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QUARRM R SR 5 TREER, B AR R E AL, R0 TER X [ E A0 A )25 5 R0 5 ) 6 E
MEEIRE, AR 271018)

B OE. N\ BFRIER EERE (Malus x domestica Borkh.) W 5ilE T —A> B3 2 &AL (¥4
7: MDP0000199588). JEPKFHIM T &L, %3P G K0 1212 bp ST BEHE, nht 404 N2
B2, RGMUK IR, X— E3 2 FEHM SR I APUB24 RV FIAR ISR, DRI Mo
45 MdPUB24. F|H] PlantCare 4 4147 /A ) 7 ML= AE F TR0 23 8 % 1], MAPUB24 JH 3)) 11741
T SGMERR 6. SRR T 5RO E I o 986 E & PCR 23T & W, MdPUB24 11 ‘5
KR SRR T H RS, HAEM g NG ABAL NaClHYGH BE A BRG] < 5
KWL SR MdPUB24 I35 . MdPUB24 B RIEMN  EMR 395 @i 41 4O S0 £ 35 (1),
FASFANHIAE SR A E N, A KA I A R LW R AR SS, KW MdPUB24 it i . Mk, EANE
ABA WFRSAETR, MdPUB24 i 8 3630 W @ I A iAW I 5 0 TR B, A K 3A ] i i, &)
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Abstract: An E3 ubiquitin ligase gene (Gene ID: MDP0000199588) was cloned from ‘Royal Gala’
apple (Malus x domestica Borkh.) . Sequence analysis showed that the length of MdPUB24 gene was
1212 bp, which encoded 404 amino acids. A phylogenetic tree analysis indicated that our cloned apple E3
ubiquitin ligase exhibited the highest sequence similarity to Arabidopsis AtPUB24, so named MdPUB24.
In silico analysis suggested that the promoter sequence of MdPUB24 contained several typical cis-acting

elements, including abscisic acid-, light-, MeJA- and drought-responsive elements using PlantCare

W BHA: 2017 -09 -22; f&EIH#E: 2017-12-21

HEW R R QARFHAFESTIH (31601728); AL« 948 7 [ BR AL i I H 1 M (2016-X11); 1h 434 FIARF7 520 H (ZR2016CQ13);
INRAM KA IS H (564024); IR FRHE GRS H (24024)

* {514 Author for correspondence (E-mail: fap 296566@163.com; haoyujin@sdau.edu.cn)



Qi Chenhui, Zhao Xianyan, Han Pengliang, Jiang Han, Wang Yongxu, Hu Dagang, Hao Yujin.
Functional identification of salt tolerance and ABA sensitivity of apple U-box E3 ubiquitin ligase MAPUB24.
2256 Acta Horticulturae Sinica, 2017, 44 (12): 2255 - 2264.

Databases. qPCR analysis showed that MdPUB24 widely expressed in different tissues of ‘Royal Gala’
apple, and highly expressed in apple leaves. The expression of MdPUB24 was significantly inhibited by
exogenous ABA and NaCl and low temperature. The growing potential of MdPUB24-expressing apple
calli of ‘Orin’ cultivar and Arabidopsis were much weaker than that of control under salt stress condition,
suggesting that MdPUB24 negatively regulated salt tolerance. In contrast, the growing potential of
MdPUB24-expressing apple calli of ‘Orin’ and Arabidopsis were much stronger than that of control in the
presence of exogenous ABA, suggesting that MdPUB24 was insensitive to exogenous ABA.
Keywords: apple; E3 ubiquitin ligase; MdPUB24; salt stress; abscisic acid stress

R A T RO ARI IR 452, B4k AL 4 5 IL T 52 ¥ (Nakashima etal., 2014). L%
40 P AR 22 28 iy AR I B B R R G IR BB . T2 B RGH R RN, EKKRE
PR ML T A o0, e o 5 W i R s 2 OS2 9/E M (Luetal., 2011; Stegmann
etal., 2012; Duplan & Rivas, 2014). iz %G E1 75 ATP BgAEH SNz 2=, B35
BRIz FZE AW B2, B2 /Eh—ANh aE YRz 2340 B3 A TAE R 2 2 i 2k e b
M, b E3 yus B A iR R, AR T S 2 2 BE# (Yee & Goring, 2009;
Berndsen & Wolberger, 2014).

MR T SR ALK 22 4 O R IS 52 12 e 2 B3 70 i 4 AN T ZL W K % : HECT 35
SERIIE S G . RING 2548 5% . cullin-RING ligases (CRLs) il U-box 4545 %, b U-box &
TEWERE UFD2 1) C S il W — N s BEORSF I G b el AEREA) T U-box (PUBD T 5 Fi AR
PG, eI Re LA AF DR (Azevedo etal., 2001),

EETE T, B3 2 FIEHN PUBL R A= 57 (R0 LYK3 AHEVERT, JF Bt LYK3 S b o i 45
HUR TR IR Gy, AN PUBL 552 4R DMI2 AH HAEH], i vz 3404 I Ao 42 iR B R RE AR By 3L
4 (Vernié et al., 2016). 7ERIRISF, P4 U-Box %! E3 7 %1% #: PUBI2 1 PUBI3 5 ABII

(ABA-INSENSITIVE 1) #HHAEM, JfH PUB12/13 G4 S PE#E M 3] ABIL A %A%, RUIRYIC
S R AT S DL DU T PR aE B H AR RS Pk (Kong et al., 2015). AHELT-LA 47
WK, ERLEF TR B3 72 R PUB20 A PUB17 54 d ACRE276 Theg[RIUs, HEIF Al
YripumitE (Heetal., 2015). th4h, 7Ef%i 9, VpPUB24 5 ICE-CBF/DREBI1 L AFE, Mifi$e m
PrAE (Yaoetal., 2017).

TIEE A A K B E AR IE 2 — (Apse et al., 1999). FEHYHAL I E A0 E A
YT g N R e, oz FRR O p ) . B, AER T R IR IA T A SpRing
REAEFR T & ZE R 2l 0 i ik R b 3ok 2 P (Qi et al., 2016). AtPUBI1S fil AtPUBI19 /24
E3 12 # M ) — KR 5 PUB-ARM, {Eflrg Wk Gt fEd, AtPUBIS il AtPUBI9 7Lk
Jla N HIHIR T A, = PUB-ARM A5, #hWME R R, RIHTZ 2002 R B 1
KHETLF (Bergler & Hoth, 2011) o ABA 7EAE A7) Ma 8l 25 4 19 16 ) 4738 22 OC H B £ £ (Chinnusamy
etal., 2008; Raghavendraetal., 2010) , E3 M CAHAEWI 25 ABA i&42. B, 7Edlm e,
iz 1k SUMO (SUMOylation) E3 iE4:§ S1Z1 iliid BZIP #5%[K 1+ ABIS fififE ABA 55, )
FATT siz] FRALNERAT ABA BEURNE, H0H] 7 M ig R AR FUH R E, KW SUMO 16115 ABA {5
5 (Miura et al., 2009) . AtAIRP2 & RING %! E3 72 ZIE#M, 7EflRSF - 1E RS ABA WM, 4
FhpkR . AALOCH K 5% (Ohetal., 2017) .
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) PUB SR £ LU ARZE DDA (i b, CATHIB R IT, (HAAE R PUB R D BE MR
Wi, LhCREER SEROGA, Gl N IR MdPUB24, RIS & & PCR BN H
FEAFHL R AL ABA SEPHA S FIRIEATOIIE W B e rg T A R i 414, J
PRSI SE 5E7/] 7 SIS S9 = 87 ) IS/ B i 2 AV A E I B P DI o S NS A B i S SO0 S 1

QY Vi SRS DARF

11w

2016 4 5 HIFMEHOL AR A KBTI RBORS - (P, I RZE %) 10 R R R
R AR, 225, At f8 COIFEl)D FIRsE (F8)5 20 &, WARMRLE: 78 0 G RD
H1200 mmol - L™ NaCl, 100 ymol - L' ABA, 4 CAbFEAMEH R SERARET, 4F o,
3. 6+ 124 24 h INIBCRERRZAL BT i IR LR R, A7J8CT - 80 "CURM A& H] .

1.2 MdPUB24 Wi [%

DUERORES RAF, HmZ 5 em, 410 ~ 12 b SRR SE ARG o dlds, kA
RNA plant plus Reagent R7& (KM $2HL RNA, FIT K587 PrimeScript™ RT reagent Kit
with gDNA Eraser (Perfect Real Time, TaKaRa) 3kf% ¢cDNA, A7 -20 C#&H.

AR L 30 SR PRI 21 s e P A R B 41, vtk 514 MdPUB24-F (L3 510D : 5-ATGGATGAT
ATTGAAGTTCCTCAG-3'f1 MdPUB24-R CTi#5[#)) : 5-TCATCTGGGATA CAGAGACATAC-3,
DL SR ARSI cDNA AT PCR 9714 o W& AF: 94 CHUALTE 5 min; 95 “CAE
30s, 56 ‘CiBk 30s, 72 ‘CHEMH 1 min, 35 KAEHh; 72 ‘CLEH 10 min. PCR WM 1.5%Z I Hl
JREHEAT FIVKOT I H 45y, 1823 pMD18-T v B R REAT I .

1.3 MdPUB24 HYEMEEE 2

FIFH MEGAS.0 BAFXHU R 7+ PUB X0 & 1 RTIGI fF 3% 2 PUB 2 FTRE T R G 2 A7 I
%o SER DI RESI TN K | SMART (Chttp: //smart.embl-heidelberg.de/smart/set_mode.cgi? NORMAL =1)
HEAT 0 #MT1: FIH] PlantCARE Chttp: //bioinformatics.psb.ugent.be/webtools/plantcare/html/) X )5 2l

A = AE ] e 3647 43 B A PSORT Fll SoftBerry ProtComp 9.0 Chttp: //linux1.softberry.
com/berry.phtml?group=programs& subgroup=proloc&topic=protcompan) 17 V. 4l g, & {37 T .

14 HEYMREFENERRTEN SHOBREFTAEREHEREEEL
RIE AR IR ST B A (RO R T A R A O AL L et 2 [ Hu 55 (2015) (753

1.5 qRT-PCR

K HISER € 1 RT-PCR 17772, H cDNA BAREI MdPUB24 1535 F 4L 23 (2R IA 7K S Foxt
e pia i N, AR 18S RNA 1E 4555 FFES I, BUE5 |90 5'-ACACGGGGAGGTAGTGAC
AA-3', N5 5-CCTCCAATGGATCCTCGTTA-3'. F] qRT-PCR J5 ik 46 3L I 0 g 140 71
LI MdActin (GenBank accession number CN938024) NS 3E[K . fit QRT-PCR 4347 145 72 115 14
54 B 5'-CCAGCTTCTTAGTTCTTATCCCCT-3', R 5-TGTGATGTTCTTGCTCTGGAATAG-3',
H UltraSYBR Mixture (with ROX) 56 (HEMHAS) AT SN 2200 & PCR 434, 20 uL [V



Qi Chenhui, Zhao Xianyan, Han Pengliang, Jiang Han, Wang Yongxu, Hu Dagang, Hao Yujin.
Functional identification of salt tolerance and ABA sensitivity of apple U-box E3 ubiquitin ligase MAPUB24.
2258 Acta Horticulturae Sinica, 2017, 44 (12): 2255 - 2264.

& A: 2x UltraSYBR Mixture 10.0 uL, E35514%) (10 ymol - L™) 1.0 uL, R 514 (10 umol - L™
1.0 uL, ¢DNA 1.0 pL, ddH,O 7.0 pL. FFEA 3 IR T . 9968 & PCR [N 4cA: 95 CHilds
P 10 min, 95 CAME 155, 56 CiBK 155, 65 CHE 10s, 40 IKFGIR, FIRTEIAE 3 BHEATU
FAE: Ben, SR 27Tk (Livak & Schmittgen, 2001) #E47 58 S 505 7047 -

1.6 NaCl 0 ABA #3123 R A5 AR FUFE 75 A i B AR X A IBE RN E

43 7R 3 MSMS + 50 umol - L™ ABA.MS + 100 umol - L ABA.MS + 150 pmol - L' ABA.
MS + 100 mmol - L™ NaCl 11 MS + 150 mmol - L NaCl &b BEEF A= < F4K 3 B @ 4148 . MdPUB24
o ERIE FHAG 4L (MdPUB24-OE-1. MdPUB24-OE-2 fl MdPUB24-OE-3), ®H 3 XK. 21 d
JG o IR R R, 3 AN AL EERE R, W3 4l Ch 3 ANER), FIPME. FK AR
EL L ZPRYE: (Okawaetal., 1978) il NaCl AbPE 5 @G 4L A k5 1

K SRR TR 20 MS + 50 mg - L Wi 87 R HUPERT R0 5, PCR S 753 BH M S A
Pk, Gk 3 MRS ) T3 ARGk, WP 1, BETRAL T .

LR ST B A R R e BE D RE R R TR AP ) MS 853558 1, 4 d IS4 20 A S MS. MS +
15 umol - L ABA. MS + 20 pmol - L ABA. 100 mmol - L' NaCl Al 150 mmol - L™ NaCl #53#%E I,
JE T 25 COHRMBIFRA T REFE. 7d f5 RN AR, REFh A2 AR A0 e T &) i R0 5 DR 40
R TFIE R AL 30 FRVH ST AL P .

2 HiIR5 0

2.1 MdPUB24 B % BEMRTEMBR S
DL BRI B cDNA YRR,
TR SN 1200 bp A (B D, I Marker
MR ST 1212 bp 58 BETF IR HE,
G 1 404 DR K, 5 EHKWF S

MDP0000199588 () ¥ 51 — %, ¥ L % M ooth
750 bp —

MdPUB24. 1000 bp — —1212bp
HI SMART (http: //smart.embl-heidelberg. 2000 bp —

de/smart/set_mode.cgi?NORMAL=1) 43 # &
FI R ST S5 RO B S A — A UBOX R 45
¥k, FIH PSORT Fil SoftBerry ProtComp 9.0

1 MdPUB24 33X £ KK PCR 31

Iﬁﬁiﬂzéﬂi H@ﬁﬁﬂi{ﬂlﬂ 7)?@114 ’ /ﬁ\:%ﬁ(y\[“ ;&{EE% E@ Fig. 1 Amplification of the full length of
LTt i, AW LRI AR A A 40 R B MdPUB24 gene with PCR
o GRD.

F 1 MdPUB24 BRI MAAEMN TR E
Table 1 Prediction of the sub-cellular localization of MdPUB24 protein

MRz U el e Y REN SPAE FURBEAR AR ol
Nuclear ~ Plasma membrane Cytoplasmic Mitochondrial Endoplasmic reticulum Golgi Chloroplast Vacuolar

0.05 0.23 8.17 0.14 0.15 0 0.78 0.47
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2.2 MdPUB24 B RFHALK ST
M SRRE DR A0 Bd b N 3 PUB24 (DRIP4 5. MDP0000199588) KE[A /341 LA & PUB 5%

AL IR, R 5 T RE T+ 356 R 2 254k 2 (hittp: //www.arabidopsis.org/index.jsp) 1 F % 31 /> AtPUB
FIEHAER T . FIH MEGAS.0 #AFEXHIE I PUB KGR A LR35 PUB & A X IGIHAT R4t
BRI AT . FIRER PUB24 A5 IF T PUB24 SRS RIE (B 20, B IR G4k

MdPUB24.
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Fig. 2 Phylogenetic tree between apple PUB protein MDP0000199588 and Arabidopsis (At) and Malus (MD) PUB family proteins

2.3 MdPUB24 BEhFIRAER T 717

FIH PlantCARE (http: //bioinformatics.psb.ugent.be/webtools/plantcare/html/) %} MdPUB24 |-Ji
1A 805 e AUAT 34T, S5 SRR MdPUB24 JA 3 ¥ A5 2 A PUEAH S B o, 1 i 7%
MW N T ABRE, 15 FAHICH MYB 45547 5 MBS ARV T 75 A 2 701 ARE,
[N, MdPUB24 EJiJE 31 P20 e — L8 AP0 AHOC B ma Sy o, 181 55 SRR R el Y. 76
fF CGTCA-motif 5% (3 2). KEEMPIHRHAS LY FEw NI R, DWW MdPUB24 7 fi¢

L pir VA
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#*2 MdPUB24 LiREFIIRN(ERA T2

Table 2 cis-acting regulatory elements in the upstream regulatory sequences of MdPUB24

[E W Y S Ry ] ik AL £ /bp 2 11A7 K /bp

cis-element name cis-element sequence Function Start site Termination site

ABRE CCGCGTAGGC 5 M e IR W A R (4 48 e -190; -464  -200; -473
cis-acting element involved in the abscisic acid responsiveness

ARE TGGTTT DRI T 5 (K A 42 T - 825 - 831
cis-acting regulatory element essential for the anaerobic induction

Box 4 ATTAAT W R N () £ 5 (¥) DNA B 53 -95; -800;  -101; -806;
Part of a conserved DNA module involved in light responsiveness - 1013 -1019

Box-W1 TTGACC FUHE S TN JCE Fungal elicitor responsive element - 1200 - 1206

CGTCA-motif ~ CGTCA SRR W N T -1284 -1289
cis-acting regulatory element involved in the MeJA-responsiveness

MBS CAACTG TR MYB g0 {7 51 =743 - 746

MYB binding site involved in drought-inducibility

2.4 MdPUB24 BY4HR 3RIE 5 # K X4 3E & 49 B8 B9 i Kz

PN PCR 71K, MdPUB24 {E3- M 25, vy LRGSR EfA RIS, ki
(235 K- fe i (Bl 3) . MAPUB24 193634 % ABAC100 pmol - L™ ABA). 25 HH1( 100 mmol-L‘1 NaCD
FUERIR (4 °C) 5%, 76 ABA. hMAAbFE 3, 6. 12 F1 24 h J5Risw B2 N, (KRG 12 F1
24 h N2 E T FE (K 3).

5.0 ¢ -
_ 1.4 M % H8 Control [ ABA
(o) (o)
5 40 B
o o
# .S # .S
2 30 - @
;’gj 2 3 2
: B Z
'8 20t ' 8
E 2 S
E‘f 10 | i é : % % x
0 L
i3 E i ZiA Sk 0 3 6 12 24
Root Stem Leaf  Flower  Fruit
1.2 - B fHE Control [ NaCl 1.2 + WX Control [J4°C
° °
5 5 10
o o
= .S o8
% & 5
Z 3 * . Z 2 o4
= ol * K]
& & 0.2 * *
0
3 6 12 24 3 12 24
kb¥EFRHE] /h Treatment time kb¥EFRHE] /h Treatment time

B3 MdPUB24 BYHBARX TR ABA, ERFERMHE T HRKKF
Fig.3 [Expression pattern of MdPUB24 gene in different tissues of apple and under ABA, salt stress and low temperature
*P <0.05.

2.5 MdPUB24 32 FRIZERAIGEL AT ABA HH I A=t B it

¥t MdPUB24 Wi & 3RI5 TR SER@HAL, Mo iBilE: (Western Blotting) il
ALK @A 428, WEW MdPUB24 ¥ N 2ih, 3143 3 MEREFY R, L1 (MdPUB24-OE-1).
L2 (MdPUB24-OE-2) #1L3 (MdPUB24-OE-3) (& 4),
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76 MS #3558 b GO, BPAERS @ (WT) B 3 AN I R SERIEEAE A 22 A K (B S).
fHAE, #EMS+50 umol - L' (umol - L") ABA $5775E FACHE 21 d J5, HESENA0 M &R KA L By 4
58, I HAE MS + 100 pmol - L'"ABA. MS + 150 umol - L'ABA 17535 FRILHH R K3 (K 6),
UL B3R IE MdPUB24 W B EAAZ ABA i

OB AR WT B MdPUB24-OE-1

HAEPIAILR 355 HA:MdIPUB24 MdPUB24-OE-2 [l MdPUB24-OE-3

Transgenic line 35S::HA::MdPUB24 o = 08 N

B b B
Wild type L1 L2 L3 i 2 001
2 r
% 204+
HA-MAPUB24 - L

» 0.2 [ §

o NEE e e

X BE 50 100 150

Control ABA/(umol - L)
4 RENEABBN MdPUB24 HEEERAGER 5 HREEKRRE ABA BETEK 21d WBHERE
Fig. 4 Detection of MdPUB24 transgenic apple calli with Fig.5 Fresh weight of 21-day-old overexpression transgenic line
‘Western Blotting assay calluses under ABA stress
* P <0.05.

e & 0 &0 @81
(| o8 & o 8-

\

*J B Control 50 umol - LTABA 100 pmol - L'"ABA 150 pmol - LTABA

6 BFAERERAL (WD, #HEE 3 MERTE ABA BB TEK 21 d B
Fig. 6 Growth status of 21-day-old wild type apple (WT), overexpression transgenic line calluses under ABA stress

76 MS BEFR5E FEPARRLLL R 3 AN R D 40 i 3R i@ A1 2R A ZE AN K, {HUZYE MS + 100
mmol - L' NaCl fll MS + 150 mmol - L™ NaCl ;773 EALFE 21 d J& , S55E 40 i 2 At Ko AR dn B9 2E
Aag (B 7D, WS R TIAER (B8, B ERIA MdPUB24 AR @ 12U $hkhia
FHEHLRE ) -

XJ i Control 100 pmol - L1 NaCl 150 pmol - L1 NaCl

BE7 FHEEFREG (WD ME3REEEERG 3 MRRE NaCl LB THEK 21 d BIRE

Fig. 7 Growth status of 21-day-old wild type apple (WT), overexpression transgenic line calluses under NaCl stress
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09 - HWT EHL1 NL2 M L3 0.10 -
b =
E,:D 0.08 |
L0 = :
I §D T 006 F
= 8 = 004t
g 0.02 |
X B 100 150 b 100 150
Control
Control NaCl/(mmol - 1) ontro NaCl/(mmol - 1)

8 EFERFERAMG (WT) MEREHEERNG 3 MERE NaCI RBTER 21 d MBEEREMA_BEE
Fig. 8 Fresh weight and MDA content of 21-day-old wild type apple (WT), overexpression
transgenic line calluses under NaCl stress
*P<0.05

2.6 HiEFIE MdPUB24 BIEEZF A5 ABA #]

#llF SRR SR A B 1 ¥
S ) N - - % S
FH qRT-PCR J5 A5 M e JE AU B T4 1 @5 ol
UEW] MdPUB24 S p s h i kil (K 9) . § 5l
Wi 7 d R, MS Hi3RdE LB Ze ol
=z
SER AR T K BAAHL, AREKAHZEAKR, e = 5
s &
ABA AbFET , B AR RORI B TR0, R T AR 1 AR o=
Wi, FLBPAERIOHSE, RUIER R IR e m e
I& MdPUB24 A5 ABAIRIAENaCHEFL R, gy qrrpcr #4840 (WD BAARSRREHRR
B A IR RN L L R U R TR AR AR i, H By A A Y Fig.9 Quantitative RT-PCR analysis of MdPUB24 expression in
[ FHREE i D e e wild type (WT) Arabidopsis thaliana and heterogeneous
WK PHELDHLTE, FOMEMRF S
& MdPUB24 AL T XF shrgpett (& 10) o
9 EWr ELl mL2 [ML3 9 r EWT BL1 DL2 ML3
8 r 8 |
5% o £% 6
Ly ST e 25 s
3 T3
2t 2+ x %X
(1) i - (1) I .
Fagiet 15 20 XFHR 100 150
Control ABA/(mmol - L) Control NaCl{tmmol - L)

B10 FEBEREF (WD, IREFEELHEF 3 MERE ABA F1 NaCl BT A K 7 d B9IRK

Fig. 10 Root length of 7-day-old wild type Arabidopsis thaliana, heterogen eous expression lines under ABA and NaCl stresses
* P <0.05.
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R P HEAGH — RICPUAN ARG L], bz R E R R EE IR —, Z#NK
BERE 3 AEENIN, AR K B, 2 K458 B2 FiZ 5% B3, b B3 2 5
PR K% PUB SGAE AR DL AR AP ie b k45 7 OCBEVE T . #an, B 46 PUB1 i # 4R
A AEAMF LA (Vernié etal., 2016); U JFH PUB12/13 fif§#% ABI1 (Kongetal., 2015);
PUBI17 F1 PUB20 IER#EH0W (Heetal.,, 2015); /Khfih StUBCe %W EMARIES (N RHF 5,
2015); #i%4H PUB24 5P (Yao etal., 2017) %5, XU WIAWHEAL PR . HLiHLH S PUB
FIEAREH IR K AR .

FERE AR, ER% T, VpPUB24 1EA At ¥ 7T — AN EZMMAE, A MGk,
5E & PCR 40T W] VpPUB24 3K 38 (Yao et al., 2017), AHFFH LL MAPUB24 WHF5ix 4.,
5ETE PCR 3 HT I MdPUB24 11 4 CARb¥ )5, #3KF N, Win4 MdPUB24 5 VpPUB24 {rH
AR 2 Jolp XL AL 7 T A7 B 5 (R AN T

TERIF I, ABA AR pub9 J5, HRASHHLE T8 A48 Y - AR 2 25 28 40 (Samuel et al.,
2008), {HIZAESER T, MdPUB24 #53EDR @t K iRk 7 ABA AbBR)S, EUAH L T84
R, BERLDN A o R DL M SR A L R T AR K LB AR KR, K] MdPUB24 B3 DX i Mo 4
IR KA ABA $l; /041 MdPUB24 WX AEH TG R MdPUB24 547 [l ¥ 18 i . A
ABRE, RUZALEA ABA [IW RS2 A, HEM AT e A FoAth 4% 5% IR B 32 3 0] 1 2 Sty s )
MdPUB24, Xi&H %5, 940, MdPUB24 ¥:I3LDH fidhi o Seds ik s - A i th, &0
MdPUB24 Sifi# ki . (H)E MdPUB24 B AR IE A MO@ AR W 1 sk H AT A ARG 2 .

MdPUB24 S £h it St ABA (R ANSIUENE, IXFh Ik DR R S S ml ACHT S bk & 441t 7 31
W, BATEERINE.
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