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Cloning and sequence analysis of PQGA20x gene in Panax quinquefolium

SUN Tong-yu, ZHU Juan, SUN Peng, LIAO Deng-qun, LI Xian-en, QI Jian-jun
Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing
100193, China

Abstract: Objective To clone and analyze the gibberellin 2-oxidase (GA20x) gene of Panax quinquefolium in seed germination.
Methods Gene sequences about gibberellins synthesis and catabolism were found out from annotation information of 78 207
unigenes obtained by high-throughput sequencing in the early study. Then one transcript coding GA20x was obtained from 11 unigenes
related to GA20x. Primers were designed according to selected sequence to get the full-length cDNA of P. quinquefolium using PCR
method. Predictive analysis and expression analysis of PQGA20x were obtained by bioinformatics and real-time PCR. Results A
GA20x gene containing 987 bp encoding 328 amino acids was cloned and named as PQGA20x. Bioinformatics analysis showed that
PgGA20x had no transmembrane domain or signal peptide, but had the 20G-Fell Oxy conserved domains. The expression level of
PgGA20x was lower in the metaphase of morphological dormancy and physiological dormancy than that in the intitial period and
release period based on real-time PCR analysis. Conclusion The PqQGA20x gene from the seeds of P. quinquefolium is cloned for the
first time, which will provide a foundation for the molecular mechanism of dormancy release of P. quinquefolium.
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dormancy, PD). JEA&KIR (morphological dormancy,
MDD, JEZA A #AHK (morphophysiological dormancy,
MPD). #HRHK (physical dormancy, PY) FIZg
4 KBR (combinational, PY-+PD) U3, JuyESfp
T RIS A JE T MPD %, Bl ORI 55 A 2 1
SR A A U 3 8 A 5 R 3% A 3 B A ) 3 N PR
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FNBE Y . PIRECER IO B AR B N T
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HERR MY . GA BEBMIRKIR, it
KRR ABA (520 764 BRI A7, 3R
JEAT GA AT LA R AR R ORI At % 2557, GA 1
fifE B PR BRI B W Pl T S B/ Y. GA20-
AL (GA200x) . GA3-% 1L (GA30x) il GA2-
ALl (GA20) £ZH5HY GA &SRB
F Y, GA200x FI GA3ox Z5 GA 4, M
GA20x W25 GA [f/- AR % GA20x T LA
HAWETER) GAs K, FARMYIANTENE GAs 11
B, et amdlRE 7T Arabidopsis thaliana (L.)
Heynh Ff—F N RS, [ 1999 4 Thomas
R M4 3 5. Phaseolus coccineus L. " vg & T
GA20x H:[H!), I F5FF Arabidopsis thaliana L.
GA2ox FENCAT 8 ANMTHIH: se ke k!, KFg
Oryza sativa L. ' 10 515 va e kU424, 4
# Populus tremula L. **, Bithi Capsicum annuum L.
CaGA20x17°!, #f7% Festuca arundinacea Schreb.
FaGA20x*"!, “JHER%” 4% Vitis viniferaX V. labrusca
Linn. WGA20x1%¥, 32 5t Malus domestica Borkh. 2%
P41 GA20x*! . KR AE Gossypium hirsutum L.
GhGA20x2!" 125 22 AN (K ke 490 p #5410

ARSI A F I BRI e v SR AR
VUVES PP 78 207 4% unigenes J7 41, X 4 unigenes
SEPERAS Bzl 5 GA A RS o A AR ¢
MEER 751, JE135) 11 45 GA20x JERIAH G741,
1 Blastn L[LX}A1 ORF Finder ffixe GA20x K]
unigenes /741 MRIEIE TV RS, KA
RT-PCR J5 i3 #4757 2 GA20x 1) cDNA 4K M
RIWT 5 GA MKMFERA ., KLRIEFES
GA20x [ cNDA JFHIBEAT si e . ik oyt S B
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I IERE o 1 75% CBEEVE 3 IR, Z8MR/KIEVE 3 1K,
SRJE IR AR 7K Gy, b Bz, LA T
A, 80 CUKMI T IRAF# M . KIHF B DHSo J&
A BRI AP A T
1.2 k7

FIZHE L TZHIAZIR (RNA) $RBGRF &8 H
b B2 /A . PrimeScript™ RT reagent Kit
with gDNA Eraser (Perfect Real Time) & 4% 5% &
PrimeSTAR® HS (Premix i . pMD19-T vector. SYBR®
Premix Ex Taq™ (Tli RNase Plus) #3404 B H A
FAEMAF . INRTI124 VK 8% DNA 2iifb]H]
PORFIE GROAERD T RIS AR . ABESLT
M5 hmAd TAY TR CEl Ba A bR
NIRRT R A b Al PR A
2 H*E
2.1 RNA BY$2ELFN cDNA Y& B

WIGESAFERRAL (R 250 1), AN[FKRHR
WIRh PR, AR ITE, Ry 225
RNA $ZHGAF G 8 1F 2D B AL T S RNA, F
H NanoDrop 2000 475 &M, ZJGH 1.2%[1)
Bt R R KR I JL 52 28 . DNase 1 A0 FE 25 FR 2L
Y T DNA. %1 PrimeScript' ' RT reagent
Kit 7 G/ U DK RNA SO S s — 55 B Ak
5% DNA (cDNA).
2.2 PqGA2o0x £ [F 85 M & F 51N E

PAPG IS AR FRARHRFD T cDNA it $4 18 LA
TR FRXT PqGA20x JEKHEATH H: cDNA 2.0 pL,
PrimeSTAR® HS (Premix) W 12.5 uL, b FiE514)
% 1L, 4K 8.5 uL, KARF 25 pl. SRR
94 CTAZYE 3 min, ZJGHEAT 30 MG, 98 C.
10s, 58 ‘C. 30s, 72 ‘C. 90s, {4k )G 72 C
5 min $E N, 4 CIRIR. 1.2%38 IERE R ik
K PCR 74, 434 TS H ) A Bedb AT DI el
. PCR N 5144 F-ATGGTAGTCTTGCCCAA-
GCCAACAA, R-TCATGAGGCTGCAATTTTCTCA-
AAG.

H A P %3] pMDI9-T #idk, ALK
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Table 1 Bioinformatic analysis software

YEH BAr ZE
AL ExPASy Protparam http://www.expasy.ch/tools/protparam.html
EqEIpiteyapa InterProScan http://www.ebi.ac.uk/Tools/pfa/iprscan/

NCBI conserved domains http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi

AR SOPMA http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sop ma.html
A Signal P4.0 Server http://www.cbs.dtu.dk/services/Signal P/
P X TMHMM Server http://www.cbs.dtu.dk/servicess TMHMM/
L VA s WOLF PSORT http://wolfpsort.org/
BRK P ExPASy ProScale http://web.expasy.org/protscale/
YA SWISS-MODEL http://swissmodel.expasy.org/
IR T A1 LX) NCBI http://www.ncbi.nlm.nih.gov/

2.4 PqGA2ox EEEARHELAMFRERIEDH

TR PGA20x it [RIZE R HIR ¥ 45 AN I
WA S, 22, M ERa N, DRSS
g1 A CActin) K4 N = F B ( Actin-F
AACCAGCCAGGTGCGACA, Actin-R CGAAGGG-
CCGGACTCAT), A/l qRT-PCR HABATH 44,
R NiAkZ: SYBR"Premix Ex Taq™ 10 pL, iF /%[t
%1% 0.8 uL (F-TTCACAGCACAACTGAGGTT;
R-AGAGTATTGGTCGTAACGGC), cDNA ##% 1.5
ul, #B4l/K 6.9 L, ZARF 20 uLo F IR
95 C. 30s, LA 40 MEH: 95 C. 10, 58 C.
20s, 72 ‘C. 20s, fEHAZiH)E 60 'C—~95 C. 30
so SEEGM 2 ANMEMFESM 3 AHEAES, H
Bio-RAD CFX-96 &4t H i kA3 T 70 HT
3 HEREN
3.1 FEEFESWHT PqGA20x ERFEHIT=E

WAL R PGS Fh1 i S 7 I s A s
311 455 GA20x #H7<) unigene, H:H unigene12642
2K 1 322 bp MHSRARAR N GA2-5ALNE, T4
& W % 2. @i NCBI ) ORF Finder
(http://www.ncbi.nlm.nih.gov/gorf/gorf.html) 73471, &
A% e s A AT — A 58 B JF T80 B2 HE - Copen
readingframe, ORF), i#id Blastp HLXf A I 1% I
[y AT L5 B A JH 5 Nicotiana attenuate L. [£) GA20x

F 2 5 GA2ox #H3KHY 11 % unigene
Table 2 Eleven unigenes related to GA20x

JER K bp iy
unigene391 231 gibberellin 2-oxidase (Solanum lycopersicum)
unigene503 479 gibberellin 2-oxidase 1(Nicotiana tabacum)
unigene3243 524 gibberellin 2-B-dioxygenase (Ectocarpus

siliculosus)
unigene12642 1322 gibberellin 2-oxidase (Populus trichocarpa)
unigene12643 1222 gibberellin 2-oxidase (Nicotiana plumbaginifolia)
unigenel3157 738 gibberellin 2-oxidase 1 (Nicotiana sylvestris)
unigene43376 264  gibberellin 2--dioxygenase 7 (Zea mays)
unigene43992 191 gibberellin 2-B-dioxygenase 8 (Arabidopsis
thaliana)
unigene46625 601 gibberellin 2-oxidase (Vigna angularis)
unigene48244 196 gibberellin 2-oxidase (Triticum aestivum)

unigene21378 302  gibberellin 2-oxidase (Nicotiana plumbaginifolia )

(AFA35957.1) 28 LR IPHIMBINE R 78%. RS
ORF J3* % % il 5| ¥ ( F-ATGGTAGTCTTGCC-
CAAGCCAACAA, R-TCATGAGGCTGCAATTTT-
CTCAAAG), LAVUVES A BRI T RNA J %
SKAFEIM cDNA R #ib, FIH PCR HiARTG 3] —45
KN 987 bp WIIF 41, X Ty 4 2 Ky 4 4
PqGA20x, IR ixt%IRIF 44248 F] NCBI, K43
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unigene 12642 AIME 99.19%, ik WA Fi 391 v i
FEPrHEER (B D

PqGA20x Marker

2000 bp
1 000 bp

750 bp
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Fig. 1 Cloning of PqGA20x gene

3.2 PqGA20ox ERE 4wAIE B FFIE R

321 FAkM#r FIA ExPASy Proteomics
Server HI1E £ 8K £F Protparam Tl PqGA20x 2 i £
FIHAL . PqGA20x Zwfith (1 328 LR
it 733K CrossHas67N4200492S 14 AL THL 5 1605
FHXE 57 i f 36 831.0, FRIRA5HLAN 5.31, ¥ IE
BHE (Asp+Glu) 42, i fiHiskIE (Asp+Lys)
34, AFEE R %L 45.04, K8 PqGA20x 4 M
ARsE. BRI &% 84.12, E/KR%-0.239,
3.2.2 PqGA20x &3 b K AR TII R
F SOPMA Tililll PqGA20x [ — 2% 45 i), &5 I 1l
PqGA20x ifih i [ — Rt o~ e T 32.01%.
FEAREE A7 16.77%. B-HT 215 4.88%. JCRUIIE Hh o
46.34%. InterProScan 1 conserved domains ] 454
BREE RN, A7 2 AN HCEIRST S5 e,  73 il 2
Tz N G (isopenicillin N synthase-like,
IPR0O27443 ) J& FLAH 5¢ 19 XU 40 M ( non-heam
dioxygenase N-terminal domain , DIOX-N ,
IPR026992) O <7 S5 A AN T 2-I & — IR AN
Fe* RUINE M # 5 % (oxoglutarate/iron-dependent
dioxygenase, 20G-Fell Oxy, IPR005123) {545 #
$ik o DA SRk AL 12~319.23~112 T 171~
275 I FER k2 [H] . FH] EXPASy 1] Prosite /)
Hr PaGA20x HIZHRENT i, SEREW], (RTDhfesE N
Fe et RSPl 4 198 RiA1 256 A7 (4L
2 His 7kHE, 55 200 A7 — MR AFER R L AR
Asp BRAEEH N (& 2).

USERSEQI

A

@

(328aa)

2 ExPASy % PqGA20x ThEE{L
Fig. 2 Functional site analysis of PqGA20x with EXPASy

323 PqGA2ox K [ — 4 &5 fy @Bt fE
SWISS-MODEL &4 {1~ 45 i 3 A [ T H e, DAL
MITFET 25 (PBD NO.: 1gp4.1.A) AR,
XI PqGA20x Zifish i 3T iS5 st (18] 3D,

AR I AL T & A R T 20G-Fell_Oxy ¢ Ji% Al
DIOX-N Zji%, HILIME 27.97%, DRt DL A AR .

324 HEAHUKIEST MHA ExPASy ProtScale %
JEXPEEES PqGA20x Zwfich (1) 2R (MU /K THETIN,  45
Rz AWK O 1,733, $5/IME—2.233,
ME 4 0] LLE L, PqGA20x 4ifith 8 11 (K VR X ek 5
SRIKPE X AT B, e S PR K P X

3 PqGA2ox &R =#1E5)
Fig. 3 Three-dimensional model for PqGA20x protein
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Fig.4 Hydrophobicity analysis of PqGA20x amino acid sequence

3.25 PqGA20x E5EIX . A5 5k, V.40 e A7 Tt
8T FIH TMHMM Tl PqGA20x 9 [ 15
B, iR Bz AaARAEERX (K5, 5H
KT 45 R —% . A SignalP4.1Server Tl
PqGA20x i AR HA(E Ik, TR iZ s A T REfE
M 8, SEEMEX A . R AR
- E. WOLF PSORT Tl 1% % 11 1) MV 40 A 52 o7 4
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Fig. 5 Predicted transmembrane domain of PqGA20x protein

WUr s 40P E A RECKH 9.0, 4 Muk% 1) e A R 3L
h 4.0 R, 18 1 SR T B AL T 40 B TR A%
3.3 PgGA20x 4miS R EELFFItEINEFNTBE S 4R

£ NCBI _Li#E4T Blastn 43#7, KILES
PqGA20x 1% 117411 5 %4%4F Petunia hybrid Vilm.
(GU059939.2. JQ323102.1). %54¢ Camellia lipoens L.
(KJ502289.1. KJ502290.1) i K¢ 5 AHALLE: 43 51
J& 81%. 80%. 81%. 80%. M1 PqGA20x iS5 HI%
B Fe 4 347 Blastp 4 M, 55 B AR AT
(AFA35957.1) GA20x i [ I 2 5L IR 7 S 17 51 AHARA
PEf Rl 78%, LA (ACYO01189.1) 77%, &
14 Populus tomentosa Carr. (AFP58845.1) 75%, 4
IHHHEE Nicotiana plumbaginifolia Viv. (CAR92132.1)
75%, 75 JK Cucumis sativus Linn. (CCD28485.1) 74%,
& Solanum lycopersicum Mill. CABO27633.1) 74%,
%4 JI\ Cucurbita maxima Duch. (CAC83090.1) 73%,
% (AFJ05044.1) 72%, %! Pyrus bretschneideri
Rehd. (AHM26650.1) 71%, 3E3R (ACT99992.1)
71%, AR (AAM62763.1) 58%.

GA20x & GA fRigHig 42 RIS, DL 2-Ji %
TIREIERY), VEES PGA20x RS S A
HATHR SRS S EULR T 1, B 5 2-BR% — g &1
1A RGRFERN 1A S BRIE, 23 AT 226 47 F1 228 45
5 R 541 2 AN HARFER 1A DAkt (K 6).
3.4 PqGA20x 4mA5E H Y A Gt (L

T3 HT PaGA20x 4t 1 IEE LB L, M
NCBI (1) Nr £l LI T 13 45 GA20x /741, F
il MEGA 6.06 (] neighbor-joinging (NJ) %44 %k
N Sei A S v O =30 & 2 71| IR S GG o (1
(AFA35957.1). #&74zf (ACYO01189.1). &M
( AFP58845.1) . 3%/ (CCD28485.1). L7 JF
( AAM62763.1 )« il %4 ( AFJ05044.1 ) . ¢ R
(ACT99992.1). BX#H AT Bk Nerium oleander L.
(AAT72916.1) H A HH Oryza sativa L. subsp. Kato.

( BACI16752.1 ) . % Morus notabilis L.
( EXC29353.1 ). ¥ £ Torenia fournieri Linden.
( BAJ65444.1 ) . /N Z Triticum aestivum L.
( AEA30113.1 ) . £ K Zea mays L.
(NP_001152057.1). @AM @IE 7 s, PgGA20x
BN, RA R R g R R IR, IR IR
5] Blastp 73 B 45 R —2L.
3.5 PqGA2ox ERFEHELFFERIES

I F 520 72 5 PCR J7 ¥4 PqGA20x 347 JE [A]
HPFRIR T, MEMUFERL. 250 mb BKR |
TEARIGE G ] (S1) TSR 3 1 A1
(S2). fABRFEARARFP 7RI R 7 (S3). ik
AbBE 24 h - R AR BRARAIR A 46 AP 1~ (S4). A2
PRHR I AT (S5). ARERKIRIEFL (En).
B (Em). 458K H] . PqGA20x {E U ESANF 28 B
FARIRAS [FI B B A7 AE 2 5 3Rk, AE Kb RIAFJE I
H TR, 7R ST S3 Kk EE T S2;
S4 Fl Em FEik&E T S5; F Em %A T En
(8D,
4 g

VOPES R RIS T MPD RUAKIR, MR KIR
g, FELE 20 CHIERZER 6 A
H A4 KSR kB BB TE SRR, 2 JFih%E
2058 4 CIRIRJE R bR AL BRI . 2 B 5T
F B P EAGE I (FITR L AR AR T 1
REF P RSP PEVES R AR 5
R Tihe S v L7 TN & Sl 0L,
G, AR PGS P OR IR Y AEATL I PRI 5 D4 T
AT R VSR ORIR BRIk
SR PIRIRRR I FE R GA 1o Qi Sk
LR PqGA20x, 3k 3 GenBank %[5 KJ802836.
W AEYME B2 T PaGA20x FE A 2 454
ORGSR, Bl RT-PCR J7 AR
HEG A B ok B b & I I RD 7 A R A &, R
PqGA20x i M 7E JE AR A A1 S2 RIAK
TRK 24 h Bl S1 RIAERBR LSRRI 1 - S3,
i HLAE A KA A S B0 R RE () ek Ay, R/ AR B
PRI A1 S5 T AR BEARARAC 46 1 S4 Fifig
FRAKIR IR Em rh [ IA R0k . GA20x BEE T3 GAs
JAEANETE GAs A%, PqGA20x Fe K7 I MAHR
EURI S1. S4 BRI 5w i B PqGA20x FE A 7E AR
MR AL 4 I s R Ik, W& PE GAs IEEAK, 25
PqGA20x JE A KL & PG, UiEYE GAs & BT,
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Fig. 6 Similarity comparison on amino acid sequences of PqGA20x with those of other species
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Fig. 7 Phylogenetic analysis of PqGA20x
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