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Abstract

As one of the ten major Miao medicines in Guizhou Province, the terpenoids of the Blumea balsa-
mifera have high medicinal value, which can prevent insect pests and fruit flavor. (+)-neomenthol
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dehydrogenase (MNR) is a monoterpene dehydrogenase involved in the synthesis of the monoter-
penes (+)-neomenthol and (+)-isomenthol. In this study, BbMNR1 was cloned by RT-PCR and
subjected to bioinformatic analysis. The results showed that the complete open reading frame of
the BbMNR1 gene was 903 bp and encodes 300 amino acids. Bioinformatic analysis showed that
the protein was a non-transmembrane hydrophilic stable protein with a molecular weight of 32.57
KDa and a theoretical isoelectric point of 5.41. The secondary structure of BbMNR1 protein is
dominated by a-helix, accounting for 47.67% of the total structure, which is consistent with the
prediction of the tertiary structure. Phylogenetic tree analysis showed that BbMNR10, Datura
stramonium and Capsicum annuum was closely related. This study will lay a foundation for further
research of the molecular mechanism of BbMNR1 regulating the biosynthesis of terpenoids and
also provide theoretical support for improving the quality of Blumea balsamifera.
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1. 51§

W 4h# (Blumea balsamifera) J& % £} (Compositae) ¥ 447 J& (Blumea) f5 4, £ N—F L HEER A, T
HERBEAR, WEAES, RN REZ42—, WREARMESARERTEMSMZ —[1]. LHEHR
T ORBRGED) , HukE. BaE, R, BEAEERERE. B bys. SRS 0IhRL mTH TR RS
RE L SRR KRR FERTEH . BRIMARSE[L]. ANEE R R BURAL[2). PUE[3] [4]. P
BR[O HEH . B LA 2GR F AL 22 B TR NI TS, DASEN A B LRI o R R A 72 1 2540
B2 [6], WIMHILIGH R FEBE[TINE CO, il SR h AL e th 78 Fiisr, Horbf
5 FhiG AT AEY(31.90%) . 44 FhfIg I AL &40(18.58%) . 10 5 & AL & 4(18.50%) . 12 Fh & BAL &)
(14.54%) B3 e iy WA, BRIZCNE BA MR &k, 87 H RATI & S AT iz R
H 2009 fEi2, SCNENRNR BN OIHT 259 B A i AR IB0E I T3 A, 0 N B R /NN R A Gt
W, RILCLARTE SR FISRRZ, A 361 15, b 45.4%; Uikt ih BRSALIIAD I P G
filat, A 81 4F, 4k 10.2% [8].

B A — PR RS A G, S A R v R A B ) AR A9, RN B BRIRAEA, W
PERVEE S At S AN 2 S VR R R . I OO, T v Bt A 3R R R (A3 L) 1 B LA B i (4 A
F, A A431 4JBH A T G2/M 1, T AA4n M £ . B A A AN BE AR HA 3% B T R E 1 2%
RAMH A431 dEMI AR, HLFPIE B R S5 0 S S B 0P T BRI RIS R A R S
R B JoT TR T 11 oK A 27 B PR T 4 6 1) 26 K [10] o S A B Bt BB (MINR) 23 5 BB P 5 1) 5 B, 8 T %A
W SRS . MNR B AT HE A () AR R () — 3 VAT B A A () 9 VAT 2 S (+)— S A A [ 11] o H T
X SN A T S AR TR AR AL A W 40 5 5 5T e A B2 5 T THD , R A 0 R O AR A B T [6] -
AU LA oy sEse i kl, X s PR3 21 BOMNR HIEDE 78 AT AR5 B b, AT
WAHME R, T 5 SR RE IR I R s S BT & USRI ST A — e 1 B LA
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2. 5 HZE
2.1, KR

AT 5E B F 2447 (Blumea balsamifera) fll JIm109 /52 25 A SLIE = /-7 . RNA $2EGRF &8 BNt
LAY HIRA T ; DL2000 maker. pMD18-T. PCR 3 #7114 A ) B A0 s sk 70 & o R 2B
THRECKE)ARA A BRERONIE R ZEE R AR A A DNA 4ifk BGRA & Bk BGRR &80
H RIRAEWR L (AL R) AR A .

22. EWAE

2.2.1. ¥HE BbMNR1 EE R &

SREE T HICGE) 1S 1 BACT) . IV O8I Vv OACE T ) EE AN A R I RNA
A AL YR R F A i S S, B BRI R s FE . TR RNA 80
cDNA, FJH Primer Premier 5.0 BAF B iHRE R SIMI(H 1), PLICYAE cDNA AR, REm ity sl B i
BT etz B 5 pMD18-T #AR3EE, N\ Im109 A2 45400, i 2o v f 1 v% 31T PCR BilE
N OISR A BA M e R fe, 084 IR AR TAEY) TR (i) A FRA =7

Table 1. Primers were used in this study

F 1 ARSI

EIk/E s 355 -3")
Primer name Primer sequence (5’-3’)
BbMNR1-F ACTTTAAGTTCATCGCCTCC
BbMNR1-R CGTTCATTCAAAGGATGCTATACC

2.2.2. ¥YHFE BoMNRL EMHE R F Dkt
iz il DNAMAN Hl MEGA BAF3EAT 2 7 91 L K R GEdb (U A ade, R A A 00 B 2 B (2 2)0f
BbMNR1 ZHE IR 7 51 i 1 B BEAL PR . R A M UL S = sy A

Table 2. Bioinformatics analysis software

=2 EMERESRGE

EUME BRSO BB ik
Bioinformatics analysis Software brand Website
A FERER R NCBI https://www.ncbi.nIm.nih.gov/
B AT T ExPASy-ProParam https://web.expasy.org/protparam/
8 L4544 43 BT TMHMM http://www.cbs.dtu.dk/servicess TMHMM/
Eheg NI SignalP 5.0 https://services.healthtech.dtu.dk/service.php/SignalP-5.0
ZE A 35 P TN NCBI https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi
V240 i 5 7 Softberry http://www.softberry.com/
https://predictprotein.org/visual_results?req_id=$2y$10$1jbY
AR Predictprotein gN7hgHwI1PiuaQG9TuisPphbMBdn8ecnekbXg60HNEHEGb
W8mi
= EER SWISS-MODEL https://swissmodel.expasy.org/
=R SRV, SAVES https://saves.mbi.ucla.edu/
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3. RES
3.1. ¥ME BbMNRL EE g

AT TR T AR VR A T A AR B SN S N R AR EIE Y MNR JER, o R
BbMNRL1 (7415 : FO1_transcript_29671)7E 48 it v vh ik & d s (18 1(A)) . BLENET 0 RNA (] 1(B))
B, FFBRETESI, i RT-PCR AR S f#1S 2 — 2 K/ A 903 bp ZE [ (14 1(C)), PCR iYL =415
pMD18-T #ifkiEHz, I A Im109 /&3228 .l Bl 1 (& 1(D)) LB U1l 1(E)) 1%B Ik Btk
MK, B O RAPE e, O A TORDE A A R A FIIIE . P 455 5 s 8 A7, BbMNR1
FERITF R BRAHE(ORF) 4 (] 1(F)), B FF—80°C LRAT o

A 135
1

85 z
T‘E’ 5 - [r— —
X 15 ]
&
= 10 |

s I |

. : L. . . .

I II 111 Iv v
ENGIEE S E e

M FO1_transcript_29671 ki FO0l1_transcript_97908 [1F01_transcript_31767 B F01_transcript_90293 EF01_transcript_109709

B C D E
2000 2000
” - 1000 1000 2000
750 750 1000
750

1 ATGGCAGAATCCGGAAAAAACAGATATGCAGTGGTAACAGGAGCAAACAAGGGGATAGGATTGGAAATTTGCAAGCAATTGGCTTCAAAT

1 M AE S G KNRYAVVTGANIK GI1 GL EICKAQLASN

91 GGGGTCAAAGTAGTGCTGACTGCTAGAGATGAGAAAAGAGGGATTGATGCCCTTGAAAAATICAAAGGGACCAATCTTICTGATCTTGIT
9 G VK V V LT AR DETZ KT RGTI1I DAILETZKTEFIEKSGTNLSDLUV
181 GTATTTCATCAGCTTGATGTGGTGGATCCTGCTAGTGTTGCATCCTTGGCTCAATTCGTGAAAAACCAATTTGGAAAGCTTGATATCTTG
8Bl VvV F H Q L DVV DUPASVASILAQFVE KNAQ QT FGE KTLDTITL
271 GTGAACAATGCTGGCATCGGTGGAGTTGAAGCAGATGAAGAAGCATTCAAAGCTTCAGTTACTAACAAAGAGGCTTCGAGAAGCCAAATC
21 V N N A G 1 G G V EA DEEATF KAS VT NKEA S RS Q1
F 361 GATTGGAATAAGATATTTACTGAATCTCATGAGTTGGCTGTACAATGTCTACAAACAAACTACTATGGAGCCAAAAGAGTGGTTGAGCAT
31 D WNIK 1 F TESHETILAYVQCLQTNTYTYG AKURVVEH
451 TTCATTCCCCTTCTGGAAGTGTCTGATTCCCCAAGAATCGTTAACGTATCCTCATCCATGGGAAAGI TAAAGGGTATAAATAATGAATGG
41 F 1 PL LE YV SDSPIRTIVNVYVYSS SMGI KT LI KTGTINNEW
541 GCTAAAGGTATATTGAGTGATGTTGAGAACCTAACAGAAGAGAAAATAGATGAAGTGCTTAATGCATATTTGAATGATTTCAAAGAAGGA
54 A K G 1 L 8§ DV ENULTEE K I D EVLNAYULNDTFK EG
631 CTGTTGGAAGCCAAAGGCTGGCCTGCTACAATGTCAGGATACATCCTCTCAAAAGCAGCCATGAATGCTTACACAAGGATTTTGGCCAAG
631 L L EA K GWPA TMS G Y1 L 8 KA A MNAYT R 1LAK
721 AAATACACAAGTTTTTGCATCAATTGTGTGTGTCCAGGCTTTGTTAAAACAGACATTAACTTGAATACCGGCATATTAAGTGTTGAAGAT
721 K Y T S FC€CI1I NCVCPGFV KTDTINILNTGTI LS VED

811 GGTGCAGAAACACCGGTTAAGCTTGCATTGCATCCTGAAGGTGGTCCTTCTGGGTGTTTCTTCGATAGAAATGGTATAGCATCCTTTGAA
G A E TP VKILA L OPEG $ G C F FD RN GI A S F E

901 TGA
.

Figure 1. Cloning of Blumea balsamifera BoMNR1 gene

[ 1. ¥ 44% BbMNRL EF &

7E: M: DL 2000 DNA marker; A: %%41%i#; B: & RNA; C: PCR¥#4; D: BifRWEstk: FI=4;
E: EEYIIRIE; F: ORF 741,
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3.2. XE BbMNRL ARG ERMER REMERFE 0
3.2.1. ¥#E BOMNRL REEFLIRIGE

52!

%=

T

SAnT:

1
PrArsavYT AL

Figure 2. BbMNRL1 and other plant protein polysequences
[ 2. 344%F BbMNRL S EEYIER S FFIEEXY

AT FHFFH NCBI fE£L Blastp % BOMNRL & [ [R5 7 41 LE x5 & 30, BOMNRL 2 K 4 i i) 2 E 7471
HHABEY MNR 753 T2 7 HI Lk xt, 45 (Mentha x piperita) (5L51.A). K & (Glycine max)
(XP_014626312.1). 77+ (Arabidopsis thaliana) (QOM2E2.1). Hi#(Capsicum annuum) (B2X050.1). JH#fif
(Mentha x piperita) (Q6WAU1.1). Z[g%¥' ¢ (Datura stramonium) (MCD9643570.1). E R4 (Populus tri-
chocarpa) (XP_002301348.2) . J#k X # (Jatropha curcas) (XP_012083439.1). K ## (Eucalyptus grandis)
(XP_018727894). K2 (Manihot esculenta) (XP_021615637.1). 1%/ #4(Hevea brasiliensis) (XP_058008369.1).
B (Capsicum annuum) (KAF3616948.1). #i%) B (Vitis vinifera) (RVW27891.1). & (Melia azedarach)
(KAJ4726980.1) (1] 2). filAI 134 HAT 2 S Jod B it S /A R g (SDR) S PE AL s 2R GXXXGXG (] 2 4161
TFHE)HT YXXXK (] 2 Bt 7HE), 407 BbMNRL 52 [E2 16, BHUELE 4> 51 )y 68.33%. 67.24%,
ATREAT EAHAR) Th RE -

100 K% Manihot esculenta XP_021615637.1

1R B4 Hevea brasiliensis XP_058008369.1
kXA Jatropha curcas XP_012083439.1

7 E R Pop i rpa XP_002301348.2
? KHiEucalyptus grandis XP_018727894.2
“ i Melia azedarach KAJ4726980.1
BbMNR1
—

7 BIEP I ium MCD9643570.1
\ﬁ‘; M Capsicum annuum KAF3616948.1
’7 K ¥ Glycine max XP_014626312.1
a8 W Capsicum annuum B2X050.1
\—mii i % Mentha x piperitaSL51|A
100 i fiiMentha x piperita QGWAU1.1

I LRI ¥ Arabidopsis thaliana Q9M2E2.1
2L 4%k vitis vinifera RVW27891.1

Figure 3. Phylogenetic tree of BOMNR1 with other homologous proteins
[ 3. 3 49& BbMNRL ME b EIRE BRI R G H LR
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FIH MEGA HAEXH5 210 BOMNR [P FIRAT RGUACR FHE, SRATBITISA @I AR, RIS
# BOMNRL 5 Z g T L MBI — 3 (151 3), BEHHSRGOCRBUL -

3.2.2. ¥MFE BoMNRL BEENEMERESH

AW5tiz H ProtParam tool 7E4k T H%+ BOMNRL 25 (47 ST AR A ME T 20 bT, 45 R EoR, E%&E
I HI 300 N FERR gD B, AHXS 4> T &N 32.57 kDa, 43§ 3N CiasrHao209Nag7OuaeS105 5 HL AN 5.41,
A RECN 21.94, “FSKRECN-0.112, NEWIREFEIRIEHCH 92.63. NCBI CDD %4 & s i%
154 card-red-PTCR-like-SDR 45#415, J& T NADB-Rossmann superfamily (€ 4(A)). 5K 54t
BoR, BUKPERGRIZESE 151, 251 A2 EMRIRIE, 850N 1.7; SR/KIMERSRIIZE S 115 A 2 SRRk A,
fa#v—2.2 (& 4(B)). BbMNRL & A AFEE A5 M (K] 4(C)), AEESIK(E 4(D)), NIEDWEH.
V41 it s o7 TR &5 S R oR, BbMNRL 25 (4 5€ 7 T 40 i

TRESMTIIN A R R, BOMNRL AW AR T 47.67%0) o-iRTiE . 28.67%F G R A it
14.67%IZEMHEE . 9.00%(1) -4 E (& 4(E)). izH SWISS-MODEL L) 37 i i B B B (MpMINR,  ID:
5I51.1.A) B HEAT VR4, % BOMNRL 8 [ 10 = R 45 MHEAT (1 4(F)), 5 REoR, iZ%E A SR
HI PN 54.21%; 4 R85 & 1511 (Global Model Quality Estimation, GMQE){& 4 0.79.

A " " e us e e a0
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Figure 4. Bioinformatics Analysis
E 4 £MEEESR
e A ST B: BKMETUN: C. PEMELSMETN; D: ES5MTIM: E: TN F: AT,
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FLiER, Rt 55

4. WHgE5%ip

B B — FREORBLRE R A YD, 5 BE R AR S TS A M 22 e i T A I S
HE PRl (MINR)FE H7 v amf B2 1) P g A2 iR 21 2 0C 2RI /E AT, MNR & T 5008 )5 G KR [9]. AR 7T R B,
W AT AR PR AA3L A A B S HDHIE R, FOVE RIAL 2 BEL ST 4 e s 4, 38— A R 4
MR, FFREmIE B SR, L T8 oy B 1 B8 B 0 MR T Y e I B T [10] X R R B T A B A T
g o B IR T

IR FC I, E A MNR B o] R (—) i i 4% 6 95% (—)—(3R)—i iy BE A 5% (+)—(3S)—3#r i iy o »
B (+)— 7T B S 87% (+)—(3S)—HT 7 v 47 A AT 13% (+)—(3S)— i far i A HF 7L X, 5 MMR MLk
MNR Xof V8 fif Fif 30 JE7 P (A RIS £ 2000 5[] FRUCHEDN, Brisifur i 2 /0 5 MNR B0 BRI A )
KK FR. MER DI, MEEEIEME e b 3R1F 1 AN HEIE Of MNR ZE[H (1) cDNA 4K, KAl qPCR #%
AKGEH T OFMNR FEFELE 2 AN it Fb (AN FIZLZURIAN [FAE 3 BRI 5, B OFMINR £ 2 A it A e )
FIEEY R, BoRE MNR 0] GERUEETE IR R R 4 10 & 1 9 [12]

AW TR LA e S B, R4S E) 903 bp K/ BOMNRL JE[H . FEHEAT A B2 b, 45
RERZEANANREMEKENIE>WER, HiZEARGLIY SDR RTF&ME, BT
NADB-Rossmann # 5K 1%. K2 HM ARG 20 2 MEWIR, B AR5 N K 55 CE R
& NAD)SE &, 28 AN SRS & . Ja— N E sk IR = RS 2 5 Z R R [13].
A RN S R TN R, HGH T E B o IR RN S o [T R SR AT I,
BbMNRL & [ 5% fifi SITPS40 £& (A [ &, J& TPS-c WAL, TPS JEHFK RS TPS-a. b, c. d. e/f.
g« h 7N, TPS-c W5k 3 B & /N2 Wi o (1) PpCPS/KS Al FHad . #-r i) CPS &
FI[13]. MeAh, BZ[LAD LAE MR A BEEATII T, IS E 4 DN G R R AN 1A 2 =ik 2K &
B LR, HEAT O R B R0 R DX L B PR AT R AR N P AR KR M . AT IA AT a—Fa B . HET, ORIFZ S
TR VIR A DG I 5 TR 4 e B M OR L JREEAT T TH BB IR TE, Z S X MNR R R (¥ 0F 7t 2 B iR
A[15] [16] [17] [18].

BRI SR BR QB R A, T BRI B A P v o b B B R e ThRE R R, ang[19]. EE[20].
JTRERRLSIZ[22]. 4R ERR, TR A T B AR E, SR SRR R I D RE I 5T — U7 T
AT AR S B VR EAT 55— D5 T AT A SR A, I8 R A SO A AT R AR B s B
ilE BOMNRL ZEH 1 Dhfe . ANE NS M T R diz —, AEERZAHME. B, 78390 ol s
i i ST 5 N A R R, R A MNR 35 IR AR 78 3 it R

EHEWmHE

WS 51 P BRI F4(2021) 36 5. BN BT EALSE 7L H (3RS AR [2019] 1019 5) A5t
MAE “TZEXR” AABH (541 BE[2Q2018004]) 3 [F] #% Bl o
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