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Cloning and Expression Analysis of GA20-Oxidase Gene from Sugar Apple
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Abstract: A full-length cDNA sequence of homologous GA20ox gene was cloned by employing homology
gene cloning and RACE-PCR from sugar apple (4dnnona squamosa L.), which was named as AsGA20ox (Gen-
Bank accession KR676623). Sequence analysis showed that the 4sGA20ox gene has a 1 257 bp open reading
frame (ORF) encoding 418 amino acids. Sequence alignment displayed that it was a similarity of 71% and 70%
with GA200x of Elaeis guineensis and Phoenix dactylifera, respectively. The phylogenetic tree showed that
sugar apple AsGA20ox and Dasypyrum villosum GA200x are closest in molecular evolution distance, followed
by Musa acuminata subsp. Malaccensis GA200x. It was speculated that AsGA200x protein is located in the
extracellular matrix and peroxisomal. It do not have a signal peptide. The putative protein molecular weight
was 47.2 kDa and its theoretical isoelectric point was 6.21. The real-time PCR results suggested that 4sGA4200x
gene showed a high transcription level in flower buds I, immature seeds, young stems of fruiting branches and
pistils. The results laid a solid foundation for further research on AsGA200x protein structure and the relation-
ship between the gene and plant flower development.
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2002). #HPBESAR(HEEF2014), /N7 L EAE
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RACEX 7 (SMARTer'" RACE cDNA
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IEPCRY™ 1 % 7 1 GA200x K N 57 Fr Be o B4
ZU1F: ¢cDNA 1.0 uL, 10xLA Taq Buffer 2 pL,
1 mmol-L" dNTPs 1 pL, LA Taq Polymerase 0.5 pL,
10 pmol L™ | FF 514 #1.0 pL, Z4AF420 pL.
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Table 1 Primers used in this study
I SFFIS—3") 5%
3GSP1 GAGAAAATGAGAGCACAGA GA200x5ER Fr BL Ay 5
3NGSPI GGAGAGAGCTGCGGCTACG HA 51
5GSP1 CAACGAAGGCATCTCGCC GA200x5E R Fr BL Ay 5
5NGSP1 TCGTCAACGAACACCTGCA HA 51
3'-CDS Primier AAGCAGTGGTATCAACGCAGAGTAC(T)30VN 3-RACEZ| )
5'-CDS Primier (T)25VN 5-RACEZ|#)
BD SMART IITM AAGCAGTGGTATCAACGCAGAGTACGCGGG A& A A 5
ORF Up ATGGCCATCAAAGACTGCAT GA200xTF T EEAE F) 4 14
ORF Dn TCACTTGCTCTCTCCAGTC [ 1
AsGA200x RT Up GGAGATGAACAAGGTGGTGAA GA200x7% 2 751
AsGA200x RT Dn GGGTGAAGTTGAGGAAAGATGA [ 1
AsActin-F GACACCATCCCCAGAATCC WHEENS )
AsActin-R CCCCAGAAGAACACCCTGT [ 1

AsGA200xF1Phyre2 7F £k F £F (http://www.sbg.bio.
ic.ac.uk/~phyre2/) 3 K it £ [ AT S5 K o Hir
53D4E MM . ] SignalP4.0 Server (http://
www.cbs.dtu.dk/services/SignalP/) 3t 1T 43 5 H Tl
Mo FHAE LA ProtComp v. 9.0 (http://linux1.
softberry.com/berry.phtml)# 17 & H E A5 5 T
. GA200xH A ZIELIL P41 ELXTFI A NCBI H 5
15 B 805 FE R AT 8 2R, JF 18I Clustal WK/
ITEE . EIIMEGA 5.1#)Zneighbor-joining & 4t
B, bootstrapH & XHUNT 0007, HiAth >k FEK
WK E.

HR 4 JE R R5 57 5| W PCRY™ 4 1928 21 ) A Y5 £
SFR A, FATKYERACE R AE T 73 70l it 13-
RACE, 3"$55|#(3NGSP1), 5'-RACE, 5" R 7]
YI(SNGSP1) (K1), JF% 2R F 4 ilicDNAZE
—HE . R RNFRT ) 94 'C 305, 72 °C 3 min,
5ME¥R; 94 °C 30's, 70 °C 30's, 72 °C 3 min, 54N
;94 °C 308,68 C 30's, 73 C 3 min, 25MGHF
HUS pL P2k AT r kAT I, BT PCRY 3 2%y 3
Wl 7. R 25— PCRA B 1=, FiE4T 5 —
PRI, 519 % A 4: 95 °C 5 min; 95 °C 305,
68 C 30, 72 ‘C 2 min, 35ME#, 72 °C 7 min.
OO B A PCRY 1 2% 77 35 RIS 5 o Ak 4w )
g5, JAT B — XK, § I AsGA200x Kk
K ORFELASAE, 5147373 9: ORF UpAIORF Dn
(&1)o

5 LRSS E ZPCR (real-time PCR)

FEEUEFE S RNA, LLOligo-d(T) A 514, H
AMV J % sl i A7 e 5, 2 I8 PrimeScript 1
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S 35 IeDNATEREAR . v T 3 Mk e AE 5 1
B S, Wit SER 2 EPCRAEE T 51 #)(4sGA200x RT
Up MAsGA200x RT Dn) (K 1) M4 A 7 f 2
(1135 7 BB R I N AsActin¥ it —XHE BN S50
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Actin’yN %, 1EBio-Rad iQ5%¢ ¥ & & PCRAY - ik
FTPCRY™ Y, AR X RIER ., KERE
PCR /% NiAk £ N 20 pL: 2xSYBR" Premix Ex Taq™
10 puL, 5140%1 puL, cDNABAR] pL, #E2liK7 L,
RAIFE. PCRIRMFEFH96 CTiAE 141 min;
95 ‘CAEMELS s, 60 ‘CiB K15 s, 72 “CHEAH4S5 s, 407
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FERIRE 5 519, LA 74 A A6 75 I cDN A AR AR 10E 47
PCRY i, 15 5] — 4K Z500 bp 4 57 4 (K
1-A). WP REY, ZABSMEIT. #E. &
FHMEFENIGA200x [F] Y5 3L K B A 4 5 ) FJE
M, 2 01% Fr B GA200x1E e 75 B b 1) A Y5 5 (R
B

F T 1B S0 45 20 1 7 4 1 GA2 00x [R5 ]
Jr B, FATR A Full RACE Kt UL BH, ¥t 1
P2 R 51 W )y —263'-CDS B4, —445'-CDS 5|
W, BRIEAT TRACESTFE . ¥ 3867 4)% H2pMDT-
1938044, FeAL R T 3 IR S2 4, T8 5 B 00k BH 14
Ve, 2B V& PCR. BV € EEFNF . 25567
Bl P45 2 B PP 81 B, PRl e g SR, T —
WK . EIREAE L, BIF T &S
K 5% 0% 51 #JORF UpHMIORF Dn, @it LA Taq
DNAR & By 16 4K 5 P (K1) . J8 kX7
a5 B Hr, BAVER] T 1 257 bplf)4KcDNAF
Hlo HorA, T, G, CUYF B IE S & 29 0N
23.55% (A). 26.73% (G). 19.97% (T)#129.75%
(C). iZcDNA FE4# fir % NAsGA200x, T4 5 5%
GenBank, ¥ 3% ‘5 HKR676623.

A B
500 bp > 500 bp
D E
2000 bp>
1,000 bp 03
750 bp

2 FEFHILAsGA200xEF 4L E B FF T 2
2.1 AsGA200xEE 2K cDNAFF KR EEEEFT
RIS

I DNAStar 4 73 #1 3f 45 5 RACER R 15
B K IR T, FATKINAsGA200xF:F BA
— AN SERE R IF I AR, JEA 1 2574, gRtE—
NS H AN H BRI B
2.2 AsGA200xEF 4B E BB MRS

K7 iE i ExPASy ) 7E 28 B A F ProtParam Xt
AsGA200xBE PR gt 2 1 B BAL 1 S3EAT AT . O3
*ﬁé?:l:%ﬂi—\‘, iz% El E(J ﬁ%ﬁj’ﬂczo94H3197N5790629821a
53T NAT.2 kDa, B % HL S pUA6.21, i IE LR
F(Arg+Lys) N454~, 7 LRI (Asp+Glu) A51
AN BT, ZEANARERECHN
46.83, HE i RECN64.57, P15 K M R ECH-0.502,
2.3 ERLEME S

F| I 7E 26 SignalP4.1Server B M4 43 #r K B,
AsGA200x K AN (5 Tk, @it ProtComp v. 9.0
At T AsGA200x 85 [ 1 3741 i 2 A7 = BEAE4H
Hi o0 3 J A i SR A A

2 R G I B R 7 91 5 GA200x FE R 5K

750 bp
500 bp

K1 AsGA200x 4= K3 A 7o [
Fig.1 Cloning of full length of AsGA200x gene
A: AsGA200x ¥55 Fy B M7 4; B: 3'-RACESE —83 B4, C: 5'-RACE 5 —#3 174, D: 5-RACE % ¥ =4y, E:

AsGA200x 4= KIEFIORFY W 4. 1~5 NPCR™ 4, M AYDL2000 maker.
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R R 57 120G-Fell_Oxy superfamily (&2).

SOPMA #4431 AsGA200x 25 [ [ — 21 4514
BN, R A oRE . BRI AN th A E
MBESE R, o, B AN AS AU 25 i T o LA B
K, 4 HIR31.58%F141.39%, ik /0L H8.61%
(1A3).

F| F Phyre2 75 2 X 1F HEAT B A 3D 45 M S A,
AsGA200x 5 [ [ R ~F 45 #4 38 — 4 45 M 15 84 114
FiR. S5 FIREAR DL 7 GA200x N RRAR, = 4k4h
P T R FRALLFE AN 13, 36 6 7 1% 1 AsGA200x B
(1 5 ERRK RS S 1
3 FEHEYIGA200xEBFFIELXT 5B A 51

5 AsGA200x 155 [ 7 51 #2 58 % 55 [E B 57 AR
Y ARAS B O (NCBD I 2R 77 51 3048 1 (http://

blast.ncbi.nlm.nih.gov/Blast.cgi)i/F 17 BLASTPAHALLI:
R, ANCBIFAETUAR A EHR END T TS
AsGA200x £ [ 51 FE [RITR 1 15 2% 8 7 81347 [RIUE
Eett o FTde B e 2 G 16 B FR (Ricinus communis)

i (Solanum lycopersicum, NP_ 001234070.1).

Al v] (Theobroma cacao, XP_ 007038527.1). %
(Nelumbo nucifera, XP_ 010255609.1). EH#
(Populus tomentosa, AFS33148.1). fULF4 7+ (Arabi-
dopsis thaliana, NP_1942721), KX A3 (Solanum dul-
camara, CAB82616.1). Wi 1L #(Populus tremula,
CAH59102.1). #i%j(Vitis vinifera, XP_ 002272415).

& i (Lactuca sativa, BAA37127.1). & B (Musa
acuminata subsp. Malaccensis, XP_ 009413747.1).

HER(Elaeis guineensis, XP_010918994.1). #&EZH

1 75 150 225 300 375 418
Query seq.
Specific hits DIOX_N M
Superfamilies DIOX_N superfamily 20G-Fell_Oxy superfamily

Multi-domains

K2 AsGA200xFE PRI DR <7 D RESS K 38073 Hr
Fig.2 Conserved functional domain of AsGA200x
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Fig.3 The secondary structure of AsGA20ox protein
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e ) SUARABA R (115) -

N T BT GA200x E I EAS R P Fl 2
] Bkt ok &2, MIFHIMEGA 5. 1801, K fiineigh-
bor-joining Jj A & 1 AN FFE IR H GA200x i
KRG . AT 5T 00 45 2] 1) AsGA200x
HE LN T AR FRIEEBL LR, 7
P E B KR RARIFER R, & RE 5T,
eSO ISE A= IR T TN IR 3
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Fig.5 Multiple alignment profile of GA200x proteins form different plant species
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Fig.6 Phylogenetic evolutionary analyses of GA20ox proteins from different plant species
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Fig.7 Expression pattern of AsGA20ox gene in different tissues and organs
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Fig.8 Expression pattern of 4sGA20ox in different growth stages of flowers
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