FE 224%, 2017, 44 (4): 613 - 621.
Acta Horticulturae Sinica
doi: 10.16420/j.issn.0513-353x.2016-0532; http: //www. ahs. ac. cn 613

LmM EREMEFHEARSEREREX
HF RiX RIS

AR, mak, B O, PR, FHEH, K¥E, el

G K22 b 2 2% e, bR 071001)

B OE: L AEAERBEAR 9-30 IRM, BT T 4L PN T 4R AR AR AN AR AR AR g U
WHESE LR CGEFREIEN . SRR LEAE PR AR B ] R0, IR R § %
ET R, ERGAHS TN, KREHEFEHAS N TAA. ABA. ZR S5 &M IAA/ABA. TAA/GA;. TAA/ZR
LAY B = TR R, ARRO-1. ARF7 Fll ARFI9 HENR B St B3 TR, EANERKAEIRIN, Sk
AEERIDETRS N TAA B GA; 75 X ARRO-1 2N RE 38 B3 m TR FEANE RN, adiibid
FEFRS Y TAA 55851 TAA/ABA. TAA/GA;. TAA/ZR WL{EY) B TXTE, M1 ZR &8 M ARRO-1 ZENFE

B RS T,
*%iﬁl ﬁk%, ﬁ@éﬁﬁ/l\, 7J<¥JF%, éﬁﬂlﬁﬁ, Ij\]{ﬁ{%,(%, /EIE*E%W
FESES: S66l.1 XHkERRD: A MERS: 0513-353X (2017) 04-0613-09

Effect of Constriction on Content of Endogenous Hormones and
Expression Rooting Related Genes During Shoot Layering of Apple
Dwarfing Rootstock ‘9-3’

YANG Lifen, MENG Hongzhi, MA Hong, SUN Tianhua, LI Zhongyong, ZHANG Xueying* , and
XU Jizhong"
(College of Horticulture, Agricultural University of Hebei, Baoding, Hebei 071001, China)

Abstract: One-year-old apple dwarfing rootstock ‘9-3’ was used as material to study the effect of
constriction on rooting of layering shoots and the content of endogenous hormones and the expression of
rooting related genes during the rooting process. The results showed that the rooting time of shoots treated
with constriction was earlier than that of the control, and the rooting rate reached 90.63%, significantly
higher than that of the control. At callus formation stage, the content of IAA, ABA and ZR, the ratio of
IAA/ABA, TAA/GA; and IAA/ZR in the treated shoots were significantly higher than those of the control.
Meanwhile the expression of ARRO-1, ARF7 and ARF'19 in the treated shoots was also significantly higher
than that of the control. During the adventitious-root-formation stage, the content of IAA and GAj; and the
expression of ARRO-1 in the treated shoots were significantly higher than those of the control. At the

W BHA: 2016 - 10 - 08; #&EI HHR: 2017 - 03 -27

EEWB: ERIUCRI AR R LT 4 H (CARS-28); AT CRMLD FHFFE I8 (201203075-05); ke
AT RIITE (16226312D-7)

* J{E15E#4 Author for correspondence (E-mail: zhangxueying1996@163.com; xjzhxw@]126.com)



Yang Lifen, Meng Hongzhi, Ma Hong, Sun Tianhua, LiZhongyong, Zhang Xueying, Xu Jizhong. Effect of constriction on content of
endogenous hormones and expression rooting related genes during shoot layering of apple dwarfing rootstock ‘9-3” .
614 Acta Horticulturae Sinica, 2017, 44 (4): 613 - 621.

adventitious-root-formation peak stage, the content of IAA and the ratio of ITAA/ABA, TAA/GA; and
IAA/ZR were significantly lower than those of the control, while the content of ZR and the expression of
ARRO-1 were significantly higher than those of the control.

Keywords: apple; dwarf rootstock; horizontal layering; constriction; endogenous hormone; rooting

gene

TBRAL R O BRARSE A P2 R e R #A . H A 45 2 B0 2R 7 ) S B e 2 e R R e
1938 A% 2 ) O B B A AR o BB AR A IR 5 XA ARG RO (IR P Rl . B AR AL AT B R
Wy Gide. SR PR ARSI (8, 2013) , WRSE & H ARG A = rh 32 22
KSR AARREACHT s 1 B S N IR ARG A, R . A IR BRI (F
A, 2015) o BREEE FERBAAI AR R A BB BN EZ . EFE (2012) T LRH
H VIR 22 B0 WK AR AR R A FEAR I, R IR 2% Rk 22 B i b PR AE RUBUR IR U o &
Sanl WA i J AR K2R ) R IS K T, X e TR R AR B A BT, AR R DO g A
BRI 45, 2015) o {HAG RGEN 3 BNl e 4% A2 AR 5 1 S A AL BE 1R BFF A AR T

IS (2013) BFAL T A FF 40 AR AR R T R BER AR Ak, S AR AR Y ) A B R
SR IAA. ABA. ZT Al GA; & M EU(E (IAA/ABA F TAA/ZT) 1754k, i fie sk fdi il 2E
Mo TRGEBAE (1989) BT T BRAHACHE 4 A AR I YRR (484, R IRAEK 3 TAA S R7E @
HPFIMR SFIETE e B v N e, FEARSE AT BTk g, MRSEHG R RS ABA & RN BRI
M8 T P . Butler % (1999, 20000 M ‘Jork 9”7 34y 85 ARRO-1 FEIN, FFRIVAEK FALHE
A 24 ~ 72 h Ji, HRIA L. Smolka 25 (2009) [1 3% Ak A M26 # N\ RNAi-ARRO-1, FH]
RNAi ¥ ARRO-1 UTBR, I M26 485 v 1255 A E R TE ifig ) W& P, KW ARRO-1 54
TEMRMIER . ARF7 1 ARF19 PAANJE RS TR IT ARF FEROY, A B K F I N 5L DR, 3 4 il
FR IR s, R FH 3 R s B AR R A ALK (AR 17 72 ™ B 45438 (Wilmoth et al., 2005; Okushima et al.,
2007) o ASERE R ] AL A BE S BRSBTS s b C AR AR P YR R R AR AR AR OGS
AR AR AL, DU R 9 SRR ARG AR s 4% BB B I S0 R0 B F B2 A H R 4 s

QY ViR SRS DARES

1.1 ##

RIS AEW IR WP BT K E WM KA 1 AR R REA 9-3/ )\ kgifg 5, BT HE
1 m. 2015 4E 3 JJ A, Kalbd St & 300 ~ 4509 MR T e Mt i, 2ERFRRRE A B I L 50 5
RSES ] U Bk 22 K[ 52« BRATEE A 15 em x 120 emo £33 EZHORRK A 15 cm BLERF, 25 1%
BRI, JERE S om LA B, DUGREETRS AR IS N4 R E S, BRIEg KRR 15d, 27 Ak,
BRI BRLE N 30 ~ 40 om. BHRA R KM E LR A M B R E, A 2 d K 1 IR (RN
DU SE ), FRRFFEEWKE A 3 h, {RFF9 AR N 80% ~ 90%.

1.2 iRt
FH R B0 K se AL 4L vk 56 1 RS IR 201, BN RHE LR 7~ 8 NFie. 5 H T4,
ZHEIAE KA 15 em CLER, SEEEAS R A, EREBUHAE ISR 2 ~ 3 em &b, ALK G AR
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JEHB, BRAARBEAELLAL, NI, SN AP ES 4 0k, FEE 8 MHRY. 10 H oAyt L i,
W gesihee, WIS ERZE, SPIREREY SR K.

Ty IE I BERR A A BEAEXT IR, FEAERIG 04 134 25 F1 31 d BENLIEHUR IR &L 4 Ab BE 7 A
BRY, HEE PRV T, BUEBARYIETE 2 ~ 10 cm BROZM0ZER, BUREIFIRAG, AR, 17
T - 80 CUKFE; BAMGEEE S 3 Wk, HIRIIE W IR E & A A ARAR G R R A .

1.3 MED B RMNEFZE
1.3.1  EEFHA ARG LI

TERIERIG 06 7+ 134 194 25, 31 f 41 d AT AEMRBIAMEE, 43 c s 3850 1) A8 4k M @ 4l
ZUHBLE . AR I R AR B A R A AR B
132 AR#ESZNE

PEIRE A NI R (2 55, 2013) , SRAIBGHCSREE BT (2R R AL, 1996) Wl hy|
2R (TAA). BRIEIR (ABA)D. 7R 2 (GA3) AT KZEMT (ZR) &&. FEBRIE M HTRF&
F L AR ME R 22 AR, I 5 A B AR MY R 22 AR 22 5 AR R R S S 0T . AN B 3 K
133 FET# K23 PCR AN AR XL FH LA S

K Fl RNAprep Pure Plant Kit 42 HUE RNA, K558 cDNA, SEI 2¢t € it PCR £l ARRO-1
ARF7. ARF19 1131k, FIH] 7500 Real-time PCR system #4T qRT-PCR, N AL M IEHAR 95 C
APk 10 min; 95 ‘CARPE 15s, 58 CiBk 20s, 72 CIEMI 27 s, 40 MEIR; 4 CEIERN . R
B3 VAT E, BOEEIME, {E EXCEL i, SN M &S 3 K.

PLSER R p-Actin NS, X} ARRO-1. ARF7 Fl ARF19 3T € LT, FEREE RS9
(MK, 2014) HAETAY TR (R BRBEGRATGK (F 1D .

£1 THFEEE PCR EEGIYFT]

Table 1 Primer sequences for the quantification of transcripts by real-time PCR

B ISR JER ID 511751
Gene name Gene ID Primer sequence
Pp-Actin AB638619 Fwd 5-GGATTTGCTGGTGATGATGCT-3'
Rev 5-AGTTGCTCACTATGCCGTGCT-3'
ARRO-1 AJ225045 Fwd 5'-GAACCACATGATCCCACCGGCT-3'
Rev 5-ATCCACTGCCCGCTATCACATCCT-3’
ARF7 MDP0000876321 Fwd 5'-TACCGAAACAGATGAGGTCTATGC-3'
Rev 5-TATGTCTGAATGTCCACGCACTATC-3'
ARF19 MDP0000886637 Fwd 5-TACCGAAACAGATGAGGTCTATGG-3’

Rev  5-TATGTCTGAATGTCCACGCACTATC-3'

2 HiR 5

2.1 EEIEERNT

MEEEE RAELW], LG A BERHORS L IR T WA E AR R X I 10 d 2efh . BRACU R, &
R OB AR B B 2 Bt HAR B, 25 BRI 7 d I, ACBUR i I aeas il A 8
JRAIR; 13 d I B A BUE L A SRR, B AL ROT R, o OB o A2k R )5 19.d
I, P73 AL BB R B A AL LA, i xR A i B U el ik R R S 25 d I, &b
OB ) i LRSS 2, JF ] WAVERR, XHROPTR AT I B8, EamAL; &
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KRG 31d I, AFHRAERREIL 42.9%, 10 RCHAE A TR 0T WA AR o XA s W10 e A Ao Wi ¢
R, ACFLHAE A B AR BEAT MR A A, AT A AL A, Tk BRI AS AR M 38 ke A=
MR LA EEE, K <9-37 RAHMATARKIE BRI 730 3 N B, RIEHAZUERI . A ek
AR E IR R A (k2 .

*2 EEFEERE

Table 2 The rooting tendency of layering shoots

AbE LY /d AER R LG ANERR R A )/d
Treatment Callus formation stage Adventitious-root-formation stage ~ Adventitious-root-formation peak stage
2% Constriction 7~19 20~25 26 ~41
XJ . Control — 25~31 32~41
i “—" RRTEHALTE .
Note: “—” showed none callus formation.

2.2 K3 EEHEERIM

BHAR90d 5, fiARACE AL AEMRTE IR 3 N, RaibEEFTAERR . P ARAR HOR AR
K34 90.63%- 31.45 51 587.2 cm, PR E & TXR, RIHK LA PR T2 R 408 AR,
AN VY

%3 LU FRBAMAERTHEROKME

Table 3 The effect of constriction on rooting of layering shoots of apple dwarfing rootstock

' L RIEPSY AR 2 %0 TR SRR 2 PRI K/ em

b3 HRRE/%

Treatment The amount The amount of The rooting rat The average root number The average root length of
catme of shoots rooted shoots ¢ rooting rate of individual plant individual plant

2844 Constriction 32 29 90.63 a 31.45+448a 587.2+70.7a

X Control 32 18 56.25b 4.65+0.87b 81.8+13.7b

T S TR [OR = kA S, A FRVNG P RERORTE 0.05 KF 2R

Note: The statistical analysis was performed by Duncan’s multiple range test, different lowercase showed significantly different at 0.05 level.

23 REMEZFHEZERNREZREZSERF N

HIE 1, AL, BB, S48 Ab BRI BT RY 25 5 b TAA &5 38 5L g AR (it
B, WA IR R R 25 do BIHROR 13 125 d I, SEAbFEMY TAA S8 B X, 31d i,
YR S T A R LR AR A B T AT B AL U RS E R R AR IR I TAA IR
BRAR T AN AR R AR BRI TAA 1 &,

HE 1, BAlLLAEH, B eI, S8 ab BER IR PHT R 25 5 b ABA 7 3 2 g AR b
P, WEE B R IG 13 F125d. BHARSE 13 d i, AP ABA FEEE S T 25d
i, XTHEM) ABA SR EE S TR 31 d ZEF AR, 1T ILa g BEA R T4 m e 4008 s 4l
ZULHUNIMN ABA i, FARAER A ARG I ABA .

HIE 1, CRTLAEH, AR, S48 A BRI HHTRY 25 B2 b GA & T 2 L BILLE 78 4l
KJG25d, BERTREAAE GA; i W m T AR = H 2 RN R . o] WAL b #4
T AR RS AN R R A 0 1 GAS IR KT, IR 843 4L 2R ORI AN s AR K A2 B T GAG 11 B i
MK

MK 1, DALIAE T, BriAERE, LasabPE ZR &8 —E T e, st Iy 56 T v .
WA G 13d 0, AFEE S TR, 25di, SR EE & TR, 31dn, AR EE ST,
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Fig.1 Changes of IAA, ABA, GA;and ZR content of layering shoots during rooting

HIE 2 rTLAE HY, BT ZERRIYIIA], 224 AR BRI B 22 5 H TAA/ABA . TAA/GA; A TAA/ZR LA
PRI A BRI A S, W0 M BLEE R AR )G 250 13 /013 do EHR)A 13 ditf, &
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Fig.2 Changes of IAA/ABA, TAA/GA; and IAA/ZR ratio of layering shoots during rooting
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GriC P S TR 31 d I, RRS R T AR B T A, SRARAE AR TR I AR Y
OIS S =8 A, 10 FRARAN S MR A A ] =3 LU A

2.4 K4xEFFEERBIEE RN

I 3 ATLLE Y, I AF R AT, S i A 75 % IRUB A 25 5t ARRO-1 AN e i5 B AR AL #4
PP TE R PR, (O AR IR FE AR /N o BBR R, AbERRDG A KA B 8, &
BEARJG 13 125 d I, 85 BEA 5l %IRRT 1.75 450 3.45 %55 31 d &0k, (HEBE BT
TR T W d A A A TR R AR RN AR I R P Y ARRO-1 3k .

LARSCEL G B T ARF19 R ARF7 HIX RIE R 2 FRetadh. BHAS 13 d I, Skbikt
PR TG 25 A0 31 d i, ARPRSXTRZER AR . o] WAL A IAA ATRHE R AR A
MNLTE I ARF19 F1 ARF7 ik
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I8 r 4rRO-1
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5o E
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Fig.3 Changes of ARRO-1, ARF19 and ARF7 genes relative expression levels of layering shoots during rooting

3.1 B EFHEARNES EMEIE

TEMRZ S5 EMRAZEIR T, IR A ER AN BT N . o, AR
BEAERRIE B F 2R (BT RE 55, 2015) o AEASK THHl ST 4 R R, NI TAA
WIah & AR ZR i B ARG, AR EERI YR ZR (2 HER R LB, AR LR YR ZR
AR TARAREAR A, AR A IR ABA A A T4 ML, il ABA X AR FRIFT- 4 A AR 410
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FIER (A 45, 20105 Z=AIF] 25, 2012) o (HIGTLE880) 30 BB R 45 A AR i Jz A= AR AL
(PRI AR AR

AARIG P ASERIBRORG A <9-37 ilhf, THRLHF 7T 48 2 A BE G s 4% B A A2 AR R AR AR sk it v 98
PRSI, KIUEZOHAE AR, TCie R B IE 20 R, BRI IAA &R 5
ILSETH = Ja AR AR a3, Hfs W3S H IRAE AN e R R AR GR350 I A S R A IR A SR G
FRAE ARG B G =08 55, 20135 RIS & 55, 2014) AL, RSP IAA A ERK
AT, JEI TAA FE T, WTRESIRRAERKNAE TAA H K. AW L4 A0 ) K 48R4
ST BIA A IR B AR I TAA S BB m TXHR, BB ARNS 13 ~ 25 d —H4ir
K, BHAIG 25~31d, TAA & ERE R, A& D ETXHR,

QAN ZR FRAEEEAR 25 d WIHEAR, e A i AR s Ty, A e T
W ANTIAA, S FL G R4 AE 1) TAA R ZR 1) P3R4k, 90 R 4 AR SR 2R K
X E AT L A RS AR AR TR, AR PR BB AR BORIAR K I8 5 2 v T R 5 R
WAART o

AR H LG RO B ) R4 TR A A ML ABA SR E m X, Xnlfg i TEL
ZERCR, B AR ABA DI SR P ME, B F ST

4 A PR P ASAE A 412U BUN 2 A AR R AR LA I IR GAS & Tt sl 20, HAEA
SEMR ARG W2 m TR, SRR GA BRI TAERIER, X525 (2013) fEfEfh
REFT4E T I 25 R — 3 (RIS (2012) YRR EE 1) GA; & X 2 A AR A (221, X
& B TR [ 1) 22 S0 S HLA SR PROE 75 1E— D

PRI 5 AR I DG R AN T B i — R R S AR, e 2R BAER, thiRZ
HRAL IR RIEEERTE S R ERME SRS (FEELE 55, 2004) o BEEEE
B FE KO BE S L I O A AR RS . BT AT R, TAA/ABA EOAR 5 AR R 2 IEA S (Uifi
IR 55, 20065 EER 55, 2013) ABFITE KK, Laib BT R S T @A ZUE U TAA/ABA,
TAA/GA; Al TAA/ZR FIEAR, H HASE MR R AR U610 TAA/ABA EUA 00 S8 i T I, T 1 TR e
FR A

32 EFHHEERSEXERERRIENLR

ARRO-1 BN K AR AT A T A SCHE R 22—, 2 — R A 3 Al e 1 AR R e P Rk
FEDN, FLEERIDh e Rk SR A 2t YR AR K FEOKCP AT O, BIVIE Y Y P YRR R s A
K (Butler & Gallagher, 1999, 2000) . Klerk 2% (1995) K HLAEE RAN @RI L 72 7 1) 5
] (24~96h) ARRO-1 IZRik. AW, QA k4 EMRMnE, ARRO-1 3N KL T 2L
T E AR s, fEAER K ERIIE SR G, 5 1AA 558, IAA/ABA A& —
o HILINA, KEALBEHE T AR R ARRO-1 (3RE, IR T H 45 AR .

ARF7 M ARF19 J& THIF I+ ARF FIGR 0L, & A 2 L ma S 5 DA, 18 755 AR ()T B (Wilmoth
et al., 2005; Okushima et al., 2007) o AMFFH I, EH KRG 13 d b, KL 4FRS 1E 2
RALIE AN, ARF7 Fl ARF19 1315 58 0 3 = T R TAA 75 . JAA/ABALTAA/GA; Al TAA/ZR
W1 B E TR, UL FIE 3 T ARF7 1 ARF19 (2%, 1AA & KH 5 ABA. GAs. ZR
P mr, MR AR 7 4h,  FHORE T 4 A BEHAY A AR . P IR 3 s T 5 IR

+
&
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