMARE R (instability
index) 4 3798, J&THEE . G &L (aliphatic
index ) & 7451, SE/KVEZRE (grand average of
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hydropathicity, GRAVY) 4-0.230. H SOPMA Xf
DnHMGS & ) &5 g T 1ol 45 K s 2 o,
DnHMGS & 1 4540 F 22 h o-120iE (44.51%)+
ZEAPEE (16.88% )+ B-#5 1 (9.07%) FIkHHLL ih
(29.54%) Hpk. o-MFHENE RSB DnHMGS i
Z gk ootlr, DU o TN s A i .

i

il

2.3 DnHMGS 4mF5 % B &M 700 2 4

FIH InterProScan X &% [ 45 MR T Be A7 i 13E
70, SR EIR, MWRIERRFRIEEMZE 6 A7 i3
177 47 s kb5 HMGS 81 N 3, 55 178 M s F
452 {7 pikb o HMGS 8 H 1 C i o 111 75 2 108~123
f7 A2 HMGS BEE Gy, e 120 671 C

b i

o

-

0 100 1 200

250 300 350 400

250 300 350 400

o-IRTE (HER) IEMEE (AL0)  B-FES (BRER) MW (ML)
Helix (Blue line) Extended strand (Red line) Beta turn (Green line) Random Coil (Yellow line)
2 AR DnHMGS &H L&A TN
Fig. 2 Deduced secondary structure of DnHMGS protein

kI, FFOr CARIE A HMGS B8 11 (1) SR 254
SAER,
24 DnHMGS ZR{ESH. THMEN. BEX
o0 5 A

SignalP4.1 M HTEE AN EE S, HILAREY)
) HMGS & (7 &5 1 — 202, #i 2 ARIH MVA
WRAEAE T A Mt , w DAHERT, & 80H i)
HMGS B b & e, AT E A fE, I/
Mg, AR5 RIEYIER, =50k
R A . TMHMM2.0 434745 3 5.7~ , DnHMGS
RANTE A,  HICHENNZE AL
iz, SE5 KT A . POSRT TGl & 112
T AR AR T REPE RS RN 50.5%, e T2k
REAATE T T RETE A 10.0%.
2.5 DnHMGS EHQ=#ZE#

7t SWISS-MODEL #1745 # 38/E I T R
Hr, DLER AW % (Protein Data Bank, PDB) H?
SR I IT 2 Brassica juncea (L.) Czern. et Coss. 3-
FRH-3-HAL R T lE CoA 515 (PDB NO: 2f82) A
AR T MR, X DnHMGS 8 (AR T =4k 4
FEERE (B 3), 453578 DnHMGS B [151%8E
A 54%IP P HIFRL, 25 [l 5 R 2
2.6 DnHMGS ERERBEHME FII L3
F MegAlign X PF LU 4 8UH it S ifg A o

AR IEM L HMGS B b OB G B AR 2
2

FFA

3 DnHMGS &8 =R EHRI TN
Fig.3 Deduced three dimensional structure of DnHMGS protein
KAl REL, AR AR HMGS JE R 4ahd iz
FRIFH, [FRIEEIILE 82%LA Fo KL 4 T LU H,
DnHMGS # F FIZ) e 5 HABRY) HMGS S H 2
REIA A ) LP—SURZIERA L, JA HMGS W%
T2 BB 22 IR R, 3K — 45 R 7R D R4 Ak
TE3 R T BAT R RGO PR ER 5P 1. /E NCBI
[ 85 PR 57 45 K 355 2085 P2 ( Conserved  Domain
Database, CDD) Hf 440 fift DnHMGS Tl & 11
PRAFHEAT 04T, 5 BRI 52 AR DL RC IR 3 2R
BRI A A S, S AR TR FIX
2.7 DnHMGS ZERRIZERRFHMH D
H—2H MEGA6.0 #F41#:1% (neighbor-
joining) ### DnHMGS 5 20 4 HMGS 5K 4 it
IR (B 5). IWER 45 5 nT DUE
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DnHMGS

AT (XP_008777803.1) |
WM KAl CAHF81872.1) |
JAFL (OAY65044.1)
WH (XP_007040101.1)
PP (AFC34137.1)

DnHMGS

AL (XP_008777803.1)
KAl CAHF81872.1)
HAL (OAY65044.1)
ArAf (XP_007040101.1)
PFAEH (AFC34137.1)

DnHMGS

WA (XP_008777803.1)
KAl CAHF81872.1)
JAFL (OAY65044.1)
Ay (XP_007040101.1)
TFAEH (AFC34137.1)

DnHMGS

A (XP_008777803.1)
R KAL CAHF81872.1)
AL (OAY65044.1)
T (XP_007040101.1)
WA (AFC34137.1)

DnHMGS

AL (XP_008777803.1)
KAl CAHF81872.1)
JAFL (0OAY65044.1)

u i (XP_007040101.1)
BFAEH (AFC34137.1)

DnHMGS

34 (XP_008777803.1)
KAl CAHF81872.1)
JAZL (OAY65044.1)
i (XP_007040101.1)
PR (AFC34137.1)

|Z)I_E

FGSETVIDESESIKTWLMYT FEEYGNTDIE

FEE¥GNTL{E
FEEEGNTDIE

ETGGARATAMLIGEWAPTAFES

TR R B R Tk AL B BUA At DnHMGS 8 1 B s A ot
Active site of DnHMGS was framed by box

4 DnHMGS EBFSI5E HMGS RiEEBQFEFIHE = Lkt

Fig. 4 Multi-alignment of amino acid sequences in DnHMGS protein sequence and HMGS homologous protein sequence

TR (XP_003574875.1)

LA (EMT03685.1)
f& (XP_015650115.1)
Fk (XP_008670331.1)
RAL (OAY65044.1)
SR

KR ZKAll CAHF81872.1)
AL (XP_008809783.1)
JI|Z (XP_010108051.1)
JEAB (XP_012087024.1)
3% (XP_010272584.1)
PR (XP_011072067.1)
JHRE (XP_016481886.1)
=-b (AIK21781.1)
HREGAA /N (AAF89580.1)
% A (BAM38487.2)
HAEHME (ALC41505.1)
RZ (AFM91095.1)
fidr v A (CAC18553.1)
FRIERELE (CAA65437.1)
HUREBEAI B (BAJS3614.1)

1)

Y

)
B

B 5 HMGS SIEELFF5H R Gt
Fig. 5 Phylogenetic analysis of HMGS

KA R FR Y HMGR 25 17 51 HER SR A A
FLE AN 3 KEHE . MYSEHE R XAl o b i
R 53R 2 2%, DnHMGS 5 RAL, FE. &
KEFIF RIS —2, Hrh i, BKAl
RS K R .
2.8 DnHMGS EREREHF R D

Iy BRI A S IR (CKD 44U R
25, R RNA, FIF] qRT-PCR $ A % B 1T
MIEBUA R 25, 1 DnHMGS JERFE A%
R (B 600 ZiRRY], EAERPEITT,
DnHMGS 7EEEUAT 3 Fhas B o AR R IA B A
— AR DRI AU IEAEAS, 2R
T DnHMGS 7 308 gy Je AR 11 2.18 %,
mzhRiEESRPZER AR /A F S, DnHMGS
SRS AT S B R I R B D A AR AR
BBk, TEZEP AR i, e R 2>
>4 . Z5h DnHMGS JE RS SEAS A0
IS HER M) 7.79 R 1.49 £,
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. T [CK

2.01 [ EPAE
E\g
= 1.5
s
= 1.0

0.5 '

0 = T
1 it %

El6 qRT-PCR% 1 DnHMGS £EAEENARHEERET
EILHLRRRIKER
Fig. 6 qRT-PCR analysis on expression pattern of DnHMGS

gene at different tissues of symbiotic D. nobile and asymbiotic
3 it

KBTI E3RAF T DnHMGS 54 K,
AT TR Bt SR EIR, 12 BE N il
(5 5L 1% HAT B8 (1) HMGS B (17 R 20 507 AN
ZhRIR, XL LERH ) HMGS AT T B A m e /b
(RIS A o L5 B[R] S AEREAL O AR T T, DnHMGS
B SRERRAR N RS, HRAL L &
KGR R o8 REUL, XA UL
DnHMGS J Rl i 45 R4 HMGS & PRI 55 T B
B, HgE A W RES S S B MVA iR
B IRIEAE

FERIAW UL AT IE K D RE R B 2R3, K
R, YT HMGS SR 4 21k
FAAEBURIIZE ST o B RRAE T HMGS ZRIX 5 73 5l 2
R[] 2.55 A1 11.86 15172, (HIX Rl ik i f
FEEBENLL L, B SR AL KR A
EYIRAFAEE MIEAIDOCR . Kai PR
i, TmHMGS {ELLGAZE IS B bR,
(BAERRP AR WIS, HL G2 EE AR &
Fm TN R NG R VIS . AEARSEH,
DnHMGS 71X BB g 2 Bt S
BEMAL T, R R R A TR, R
117, IXFPRAAA AN 5 BB MR 25 A e s
R IR AR DU . X TT R 5 AT
RS RS LLEUIMT K. BEAh, DnHMGS MRz 5
1] MVA i@12)a AR W EY & o B (il
W, o Rm i A A Ay A S . SR
N FRAEL AL 5, A ] e T2 DnHMGS
ik i B AR ) AN AR EE

X1 A —HREEE T, HMGS BRI Rk 552 4
FLZ R R LM, XA AT REL AR LY T he

A EHRR. ZRMH T HMGS R RIE S

BRI B O bk s R A 4140

HMGS 415 B2 AT P G 5 5 o T

WA AT, AT RILEBCA R

(') DnHMGS ik % 2 @ & M), 54 5+

DnHMGS HIZIEG DU AR Ay 2> >4 iX ot 2

U, DnHMGS [RJ31K 52 21 9 A2 B0 R o 1 i Y

WHORI, w9 G, S8Ua M4 R &

BETHE, XTI 3 4, XA e S 2 R0

AR (OB A, OBECBESG A) AR, i

M ZE, HZEd DnHMGS SRR mEIEEL K,

B HARHLEIT R I
A ok e AT 8 2 R A R R 2 S R 24 P o0 1

MR P R (A R AR, Rk, 2D

51 DnHMGS 75 58U fifk Hh 1K T REFN 32 2 (R AL,

T BUF it DnHMGS JE PRl 308 2 A AN L i

AR R AR I s T e BeAh, ARWT9TIE A b

HREC P A 1 S B0 it b o s i v 1) 20 1 LT

FUhS A TR . T8 R RS AR BOR AR TR )

8 ARV 1) A B 15 1, 45 4 B AR L T FO 4

F A7 B RO B s < A R AR) ol B PR T 1k o

S
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