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Construction of the EMS Mutagenesis Library for Industrial
Hemp and Expression of Genes Related to Cannabinoid Biosynthesis
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('School of Pharmacy, Hunan Vocational College of Science and Technology, Changsha 410004 ;*Institute of Bast Fiber Crops,

Chinese Academy of Agricultural Sciences, Changsha 410205)

Abstract: Industrial hemp (Cannabis sativa L.) is a high-value cash crop with applications in papermaking,
healthcare, textiles, and other industries. The development of new industrial hemp germplasm is crucial for both
breeding programs and functional genomic research. In this study, we constructed a mutant library of the variety
ZHONGDAMAZI 4 (ZD4) using ethyl methanesulfonate (EMS) mutagenesis. By establishing a gradient of
eight EMS concentrations, we determined that a 0.8% EMS concentration was optimal for inducing mutations in
ZD4. After treating 2000 seeds with EMS solution, a total of 644 M, seedlings were obtained, with a
germination rate of 32.2%. Ninety individual plants exhibited variations in leaf color, inflorescence, and plant
height, resulting in a mutation rate of 13.98%. High-performance liquid chromatography (HPLC) was used to
measure the cannabidiol (CBD) content of the M, plants, resulting in the identification of 3 high-CBD and 2
low-CBD mutants. Sequencing analysis didn’ t reveal sequence variations in the coding and promoter sequences
of five key cannabinoid biosynthetic enzyme genes (CsPT4, CsOACI, CsOLSI, CsCBDAS, and CsTHCA) in
the CBD content mutants remained unchanged. However, the expression levels of these enzymes varied
significantly compared to the control. It is inferred that EMS treatment induced mutations in regulatory genes

affecting the CBD metabolic pathway in the mutants, thereby regulating the transcriptional expression and
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resulting in significant changes in CBD content. This study provides germplasm resources for industrial hemp

breeding through the establishment of an EMS mutant library and lays a solid foundation for further elucidating

the regulatory mechanisms of cannabinoid biosynthesis and related genes.

Key words: Cannabis sativa L.; EMS mutant; cannabinoids; gene expression

KK (Cannabis sativa L.) SRR KRR, J2 3 E 4
G gEEY ML AEY ., BT KKF
(Cannabinaceae) K& (Cannabis) — 44 B A
Y. KBRZEFF LR 4t h g oy o H A0 wE <, v H
TR L 2UmkL ; AR B IR G R A7 PR ZR il
RALE W E TR, T B T AR FIMEAE A9 4D
R, Tk KRR 2 48 P & KRR W (THC,
tetrahydrocannabinol ) /NT 0.3% B KR SHFR 45, 3
SEARIG RIFIE R B, Tl KRR & A B KRR 2 o K
k1% (CBD, cannabinoid) ZEFHLINAR . 3T 4 F1 5% ft
P A5 TR HL A EE 1 2 R A (BRI IR 1V, FH i
SO H NS R B AN 7= A a1 KRR
R EY A BB REW & 2 500, R
CsOLSI F1 CsOACI 43 5! 2 i FC v i) S B A T iR
o R %51 (OLS, olivetol synthase ) FIUA R 14k,
fis (OAC, olivetolic acid cyclase) A A O R
(OLA, olivetolic acid) Fl £& B iR % n g (GPP,
geranyl pyrophosphate) S i {AY) it . CsPT4 4wt 5+
T I Rl (PT, prenyltransferase) , 4 Ak B iR
A5 W R A R 406 - 2 KRR TR 3 R (CBGA,
cannabigerolic acid) F&I "4 5-75 i A R T (5-
geranyl olivetolate) . KRR B3 R 1E b KPR 3 1
VU SR RR B 45 R JRR 2% 174 2 [R] T4 , 4 RORR — 1 iR
4 liff (CBDAS, cannabidiolic acid synthase) il PU &
K KR & W (THCAS, tetrahydrocannabinolic acid
synthase ) 7377l S8 AL PR Ak A= KRR B 2 1 S KRR
P3P, 36 2ok I ol 50 PR 2ok AR A SRy KRR — 1 RN PO R
SRS o Mk R RRAE - i = v 4 B2 FH 43 KRR —
P B4 58 250t e B R Tl RORR ™ b & T 8 1]
P 2025 £ TIOR8 202423658, Tl
KfeF EE LN FAEY  ERENT W . /1 .
IR R pa b A (KO #54 Fiod, Jorp e DA &
FEVTILEE X LR 32, = w8 L2 RO R
F, BRI R F . TR JUAERIRER &
HOAF R ™ W B T S R, T T 5
TV BRI AR 5 SRR K .

AH L TR S A5 [ Tl ARR 3 A it B, 7 1 3252
R W & A AR . HAT Tk KRR
FEFMTFEAFHRLEMN REFMMHLE

RO, A TR BRI R G B MR ReR(E
G AR E MR B 0 AR RS
H a5 75748 & Fh o 12 DA B AR AL Ak 2415740
RN fbrEEA MRS E MRS S, Ot
T ZMAEY" . W IR £ i (EMS, ethyl
methanesulfonate ) 1f & # B9 fb 24155 50, 7655
FEUS A RR RAFRY KR NEER K
1R SR YA B RN BT BB AR B N B
TIRRALEK JBIKRE E PR EORSEIL R A

A ST 1 EMS 5728 v [ ROl B2 B RS B
5% P 55 1 b R SRR B 4 5 (B o 58 80 75
2009001 ) , FEE T —A Tl KR T AR FEARIF 43 B
GRARFEAR R RN AR SRR S 38 2 T R
AR SRR 2 A T S AR R RO R A
B 5 A KL i 3L [N CBDAS . THCAS . CsPT4,
CsOACI 1 CsOLSI 1) DNA 5 41) Jz 35 ik 7K SF-2527)
FEATT AR R TR RRR R & 1 AR 22 IR, S RRR
KA RG] 05T S HEREAE , 1ok KRR
T U KRR R 5 A5 A R AR T A L
1 MB5RFZE
1.1 iKgesr#t

AHFFE R RRYE 45 (g b 830 74
2009001) A A bR} iz RLE A v E RO B B
RISt b oA eI Sk S ol A B IR 40
S BLER I AR R A s 4
152 d, 4B U R 136 d, IRk 3.14 m, 4
7745 2556 ~ 2717 kg/hm?, KJFE 8 &5 i 4.84%, 1
AR 5:0.22% . HIE#TR 2 R (EMS ) A7l
1.2 KEHE
121 REEMSKEMZE 14 EMSIE RN AR
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BT TR0\ AE R A G 1) v KBRS 45 D45 150 it , FF:
%5 200 r/min 5275 13 h. 7% ¥ 4% 5 ] Na,S,0,
(0.2 mol/L) H A1 EMS I, I FHZE I /K np sk A+
3G FRHEAI T, F7d.10 dF1 14 d 43 HHHE
Pl % (R 2R R+ B R A 4 L) .
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RIARUE EMS AbHS 50% 22 A7 AR REDS IE # H v, AR
P8 LD, He B F EMS fe b BRI i

122 REFBHEHESHERAE AR PH
T JRR 4 5 1 B 1 EMS Wk B 4 0.8% ., Pk (B
T3 Fh 1~ 2000 47 31T 0.8% EMS B840 H 13 h i,
i FHZE IR A A7 3 W5 F BRI .+ 2021
A5 H 20 H 787 R 1E 1T S04 A 3/ X R4 T 5
AF G A ARG TN X A4 B N X AL
80 m?, /NX A 20 m, FE 4 m, B/ X KRN 500 R R
T ATHE 0.80 m, BRFE 0.20 m. H G SRRy .
-0 S5 RS R 5 80 ~ 100 d WER 2 AL Ak
FAR S ACHAAR S LTS SRR s YA D
TR, 2RA5 M R0 B & 2% . [R) SEB H i 80 o
T A 9 F 40 bl 5 A B Ak Hlct o (R 5
B BB B e RIS 3 0 BN X Ab
A2 EMS LB o R RR BT 4 5 AR Ak , FiAE Tr AR A
25 P 5 98 AR R R X IR R4 — 2

123 REFE®RITEST ERE SHE LD
T B AR AR N AE R AR SR 7 1 24 A 5 8
1 F T4 2O MR BT R IR = A A U T
BGRAE, B ERARIE 3 ~ 4 MR S . U
M, B AR B L A Pk rh 35 0058 21 AH [R] 7 58 28 1
ARAE R 522 AR BN E B U, DT 22 B P45 R 28 X1
REAE 4. AT 0 28 28 PR R 5 2438
AW 7 R

HEAJEAEI G | AT BE /N DX P AL 36 O AR K i)
15 R RIBRE 4 S AEARAE 0t BEATRE, 15 IR 3
FAR B S AR 322 8k, BUH R A8k , 2
% Deng 5505 1k, R @ ROR AR L3 75 E 1 T R RR
FRR o S , EREAEECA 10 WL, 3% 1 mL/min,
R4 220 nm, FESIAH A AH R HEAEK i s
B AHM O, B6 B VR Z5 4R 0~20 min, M HE
F R AR B S R R . R RBR B
TR RN KRR B % 1 T B R %
20% FIRE 2 5 ARRRR 0 3% fib bk 3 R KRR T 3 i
TR HRZH AR 7 B 209% HIRR 2R

125 EBEREREERRTMAAEN X HKE T
TR A G/ INX A A R R Th BB 445 58 A8 (AT
PRBCHT & KRAE T 0.20 g, i Fl TIANGEN /2 w44
K 2H DNA £ B8] &2 (DP30) 48 Tl KRR
DNA. #R #& NCBI ¥ % (https://www. ncbi. nlm. nih.
gov/) RIS HL 2 (Cs10: GCA_900626175.2) 153
CsPT4.CsQACI ,CsOLSI ,CBDAS #1 THCAS HJ 3£ K 2H
4 (445 5 37 X )15 B, , fi F Snapgene 24511
O 5 (R 1) o ffi ] TIANGEN /2 #] 2xTaq
PCR FiIR I (KT211-03 ) #5477, #223857] & i P
PR T PCR U o i FH TIANGEN 23 F] 1)
DNA 4lifk [ 7] £ (DP214) $E4T PCR SR, )7
S BRULH S, DG (8 ] pGEM®-T Easy 12l &
R T BRI AU R E YR A FRA RIINT

x1 AHRFASIMFET
Table 1 Primer sequences mentioned in this study
BT HIERT - Genbank FA(5-3) FTBURE (bp) ik
Primers Target ERS Sequence(5'-3") Amplicon Purpose
gene Genbank ID length
CsPT4-GDNA-PART1 CsPT4 LOCI15713185 F: CTAACAAACCTATCTTGGGAGAATAT 3666 CsPT4 K41 DNA
R: CAGGTCCAAGTTTGGGGTTAG 25 15 vl
CsPT4-GDNA-PART2 CsPT4 LOCI15713185 F: GATTCTGACTCTAACTTAGACATTAG 6643 CsPT45E[H 21 DNA
R: AGACCCCAAGTTATATTAGCACTT 2 el
CsPT4-GDNA-PART3 CsPT4 LOCII5713185  F: CACAATAGTTAAAGTGCTAATATAACTTG 7028 CsPT45E[F 21 DNA
R: GGTCTTATATAAATACATATACAAAGTATTCAG 2 3H5r yele
CsOAC1-GDNA CsOACI LOCI115723438 F: AACGGAACCTTCTACCCGG 1408 CsOACT 3
R: TAGTCTACTTTCGTGGTGTGTAG DNA 5l
CsOLS1-GDNA CsOLSI LOCI115700696 F: GTATTTTTACATTAAAATAATGTAT 2620 CsOLSI 3:H 4
R: ATATTTGATGGGAACACTACGC DNA sl
CsCBDAS-GDNA  CsCBDAS LOCI15697762 F: TGGCTTGCTCTTAATTGTTTAGC 2635 CsCBDASH:PL
R: TTAATGACGATGCCGTGG DNA 5efi
CSTHCAS-GDNA  CsTHCAS LOCI15697901 F: GGAGAGCCAACTTTCACTATAA 2638 CsTHCAS $EFH 2
R: TTTTAAAGATAATTAATGATGATGCGGTGG DNA 5l
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F1(4)
T H Ay LA Genbarcl'k FeAl(5-3) H‘«E)"iﬁf;(bp) ik
Primers Target BR5 Sequence(5'-3") Amplicon Purpose
gene Genbank ID length
TUB Tubulina-1 ~ JP479709 F: CTCGGCTGAGAAAGCATACC 102 FEF I
R: CCATGCCTAGGGTCACACTT
CsPT4-EXP CsPT4 LOCI15713185 F: CAGTGTACCAAAGTTCATAC 153 CsPT4 35K
R: CACAATCAAGGTCCATTAGG
CsOAC1-EXP CsOACI LOCI15723438 F: CTGAAATCATCCCTTTTACTGCA 110 CsOACI F5K T
R: CAGCCATGAAAGATGTATACTG
CsOLS1-EXP CsOLSI  LOCI15700696 F: GTAGTCCTGAATAGTCTCCACACTCT 127 CsOLSI1 k7K -
R: GTGAACACATGACTCAACTCAAAG
CsCBDAS-EXP CsCBDAS LOCI115697762 F: ATCTCGTGCTCCACCAATC 188 CsCBDAS kK-
R: GATCCGCTGGGCAGAACGGT
CsTHCAS-EXP CsTHCAS LOCI15697901 F: CAGCAATTCCATTCCCTCAT 63 CsTHCAS Fi5kKF-

R: TTTCAGAATCAGCAATTC

1.2.6 WHEEPCRNERERIE BU5MA &
T AR A /N XA K B B R RRE 4 5 58748
R AE AR AL T 0.15 g, f# F] TIANGEN 2 ] 4 ) &
RNA #2 B 77 & 32 B RNA |, I ] TIANGEN 23 #]
FastKingcDNA 55— 5 iR & 2B 2 5 41 DNA
15 YLREIA S , A B cDNA 55 —4 , B FE A BB 41
W . R KRR R (CBDA, cannabidiolic
acid) & WA Ak i 5L [N (CBDAS) | VU &K R ) 2
(THCA, tetrahydrocannabinolic acid) & % ff 1t i F&
(THCAS) F& M IEAEREIR — R K iR &t
B B W 3L K (CsPT4) | ML #E R 35 4 il 3
(CsOACT) FREBES BB HE R ( CsOLST) B P4 R
#5, fd FH PerlPrimer (sourceforge. net) % it 51 %)
CsCBDAS-EXP., CsSTHCA-EXP ., CsPT4-EXP ., CsOAC]1-
EXP Fl1 CsOLS1-EXP 5| #) (£ 1), LR FRAEIT cDNA
B — 5 MBS T QRT-PCR 2347 .

{8 1] TLANGEN /A 1] SYBRMixture i #l] & i1 7
qRT-PCRIA L , PCR 2 I A4 7 e B 55 G 136 BH 45 3F
FrECH], 9 AL - 95°C AR YE 10 min; 95°C A8
15s, 60°C 3B X 1min, 35 NE R . LLN 2 KA
Tubulino-1 (3 1) ) CHELAE A XTRE SR 2429k
(=R SFR PO ST A
1.3 #ESH

A58 fd F SPSS 4t 11 #1441 (version16.0,
SPSS, 2007) %46 4 47 et o B, Bdls 181 3R
{d F Microsoft Excel 4k {F-5E i, .

2 HERS55H

2.1 REFIEHEEF

FEXT EMS V& B B 00 v, Xof AN [k B Vs v Ak
PR RRR YT 458 AR Tae Tt o A5 R R #
M 14 d, EMS BN TAV KBERH T % . EMSH#k
BER OB FE R 14 d hRIRRIE 451 & FA] 3K 95%
M EMS e 0.2% $2 5551 0.6% B, FEF S 14 d ok
IS 45 B % R 87% FEAIRZE 62%. 24 EMS ¥k
M 0.8% Hi 1= £ 1.0% I, #6715 14 d HhIRIREE 4 5 b
B K IR e, A 419% FRIR 2 25%. 7F 1.2%
EMS Ab3rh 35F15 14 d HORRRSE 4501 A 340
$410.05% (K1), EMS IR 0.8% I, FiF-Hi &%

100 —
—-10d
20 14d

80 "\-

B& % (%) Germination rate
~
(e}

n
0.2 0.4 0.6 0.8 1.0 1.2
EMS #J¥ (%) EMS concentration

B1 AERE EMS AEHRAKE4SHFHLZEST
Fig.1 Seed germination rates of ZHONGDAMAZI 4
treated by EMS with different concentrations
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O 26 &

4%, T EOER , IR 0.8% EMS i ARk
FEA THRRE 4 5 5 R R ARA 2
22 RERENE

ZEMSAARE , RS 45 M, R 644 1k,
W R R 32.2%, TEAFA: B BB e H ) 2R A A
RGiit R MR KA (F2), BR27kEk
HIFERRAN B BRAT T Z A MR S A R R MR 2L T 63
PR, USG5 AR R SR i pk A R B H IR AT
PR Ry S Sk A W B AR RS [ R B A b
(BR PR 50 cm D) 5848 FEMR . B Tl KRR

®2 HARKRE4SREGFRE ST

FARFy EAARERR 15 PR, o5 B R RR 1Y 2.33% (&1 2A
2B) . BEAE K& H AR LA PR 14 Bk, 5 ORCET R RR Y
2.17% (K 2C) o Ay RAE kAR Y s I A A AR 2L
108k, 5 R FEARAY 1.55% 52 B0 [) 7 B s A A
PRILAE 24 B, Horb 19 B B BEAE B bR =5 & 1R 50~
100 em Z [, 5 2R AEPRELY 2.95% (E12D) , 5 HR HEXT
HE MR e w20 A IR 3 100 em, (5 28 28 MRS 0.78%
(EI2E), BALETREL TR —A5 W RAVFHE,
SR FE MR AR H B A I 27 AR, B AR AR 4.19%
(K2F).

Table 2 The phenotypic analysis of ZHONGDAMAZI 4 mutations

75 g F G RRAL RALH (%)
Variation types Phenotype Mutant plants Mutant ratio
(%, Leaf color HAL 27 4.19
RAL I F A 15 2.33
A£JF Inflorescence WEAE & F R 1L 14 2.17
TR R 10 1.55
Fki= Height FERRIZEAL 50~100 cm 19 2.95
AR 100 cm D) 1 5 0.78
At Total 90 13.98

A B MR EE G C R B IR (ZEMINIE R RERR A MERE R B IR ALRR) s D SRR (ZEMI BRI IE AR ) 5

E JEARAL S F A (ZeMEh Bk s, A 0 IE R
A,B: Leaf color changed to purple mutant type; C: Pistillate flower degeneration type(the normal height plant showed in left, the pistillate flower

degeneration plant showed in right) ; D: Dwarf mutant type(the dwarf mutant showed in left, the normal height plant showed in right) ; E: Dwarf

mutant type; F: Etiolated seedling type(the etiolated seedling plant showed in left, the normal height plant showed in right)
2 PRKE4SREEHBERE
Fig.2 The field phenotype of ZHONGDAMAZI 4 mutant
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23 REGFKBESENE

WS 4 SRR UE AR AL S , 2% Deng
SR 1 R v SO €3 9 X6 2 A AR e Xt
HEBE AR IEA T IORR 2 5 I, DA i 1 H 8 RORR —
By R AR PR — A AR AR . 45 R R, 50 BRAH
Fb , 2R AR AL Sk KRR 0 A W g As fk . X
HESE I8 PR — 8 & A 4.45% ~ 5.22% 22 [0) 448
TN 4.84%. i % 2 5 KRR M 5 5t M ER EMS-
12, EMS-79, EMS-153; fIX K JFK — B % & bk R M
EMS-58 .EMS-211([&]3) ; HoAth by Hr 45 KRR — 1% &5
WAL, PR — 3 %5 R 7E 3.87%~5.81% Z [A]

<~ I 5.97
S I .
Sz b1 484
i 2 ST
418 4r 3.33
ﬁg 3t 2.37
_§U 2+
K 1t
0

FTHECK EMS-12 EMS-79 EMS-153 EMS—58 EMS-211

EMS-12 ,EMS-79 .EMS-153 .EMS-58 f1EMS-211 Jy
ENGIISESEN 7P
EMS-12,EMS-79,EMS-153,EMS-58 and EMS-211
are different mutation lines; CBD : Cannabinoid
B3 RELFXRERKR_BIEBNE
Fig.3 The detection of CDB content in mutant lines

24 RTEAREREEEXBENBERRE

B4y 4t

KRR A AR EE W & CsOLS1 , CsOACI |
CsPT4 ,CBDAS Fll THCAS 5L, 33 5> KL PR e
PRI A i f i SCBEVE A . AWFFE X R
JRE 455 KRR 9 1% 1 8 A8 (K 3 (EMS-12 . EMS-
79 .EMS-153 .EMS-58 FIl EMS-211) FI%} B4 7 HUR:
e i VR S 1 B LA B S AN SER G 4 X
FE 8 F X DNA R B IFl 7 . DNA U7 45 5 8
7 s R 1 i AR AR R 55 0T BEAE AR AH L AE S
A KA T R TR A ) DX P 1) o R B L 2R A
HIA 31 XL N DNA Ptk & A RAr . itk
TRRR 93 1 SR A8 A R KRR 1 o A N
S LB B 575 A S5
25 RETEAREREEEXBEMBERRE

T

TRRR 193 5 it S8 AR AR 2 O B 5 i
(1) 35 PR R KO 285 SR S, 556 BEORE B, PR — )
B RS AR FR TS IR ARl 2 A KT A W
PR R RO B 7 PR R EMS-12 Y CsPT4 3 [
FEIR KPR B0 1.82 4%, & RIBK I & etk R

EMS-79 Ht CBDAS 5 K 35 /K V-2 5% By 1.60 £,
KRR R B ik 2R EMS-153 Hh CsOLST KR %3k
TR SE X R 1.51 A% 5 IR —. 9 7 =LAk &R EMS-
58 1) CsPT4 3 R ZRR /K F-AH L B R 61.76% , (1%
KR & bk 22 EMS-211 75 CsOACT J:H Fk |
HHEEXT R R R 36.26% (£ 3) . B &b e iRk
BH D i PR 3¢ 58 0 A 28 28 ik 2R P 5 0] B 135 %)
WBEZEFKF-. BT RIK &R R Rk R
DL SN SR Ab R DR S LS Bl IX P A4 B I
K BRAF | RAS AT RERZIR TR S Ok FfE R 4 3 X )
TI6g , X KRR A AR S fi fl il L R 5k
IR 7= HE R, de 2RI N S AR R AE 3k v KRR — By
TR E IR,

#3 AEHRTEHEXRESRIELEEEEREN T

Table 3 Expression of genes involved in cannabinoid
synthesis in mutants during flowering stage

fﬁs CBDAS THCAS CsPT4 CsOACI CsOLSI
X CK 7.8b 2.5a 3.4b 9.1a 6.3b
EMS-12 7.5b 2.3a 6.2a 8.6a 5.8b
EMS-79 12.5a 2.7a 3.1b 8.8a 6.7b
EMS-153 7.6b 2.1a 2.8b 9.3a 9.5a
EMS-58 7.3b 2.5a 1.3¢ 9.0a 6.5b
EMS-211 8.2b 2.2a 3.7b 5.8¢ 6.1b

INGFRERIR AL IR 50 BREEAR HUAE P<0.05 /K125 57 3%
The lower-case letters indicate a significant difference between the

mutant and the control group at the P<0.05 level

3 itig

HAER Tl KRR i T FF] A4 A
PREEPE TR B35 A = K = Kk R, DAL
SR X R AR AR 7 Ak —2F DAL {2019 4 KRR
T AR By s 35423600 . Hi,
AN Z 052 MU B X2 A W A KRR ST S 437
B RO HEIAIESE , 5 SR Bh L R TR R SRR
FE S R A PR Tl KRR SRR, TR
A B R 2R 18 5 i i EMIS 5 A8 4] il %
SRR, QIR S R R R AR R R E
B A S B ) B L AR

ARWFFELE T R A T 9 AR RN, %
HHA TRV, 24 EMS ISR E It 7575 ) ]
FER I, Y20 21 DNA SZ450RE i 25 ], S 30
SRR 22, SR, i B A T RE R BRI
DA o AL, V7R A AR B 1) A 2 AR e
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LA S S 26 &

A R SiE S R Ny & S N[k Y (B
Pixt EMS it 52 PEAFAE R R 22 5, 767 T EMS #4 4
) 58 AR R BRI 17 50 I B 2R 3 5 75 28 50 i
VAR [H] 5 R RSO R AR e, BI5 AR IS Re 6%
FEIE — AR BR 1 EMS Al A R 2 A o 5 A8 1) [
FINFE AR ) S AR R I B A s i, AR S %
B A0 RAE RIS AR DCHGE " W5 AR B () 1
13 h, Hil it EMS 5 s JA 8k 2 W00 5 9. At
FEM 0.2% B 1.2% L5 E 6 1 EMS Wk FEE 6 i, & R
VR EE R 0.8% B, B & 300 41%, Fe il 13
BEH PR SR 1 0.8% EMS M58 ik i k4T Hh R FR
BY 45 SRR A

H i EMS 17528 i i 5 AR (K K 2 0 1 T — 4R A
H 2 BHAVEY) , ILRAEY K 2 ) H 52 7E M, AREL
M, ARG A5 2828 MR T IR SL 98 i o 76
TR 15 EMS AR il BF9E N 51 R
iR s Se A A, B MG 75 A8
PRPEARTA A S S FE/NAZ BRI 22 22 1) EMS 2828 {K
FERH M, AR RR BRI Oy XA 1213
MR I SRR R BRIk R FIAE 40 > FLpk
1) 5 ARAG 5 42 22 (1) ML ARG A BRI T J AR A
A2 T KRR E T MEAE SR AR, S A Bk R
PEYLE [l — S R AR A A 22 0 R’
A IS TE M AR LUS ARG A5 58 A8 B R E
FERK o 30 4 BE5E Ty AAORAFA 5 Tl KRR %
U5 ey % H s 5 s S EEAAH R, AT ORRe Bk
AN R TSR o 78 Tolk KIRZE A FEAA Y
gt % M A TSRS BT AR R AR A S
PR S 278 SR bR Tlk KR R AR IR R R %5 |
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