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Studying Genomic Methylation of Arabidopsis thaliana Seedlings Under Cadmium Stress Using MSAP
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Abstract: The DNA methylation is an important component of epigenetics and plays a significant role in the environmental stress—response.
In this study, the effect of Cd** on the methylation in genome—wide DNA of Arabidopsis was researched under Cd stress of 0~5.0 mg - L'
Cd** using methylation—sensitive amplified polymorphism(MSAP) technique. Root growth was significantly inhibited by Cd after 19 days of
incubation. However, no obvious differences were observed in leaf numbers and fresh weight among all treatments. The percentages of MSAP
in Arabidopsis treated with Cd** were higher than that of the control(35% ). Increasing Cd concentrations decreased the methylated (M )—
type bands, but increased demethylated(D )-type bands. Variations in the brightness intensity of these two bands were observed. After the
specific bands were cloned and sequenced, the methylation modification phenomena were found in multiple sequences such as mRNA, hy-
pothetical protein, express protein, V—type proton ATPase enzyme subgroup, chloroplast photosystem II CP47 genes, Chloroplast DNA,
rRNA repeat unit and ribosomal protein. These specific sequences could provide bases for the biomarkers of cadmium stress and stress—re—
sponse mechanisms.
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B 5 T MSAP FSE RS G JF S TS A T S 29

SMFEY A G H NSRS, YA b T5R A
G RIS, 8 DNA (%) FH AL R 25 H
PR m B SPTaiPEs, HH R Al  BE DY 4 D
10 e SRR BRI S50 R AE — B T LU A A K
B, FEAE I PR 577 e i O i 2 Y R
FE AT DUSE i e 0 R 05 M VEIG A= 4 40 it o3 Ak Fndes 22
SELEATTE B, A R TR R IR,

T AU 1 2250 (Methylation—sensitive
amplification polymorphism , MSAP ) A& H. 45 #: {1 &
BRGNS HIE DNA 8 SO0,
Z“CCCG/GGCCT L 1 F BE A AB M L (51 BE 6 2 WL
WA ) B PR 2H A AR P, PRIHGZ R B 280
JWFSE S I 2 DNA H JEAY, B E )7 pklo 24,
MSAP FA ) F LA G I 3R AE 4.7%3) 45% 2 7],
BRT DA e Al 2 Sk, A A 5 DR 20 i g
BARIKAF- o 4, Cervera S50z ] MSAP BRI E 1
IR T A ) A2 25 B AR 7K s Haichan Yu 55 A
FE T ARBE B 1 75 DL o i PR R A AR A 5 00 5 A
P3RS IR H B T L 2 R PN S XU R I L LA
AN N — T SR 5 AT B PR e IR AR T PR A v
S $UL R T BE DR B KO 5 - SRR R A
CACL, HeEERYIE AN, AU R I FH AL AL R R 1S (2 R
WA B TR OB I L

1 TR AR L TR R DS, AR g, LA
AN A 5 XYk, If BRI P9 K e 4
BRI, B AR AR AR I A AR S F AR et
FERIBEARY) , A SCEBGU R I+ NI | 12
FH MSAP HE AR i A [6) e B Cd A RO 0L P 7 42 Bk
WP A RS20, a0 ek e R I S H: R B r
F 3T F R BE DR ek A T AE PR A AL ) L DA A
TGS W RAE SRR A B RPN SR AR

| RS

L1 #EITEFR

PEK ARG S+ (Arabidopsis thaliana,Arabidopsis ) F
F R EHE LI A= 257 (Ecotype Columbia ), BEHU{EHE
Tl PRI SRR, 28 0.1% HeCl, 7 5 min J5 HIK
RAEGET ¥, HRFRE T A K4 CHA
24~72 h, = A 100 mL M&S(Murashigeand &
Skoog ) BEFRWE , I Cd ¥, A LMk Bl 0(CK) |
0.5.1.5.5.0 mg- L™, JK I J5 45 R 2 A A1 K i #0057
Fh R0 T = AR I8 B O = A TR IR SR A
HHEF TR SN SR SR AR E IR EE 19~20 °C O

G E) 14 W/10 h, JE5E 2000 Ix. FT A5 AR H A 3
Ko 19 d JE IR, T R g AR 25 it 28Rk 5
PR AT BIIEVE 3 WG FUEAEHET . I -80°CUkAE
FfiHe Cd*H CACL(/3HT4l, 415 >99.9% ) Ffit .
1.2 #F & F RN RSB NE

IRCEAE R 100 mm (8BRS IR0, IS 2 Al — 5K K
WUEAR, AR ML G R ST A1 50 kL, F 11K 2
HESM 1, S 5IMAWEE X 0.0.5.1.5.5.0 mg- L™
) CA* ¥ 10 mL, A 4 COKFE TR FIRIR
AMAEFREE 3. 3 d A 20 CIEIRIEIRF NPT
JERREEFR . 0] BT 248> 88% , AR 20 mm
i, IRIR o, A AR /N T 5 mm I E A
Ko

BUARTE] Cd ¥ B AR 19 d J5 59480 Fg I 2 i 20
PR, 43 S0 7 Hem 5 e R AR L AR 4
A5

R =(1-x/y )x100%
A, x EAE IR L E AR IRy X BREH
WA IR S B 4 AR T SPSS B (M
13. 0) F1 Microsoft Excel 2007 474511041, T/on ly
SEIE PR . A AL IR LR e/ N 2 252K
15 (LSD) AT 2 LU, B KRk 0.05,
1.3 DNA $2E

TR 50~100 mg & FAH S A4 T2 i i L
ML CTABPUAFEBUE. DNA, 2R 1 - R 1%
E AL (Eppendorf BioPhotometer plus, Germany )il i #¢
FEFNSERE , I 0.8% B HE B E I L TR A T
1.4 MSAP 43#f

MSAP 3 MR 22 B8 Cervera 2521 5 3 LA
ek, AN YIEGZH S EcoR 1 +Hpall (E+H)F1 EcoR 1
+Msp 1 (E+M)XF SR 2H DNA HEA 73U (B0 25 5
Y H NEB, £ o S WL BT 1.5% 9308
WHEE I L VARSI o W B 15 L ZA0 IS 57 7
K BRSO, R RAF T 20 CH oS3 P
JHHEk S M8 Haichan Yu 28 AL R 45112, i Kk
FAEYAFRER(GE 1),

T S e S SOV AR Ry 25 pLAKFR .
T 3G 1.5% B AR MHEE IS AL VKA I, ™
B F 95 CARYE 5 min Ji5, FH 6978 PE I DN I Ik e
BERZHLTK 2,300 V HHLTK 30 min, 300 V HLJk 4 h,
R4 5E (EB) YLt J5 BEOA , A T4 e 93 #
1.5 FAEALIEMRAL A BEIHY | 52 BE M B B2 Le 3t 43 47

Y5 R N 040 T Y B 5 v F e S HHY B4k e B D
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1 MSAP S4B R#ELFN51 4 R 5
Table 1 Sequence of adapters and primers used for MSAP analysis

B A
EcoRI(E) Hpall-Msp I (HM)
$k 1EIA] CTCGTAGACTGCGTACC GACGATGAGTCTCGAT
S [ AATTGGTACGCGTC CGATCGAGACTCAT
SuEaciE) E00: GACTGCGTACCAATTC HMO00: ATGAGTCTCGATCGG
a1y EO0AA : GACTGCGTACCAATTCAA HMOOAAT: ATGAGTCTCGATCGGAAT

EOOAG: GACTGCGTACCAATTCAG
EO00AC: GACTGCGTACCAATTCAC
EOOAT: GACTGCGTACCAATTCAT

HMOOATC: ATGAGTCTCGATCGGATC
HMOOACT : ATGAGTCTCGATCGGACT
HMOOTCA : ATGAGTCTCGATCGGTCA
HMOOTCC : ATGAGTCTCGATCGGTCC

FOIR , HJCHKIEE 3 3, #8565, inA 30 pL JoH
7K,95 C/KWE 5 min, HARAH), i DNA Z & FIHH,
A BT U0 255 (R TR K E IR 10~30 A%, JRUR B
JE I EIEW 2 WL FHAHI A 5 9 P A T e 4
FNE 3 BG40 A 1.5 % B W 26 F5E FEL ARSI A
FH H YR, I PCR 24k & i (J6 i
KRB TEYFEREAR) , B P54 A pMD19-T 3544
(TaKaRa,Japan), 4 AR EIESZ S, Pk
e BAVE R T R HEA TR SR P . e A e 24t
HERBEA AT 5

3811 NCBI(http : //www. ncbi. nlm. nih. gov/)
AT RIIRPERS R B E I AL E S RE

2 KWERSH

2.1 Cd eEEMBIEAMFRFR, hEt AR E
FRKEI AT

2:0.5.1.5.5.0 mg L' CA*4bPE 19d J5, AbFEE
s RN AR 0 R 2 [ A I J 22 5, ol
TREFAEMIIAKR (K 2). Mo ARG BAT T

F2 CdBMEXIEFMFRFR @t EEsE
TR R0
Table 2 Effects of Cd on seed germination rate(% ) , aboveground
fresh weight and root length of Arabidopsis seedlings

CARRE/ i RIEARL YA M5

mg L7 R Yo i & /mg M lem  JWiIZ/%
0 8 93.33  21.13x1.43a 12.87x1.04a 0
0.5 8 94.67  20.73£2.20a 11.45+1.02b 11.07
1.5 8 94.00 20.36+1.69a 8.95+1.17¢ 30.50
5.0 8 92.67 19.82+1.67a 6.65+1.27d 48.32

T [R5 AN )R 30R 25 57 1835 (P<0.05)
Note : Data followed by different letters in the same column indicate
significant differences(P<0.05 ).

T AR AR PRZH S5 X AR FE 22 AN B3 (P>0.05) . — A
Ab BRI HULRE T 400 B AR R A RS B AL X6 R (P<0.05 ),
I HBEE Cd e B i T i AR ] 22 I i 34K, 43 5]
7 11.92% .29.65% Fi1 48.63% ., W] Cd Wil % 4 i
R A L 410 ) R A FHELA S 25 1) R0
2.2 DNA {REX BBV R #1845 R

DNA $RHAlE K S s M FF A Ja i 00 1 oK
(1 A). BEVIEELS wL WUEE =40 0k1 5 1.5%350 08
WHEE IS HL UK AN, S5 23 5T /R, 2R I I 45 2R RLAT
AT AT R UERIR (] 1B) . 5 5wl Wiy =9 7
1.5%By B W8 e FEL DK ASIIN , 45 S Y ST R iR AR L
KFR537E 100~1000 bp JLFE N, 4558 R 47, o] LLgEA T
T ([ 1C).,
2.3 MEFFERE A DNA ¥ EEiE & R EAEIHKE
T

2% MSAP 437, FRA 13RS T 45 1 b , S A2 1k
H AR AL 5 & 1) MSAP & 34 [813% . Hpa 11 A1
Msp 1 ¥IRgiRnI3F0)% 5'-CCGG-3'¥41, {H)&,Hpa
I %FF 5'=CCGG-3" H AT AT —Fofr XURE i v s 4 FF
P E IR (RIRBERE Y] % 5'-"CCGG-3" \5'-C"CGG-
3'.5'-"C"CGG-3" I i) HR B REUN I I K AE
BASEAMU R RE b AR ) FE A 1T Msp 1 %) Bk
ol OBUEE M it g 2 A= 1 R AR 2 U (RO RE RG]
B 5'="CCGG-3".5'-"C"CGG-3" Iy ), HEEET Pyl
B AR S (B 5 -CrCGG=3"f 5 ) o R, AS S B
MSAP R 2 g 743 A U2 . 1 AV E+H A1 E+M
PRI E A T, 260 CCGG 5 A e A= F LAk (]
2A); 1AV E+H T, E+M A4, B CCGG i 4,
RAAHEALE 2B); TR E+H A4 E+M i,
B CCGG s kA AL (] 2C) 5 IV AL E+H
1 E+M ¥ 05



IS 5 A5 ] MSAP GFFEMISA SR I 4 35 D S S 31

4M 3M 2M 1M 4H 3H 2H 1H Marker

Marker 1H 2H 3H 4H 1M 2M 3M 4M

A:DNA HEIEE S B AWEFY) =06 5 C . 534 P26 s H: EcoR 1 +Hpa Il W) ; M : EcoR T +Msp 1 34 ;1:CK,2:0.5 mg-L™ Cd>,
3:1.5mg L Cd*,4:5.0 mg- L' Cd*; A K] marker 3 A=Hind Ill digest DNA Marker, B .C [§] marker JyD1.2000 DNA Marker
A :DNA extraction results; B: detection of double digestion product ; C : detection of pre—amplification; H: digested with EcoR 1 + Hpa II ;
M digested with EcoR I +Msp I ;1:CK,2:0.5 mg-L" Cd*,3:1.5 mg-L" Cd*,4.:5.0 mg- L' Cd*;
marker of picture A is \-HindIll digest DNA Marker, marker of picture B and C is DL2000 DNA Marker

B 1 L5%IRBEHER AT R R & 432 ARG DNA IRERZE R  WESHI A= fnF g 1 7= 4

Figure 1 Profile of DNA extraction results, double restriction enzyme digestion and preselective products between control and treatments with

1.5% agarose gel electrophoresis

Marker HI H2 H3 H4 M1 M2 M3 M4

MarkerH1 H2 H3 H4 M1 M2 M3 M4

MarkerH1 H2 H3 H4 M1 M2 M3 M4

H:EcoR | +Hpa Il XUHFT) ;M EcoR 1 +Msp 1 ) ; Marker: DL2000 DNA Marker; 1:CK,2:0.5 mg- L Cd*,3:1.5 mg- L™ Cd*,4.5.0 mg- L™ Cd*
H:digested with EcoR | +Hpall ;M:digested with EcoR | +Msp I ;Marker: DL2000 DNA Marker;1:CK,2:0.5 mg-L" Cd*,
3:1.5mg L Cd*,4:5.0 mg- L' Cd*

B2 xtR54EBEFTEESA DNA K MSAP i 1 Ei%

Figure 2 Profiles of MSAP in Arabidopsis thaliana DNA between control and treatments

M EcoR | &9 5915 Hpall F1 Msp 1 959
BEXT i 20 X35 [Pkt 10 X257 BTS2 245
PEfm . EEMEIFEIY) . A 1062 2535 I T B
DNA 25707 , R 5 |4 36 5R15 106.2 255544 . B
FEARANT A5 474 45, ey 44.63% , Forp 2 B ARV
308 4%, i 29.00% ; 4 HREARAT AT 166 45,
15.63% (3% 3), 4H LA el b2 HE Ak e )20 T
13.37%, UtHIIEGIF 3L CCGG A ik B sE M Y
Jif i A R LR PR 00 s e R AR R s

AR BE Cd b PR 5| S Y 400 RS I 40 1 2 D 41
DNA A% B MSAP Huf6]43 5128 35.00%(CK) |
52.65% .47.37% .44.65% . 3 AL BRI i B R L AR R Bl

%ﬁﬁi%ﬁﬁ?ﬁ@ﬂ%‘ﬁﬁﬁ&ﬁ R 357 w8 6k B 150 B Ak
PRSI I S A Al LU T s o A b 3 4 B R
e T, 451k 15.00%(CK) (15.51% .16.17% .
15.87%, Ut EIHIRG IF I 4 CCGG A0 p BUEE P i
W E LA R R B R 3 e TR BRI
540243 511k 20.00%(CK) .37.14% 31.20% .8.78%,
VBB R T I IR 2 CCGG A7 p5i B4 MO iy fi o e
FEARR LSRN, H S5 b B S A e R
24 Cd B EMEFHENRENFRTL
FEASEEG Y, F AL U3 G e B 15 iy
IR (FR 4), SRS RSS2 8B 1k
PRSP A Ak R A B 5 X B 2 () A A [R] S Y (N
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&3 AERE Cd LEXBIEFTLEEREH DNA BELKFHZIT

Table 3 Effects of different Cd concentrations on genomic DNA methylation levels in Arabidopsis thaliana seedlings

CA* ¥R/ 7 7
mg-L SRR D) ARSI e CREIME()  Hpilie B RAEN)  BH AR MSAP/%
0 182 42 15.00 56 20.00 280 98 35.00
0.5 116 38 15.51 91 37.14 245 129 52.65
15 140 43 16.17 83 31.20 266 126 4737
5.0 150 43 15.87 78 28.78 271 121 44.65
it 588 166 15.63 308 29.00 1062 474 44.63

T B A RN = T+ D+ 105 SR AR A5 R T+ I S A28 (MSAP Ef51))=( I+ 11 )/N; 4 BEfR 3= IT/N; 2 R AL 2= TIUN,
Note : Total amplified bands(N)=1 + Il + Il ; Total methylated bands= Il + Il ; Methylated bands ratio=( [l +1Il )/ N; Fully methylated loci ratio= [/ N;
Half methylated loci ratio=Ill/N.
x4 RERE Cd BRI REITHEERFESE DNA BEALFRATWL

Tables 4 Changes in the genomic DNA methylation in Arabidopsis thaliana seedling treated with different Cd concentrations

1537} H IR SR 1k GHEIEA
Xt e St —_— e i 05 mg-L"  1.5mg'L” 50 mg-L"
H M H M (Cd>) (Cd*) (Cd*)
1 1 1 0 CCGG CCGG CCGG M1 34 24 20
GGCC 5GCC GGCC
1 1 0 1 CCGG CCGG M2 1 1 0
GGCC GGCC
1 1 0 0 CCGG CCGG M3 0 0 2
GGCC GGCC
1 0 0 0 CCGG CCGG CCGG M4 5 2 1
GGCC GGCC GGCC
0 1 0 0 CCGG CCGG M5 11 4 3
GGCC GGCC
JN 51 31 26
0 1 1 1 CCGG CCGG D1 0 1 1
GGCC GGCC
1 0 1 1 CCGG CCGG CCGG D2 3 3 5
GGCC GGCC GGCC
0 0 1 1 CCGG CCGG D3 0 1 1
GGCC GGCC
0 0 0 1 CCGG CCGG D4 5 7 7
GGCC GGCC
0 0 1 0 CCGG CCGG CCGG D5 7 7 7
GGCC GGCC GGCC
I 15 19 21
1 0 0 1 CCGG CCGG CCGG Ul 0 0 0
GGCC GGCC GGCC
0 1 1 0 CCGG CCGG CCGG U2 1 0 0
GGCC GGCC GGCC
It 1 0 0
LA ATt 67 50 47
1 1 1 1 CCGG CCGG N1 55 64 67
GGCC GGCC
1 0 1 0 CCGG CCGG CCGG CCGG N2 48 51 50
GGCC GGCC GGCC GGCC
0 1 0 1 CCGG CCGG N3 26 30 32
GGCC GGCC
BT R 129 145 149
2 AT 196 195 196

TE:H # M 230R3% Hpall/EcoR 1 #1 Msp 1/EcoR 1 [ET]. 1474750 iy ; C Fll CC IR LML g .
Note: H represented digestion with Hpa Il /EcoR 1 ,M represented digestion with Msp I /EcoR 1 . 1:Presence of band;0: Absence of band;C and CC

represented methylated cytosine.
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BN R A& A AR s N2 2 FEBEAE N3 4 H ),
KR ITE Cd AhFRf5, HIEFZH DNA 1) CCGG
A7 1 AR S A M . 28R AL R 5 b PRl 5
XA BUARR], RIIPIRIIT 4 Cd PR J5 H CCGG
BT AR R T ols , A

(1) HIEALHI(Methylated)——M #Y, {45 M1,
M2 M3 M4 M5, FPHIEITL Cd b5 CCGG i
SRR B, Horh M1 (1, 1-1,0) M2(1,1—
0,1) M3(1,1—0,0) k55 H LA, B b B2 76X Rl
2R R R I Bl 3 T R 4R ;M4 (1,0
0,0) .M5(0,1—0,0) 8 H 34k, RIAb R 75 %7 BR 41
B2 kAT AL IERE S8 T FREREE .

(2)EH AL (Demethylated ) D &I fu45 D1,
D2.D3.D4.D5, KW T 240 Cd ZbFfS CCGG fif
SRR B D L RS 5 M BRI

(3)ANEZEA (Uncertain ) U RS, 4uff UL FT U2,

B AL FRZE 550 B2 i HH A 2 S R B JE T e

M 4 FIE 3 Haf LIE Y, 2280 A vh DU L
(M) RIS 22, 168 Cd AbFRAE 4B R FT IR ZH DNA (1)
CCGG MRS TR LB . — b PETE AY
B 4PN R T 35 R 4 FE SR R A5 P AR UR B AR, 43 1) o 51
31.26 %% L H AL (D) RIS AR 2 (BT
HIEARTRL, 43500 15,19 .21 455 Z28MRIRICH
67.50.47 %, HWEALFA BB ERT LA
RIARE s, X FRIAREE Cd YT+, 3l rd 7 1A
21 2 F AR A A SR 2 Ak A
2.5 DNA BEWLLLEFFIHH

X A3 HA R I 35 PR 2 R AR A i S A 7 Il

601
O FISLALR M

>0r -m UL D

40
=
=30
&

20F ././I

10

0 0.5 I 1.5 I 5.0 I

Cdﬁiﬁ)ﬁ/mg' Lt
B 3 fRAbIESI M I EEREH DNA FELM
EREMNTHEE
Figure 3 Changes of genomic DNA methylation and demethylation
in Arabidopsis seedlings treated by Cd

SO T IS, M T 8 A H b B iy B Ny
A1, LAVE R[] 57 81 B R T R EA TR0 40, & B4 g
IEEEA A P HE mRNA B FRAE N T4
T fBCE 2 1) mRNA J741] V BUSF AT B AL 4k
RSB ARZ T CPAT FE [N 284K DNA rRNA EX
BTG BRI 155 Z R 2T DNA P9I 317 AE
DNA HIEALIBIREIS (R 5).

3 e

ARSI RS AL FRBE AL PR L 20 BR ARSI 40 i
A HAFRIE bR, LAHBR LR T Fh B) A 5% 2 80, 45
RBRPIE T R RN SECE TC BARE, TTAR
PP AR bR B RGN 2 TR (3R 2). iR
Herbette S5 UE SR TEAL TR AU AR 2 10 25 1 Tt il
07, 2L &5 AR AE FRAF IR PN S5 R4

&5 MEFTFERE DNA BELEIHG S F 5 K L4551

Table 5 Sequence analysis of the methylated sites in Arabidopsis thaliana

519 B 12 P e e KB /bp [ U551 —5%  EA4
EOO0AG/ HMOOACT E+M fragment, CK 316 Arabidopsis thaliana At2g16590/F1P15.3 mRNA sequence 100 le-163
EOOAT/ HMOOACT E+H fragment, Cd1.S 362 Arabidopsis thaliana chromosome 2 BAC F23H14 genomic 99 0.0

sequence , complete sequence
FOOAC/ HMOOTCC Weak E+H fragment, Cd5.0 122 Arabidopsis thaliana chromosome I BAC F12K8 genomic 100 4e-56
sequence, complete sequence
. Arabidopsis thaliana mRNA for hypothetical protein,complete
EO0AA/ HMOOATC Weak E+H/Weak E+M fragment,CK 362 eds, clone: RAFL22-85-G17 99 0.0
Arabidopsis thaliana photosystem Il CP47 protein(pshB )gene,
. partial cds; PshT(psbT )and PsbN(psbN )genes, complete cds;
EOOAA/ HMOOAT k E+H frag . 14 1 —
O0AAZHMOOATC Weak E+H fragment, Cd3.0 > and PsbH(psbH )gene, partial cds;chloroplast genes for 00 8e-69
chloroplast products
EOOAA/ HMOOATC E+H/ Weak E+M fragment, CK 363  Arabidopsis thaliana rRNA repeat unit, most frequent IGR type 99 0.0
FOOAA/ HMOOATC  E+H/ Weak E+M fragment,Cds.0 162 rabidopsis thaliana chloroplast DNA, complete genome, 100 3e-78
ecotype : Columbia
EO0OAG/ HMOOAAT E+M fragment, Cd0.5 185  Arabidopsis lyrata subsp. lyrata ribosomal protein SI1,mRNA 98 1e-85
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() S0 TP AR BIIESE | X B T80 ARG TR S SR A B
EABIRED I 53 PR B AR , Al PRAR 50 240 it A%
A7 I A D il R -2 s L A R o T
FAAR AR , DT I 40 B 1 5 AR5 1 e =7
MAFK Bk, ARSI R H— R REALS |
YIEAT PCR 938 A X I L7 5 T H SR 4
JLAFH] 1062 25517 o X IR AL 20 iz 4 A A
WY 35% (K 3),iX 5 Cervera SF™IHF5E Hh 8148 LT
A AT H AR R AR (O 36.2% ) (H 5 3
(51.72%) /NG (41.56%~44.83% )™ AT (449% )™
I (4.7%~15.0% )PV ZEFE ) 1) SE R 41 DNA HH AR A
ORI, g2 B[R] A L R A TR AT 42
KZEF, FRATTE K B = A Ha b PR HL RS JF DNA
FEAVACT-2 05 TR I IR AE S N A KRS
Wy e LA RSO, FR A AT 5 | Y R R AT
e U R A S A S ke 4 R R 4 PR Ak
KRR o A FE IR X IR TS R R A
WL AR T AR R R A i A, R
FE S DNA A i) J s g 15 B T MSAP HE 5] 1Y
PR, HE— 2 AR BN [ HR B A a 2
b5l 2 T WA, R R BAR Hpa I X
CCGG 17y Mg g Y Ak Y SRR AR T Msp 19, {HLJ:
Mspl 4385 (1) Fr BeAlR T 100 bp, TR 51 TGk s
RAAR L5 RATE Cervera S5 [FFE HBIESE™,
FEYIH DNA H AR A 32 B2V FH O R i R ek
IR B DR A e PR 2 3 DR 2 R Ak T o S IR 3
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