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¥ . RHRNE PRI, 454 RACE R, M=-[Panax notoginseng (Burk.) FH]f 2% i RNA
rh R B AR AR A G 2 A RNase-like W580HE (14w A0 741, FRik—D L) DNA RBORy 1% 4K 5L,
G4 ITIUEHE Yy 717 bp 1) cDNA J741, fiv4 ) PMP (GenBank, KC751542), AHMWIER 4K 1074
bp. JFH SR, SRS 3 AR TR 2 AARE TGS 238 ANEIERR, AR TN
TRy 2747 kKD, SARERES GRS X, BT RNase-T2 BHRER . =t PMP HHS5A\Z
RNase-like I 25 11 2 5 VR, 7 SUAHAUIEEIE 95% . SEI 5% 8 7 PCR WFFTR W], = -t PMP JEFI £ HAR |
2, ESESEThIARE, H 3 ARG ER S, BRI RS S = LR AR
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Isolation and Expression Analysis of RNase-like Gene from Panax
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Abstract: Combining homology cloning approaches with RACE (rapid amplification of cDNA ends)
techniques, the coding sequence of RNase-like major storage protein with differential expression was
cloned from the total RNA of roots and stems of Panax notoginseng, then the full gene sequence was
amplified from the total DNA. As a result, a cDNA sequence containing a 717 bp ORF (open reading
frame) was cloned and named as PMP (GenBank, KC751542), together with a full-length DNA sequence
of 1 074 bp. Analysis of sequence and its phylogenetic tree showed that PMP gene consisted of 2 introns
and 3 exons, encoding a protein of 238 amino acids. The deduced protein, with a predicted molecular mass
0f27.47 kD, contained two conserved domains of RNases, which belonged to the RNase-T2 superfamily
member. The sequence showed 95% identity with that of RNase-like major storage protein in Panax
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ginseng. Real-time quantitative PCR showed that the expression level of PMP in 3-year-old root was
higher than the other organs. The expression pattern of PMP showed notable correlation with that of main
active components in P. notoginseng, which suggested that it might be involved in the regulation of
secondary metabolism of notoginsenoside and the quality formation.

Key words: Panax notoginseng; RNase-like gene; cloning; expression profile

—[Panax notoginseng (Burk.) F.HIAFiin#}l (Araliaceae) AZ:j@ (Panax) 4% (Briskin,
2000; #fEEA ZE, 2006), SEREESMAGTREL gifAER, AP EEES T M TR
PU)I|%Hh (Deborah et al., 2005; Wan etal., 2006). —-bf&a B, Bk, RIEMRS L FiG vy,
BA k. e Ths. Hrh =R et —-bh BRI AR E KRS (Wuetal.,, 1995; Chen
et al., 2001; Li & Fitzloff, 2001), {EIMH RS ARG OMIME R LR PUE ST
B AR FE T (Ng, 2006; 53 %%, 2012; Hanetal., 2013). WF53RY], =-LASERIERAL
AR AEBTEESSY, 3 A BRARE T SR HA s T 1 A= GEFY A,
2001) o 8 A iU SR B I 5 28 77 ), e R RO T Dh e S B R E B AR G 5 kL 45,
20110 W5 =Lt R AARH AH DG B G SE DR P 41 L LI R ik, T4 =B i A& i) 4y
TR A TR Bl T =L e i R, R SRR S 0

AUREALE TR, AR R S E AR, PRI AR 2 AFEARA 3 AR AR
CHRZEER A LU 3 A 2P R (R, K 8 Il (8-plex) [H] T FRZEAHNT 5 465 i€ 8 (iTRAQ)
brad, Wk TR (% 0y B 5 BRIBOTUE AR S5 5 1T (2D LC-MS/MS), JL%5E B 278 AN F R,
HA IR A 1 (RNase-like storage protein) S @i FE, % E MK 95% LA &5 LI IKE
A 66 %, ZHEH FEERET 3 FAMRSY, HIrGEL PRI REL N 2 FARP R 3 520, 4
3 A B 1.8 L, B HENNZ S A v R =R R AR A G E . BRI R
R T2 ARG N, F AR — R R R B 1, R A R Pre s . vk
FISEFEEDIHE (Nicholson, 2011). {HIZ4 ik — L iz AR KA R MIRIE .
PRI R A% H HES S LR BEME A — L2 ORI A AR I 4 Chttp: /www.genome.jp/
kegg-bin/show; Luoetal., 2011). 4, =L iz E MRS RNase iG VA U2 5 A AL RIS
P2 5 = BRI IEE R 2 AR S T E e dle S04 R, e FE RNase-like JE7jR
AL, M H N RIE A A DIRE

1R

11 ##

PLTAEAE =R, 220 M2 ~3 FA-EHR. 250 iF. f83 i RNase-like 5 M ) v b M Rk
SHTEE. 2011 47 10 A 8 HT T P i et & =R MRS 1. 20 3 SFAREARS 5 bk oF
R K VERG B e+, FHIEARIR /K5y, @il 220 MPEAFAZY, IR DR 0.1 em YER
WK, HBBEARER G N %, WU THES, % - 80 CUKARfE&H .

1.2 A&
1.2.1 % RNA #= F 41 DNA #9423
SKH TRIZOL (Invitrogen) VAR =L A 28 B 42U 5 RNA, #AER R TRIZOL A7)
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P T . A H NanoDrop 43 Y676 VAT 1% B ARt e vk BT RNA (1) 40 5 Rl 5 8k

KM Murray F1 Thompson (1980) XK [f] CTAB vE$RH =B AN 2% T 4 4L 3L N 41 DNA,
1% 35 IE B FEL KA DU T $2 B DNA 4l B2 Fn 58 48k o AR ARAE T - 20 C o .

1.2.2 PMP #94K cDNA L%

FRAE 2 11 51 22 S 45 R 3R19HK) RNase-like V75 8 141045 )5, 7 NCBI 14T BLASTp LUXT )5,
PIEIL LA R R R 780, R LA R M 4atis /741 (CDS), FELRSE X vl 95 |
Y%t PMPF /PMPR, 934 cDNA H1[H] ¥4 .

K SMART™ RACE ¢DNA Amplification Kit (Clontech, USA) X7l £#:47 PMP KE[K 3741 5/
RIS 1. M4 cDNA ] #4123 5l S'RACE F1 3'RACE #5354 PMP5-1. PMP5-2.
PMP3-1. PMP3-2, LA 3 A= -LHIM cDNA NBHGHIT PCR 371 . B4 405K 0E )5 ) S’RACE Al
3'RACE J7BtY5 cDNA )P T 914, 15314 cDNA J74l. MAEPHETHI, sy gy
) PMPfullF F1 PMPfullR, 334K cDNA /341,

1.2.3 PMP #94 K DNA L%

DL 3 44 =-LAR Y DNA i, PMPfullF FIl PMPfullR Jy 5| #%F #E4T 4 K DNA §71
124 F3l541

FHEF IR T H T NCBI g L MR ite. R Protparam 27 #r BEAL 0T, AT
TMHMM?2.0 73 H7 o] GEA7AE 15 X o
1.2.5 ®&EZF RT-PCR 4471

FIH] TaKaRa 7> ] PrimeScript RT kit with gDNA Erase 17 & /> Bl ) 5% 2 pg =-BAN A4 38
RNA 42845 cDNA, ARG RT SN 1/10 1E B, 5140% 4 RtPMPF #l RtPMPR, £
ABI7500 S PCR fnill &2 458 F kA4 .

PCR [ JWifAZ K: 1 uL cDNA Kb, F. R34 0.5 pmol - L™, 0.5 uL 1x Rox Reference
Dyell, 12.5 uL SYBR premix Ex Taq (TaKaRa). JWFLF A 95 ‘CAeE30s, 95°C 5s, 58 °C 30s
MI72°C 34s, 40 MEMEAEEE IS A& ERHAbRAE L, 14 =1 cDNA &
PR, RS 55 50, 5Y SO, 5 ANRIERRIE, REANRIER 3 ANTATRE,  DUBOHURERE £ 4 3 %
RS, ~PATFERSEY CT oA ihavE th 2. =t 18S FBUANS (519124 Rtl8SF A
Rt18SR); AZIKIALL 1 AN th Ik E NI, AN HGREARM 3 AFATHE, WS ATH 3R
BN YR

*k1 FEWRPEAEIDF
Table 1 List of primers used in this study

7% No. 5% Primer name  J5[7 Direction J¥7%1 Sequence (5'-3")

1 PMPF Forward GAYTAYCCRTGGGCVATGTTYGC

2 PMPR Reverse GGCADTCHACGAABCTTGTTGC

3 PMP5-1 Reverse CCACTCGTGTTCCCAGAATTGT

4 PMP5-2 Reverse AGGGATAAAGGCCGTGAATGGT

5 PMP3-1 Forward ATGGAAGGTGTTCAGAAG

6 PMP3-2 Forward TTCTGGGAACACGAGTGGAAGA

7 UPM Forward/ Reverse Long: CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
Short: CTAATACGACTCACTATAGGGC

8 NUP Forward/ Reverse AAGCAGTGGTATCAACGCAGAGT

9 PMPfullF Forward ATGAGGGCAATATATATTATCAGCG

10 PMPfullR Reverse CTATATTATAGAATTGGTCCTCGGA

11 RtPMPF Forward CAGGAAGGGATTTACCCGAATA

12 RtPMPR Reverse CTTGTTGCTTGTTGGTTCACAC

13 Rt18SF Forward GATGCGCTCCTGTCCTTAAC

14 Rt18SR Reverse CATCCTTGGCAAATGCTTTC
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21 =+t PMP ERFM AR LK cDNA &

T 0T = AR R R R e B AT, R AN 22 R R R A RNase-like AR 1
WA A A g R, KA FENEFAILE, Bt @Irs 19, woay i TasER b h B, Eash
) Fy B2 A Ll 1% RACE $0R, 4738 5701 37K FEH1 o 3 T A 13 2 105 73T Lo BF 4, Ad
F NCBI #3fi ) NCBI ORF Finder F14A9)15 2.7 %A DNAman #4770 4, 1%)/741142K 1040 bp,
05— 717 bp KT AE (ORF), %4ifid 238 N LR, [FII41HE 90 bp S7mARRHEEIX (5'site
Untranslated Region, 5'UTR) #1233 bp [ 3'UTR (K] 1), #4i% ORF (174 vz K 4K 5]
Y1, FIH RT-PCR EARY HE53) H LK 14K cDNA 41, JIlF LLxt 4 0L 1, %4 K cDNA 7
FIHHTA 5'F1 3RACE Jr BUPHELE e —8, My MR G4 % PMP, GenBank %354
KC751542,

1 GGCCACGCGTCGACTAGTACGGGGGGGGGGGGGGACAGAAAACACACACTTCATTTCTTA
61 AGARAAARGTTGT TGAAGTTTGAAGAGATCATGAGGGCAATATATATTATCAGCGTCATT
M R A I b 4 I I 5 Vv I
121 ATAGTGAGCTTGCGCATTITCTCTITGTGGTGGGAATGCTCGAACAGATTATCCATGGGCA
I v 5 LRIUFSOCGOGNA AWATZRTUDUZYUPWA
181 ATGTTTGCCCTAAGGCTTCAATGGCCAGCTGGATTTTGCGAGGTCAACAATGACTGTGAT
M F A LR LQWPAGTF FCETVNNDT CTD
241 ACAAAGTCTCTCCTCAATACATTTACCATTCACGGCCTTTATCCCTATAACGCGAAGATG
TEKSLLNTUFPTTIMHGTLYU?P Y NAIEKM
301 GCCCCAGGGTTATATTGTGACGGAACTGCCTTTGATGTTAACTCTGTATCGGACTTTCAA
A P GLYCDGT A APFDVWVNSVS DFQ
362 GCAGARATGCATCTTGCATGGCCGAGTCATGARACTAACACTGAGGACAAACAATTCTG
A E MHL AWZPS HETN T EDIE KO QT FW
421 GGAACACGAGTGGAAGARACATGGAAGGTGTTCAGAAGCTTTATTGARGCAGACTGATT
E H EWUEKI KHGRTCSE A L L KQTTUDYX
481 ATTTTAGAACGGCGCTTGCTTTTAGARAAGCATTTGATATAATTGGGCTACTAARACCAGG
F R TAULAFURIEKAPFTDITIOG L L N QE
541 AAGGGATTTACCCGAATAACGACCTTTATCGTCCTAARATGATAAAAGAAGCAATCAAARA
G I Y PN NDULUYURUPIEKMTII KEW RABATI K K
601 AGCACTTGAATGCTGTGCCAGARATCGATTTCACCAAAAACGAARACTCGGAARTATGTGC
HL NAWVUPETIT DUV FTI EKNEWN S5 E Y VL
661 TTACGGATATTAATCTATGTGTGAACCAACAAGCAACAAGGTTCGTAGATTGCCCTACCG
T DI NLCVNOQGQ ATR F V DCPTTD
721 ACGACGCTACTGATGACTACCGCCTCAAATTCGTAAGACTACCTTCTAAAATGAARATTA
DATDDY Y RULIEKTFVRLUPSIEK M EK I T
781 CGGATCCGAGGACCAATTCTATAATATAGCACAAATGGTACGGCTACAAAATGGACTACT
D P R T N 5 I I *
841 ATCITGTTTAATTAATGCTTTTGGGAGTATTATCTATGTARATTAGITATGAGTGCTAGG
901 GTTGGCTRATTAGTACTATGAGGCCAGCCTTTAGTATCTTGAATAATGTCCATGTAGCAR
961 ARAGTTTATTGCATTCTGGCCTTGGTGTGTATGARATAATTATAGTARATARCTACTTTTAT
1021 CTGCAAAAARARAARARARRARR

B1 PMPEEMZEEFSIRFF#ESHEERFT]
EIRE (ATG) MZILER (TAG) HKEHIRFER.
Fig.1 PMP cDNA sequence and its deduced amino acid sequence
The start codon (ATG) and the stop codon (TAG) were gray shaded.

22 =+t PMP ERERmBELFESH

¥ PMP JE Kt 2 1 I 2 LR )7 H1I4E Blastp AR R, KI5 NS 1) RNase-like 7 (1 2
AL FYEYE, 18 95%, IR F|IL S RNase-T2 HAMFIM AT A (K2, Ao il 2, A w4,
PMP J& T~ RNase-T2 5 IR0« FFHAEZ KA Protparam % PMP Ji P 9 ith 1 1 BEAL A 5 i 47 10
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W, g5 RGN, RN E AR TR 27.47 kD, 5N 6.08. )T SignalP3.0 #cfE T %
HEAARAE S FIH TMHMM2.0 TIWBAAE—NMESIREH, 7T Ay~ Gy FREA . T 2
B STk, M ONCBI RS 40k AR 1 24T RNases W& I TIREMEE T4, 25 AS
(Panax ginseng). #IF§7F (Arabidopsis thaliana). #<# %% (Medicago truncatula). Bk (Ricinus
communis)+ fii4¥ (Nelumbo nucifera), it E k& 31, PMP HEK 4 i i 25 1 B A 5 HAH LU RNases
WAL A (B2, B

A 1 25 50 # ] 100 125 150 175 200 225 238
T T T T TN T W

Ao A An EPEQIAT Activesite

RIS Query seq. iy e CASIEFRF CAS motifs
" ; g L BUBHEE AR
B1 nucleotide binding pocket
Ad A A BB ERES G0N

B2 nucleotide binding pocket
5 HER Specific hits
HE% Superfamilies T2 EEAE 5 0% RNase T2 superfamily

g fcinus communis (J 2 2.
R (XP-002522442.1)

AOuE

YA Medicago truncatula (XP-003613789.1) WIHEWEXKHGECS
fof € Nelumbo nucifera (AAB46384.1) WAHEWSKHGICS

LR AF Arabidopsis thaliana (NP-563940.1)
N2 Panax ginseng (AY496964.1)
=I5 Panax notoginseng

2 PMP EEGHEAEERFTISH
A: PMP [R5 B: RNase MRIGVEAL AL, HEFFOMIEVERIS, W ACKRRAES MEAH G 2R -
Fig. 2 The deduced amino acid sequence analysis of PMP
A: Conserved domains of the PMP; B: The activity of RNases, the sequence are boxed and amino acids (His and Glu)
essential to the activity of RNases are indicated by ¥ .

23 =+ PMP EE £ DNA mEEERE LB

R T A3 2111 = PMP B[R 42K cDNA [341 ik 5 1909 H %A K DNA J741, DL 3 4F 4 =GR
AR, AR 1 kb AR B, MR A AR, i BiiK 1074 bp, 5 cDNA R IR
tk, £ 7 357 bp. FH spidy C(http: //www.ncbi.nlm.nih.gov/spidy) T.H4r#T PMP 3K DNA J3 %1 &
Ry HEERAE 3 AR TR 2 AN ST (B 3). PMP L DNA JPAIAERIE Y BUS ) mRNA
AR, AN RIN S FIBIDIRT A GT-AG MR, PN 11 AT & & B E, Y ) 341 A,
4,

ATG TGA
256 bp 215 bp 196 bp 142 bp 265 bp

3 =+ PvmP ERE ML
WHERIRANE T, IR N T, TP DR AR 8 0 5 AN 21k 7085 123500 ATG M1 TGA.
Fig.3 The genomic structure of PMP from Panax notoginseng

Exons are indicated by wide boxes, introns are indicated by narrow boxes, the begin code and stop code are ATG and TGA.
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METF 1 Intronl
1 GTGAGTTCGATCTCTCAGTCTGCATTTAATTTACTTCITAAAATCCTTGC
51 TCTATIGTCTATTAAATATGTTTTITTGTGGTAACATTTATACATATCIT
101 GAAGAGTTGGATATGTTTGTTTGATAAAAAAAATGAAATTGTACATGC AA
151 TATATCCATACATACTCACATATGTTAAACTAATTTCTCT CCTCCTTTAT
201 TTTGAAAATTAACAG
MET 2 Intron
1 GTAAACATACCCATTGATATATAATTAAATAGTCTTTAATTTGGTTCATT
51 GCTTCCTAAG GGGACTACGTACTTAATTTAGATTTTGTGGATGATTAAAT
101 GATAATGTAA GTTTGATGAGATTACTATTCA AAAATGTGTAG

4 =+ PMP ERANETFHEEFS

Fig. 4 Introns sequence of PMP from Panax notoginseng

24 PMP EREMBALEFERIESHT
K HAf PMP JERILE 1~ 3 FE4 =L IR .

LM K2~ 3EEAE BRI I R 35, $185 WPMP
O, R 56 E 7 PCR W5 004 1z 30

R iA M i, BA—4F 4 =t cDNA #if% S j; /
ABIE, HEATAURAE M2 BITE . PMP A1 185 35 s /
PR3 — 4 P I  BURRE B (b v i 2 10
5

(5, ¥ 3RS E 106.675 F1 98.452;

TEERBIE (CT)
Threshold cycle

0
e RE (RD 43510 0.987 F110.992; #1245y O e O °
%Uy‘j -3.172 %D -3.360, %*ﬁélﬁly}jﬁ%ﬁﬁ*ﬂ?{ﬁ Dilutionr?lultiple
12 56 L LA P 50 e o 4 0 2 e AR B5 PP R 105 SRR
ﬂ{%&%o {%’»ﬁﬁﬂﬂéﬁ?ﬁiéﬁ%@ﬂ?, %ﬁéu%ﬁ/‘] Fig. 5 The standard curve of PMP and 18S

WA 2 23 BIAE 79.58 ~ 80.11 i1 84.02 ~ 84.56
B —ANB— e, T4 R, ZIELE 1 ~ 3 FEA =LA RAS I E £IE, (B4 3 448
Wb RisEme (B 6), S (1 FAMHL) Mkt T 19.87 f%.

FXRIE R
The relative expression level

wmox o8 B MR/ = W K B/ Xz 0

Root Stem Leaf Flower Root Stem Leaf Flower Root Stem  Leaf

34E4 24808 1 4242
3-year-old 2-year-old 1-year-old

6 PMPERE 1-~3 FE=EFRAALFHRIEER
Fig. 6 PMP gene expressing in different tissues of 1 - 3-year-old plant of Panax notoginseng
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3 e

R dr s, = -EIREEZEIE ST 1 (RNase-like storage proteins) J& T 1% R T2 (RNase
T2) FKIEZRN VNG . T2 M@ 5 HA PRSP R TERL 2L (CAS) X3——CAS [ il CASIL, #
IS LR AR AE . F/WTL/IHGLWP il FWXHEWXKHGTC (Irie, 1999). {H{EANZ 1=
LRI R A, CAS T XEIEH 2 MATF I EZIREIE (W) RO REREE (),
CAS IT X RIS 2 MRSE I 2l Rk AE (T) B AU RS 2Rk AE (RD. T A% MR T2 & 4
AR CAS T 1 CAS I IX 2 FE IR IR IFE A7 T OR 511 B2 T2 oC BRJE T, 46 frA2 8. 49 {7
2R 104 A2 105 A2 108 A7z R A 109 7 4124 (#% RNase Rh Z &R /7419 5 )
Py T IS PEAY 5 (Kurihara et al., 1996; Tanaka et al., 2000). CAS [ /1 49 £ {65 B3 53 A5 K3 4%
ARG IE R AR (AN [F) L35 P 9 g B A2 AU 1) 84% ~ 99% (Ohgi et al., 1996, 1997); 49 {4
AR Z 5 KPR (Nicholson, 2011, —-GFI AS LI E I8 Fh, T CAS T XAl CASII
X AN B R iR R E AR, AR S 25, I B T & ak o i E LS Mt T BE & R A AR AL

MY T2 BZIREGAE R 2 P RIA, S ERAL IR H B IR A G B RS2 473 B BN AR B SR IA
(Nicholson, 2011). NS LRI A R 7R IE TAE MR A, BAR FLAT R 57 A% 98 I 0 20 1) 35 1
A7 5, AR AR B R IA B2 1T AR I e 8y, RN HH 3G B H AR PR IS 75 221K 8 FR 0758 FH (Seung et al.,
2004) ., FEAEARARAR S RAX RIS 770l 11 (S-like RNase vegetative storage protein) J5A N %A
(RIS P )3 e 5 3 CASTT 2 2 IR R S i 2 R A7 ¢ (Nicholson, 2011). K& HEFEIE
FEE 1 VSPo H1 106 47 1) 22 S I 5 AN R A RN, LR PERE IR I (1 vE 32 %1 T 20 £ (Leelapon et
al., 2004). iR NSRRI 1 CAS 1 1 CAS IT DX AR <7 G2 5 1 ik 2 1) 4038 B 2 JURK I
WIS PR 2R 19 27 ity o — A RS A 11 ik &5 R S LA BV L DR 1) 2l 5 et R B,
HEIE G5 =R S SR A 800, A=t ARAN ST A LE, (B3 F4E=
LR ARIE CEFH 4F, 2000); ZEFEEALIT LR NS & A M Z 2 REE 2k, 3 TR
GIEIR IR B SRR IG BT o] LI o7 Ihfe . JEAL DA AR5 D) RERE S B IR 3R

{HIT KM NS h oy B 8 S (B IS R 11 (gintonin), HAREWL G HAMMEEZ1E (GPCR)
555 T A0 M B TR BE R IR A  HRE R AR A B 0 T v 4 R S B R . i
JL AN R 0 ERK/2 REIRAL . S PC12 4R AR A%, B B LR 40 I R 1 7 1
I 2500 N FH 55t AZ TR 2RI A | (RNase-like storage proteins) I3 2 85 H (major latex-like
protein) J&IX % A S/l 4 A (gintonin) & A9 K18 A RALS% 5 (Pyo et al., 2011; Nah, 2012).
PR, A SA% RS 8 A T BEH Al 550 28 O & i A AR T R 2B 2% Dhdg .

B, AW v R B O R SR IR SR, e T IR A . AR =R e R
IEFEE, ik — P BB AR D) BE RN AT B85 T A, (H = -CAX IR 8 A 1 1K1 53 1 Dl g
EWEEER, DU S ERREERIC IR R (S =B 2 AR B S R R RE 20 AR 50
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