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Functional analysis of PpAux/IAA2 in Physcomitrella patens
(Hedw.) Mitt. during protoplast regeneration
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Abstract. We used wild-type (WT) and auxin-resistant mutant Ppiaa?-87 strains of Physcomitrella
patens to explore the regulation mechanism of the early auxin-response gene PpAux/IAA2 in
protoplast regeneration. Gene expression, survival rate, cell cycle progression, chromosome
remodeling, and DNA methylation during protoplast regeneration were analyzed separately
using quantitative reverse-transcriptase polymerase chain reaction ( gRT-PCR), fluorescein
diacetate (FDA) staining, flow cytometry of DNA ploidy, 4',6-diamidino-2-phenylindole
(DAPI) staining, and methylation-sensitive amplified polymorphism analysis. Results showed
that the expression levels of three PpAux/IAA homologous genes in 0-h protoplasts were
significantly higher than that in protonemata, 48-h, and 96-h protoplasts; survival rate of
PPiaa2-87 protoplasts decreased significantly with culture time; entry into the S phase of
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PPiaa2-87 protoplasts was inhibited; chromosomes of some Ppiaa2-87 0-h protoplasts were
not remodeled; expression of four genes in the SWI/SNF protein family in the chromatin
remodeling complex decreased in 0-h protoplasts compared with that in protonemata; and
methylation of Ppiaa2-87 0-h protoplasts was higher than that of WT protoplasts. This study
indicates that the PpAux/IAAZ - related auxin signaling pathway plays an important role in
protoplast regeneration. Mutation of the PpAux/IAA2 gene affects protoplast DNA methylation
and chromatin remodeling, which is involved in cell development reprogramming, leading to

protoplast death due to lack of pluripotency.

Key words . FPhyscomitrella patens; Auxin; Aux/IAA; Protoplast regeneration
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Ser FRIER) IAA15 BYFRAF I ZE AR A IAA157°° OX #i
PR B AR B e /0, TAATSTS 2 1 3 ok 4 i &2 BB
ZFEA, M AR 0 E R, DaniE
ARRMEIEFG RS BEr, ML SH
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2 VAT Aux/IAA BB L TE R 5 R RS B R iR
KAER . TR, /NSEBi#E Aux/IAA degron [X 311
P~ Pro 583804 28 748 25 B0™ 5 19 4l 22 /AR i 14
REMHI R R, Gly 53R 07 58748 R AF R A58
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ARBWREEEE RS, AR,
AT Aux/IAA TiHE A KRG 5 1 S AR K R
fR AL T iRk B % | (R HAE B A )R A
FAR AR S R T AR IS AR RIS . 5 e S
YARLL, /ST wss A AR b A 7, HOHR
AR A A B, EFST IAA {5508 %
VER T IR A AR FEAE LR A 0 S b ), AR5l ik
X /ST REEERT A2 B (WT ) Btk K& NAA/IAA 5872
& Ppiaa2-87 Jii A BT B 4715 26 . 4 Jf J) 1 kA2 |
Yot (R T IH K FR AT 00T, IR AT A K R
5 5mEH Aux/IAA LR R A PR P PL R F
FEBERE LA,
1 R EFE
1.1 LIEHR

JINSE W B B 4R AN Gransden 2004 ¥R &, &
K Ppiaa2-87 il k2% Mark Estelle gt

NS B I3 22 (R J% 2500 53 51 R 1T BODA | BCD
HiFRIE | {£25°C, 40 ~ 70 mol - m” - 571

SLEDGTF IR, ZR SR (NAA) b 3R 7 [ K 1 77
Ferhhn A 1 umol/L 5 20 umol/L 4 NAA
1.2 ELBHE
1.2.1 BEEREMHHEEES

7 BCDA [k g3 EAK 7 d iR 221K, H
8% H & B e B () 0.8% f17 15 iff ( Sigma D9515) fiff it
30 ~ 45 min, DILBRAMMIEE, B H 300 H i+
YR, 200 g B, P 8% H ERBLE VI LM
i, VER O h BJREAE BRI A AR A A
8% H &1 fY BCDA WiiAs: 73, #bLRiF: 24 h )5,
TG A TEH /N BB IR 551 T iF AT 9%, IFiE
A bR 5%, B L SR BT TE BER, 40 Alds IR
48 h 196 h J& B DISCRE s AT A B EE P
1.2.2 RNA [9#2Efn RT-PCR £ #7

JHl RNeasy Plant Mini Kit ( Qiagen ) i %) & 2
B 22 R 5 A AR Y s RNA, (i I REALS 4
Pt sadon & (2xlar) , BT pg & RNA gE47i
§5k, LA POACT S NS IR, XPREAS HE4T % 2 1A
¥, fifi cDNA & —1k, FrAsiy i 11,
PCR 4" 28 M,

&1 RT-PCRETASI#

Table 1 Primers used for RT-PCR

ElE/E=2 ElE 2l
Primer name Sequence (5'-3")
PpACT-RT-sense CGGAGAGGAAGTACAGTGTGTG
PpACT-RT-anti ACCAGCCGTTAGAATTGAGCC
PplAA1A-RT-sense ATCCGGGAGTCCGAGCTT
PplAA1A- RT-anti CAGGCGTGTTCATCTTGTTG
PplAA1B-RT-sense TCAGAATGGGTCAGCTTGG
PplAA1B- RT-anti CAGGCGTGTTCATCTTGTTG
PplAA2- RT-sense CGAAGAACAATGGGGTCAAG
PplAA2-RT-anti GCCAACCCACTGTCTGATTC

1.2.3 QgRT-PCR %47

LI Eik cDNA REik, i TB Green™ Premix
Ex Taq™(Takara) i #|#4T qRT-PCR §" 1, R4
POAFS, U Cq fE, IR X KA & 1Y
E, TR 2,
1.2.4 FDA #f

PR — TR (FDA) X i AL i ik #E 4 7 e 4
R = ke WT FIZE AR (R85 9% 0, 48, 96 h 15
A BTARRR B 2 — 0K, A FDA B3 (2 mg
FDA/mL N, ke 50 £%) . FEVK LJCE 30 min,
SR JE TE R 2O WA BRI S AR IR AATE A
JEAR AT LABE FDA e tadf & th Bt (0t
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%2 oRT-PCR BETH5I#
Table 2 Primers used for gRT-PCR

Elk7EA S

Primer name

Gkl
Primer sequence (5'-3")

Phypa_172564-F
Phypa_172564-R
Phypa_172248-F
Phypa_172248-R
Phypa_216086-F
Phypa_216086-R
Phypa_216975-F
Phypa_216975-R
PpACT-F

PpACT-R

TGTGGATGAACAGCCACTGACG
TCGAAGACCGCTTAGCTGATACTC
TCGGTGTCGTTCTTCGTGATGAG
ACGCTCTTAGATCCAGCGAAACC
AGCTTGAGACAGGACCCAAAGTG
TCTTTGCATAGGCGCAGGGAAC
TGGGCTAACTCGCCAGGAATAG
TGCTCAGCCCTGTACCTATTTGC
CAGCCTTTGGTGCGACAA
ACATACGCGTCCTTCTGTCC

1.2.5 DNA EHEoHh

7 d MR LiR . O h WJEARTIA . 555% 48 h Hil
96 h iy it AR B A b 43 il A 500 ul i) chopping
buffer(45 mmol/L MgCl, - 6H,0, 30 mmol/L #¥
B4, 20 mmol/L MOPS., 0.1% Triton X-100,
NaOH #4715 pH7.0), FJJ Fv 76 34 3 5 35 L )
e, BIFWRH 30 um LR R F b pE iR, g
J&m A DAPI ( Sigma-Aldrich, USA) & £ ¥k & Jy
2 ug/mlL, 7EREGHHCE 5 min iz g, (f
] Becton Dickinson FACSort % 4t ( Becton Dic-
kinson, Mountain View, CA, USA) #4172 41 fifl
43, f#H Quanta SC #4443 #F 10 000 £
¥y DNA &,
1.2.6 DNA RELERY B E M (MSAP) il

MSAP 545 Avivi %5120 sz sk, $REUE 4
RIRIZEARAR 7 d B 2244671 0 h J5 A= BT 4 ) DNA
(CTAB ), H EcoR1/Hpall } EcoR1/Mspl
PR N DI & 2T R YD, Hpa [l 7 Mspl 26
YU CCGG 741, Hpall i T A1 A it i g 2
FALAN, XA ART— 1 g B 17 PR AL A 2 BURR Y
M Msp I X A1EB 0 Jf w5 g e 2B F A0 AS R DR ] i
I, HAWE S E AT 2L, DNA Jf wg i i H 5L 10 B
FORIE], SR AR B, FHEk s 1 As
VRIS, F T4 3% $:0 ( Takara) 3 42 3 i % 1) DNA
B b, P9 LA Tag B4 ( Takara) LA 54
Wikt PCR U1, MWk ke, RS
WGy 8 (£ 3) . &5, M 6%RNIEME I
BT ZIRY 1 07 AT SR A s, A RR AR
(RE SR ()T

%= 3 MSAP ETH5|4
Table 3 Primers used for methylation-sensitive
amplified polymorphism ( MSAP)

GIL B4 51911751
Primer name Primer sequence ( 5'-3")

#3k514 Adapter primer

HM-adapter-sense GATCATGAGTCCTGCT
HM-adapter-anti CGAGCAGGACTCATGA
EcoRI -adapter-sense CTCGTAGACTGCGTACC
EcoRI -adapter-anti AATTGGTACGCAGTCTAC

Wiy 1519 Pre-amplification primer
HMO. ATCATGAGTCCTGCTCGG
EO0. GACTGCGTACCAATTCA

HM pre-amplification primer

EcoRI pre-amplification primer
WA 514 Selective amplifica-
tion primer
HM1. HMO-TCAA; HM2. HMO-

HM selective amplification primer TCAG

E1: EO-CA; E2; EO-CT; E3: EO-
AC E4. EO-CC
E5. EO-GC E6: EO-AG E7: EO-
GG E8: E0-CG

EcoRlI selective amplification primer

2 HREHNH

2.1 ERKEESERENIBERERETBEET
2 4 GE

ARSI 7 d JR22{Kk . 0, 48 F196 h Jf
AR RNA, 3853 RT-PCR #ll Aux/1AAs i Xk
IR, Wil 1 R, /NSL#iEE 3 > Aux/
IAAs #H 3 K PolAATAs . PolAA1B il PplAA2 Tr
O h J5A: ot iAo 10 3 3k i 0 It 22 1R W 2 Tt =, AE
48 h Tl 96 h [ Be R ik it B 215230 Jit 22 1A 1% 7K
- BB A AR A o R S PR A RE S A K R
fE 5 MBI, ZE T RES 5 M A R )
W, BRZREPEIRISHIEL,

JiR 2244 JE AR
Protonemata Protoplasts
7d Oh 48 h 96 h

B 1 /NIEmEREREEESRES
Aux/1AAs X ERRRIEE
Fig. 1 Expression of Aux/IAA-related genes during
protoplast regeneration in Physcomitrella patens
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2.2 Ppiaa2-87 REAEIT NAA/IAA (55 R

N E Ppiaa2-87 By |AA 155 18 B B AT B[4
P, XHRBIEAT T Y, B 7 d R 2Z KM
B0 BIAE IE #1537 3L 03 A R TR MR NAA 1
FRIEFREFE 3 A, WT 76 NAA 4B R K £ i
TIREAL AR, {H Ppiaa2-87 15 IE 5 3% Hl
NAA &b BERE LR, B 7 4 R 2K B8 B AR
(K 2), FW Ppiaa2-87 77 &%t NAA/IAA 15
PN

0 umol/L NAA

WT

1cm

Ppiaa2-87

1 umol/L NAA

2.3 Ppiaa2-87 REGCEFREREBEITEPE
EEREF WT

JWLEE WT Hl Ppiaa2-87 J5 A i 1 i 72 1% 1
B, XPHIEATT FDA Jet@iigg, WT Fl Ppiaa2-87
A JE A JARTE O h 0] Aok FDA Heta, —H 171G
R FR I R A E R ARG, {H Ppiaa2-87 (171
RN NRIZL, Rig% 96 h i HAE Mg RfR Ay
TETRAML (R 3) . R PoAux/IAA2 T8 % ] g i
5 ) 240 A A A e S A AR A AT

20 pmol/L NAA

=

1cm 1cm

B 2 WT 1 Ppiaa2-87 2 NAA R IBHIRE
Fig. 2 Phenotypes of WT and Ppiaa2-87 mutant strains treated with naphthaleneacetic acid (NAA)

0 hJE R £ ;
0 h Protoplasts

48 h5iAE A
48 h Protoplasts Q *‘
! o {

o6 hskHifk g %
96 h Protoplasts e
‘o

fo . geegl -*zx

Ppiaa2-87

B 3 WT 0 Ppiaa2-87 #E R £ Bk B4 S 2P EMFE RSN

Fig. 3 Analysis of cell viability during protoplast regeneration in WT and Ppiaa2-87 mutant strains
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2.4 Ppiaa2-87 REMFIFEREEBEITERIHAN
S HA= 2§l

K Ppiaa2-87 JFA: IR 1 i Fe T 41 i
B Ta) AR, RO A A SRS T T A SO R 44 A
) DNA f51 . ¥ 7 o T 22 1R /) 40 A% 1 S %o R
1 0 DA A TR 1) 200 L S S B B, P ) A X
Sy BIXERE G1 FI G2/M 1] DNA /54 (18 4) . WT FiI
Ppiaa2-87 1 0 h JiiA: J5t 1A 1 240 A% A A T 31 Gt
WM, R0 L bR Al M RE 5 e B T R 2Bk
Bl B SR A B FE R, 4 WT 48 h Ay J5 AR A
AEIHEA S W, 15 G2/M FY AR &b T L AG: I 3135
IYAMMAZ, 2 96 h, 1E G2/M 1k 20 it 2% 32 7 4
% ; i Ppiaa2-87 |5 T IASE 48 h B HAA —A4>
G1WEfE, 7F 96 h Bl TR 2w AL BARSET M G
DRI, A SRR, A WT % R A o 4 85 5%
48 h JEREMS g A o T A, IRt A 4R,
Il Ppiaa2-87 JiA: Biikift A S Wiz #4l
2.5 Ppiaa2-87 REWRERGIBREELENT

Xf/INST Wi EE WT Hl Ppiaa2-87 28784k 7 d 15t
ZZARFN 0 h Y J5 AR AR ) 40 A% iR 1T DAPI G £a
KILWT Hl Ppiaa2-87 th 7 d JE2ZZIR K S Ak 40 i 1)
S LA XD L0 RV BT B BE SR B G ;. WT O h 19 JR AR i
RGN X3, DAPI Je R ¥15), RArEokE, B
ARB Y OREAMSE, i Ppiaa2-87 5728 1k
O T 43 i A Jo A 114) 240 M AZE AT 2 300 S 3 B 114 e 42

M%(E5) ., Uil Ppiaa2-87 575k 0 h JF AL i fAk
e RE ARG EBIS, MiLE eI
Bz E g, yt— 4t gRT-PCR Kl 17 4 4
Jo A A A AR SWIL/SNF B8 1 51 (30 43 ] 5 5k
( Phypa172564. Phypa172248. Phypal16086
il Phypa216975) 1 7 d B2 AKFI O h J5 A4 i 4
Rk K, ABAE WT O h JEA AR BR
Phypa21608 7, Ay 3 MR KA H & R
R#A T, (B Ppiaa2-87 %7514 0 h i/
il 4 AL RRE A B IR 22165 2 R R
B ULAH IAA T $58 3 % 1Y) i 2k B R T AR DG 3L R
Feakw LA UE, SR TR RE IR AR & R
et S YR AZ R
2.6 Ppiaa2-87 REGEHHFEN R ELT

SJIUAH 7 d IR ZZARE] O h B SR A ST AA Y e AR
IR B AR AR A R A s, SR DNA 47
MSAP 525, X438 45415 LB Wi 6 XF 51 9P
HAAE AT LU A b, KB WT Fl Ppiaa2-87 1x
7 d BYJELZRA O h i SR A o A A4 B SR K S fip
N N E LR A SR A R s =
(E16), X3 v o i) 27 AT Ge i, & BUAHXT
WT ifiis, Ppiaa2-87 1E 0 h By I A= JFi A i 1 34k
FI LR e, SR T 9.44% (3 4), FW PpAux/
IAA2 LR R AR E ) 1 AR iR 2243tk DNA H
Sk A

7d JEezfk 0 hJ§i A JFifA 48 hii Ak ik 96 hJsi A i ik
WT 7 d Protonemata 0 h Protoplasts 48 h Protoplasts 96 h Protoplasts
800 1 400 1 800 4 800 1

s |5 & - %
m% {a<t .1C¢~._ ‘104_ { &
He 1c 2c 2c 1c
=%
X 400 A 200 4 400 9 400 A
=23
ga\g 4| 4 4

NI

0 0 0~ 0
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000

BBEE
Channel number

Channel number

Channel number

BliiBIEE
Channel number

Ppiaa2-87
800 1 800 1 800 4
[ - '
| w20 1o .. J Tc.
1c 2c 2c
400 400 4 400 4

A% % H
Number of nuclei

O IL

Channel number

THIE
Channel number

o4
0 200 400 600 800 1000

0+
0 200 400 600 800 1000

Channel number

B 4 WT 0 Ppiaa2-87 [R £ B B AL 2 H) DNA EiE5 47
Fig. 4 DNA ploidy analysis of WT and Ppiaa2-87 mutant strains during protoplast regeneration
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521

7 d 5z
A 7 d Protonemata

0 h Js A= s i
0 h Protoplasts

B

HAR AL B

Relative expression level

3.5

3.0

25

2.0

I Fpiaa2-87 7 d iz 4k 7 d Protonemata
[ | Ppiaa2-87 0 h Ei4: 4% 0 h Protoplasts

0 L
Phypa172564  Phypa172248 Phypa216086 Phypa216975

Il \WT 7d 544k 7 d Protonemata
[ WT 0h J54Eif& 0 h Protoplasts

A WT Hl Ppiaa2-87 TEJF 2214 O h 1 J5 A AR 40 4% DAPI Jef; B SWI/SNF 2 K IEHA S 0 RK 0T
A: DAPI staining of WT and PPiaa2-87 nuclei in protonemata and 0-h protoplasts; B: Expression analysis of genes in

5 WT #1 Ppiaa2-87 REFHFBRELES T
Fig. 5 Analysis of chromatin remodeling in WT and Ppiaa2-87 mutant strains

N
©
N
©
8
iy
SWI/SNF protein family.
514 Primers 1 2

WT Ppiaa2-87
7d 0h 7d 0h
HM HM HM H M

L
0111 — —
e 1100
1100
0111 — ~— 1101

|- canans «— 1100

H 1% EcoRI Fil Hpall VI A, MR EcoRI 1 Mspl WIREEIALA, “17 F“0” R E LA A TG, KW DNA
ZHRALE CCGG 7 1 H #1k
H represents enzyme digestion combination of EcoRI1 and Hpall ; M represents enzyme digestion combination of

EcoRI and Mspl ; “1” and “0” represent presence or absence of a band, indicating DNA demethylation or methy!-
ation at CCGG sites, respectively.

6 WT # Ppiaa2-87 R EW Y E S F
Fig. 6 MSAP analysis of WT and Ppiaa2-87 mutant strains
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R4 WT # Ppiaa2-87 IR R £ Ff+ CCGG i = BN R B EX Fit
Table 4 Statistics of cytosine methylation patterns at CCGG sites in WT and Ppiaa2-87 protonemata and protoplasts

7 d JRezik

0 h JA: i A

WT Ppiaa2-87
7 0 7 d Protonemata 0 h Protoplasts
Type of sites
» KR TAH(%)  AWE TAH(%)
H M H M A A
No. of sites Percentage No. of sites Percentage
N 7
%Hﬂjitﬂﬁmf“ . 1 1 1 255 95.87 253 88.46
No methylation sites
G B LA 07 1 0 1 0 1 0
WRAFRMS 0.75 0.35
Same methylation sites 0 1 0 1 1 1
0 1 1 1 2 0
SIS 1 0 1 1 0 0
TRAREALR 0 0 1 1 0 0.75 4 1.75
Demethylation change sites
0 0 1 0 0 0
0 0 0 1 0 1
1 1 0 0 0 23
A A 1 1 0 1 3 3
Ul 1 1 1 0 0 2.63 1 9.44
Methylation change sites
1 0 0 0 4 0
0 1 0 0 0 0

. H R EcoRl #1 Hpall WAIIZHA ,M & EcoRl il Mspl MIREYI &, « 17 Fl“ 0" 21 AR 458 1945 T8, & U] DNA % I L 4L g

CCGG fi xi i FEAL

Notes: H represents enzyme digestion combination of EcoRI and Hpall ; M represents enzyme digestion combination of EcoRI and
Mspl ; “1” and “0” represent presence or absence of a band, indicating DNA demethylation or methylation at CCGG sites, re-

spectively.
3 itig

H RTXT A A A Ao 22 5 T A R RE K
5. MR E A BRSO, 2Rk
PRI LU AR A X B AR oA A s R R i
M Aris A P R s b . AR R RS
T2 2 T D A= AR 15 7 v R 48 2 0 o 0 40 8UF
B, AN EE SR | A RN B ) N R
PN HFZ " SRR HA R A T A g
HAZ 4 VRN R AR AR 2/ ME A K 1915 St hg
FEATE AR ), S AN ) DNA BT 4 ( Bt
WL UL T 2B ) A R A S T LA
s O L ) NG 2 e T 7 N
MR FET =), DR L S AR 5 P A e 43 AL A B
FEURRE AR SCE A X6 /N 37 g 8 B A= VRN Ppiaa2-87
SRR FE A AR GE, WA T PoAux/IAA2 5
ARG R M B A R R, S 2 REtER R
A B B K 20 M JE A ) e A%

EEE AR KR A 5 SR - Aux/IAAS 1]
PRIE K BHE 57, Aux/IAAs 10561 T RE (4 Bk 2 13 % i
TS, WA R EAZA KR EEAEN

BN B, R BN ERNIESTZ Au/
IAAs B4 A1 ARF 22 8] 1 &2 2% A B4 %
Hie, ATEI, JRZRLBRANMEES Y O h [
Fitkrft Aux/IAA FiR B R EIE, BB B 0 A
KEATRESE N, BT T Aux/IAAs 15 53@ 8%, W
73 15 Y 25 B W) #i M #E ( Funaria hygrometrica
Hedw. ) JF A BEAARTE 15 min B35 73 s 1] py sk f1 2
IAAPT S Aux/IAAs B FIE NG IN F, HFEeat
[ b, REARKRRERIFERSKT, e
Wi R/ R AR EE YRR, M ERRRE
TR, FLER Aux/IAA mRNA ¥4k 29k B, &%
2 Aux/IAAS B IR IR BB KT, FLR R R
FIRT LS 31 [ B G 3 DR DL R A R I s iy 3
PR NI R e R s, ol B &S 2
() R I 4%, A K R RS R Y R &
LB, 2RI, B 458 Miziimien
BEHP AR E R RE AR IR RS S
WIEAEI, e SR, i GH3 KRG &
AR BB A YRR A K KT, /ADrwmissh 2
H WA GH3-like F H AlKE IAA | IBA(indole-3-bu-
tyric acid) FIZEF] R (JA) #5100 A B 35970



555 i

BIRLLA . /NSLWIEE PoAUX/IAA2 BERTE JFUA BUAC P A i P B D REJ B 523

R W (Chara L) W, R EZENGEAERIER R
1, FAEYE ORI A AR RFEZORIE, 1
BEEAAEE R A K R LS A RN, ARy
ARRRES P OERERZEEN S, ARZENHEN
1) 0 A P A o e LA T A A A R KT Y
— A FEWANMRE, WEEYAEERKREN T
TR YRR A K RIMEE A PIN A 50
A KR IEHAE & BRI AR ST, NS REE  —
b 73 A4 0 () W7 3 PpEXO70.3d /E T PIN 75 ¥
AR R Wt E i, o R AR iR A i 2
), Ppexo70.3d JiA: itk Az R B F1 Ppiaa2-87
HA—8E, 2808 2 KA, /INarm
BE R R P AE SRR R T AR KRR, HE
S 5 2 G AR B AR K 3 VR B i B A
MUkt iR s T RE R, TR B TIRAISE
AR, =S R A TR 2 Dy et I
R/ LW AR R REVE A A0 I A ], A T EOE
T [ERE, AR Ppiaa2-87 575 K 1 i A
FIARAERE SRS B TG RN T WT, SRR
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Sy SETEB IR AR Y, A AN 2 e
—MFE I I A LRI K B Ppiaa2-87 1Y
JEA RN G133 S WG AR Z B, ATRERE R
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SKP2A 2 —F 5 TIR1 RIEZ M ALY F-box &
M, FESHE G E2FC F1 DPB T P 114 24 Jifd J&
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