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Gene Isolation and Transcriptome Analysis of
a Maize Brown Midrid Mutant bm-likel
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Abstract: This study reported bm-likel , a naturally-occurring brown midrib mutant in maize. Segregation
analysis in the F, population derived from the homozygous bm-likel mutant crossing with B73 inbred line
indicated that the brown midrib phenotype in bm-likel was controlled by a single recessive gene that named
BM3. Using BSA-seq and fine mapping, the target region was mapped to the interval of 32-36 Mb on maize
chromosome 4, where the BM3 gene was resided. BM3 encodes a caffeic acid o-methyltransferase, which is
an important enzyme in lignin biosynthesis. By crossing bm-/ike! with the bm3 mutant, the F, plants were
observed with a brown midrib, indicating that BM3 was the causal gene for bm-likel mutant. Genomic sequence
analysis revealed a 1439 bp hAT transposon at 144 bp upstream of transcription start site of BM3 in bm-likel ,
whereas the bm3 mutant represented a 5452 bp insertion in the second exon of BM3 gene. Real-time quantitative
PCR and transcriptomic analysis approved a reduction on the expression of BM3 gene in bm-likel to the wild
type. Moreover, the differentially expressed genes between bm-likel and wild type were mainly enriched in the
secondary metabolites biosynthesis and metabolic pathway.
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FORAE R W AR, B AR 5 TR A A
T A B KRB —Fh K&
BRI P K T AR A T S R, R 4
Y EHEARAE RN E, &R EFNETEK
BB B R S0 00 6 K™ b & e A 55 0
R A B S O HE R X T KA (i vk e s
P B AR A 9 320 8 R KR BIIE N DY 561
J7 1
Wk KR T 1924 4R LB LRI 6
AN AR i v Bk G AR B bl bm2 b3
bm4  bm5 Fl bm6, 73 A PE AL T 5.1.4.9.5 Ml
25 e ok |, KoKk BMIEE A 9 A 9 IR A I A
4 fitf ( CAD, cinnamy-alcohol dehydrogenase ) f# 1£
VAL T 0 0 PR e O, SRR TR R AR A
i —2b. BM2 JE [H 4 i 7 H I PO A0 R A iR
fitf ( MTHFR , methylenetetrahydrofolate reductase ) ,
MTHFR 25 S- it 1 - 2R ( SAM, S-adenosyl -
methionine ) Fi 4G, BM2 J PR 53 A5 B I A R
AR ZE W A, BM3 L 4 kg -0- B
FEHEFL I ( COMT, caffeic acid o-methyltransferase ),
e W% f £k ohi PR 7R | 5- 3% 3 A AT RN S- R LA AT
st FH LAk 53 00 A6 BT BRI T I AT B, R
Z 58T HILAFE(S- KK, syringyl lignin )
A A L BB B R A A K 2R AT
ARBTR A7, W T R AR T AL
FIRNAE D BM4 S N 4 1 I I 3R 5 R R A R
fitf (FPGS, folylpolyglutamate synthetase ), ¥ 4%
ARG FL LS G TR A A TR U Z MR Y y - ;R AL
b AERBEA Z RN E MR, S C1 AR &R
fit 7 B R BMS B IR G TS 4- R -
fif A 3% 4% B (4CL, 4-coumarate-CoA ligase ), 4
XF - IR T IR RN B B 4 A AR BUAE VL Y CoA
B, Chen %' BM6 52 (7 8] T E K525
G0 1A 180 kb Y DX [H] Y, 2R AT 4 S EHE [N, 42
EKRB Atk ERNAT THARRS
JC Y G B DL, DA Sy 33K 4 R R 5% 9050 1) 1) FH 25
FHeAit
L5 B 4 BT 4 R ( BSA, bulked segregant
analysis ) 3 12 X HAT W v R RU(E 1)~ 14& DNA i1 7
HESURUL SRS R R I RS R 7R C23 /NS UR I U e 7N
TEHEATRE R A A7, 6T T ) BSA-Seq
CL 2 N H T2 AR ) FR0E P 5 QTLs 1Y
i, Al I B KR O R s
L T 4% 48 19 56 8 2 067 7 5, BSA-Seq W] D F 3 1%

By PR S A Z (8] B Z 28R 4 FhRicd ik A7 5
FEAL, NTTTT5 48 B (A R R 28 9 o RG240 o & —
L PR 57 A 7 v, AR s i A > A 3R 2R R R R AR ) O
B4/ EARDE S E S IX 1) 2, F1JH BSA-Seq il
e At 57 T DL SR K 8 €8 i e Jok 8 8 () 35t 1%
TENL

AHIF TS5 R B — A 1Y B KA ik AR
&, B Hotiw 24 N bm-likel . 38 3 XF bm-likel $E17 5t
1R o A AL R L, A B S AL 5% % R, bm-likel
SN BM3 LR SR S AR R R E 91 4 B
T, 80T X By 1439 bp Y AAT 55 3% 13 A A]
RESE L bm-likel R @M P IKRABEA . AW
B0 W R I, bm-likel FNEF A= HU [ 22 53 e iR HE ]
B A A S TG R A AT MR A 5 55 0
Uitig, 2 5AR R SR AR A A5
GBS
1 #R5FE
B A
FRGANR bm-likel 2K 3 A< S50 2 12050 FH H i
— Mg E R KR JB T HARRAR R
1k bm-likel F1 128 5 B73 2458 5 F 5 M £ F, AR,
HEAT AL 3 M. A 464G 9 A2 4K bm-likel 55 bm3
RANRZASHAT LM G . bm3 FE K 525 1A 408E
bm3-91598-3 1T Maize Genetics Cooperation Stock
Center ( maizecoop.cropsci.uiuc.edu/ ),
1.2 RBEKFERRZSENE

AR bm-likel 1€ H & Fh 5 4= K 2 9 14
BF, et e SR B R 4 et b kR A, AR (AR
bm-likel 5 [ 28 % B73 # 5 1 F, FEAR R I 1 £
b ik ECRs (TR PR AR R A, WEETT ST F,
o i e ORI it v BRAE AR RS, ST 20 5 i
RSB O T RO RS . RS OS2 0] TR
FEW) A 22 Z B73 . RAE VR bm3 Fil bm-likel FEFE4S 9
PR,EE 3RO | MAEYEEE . FERERTE LT
Je FEAT R E, R FH MPA BT 21 A8 63 23 B {00 5
FEAPRTEVER AR & 5 .
1.3 BRIEREME AR F LN

B 5T I GEAE AR bm-likel ( 5CAS ) FI A A8 %
B73 (£} A4 ) J 2000 ¥k F, 73 25 Bf 4K R 38 50 1 R,
X F, o421 R4 € i v ik 0y FRORR BRURE, CTAB %
L HUDNA, # J1] NanoDrop2000C # fi £ 43 %
JEE T U DNA VE JEE, U421 Bk 518 (1) DNA 45
TRA, T DNA b IR thok 2 36 50 22 v I ik 2

1.1
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PR A BR 2 m1I0 07 B B R 30 x , 275 56 A
20 B73V4 WA 1 BOKIE R 4], 2 I BSA-Seq I
it VR VAR oRTiN RN S 0 W R % 2 s [ 16 3
A3 AT SNP AV o5, B 2 i 16 58 DR ) T A IXCT) o AR ARE
BSA-Seq 315 InDel A5 1ict, 26 9) % 17 X [a] N (1 A [7]
7 8 %3 InDel 4> Fhric (% 1), 78 58 45 {4k bm-
likel 1 [ 28 & B73 Wi SE A i it 2 S AR,
FIH 2 251 InDel #1ric ¥ 421 4~ DNA #17 PCR 4"
ARl 398 110 3 PR AR 4 € P ok SR AR R A RS A
FENL

HRE bm-likel KPR 0HS 20 5 A7 X 8], 75 K £
P I ( www.maizegdb.org/ ) |98 Zi% X [8] P (1 3L [A]
FERAR BB X Rl N AETE— > TR IE 1 £ KA
@ik BM3 2K T 2019 4L BIRRAE bm-
likel 1 bm3 5825 1K 45 147, BRAT 20 Bk HMERERTOR
I, B8 A8 1K bm-likel BARK ALK 5 bm3 452 15 5|
Fio 72020 4 Z A F, A bR, 2R 2 9 M0 5 0L
ZEri kg€

F1 AHRETARSIY
Tablel Primers used in this study

1.4 bm-likel EE R EPEMFFI 5

FI FH CTAB 1 #2 HU bm-likel F1 bm3 58 728 44 (1)
LR 2 DNA, 14 A 58 & B73 &% SL R 4111 BM3
ST W (3= 1), ¥ G5 AR R iy BM3 JE
KA 8l F P 31, PCR 9738 (K 254 50 pL, £ & 4
H DNA 2 uL. 2 x phanta Max Buffer 25 pL.dNTP
Mix 1 pL . DNA Polymerase 1 pL ., bm-likel-F #1 bm-
likel-R % 2 puL.ddH,0 17 uL, PCR ¥ 34 & % .
95°C 3 min; 95°C 15s,58°C 15s,72°C 2 min 30 s,
32 MIEHR, 72°C 5 min, 4°CL-FE. # PCR P21k &
A6 TR B A P ARAT BR A FH T . 7 BOKREL
i K3 A 22 % B73. W22, Mol7-CAU , Mol7-
YAN , PH207 ., CML247 . Tzi8 . M37W , Oh7B ., F7 il
EP1 HYEEPIAHF 51, ik BM3 JE K 1 2B 751 1
T YL AR bm-likel FVA - A28 R Z 8] 5
51225 . F|H PlantCARE ( bioinformatics.psb.ugent.
be/webtools/plantcare/html/ ) T BM3 & [ 3 8l F
X R TT

ElE R E 751

2]l Elk7)ikes

Primer name

Forward sequence ( 5'-3")

Reverse sequence ( 5'-3")

Purpose of primer

InD18-F/R AAGCCAACAAGCAAGCTCTC AAATGTCCCTAGTGTCCTTGATTT
InD23-F/R CAACCCTGAGCTGGAAGGTA GGACATGGAGACCACAATCC
InD28-F/R TGTTCTGGGAAAGTCGATCC GGAACTTGGATCGAGGAACA
InD30-F/R TCTGTCGCGGGTGTATTTGT CGGTCAGGGACAATTGCAAAA
InD32-F/R GATGGAATTAATGGCAGTCCA GGTCATGCGACCCTGTACTC
InD34-F/R TTGGTGTTGGATGGGGTTGA GGACTGTTAAGCATGGTAAGCG
InD35-F/R CCAGGACGGCCCATTTAACA ACAAGGAACGGAGGAAGACG
InD36-F/R ACCCACGAATCGTTGTTGAC TTCGCTACCACAACTCTGCT
InD38-F/R CTGAGATGCTCATGCCACAT TCAGCAGGCAAGAACAAGTG
InD78-F/R TGCACACGGCGTATTGGTAT TACTGCCCAGACAGTACCGC
InD90-F/R TACAATGTTGCGCTGCTTCG TGCTCCTTTGTAGCACAAGTCA
InD140-F/R TTGTCACATAATGCGGCGAC TAAGTGCACTACCACCCTGG
InD150-F/R GGGGCATGGATGGCCATTAG TCACAACTCACAACCGGCAG
bm-likel-F/R GAGCCCAGCAGAGAAAGGC CCGCCATGTAATTGTATCGTAAGT
Pro-F/R GTTGCCAAGATCGCAATTTA GGCGTTCTTCAGCGTCAT
BM3-g-F/R GCGCTCATGAACCAGGACAA AGTGGTTCTTCATGCCCTCG
GAPDH-F/R CCCTTCATCACCACGGACTAC AACCTTCTTGGCACCACCCT

K540 %€ 137 Fine mapping

PHaRL I Amplified gene

SCHFTE s B PCR qQRT-PCR
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1.5  bm-likel EEFRIEHHT

g1 MK A K 7 B H 38 & B73 . R 2K bm-
likel Wt (S BR R k) 5 b ik 2 B AS 6] 38 47 /9
PBHE A BURE 3 BRVE N | DNAEY-E R AR
Wit 3 Y EEE . RIS RNA $EHURH]
& (At RAR A AL BHE A |, 525 DP432) 431l 4
IR RNA, i F NanoDrop 2000 ff & 43 6% B 11
K RNA FE S 40 20 B FIik B2, IF 1% B8 B e
Ji FEL KRS I RN i 18 o b, it R R 3 Si 37
&b e EEWHEARARA A, 585 AU3LL-
03 ) ¥ RNA [ ¥ 5% 5 cDNA, % i1 BM3 3t A 5]
) ( BM3-q-F/R, ¢ 1), GAPDH-F/R /£ N 251 ¥
(R 1), #A730 & Rk a8, It R i ABI
7300 5 B} %6 O A2 2 PCR X, PCR ¥ 34 {& & Jy 20
ul, 5 cDNA 1 puL . Dye 1 0.4 pL. 10 x gMix
10 uL. 514 0.4 uL.ddH,0 7.8 uL, PCR #" 34 2 ¥
$9:95%C 2 min; 95°C 155,58 °C 20,72 C 30 s,
40 MEI . AE 72 CHEA 30 s B Bl 75, IF
Iy i 2, AR 27 T BM3 SR R

s e[ 24
kR

B73

W
Adaxia

i B B
4 i

AR A §

I i b i

s,

1.6 RNA-Seq flZERRIEZHHT

¥ RNA 35 B4 i s B R A BR A F
AT SCER RN SR AN Y . FH R 157 DESeq2 2
AT HRE DR 22 S 3Rk AT, LU A 25 A8 4K |log, Fold
Change|>2 12 5 i 2 1 padj<0.01 Jy b 1 i 1% 2=
SRR, FIH AgriGo v2.0 ( systemsbiology.
cau.edu.cn/agriGOv2/index.php ) 73 T 2= 55 3 ik F&
FEEENIIAEIIZE. il id KOBAS (kobas.cbi.
pku.edu.cn/kobas3/annotate/ ) 73 M 25 5 26 3K L [A] i
EE A AR R G i e AR A
20 %% pathway 2% H7E KEGG & 845 Rt 7R .

2 FHERESH

RTMK bm-likel FIFREFIRZ DT
R AR K F) 9 IR, [ 22 &R B73 I H ik A
iEH 8, bm3 F bm-likel 58 7% 1A 1 v ffk 52 48 (4,
(E 1TA~C ). Gitt F, i € i o fik R4 o o ik
RIVRI B (2 2), 4 xR & A BT S
301, RUIRAR bm-likel 45 €0 ik 3 2 phy
PR A SE R R 19

2.1

bm—likel

bm—likel x bm3

A:B73 WK B: bm3 Wifik; C: bm-likel Wik ; D bm-likel F1 bm3 Z25)5 14 F) AHERAGI ik 7R =1 em
A': Phenotype of B73 leaf midrib, B: Phenotype of bm3 leaf midrib, C: Phenotype of bm-likel mutant leaf midrib,
D: Phenotype of bm-likel mutant x bm3 leaf midrib, Bar=1 cm

Bl 1 bm-likel REGRBERE
Fig.1 Phenotypic characterization of bm-likel mutant phenotypes

K2 F,HBEFEPABH RGBS BRI
Table 2 Segregation of white and brown midrib on F, popul-
ation segregating

ity Sl i k2% Midrib phenotype

Plant (SRCAU IR 7S 1) 0 7 Qs S X’

genotype White midrid ~ Brown midrib ~ Total (3 :1)

F,(B73 x 69 21 90 0.059

bm-likel ) 64 19 83 0.100
66 25 91 0.179
67 17 84 0.778
71 19 90 0.533

x> (0.05)(1)=3.84

22 EEEMCFMANEMARZISENE
BSA-Seq £dli AT £ W, EK 4 S Y@k E
2RI A 1A A (BT 2A B ). FIH 421 tk
F, 48 (6 i v oRAR A 40 28 7, e 244 bm-likel € AL
T 32~36 Mb W BRI 52 4 Mb B IX [E] P (& 2C ),
TE B KR FE R B ARG R A, 120 7 X 8] AL B —A
CL 438 () G W e R -O- F SLAE ALl BM3 JEA
R T Bk BM3 HE PR AR T BGEAR K bm-likel 3
BRI JE R, 64T T S50 g0 . 25 8K, F, &
T2 I A o i ik SR B (I 1D ), 3R BH bm-likel
e k22 B0 2 By BM3 3L R Y 9 A 1 R . 42
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I LT AR ETE AT A 22 & B, A HE T A 58 & B73,
bm3 578 A () R VE VR TR BT 3R B B A 0 PRI
(P=1.86x10") ; bm-likel Z3 7SR PR VR A T
S AN 12.68% (P=0.02 )( K] 2E ),
2.3 bm-likel EE M TZREFIF 51517

BM3 HE R 20 791 4= K 2327 bp, TP L AE K
FE 4 1095 bp, 67 2 M4+ FE AL 4 L Xt
KB, RN bm-likel " BM3 $& K 75 B IR %65 F
ATG 21if 144 bp 4b7H —> 1439 bp [ hAT 5% )% 1
A, H i XA R AL T bm3 58784

£ BM3 L5 2 b i B — 4> 5452 bp 1Y )7 51
A (K 2D ), H1 I UE B bm-likel F1 bm3 5725 1A 1
BM3 BEH 2275 77 AR, J5 3l 0 25 2R B,
BM3 RENRIGH T ATG 37 145~141 bp dbFH—
A 38 W 3 JC F ( STRE, stress response element ),
HAZ 0 75 AGGGG, 548 1K bm-likel Th BM3
B G 3 F b hAT 5 i 14fi AfL T STRE b, A
W5 R BM3 FEIH 5 31~ b hAT e JE1- A4 A Al
BB BM3 FERUANRE I % 5, T 5 B R A2 1k
bm-likel (A (A ik FAL,

100 BIOO
g7 > 75
=} . 15
A . . 5
g i g
= 50 = 50
LI W WD . 25+
Chr.l1 Chr2 Chr.3 Chr4 Chr.5 Chr.6 Chr.7 Chr.8 Chr9 Chr.10 0.0e+00  5.0e+07 1.0e+08 1.5¢+08 2.0e+08 2.5¢+08
C E
Markers InD18 InD150 .
Chr.4 ] A\ n=421 3.5 i
Recombinants 48
s 28} :
Markers InD78InD90 1D 140 -
— i A
Recombinants 5033 39 I di<
%\éha 2.1
= o
Markers InD32 InD36 S 5
1 : 2 g |
Recombinants I 1' 1 :EU 1.4
[]promote =2
D 1439 bp 5452bp pgEgexon &
BM3 bm—likel bm3 —intron 0.7
v ATG \vi
T — 0.0
B B73 bm3 bm-likel

A B: FIJT] BSA-Seq JriEh) bm-likel 5 EAABE R IR ENL ; C: bm-likel FEPRAREANENL ; n: BFA /)N ; Recombinants : T 2H FERAEL;
D: BM3 JEPH A5 H ERIRIGEAST 5 B FI3C 5 B73 582844 bm3 Fil bm-likel WFRVEVER AR it
1% SR P=0.05 FIl P=0.01 KF F225R B3, R
A, B: Gene mapping of bm-likel mutant using BSA-Seq strategy, C: Fine mapping of bm-likel mutant, n: Number of individuals,

Recombinants : Number of Recombinants, D: Gene structure of BM3 and mutation site, E: Content of ADL in B73,

bm3 and bm-likel , * and **: Respectively indicate significant differences at P=0.05 and P=0.01, the same as below
B2 bm-likel REGEEERIE ML
Fig.2 Gene mapping of bm-likel mutant

24 BERERESW

R T SR hAT B 1 A2 7 5 BM3 A
() 23R 5, AR FH SE 1) 2€ 6 5 2 PCR H AR K
W BM3 FEH A EA Z [ ik i, RINFAZAK bm-
likel W (B 2 v ik ) Fep ik b BM3 5 R Y 2% 36

T AR BT3 (K 3A ), St &
LG Ve 4248 22 AR Hoh BB 22 ek
IRIY RN AL 1787 A, 1 2 S SRR T R Ak
R4k 2461 4~ (B 3B ), BM3 f74E T R LR, 5
S AE B PCR 4553 —3.
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Statistics of Pathway Enrichment
10F ! :
3600 Cyanoamino acid metabolism |-
g I# o
= % 0.8+ \@ = R Glyoxylate and dicarboxylate metabolism |- 1 qualue
5
jil 5 % 95 2700 Monoterpenoid biosynthesis |- o 0.014
5 06 5 = )
ge 0 oB73 s alpha-Linolenic acid metabolism . 0.012
£5 wbm-likel 7= 5 1800 ' 0.010
E 04+ e Z Tryptophan metabolism |- Y
o * DNA replicatio . . 0.008
02 900 o ) 0.006
Steroid biosynthesis 0.004
L 0 Glycolysis/Gluconeogenesis |~ o 0.002
I el I [RERE] RERED]

midrib only  leaf ( except midrib ) Down-regulated Up-regulated

1511248 20525864

Alanine,aspartate and glutamate metabolism [~ 0.000
Plant hormone signal transduction |
Lysine degradation |
Phenylpropanoid biosynthesis |
Ascobate and aldarate metabolism [~

Cysteine and methionine metabolism - - Gene_number

- 6
83
166

[ ]
[ 3
249
3

Nitrogen metabolism -

Carbon metabolism L4

Glycine,serine and threonine metabolism [~
Peroxisome |

Metabolic pathways [ @

Biosynthesis of secondary metabolites | o

0.1 0.2 0.3 0.4 0.5
Rich factor

A SEIFDEEE i PCR Kl BM3 BEH 437 B73 Fl bm-likel 875k A B A1 ; B: 227 FR LAY B
C: ZZFRIBHE I T IIRERY GO AR ; D: 2257 RIKHE I KEGG B ARG K
A': Gene expression level of BM3 in B73 and bm-likel mutant by quantitative real-time PCR analysis, B: Number of DEGs,
C: GO enrichment plot of DEGs, D: KEGG enrichment plot of DEGs
E 3 bm-likel REFEFHERRIESH

Fig.3 Gene expression analysis using bm-likel mutant

GO FEEIE R R, 22 RRAFEHTEA 2
o3 FOIRERAE Y AR b R o Lo iR 47.2%
(1959 1~).44.3% (1836 1) F18.5% (354 1> ), Xf
2 RINFEN Wy FIaedt— 2 ot KB, 3%
B AR % H AL S A A 5 T P ( Oxidoreductase
activity ), 1L 16 P4 ( catalytic activity ) Fil Z2 M 45 &
Ijie ( polysaccharide binding ) %5 ( [§] 3C ), X 48431
WRETEAR RS b B HZE/EH. KEGG H
TR, 27 RAENS S 18 A-lhaE sk, n
WA AR 9 A= 9 & 1% ( Biosynthesis of secondary
metabolites ), 8 i & 12 ( Metabolic pathways ). i %8
Lt ( Peroxisome ), H % 2 22 % I Rl 93 24 R 1)
1%} ( Glycine, serine and threonine metabolism )
& E AR A A S AR AT AR
A Tt B 1) 22 S AR HE D 3 AT 339,249 il 166
A~ (3D ),

3 Wit

BSA-Seq HAT PR 5 R AR AR AL, T
TR EN . FORIER A K B 4R,
FI UGS R 5 7 4288 EOK T 5828 FE D G TAEAE
A —EMER T FE . Zhang 257 FI ] BSA £ A
Y B K TR — ARk = AH OGN gPHT %5 T G

fith NF-YC # 55 [H ¥, K B] BSA J&—Fh B ] ve B 1Y
AT AW A BSA-Seq 4 H 193 K4 20
SENLTEEK 4 5 YL fafk 18~150 Mb, 2 v X [] 5 J&
BRMEH A BES BM3 FEP T35 2R B A %
FIH 421 A~ 28 (& DNA E47 30— AE 42 o, K
TN IX A4 /N2 32~36 Mb, IZIX )4 & —A~ B4R
R it rp ik BM3 JEIN . AWTFERIIH ] BSA £
AREEERG A E LR AT HE N e B A RO %
W) 8 Bl 7 A A 4 Ak DR S oK O T B A
A A 3T 2 A oot S
It SR DR A EL B AR T 1 R TR Y 38, T 52
M) A 4 9 A A T3 P . STRE fi B 76 JiR 7 1% B
( Saccharomyces cerevisiae ) "o A5 T 38 , J& K 78
i SR PR A AR S JE R A B 30 rh R A R A —
Pl AR SEICIE > Freitas %1%’ % SEB
( staphylococcal enterotoxin B ) % 5% K 745 & MRS [Tk
{i & ( Neurospora crassa ) ¥} STRE &, #4514
S REFNR KA W0 A A 2 A AR Y R, R
W 58 & B 58 % 4K bm-likel H BM3 5: A Ji 3l F I
1439 bp I hAT % Ji 4 A T STRE 2% |-, 7]
AE 52 Wil BM3 K& [N AN g 5 5 55 X HH HAE FH ok A
PR Y IE Rk . S 9O E i PCR M sk 4
Kot o3 Ml R s SRABNR bm-likel Y BM3 kK HY)
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FIRKOV B3 TR, E— 2 U BH BM3 L 8 1
STRE 3£ J7 I hAT %% i 74 A\ ffi 15 BM3 SLH (15
SEAZ BN, T30 bm-likel 7= A= 45 o v ik &
R, W [ 28 & B73. % A8 Ak bm3 Fl bm-likel 1)
FRVEVE IR AR R R &8 L, B73 e iR AR R &
O T bm3 AR X 5 R AR AR —
T TR B, bm-likel ZE7E 1 R M VE A
JRE S W T B73 F bm3 S8, FATHEM
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