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1 B T REEE SO0 ST 0 L R, MOS0 24 AR AR BUEL RNA, I RACE 5K, 153
OnRRI0 [ (B35 MN337795) . %41 630 bp, 4ifi 209 MR K/MYE AT . & H R R
3BT 2, OnRR10 25 WK A, @ 6 Az . [FR)TH X K& RG34 B, OnRR10 FEFH
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OnRRI10 FEFTESCL 2R F B A R (FERTHD A F i G B Sk ik 2 fe i (s IR A I 324
WP 40 o> 2L R A PRS2 IE M R B, G R [E N 37 6-BA RIS R Rk B Al BT, R R,
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S5 7002 E A, T R e P S0 22 AR B O SE R () 25 A R D) RE, B Se e 2 X
HIEAT BRI T BUHT, 228 B X 300 2% OnRRY R B vl 5 Rk AT i pF ™, ARSLIG 5T T
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A AT R Sk i Jm A AR P e s A v o
1.2 ODZETEEE RNA BUIRELR oDNA BOE R S HESCHik [15] it R ) CTAB-LICL L2 U0 >4 1R
JLRNA, H w=1% iU A B e F Uk R I RNA S84, J- 00l RNA W B . #% B PrimeScript RT reagent
Kit with gDNA Eraser 7 56807 & UL B 155 1 cDNA 55 1 2%k
1.3 OnRR10 EFERFFIIRIY 1 ARYE NCBI B RS MAME 2 | b 22 S 2 BHE Y PR SF P ST
M5 PLAI P2 (3 1), LA AT cDNA 55 1 5545 BN, 971 OnRRI10 FER B IRSFIX . WK R
cDNA, 0.5 uL; 10 x LA Buffer Il (Mg* plus), 5 uL; dNTP Mix (2.5 mmol-L™"), 8 uL; 37547 (10 pmol-L™),
0.5 pL; F#E51% (10 pmol-L™), 0.5 pL; TaKaRa LA Tag (5 pmol-L™), 0.2 uL, MAAF 50 pL. F2 I &4
95 °C, 5 min; (95 °C, 30 s; 49 °C, 30 s; 72 °C, 2 min) 35 MEFF; 72 °C, 10 min; 4 °C, {54% -

Fz1 AZLIWASI

Tab. 1 List of primers used in this study

1Y # % Primer name 5197731 Primer sequence JHi& Usage
Pl 5'-CTTCRGCTCCTTCTTCCAAG-3' PRAEFIXP S
Amplification of
P2 5'-GTGGATGACAGCMTCATTGATMG-3' . .
conservative region
P3 5'-CTGTTGATCCTGGAAGGCAC-3' S RACE
P4 5'-ATCATACCCAGTCATTYCWGGC-3'
P5 5'-TTGACAGATAGCTCATCGAGAGA-3' o
P6 5'-TGGATTCTGGAAGTAAGGCG-3'
Qr 5'-CCAGTGAGCAGAGTGACGAGGACTCGAGCTCAAGC-17T-3' )
, , 5' RACEKEHLE 4
Qo 5'-CCAGTGAGCAGAGTGACG-3 .
5' RACE random primer
Q 5'-GAGGACTCGAGCTCAAGC-3'
OnRR10-A1 5'-GGACTAGTCGAGTTACTGCTTGATAATCGTTG-3' LKA A1
OnRR10-S1 5'-CATGCCATGGCCGTAGCTACGGAGG-3' Full-length amplification
OnRR10-A3 5"ACTCTTCAAACCCTCGCAGA-3' SEHOLTE #PCR
Real-time fluorescence
OnRR10-S3 5'-TCCTTCCAAGTGACTGCAGT-3' o
quantitative PCR
Actin Al 5'-ATCCTCCAATCCAGACACTGT-3' A .
K3l cDNA Testing cDNA
Actin S1 5'-CAGTGGTCGTACAACTGGTAT-3'
Actin A2 5'-GGGCATATCCTTCGTAGATTGT-3' qPCRNZ
Actin S2 5'-AATGTGCCTGCTATGTATGTTGCT-3' Reference gene qPCR

1.4  OnRR10 E[E 5' i FFIHIH 18  ARSFFIEEIT 5 RACE 514 P3, P4, A% P3, P4 LI K RfiHL5
Y Qr, Qo, Qp (F 1)o B2 AEMEA RNA, Jrik[A] 1.2, i 52 RACE J7751 3/15 cDNA 4 1 4%
%, I T E RN, A5 OnRR10 FEH 50 F 51

1.5  OnRR10 £ 3' iFFIEIH 18 #3134 3' RACE 514 P5 F1 P6. 1RBUCL 2B RNA, ik
[@] 1.2, #4E TaKaRa 3'-Full RACE Core set with PrimeScript RTase i 7| & U B - 824, 3515 OnRR10
LA 395751

1.6 OnRR10 BEEEKFHIMIRE 1 3, S Bt 5 Z TR A5 A9 B R R SF X 91 i E 4T PR A5 21 K [F 4
KIPF, T EE PR B0 2K P9S8 6, 20553 316 8519 OnRR10-A1 #1 OnRR10-S1, L)
cDNA 55 1 Z545E AR, #47 PCR S B 2K 791307 . PCR J i #& & : Premix Taq (TaKaRa Taq
version 2.0 plus dye 5 uL, #5497 (10 pmol-L™") 0.25 uL, F #5149 (10 pmol-L™) 0.25 uL, cDNA 0.5 pL,
SARFL10 Lo WA JF: 95 °C, 3 min; 30 NMEFF (94 °C,30s; 57 °C,30's; 72 °C, 30 s); 72 °C, 5 min;
4 °C, 4% PCR =W w=1% B AEE A B BiAGI

1.7 OnRR10O AR BHFRIEMEEZESH  FIJH SnapGene Viewer 2.2.8 P74 FEWR 51 i ; i i
ExPASy R4 % BITEL KA ProtParam tool (https://web.expasy.org/protparam/) XS4 OnRR10 FEH AR


https://web.expasy.org/protparam/
https://web.expasy.org/protparam/
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FEFR 7 5 AT PRAL I 5445 F ProtComp 9.0 (http:/linux 1.softberry.com/) #4725 F1 B9V 20 o v 154 7 1
Il; 32 F NCBI i CD-Search service . EL (https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) & K 17
T A5 R B850 5 AR HE ProtFun 7EZE MR )F (http://www.cbs.dtu.dk/services/ProtFun/) X} 2 /3L [K
AT R A DIRETIN; SR SignalP 4.1 2% (http://www.cbs.dtu.dk/services/SignalP-4.1/output.php) #17& &
TR 17 5 B9 45 5 BRI s AR 4 TMHMM 78 2k 414 (http://www.cbs.dtu.dk/services/TMHMMY/) Fiiiil] OnRR10
HEABIRX B, F]H ProtScale(https://web.expasy.org/protscale/) X 2 JE R A g /K P /2% K Mk e A7 1l s
SOPMA SECONDARY STRUCTURE PREDICTION METHOD X % [ #£ 17 2 R 45 #4 43 #; JHl NCBI 1Y
BLAST #1741 LA, I MEGAG6 H 2 R GEHEALRY
1.8  OnRR10 EEBIFRIESHT AR SO0 == m i I AL TE SRR, B 300 2 BT FE R B 73 i ie s
W1, g O] RO L BT RTINS s A TR 8 B BT 2k 8 d SRAE
AERCIRIE R AP S [R]BHI A9 AE A, 256 T-JC RNA B B304 H, —80 °C ARAF#S s e 150 B0l == -1 43
2] 3R, S e H B OB 16 hed), 2068 OGHE 24 h-d), 22805 OGIR 0 h-d) FALBE, SRAF &
F; L 60 mg L' (1 6-BA WIRALFESC0 2%, 1 h N, BF@ 10 min RAERH .

FE IR 1.2 RO 2 R AL HIAE A A RNA, [ 545 5 cDNA, H Actin A1 1 Actin S1 519K
M cDNA it . ARG INS LN N Actin A2 Tl Actin S2, 3N %55 B PCR WY _E R 5198 OnRRI0-
A3 Fll OnRR10-S3, PCR ¥ 1 )z Wi /& & : TB Green premix Ex Taq II (Tli RNaseH Plus) 10.0 uL, Rox
Reference Dye Il 0.4 pL, b Fii#514 (10 pmol-L™") 4% 0.8 uL, cDNA #i4f 2.0 uL, dd H,O 6.0 uL, SAFL
20 uL., SUWARFE: 95 °C, 30's; (95 °C, 5's; Tm, 30 s) 40 PMEER; (95 °C, 10's; 0.5 °C, 5 s) 2l th 2
XI5 i 3 A TorR ) IR, AN [FIRBR AR T 3 R

2 HRS0

21 XLZOnRRIOEE2KFIINRE BT E R IR RNA 5, 53815 cDNA, LU
cDNA WHAR, FIFRSE X 5 9347 PCR #1475 5] OnRR10 KR 457417, K/N24k 336 bp (&1 1A), it
BLAST HeoXF, ZELE A9 2B ORR FER A B i I R, 1B B i3 8 ORR &

M A M B M C M D
530 bp
336 bp

Bl 1 30022 OnRRIO FERH PCR P44 18 e ik 5]
M: DL 2000 Marker; A: OnRR10 57 X4 HE 7=4); B: 5'4# RACE F=4¥); C: OnRR10-3'-Full RACE 7=¥J; D: OnRRI10 4=
Ky 1=,

Fig. 1 Electrophoresis of PCR products by OnRR10 gene of Oncidium
M: DL 2000 Marker; A: OnRR10 conserved region amplification product; B: 5' classical RACE product; C: OnRR10-3'-Full

RACE product; D: OnRR10 full-length amplification product.

FIFH 3R 15 AR ST X R 41, 23 913% 3 5' RACE Fi1 3' RACE 514, 285 5 58 8150 5 o7, [\l i 520 i
RACE —%¢ W 294 530 bp 14 554k 310 )7, 15 381 K /N k 530 bp 1) %1 (K] 1B). 447 DNAMAN #il
BLAST X, & OnRR10 FEH 56751 . [RIFEHD, [R1UAC 3'-Full RACE 28 2 #8 W 45T, I F 4047, 25As
OnRRI10 K K/INH 758 bp B 355251 (8 10).
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257 DNAMAN [EXF AT SnapGene Viewer2.2.8 43 g 25K CDS X 2K ¥4, 51154 OnRR10-
Al, OnRRI10-S1, Lk cDNA % 1 2555 M b, #E47 PCR 2 i, il FE 45 5 OnRR10 F 4= K )M 630 bp
(I 1D), 545 R —2 .
2.2 LE OnRRIOEFEMEME BN OnRRI0 K — 45 T 557 o 2 5 1) S BL R B0k
209, Z5H 5 K 8.76, 73 T RJE CoooHig53N830318S 13, FHXT 23 TS 23 133.60 x10°, i /K 1 52 —0.40,
FENIZER N RK R 1, ARRE R 8L 52.33, RIAZEAARE

FH ProtComp 9.0 #£47 OnRR10 £ [ () I 21 i 5 457 500 5. 78 OnRR10 2 [ 72 v F 41 i A i HE 5 Ny
99.7%, FHULAEN], OnRR 10 J& 740 A% rh A 452 S il R i e s R 1

iz JH| NCBI ) CD-Search service T..E./#r OnRRI0 R: A %) CDS B4, 45 B BoR, A 1 HLR
YesN {55745 My ek, 1% 1557 45 M9 38434 76 OnRR10 CDS X 4 1~618 bp Z[8] (& 2), HtLHEM, OnRR10 %
K& T YesN Kk,

1 25 50 75 100 125 150 175 200 210
QUETY SCU. o e AT
Superfanilies YesN superfamily 2

B2 30022 OnRRIO FEHI RSP 5G]
Fig. 2 Conserved domains of the OnRR10 gene of Oncidium

F ProtFun 7EZE /T F2) P I OnRR10 4atS 2 W TIRE, I 2 Al A1, SR TIBEM nT RBME =ik 17.538,
K SignalP 4.1 F2 /7 347 ZIE0R 551 1055 BRI, 2558 87K, OnRR10 FEFIFESS 30 {7 & LR 5k I
LA B R R AR BT DI 55 0.427, 55 9 o7 S R ELAT foe s 15 5 RSB 0.950, FHIL T LI Y, %L
G B 1 B 2 WA AR T o AR 4l TMHMMAE 28 84X OnRR10 28 11 33F 47 55 JRE DX B T ), 45 R 3R W

OnRR10 K& 9 % 1Y 25 A 5 454 (] 3), £ b OnRRI0 E H TN
YJa TARES A o A ProtScale X 2 5k 2 Y 5 Tab. 2 Prediction of protein functions of Oncidium OnRR10
IR KA T FI, 25 53R W], OnRR10 H:K % LA WRErE LR
T2 REEAESS 15 B RARAREA & 018 _ Gene Ontology category Prob Odds
1680, 5 149 B KA BRI AT AR AM I -3.08952 11T 0272 1271
SIS RIU R, WA R (. s 00w
A SOPMA SECONDARY STRUCTURE PRE- LERE 0.003 0.107
DICTION METHOD Xf OnRR10 £ F1#E4T 2 K45 apmk 003 039
F 58T G5 SRR W, i A h TG o B 0.079 1.386
44.02%, a—WETE, B FARIEMEE T LR 37.32%., R IR Tl 0.003 0.136
6.22% Fi1 12.44%(# 5). iR 0.010 0.217
JNCBI i BLAST JEHTFILLA, I MEGAG 755~ 0.031 0242
e PR R S A AR (] 6) . 25 R T Transcription regulation (% 5% 4% ) 0.031 0.248
165 Ho A 11 A8 R B4 Ho6 o, OnRR10 575 fi 22 Stress response( i S %) 0.223 2.534
Immune response (5N ) 0.123 1.447

ORRY #H (Dendrobium catenatum, XP 020684569.1)
Koo 22 B 22 ORR10 & H (Phalaenopsis eques-
tris, XP 020594130.1) 554 R il

2.3 30U 0nRR10 EFEFRIE S

231 X2 OnRR10 AR AEXRRRBEGRASA  HERBOCL 2R E T 7 DI GEE AL 2E
H3 B 2EIFRCN C. BT D, BT E, w203 F 52221 G) B, $2BUE RNA, #5442
cDNA #E4T Q-PCR [, LA A I A5 N B0 1, 22 AR A OnRR10 FEPIAHXS Ik EARE . %
SEPTE F s A B i i, 16 D mHRGA R AR (K 7).

Growth factor( A= K K F) 0.040 2.857




292 WO ) R 2020 4E
A SignalP-4.0 prediction (cuk networks) : ERP44_ HUMAN B 12 TMHMM posterior probabilities for WEBSEQUENCE
1.0 C-score ’
S-score 1.0
0.8 —Y-score
2 0.6 208
ISR I = —Transmembrane
A 0.4 /“‘ = 0.6 —— Inside
————— ‘ o 1
02 S 04 —— Outside
o N, 0.2
0 10 20 30 40 50 60 70 50 100 150 200
Position
[ 3 30022 OnRR10 2 AYAFS RFUIN AN 54T St Rt A el Ftinl

A: OnRR10 25 H By {5 5 KT A1
score, SO {E S Ik

JA553 S-score, 4 (.28 K45 A 3 VI S #553 C-score; B: OnRR10 2 FH F4) 24 IR 45 #4370
%M&EéN@ﬁﬁmﬁoﬁé&ﬁ%ﬁEﬂW@%ﬁ%WEI%@%ﬁﬁ%Eﬁ

IIHT o R AR AR O IR (L B, AR B A 2 . LGSO BT YN s A4 C-

T A AR A A

Fig. 3 Prediction and analysis of signal peptides and prediction of transmembrane domains of the OnRR10 protein of Oncidium

Prediction and analysis of signal peptides of the OnRR10 protein. The amino acid positions and the predicted scores are
presented respectively on the horizontal and vertical axes. The red line represents the C-scores of the rough shear sites, the green

line represents the C-scores of the signal peptides, and the blue line represents the C-scores of the binding shear site; B: Prediction

of transmembrane domains of the OnRR10 protein. The amino acid positions and the probabilities are presented respectively on

the horizontal and vertical axes. The red line represents the transmembrane areas, the green line represents the inner membrane

areas, and the blue line represents the outer membrane areas.
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Fig. 5 Prediction of secondary structure of the OnRR 10 protein of Oncidium

Purple represents random coil, blue represents a-helix, green represents f-sheet, and red represents chain extension;
Number denotes the position of the amino acid.

Fig. 4 Prediction of hydrophilicity/hydrophobicity of Oncid-
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46 PREDICTED: Musa acuminata subsp. malaccensis (ORR9-like, XP 009391546.1)
Zostera marina (ARR9, KMZ55932.1)

Dendrobium catenatum (ARR8, PKU76851.1)

PREDICTED: Elaeis guineensis (ORR9, XP 010931988.1)

Asparagus officinalis (ORR9, XP 020275979.1)

PREDICTED:Nelumbo nucifera (ARR9-like isoform X2, XP 010269354.1)

PREDICTED: Fragaria vesca subsp. vesca (ARR8-like, XP 004303597.1)
PREDICTED: Theobroma cacao (ARR9, XP 007028513.2)

Actinidia chinensis var. chinensis (response regulator like, PSS09929.1)

OnRR10
Dendrobium catenatum (ORR9-like isoform X2, XP 020684569.1)

69 Phalaenopsis equestris (ORR10-like, XP 020594130.1)
|
0.05
6 3002 OnRRI10 & H R GEHELR
Fig. 6 Phylogenetic tree of the OnRR 10 protein of Oncidium
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Fig. 7 Expressions of the OnRRI0 gene of Oncidium in  Fjg 8 Changes in expressions of the OnRR10 gene under 6-

different flowering stages BA treatments

A: Bud swelling stage; B: Bud burst stage; C: half opening
stage; D: Early opening stage; E: Fully opening stage; F: The
initial stage of senescence. G: The senescence stage.
T 10~12 h HBIKRIGE, IXETAR R, R RIR 5B ICC, BRI ISR, OnRR10 FENTE 4
MR R AR SRIA B ey, TR H IR BRIk i Bk, U2 A ik i 52 B I, 20 IR R, 16 h J5
OnRR10 FENFER SR 1T, R824 8 h, ZJm, ikt PR 2RO, 55 T H TR ARIA R (5 9).

4.0OnRRI10
g 35F K HH
w3 30F —é\ﬂﬂéj
X g 2.5 ES/
BT 20F
= 2s
<310
& 05
0 8 1012141618202224 2 4 6 8 1012141618202224 2 4 6
i) /h
Time

K9 30024 OnRRIO FERITEAFDEHRAR BT 2k i A2 1k
Fig. 9 Changes in the expressions of the OnRR10 gene under different light treatments
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ARSI i 7E NCBI A #2242 B RR JEH 7 41, HL X3 B 3R A5 O 1 K3k, 33t 391519, HH45 &
RACE i R#45 OnRR10 JEF 751, Blast HoXf /R, OnRR10 25 (-5 M 2= |y fijh 22 25 22 BHAEY) ORR JF]
TRPELE 66%~83% 22 [8], 5 HABYIFP [FEIIEIELE 60%~65% Z 0], [RIN}, & 45 200, iZ 5N 8 T
YesN X%, 5 HABAEY) RR 8 IS5 B0 A g R —200 2, R, sepE I 5L RR 55K, OnRR10 %
ITE A BHIE (TEATI) A1 F O 2 R0 ik i fe sy, RIWHZIE A P REAE SO0 22 AR TF I S A e 22 R R 45
YEH . #E 6-BA ZbFR, OnRRI10 TEFE N 2K LT, FRIA IR BE(E ., i THIRIIT T A 88 0 4y
FTZHUMMHHEGETHFRG, RIRZINEA ML KR 50000, 555K W], 2 H N8 T A A RR 5
R, 1% R BRI AN 22 AR sz, (A S5 E AR RO R . ML TR H IR, 2B 4 0F, OnRR10 FEH 4>
FEHEF Rk S, HEARNLH A R — 29 . e S E R o B = B AR, 41
RERIEZ M2 P, AR R, 2 5UAMES RANENS SRS HEZG 5, Wil
Bt ARR1, ARR6, ARR7, ARR10 fil ARR15 )£ 5 AHK W1 6-BA 5 S felt 122472 [H i,
OnRR10 FEPAR T GBI S Al 03 M 2551 FIR IR AE SO0 2 A 2 A sh h R R REVE . TEJR 220
AT ek X T RE N L g6k

ASLE I RACE HR s FE 3RS OnRR10 3E K 4K 750, % o4 5 2 11 o 119 &2 5 R )7 91 R AR 1
O G SR Sy B, RO AN M A L B . B REIX B . DI RBUEAT TN, JE X% I AN R K B B
6-BA AbBH | SEREAN A R AT RIE T, Rith— IR AT IR IE R DI RET] T 564

S 3R
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Cloning and Expression Analysis of OnRR10 Gene in Oncidium

YAN Bingyu', GONG Xiaoxiao', TAN Yurong', WANG Dan', GAO Xuan', ZHANG Heng',
LI Shuangjiang', WANG Peng', PAN Yingwen®, LIU Jinping'

(1. Hainan Key Laboratory for Sustainable Utilization of Tropical Bioresources/College of Tropical Crops, Hainan University,
Haikou, Hainan 570228, China; 2. Post-Entry Quarantine Station for Tropical Plants, Hainan Entry-Exit
Inspection and Quarantine Bureau, Haikou, Hainan 570311, China)

Abstract: In order to characterize the key genes which control the petal senescence, a gene encoding an
response regulator (RR), OnRR10 gene (GenBank accession number: MN337795), was isolated from the petals
of Oncidium with RACE (rapid amplification of cDNA ends). The gene is 630 bp in length and encodes a
protein of 209 amino acids in size. Protein secondary structure analysis showed that the OnRR10 protein is a
hydrophilic protein and is localized in the nucleus. Homologous sequence alignment and phylogenetic analysis
showed that the OnRR 10 belongs to the YesN family. In Orchidaceae, OnRR10 protein is closely related to the
ORR10 gene of Phalaenopsis equestris. Real-time quantitative analysis showed that the expression level of the
OnRR10 gene was the highest at the bud swelling stage and flower initial senescence stage of Oncidium during
the flower development, and that the expression of the OnRR 10 gene was not regulated by the circadian clock,
but increased rapidly in a short time under the 6-BA (6-Benzylaminopurine) treatment. These results implicated

that the OnRR 10 gene may be involved in the petal senescence through cytokine effect.
Keywords: Oncidium; OnRR10 gene; expression analysis; real-time qPCR
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