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Cloning and analysis of Actin from Paeonia lactiflora
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Abstract: Objective Genomic gene encoding Actin in Paeonia lactiflora was cloned in order to clarify the gene organization and its
expression levels in different tissues in herbaceous peony. Methods Based on cDNA sequences of Actin genes isolated from P.
lactiflora reported by our laboratory, one pair of PCR primers was designed. PCR products of Actin genomic gene were successfully
amplified with total genomic DNA extracted from herbecous peony cv. “Taohuafeixue” as template by high-fidelity DNA polymerase
KOD-Plus, and then they were cloned to pMD18-T vector and be sequenced. The exons and introns of Actin gene were predicted with
bioinformatic softwares. The homology was analyzed by Blastn at the nucleotide level and the molecular phylogenetic tree was
constructed with MEGAS.0 software. Based on sequencing results, one pair of PCR primers was designed, and the expression levels of
Actin gene in the roots, stems, flowers, and leaves in herbaceous peony were semi-quantified. Results The sequencing results showed
that Actin gene of herbaceous peony was 1 405 bp length, which contained four exons and three introns. All the splicing sites in three
introns were conservative at 5” donor with GU and 3’ receptor with AG. It encoded 377 amino acids, and GenBank accession number
was KF363830. A pair of PCR primers was designed and one of them was spaned the first intron, which could effectively prevent the
false postive by genomic DNA contamination. The semi-quantitative RT-PCR analysis showed that the expression levels of Actin gene
in the roots, stems, leaves, and flowers of herbaceous peony were almost constant. Conclusion It is the first report on cloning and
gene organization clarification of genomic gene encoding Actin in P. lactiflora. The semi-quantitative analyses indicate that Actin gene
can be used as the internal standard gene for the expression analysis of the functional genes in herbaceous peony.
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Nj?j Paeonia lactiflora Pall. N2 2RI 2y JEA]
HHZAFAIE AR, BRI EESN, A2
I EER N, EIRELLH 2.
MR T 7 W 2200, nP A A ARATE AT, Ik
Aj Paeoniae Rubra Radix N7~jZi8¢)I|75~] Paeonia
veitchii Lynch ) T-1M, HAJ Paeoniae Alba Radix
AT SR 2 BOK R TR g
HAJYFF (paeoniflorin). A2 NEETF Calbiflorin)
¥ AT 2517 Coxypaeoniflorin ) 2K FF Ik A 25
(benzoylpaeoniflorin) 25 XU ER FL iR IR AL A1)
ALY ARAT AT AT v B 25 AR 1 32 22 25 30k
Gy, WL ERAR AR A, B A B
LGN S O A Q1K= 75171 (B B e 1
TAEAT A & 0 An 22 W 2, e~ R s 5 A
D, REARZE R (R EZGdL) 2010 SERRPLE
(RIBES N T A FRAT B AT IR JEORH . BIFST R AT 25
TEATLPFT LR RN 25 rh DDA P A, HEW AT 25 Ent
T A, 2R 2EE AR WA R S
SKSTIRE 39T K RSB % AR (I 9 LA IR A, (H
TR 58 e, M IR T o gy, )
A A RS oy T IR NLRE Hn 2 b,
e N BARS 7 B2 T BUER W AL

WIEhEE (Actin) & FLAZ AW 40 i rh % 3l 1718
(18] o B L ) A 1 5, ) O v B (R B 22 R 4R
Z 5 EMAEM M2 EEN L. 24
ik, CARGEM T AL FPL ot Azt
SRR P e B Actin cDNA. Actin ik 8K HL
FEAE E, DR AE Dy i Ik DT R 3 23 B N3 A oA Y
e S R A R R R v RN g I G N /3 S N
3 37 o VA 2 b e A A Sh R K IR 1 265E 0 T 9
oo AR 4w T A2 Actin cDNA, {HA]
2 Actin SERGERARIN, ToiEBevh RN 751
(¥ € & RT-PCR 4" #8514, it i DNA 5%
T3 B RT-PCR 4 B EN 7, etk AT
TalE T ASZy Actin FEIRIZH DNA JPH) 35047 T 36K 45
¥y, Wik 7 —X) RT-PCR 34514, b B |95
BTATNEE A 1 DMNE TP, X Actin FEA
TEATAAN AR RIS AT T B0, VP T
AR W FREERIR AT, AT — 5T 25
PIREFERI RIS BE T it
1 MRS
1.1

AJUREL R “HE R R, 2K

. JEsE

BERE S FE PR TT LM fEAR M AR A, 1L
HEIML 55 L PEEAT S AP E , VE S AR AT [
e, SLRTVEF-80°CukH %% s KI#F B DHSa
PRPR FHAR S5 = 4R 0

1.2 K5

7 % B KOD-Plus DNA &M E H A&
TOYOBO A7]; DNA #EiRIMGRAI & ok ik
pMDI18-T. FkiH ORI G BRI A VIR BamH 1
Al Hind A FAEY TR OOE) ARAE, H
SRR Ay 1 B S 4l
2 FHiE
2.1 AjZ55 DNA 2

K H 2 R CTAB ¥ $2 MU AT 24 Al Ik IR 41 8
DNAM, 4 54 DNA JiE k5 I 45 50 ng/uL.

22 SIHMIERK

BT ARSI = AT ZNIB T cDNA J741
(JX310002), FfH Primer Premier 5.0 #fi3 1T — %4
SPE PCR 9718514 5°-CGCGGATCCATGGCCGATG-
CTGAGGATATCC-3’F1 5°-CCCAAGCTTTTAAAA-
GCACTTCCTGTGGACA-3’, | Fis 5y Hld A
T BamH 1 H1 Hind I BEYIAT 55, FH 508 v [ (1) B 4
HHFRATG Y8, 51471 AL KSR
W OB
2.3 %75 Actin EE R PCR ¥ 18

50 uL PCR # 4K R4 5 pL 10 X 21 5
pL 2.0 mmol/L each ANTP. 4 pL 25 mmol/L MgCl,.
1.5 uL 10 pmol/pL F FUF514. 2.5 uL DNA. 1 pL
KOD-Plus DNA 4. 29.5 uL ddH,O. PCR 434
FEF 2l 94 CHIAEYE 2 min, 98 'C A&t 10s, 55 °C
Bk 30s, 68°C FEM 1 min, L35 MEFF.

2.4 7575 Actin B E PCR =R E k. =&

F DNA B [RDBGR S alifh (DA 24 Actin S
PCR 74, X 37 AlYE 55 v e ik
pMD 18-T iE#z, EE WAL KA DHSa J2
AN, SEEEFEEHATEEE PCR WITH, TR
PCR Jifi fl BamH 1 F Hind TII WU EEYIHE— L %5,
o BH 1 A 138 22 bt SR L PRI T RO D
2.5 24 Actin R LR

IS HIZELR K Augustus 2E (http://bioinf.uni-gre-
ifswald. de/augustus/) XfAJZ Actin FEIFAR T FIA
TFRHTYES TN N FAEZ Blastn XUTH1I LXK
1% (http://blast.ncbi.nlm.nih.gov/Blast.cgi) %A 2 Actin
cDNA J¥ %] (JX310002) F13E[K 4] DNA JF 41
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(KF363830) 3 7 XUFHILEST, N LT B AT o
A G RAITHVEE R, TATE Actin RERS5H).
2.6 FIIELRMED RS Fi b RiigiE

F|H NCBIChttp://www.ncbi.nlm.nih.gov/)Blastn
FEFPAERZATIR KT EXIAT 250130 8 kAT e 51 )
PES T 1 H MEGA 5.0 SIS T RGEEAH
2.7 ¥ZE= RT-PCR RixHHH

BT MAT 2B s LR 41 DNA JP51
(KF363830), Wil —X/H¢5 P PCR ¥ 145149
5’-GGAATGGTCAAGGCTGGTTT-3" /% 5°-TTCTC-
TGTTGGCTTTGGGGT-3" H + - & & RT-PCR 4}
B, Horh RIS IS T AT Actin FERE 1 A
WET, BIFA AR IE RO i

SIMERINAT ) “RRIE R MR 25 L TESEA
[FIZH4U RNAPY, DISEEY RNA B8 cDNA,

25 cDNA HE{72F 52 B RT-PCR §7#4. PCR [ W A&

£ % PCR ¥ HFE P 2 A Sz = 10 vkt A7,
3 HR54%4
3.1 A% Actin EFE B PCR ¥ 1

DAATZ) “BRAE KT AT A DNA R,
BT B8 HL T K/INZ) 1400 bp 19 PCR P4 (B 1),

Marker 1 2

2000 bp

1 000 bp
750 bp

500 bp

200 bp

1, 2-Actin %[5 PCR 1)
1, 2-PCR products of Actin gene
Bl 1 %725 Actin £F 8 PCR ¥ 15719
Fig.1 PCR amplification products of Actin gene
of P. lactiflora

3.2 A Actin BEERE

PCR P& aitbmlfie. i A J5 5 v b ik
pMDIS-T i, HH W4t DHSo &2 245401,
% PCR #Jii; PREXSH M2 i Tk i35, H Takara
AT MRS FEUTTRL, TR PCR g 451
RN 384 51N IMHE (B 2), BamH 1 #1 Hind
I AU %5 25 R IR D) Fr BOR /NS T2 R — 3L
(3D, RUITIRERT), K% e BT L T iohns 2
R B I A T o

Marker 1 2 3

2000 bp

1 000 bp
750 bp

500 bp

200 bp

1~3-JfiRL PCR P4
1—3-plasmid PCR products

2 RFIPCRETEHT

Fig. 2 Characterization of recombinants by plasmid PCR

Marker 1

5000 bp
3000 bp
2000 bp
1500 bp

1 000 bp
750 bp

1-BamH 1 1 Hind T 3L D17=4))
1-Double digestion products by BamH I and Hind 111

3 WEYIETEERAT
Fig. 3 Characterization of recombinant by double

enzyme digestion

3.3 A% Actin RREH S

S5 RARWIAT 24 Actin BERIZ] DNA 42K 1 405 bp,
Augustus 7EZE 731 2 Blastn XU 414347 45 R K BIAT
2 Actin FERIFLS 4 MNET R 3 ANE T 4 Db
WM RIT A H ARSI 9 B AT 2y Actin
cDNA 741 (JX310002) 24— 3 NMAE P
REAMIEAL 5 2 A7 3L 6 A BY R U S S H A
Yy 55T GU 5 37563247 AG #EUP; 4 ANoh
T A 1~60.172~565.650~1 263 Fl 1 340~
1 405, 3 MAEHFIXIECH 61~171. 566~649 Fil
1264~1 339; 4wt 377 MEILFR (8] 4), GenBank
a5 KF363830.
34 [EIRMESH

Blastn 73 ¥ 45 K IHAT 24 Actin FEIXZH DNA J¥
H| (KF363830) 5 Z MG tMI Actin 3R HAT
IR R, s “as@gore” A5250 Actin 3
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ATGGCCGATGCTGAGGATATCCAGCCCCTTGTCTGTGACAATGGAACTGGAATGGTCAAGgttagtccaatattcttttaaaatttgtet
M ADAEDTIQPTLVCDNGTTGMYVK
gtettgattttttgtttttttttgggtgcaagtacttcagttattatcaatggaactaaaagcaatggtctgtatttgtagGCTGGTTTT
A G F
GCTGGTGATGATGCTCCCAGAGCAGTGTTCCCCAGTATTGTTGGTCGACCCAGACACACTGGAGTCATGGTTGGAATGGGCCAAAAGGAT
A°GDDAPRAVFPSTITVGRPRHTGV MV GMGAQKTD
GCCTATGTAGGTGATGAAGCACAATCAAAAAGAGGTATTCTTACCTTGAAATATCCTATTGAGCATGGTATAGTCAGCAACTGGGATGAC
AYV GDEAQSKRGIULTTLZ KY®PTEHSGTIVSNWDTD
ATGGAAAAGATCTGGCATCATACGTTCTACAATGAGCTTCGTGTTGCTCCTGAAGAGCACCCAGTGCTCCTCACAGAGGCACCCCTTAAC
M EKTITWHHTT FYNETLIRVAPETEHPVLILTEAPTLN
CCCAAAGCCAACAGAGAAAAGATGACTCAGATCATGTTTGAGACCTTCAATGTGCCTGCAATGTACGTTGCCATCCAGGCCGTGCTGTCT
PKXKANRETIKMTOAQIMFETT FNVPAMYVATAQAVLS
CTATATGCCAGTGGTCGTACAACTGgttcgtatatttcccatatattatctaaaatttgataccccatttttattattetgtttgagact
L YASGRTT
gattgaattattttgacagGTATTGTGCTGGATTCTGGTGATGGTGTGAGTCACACTGTACCTATCTATGAAGGTTATGCCCTTCCTCAC
G I vLDbDSGDGVSHTVPIYESGYATLPH
GCTATCCTCCGTCTTGACCTTGCTGGTCGTGATCTCACAGATTCCTTGATGAAGATCTTGACTGAAAGAGGTTACATGTTTACCACCACT
AT LRLDLAGRDLTDSLMKTTLTERSGYMFTTT
GCTGAACGGGAAATTGTCCGTGACATGAAGGAGAAGCTAGCATACGTTGCCCTTGATTACGAGCAGGAACTGGAGACTTCCAAAAGCAGC
A°ERETVRDMIEKEZ KTLAYVALDYEAGQETLTETSIKSS
TCATCGGTTGAGAAGAACTACGAATTGCCTGATGGACAAGTCATTACCATCGGAGCTGAGAGATTCCGTTGCCCAGAAGTCCTGTTCCAG
S S VEKNYZELU®PDGAQVITTGAETRTEFTZRTCPEVLFAQ
CCATCACTAATCGGAATGGAAGCTGCTGGAATTCACGAGACTACTTACAATTCTATCATGAAGTGTGATGTGGATATCAGAAAGGATTTA
psSLIGMEAAGTIHETTYNSTMEKTCDUVDTITRI KTDTL
TATGGAAACATTGTTCTCAGTGGTGGATCGACTATGTTCCCTGGTATTGCAGACAGAATGAGCAAGGAAATCACTGCTCTTGCTCCCAGC
Y GNTVLSGGSTMFPGTIADRMSI KETTATLATPS
AGCATGAAGATTAAGGTTGTGGCACCGCCTGAGAGAAAATACAGTGTCTGGATTGGAGGGTCTATTCTTGCTTCCCTCAGTACCTTCCAG
S MK I KVVAPPERIKYSVWIGGSTILASTLSTTFAQ
CAGgtgaacattactttcattttttetetttgttggtttttttttactcatttectgacatggttttttgttaccttcagATGTGGATTTC
Q MW I S
CAAGGGTGAATACGATGAATCTGGTCCATCCATTGTCCACAGGAAGTGCTTTTAA
K GEYDESGPSTVHRZE KT CTF *

4 A7 Actin EREM R REHRERFT

Fig. 4 Nucleotide sequences of Actin gene and its encoded amino acids in P. lactiflora

(IN225878) [AjUstk mik 99%, &4 B P
FRFP A 3 ML 2257, (HEENEA 2 AN
ST, MEHRTEEN 1L bp B L AN T 5
kAFEIT. & BAM. KU W% K& E 2
I Actin FIRATEIE 83%LA F, F W m &R
Actin 7£ DNA 7K~V ERA RS R k. N
MEGAS5.0 A1) [R5 55 e iR 3L S A i i WL s £
(1S ERAC UG 2 0 T ATG FZ L% T TAA (F14wh5
X HEAT 2 Fe A U IR o) 7 R gkl (&1 5),
GREN] “Ble W7 AT Actin SRR g
WE” A2y Actin JER (IN225878) SREGC Rl

52k (Morus alba L., HM623866 ). i %] ( Vitis vinifera
L., AM465189). K& [Glycine max (L.) Merrill,

V00450] Actin R B AR REG KR, 5E
¥ (Populus trichocarpa Torr. & Gray, EF418792).
WNREAW] (Nitraria sibirica Pall., AB636284). I
I+ [Arabidopsis thaliana (L.) Heynh, ATU41998.
ATU42007] Actin FEPIA RPN BEACE GO R
Bz, A i s 2 A R s (Gossypium
mustelinum Miers ex Watt, JF722026. JF722027).
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Fig. 5 Molecular phylogenetic tree of Actin gene
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bt K5 C Gossypium  hirsutum L., JF722036 .
HQ142999). i 55 M (Gossypium darwinii Watt,
JF722029) . ® Z 48 KM ( Gossypium raimondii
Ulbrich, HQ142996) . fUl{LIA ( Gossypium barbadense
L., JF722034. HQI142997. HQ142998) . E
( Gossypium tomentosum Nuttall ex Seemann ,
JF722030 . JF722031) . J& /R 3 [X # [Gossypium
gossypioides (Ulbrich) Standley, JF722043]. M550 )E
VUM [Gossypium harknessii Brandegee, JF722039].
BARKE [Gossypium armourianum Kearn, JF722038]
(1) Actin JERIHAN B o A A NG b, 3
WINR B Actin HeDKIZ AR BEAL AT g AR/ D2
AR AT 9848 . i TAEB IR EZEME, Actin
15 ARG P R RS2 BRI ), Iz
R 51 B B L o E s
3.5 #7EE RT-PCR 34

BT M AT ANLEN HE F L 4 DNA 741
(KF363830) ¥it 7 Xff5& it RT-PCR § 5],
PCR 43472 K /N Ky 309 AL JLr BIES 14
BT 1 ANE T, WA R H DNA 753
1M 38 3% ¥ RT-PCR 4 189 45 SR BH 1t o F 2 &
RT-PCR /318, Actin FERIFEATZMR. 250 1fy
e RT3 (B 6); Rt Actin FERBEHEAE
AT T BESE DN 1 B RT-PCR 3% & PCR 43
Frig NS 2

i

Marker JicS

O 2
2000 bp

1 000 bp
750 bp

500 bp

200 bp

100 bp

6 Actin EREX AR EHAPHFRIE
Fig. 6 Expression levels of Actin in different organs

4 it

EREN I Y S G NA 57 R g5 A (B UK VAR 1
MO T R R R (mevalonate pathway, MVA) &
42 B3R A4 oI I 48R B -5- o TR ik 4%
(1-deoxy-D-xylulose-5-phosphate pathway, DXP) 2
By I IR B -4- TR 1% 17 (methylerythritol-4-phos-
phate pathway, MEP) PRI G .

AV IS U = T S G S 1 % N e S T
(isopentenylpyrophosphate, IPP, C5) LU 7
P ok WO N £E B R ( dimethylallyl
pyrophosphate, DMAPP, C5) AR, HERIA
W5 (0 A BCRITIRG 26 Je M A W I 3 AN B s
VIR PP JE RS, Bl F 4 DMAPP 4 1
oy FAERE A ) LAE R 5 (geranyl diphosphate
synthase, GPPS) M1EH T4k R4i& LK C10
AL ) LA R (geranyl diphosphate, GPP);
GPP 1F i} 51 (monoterpene synthase) 1EH
ARG (monoterpene, C10) B2, gE—3 45
BRI VE R R AE AT . fEARWTST, AL
SLFE T AT Actin FEREENA P41, 30 7 HAE
RIS Ry, Wit TN & 112 € & RT-PCR 514,
AR5 1k DNA 35 4Mig ) RT-PCR A FH
P 252 i RT-PCR 43145 L W] Actin FEIR AT LUAE
HATA D REFE R RIS AT I N FR IR . R — AR
FRZH A T IR 56 J IR~ 24 s 4 DN e 5040
X2 AT 2 AU IR I PR BEA T - S AE
IRG3H, CASHIAY I AT 24 (R AR A o1 5 5
HeAit
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