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FEHFRERRARERNATERNRIZE
SR EXN 2,4-D B0 Ky
BRE, R, B OB, b 4, kK

CZRANE R A bl R 5 TR Bt AR B M X iR =, INARR % 271018)

# E. L3 F4FEFH4 [Malus hupehensis (Pamp) Rehd. var. pinyiensis Jiang] 7 WAk, i
I 2,4-D K BEMAL IR, BRI TR GERHIFINSCR D Al 28 1T R T T2k R B R B R fiE . 45 3%
Wi, fE60mg-L"2,4-D AFLEHI 70 d P, B4l AT EAI2 caspase3/7 CEBERLREE) kL e
N, ATP R AMRRE NN S 2 . FERAHIRH TR MhBAG. MhBI-1 5 MhHSP70 7R
Y52 2,4-D S, A 2,4-D AFLHE I IEK:, MhBAG LR 3L KV-5 T B 5 2 7H =, MhBI-1 5
MhHSP70 W56 T 5 T R 7 2,4-D AbBER, WSO A i B8 1 55 AR 2R 06 0 1R AR Al FEE 1 kv T S AR,
MR MhBI-1 5 MhHSP70 23k &) LTI T i R TS KA, R ISR 40 % 2,4-D (RS v 1
FERAR s ARAEHE DR s e i, S KRR BT A 1 DN ik i 1 T v A5 000 Sl v T RO, S B AR BRI
WO A S SR P T

KEIR: FEAES: 2,4-D: KA BB PO gl st

FESHES: S661 XHIRERS: A EHS: 0513-353X (2013) 07-1225-08

Differential Expression of Anti-apoptotic Genes in Extensive and Absorbing
Roots of Malus hupehensis and Their Response to 2,4-D

FAN Shu-lei, YANG Hong-giang', RAN Kun, SHEN Wei, and ZHANG Wei-wei

(College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop
Biology, Tai’an, Shandong 271018, China)

Abstract: The three-year old potted trees of Malus hupehensis (Pamp) Rehd. var. pinyiensis Jiang
were irrigated with water solution of 2,4-D to investigate the characteristics of cell death and the
expression of anti-apoptotic genes of new roots (extensive roots and absorbing roots) . The result showed
that the new roots’ cell death quantity and caspase-like 3/7 activity increased first and then fell in the 70
days after the treatment of 60 mg - L' 2,4-D, however, the ATP content and the root activity changed in the
contrary trend. After the treatment, the expression of anti-apoptotic genes MhHSP70, MhBI-1, MhBAG
were induced and the expression levels of MhBAG first decreased then increased, however MhHSP70 and
MhBI-1 increased first, and then decreased later. At the same time, the change range of cell death quantity

and caspase-like 3/7 activity and the rising range of MhHSP70 and MhBI-1 expression levels in absorbing

W BHA: 2013 - 01 -22; f&EIAME: 2013 -05-06

HEWR: HFXARFEREEIH (31171923); [H K FRER Y 5 S A E TR LI (2008ZX08009-3); it M -2 i & TR 3E
4 H (20123702130001; 20103702110003)
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roots were greater than that in extensive roots in the early stage of the 2,4-D treatment, which showed that
absorbing roots had higher sensitivity to 2,4-D than extensive roots. When at peak value, the expression
levels rising times of anti-apoptotic genes in extensive roots were significantly higher than that in
absorbing roots, which indicated that the extensive roots had stronger anti-apoptotic ability than absorbing
roots.

Key words: Malus hupehensis (Pamp) Rehd. var. pinyiensis Jiang; 2,4-dichlorophenoxyacetic acid;

extensive roots; absorbing roots; anti-apoptotic gene; cell death

2,4-D (2,4 - ZERA LR ST —PhAE B A S s (1) A K S R BR B ), ik B2 I 23 4R A4
K, (EHERRRREE AT (AT %5, 2009, 2011; Pazmifio et al., 2012). fEFERAR it mik
J§ 2,4-D, AMUBEARSEA A 20 R R — e Ui H . CHRIEY, 24-DKEKRT 50mg - L
WA ERE R R AR, 2o ERRT (bR MG, 2007). fRRIET A TS AR 41 f st
T2, A0MRAET R FE A MR JE RN A O T, ZE PR TR — R RSP T AR, B RN YR,
Forp g H L 2 R 542 caspase XA Bel-2 KIEHI &R H (Antoine et al., 2000; Adams, 2003).
caspase s o P AR MR AR E N (cysteinyl aspartate specific proteinase), S5 % 51 43 M1
T2 4R# (initiators) FIEATH (executioners), JH:H' caspase 3 Fll caspase 7 & AT I HATH
EATTRT 53 i 2 A PR AH DGR AR 1, 3 350 M 5 1) R AR 508, S 245 TR 40 % T CAntoine et al., 20005
Boatright & Salvesen, 2003); FHYIWLAFIER caspase 3/7 i, HAHMEAKVATFE— @ 2 b e 4 g
FEFMEIET MR AEFEE (3 25, 2010). Bel-2 K4S BI-1 (bax inhibitor-1) 15 BAG (Bcl-2-
associated athanogene) 5% i1, BI-1 BRI W] LAHIH] Bax KEK P 5 S0 40 AL T (Henke et al.,
2011); BAG Bl Bel-2 45 Ui TN 1, el PMBGE T S Bel-2. HSP70 4% [RAH HLAFE H 1 400 il
NPT (Townsend etal., 2005). HSP70 A#R [ C(heat shock proteins, HSP) FIKH— 1,
AR ARG B R T S . dERP A oS5 K . BT e 745 (Sharma & Masison, 2009).

SRR 0 A GE AR FNRMAR, FE KA AR HE RS, FEdr bh e, OO 3= ZEAT W e T R
15 ~25d 58—k, P Dhfe S AR BRI AN R, 0 A S S AN —FF, 3K R 22 i) a2 SRR
TERE T BB 5 R 1 N SE 25 1 O kst F PR B, 2007, AH AT T e i 22 ) AL A

N==4
HE.

SF- & it 4% [Malus hupehensis (Pamp) Rehd. var. pinyiensis Jiang] &3¢ 5 HIRG A . ARFFEH DL
EFARAAEE, TR 2,4-D BEAR AL 35 S SRAE RSO 40 A8 T S T Tk R e ik, hydk
— IR 2,4-D X3RN [FHT AR AL T ST I R 0 DL A S AR AT WSO o HE 7 S e R AL A A
i o

QY ZE SRS DARE

11 #RCBSEIES

TR0 A L AR AR R 27 el 258 il 0 L R ARV K 2 AR 2 B S = E AT, MR 3 AR AR
EFZSAI . T 2012 4E 5 H 1 HaEBUE Kot . K3 8Umikk il 60 mg - L' 2,4-D /Ky 2 L 8
TTHERRACTE, X R S5 Sk B 3 MRob— 41403, MAbMER 3 k. WEEIEREE, T
MR 0D KAFSE 7. 15, 60 F1 70 d BUFE, 7545 H AR AR ACHR Jo 0 o AH DG H 545 . H DPS 24
P kb3 R G AT 2 7 B E T .
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1.2 AR TENE

PASC I (Evans blue) ¥ 0] 57 ik 52 458 1 40 o RS0 28 1 40 I % je i €, m FH 40 B B ) S
WSk S R I AE T B (Gaff & Okong’O, 1971). ASHIF7T & 4 iU 2E T B BRI L 53 . SR
Steffens Fil Sauter (2005). Jiang 55 (2012) W75, FRHC 0.1 g Hifd, 7= T H 0.25%1 4 3¢ B g
WL 30 min Ji FH 208K PP, T 50%F E2/1%SDS T 50 C F/K# 30 min fif i g kl,
DFHFRIBAE 600 nm T IMROEHE, DL TR AR A i (W R Rl BB T
1.3 ZE caspases3/7 & H A TEHN

S Ma 25 (2007) [J7VEBET, FREUHEEL 0.1 g, 0N 2 mL SR ZE 0 (50 mmol - L™, pH 7.8)

/DA TR KIS, 4 °C, 12 000 x g &0 20 min, 28 )5 4% Caspase-GloTM3/7 Assay (Promega)
TRF G U B 15 52 28 caspases3/7 £ B
1.4 RFAME
KM =R DY E M (TTC) EMEMR RTE )] (root activity, RAD, I DY Z M) it Ji 5% i
(ng-g' -0 FoRHG) GBI 4%, 2002). RA FRE#E = (RAck - RAmin) /RAck, RA [AITFE =

(RA7 ~ RApin) /RApin, HiH1, RAck K 15 d W BEAIAR 295 7, RApi AARGE S B (b 15 d)
B, RA MALEE 70 d BN AR 205 ) o

15 ATPEZ=NE

ATP ¥R 9O FZ—2OC R MY R IGIEN E (E4E%, 1985).
1.6 HEFREMNZE

K H CTAB LS HUFE il i RNA, 4% TaKaRa 17l & PrimeScript RT regent Kit With gDNA Eraser

(TaKaRa Code: DRRO47A) BT %, {FH iCycler iQ5 SEiY € #& PCR 1 #% (Bio-Rad, F[E)

HEAT qPCR Kl o o AR &4 25.0 uL, 545 12.5 uL SYBR Premix Ex Taq(TaKaRa), 50 ~ 100 ng cDNA
B, b RS 1 ul (10 pmol - L. BTN 95°C 30s; 95°C5s, 50 °C 30s, 72°C
155, 40 MEH . B 3 IRES

PR v eSS 1 4 1, DASER 18S rRNA JEFRh N 2.

£ 1 FREFHA/TEE qRT-PCR 31493&it+

Table 1 Primers set for the gPCR amplification of anti-apoptotic genes of Malus hupehensis

FER TR K g Ty SIFs (50-30
Gene name and function No. in GenBank Primer sequence
MhBI-1, bax inhibitor-1 gene KC456613 : 5'-CCGAGAAGAATGAGAAGAAG-3'

F
R: 5-GGCAACACTAGACAATCAC-3'
MhHSP70, heat shock protens 70 gene HQ876864 F: 5-TCTATTGCTTCTGGATGTCA-3'
R: 5-GCTGATTGTCTGAGTAGGT-3'
MhBAG, Bcl-2-associated athanogene gene HQ639935 F: 5-GTTGGTGTGATGCTTCTG-3'
R: 5-CCTGTAGTCTTCGTCTTCA-3'
F: 5-AAACGGCTACCACATCCA-3'
R

: 5'-CACCAGACTTGCCCTCCA-3'

18S rRNA, reference gene

%ﬁﬁ 27AACT Q}i@lﬁ%lﬂ*ﬁﬁ?@ii, ANCT = (CTTarget - CTACﬁn) FeEREA — (CTTarget - CTActin> BHEREA »
CT rarget M1 CTactin 7015 HARSE IR Z L CT {8 (Livak & Schmitten, 2001). 5%+ 0 d It
FEAAE N RAEREA, R 1, R IABAE i 5 2 PR, BISRAGAR R R AR A
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21 2 A4-D ]:J' %ﬁ *E ZH H@% t % E(] %2 l]rn] FTHRZEKAR Control of extensive roots
B 2 4-DAbFREEKAR 2,4-D treated extensive roots

2,4‘D &\I\EE ﬁﬁ)ﬁ ’ H& Ll& *E E,:] éEH E@,%t% :[:/)j m %FHE WA Control of absorbing roots
j(a:ﬁ‘[;/(*a , Biﬁ% 2,4-D &i‘f@ Eﬂ_ [‘ETJ El'(] ﬁ‘[’,/( , I& ? ?,4-DLI‘£§I&LKU‘E 2,4-D treated absorbing roots
ORI R AR (1) 40 JAE T B A 7 ~ 15 d IS 3 £ a
mll, W R /E 2,4-D AbFRRIY (b T8l ¢
B 7 ), WOBCHRAN MIBE T B0 T R T £33, ) ;
FERAR,  WoRIRISCRR 41 xS 2,4-D I BBURE A EE L
FTAEKA (D EI
22 FRAMEIE TR BT 2,4-D LLIBHON ' GG

A3 R R
F—‘Iz Days after treatment
221 24-DAETFHARMERE N T4 B 1 24-DAER T BHFEKIRFRIRMIIE = BTN
ANFFBERRTE P=0.05 KPP EREE, TH.
X Il - =

EEI 2 EIJL‘ » 2,4-D ALI\EEE ’ H&L&TE %ﬁ Fig. 1 Effect of 2,4-D on the cell death quantity of Malus

JL%*E Eg *E%‘: /ﬁjj 5'6_F IS% ’ fL 15d HT@?U%TEE 5\ hupehensis extensive and absorbing roots

EE}I_O ALI\}E 154, u& L&*EE/]*E /% {é jj H: ;E 5& The different letters mean significant difference at P = 0.05 level.
BN BT 51.4%, MEKRN FHET 35.4%. The same below.
70 d B, WO R TG I RITE T 88.6%, HEK
RIEITE T 32.4%. AT, AN TR MITE, BOSOR R FR 05 ) 1A R T IE KA . ek,
W BCRR TR AR 235 iR 28 i TIEKAR
222 24-D X THAR ATP 22 T4k

d 3 a0, W S IE K AR ATP & BAE 2,4-D AEBEALBE IS (AR 10 508 205 1 AR AR5,
7215 d B FEBIBAREE R, JF HWOSR ATP & S ah 4 m T KAl .

YTHEFE KAR Control of extensive roots YTHEFE KAR Control of extensive roots

B 2 4-DAFHFE AR 2,4-D treated extensive roots B 2 4-DAFHFE AR 2,4-D treated extensive roots

m SFHEIR W#R Control of absorbing roots m SFHEIR W#R Control of absorbing roots

O 2,4-DALFRIE W R 2,4-D treated absorbing roots O 2,4-DALFRIE W R 2,4-D treated absorbing roots
s O 100
= 600 bed E :
& o 80
= & 500 E—
= R
@ 5 400 | S E 60r
ST = & M,
E T 300 | = N\
= -~ 40 - \
= A o \
R 200 | pe, \
y \
s 2, 20 + \
= 100 z §

\
0 0 N
7 0 7 15 60 70
JEPE G REL JEPE G REL
Days after treatment Days after treatment

B2 24-D 4hIR3 T B IR FIRBIRAR 2 7E h B0 3 2,4-D 43BN BHFEARIRFIRMIR ATP BRI
Fig. 2 Effect of 2,4-D on root activity of Malus hupehensis Fig. 3 Effect of 2,4-D on ATP content of Malus hupehensis
extensive and absorbing roots extensive and absorbing roots
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75

223 2,4-D % FHARE caspases 3/7 FHER
16

i 4 T ILAE 2,4-D AbBE R, WO
BRI 7 dIEBNEE G N, HBR
a0 M AE TR AR A 2R AL, Ty HLO AR 2R
caspases 3/7 W& ME/K ¥ W v T IE K AR

2.3 FiR®H MhBI-1 3 2,4-D Ab32 &0 [

WO 5 ZE K AR T MhBI-1 [ 2R ik 34 %2
2,4-D i5S, WISCRHAE 7 d IIARIE(E, 2K
RATE 60 d BIARNEEAE, Ui RBR YT 2,4-D
(o) 1. L S AR

Ub4h, 76 MhBI-1 Rk S Ab T 5w i,
TEKAL g G R IG 249.6 4%, WRSCHR o Ju) Ay st
W1 163.9 % (K 5.

2.4  FHRH MhHSP70 3t 2,4-D 38 4N iz

X HRFE AR Control of extensive roots
B 2. 4-DALFRFE AR 2,4-D treated extensive roots
m SfHEMUEHR Control of absorbing roots
O 2,4-DALFEIE W HR 2,4-D treated absorbing roots

10000
8000
6000 r

4000 r

Caspase-like 3/7 activity

2000

ZKcaspase3/7iF M / (RLUs - mg' FW )

0

0 7 15 60 70
ARG R E

Days after treatment

4 2,4-D S3E 3T B IHFHARFARALR
2 caspase 3/7 FE R
Fig. 4 Effect of 2, 4-D on root caspase-like 3/7 activity of
Malus hupehensis extensive and absorbing roots

I 6 7] WL, MhHSP70 ZEWOROAR 5 SE AR A (R 08 3452 2,4-D 5505 S EALRE 7 d I, Wl
& MhHSP70 FRIA S AN 2.5 £, SEKAR A X 1.1 £%; ZEACEE 60 d IF, HAR MhHSP70 ik
IERNEAE, IR MhHSP70 1A S 6 ) 157.8 1%, GEKAHR xR 194.3 1%,

STHRFE AR Control of extensive roots

W 2 4-DALFRFEJCAR 2,4-D treated extensive roots

m SFHEIR W#R Control of absorbing roots

O 2,4-DALFRIE W R 2,4-D treated absorbing roots
900 -
800
700 -
600 -
500
400 -
300 -
200 -
100

0

MhBI-1 Fik&

MHhBI-1 expression intensity

AL JE R

Days after treatment

B 5 24-D4IEMEBHFECRFIBEAR MhBI-1
Eoauy, SR
Fig.5 Effect of 2,4-D on MhBI-1 expression levels of Malus
hupehensis extensive and absorbing roots

2.5 F(tRE MhBAG ¥t 2,4-D AbIE A 5z

STHRFE AR Control of extensive roots
W 2 4-DALFRFEJCAR 2,4-D treated extensive roots
m SFHEIR W#R Control of absorbing roots
O 2,4-DALFRIE W R 2,4-D treated absorbing roots
600

a

500

400

300

200

MRHSP70 %3k 5

MhHSP70 expression intensity

100

0 7 15 60 70
AFREREL

Days after treatment

6 24-D AMIEFT B I KARFBULIR MhHSP70
FikKFHIFM
Fig. 6 Effect of 2,4-D on MhHSP70 expression levels of Malus
hupehensis extensive and absorbing roots

7E 2,4-D AL PRI (7 ~ 15 d), WIS 5 SE K AR H MhBAG 1A 44 ELxf IR, 15 d J5 BTt =
SRR MhBAG KA 5 ILAE 60 d, ZEKAR A HILAE 70 d5 7ERIA SR, IR+ MhBAG
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IR XTI 15.6 £, EKAR T MhBAG ik X 29.1 £ (B 7).

X HRZE KA Control of extensive roots
B 2 4-DAFHFE AR 2,4-D treated extensive roots
500 m X%}EEULUCHE Control of absorbing roots a

& O 2,4-DALFRIE W R 2,4-D treated absorbing roots
8 400
2
i S
¥ 8 300 f
® =
9
= 5 200 |
= V)
RS
X 100 |
=
= o L 4ddd  ddad
0 7 15 60 70
JEPE G REL

Days after treatment

7 2,4-D ST BFHFE KARFIR IR MhBAG RikK TR B IE

Fig. 7 Effect of 2,4-D on MhBAG expression levels of Malus hupehensis extensive and absorbing roots

3 e

IRBR MY ST o2 A%, HiE NAR A RIREE, SRR R AEME R 2 LA st & S50 T AH
KW—RVVERAL . thin, AEKhia. S afmmia ~, WAL & LTF, ATP &EH
R R )BT N, 2K caspase3/7 G HETHR%E (Ma et al., 2007; TR %, 20105 Jiang et al., 2012),
MAE R 2,4-D 3R, RAWKRE T FEARN, XA ST AR RIAE M. &
ARFRR, SR 2 WL 3. W JRAZ Y (Sanchez et al., 2000) FI3E 44 b 2
(Kawai-Yamada et al., 2004; Kim et al., 2009) LR AEY) 5 AEAYWHars, WIEREH BI-1 X
ff)2¢15 [ (Watanabe & Lam, 2006); MhHSP70 &K (Viff 2%, 2012) 7EMME FRIFES RIS LM,
Z PN B A TG R AR e A 3 BAG HIR1E, HRIA BAG LN GE W #2 S biidi v (Townsend et
al., 2003; Doukhanina et al., 2006), BAG FKik[) 541 fRsET-4H>% (Sourisseau et al., 2001).
AR, 7E 60 mg - L' 2,4-D AN AL LR, ~F & FZSHTH T23E ] MhBI-1 5 MhHSP70 7
PR I T 2Rk LIAILS, MhBAG NEAR R0 AL T s i, 15 RE T .

RIS 2,4-D SR R i ia i E, Y 2,4-D AFERFE G ER B MhHSP70. MhBI-1 FlI
MhBAG (135 IR RN MO T AR AL, AT DT T PRI ek vy e L 40 JH 20 vy U SR 1 s G
CEANFET -5 I o S BT NI (Rb3E 15 d J5), BUE TSR I RIE A R E g o, U2
MhBAG HE[H . i T PR iy A A A T80 40 B T2 R 2R, 70 VA b SR 25 B4l L i A T
H, MPUETSER M BRI, AMLBERA A IIET S, I REWE A0 B SR A7 95 1% 55 2> 1 (Townsend
etal., 2003; Doukhanina etal., 2006), [, 2,4-D &BE 15 d JE4NAET- 8 T W, A BT
FEPRIF I 9 ) DTk o

RAMIET S EH IR TR RIS F A ERARKEERS, MRET 5425
PRIFA ), e T BT ) R A7 0] 1 40 M FR) A3 A A JL I /B 28 B [ 743 iy (Doukhanina et al., 2006;
Watanabe & Lam, 2006). Eb% MhHSP70. MhBI-1 Fll MhBAG 3 K] 75 4iE K AR AR SRR Hh 23k 22 531,
A DLAERIR S, e AT IR B T S A B S KRR B o RO, v B e R 40 i L AR
AN SRR BT TRE ), AR BT T RE ) A AT A1 MURIRR R A A, XA S RSO A=
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JARL . AR A OO P AR TE BT FE PR IS (s AR MR B, 2007) AHW) A o
H, WARMIMR 255 )15 ATP &&= LA R 400 FE T B A caspase3/7 yHPES i T2 KAR,, X — 45 B ik
— P IGIE T WSO R RE AR P 5 70 AR BRI L1 220

BARAHTFTH MhHSP70 3R 7 W 70 WO FITGE KAR FR S A R I 215k, (H7E 2,4-D Ab3L R (7
d), WA MhHSP70 I8 S0 s A5 Gt 2.5 %) e s TR (1.1 %), mH,
MhBI-1 F1 MhBAG [ IA /R SRR LU AR AE KR B A L, 3 3R IR B T2 36 PR 2,4-D
(i 3 L SE AR TR RIS, 7F 2,4-D AbEER, WO AN st T 16 B S S AR RS 1 R BE
M PR e T AR, X S BRSO 2,4-D 1R Js W b ZE AR B A%

FR 2235 77 A M A A0 A oo 0 T S e, ATP 2 40 AR = 2R I e i dli Ak . T A9 45
RATAL, AU AR R3E )R ATP &t TR AR, 1 HLAE 2,4-D B R, BAHTAR (I
AR FZEKAR) AR RIE )15 ATP S w0 s S MAERE AL, MR, X — BS54 Mstr =
AR I AR, BEEHAR BTG 1. ATP. AIMIAET i = UG, e 7E— e FE R b AR
RINIET: 5 HHPIRE .

IbAh, 2,4-D SRR HBREAZ —, EAEARIEAR B[R] 20 AR R = A s, A
WEFRMIRZRIG J) . ATP i A0 T AT TS R R S5 7 T — AR SE TaX— pio [,
W ORR b REKAR BE 25 5y 52 5] 2,4-D s, RIETE G KAR %A 52 2 B B m ir, WROfOR B T B 25 H
BUKHEAET o 1T SRR 53 5 BT Ak 22 IRROBOAR RSO AR 2 A5 B o5 ol 2B T T P 1 s
Z—y WLCHR ) SO T AR 2 s M SR R R LA B A AR A KR T . BRI, AR e
MR 2,4-D SRR A FH R AR &, R ETFEAR R UL ROOR A1 42 X slAR
BRGNS WIAE ], B 1k 2,4-D 25 BREERIZE R AE LB 07 M R A .
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