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Leaf rust caused by Melampsora larici-populina is the main disease affecting poplar plantations,
causing severe economic losses. To explore the regulatory effects of clade 14 R2R3-MYB genes on
hypersensitive response of the poplar infected with M. larici-populina, leaves of two poplar species were
inoculated by M. larici-populina F4 pathotypes to observe the symptom and score the infectious index. In
addition, changes of the gene expression level of six clade 14 R2R3-MYB genes were analyzed. After
seven days of inoculation, the number of uredinium on Populus delioides x P. irichocarpa ( less
susceptible to M. larici-populina E4 pathotypes ) leaves was significantly less than that on P. X
euramericana ( very susceptible to M. larici-populina E4 pathotypes). On the fourth day of inoculation
symptoms of hypersensitive reaction (HR) were observed on leaves of P. delioides X P. trichocarpa, but
not on Populus X euramericana leaves. It turns out that HR can prevent the formation of uredinium and
reduce the susceptibility of poplar. The change trend of R2R3-MYB gene expression level of the two
poplar species was contrary. It is estimated that poplar clade 14 R2R3-MYB genes may be positive
regulators of the HR in host in response to rust attack. This study provides a theoretical foundation for
further studying these transcriptional factors in the control of the HR and the possible usage of these genes
for the production of rust-resistant poplar.
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VA A LT T AL - 1 S TR ( Melampsora
larici-populina ) ¥ % £ % H # I ( Section
Tacamahaca) 224K ( Section Aigeiros ) J H: 2428 Fif
I AL 7L =3 R U VNS 7L £ 70 i
ARG SRS AR A T BT E AT A TR
il 5 Fhfel - H b TR B B T EA K E R
AR F, Van Vioten H(1949) IR AL T
AN AR PR IR RGE T 3 AR
H/NFIRL L ANAERR B B0 T Y R T g K
Me &k EL E2 E3 E4 Fl E5 3t 5 ANPE -1
RS BT 2 BN T AN T G Rl 4 A R A T B0
PET A — A7 M5 T A BN A SR AN TR, AR
2249 ( Populus deltoides ) B 2% 38 i A8 i X E1 ., E2
1 E3 A HU/NFAEFEPTME (A 0 2R 85 7 x5 3L
WG (BEIE) B B4 FES AN IR B A R
Ao WS FIRIIARS 1) ik PR 20 73 7 B i I 26 B %o 45 T Uk
FRPEAA B 2 £ 240 DNA Z 8RR it
— L WF 5 R W], A E A — R B &R
( Resistance genes, R) M J: #1 5& W) ¥ 5 ¥
(transcription factors, TFs ) T4 4% F ¥ 26 KA |
1M R R P

W) e R B R 45 (innate immune system ) 18 13
P — 2290 B ARAIL 1 o 9 DA A A B 0, R et
FERI 30 4 AN BB, 165, Al W o i 5 g A =R
9| 52 1A ( pattern recognition receptors, PRRs ) TH 51| fif
A ) B T A OC 43 5 28 ('microbial-or pathogen-
associated molecular patterns, MAMPs/PAMPs ) 5| i
9 I 75 S 1) 9 9% W ( PAMP-triggered immunity ,
PTI) |, BH 195 I 5 5 RV, 0 R B 1Y) 9 5L 70 B 54
BRI T (effector) 40 PTI, 44 7 A= 2400 K 5 &
B P (effector-triggered susceptibility, ETS ) ; 4%
117, A4 NB-LRR 3 P45 E UM R 7 fi i aod
BN R 175 S 4 %8 [ i (effector-triggered immunity ,
ETD) 51 AF B4 P, IR L7 A o e e
I (‘hypersensitive response, HR) BH. 11 3% J5L 97 5 &%
S5, S Aok 5 7 B B 50 PR e i BT, B
SR BTN R T 5] R — % ETTY , 7ERM
Je K R o #E v, HR AR O 40 M 72 3 Ak B2 T
(programmed cell death, PCD) f)—FIEZL | 25K
Jir 2 fish kg, 5 0005 i 1 27 3 A M AR T, 3 T B L 5 D
PHI, SR A BN M I S TR R
WFES B 1 BAR R B b & 48 HRYO™ HR h MYB
(v-myb avian myeloblastosis viral oncogene homolog)
Fe WRKY %52 PIIE ]2

MYB %% s o — R TEH N o & A K 29 51 ~

52N ECERR I MYB 45 H 8 A s AR 4
MYB 25 #4509 45 1 7R MYB 5% 5 43 1R-,
R2R3-,3R-Fll 4R-MYB 4 ~2#I  R2R3-MYB % 5%
W ety b o fide) ™, 22 5P E KK E AR
U R SO A AN AR A P s A RS 2R
R2R3-MYB % 55 [K 78 1% 2 EH0H5 5 2 T Il 1=
LS RAGPERL TR, I an/NZZ ( Triticum aestivum ) 1
TaMYB4 i1 % EXF /N S5 9% ( Puccinia striiformis
f. sp. tritici) FIPTRPE"" ; K G ( Glycine max) R2R3-
MYB % 5% R o 452 27 £ X5 K &85 0 ( Phakopsora
pachyrhizi ) B P K L7 . Bl o ( Arabidopsts
thaliana) 3L EH 126 NFE M 4tS R2R3-MYB
BRSNS Hod AOMYB44 7E4L G 7% T R 2A
BT B8 7 i B0 22 Fh ( Pseudomonas syringae pv.
tomato DC3000 ) FJ v 25 52 i PSR TE AR R

BB ( Populus trichocarpa) R2ZR3-MYB #% 5%
TOr9 49 JE(C1 ~ C49), Horf C14 FRALHE 3 5%
R2R3-MYB  J& [H. PurMYB053, PirMYBO81 Al
PirMYB155""" AL i 2 S 200 P 3 W 5
1RYIE N AT x BRI 384 (Populus deltoides x
P. trichocarpa, s SCEFRAAEH ) KIS ( Populus x
euramericana ) C14 &) R2R3-MYB H: R F A B AEAE
25t o NRATRGE P TR P A RE AR 22 5 B o3+
B, X Fh 58 R S e ik 72 P iy HR 28 5% & C14
1% R2R3-MYB FEFXT HR A9 EE A TIE . AR
F 5T 25 5% 3 WA W9 % b 8% 48 %5, it - HR RE R &
R2R3-MYB K 3Rk 5 B A, T C14 J%
R2R3-MYB PN Z: 5457 S I B AR A
PRV, IRAIEIGM C14 % RRR3-MYB FEIKH 550
5l AR FR ) e OB B R TR 2D
RGBT E R N S AR 50 B Fh TAE
PRSI

1 MRET &

1.1 RS FEER

AWM B AR ARl R 2= AR B2 R A =
TRAER T W P-4 55 T B4 5 B0 1 A2 BN R
P SR F 2255 MRS 1 AEAE RS . AL
IR 1 AR A IR BRAS 2% b 4 1 i (] s 300 5 250y
5 ~9 WSS RRITH A I 0. 004% Tween 20 5]
FIKXF CK 410 7 EAT i 25 4 2, 1% 0. 004% Tween
20 B KA B RO FE R AL R A T 2 4
P02 R A BRS H R RCE 7EIR R 16 C
IEFEFE N FFEEREF2 7 d, XTI 3R RN CK 20 53
AT 20 A AE Y E A 7E B[R] 51 2 hpi (hours post
inoculation ) , 6 hpi, 12 hpi, 1 dpi ( days post
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TR PHE . C14 R R2R3-MYB 3 HE A U4 i e I 27

inoculation) .2 dpi 4 dpi M 7 dpi WeBERE M, HEESAH
HLOHERE 6D) X3 A0 M A A T S U RNA DL g 2%
P ST AZOERE fE PCR BUH
1.2 RURIEHHIE

IKAELF A2 T VRO THT AR () 7K SR 5 I Ak o
% AR TN, TR ER T p, KR E
FLTF2RERL(S) AR (p) A28 AR
I BHEE F (slope factor, SF) R R Ay A
A4 SigmaScan Pro 5.0 (SPSS Inc) {15 S, A%
RE TR max (S) B 7 b e A7 2 i 4% 1
B 19 {8 max (S) F T 3 530 d5c K R 5 A 7
(maximum slope factor, MSF) | it — 253K - ¥4k
B B R A T (average maximum slope factor,
AMSF) , B fe ARG SF B AT AMSF i3 9 5 4
SFYL:0 H,SF =051 9,0 < SF<AMSF x2/7;2 2%,
AMSF x2/7 < SF<AMSF x4/7;3 %% ,AMSF x4/7 <
SF<AMSF x6/7;4 % ,SF > AMSF x 6/7, HAki5
N

p:
SF =

v/max (S)

p

AMSF = MSF

X N g E AT
1.3 EFEEEOHRBXTE

TR IR -5 11 2 hpi ~ 7 dpi Zb3HZH
ik R, CTAB 5 #2 B RNA, DNase 1( RNase-
free) ZLBRILKIZH DNA  By: S 05 5000 (25:24: 1)
LS5 NV Promega AMV [ #% 5% R G0 4750 — 4%
cDNA 55, MRYEAS TR e sk 2000 7 235 21 43 )
Wit 42 3845 M Bk 4% ( Coding sequence , CDS) 5[4
(# 1), LS4 cDNA MR, #F1T PCR 1
W35 B8R PndMYBO53 . PndMYBO81 . PndMYB155 |
PdtMYBO053 . PdtMYB081 #1 PdtMYB155 3 6 3L [H
TR S IX, PCR Y& sifu)zik il EY)
TARA EF
1.4 EYEEESW

LW ORF Finder (open reading frame finder) i#f
TTTEZL ORF 43 M of 4 T i1 6 SR HE I s KL )7 91,
NCBI #£47 BLASTP £ J5 41 Fe %) 3 2 W] P57 411
N Clustal W #1472 7751 L XF, I ] Mega 5. 05 4R
it BIC {H 1 7 A% 2 1 Ak e 35 15 Y g 408 5 A
( neighbor joining tree, NJT ), K H H J& & 55
(bootstrap test) fti 1T R G AT FE M, R IR

G =l=

MSF =

BkE k10007

N SWISSModel PndMYBO053 .
PdtMYB053 . PndMYBO081 #l PAtMYBO081 Lk MYB #&
FH 1h88c ( E-value = 3.1 x 107°) & #& ¥,
PndMYB155 #l PAtMYB155 LA MYB % [ 3zqc ( E-
value =9. 9 x 10 ™) JJyARUHR 75 26 A4 4 25 1 o = 4 2%
FRIEE A X FERATH S T8 B, W
Hex 6. 37 YHfTiX 6 ZE A M & A MYB 454 ot
0 JF 31 “5'-CC-TAACTG-ACACACAT-3"" ") i 43
TR
1.5 WHEEZPCR

TE RN A - B T £4 ZE3/IVF 2 hpi |
6 hpi 12 hpi.1 dpi.2 dpi.4 dpi F17 dpi J5AbHE4H
BEIE B A R B 5 — B cDNA A BE AR, DL Pnd-
MYB053-Q-F 1 Pnd-MYB053-Q-R . Pnd-MYB081-(-
F 1 Pnd-MYB081-Q-R . Pnd-MYB155-Q-F #l Pnd-
MYB155-Q-R . Pdt-MYB053-Q-F 1 Pdt-MYB053-(-
R. Pdt-MYBO81-Q-F #1 Pdt-MYBO081-Q-R, Pdt-
MYB155-Q-F Al Pdi-MYB155-Q-R 5|4, i | Bio-
Rad iCycler iQ™ | W Fl GoTaq 2-Step RT-qPCR
System X H & 4T Q-PCR ¥4, LIH 18S rRNA
FEH P20 Sl 2 2] (positive internal control )
i1 2 259 PCR, S BRI« 26 1 2B TAE 1 95 °C 2
min; 55 2 2 95 C 155,60 °C 1 min, #1740 MEH,
60 ~95 C & mlfife it 22, >R HIAHXS 2 S k35 3
R R I A AR i U AR, T ST R AR ¢ ARG 22
5,

2 SR G

2.1 FEHEMRBRBIEEHE

E4 TR0 A B/ INFR 4 Fh 2% 58 4 B RR SE A
Pzt R0 25 S AN TR, 22 7 dpi IFRRSE# T
A AR DL2HZURAE 0, TE HR RER = A4, HE = A4
KA, mizescm it 7= A 5 HR GEIR,
JUF IR L F o= A, USRI, B R 7E 2
hpi ~ 1 dpi KR BAEAR (B 1 pnd 2 hpi ~ 1
dpi) ,2 dpi M5 JEB H B4/ R SR BE A (BT 1 pnd 2
dpi) 4 dpi I T UL 2 6 BE 5 (8 1 pnd 4
dpi) ,7 dpi SRHEEERY K (K1 7 dpi) , 85 R 56 L —
AR SRR Y 2 A6 HE 24380 7 2 hpi ~
2 dpi ARELBIEAER (1 pdt 2 hpi ~2 dpi) ,4 dpi
TE 5 T2 e s SR B P2 AR B A BE A5 (TR 1 pdt 4 dpi 77
KR 7 dpi %% RS- IS TR 58— A KR
FEURTE B S A6 15 2 407 AR SRR BE 55, ] UL B
HR IR (1 pdt 7 dpi) . &3FREARKIRE p~65
A1 F/em®  AMSF = 1. 076, BR2E4 = 1. 766 mm” |

server,
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Tab.1 Primers used in the study

e T b B 5% J#51
Experiment Poplar varieties Gene Primer name Sequences
Pnd-MYB053-C-F 5'-TAA AGT GAT AAT GGG CAG ACC AC -3
PndMYBO53
Pnd-MYB053-C-R 5'-GAG CCC TCC CAC TAG AAG AG 3’
- Pnd-MYBO081-C-F 5'-CCT AAG CCA TGG GAA GAC C-3'
WS PndMYBOS81
Populus X euramericana Pnd-MYBO081-C-R 5'-AAC GTG CTC AGA ATA TTG G -3’
Pnd-MYB155-C-F 5'-GGC CTT ACA TGC TTG TTC -3’
PndMYB155
CDS Pnd-MYBI55-C-R 5'-CAT CTG GTG TGA CTT CAC T -3
CDS clone Pdi-MYB053-C-F 5'-TAA TGG GCA GAC CAC CTT GC -3’
PdiMYB053
Pdi-MYB053-C-R 5'-CAC TAG AAG AGA TTA TCT TC -3’
EWEE x TRAA - Pdt-MYB081-C-F 5'-CCA TGG GAA GAC CTC CTIT G -3
P. deltoides x P. trichocarpa Pdt-MYB081-C-R 5'-CTC AGA ATA TTG GAG ACA G -3’
Pdi-MYB155-C-F 5'-CAT GCT TGT TCT ATC TTT AG 3’
PdiMYB155
Pdi-MYB155-C-R 5'-TCA TCT GGT GTG ACT TCA C -3
Pnd-MYB053-Q-F 5'-TCA TCA ACA GGT TCA CAG CAA 3’
PndMYBO53
Pnd-MYB053-Q-R 5'-CAT ACC CAC AAG AGG GTT TCA A-3’
" Pnd-MYBO081-Q-F 5'-GCT TTG GAT CCT ATG GCA CA -3’
LS PndMYBO81
P. x euramericana Pnd-MYBO081-Q-R 5'-CTT CAA GAA GGC GCG AAA TG-3'
Pnd-MYB155-Q-F 5'-GGC TGC CAT AGC TTC ATA CC -3’
PndMYB155
S B Pnd-MYB155-Q-R 5'-GCC TAG CCA TGT GGA TAT CAG -3’
KICRE B
PCR Pdt-MYB053-Q-F 5'-TCC AGA TTG CTC AAA GGA TGG -3’
PdtMYB053
Q-PCR Pdi-MYB053-Q-R 5'-CCT GTG ATA ATC CAG TGC CA -3’
Pdt-MYB081-Q-F 5'-TCA TCT CCA AAG CCA AAC GG -3
PdtMYBO81
LB x BRI Pdi-MYB081-Q-R 5'-ATC ACC ACT TTC TTC CTC GG -3’
P. deltoides x P. trichocarpa Pdt-MYB155-Q-F 5'-TAG GCA AGC TCT AAG CGA GG -3’
PdiMYB155
Pdi-MYB155-Q-R 5'-TCA TCC AAC CTT TGA GCA ACT-3’
18S-F 5'-CGA AGA CGA TCA GAT ACC GTC CTA -3’
185 rRNA
18S-R 5"-TTT CTC ATA AGG TGC TGG CGG AGT -3’

B 1 SEE B4 A B/NR RN 2 Fa B 7 dpi i T

Fig. 1 E4 Rust infected two species of poplar leaves at 7 dpi

SF =1. 328 BYRHEHCN 4 20, B A e et = 2.2 REBEEARBREEREMERFSN

0.332 mm” SF =0. 575, IR ECH 2 9, PR , SERETR 1 dmith X o BN 48 SR B e R IR
AP R A GIHEAT S A A 01 | 6 4548 & LR 5 41 14 B
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A C14 15 R2R3-MYB RS BT b fioht g 29

A2 AHEAY MYB &5 #4938 R2 (& 2A) #1 R3 (&
2B) , X 6 s )@ T R2R3-MYB, NCBI %
UF T C14 J% R2R3-MYB J¥ 41 5 4 ( AIMYB30 .
AtMYB31 . AtMYB60 . AtMYB94 F1 AtMYB96 ) | % %
( Vitis wvinifera ) C14 % R2R3-MYB J¥ %1 2 %
(VVMYB1 Fil VVMYB2) FIEH4% C14 J& R2R3-MYB
41 3 45(PuMYBO053 . PrMYBO81 Fl1 PueMYB155) E

K HE (ingroup ) , B 4% C48 % R2R3-MYB &
PurMYB084 1E & M (outgroup ) , H Mega 5. 05 1
PEITT + G FE %1 (BIC {8 =2 596. 185) ¥ {41 42 Wt
(F 2C), H#J5 6 4 R2R3-MYB 5 C14 J% R2R3-
MYB 7E—i, JMEE PuMYBO084 i 57 il A% , 6 1 X
6 XEMJET Cl4 % R2R3-MYB,

A. B C14 7% R2-MYB Z545380% 51 Lb Xt ; B. B4 C14 W R3-MYB Z5 #9385 41 Lt X ; C. 5 FhAf 4 C14 T R2R3-MYB 4F4%#, A alignment of
R2 MYB repeats from poplar clade 14 R2R3-MYB;B:alignment of R3 MYB repeats from poplar clade 14 R2R3-MYB; C:the NJT of clade 14 R2R3-

MYB from 5 kinds of plants.

El2 i Cl4 j% R2R3-MYB & [ RE#EAL T
Fig.2 Phylogenetic analysis of poplar clade 14 R2R3-MYB

FZ A FIR E A 9 C14 5 R2R3-MYB 2 145
24 o BR5E-loop-o BRTE” AR KA L (1 3) , %46
FIA F) T4k A DNA XUIRBE (19 K34 ( major groove )
e fE AR L R B TEs & o TR
FW,6 AR IR EM R C14 7% R2R3-MYB &
FH¥ATLLS MYB 456 007 50 454 (B 3A
3B) ., —HES5H T 5 xR B, i C14 % R2-

MYB Z5H0 38751 &4 2 B DNA 4540 5 (8 2A 21
JELk) ,R3-MYB 45375 & A 1| BE DNA 454
fLri (B 2B L) . Hirp R2-MYB Z54448 DNA
SEALSALT N 3 loop X LI F1 o #2€ H3 X, R3-
MYB %545 58 DNA 2557 547 T C i o B2 5E H6
X, A FRHERIX 3 MEA M5 X A MYB 45
AL O FE S DNA 254 (K 3A 3B) , 255 H
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KK FE# / C14 T R2R3-MYB J7 51 5%, 45 #4) AH
T, PAtMYB053 Y PndMYB053. PdtMYBOS1 4
PndMYBO081 =425 #) L Xt (& 3C1.,3C2) ¥ H3 Hij
%t loop IXAFAE 22 5, DNA &5 5 6L s 25 58 & — 20,

PAtMYBI155 5 PndMYB155 =445 #) b X} (1K 3C3)
& 1 IE H3 Hiisi loop X AFTE2E 541 N Hifi loop X L1
DNA 256 A0 S AFFE 25 5%, Ay 2 4> DNA 25640
M A3

Al. PAtMYBO053 5 DNA 43 F X4 ; A2. PAAMYBO81 5 DNA 43 F X4 ; A3. PAMYB155 5 DNA 4rF X}#%; B1. PndMYB053 5 DNA 43F
X% ; B2. PndMYB081 5 DNA 43 F % 4%; B3. PndMYBI155 5 DNA 43 T % 4%; C1. PAtMYB053 5 PndMYBO053 = 4k 45 4 Hb %t
C2. PAtMYBO81 5 PndMYBO81 =4E£5H L4 ; C3. PAIMYBISS5 5 PndMYBI155 =445 HuXt, Al : docking of PAAMYBO053 to DNA; A2
docking of PAtMYBO81 to DNA ; A3 docking of PAtMYBI155 to DNA; BI ; docking of PndMYB053 to DNA; B2 : docking of PndMYBOS81 to
DNA ;B3 Docking of PndMYBI155 to DNA; Cl:3D alignment of PAtMYB053 to PndMYB053; C2:3D alignment of PdtMYBO81 to

PndMYBO081 ;C3:3D alignment of PAtMYB155 to PndMYBISS.

3 ##f C14 % R2R3-MYB & 1 = 4E45H4
Fig.3 3D structure of poplar clade 14 R2R3-MYB

2.3 WHEEPCR

HRFE 7 B - P75 TR TG Pk A LA R Bk
BT SR HERN I iR - B 1R E4 AR 3N
2 hpi 6 hpi 12 hpi .1 dpi.2 dpi.4 dpi f17 dpi J5
AR FRZE BB R A, 25T Q-PCR ¥R K C14 %
R2R3-MYB F:H 3Rk w24k, R AR E k15 3
W RIS FEAS ¢ K256 P <0.01, 2255 3%,
ZRA5H 3 4% Cl4 % R2R3-MYB FE [N AETE HFs- 7 il
R THIEMGTE 6 hpi A4 dpi P ) 5 25 Sy v e
ISEFEA (I 4) BT R 22 4 K (6 hpi) R2R3-MYB

FER IR I8 R IR B S SR % TSR
A e R W KB (4 dpi) PAMYBO53 i1
PdtMYBO081 A S H B I 25 35 W | 76 I8 B 2 A+ Bf
(7 dpi)3 DHEFFRIRIIEA T, X A28t B
FR RGO, Bk C14 % R2R3-MYB FEHFE 10 5
PIREE — 38 R IR IR BT (6 hpi) RIKTI T
PR BE R RS 0 O TR S AR
WEF IR (4 dpi) BREH 3 4% C14 & R2R3-MYB
FEPR Rk S Wk A KGR 7R R R A1 (7
dpi) JEH R 0 T %,



A C14 15 R2R3-MYB RS BT b fioht g 31

A. PAIMYBO053 5 PndMYB053 ik ; B. PAIMYBO81 5 PndMYBO081 ik ; C. PAMYB155 5 PndMYB155 ik, A :gene expression
of PAtMYB053 and PndMYBO053; B: gene expression of PdtMYBO8land PndMYBO81; C: gene expression of PdtMYBI155 and

PndMYBI155.

B4 A# C14 1% R2R3-MYB JERIBU B4 Y8 A - B HIHEE 2235
Fig.4 Gene expression of poplar clade 14 R2R3-MYB genes after the infection of E4 rust

3 WiwhE&E#%

TE T o P b AR 45 A B e i AR A iR
o XFYORERW RIERA RS FHAL L L
HR 45— ZRF B0 52 I A 310 161 95 Dl 81 =2 4, 3k B it
W E B, BRSE N T R - A 5 T E4 9RO
P A BN 0 B R B PR A 4 9L, Bl
TR E4 AEHUNFR 7 dpi J5 AR HR AR 4255
BIRTREL 2 K, h S B HE R 7 dpi S5
i HR AEAR, O ARE A AP . HR WA R PH L5 i
i F-HEIE W, B AT e i 2 T 24 3¢
¥, Hith MYB ¢ WRKY %5 2 3 L[] 4

ZRGRE ST R RNE Y 6 S Am I
R2R3-MYB 3 ( PndMYB053, PndMYBO81 .
PndMYB155.,  PditMYB053 .,  PditMYBO81 I
PdtMYB155) ,i% 6 4% N 5T R2R3-MYB FE[H
AIMYB30 [6)J& F C14 #tfbki, AMYB30 ZEY 5
i Jir A e A e R 9 e P S 1 I ) R R R
JCAES A I R AR R ok Rk 3 T 2 it Ao A
I I TR AR R Z2 A A0 TR B SR B e
55 i FOR PR U B IR AL B R e R
( Cercospora nicotianae) 20 T e R [ U O P
W HA ML IIEE, X 6 23 g i 5
GV EAE A 0 R B RN A O, A IE B X — T
I FATI3 I XF 24 32 4 FBK 5E 4 C14 JE R2R3-MYB
FERFR AT THF5E . %66 & PCR 454
T —BFl 3 FR LR ik i AR {34 A — 3,
KKFEAm R2R3-MYB JEPH 43k i AR Al S 2 3wty
5o Ze%8# Cl14 % R2R3-MYB RENTES H H 224 K

W1(6 hpi) BRI F IR R LRI IR R R A A
TR ER A, B S R2R3-MYB X T il R HE K
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