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WE: [ 885 ] vk B2 R4 Phoebe bournei A #4F, # 1 5K AT AT R MR AEFTIKS B 5 Bt 03
Ko [ Fk] nmkbshiet b, SRRBRAFRELE . FEETMGT R PibE BE 3N LRI ERES
B, A EMT B R AR SRS B A, #—F R AR L8 (PEG) A~F44kik, *F PEG 4000 R0 %, MAER
TIRE A REACRE 3 NP RATIOE, TR AT R R AR B AR A LA, [ SR ] AR R Td e E MY
ot FRATE AT 0.4 mol- L™ HEEE P 20 min, FAGH4E A H 2 AR (15 mg L' 4458 R-10+10 mg- L' 4F 4 5 B4
RS+10 mg- L' & 478 R-10+4 mg- L' RACH: Y-23+10 mg- L' F4F 4 £8, AR ETRE), TRBLHM3h, 445453
Bt h RAERKS BREZR, LK 7.7<10° g7, BIME N Tk 2%, R AEFKBEN#14K R PEG /%%,
VA2 pngpL™ AR JE 5 5 B b e B EF B AR PT R A AR RS, FARBRIMA R Z 5 8A 50% # PEG 4000 ik 5t & 42 °C
THF 15 min, TR EE B LEE %K F G 094 pAN580-GFP 4= PbTPSa25-GFP 4% 4 A\ 1 4 R A AR P, 4543k &
*61%, #t—Flaigot R AT ML, AT PbTPSa2s Ba 2z Fafe/me., (4] mEx A FHRMGRE
AR B A st R, B R R B By A RGR B R BHATRAL, R EILT BAGCT K RA SRR S B, A
L, i#id PEG F MR A AR B AR S RO NG R AR T, #—FE ST BT A R AR AK R, AR
ANTFR R R B AR R A KRR AR 4. B 6 R 2435
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Establishment of protoplast isolation and transient expression system in
Phoebe bournei leaves

YE Rumei, WANG Changtian, HAN Xiao, ZHANG Junhong, YANG Qi

( College of Forestry and Biotechnology/Zhejiang Key Laboratory of Forest Genetics and Breeding, Zhejiang A&F
University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study aims to establish an efficient and stable technology for the isolation and
transient transformation of mesophyll cell protoplasts from Phoebe bournei, which is a rare species in China.
[Method] The young leaves of P. bournei were used as test materials, and 3 conditions were examined
individually to clarify the effectient isolation conditions for protoplasts from P. bournei: different enzyme
solution combinations, leaf expansion stages and osmotic pressure. Furthermore, the PEG-mediated
transformation method was used to compare the 3 conditions - PEG concentration, plasmid concentration, and
transformation temperature to screen the efficient transient transformation conditions of protoplasts from P.

bournei leaves. [Result] The young leaves of P. bournei were selected at 7 days of leaf development and

Wk H: 2024-10-22; &[0l Hi: 2025-02-20

SETUH - WA AR H R RRHCL I (2021C02070-10); R A SRR IE G BEBITH (32201581)

YEZ IS . i (ORCID: 0009-0001-1738-8983), MEFMA £ BFF LM 5T . E-mail: 1224613017@qq.com, i (5F
fE#& . 3L (ORCID: 0000-0002-7492-9619), #t#2, 1+, MFMABL F A EH K . E-mail
qiyang@zafu.edu.cn


mailto:1224613017@qq.com
mailto:qiyang@zafu.edu.cn
https://www.hyyysci.com
https://doi.org/10.11833/j.issn.2095-0756.20240584
https://doi.org/10.11833/j.issn.2095-0756.20240584
https://doi.org/10.11833/j.issn.2095-0756.20240584

5 42 55 3 MU . R I R ISR TR B R RN A A TR R s 593

immersed in 0.4 mol-L™" mannitol for 20 minutes, followed by treatment with the enzymatic solution from
group 2, which comprised 15 mg* L™ cellulase R-10, 10 mg- L' cellulase RS, 10 mg* L' lyase R-10, 4 mg- L™
pectinase Y-23 and 10 mg-L™' hemicellulase. The enzymatic digestion was conducted for 3 hours at room
temperature under low light conditions to achieve the best effect of protoplast isolation from P. bournei leaves,
yielding 7.7x10° cells-g™' FW with a viability of up to 72%. The transient transformation of protoplasts was
mediated using the PEG method, where in a plasmid concentration of 2 pg+uL™ was combined with freshly
isolated P. bournei leaf protoplasts. An equal volume of a 50% PEG 4000 solution was then added to
this mixture, which was incubated at 42 °C for 15 minutes. Plasmids containing green fluorescent proteins,
specifically pAN580-GFP and PbTPSa25-GFP, were successfully transformed into P. bournei protoplasts,
resulting in a transformation efficiency of 61%. Additionally, confocal microscopy revealed that the PbTPSa25
protein was localized in the cytoplasm. [Conclusion] This study successfully isolated protoplasts from young
leaves of P. bournei by optimizing various conditions, including enzyme formulation and osmotic pressure. and
effectively transferred an exogenous plasmid vector into P. bournei protoplasts using a PEG-mediated method,
thereby establishing a system for the instantaneous transformation of protoplasts. This protocol provides a
robust experimental platform and technological support for in-depth research on gene function and genetic
improvement in P. bournei. [Ch, 6 fig. 2 tab. 35 ref.]
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[ i Phoebe bournei J&: 1%} Lauraceae i J& Phoebe # 2R KIv A, 732504 T H K VT LI Rg L IX [,
A AT SOSENE, SORTERE, RE ISR, BARSNAT I E S ESME, Sy E
i XN AR AR K Fh 2 — Bl BROCT AR 2 e F i AR AR R Oy v
[ 7 e 0 PR ) oy o A BE R ZEL 0 e 2 58 A, XA T SR B R D RE ST B 4 T H B AR, i XU 45D
IR BCAWNG R E A A ), B T MR A0 B IG & A BARIR R IR AT it (B ALY, e i fb
N 11.24%, FIANZARA MRS SRR R, SRS IRAIRTE T POwOX HEHTE MR IR & & i b iy o
FUEEENLE] . LA, I EARRAT I Agrobacterium rhizogenes 45 1 1) B IR AR % FE AR 22t B2 i A
g, S o) g o DR A D) R S UE LA S Al B B R R AL T HOR ST, SR, AR A A A R AR
X, BRI, D0 RMPOE LIRS E B8 55 ), ™ B BT 1 1 A A DR D BE Y DR A S o0 B A dE R

Ji A T A 2 53 25 00 R i b o IS 3 ) AR R AR A L, R S A ) BEAS B, B mE(E
B, BRSBTS g e, S SIS L W) B A Sl ok By AR A
A AR I SRR R R L AL, ST N TR E A . R BT EAE . R DU ST Re it
GRS AE RV Z AR A ) 1Y S A BRI KB R R C 2L, WM Populus * xiaohei™ |
M Camellia sinensis"™ . Z#] Jasminum sambac® KA Citrus grandis"™ %5, JRA FURE BN I R 3L A
DiRet oA 11 TR,

TR E AR R 0 R GA P ) R AT S, B TR R 57 TR I S A A5, R (RS ) A A
IR 3 B AT 3 IS A MER 1 o A9 AR R SE A i gl S Jsbb R, 2 g 3 s R ik, JRRIR S
TR (PEG) ML AL vk, s T A DR BRI SRR A R, it H AR 1104 40 M E 755
BrafAT 79, AT R R Al RE R A [R5 3K . TR 23 B S B4 i A sy 2 DN 7 S5 T 9 B kit

1 MK 57&E

1.1 ##

1.1.1 MM 6~8 FRYMAFE L AL B RIS T B E K EE i vb b, AN TS s B35 40 TR 26 °C/
22 °C (B/K%), eI 16 WK 8 h, JEHRSREE J 100 pmol-m 2+s ™!,

1.12 RS T @O BAME TR AN pANS80-GFP, #i4 35S Jo s F K4k (Ao i H
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(green fluorescent protein, GFP) #ric B [K . ks g k544 = KI5 % 18 Eschericha coli DHS5o. (176 ME b A
YIB AR A BRI D) BRRH . pANS80-PbTPSa25-GFP #/k . &% Wi 3L N 41 1% 11 PhTPSa25 a5, LA
] 1 e cDNA AR v B I 00 36030, 1 FH TR) 905 3 4 500 & (P ot A5 O R A R B 00 A R 2 W)
PbTPSa25 1 [H 5T ki it B 7E pANS80-GFP £ Ak I I 4% A K7 3% 45 18 DHSo B AR o [A] U6 5 20 ¥ % BamHI
(NEB) #EA7HHT],  ERUES 19153900« PbTPSa25F(AGGACCGGTCCCGGGGGATCCATGGCTCTTGTTTC
TGGTTCTG), PbTPSa25R(GCCCTTGCTCACCATGGATCCAATTGGGATAGGATTAACAAGC), pAN580-
PbTPSa25-GFP kit 4lifb /5 DNA itk )E h 2 g+ L', —20 CAR-AE&H.

1.2 FHik

12.1 Bt B RAERKG B AR 1~7 d AR TR A REE, JF R A R R ARy
BSLG o X R JRUA ARA B ) R B AT R R 5L 8 . ORG-S . RIEHTEEAS Populus alba
var. pyramidalis"™® FIZEH U ZEARARE Y R 26 A 3 25 B B Bl B s Ve J32, 03 1 6 PP (3R 1)
QAN I AL B i AR IR e SO R 1 d, ARRFSE IR R 2. 4. 7d RN
PR, R B BT IR AR TR B S . BB k. BRI 7 d iyt R, R TR i
AbFZ A A 20 min, 4390 E AN R HRE H EEBE (0.3, 0.4, 0.5, 0.6 mol-L™"), 7 B 0B B %,
i E UG A R IR 3 h, SEATIRASCEE . 5 BRI G Ab S0 X R i H 8 B R A AR R ok, &
RN, R J5AG W C LA 2R 0 S A E— 2D B 27 A 2 . 2 R A 4 ARG A
(F#2), AR 74 R, RAEE AR R B G (8 2) AR08 BEA A T B A 22 b
[0.3~0.6 mol- L' H&&ME . 20 mmol-L™' KCI. 20 mmol-L ™' 2-M ik Z i ( MES, pH 5.7)], 55 °C /KA 10
min, A HZEZFHEGHEMA 10 mmol- L™ CaCl, FF 43 80Ch 0.1% B4 1L 7% F & F (bovine serum albumin,
BSA). 7EFTI S E6 23 B % H 58 B TR B E] (0. 20 1 40 min) FIEFA#IT ] (3. 4 F1 5 h) 5ok 4 Ab
i, 0.5 g A R VIR SR /N T 1 mm B94122, 7E 0.4 mol- L' H #E WLV W Hh PR S T WiAb B 20 min,
SR % 10 mL BEE T, 60 r-min' $RIR, 25 °C #OGEEH 3 h,

x1 EBRERELL *k2 HEHRERELLL
Table 1 Enzyme concentrations Table 2 New enzyme concentrations
ik BE/(mg- L) R B (mee 1!
M — *Q#;% o - B bt /(mg- L)
AR PTRRL RRY-23 g RN SFAENE BTN SURNG BT MR
A 15 4 4 R-10 RS R-10 Y23 ZEi # #
B 15 4 6 1 15 10 10 4 0 0 0
C 20 4 4
2 15 10 10 4 10 0 0
D 20 4 6
E 25 4 4 3 15 10 10 4 0 5 0
F 25 4 6 4 15 10 10 4 0 0 5

122 HEAgrt B R ARG it KBRS IR GO 40 um 40T 08, 100 g B500 10 min, 3% LG
W AT B2 RF W5 Y5 [154 mmol- L' NaCl, 125 mmol: L' CaCl,, 5 mmol-L™' MES (pH 5.7). 2
mmol-L™' KCl. 5 mmol-L™"' Jo/K#j %5 H | F i IS HF B L, 100 g 520> 10 min, 3% EIHW . SIA 200~500
pL Fid MMG %5 [0.4 mol- L™ HEZEE . 4 mmol- L™ MES (pH 5.7). 15 mmol-L™' MgClL] &, ¥ .08
BT UKL 30 min, FFEOGHEATE

123 Mihet B RAERKZ TS E AN A 0.1 mm i ERGHBRG A RS, TR RE N
0.01% —ZIR%EFER (FDA) e I A BT is 71 . TR0 % KO R A XS HH A5,

124 EAhet B R A SRR B S BRI AR BURBRRT S AL EZ R K, XF PEG 4000 FT 5341
(40% . 50%). FkiFi e (1. 2 pge ul ) FEALIREE (25, 42 °C) S 34T T ke, JR A B iksE Aum),
I 100 pl /&5 1 PR Y A AR GE W 5 10 pL Jokr Ll &2 110 uL PEG 4000 % [ 5 &40 5003 5918 40% F1 50%
) PEG 4000, 0.2 mol-L™' H# &% . 100 mmol- L™ MgClL,] 7 /MR A5 B TS R E 15 min, JILA 440
uL WS I IRZE RN, 100 g B0 3 min = L& A 1 mL WS i, BHiRs), E=EEE TFF 16h,
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Ji A oA B Al R =T S A S S A AR /IR D 2B B B E0<100% . R~ 3 52 1Y D AR B AR Ak
g1t 10 4 R UL b A0S 0 85040 o R0 N7 00 TR A i A B AR IR I A A A R O S R R 2K G B AR 1 Y
PbHTPSa25 FE R BV 4052 57, A B sk Rk 1A 28 v AL R 75 36 AL

125 HREZMBEIRmILE A NERME 10 pL FA RS RE TEI b, BOLERE RS
(LSM880, Zeiss) W5 HARE R IAEN . HFWEE GFP (55 M2 & KN 488 nm, KHHIEK K
505~535 nm; WEEHSRIA B LD 633 nm, KK N 647~685 nm.

12.6 3 3% 5 # ] Office 2016 X % 4% #F 17 48 i+, JH SPSS 27.0 # 17 ¥ [ K J5 22 /0 T (One-way
ANOVA), H] Tukey #4172 H L4, 1] Graphpad Prism 9.0 #4757 FEAS ¢ 462 56 A 1] L) & Adobe
Hlustrator 2018 HATEI KL . AR/NG FEACRTE P<0.05 KV E2ERBE, MHEFHERERAR
&, P>0.05%5Mns, P<0.05kph*,

2 HERGa

2.1 EiEH R RERE S BRI IEEER

211 FRREAET Rt R RER A B Hra F BN JFUE A i G 27 24 R R 5w i
LT, B 4R F2H 0 AR A i A ZE AR L 0 R (P<<0.05), (HPNZHZ MY/~ Jo i & 25 5. SR,

D Y JEUAE BURTE S s, IK5F] 30%, (HiZ4inym BT E. F 41, NIEEE % RIVE R &Y
WP HE R, T8 B A (2.5% P4 R ME+0.4% 517 HE+0.4% SR EHE) 15 by J5 B2 5256 (1 B e 1

15 - 60 -
oo 50
& a S5
= 10 - S40F
Z a T it a
= - 230 —
1 =
iy E
® S5+ ﬂgﬁzo, , 2 bT
i b = b - b
T uai Rt
oL b b 1] oL 1] []
A B C D E F A B C D E F
R £ iRy

A~FHRRERER LR WR L. ARVNG 7 BEFORA AR & 0 2 57 2 (P<<0.05).
ZREENCE VRS IPRSY FY SO A0
Figure 1 Effect of different enzyme combinations on protoplast isolation in Phoebe bournei leaves
212 FREHBE A A E AR R B Yoh B 2 WL RIRLR I 4 BB A R 1
PRI E R, BRIE IEE D E %R (P<0.05). M AL FRIHI 4 d B, J5UERA RS, 5
LAx10° g BEZE ISR, SR B SRR, R 2 d i, R B 1
8%, (ELMHTEIOIN 7 d i, JEUE TR RIE S, 35 50%. [RBL, PERERMHIIN 7 d YN R

2.0 - 80
o .
<15 T & 60 - a
s ik S T
x s
=10k a T £ 40 -
] T =
L iy b
< o T
X 0.5 | i 20 |-
+ b
i el
0 0
2 4 7 2 4 7
J -/ - /d -/

ARING R R IR % 5 5% (P<0.05).
B2 REURPHICTH AT T R R B 8

Figure 2 Effects of different leaf development stages on protoplast isolation in P. bournei leaves
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RERE 43 2 A5 TG 71 A SR A TR

213 FREHEERES AT R R AERAS B Hn AR RS TE ) RE R R BB 2
S LA TR (B 3), A HEEERE T RARK™EE2RARE, HhHEBEKRER 04
mol- L™ i J5 A = i e i UEA1, 0.4 mol- L' H 8BV B T I A A yS 1 dneis, ik 32%, e T3
fhe (P<<0.05). PHUL, TERGHM R A B B, BEPE 0.4 mol- L' A9 H R v i i v M VL5 oM 15 L

2.0 — 60 —

o

& 15+ s 45

S . S

X jiues a

5 10k a T a <30 =

L 1 =

¥ H b b

=05 | a 2agst | T

m T b

0 0

0.3 0.4 0.5 0.6 0.3 0.4 0.5 0.6
HEEEEHE /(mol - L) H R B /(mol - L)

AN TR IR AN A H e B B AR R ) 22 57 2 (P<0.05)
B3 AR EBR AT E AT R R AR S & 87
Figure 3 Effect of different mannitol concentrations on protoplast isolation in P. bournei leaves

2.1.4 TR BfRRAAT Rt B R AR B oY H5HA 3 AR AL, 5 2 BRI 05
RO, ARAS I 2R A ™ B AR R, ik B 7.7x10° A4 g7 R 72% (1] 4). ARER T 20T E A1
Ff R, T AR 2 A R G O DR A AR 7 e S T — i R AR T, IRl AR RS T 2.4 £%
(B Vo THEINT A4 A 4 BfRROR B2, B A iR 40 i RE i 2 9 VE . 28 1, 58 2 4
R (15 mg- L' £F4E £ R-10+10 mg- L' £F4E X B RS+10 mg- L' B4 R-10+4 mg- L' J e Y-23+10
mg- L' PEFAER M) 16 G T MR b 2R A i

10 — 100 —
T a a
0 gl 80
<_ - < a —l—
N S 2
EE 4 - = = 40 b
— = —
£ & —
= R
H 2 20
M
0 0
| 2 3 4 1 2 3 4
fgeH & [staz e

I~ R R S H 2. IR S 5 R R R 4L 4 22 5 53 (P<<0.05).
B4 R R ST E AT AR AR S B 8
Figure 4 Effect of different enzymatic hydrolysates on protoplast isolation in P. bournei leaves
22 B R REAE REBENEXNRZImE R
K5 %W . Biit 40 50%PEG 4000 AL ES = T 40%PEG 4000, {H2ER AR [FEF, i
FH 50 RE 5T B W B R 2 pge Lt A DR B A AL AR B B T 1 g nl R O B R MR, T Ik 46%.
AN, I TR (25 °C) AL (42 °C) TR 15 min X AR A T AR o (A B s 26 AR R 1) 3%
Wi, B 42 C FEALRCRTTIE 60%, 35T 25 C ZiRFHE (P<0.05). ZiL, WA F A IR bR
BEARAS ] 2 pge pL™ A8 TOREFN TS0 50 50% 19 PEG 4000 78 42 °C T #4815 min HALRCR Ak
2.3 [RERIKEBF: GFP B £ E K 4 B XE s 43 47
W4 T 2H 28/ PbTPSa25-GFP H12s %t B ZR A& pAN580-GFP 43 M6 AL B M il i A= Bt b, 16 h J5, H5ye
(%) TEB) 476 DA SO AR 40 B PN T L 080 (1] 6) S5 . pANSS0-GFP (1 4% (0,58 3 3 A 78 45 A I A= A
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100 — 100 - 100
3
80 |- 80 |- 80 [
& ns & * & T
s 00F . s 60 s 60
& - & - b=
T 40 T = a0 T 40 -
b4 hed #
-
20 |- 20 — 20 -
0 0 0
40 50 1 2 25 42
PEG 4000/7 12 73 50/% SRR /(g - uL ) AL IR/ C

ns. P>0.05, *.P<<0.05.
B 5 PEG 4000 RE 5. AT B R EASEACIR AT R A R A RARBE B 45 LR R 49 %0
Figure 5 Effect of PEG 4000 concentration, plasmid concentration and transformation temperature on transformation efficiency in P. bournei
A . PbTPSa25-GFP fill & 8 H IR U S ik A A JOEHE R, TR PbTPSa25 HH T 25&E
(LT RGBT

NS RO Bz 137

PbTPSa25-GFP

PANS580-GFP

B 6 [EAn R A SR fn i b I a it T A

Figure 6  Subcellular localization of P. bournei protoplast cells

3 it

J A AR ALE AR 2 W T A 672 R BT EAERY . LR D R AL R 3R 45 4 B! 4540
B, AN, AR FUA S B RS EORAE A IGIE L AR MR R AEY & Rl R AR AR RO, A
Cinnamomum camphora B )BT B A% 2H 200 TR A IR 70 28 5 PR A AR T SR [R) J T R Rk #14) Jo] A
VE R B (A = 1 R SRR A A o, L3t A% 5 AT 5 1 0T Lok AT e R e A 1 BRL o i g e
1o AP IR T AR I R A A 3 25 MR SRR R, BB AE e e [) P S B A SR DR AE R U
RZ PR ERGRE, Sl S IR R A AR R AT RE S | iR i F ik sl (2800, S A 2 I T RR I o 4 it
TR E BRI o SR, FR TR A AR A M RE A A AR A RN A, X DL T UL B R A
Tk, B, JFEF TR kSR AR R

- i DR AR B B 5 A Pt S A 6 2 Tl 2 L 25 10 A DA TSR 5 R i S A A e A R . A g )
LA Elaeis guineensis ** 55 AR ARG W) A5 4l Wt Fr 5k B8 40 125 14 g ot i D 2B oA o HL R g it v Sl B o
F 7 SRR B E B2, AR BB OGEE K . AR SR S5 R R R 7 d By AR R e A
KBTI A AR S B B . FER IR PO AGE FE 0 EE B, AR O AR BRI v, LTSI vk B Y R Ry
0.3~1.0 mol- L™, [E ¥} Sophora japonica MR JEA: BAATE H 88 B EE A 0.5 mol- L' B 3R P4,
B A I R AR P A BT AR I AE 0.6 mol- L™ W H B Bk B iR B LIRS B M2 R, [ i (R 4
JH B SR A AR A 1 R R B IR, AR SRAS SRR, 0.4 mol- L7 ) H B R B oMaE B

FESy B AR TUAARRT , BRI B OCHE B, W W BRI R W AU/, W ) A
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BE A YE R YE R, 58 WAETRT ]2 0 R . 785 2R it P 4i M A ik fe v, BR T 4F
ARG REHTRESL , LGN T RBEE S A AR 2R R AR R S A% PR 40 A A AT 3 B e i R 1Y
S A P i R AT . AR AE IR R TR AR I PR A B D A AR O B I AR B TR . 15
mg- L' £ 4k & [ R-10+10 mg- L' £F 4k X [ RS+10 mg- L' & #7 i R-10+4 mg-L ™' K B Y-23+10
mg- L™ AT YER G . G i 0 e 5T S TR B R A B A, (R A e Y BT R R SRR
JEA AR P . AR A R A B AR B AR, PR A R R R Y -23 e P RV FH A R 2
AR A 5y MR JZ R R BT, DT T 3k B85 3 25 A A 8000 i, W SRl 2R BRI il .
PR MO A A o B B AR

DA AR B B A RN 3 A7 B SOk MR B . PEG Bl o0 B0 e AL R 25 2 JE I R 1y B0, i el
A1 pgeul™ B BORL S AT B B R Ak, 40 3L B JY Arabidopsis thaliana . {5 Nicontiana benthamiana
K Glycine maxt™ . SR, A DU 3¢ B L0 8 B8 &g s o s vk JE AR oK, AP R0 [ 2 pg-pl ' 1Y
FTRL AL ROCR IR T 0 3 o AN, PEG it 6 43 Bt 02 52 i Ji A R FG A iR DG B R 3R . 78 = 3R Sorghum
bicolor i F 30% 1) PEG 4000 7] 3K 15 i = Jit A= B AR il & % 5% A 48 Gossypium hirsutum W) 75 2
40% 1) PEG 4000, [#fifjfcifi PEG 4000 Ji it 7 500 &, T35 50%. il B2 25 Wi J5U A B A AL R 1Y
FENE . AL Chrysanthemum morifolium 16 5 A TR ZE 28 C P ALHE 60 s J5 A 50 2F T ¥4k 3%
R MG R AR BUATE 47 °C N 7 min IFEARRCR RS APPSR TR BRETE 42 C &0
AT 15 min POKACEE, AT SOk SR BURL SRR BRI o (EAS T RA, SAE RA AR AR R R
Bt b, B AR BE AR, {E [ AR A PR A R (R) 50 v TG A 4E

4 i

B XoF T A I e DA B AR BRI A I AL, ARG ST T R R0 v 1 T AR D SRR R &R, BB R
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