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NCBI RR RACE
OnRR9 3
o OnRR9
1
1.1 ‘ 3 ’( Oncidium Gower Ramsey ‘Gold 3”) o
1.2 RNA cDNA 18 RNA
1% RNA RNA o PrimeScript RT reagent Kit with gDNA Eras—
er ¢cDNA 1 o
1.3 OnORR9 NCBI .
P1 P2( 1) cDNA 1 OnRR9 o : cDNA
0.5 pL; 10 x LA Buffer II ( Mg’ * plus) 5 pL; ANTP Mix( 2.5 mm each) 8 pL; (10 wm) 0.5 plL;
(10 pm) 0.5 pL; TaKaRa LA Tag(5 pm) 0.2 pL 50 pL. 195 C 5 min; (95 C
30 5;49 C 30 s;72 C 2 min) 35 272 °C 10 min; 4 C o
1.4 5’ 37 SRACE P3 P4 P3 P4
QT QO QI( 1), RNA 5  RACE Y cDNA 1
OnRR9 57 o
3’'RACE P5 P6. RNA TaKaRa 3°4ull RACE Core set with
PrimeScript RTase OnRR9 3’ o
1
Tab.1 List of primer information used in study
/°C
Primer name Primer sequence Annealing Usage
temperature
P1 5°-CTTCRGCTCCTTCTTCCAAG3~ 47.7
1) 5"-GTGGATGACAGCMTCATTGATMG3 50.2 ir;f)ﬁﬁcaﬁ"“ of conservative
P3 5’-CTGTTGATCCTGGAAGGCAC3~ 57.6 5 RACE
P4 5-ATCATACCCAGTCATTYCWGGC3~
pP5 5 TTGACAGATAGCTCATCGAGAGA-3~ 57 3 RACE
P6 5" TGGATTCTGGAAGTAAGGCG3~ 57.8
Qr 5’-CCAGTGAGCAGAGTGACGAGGACTCGAGCTCAAGCATT3 5 RACE
Qo 5-CCAGTGAGCAGAGTGACG3~ 5°RACE random primer
Q, 5-GAGGACTCGAGCTCAAGC3~
OnRR9-A1 5= GGACTAGTCAACACAGTTAAGCTATCACTGCTGT3"
OnRR9-S1  5°-CATGCCATGGCTGTTGCGACGGAG3~ 59.8 Fulldength amplification
OnRR9-A2 5-CAAGAACTCGAGCGCCTTAC3” 59.01 PCR
OnRR9-S2  5-CGCAGTTCCATGTTCTTGCA-3” 59.41 55;&13;3‘;’5}’:““08
Actin Al 5-ATCCTCCAATCCAGACACTGT3~ cDNA
Actin Sl 5’-CAGTGGTCGTACAACTGGTAT3~ Testing ¢cDNA
Actin A2 5"-GGGCATATCCTTCGTAGATTGT3" qPCR

Actin S2 5" AATGTGCCTGCTATGTATGTTGCT3" Reference gene qPCR
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1.5 OnRR9 375 OnRR9
OnRR9-A1  OnRR9-S1
cDNA 1 PCR OnRR9 . PCR . Premix Tagq
( TaKaRa Tagq version 2.0) plus dye 5 pL (10 pmol * L™") 0.25 plL (10 pmol « L")
0.25 pL. ¢cDNA 0.5 pL 10 Lo 195 °C 3 min; 30 (94 C 30s;57 C 30 s;
72 °C 30 s);72 °C 5 min;4 C . PCR w=1% o
1.6 PCR N PCR w=1% o OMEAG Gel Ex-
traction Kit PMD19-T DH5«
100 pL LB ( Amp X-Gal IPTG) o
1.7 OnORR9 ORFfinder ; ExPASy
ProtParam tool( https: // web. expasy. org/protparam/) OnRR9
; ProtComp 9. 0( http: //linuxl. softberry. com/) ~ OnRR9 ; NCBI
CD-Search service ( https: //www. ncbi. nlm. nih. gov/Structure/cdd/wrpsb. cgi) ~ OnRR9
; ProtFun ( http: // www. cbs. dtu. dk/services/ProtFun/)
; SignalP 4.1 ( http: // www. cbs. dtu. dk/services/SignalP-4. 1/output. php)
; TMHMM (‘http: // www. cbs. dtu. dk/services/TMHMM /) OnRR9
o ProtScale( https: // web. expasy. org/protscale /) / ;
SOPMA SECONDARY STRUCTURE PREDICTION METHOD  OnRR9 2 ;
SWISS-MODEL( https: // www. swissmodel. expasy. org/) 3 ; ClustX ~ DNAMAN
MEGAG6 o
1.8 OnRR9 RNA cDNA  Ac-
tin Al Actin Sl cDNA o Actin A2 Actin S2 OnRR9
PCR OnRR9-A2  OnRR9-S2. PCR : TB Green premix Ex Taq [I( Tli RNaseH
Plus) 10.0 L. Rox Reference Dyell 0.4 ul. (10 pmol * L™") 0.8 wl cDNA 2.0 pL dd H,0
6.0 pL 20 pLo 195 °C 305s;(95°C 5s;Tm 30 s)40 7(95°C 105;0.5%C 55)
o 3 3 o

2.1 OnRR9 RNA c¢DNA,
NCBI RR cDNA
PCR OnRR9 337 bp( 1-A) . BLAST RR
RR o
5'RACE  3"RACE 57 RACE
536 bp( 1-B) 525 bp o DNAMAN  BLAST
OnORR9 5 o 3’Full RACE
751 bp( 1-C) OnRR9 3 o DNAMAN SnapGene Viewer2. 2.8 On-
RR9 CDS o OnRR9-A1 OnRR9-S1 cDNA 1 PCR
OnRR9 627 bp( 1-D) .
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bp
536 bp 751 bp
750
500
250
Bl 1 30 2% OnRRY B PCR F=9 4 3% i vk &
M: DL 2000 Marker; A: OnRR9 ;B 57 RACE ; C:37Full RACE ; D: OnRR9

Fig. 1 Electrophoresis of PCR products of OnRR9 gene of Oncidium

627 bp

Note: M: DL 2000 Marker; A: OnRR9 conserved region amplification product; B: 57classical RACE product; C: 3"Full

RACE product; D: OnRR9 fulldength amplification product

2.2 OnRR9 OnRR9 1

2) 5.39 Cogo Higa3 Nog; O35 S¢ 23 395.26 x 10’
/

208(

-0.673

51.11 o OnRR9 99.9%

o ~ N N

17.538 1.271 2.534  2.857, OnRR9 30

0.427 9 0.950 OnRR9

o OnRR9 OnRR9

o
1 ATGGCTGTTGCGACGGAGGCGCAGTTCCATGTTCTTGCAGTAGATGACAGCCTCATTGACAGAAAGCTCATCGAAAGACTCCTCAGAACA
M AV A TEAQFHV L AV DIDS LI DRK LI ERTILTLRT
921 TCGTCGTATCAAGTGACGACTGTGGATTCTGGAAGTAAGGCGCTCGAGTTCTTGGGGATCCGAGAGCATCGGGAGAGGGATTGTTCTGCT
s S YyaqvTTV DS G S K A LETFLG 1 REUHURTERTDTCS A
181 AATTCTTCGCAGCTTGAAAACGAGGTGAATTTGGTTATTACTGACTATTGTATGCCTGAAATGACTGGGTATGATCTGTTGAAGAAGATT
NS S QL ENEV NLYVY I TDYCMUPEMTGY D L L K K I
271 AAGGAATCTTCCGCGTTTAAGGATATTCCAGTTGTAATAATGTCCTCTGAGAACGTGCCTTCCAGGATCAACAGGTGCTTGGAAGAAGGA
K ES S A F K DI PV VI MS S ENVPSRI NIRICILETEG
361 GCTGAAGAATTCCTACTAAAACCAGTAAAACTATCTGATATGAACAAGCTCAGGCCTCATATACTCAAAGGAAAATCTAAAGAGGATCAA
A E E FLLKUPV KL SDMNIKILRZPHIILIKIGIKSKETDQ
451 AAGATAACCAATAATAATAATAGTAATAATGATGATGATGATGATGATGATGTCAGCACGGTAAAGAGTAGCAGCAGAAGCAATAAAAAA
K I' T NN NN SNNUDUIDTUDT DT DT DUDVYVY STV KSS S RSN KK
541 AGAAAAGCTATTGAAGAAGGGCTTTCACCTGAGAGAACAAGGCCCAGATTTTCAGCTAACAGCAGTGATAGCTTAACTGTGTTGTGA

R K A I E E G L $ P ERTWRPRF S A NS S D S LTV L *

2 OnRR9

Fig.2 Nucleotide sequence and deduced amino acid sequence of OnRR9

OnRR9 2 OnRR9 44.71%
B- 32.21% 8.17% 14.9%( 3 -A). 3 ( 3-B)
RR9 1 VraR 21% .
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3 3002 OnRRY FEH I 2 A5 HI A 3 4548 B
A: OnORR9 2 ; Helix: ; Sheet: ; Turn: B ; Coil: ; B: OnORR9 3

Fig.3 Prediction of secondary structure and tertiary structure of Oncidium OnRR9 gene
Note: A: Prediction of secondary structure of OnRR9 gene; Helix: Alpha helix; Sheet: Extended strand; Turn: Beta turn;
Coil: Random coil; B: Prediction of tertiary structure OnRR9 gene

25 50 75 100 125 150 175 200 209
Query seq. ; ;
Superfanilies YesN superfamily
&l 4. 302 OnRR9 SEIR (7 51 45 4 354

Fig.4 Conserved domains of the OnRR9 gene of Oncidium
NnARR9-like R WELRECDOTNPSPP . . SVPSN . HHEM 77
McSignal ‘ ‘ SVSSCFHQEL 78
TcType-a R 3 . . CVSPNNHQE 78
TCARRY { LIE \Li¥aT . . CVSPNNHQEVERSLVE 78
ACORR9 80
DcORR9-like 74
PeORR9-1like 5 73
OnORR9 IMDRAT TEST 1 . T 74
DCARRS ] VLAVCDSIMDRALIERL \ 3 SRe 74
EGORR9 D IS RIRI K TS Y WM T DIESIIS#0 TIe L ODCOTNSPEVS . . . . . . T 74
maORR9-like JLAVCDSUMIDRL IESL. 7] eI IeT RECODISSPSS. . . . . . : 74
Consensus dr lie 11 ss vt v sgskal 1lg
NnARR9-1ike ) LLKK 1 ) EMLKE KLREQ . KLQQ 156
McSignal ‘ KSREQ. CLQS 157
TcType-a ( I ] v FLK TKSKDQHCKQE 158
TCARRY DYCMB \ RCL WLKD 3 TKSKLCQHCKQE 158
ACORR9 y g q 2 KB RGRDQKCOQE 160
DCORR9-1ike : 5 FMLKP ; KSKEDQCRSN 154
PeORR9-like 35 VEIRSIRVINKIIRIZH TTRGKSKE . . . . . . 147
OnORR9 DYCMB } F@LKD KSKEDQKITN 154
DCARRS DYCMB ) : g FLKP KCKEQQGKNN 154
EGORR9 S y FRLK KYKEQH . . Q0 152
maORR9-1ike : KD KLKEQOPSQH 154
Consensus
NnARR9-1ike BRBRIAPRY . . . SGLAVV. . . . 209
McSignal BRYG. . TGLTMV.... 222
TcType-a : Y. ..NGITTVV. .. 213
TCARRY RK PRY. . .NGITTVV. .. 213
ACORR9 ) YSSNSSLTVL. . . . 200
DCORR9-1ike K PRESNNTTNSLTVL. . 200
PeORR9-1ike PRFSNNNPNGLTVL. . 188
OnORRY K] PRFSANSSDSLTVL. . 208
DCARRS d ‘ GFSRKNGNSLTVL. . 208
EQORR9 » . K] PRLTSSLTVL. . .... 193
maORR9-1ike PRFSSSSLALVSYEET 205

Consensus
K5 300 2% OnRRY S5 H ALY F RR 2 23T 7 91 2 5 Hxt
Nn: ; Mc: ; Te: ; Ao: ; De: ; Pe: ; On:  Eg: ; Ma:

Fig.5 Multiple alignment of the amino acid sequence of the OnRR9 of other species
Nn: Nelumbo nucifera; Mc: Macleaya cordata; Tec: Theobroma cacao; Ao: Asparagus officinalis; Dc: Dendrobium catenatum;

Pe: Phalaenopsis equestris; Eg: Elaeis guineensis; Ma: Musa acuminata subsp. malaccensis



398 2018

@® OnRRY
Dendrobium eatenatum [ORRike 3P Q20878065 1)
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£
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i PREECTED Nelumbo nucifera [ARRSike iscform XZ 56 10263354 1)
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7 l
Ton Toeobrema cacao {Type-a response regulater EOYEOEHIS 1}
102 L PREDICTEx Theobroma cacen { ARRS P DOMHZAR1R )

Asparagus officinelis {(ORRE P 0202718973 4

Depgmbiem ostensty (AREE PRUTERST T}

[ ——
52
! A
100 |Arab|d0p5is thaliana (response regulator @ NP 191263.1 )
38 | L Arabidopsis thaliana (ATRR4 OAPD2925.1 )
100 Arabidopsis thaliana (response regulator 3 NP 181663.1 )
@ OnRR9
Arabidopsis thaliana (response regulator 11 NP 176938 1)
Arabidopsis thaliana (response regulator 21 NP 001331229.1)
86 Arabidopsis thaliana (response regulator 12 NP 1800906 )
 —
0.2 B
6 OnRR9
A: OnRR9 RR ; B: OnRR9 ARR

Fig.6  Phylogenetic tree of OnRR9
A: Phylogenetic tree of OnRR9 and the RR proteins of other plant species; B: Phylogenetic tree of the OnRR9 and the Arabi—
dopsis ARR proteins

NCBI OnRR9 YesN/AraC REC  AraC  DNA
OnRR9 CDS  1-~59%bp  ( 4). OnRR9
8 9 11 N
( OnRR9 9 ~138 ) REC cheY —
NCBI  BLAST MEGA6 OnRR9 o
OnRR9 ORRI( Dendrobium catenatum XP 020679065. 1)
ORRI( Elaeis guineensis XP 010931988.1) . ORR9( Musa acuminata XP 009382585. 1)
ORRI( Phalaenopsis equestris XP 020597830.1) ( 6 —A) . RR
6 ARR ( 6-B) OnRR9
ARR3 ARR4 ARR9 o
OnRR9 N RR 66% ~75%
60% ~67% o YesN/AraC RR
RR 0
2.3 OnRR9
8 o, 7 ( Al B. C. D. E.
F. G) RNA cDNA Q-PCR (A )
1 OnRR9 . 7 OnRR9 (E )

(A ) (C ) (G ) .
OnRR9 (E )



4 : OnRR9 399

dbuEF = &
y 4 / 3

L A -~

2.5
i 27

(RO SN
1

A B C D E F G
K7 30022 OnRRY HE A A [F] AL I 1 3K
A: ; B ; C D E F ; G
Fig.7 Expression of the OnRR9 of Oncidium at different flowering stages

A: A floral bud; B: A bursting bud; C: A half-unfolded flower; D: A flower prior to full blossom; E: A full blossom flower;

F: A flower at the initial stage of senescence; G: A flower at the senescence stage
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Cloning and Expression Analysis of OrnRR9 Gene in Oncidium

YAN Bingyu' GONG Xiaoxiao' TAN Yurong' WANG Peng' LI Shuangjiang' PAN Yingwen® LIU Jinping'
(1. Hainan Key Laboratory for Sustainable Utilization of Tropical Bioresources Institute of Tropical Agriculture and Forestry
Hainan University Haikou Hainan 570228 China; 2. Post-Entry Quarantine Station for Tropical Plant
Hainan Entry-Exit Inspection and Quarantine Bureau Haikou Hainan 570311 China)

Abstract: A gene of response regulator OnRR9 gene ( GenBank accession number: MH758789) was cloned
from the petals of Oncidium Gower Ramsey flowers with RACE technology. The OnRR9 gene is 627 bp in length
and encodes a protein of 208 amino acids in size. The secondary structure analysis of the protein showed that On—
RR9 protein is a hydrophilic secreted protein localized in the nucleus. The homologous sequence alignment re—
vealed that the OnRR9 gene belongs to the YesN/AraC family and contains a conserved REC domain in the ami—
no acid sequence which may be involved in the two-component signal transduction pathway. The construction of
the phylogenetic tree demonstrated that the OnRR9 protein is closely related to the type A ARRs in Arabidopsis
thaliana  suggesting that the OnRR9 may be involved in the response of cytokinin signaling. Real-time fluores—
cence quantitative analysis indicated that the OnRR9 gene had the maximum expression in the full blossom flower
but was low expressed before and after full blossom suggesting that this gene might play a role in the iniitation of
petal senescence of Oncidium Gower Ramsey flowers.

Keywords: Oncidium; OnRR9 gene; flower senescence; two-component signal system; gene expression



