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FE DR TARH AR W] DL S R Y ) 5 % R PR
PR T R A T B, NERE A AR
i EL N (adventitious rooting related oxygenase, ARRO)
BAEREE RGN B NR R REER, AR
REMEHNBA BB/, Southern blot &/~
GRRNAEMBER R, HEIhfEMERZ RN
I BLZE ARRO R {(UZE /D B0 ) ik £5
TRk, 5SREREAZ BN LRI RBIHE, N
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B e T AR ARRO B/, 37 T AEWE
B2 RIRIR T, ORI 5 A5 ARRO H: R 2y
8, AEUB YA ERT RIS HIKIE .

1 #M#5HE*
L1 5aik

AR M BL (Pyrus betuli folia Bunge. ) h#H &K
P KBRS B B B IR R4t . ARRO-1
FER I 23 Rk 43T R L BLA TS SCHAE B T UK
B (Pyrus ussuriensis) RAM™ , Hoo 4R AR5 572 3
MS+6-BA 1.0 mg « L' +IBA 0.3 mg » L'+
30 g L'EME+7 g« L' B AEMFBRFEFE
K 1/2MS+IBAO.5mge L' HiaFME 30 g« L 3K
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L2.1 #FEZ4A A RNA 2105 cDNA %8 1 K#EME
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47, Nano Drop 2000 # 1tk & 4 3¢ 5% & it (Thermo
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S MBI /A 7] Revert Aid ™ First Strand ¢<DNA
Synthesis Kit f# FIULI F#E4T K NAKFRH 20 pl.
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H A SE R (A]225045. 1) . ¥ 18 (AB218719. 1), B4
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FFL ARRO-1 5" 3 #1 3" 3% 1 72 B R i Roche 5/3
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GT ;3'35 8% : GTGGGATCATGTGGTTCA,
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¥ Lk Xt (http: //blast. nebi. nlm. nih. gov/Blast. cgi);
FF 7 15 52 #E % F§ ORF Finder (http://www. ncbi.
nlm, nih. gov/gorf/gorf. html) ¥F £k & % 43 #r; # B3
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5 (& 1) ,Blastn 7381 & BN 53R ARRO K
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PbARRO-1 HERMAERFIE T 20G-Fe(ID M4
s R GEZE N, A& DIOX-N,20G-Fell-Oxy 2 454
1,47 B )& F DIOX-N, 20G-Fell - Oxy # &K i&.
DIOX-N W Z5 #3861 F 21~110 £ & , 20G-Fell-Oxy
SERIRA T 164~264 i E . ORF finder 23 H7K W,
BELH I BORASHE ORF X 831 bp, 44 9 PPAR-
RO-1,%0#% 276 & EBR, KRG HH 7N AIG,
22T TGAE 2),
2.2 PbARRO B:IR 4at5 8 1 B ERAb 4 5 2

FH Prot Param tool ¥E£E# {4 *%f PPARRO-1 3
PR ) 2R ¥4 O 0 LAk P R 0 A T, k2 R
Cl 349 HZ 143 N363 0413 Slﬁ * 4‘%“&@%&% 4 283 76}?%%
30. 535 9 kD, & F AR EE 278, FIS S H /5 pl K
5. 53,7 AT 3R (KA E R AspH B ER Glw
Bk 36,4 AT BRI &R Arg T &R Lys)
BOh 31, RREERBAD W 4. 08,58 PAARRO %ifi%
HISE AR IE BT R B0 85. 83, BBk My
—0. 261,

Bl 1 PpARRO-1 H3GE #5547
Fig. 1 Analysis of conserved domain of PPARRC-1 gene

98



RF B L 200702):97~102

- EYEAR -

1-125
126—250

2515375

376—500

501—625

626—750

751—-875

876—1000

1001—1050

TCETTGCAACAAATTGATGAGCAATGCT TTTTTATAATGCCAACTTTGTACAAMMAGTTGGCCAACT TTTTTGTACAAMGTTGTCCCCCAAGTTTGATTCTTTCTTTCTGT TAAMMAAAATAAAA

AAATAAAAAAGAGAGATGAAAAAAACACAAACCCACAA T TCAGAAATGGGAGAAGAAGAGGAAGATTGCAGGACAATCCCAACCA T TGATC TGAAAAACT T TCCAGAAGCAGAAGAGTACAGGAA
ORI
|N1KKTQTIINSF\1GFFFEDCRTTPTTDI_KNTPFAEEYRK

GCTGAGGGAAGCATCAGAGACATGGGGATGC T TCAGGCTTGTGAACCACATGATCCCACCGGCTCTGATGTCGGAGA TGAAA TCAGTGGTCAGATCTTTGCTGGACCTGCCCATGGAGA TCAAGA

LREASETWGGCEFRLVNIEMTPPALMSEMNMKSVVYVRSLLDLPMNETLK
AGCAGAACAAGGATGTGATAGCGGGCAGTGGGTACATGGCTCOCAGCAAAGTCAACCCTCTCTACGAAGCTTTGGGGC TC TACGACTTGGGATCGGG TCAGGCTGTTGACAGC T TTTGC TCTCAG

KQNKDVIAGSGYMAPSKVNPLYEALGLYDLGS GQAVDSEFTCSAQ

TTGAATGCTTCTTCCTACCAGAGAGAGGTGATAGAGAAGTATGCTCAAGCAGTGTATGAGCAGATTGTGGATATAGGGCAAMGGT TGGCAMGAGT TTAGGGT TGGCTGATAGTGATTATCTCAA

LNASSYQREV IEKYAQAVY EQITI VDI GQRILAKSL
GGOGTGGOCCTGCCAGTTCAGGATAAACAAG TACAACTTCACTCCTGAATCAG TTGGATCCTCTGG TG TACAA T TACACACAGACTCAGGATTTCTAACCATTCTTCAAGACGATGAAGG TG

G¥pPCQPIFRINKYNPFTPESVGEGSSGVQLILTDSGEPELTI!ILQDDEGYVY
GTGGTTTGGAAGTGATGGACAAMATCCGGTGCCTTTGTAGCCGT TGATCCTTGCCCAGGCACTCTTCTTGT TAATCTAGGGGATGT TGCTAAGGCATGGAGCAATGGGAGGTTGTGCAATGTGANG

GGLEVMDEKSGAFVAVDPCPGTLLVYVNLGDVAKAWSNGRLT CNVK
CATAAAGTACAATGCAAGGAGGCAACAATTCGAATTTCCATCGCTACATTCTTCT TGGGACCGAAGAGAGGCATAGTGAAGC TCGCGGAGT TG TGATTCCGAGCACCTCGACTTTACGTTCCTTT

HXKVQCKEATIRTISIATFFLGPEKRGIVEKLAETL =%

ACTACGAAGATAAGAAAGCTCAAGACTCTCAACAAAACTAACAGCTGTGA

2 PbARRO EEH cDNA FII R EGEHEERFS
Fig. 2 Nucleotide and deduced amino acid sequences of PAPARRO

2.3 PbARRO-1 BN H 41

FIF Lasergene Xf PPARRO-1 F[H #E 7 f) 24 5
FRHEAT T A (B 3) , RV EL I o BBIE B IT7E .
&t To AL i P K R AR B A 4
LR M SR E ATy AR E I, BT
PERRgER) . X Target PL. 1 Server il PbARRO
BRI , R A B R T 5 A FRE ik i i

BR(CTP), £ ki tA H 47 Bk (MTP) #1436 3% 225 5 Bk
(SP), f#FH Signal P 3.0 #ill PbARRO Jy3E 537K
BB, DL A R4 R A RS N BEEEAT R
EFE 18, Sub Loc v1.0 #4757 I 40 fd & far, #E 0
PbARRO % H B Al e & 7 T4 M ik . FI A
SWISS-MODEL %} PbARRO-1 B[4 G177 =4 4%
FTRI , 25 52 L 4.
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“Nn

= Alpha,Regions-Garnier-Robson
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= Turn,Regions-Garnier-Robson
-~ #Turn,Regions-Chou-Fasman

L0 =HwE > »

=2 Coil,Regions-Garnier-Robson

i s Hydrophilicity Plot-Kyte-Doolittle

= Alpha,Amphipathic Regions-Eisenberg
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1w Surface Probability Plot-Emini

B 3 PbARRO-1 EHBR-ZLEWHIT
Fig. 3 Analysis of protein secondary structure of PhbARRO-1
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B 4 SWISSMODEL %l PbARRO-1 A& 3D &4
Fig. 4 The tertiary structure of PbARR(-1 protein was

predicted with SWISS-MODEL

2.4 PbARRO-1 B:DA % i KR b3 41 7 951 &
Hiefb ot

M4 PAARRO-1 F [N 4 i) & FEBR T 51 #1577
VRS 45 R E LR T 5 FISE 2R (Malus domesti-
ca) Fg 6 (Prunus mume) 0] 0] $ (Theobroma cacao) |
5B (Populus trichocarpa ) . $: FF ( Paeonia suf -
fruticosa) ESEE (Solanum tuberosum) L EG 4+ (Ar-
abidopsis thaliana) % FLAT 5w B R IR 1%, LR )T
BIFRWREMEN 59%~92% ., % LAY ARRO 7
FIHEATZ EXF L (K 5) R G HEA (&] 6) , 25 2R
78 PPARRO-1 B[R ARBR T 5 53 R0 R I
B o IR B 9200, HR AL T mIA, [R5 P 4350
73%.70% 1 5 S E RS HEEL R LT,

PSARRO  suuvsvsnsvunonns -HE 58
ScARRO 64
TcARRO 62
PcARRO 61
MJARRO 68
PmARRO 67
AcARRO 66
PbARRO 78
Consensus

PsARRO 137
ScARRO 143
TcARRO 141
PcARRO 140
MdIARRO 148
PmARRO 147
AcARRO 146
PbARRO 158
Consensus

PsARRO 215
ScARRO 222
TcARRO 220
PcARRO 219
MAARRO 227
PmARRO 226
ACARRO 226
PbARRO 237
Consensus

PSARRO 204
SCARRO 301
TcARRO 299
PcARRO 207
MAIARRO 307
PmARRO 306
AcARRO i 305
PLARRO g R T S o wr em e snn cwmA e m s v ey e Ty R e 276
Consensus ngrlosoihreskessirvnintdionkd vensgpelivd ebprlyepiftypedyrklivinthligegesl 1 x

PsARRO  n#sg 298
ScARRO - wen 301
TeARRO  vuen 209
PcARRO v uvs 297
MJARRO .. no 307
PmARRO Su. 307
ACARRO LIE. 308
PbARRO  2wuw 276
Consensus

# :PsARRO. 41 FF (KJ620008) ; StARRO, I £ 2 (XP_ 006365007 1) ; TRARRO. A #] # (XP_007049001. 1) ; PtARRO. & H£ 4% (XP_
002317640. 2) s MdARRO. 35 (CAA12386. 1) ; PmARRO. #§ £ (BAEA8659. 1) ; AttARRO. #IR§ 4+ (NP_172865), T [,

Note: PsARRQ. Paeonia suf fruticosa (KJ620008) ; StARRQ. Solanum tuberosum (XP_006365007. 1) ; TLARRO. Theobroma cacao (XP_
007049001, 1) ; PtARRO. Populus trichocarpa (XP _002317640. 2); MdARRO. Malus domestica (CAA12386.1); PmARRO. Prunus mume
(BAEA8659. 1) ; At-ARRO, Arabidopsis thaliana (NP_172865). The same below.

B 5 PARRO-1 EEESHWEERSHTEY ARRO B[R 1 X
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Fig. 5 Multiple alignments between the deduced amino acid sequence of PBARR(-1 and other plant ARRO
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PtARRO 599
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B 6 #E¥ ARROEEESHMESERFFIN RS KK
Fig. 6 Phylogenetic tree of the deduced amino acid

sequence of plant ARRO
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R GF#EFT PbPARRO-1 F:H M D 884047, A
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A& 7.
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' m
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Relative expression level

= i i
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7 PARRO-1 EEE#TFRAEER.E,
M AREEX RIEE

Fig. 7 Relative expression level of PBARRC-1 gene in

roots,stems, leaves of Pyrus ussuriensis
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Bl 8 PARRO-1 EEEMFREHRWHENMNFES
Fig. 8 Relative expression level of PPARRO-1 in

stem of Pyrus ussuriensis
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Fig. 9 Relative expression level of PBARROC-1 in

leaves of Pyrus ussuriensis
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PR L7 40 B B b, 2 D — P AR i 5 AR 0 XU
ABE, XU S 5 BRI E AL AL SN,
HESH5EMARF WA Y& RN, W H AR A
RPN M= 2E R TR B B LA AR A 13
I TTRE I AR A YA E AR SR T B gz,
ZRIER B Y P 2] — 1 ARRO-1 %
,iZER R ARG, DIOX-N,20G-Fell-Oxy, 53F
SR PR SRR P 5 B R IR 4 R
BERHESER ARRO-1 HFFRL R R KU, 7 T5)
ZEH) EHEMFLASE R PPARRO-1 N AR TIRERY
AR, KA AR ERMTE SR P ARRO-1
FRE FiEZRM M, BUTLER 20 ih 9% & B H7F
A KR BA M TAA i35 T ABA 8,18 2,4-D I
REH & 5 LI 209N & B4 IBA #I NAA % FiF
TR, IAA MR B, B %2R ThREAF FE P
JERF S, I B Y 9 T RE AT BE AR 1 30 S P A
AR B HIE A 56 Y P IR 1 30 AT A Ok
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M ARRO-1 S _FRFR AL T2 LARERM
TR IZE R M 2 PsSARRO-1 #H %
AR, JG #H G 2P EE R B EHET TR,

MY ARRO-1 FEHR B mEMF LI AR B
YA EREEE TR RIEML T BT, iz R
SERL T #BL ARRO-1 3£ B e 1, I X HOAN B AR 3%
SRR RIBEAT T o0, B FEE X
AR R IBA W, HFEA B R R T A H s 4
KYIRIBRS, FFR IR N ZE YR AR Tt
BT BEE T L0

S& 3k
(1] %8 .B%z=. 8%, % A eRarS& ] P EE
T B, 2014,43(5) ; 144-147.
(2] B FIM. Jbaw . P E AL H iRFE 2013
(3] WP, RA4 . ZFERA. AUBIAEAR IR T RN AR5 R
(U, db 2, 2009(8) : 140-143.
(4] BEMIMR, DA, 220057 . 2. K R BLAS A BT 16 S SR Bt
FEI]. W E SR, 2015(3) . 227-227.
(5] % XIEA,FE, % BIAA =R AT %8
R[] dbFEZ:,2011(17) . 54-55.
(6] E4EF, 7k, R, F KFHETR SR EERZNHE
(7. Jb A EE:,2016(4) : 97-101.
(7] FAfear gmA4e, S8, 5 P AR MR HRIEFEAME
(17, b7, 2015(6) :95-98.
[8] T77% ,SVENSSON M. 3535 2AP 20 BLE 1 2540 7 A0 B Al

(10 Pl el o 24 ,1993(1) . 77-81.

[9] B RFHRAREFEBEREFNHILDL JL3: PR R
KEE,2007.

[10] {45, MBOL, KBALL, . T B R4t i AR R W # ST
0. deJr I, 2011(14) :98-101.

[11] SMOLKA A, WELANDER M, OLSSON P,et al. Involvement of
the ARR(>1 ,gene in adventitious root formation in apple[ J], Plant Sci-
ence,2009,177(6) :710-715.

[12] 34245, LR W, % WA @RI AR E PsARRO-1
B e e R FIE AT, MY AR, 2014(8) - 1151-1158.

[13] BUTLER E D,GALLAGHER T F. Characterization of auxin-in-
duced ARRO-1 expression in the primary root of Malus domestica[]].
Journal of Experimental Botany,2000,51(351) :1765-1766.

[14] LI T Y,WANG Y,ZHANG X Z,et al. Isolation and characteriza-
tion of ARRO-1, genes from apple rootstocks in response to auxin
treatment[ ] . Plant Molecular Biology Reporter,2012,30(6) :1408-
1414.

[15] SEDIRA M,BUTLER E,GALLAGHER T,et al. Verification of
auxin-induced gene expression during adventitious rooting in rol B-trans-
formed and untransformed apple Jork[J]. Plant Science, 2005,168(5):
1193-1198.

[16] LIVAK K J,SCHMITTGEN T D. Analysis of relative gene ex-
pression data using real-time quantitative PCR and the 244 method
[J7. Method,2001,25(4) : 402-408.

[17] R#&. HFEAE R AL E PSARRO-1 &5 754
HrDT. XM - TR Al K 5 2010.

[18] KLERK G J D,KEPPEL M,BRUGGE ] T,et al Timing of the
phases in adventitious root formation in apple microcuttings[ J]. Journal
of Experimental Botany,1995,46(289) :965-972.

Cloning and Expression Analysis of Adventitious Rooting Related
Gene PbARRO-1 of Pyrus betuli folia Bunge,

WANG Wencheng,MA Chunhui, WANG Ran,GAQ Yanan,LI Xiaoning, LI Dingli
(College of Horticulture, Qingdao Agricultural University/Qingdao Key Laboratory of Genetic Improment and Breeding in
Horticultural Plants, Qingdao,Shandong 266109)

Abstract: The leaves of Pyrus betulifolia were used as the materials, a novel adventitious rooting related
oxygenase gene (ARRQO gene) was cloned by Homology-based and RACE technology,and then analyzed with
bioinformatics methods and quantitative real - time RT -PCR technology. The study laid a foundation for
adventitious root formation studying. The results showed that the open reading frame of PBPARRO-1 was 831 bp
and encodes 276 amino acids,the molecular weight and isoelectric point of the protein was 30. 535 9 kD and 5. 53
respectively. Amino acid sequence homology analysis showed that the deduced amino acid sequence of PBARRO-1
gene had 92% homologies with Malus domestica and 80% homologies with Prunus mume. Quantitative real-time
RT-PCR analysis indicated that PAARR(O-1 gene expressed in roots,stems, leaves of Pyrus ussuriensis,in leaves
its expression level was higher at early stage and lower in later stage;in stems its expression level increased at
first and then decreased,and reached peak value at 15 days. The conclusion inferred that PBARR(O-1 gene was
closely related to root induction.

Keywords : Pyrus betuli folia ;adventitious rooting; PBARRO-1 ;gene cloning; expression analysis
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