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The Expression and Functional Analysis of Expansin Genes During Flower
Opening in Cut Rose
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Abstract: This study first investigated the different-layers of petal expansion using cut rose flowers
(Rosa hybrida), and then cloned and identified three alpha-expansin genes with its characteristic
conserved domains: RAEXPAS5, RhEXPA6 and RhEXPA7. The results showed that outer petals had the faster
expansion during the early flower opening stages, while the expression of the genes were ubiquitous in
most petal layers at 1 - 6 flower stages, in which RAEXPA7 expression was most closely related to petal
expansion. In stage 2 flowers, ethylene obviously suppressed the RhAEXPA7 expression, and showed less
effect on RhEXPAS5 and RhEXPA6. Over-expression of RhAEXPA7 enhanced root hairs density of transgenic
Arabidopsis seedlings under ACC treatment. RAEXPA7 over-expression also decreased ABA sensitivity
and increased NaCl tolerance in seed germination of transgenic lines. Taken together, RAEXPA7 expression
was closely related to petal expansion and involved in ethylene signaling response, and over-expression of

RhEXPA7 resulted in enhanced stress tolerance in transgenic Arabidopsis.
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HZE (Rosa hybrida) HATWCN T8 WAL TEA R SR EIRE M, 7048 28 TP 7 T U2 T
WAL AR (Debener & Linde, 2009). HZEVIEAMEEE, 2% HIUMEAAL . 85 ot 4o
TR HEAE Jinet al., 2006). T L2 ESE MU H =25 E, BB STEIE T I )
R R

MBAEPIAC TS — KGR R . AEAES TP IRT, feilf e s B R4, Br/b
A AT R IR FR oy R RE 1A, H R ZHUE AN I L5 1502 (Martin & Gerate, 1993). )5, fEil
AP F ARG B AR R O S (Maetal., 2008). 7EANFEIM AL 2T G #E v, i FAe
ANFEIX IR 40 e g Ze . 7 EIAE, BT ARSI B0 (Rolland-Lagan et al.,
2003). — MK, FEACSTFICETI (1 ~2 900, HZ=ARME R B4 i LA e 73 240 35 HEHESTT
UG (2 B LG FeleR a4 LAy £ (Ma et al., 2008; Yamada et al., 2009b). il
JHLER) A R AR T4 A 2 A 40 I s ) A8 A R 48 1 2 ) B 44 (Zonia & Munnik, 2007). H
Pk EREOT 22 5 R oA

TkBEEAE N EE BN Z IR T, A FEYD A 200, aTa R a By y Al
8 WK, A M B WKBAMP AN FEY IKREES, Hiod TP K EE A ReIH 7T 322
PRI AN (Cosgrove, 2000). § 5K EEH) 2 S SHEWAN SN K E LR, WFE
K TR EHEARE SR RS AL S8R TS I T2 AT 3 il 3 3% (Cosgrove, 2000;
Lietal, 2003), # 5KFEEHAWMS Y T ARMEMKILEATF WHFATT (Songetal., 2007; Harada et
al., 2011), #42f* (Zenonietal., 2004). JHE7iH (Azeezetal., 2010). EUIEH%] (Ishimaru et al.,
2007) 4.

FIEFR BT R R EAS S T HEAMITIL (Takahashi et al., 2007, 2009) FIFEHENI 7% (Sane
etal.,, 2007) Bk, (HEANFEY KFED S HFLARTF B RBIEAE R . AT IR T
HZEVIEAR o WK KR FE T AR, W HRIA W SRS T AR R 5 A
T TF I 8 RAIE R T fg o BFFTEE AT H =062 L] . 9k = RN D e s 2
ARSI R

QY ViR SRS DARE

1.1 REHR R EA R

REET 2011—2013 FEMAEF EAR MR 2258 . HEEMFN B2 &7 (‘Samantha’) PI{ER AL
HOTT B IX AT A - b . AR = POIE R KD FTES — 8L A KA R - ThR e, 0T
THERH 1 ~ 6 2 (5555 4%, 2005) IR, RIGHE T/KT 2 h WIg[E9eie s . fefe iy il
Brh, 1~6 BALAIEmANZA A 3 ~ 5 A AN E00 e, 56 12 ~ 14 AP EIel, 5 21~23 2
HNZAEIE . & 2R, — 8o HaE W ety [ e Ae B a4l b, AR IREBEI R, O i
MR AR, AEIFEA 30 4y 5 — 8B AR A A RO, H T3 RNA 23k [
Kk

ELIGAN L - LIRS (1-MCP) AbEEH, BX 2 ekl 89 b K 25 em, JF8 3 H &, 4> 5lt6
TEEAT BRI 38, £E 60 L R38BT Hh #3647 10 uL - L 1 S AL B 7 60 L 35 B4 T,
TEK AT 1-MCP TR ACH ., AF 1-MCP IR BELWE 2 uL - L' 7EACFLE R, 4B
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1k CO, IR Z, HIACE 1 mol - L'NaOH 100 mL ¥, HEAE T 23 ~25°C, 3l TAH 0. 1.
6+ 12+ 18 F1 24 h 5 MGEHTE R RGE R, ORAF T - 80 “CIRE AR UKAR 4 H o BRI 10 K ft.
PR IT (Arobidopsis thaliana) J AR SZH FARLE . KWkF# (E. coli) Witk DHSa. RATH
(Agrobacterium tumefaciens) T GV3101 A ASZE HIRAT

1.2 ¥kREFEEMEMNFIISH

MR LI AT I cDNA SO 3 AMYSKRFEE AR By 41 JK618328. JK617882 Al
JK619325, &Il vilEs 4. FEKIH 374148 4 2 3'-RACE (rapid-amplification of cDNA ends) J7
15343 SR AIMER] 5-RACE J7753k4%, 4 KFSAEH] Primer Star fSi{R FLH§ (TaKaRa, Japan)
BeEs oL R Al I ik 2 T-easy (Promege, USAD, 540 AN F 35y o = 1 3G A A )
e ZEJPHILEAE ] DNAMAN 84, R0 G Mo 1 ik 73 Al A ClustX i MEGAS.0.

1.3 #ikFERLEERNRIESH

ANIF]Z G A IRAE i M s 1-MCP AR BRIF) 2 R AESARIE S RNA 373l $2 U , I Powerscript
reverse transcriptase (Clontech) ¥ 5%ili cDNA. EFF RAEXPAS . RhEXPA6 F RhEXPA7 J& R AEAR
SFIXBHRE R G I (R D, HITEE R RT-PCR 708 . 44 94 ‘CHiAENE 5 min; X5 94 CAZ
PE30s, ik 45s, 72 CHEf 30's, 30 MEH: e 72 ‘CREMF 10 min. L6F ] Z=H9Z R IEK] RRUBII
i RT-PCR Wh5. PCR M1 1.2% M B IRBHEEIR AT 43 B35 FH GoldView ™ Ykl Y 4 W ¢ HEAH ,
[ 5} 4417 1] Alpha Ease FC™ 2200 (Alpha Innotech, Version 3.2.1) #PE53 07 . 4NN E) SRR AS 24 4%
3 PR,

F1 YHRREFERREENTY

Table 1 Primers of expansin genes for RT-PCR analysis

i ' B ISR Gkl BRI C

No. Primer Primer sequence Annealing temperature
1 RhEXPAS-F 5-ATGGCTCTTACTTCATGCTTAGC-3' 58

2 RhEXPAS5-R 5'-GACTGCCTGAAAATGTTTGACC-3’

3 RhEXPAG6-F 5-TGGCAGCTTCAGCATTGTCTCT-3' 60

4 RhEXPAG-R 5-TTGACCCCCTTGGTAAGTCTGG-3'

5 RhEXPA7-F 5-ATGGCTTCTTTGGGGATTCTTCT-3’ 58

6 RhEXPA7-R 5-CTTCCTGTGTATGTCTGACCAAATG-3’

7 RhUBII-F 5'-GCTGCTATTCGCCAGAAAGGA-3' 59

8 RhUBII-R 5'-TCAGGACGAGCACTTCCAGATG-3'

1.4 RhEXPAT7 #5585 (L Bl T i & EE KT 1 2 47

¥ RREXPA7 (1) ORF X A0 55 44 cDNA [)iokl B3 38 ok, ARG By T3 T Xba 1
1 BamH 1 WHER 5149 1% RREXPA7 1] ORF X158, PCR =43t Xba 1 1l BamH 1 BV )5 3% N pBIG
AR, AT TR AL BIR AT (Agrobacterium tumefaciens) GV3101 W, {6 vk
BRI ST (Clough, 1998). AR SFRFFRAE LIS 1: 1 IRARRFIE AT AR
723 "C. 16 h/8 h LI A NG TR MERE CE CSE AR AR 22 0 BH AR, 1B HC Fr $ K
RNA, S J5HH RT-PCR A3 205 L KIBR R . 1B FEAK R OE#4 F1 OE#6, Mtk 3] T3
FRAE G R AT I B R R AR 2 3 T o

ACC WbFEH v s R B AR B0 L R IA R R OE#4 I OE#6 MM 1k A MS 5578k |,
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10 d ST 4 204 04 10 pmol - L™ ACC (S B IR E, 7 d Ja AT IR T . Fh 78 & K56
GEPAER . AR, R IAKE R OE#4 Al OE#6 [IFh 73 BIERIZEVR I T 04 0.5 pmol - L' ABA
1125 mmol - L™ NaCl ] MS ¥:555E |, 54 CRBERFE3d G, BUHAE 23 'C. 16 h/8 h Gl 44
FHEEFR 1S d JE SRS ATl R

2 R

2.1 AFRAFRIEPIFEBRBET BT
N T W A ZEAE 2T O R R AN R R A e AR Outlayer
PR, 3E T 1~ 6 RIS —jtgéﬁﬁgf

HZRIN TR A . 250 (B 1D R,

HMEAEMAE 1 ~ 3 0y ik, 1 3 R hik
7] 24.3 cm®, AX 1 GAEMY R T 43 55 2
JEAE AR I IR0, M 3 3] 6 A A
I T4 10%. TEMANELEM 1 ~ 5 0k

[\ N (%)
S G o
T T

TEFE R/ om?
Petal arca
=

w
T

f=1
o b

KEAHEYJE, 5~6 Ky EIPUEFHE A + 1 2 3 4 5

. N S ower opening stages
JERIAJZ 43 5135 5] 22.1 em® il 16.6 cm”. 25 |, LRSI Flower opening stag
HEZECTTET, A2 TR FIN EAE ey 1 ASEARAIENRRRERART ELK
E’%fvﬁ%ﬁ@{ AR fEFFUE R, HAENERR Fig. 1 The changes in petal areas in.different layers during
AR ST e rose flower opening

22 AEYHREEREKREMEERIREMELR

TETT IR (1) H 224645 cDNA 5% (Dai et al.,, 2012) ', KILT 3 AR o WK 5K
FIEHN B, A543 50k TK618328. TK617882 Fll JK619325, ANiRE rh#t— D mife T 3 MNEKK)
4K, 4 k. RhEXPAS. RhEXPAG F1 RREXPA7, H.ITIHU%KE (open reading frame, ORF)
K> I 762756 Fl1 729 bp, 43 5il4atis AT 253,252 Fl 241 AN ILR 0 ZHE . [ DNAMAN
BAP AR P AVEAT ORI,  HZEMIX 3 M sk B A AR ST B, wiAT . R, iR
16 W RIPERR SR 1) o W HA B = I ARBIEE . RhNEXPAS. RhEXPAG fil RhEXPAT bk T A A 1E
N Uity — M) 40 NEIER I 5 IRAE, #EA o WR Y 5K 2 & A PR AS L BUREE 7 3k Glycoside
hydrolase family 45 (GH45) [¥J{# 4Lk A1 Group-2 grass pollen allergens 1 3 ([ 2),

25 1] MEGA 5.0 5 F4:4 7445 RhEXPAS. RhEXPAG6 fil RhEXPA7 LA MU FE 7+ 29 4N o .
BT K FZE ARG (B 3), aTRLEH, HZEM 3 A IKkEH AR TR T o WIEKY
Tk Z B EAMIE—ME4l. RhEXPAS F1 RhEXPAG6 5 AtEXPS [R5 14, 1l RhEXPA7 5 AtEXPS [A]
PR B AR

23 AEYRRERELRAFERBHRIFTIE

HZEAE S TF MM T A 4N B (19 & o S THF9T RREXPAS . RhEXPAG6 K RhEXPA7 3EK 5 6%
TR R R, BRI T AEfe 2 o b, 3 ANMERITE R 2 1~ 6 RAMZ . RN EE T &
ke g5 (B 4) KM, TEHFRZMN 1 HE 6 HTFBEEZE R, X 3 ANERTEAF SR
HRIABEA A o RREXPAS 15 1 ~ 5 b hh 2. 2. WETEET 1 ~ 5 i Ris, Wit
HHEEN 6 PALIR IS I BIHTS: RRAEXPAG 145 A AL h I8 SARN B i, AEAR 28 & A0
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RhEXPA5  .MALTSCIAFTILVCVINLCIRGTYELYEG Y 84
RhEXPAG  MAASAISIACIALIVLENLHEHSTEACYEC Y 84
RhEXPA7  .....MBRSLG.ILLIGEVSVISSUNGYYYR Y 79
VVEXP ..... BTIVG.IFLVGFISMVSSVHECEG. . = N 76
AtEXPAL ..., BAIVIFIFIATLGAMNTSHUNGYZEE F 80
FaEXP  ...MEBRSAZ.FFIVGIIANVISEHEYGEC Y 81
GhEXP  ..... BAEAK .VELLGFIAMVSCVCEYSEL b 78
NtEXP ...MBYFG.ICFVGLIRNVSSVYGYCEE F 79
PcEXP  ...MEBRIBYGECIVGLIEMVSCRHAYCEG Y 82
PpEXP3 ..... BRIRCG.IELVGFIRMVSSVYEYGECG F 79
RhEXPAS L 169
RhEXPAG L 169
RhEXPAT L 156
VVEXP c 161
AEXPAL c 165
FaEXP [8i: 1 166
GhEXP [ 163
NEXP (o4 164
PcEXP [ 167
PpEXP3 c 164
RhEXPAS E E. 253
RhEXPAG b4 an 252
RhEXPA7 ¥ YR 241
VvEXP E IER 246
AtEXPAL E S 248
FaEXP E ER 251
GhEXP E 'ER 248
NtEXP Y I EH 249
PcEXP o ThY ER 252
PpEXP3 E FR 249

B 2 RhEXPA5. RhEXPAG. RhEXPA7 Z[ KIHENER B FFHIFI H AL ¥FHE) expansin B BIFFF EER
VVEXP: 7%, BAC66694; AtEXPAl: flFi7F, XP 002887242; FaEXP: Hi%f, ABA62612; GhEXP: Kift, AAM47002; NtEXP: JH%i,
AAC96080; PcEXP: 14k, AAL40354; PpEXP3: M4, AAR09170. RIZEXIKFKIR o Wik expansin & 4 1 F AR5
Fig. 2 Alignment of the deduced amino acid sequence of RNEXPA5/6/7 with that of expansin proteins from other plants
VVEXP: Grape, BAC66694; AtEXPAI1: Arabidopsis, XP_002887242; FaEXP: Strawberry, ABA62612; GhEXP: Cotton, AAM47002;
NtEXP: Tobacco, AAC96080; PcEXP: Cherry, AAL40354; PpEXP3: Poplar, AAR09170.

Lines indicate the two conserved domains of a-expansin proteins.

At1g69530 AtEXP1
Atl1g26770 AtEXP10
At2g03090 AtEXP15
At3g29030 AtEXPS5
RhEXPA7

At5g56320 AtEXP14
At5g05290 AtEXP2
At2g40610 AtEXPS8
RhEXPAS

RhEXPA6

At5g02260 AtEXP9
At2g37640 AtEXP3
At2g28950 AtEXP6
At2g39700 AtEXP4
At3g55500 AtEXP16

L At1g20190 AtEXP11
At4g01630 AtEXP17
Atlgl2560 AtEXP7
At1g62980 AtEXP18

‘ At3g29365 AtEXP19
At5g39260 AtEXP21
— ‘ At5g39310 AtEXP24

L | At5g39270 AtEXP22
4|:E[ At5939290 AtEXP26
At5g39280 AtEXP23

At5g39300 AtEXP25

At3g03220 AtEXP13
At3g15370 AtEXP12
At4g38210 AtEXP20

0.3 012 0‘. 1 0
4% K Branch length

3 RhEXPAS5/6/7 BB B LT o R KRREZEANELK ST
Fig.3 Phylogenetic comparison of RNEXPA5/6/7 with Arabidopsis a-expansin proteins
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U S T3 RREXPAT {6 FFICHT SR JE e e ) 5 0%, B4 0 1 ~ 3 BRI
HZ 1~ 4 e, TR0 WA b 205 Btk kg5 . Rk, HEN RREXPA7 [R5 548 b
W R Y) k.

ApE  Outer layer )2 Middle layer ME Inner layer

1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6

4 AZF{FEFHIEFFEEIEM RAEXPAS, RhEXPA6 FZTRhEXPA7 & E AIFRE

Fig. 4 Expression of expansin genes in different layers petal during rose flower opening

20 70T RREXPAS . RhEXPAG fl1 RREXPA7 {E LR BEAAF FHIFRIE, 25 RN LIG R 203
YEFHANEIFR] 1-MCP AL BESAT W 5 2038 2 At A6l RREXPAS 1 RREXPA6 WFG5 ; {H & LAk 3
6 h J5 W ANE T RREXPA7 (315, 1-MCP AbHYEFE T RREXPA7 BT (K 5). dubfEm,
RhEXPA7 25 7 ZHGANHITE MY JE 3 FE .

6h 12h 18h 24h 6h 12h 18h 24h

4% Ethylene 1-MCP

B 5 ZWHALE 2 KIEHKIEMH RhEXPAS, RhEXPA6 A7RhEXPA7 EEBIKIA
Fig.5 Expression of RNEXPA5, RhEXPA6, RhEXPAT7 genes in petals of stage 2 roses under the ethylene treatment

2.4 RhEXPA7 IRz UIUBETTRITHRES 17

KT M1 RREXPA7 WIhEE, FIH 35S 41
WS TR RREXPA7 TR kL8R AL T — _
I Fr. H RT-PCR #3901 8 APl I+ FE A WT Vector 1 2 3 4 5 6 71 8

FIVERTB T ONEL RREXPAT TORRACT, S50 0 m
(6> FW, RREXPA7 FER¥E A HER B I+ 3%

BRI RIS . I R bR R 4_

OE#4 1 OE#6 (1] T3 454K, 73 mliig 7 Ixy

ShIR ACC. ABA All NaCl ARHR{FIWINL. JH 10 M6 RhEXPA7 BEETRFNRERRANZLR

pmol - L' ACC &b 10 d (9401, 5 WT FiZk Fig. 6 RhEXPAT7 expression in overexpressing Arabidopsis lines

PXIRELEL, ACC WIS IN T RREXPA7 ekt

DIREHRI AR BB (] 7)o IR RERRR R TPl it B Fh 770 MS 13E R0k E#R 100%
J; £ 0.5 pmol - L' ABA Fll 125 mmol - L™ NaCl &bBE R, Fhrufi & 52 2190, 101 H RREXPA7 %5

TG TR PR B

Overexpressing lines (OE)
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DRUREL PR PR B At W) A e 1 B A AR R AR (K M 1 (1] 8D IR 5 RR W], RREXPA7 2N 2
5 GG SR A IR0 s RREXPA7 5 IRk 358 4001 7t mT LA 0 e 256 PR REL RO T AR R 4 o

BF AR WT FAE Veetor OE#4

MS

10 pmol - L*
ACC

7 ACC #3BTF RhEXPAT @ RiEHIEIFa0RE
75 MS HiFRE LK 10 d (RS RS 20477 10 pmol - L ACC [ HEEFRIR L, A2 7 d JEHIE
Fig. 7 Phenotypes of RNEXPAT7-overexpressing Arabidopsis under ACC treatment
Ten-day-old seedling were transferred to MS medium containing 10 pmol - L ACC for 7 days, then the phenotypes were photographed.

B A0 wr K Vector OFE#4 OE#6

A

4 - N

MS

0.5 umol - L
ABA

125 mmol - L7
NaCl

B 8 RhEXPA7 #ERLEIFFE ABA fl NaCl LB THFHE
Fig. 8 Seed germination of RNEXPA7 overexpressors under ABA and NaCl stresses
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HZE. HATERREAFZIERAY R, 250 258, WEATTRANZTeE b i 245 aT
W& (Wulster et al., 1982). AHFFTH AN H ZRAMZ AL AL 2T BRI SE ik T F 2099 (K
1. ¥ 7K FE I expansin 5 & McQueen-Mason (1992) M B JRA H N PRAI T X 4 & alifb i
() —Fp g BERE Se  e , o] DAS AL I B AR Al i BRI S R . KRR R AR 2 S 5 T
WIAFF AR K EIERE, WK (Rochange et al., 2001). A fH i (Cho & Cosgrove, 2000).
PSR (Brummell et al.,, 1999). #3F = (Cho & Cosgrove, 2000; Sane et al., 2007) FltE4)
Wi WY G E (Maddala & Wu, 1999; Xuetal., 2007; Kwonetal., 2008) %,

HEN A TR B Ik 3R R B RN 2 A 2T ORI eI K & AT T 0F 5T IE (Azeez et
al., 2010; Harada et al., 2011). AWFFTHEE] T 3 M IRFRERAKER, BATHA I o WK
Yk ZE AR TR ML (B 2, B 3). RREXPAS/6/7 FEANRZ F Al #f R 1A, o RREXPAT
Iy %Y (K4, B 5. AZEUIE o BY Ik B R A IEH RREXPAL 3BT LR HTT
TR 4~ 6 KK 1 RREXPA2 WAL TTIBCHFE, FRiA52 |40 (Takahashi et al., 2007; Yamada et
al., 2009a). AHFFTEE WK AIFI expansin 1% 035 H Z=FF B0 RE A ALY Re QI 22 575 IXFf
2854 SN RE AL A4S 2 T 5.

Pk REAERNEEDARPAK KGR EYMHE vy e = s a1y
SR A AT R s T K SR R /N 2 S A K P E i P (Jones & McQueen-Mason, 2004)
AR ACC ALHE R ¥ RREXPA7 R F A B 55 FE A N CIEL 7)o 45 5 M3 — A I RhREXPA7
(Wi, KW RAEXPA7 25T LIGAE SN . RN, RAEXPA7 ¥ AEIAEEYE ABA FI NaCl Ab3
R A AR WAL T (B 8) o IXANEE K, RAEXPA7 13 323540\ g -t m] LB i ik (Al
GER 7 A7 SN K i 1 (TIPS S T e = A R O A AT v V1 R d i R ) S 5 R S PR
Ty T 2 40 A G o 4 R () S e R ek > T BT R I (Jones & McQueen-Mason,
2004, X REEUATEMMAZAE T, ik I8 B9 7K 28 8 1 FE 0] ARG N4 P () 4 Bk, g A S
0N A F A 7 QT A1) S s QK 7 S (11 e N ST = = 5 B PR B d ] G S et R (BRI N
ZE0, AR BT .
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