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Mikihide Demura', Hiroshige Kobayashi’, Tokomo Yokoyama’, Yoshiaki Yamada® and Masanobu Kawachi'*: Real-Time PCR assay for
detection of DNA of Chattonella marina (Raphidophyceae) from sea sediments in Tokyo Bay, Japan. Jpn. J. Phycol. (S6rui) 63: 190-195,
November 10,2015

In Tokyo Bay, motile cells of the raphidophyte Chattonella marina var. marina were first observed in August 2008. During the following
winter, from December 2008 to January 2009, motile cells of the species recurred and caused mortality of cultured fishes in Tokyo Bay.
In order to survey temporal change of the population size of C. marina in Tokyo Bay, we developed a specific DNA marker (RT-ChamokF:
5’-CCCTTGTTCCTTCGGGAAG-3’, RT-ChamoR: 5’-CTCAACGGTTGTTATCTCG-3’) applicable to quantitative assay using Real-
Time PCR. The efficiency and specificity of the DNA marker was confirmed by DNA samples of both microalgal strains (27 strains of
raphydophytes, 7 strains of diatoms and 3 strains of dinoflagellates) and natural sediments collected from the coastal area where massive
blooms of Chattonella marina often occurred. We applied the DNA based quantitative assay to the sediments collected from stations in
Tokyo Bay and 8 ports in the neighboring coastal area of Tokyo Bay. In total, 118 samples were collected in 2008, 2010, 2011 and 2012 and
used for the quantitative assay. We could detect C. marina DNA from 8 stations of Tokyo Bay (2008: 1 of 9 stations; 2010: 3 of 30, 2011: 3
of 26; 2012: 1 of 41). The highest number of DNA amount equivalent to cell number per 1kg wet sediment was 2,841 in 2010. Average of
the cell number decreased gradually from 2010 to 2012. Our results suggest that C. marina has a long-term seed stock in Tokyo Bay at least
since 2008 and that the population desnity would tend to reduce.
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Chattonella marina (Subrahmanyan) Y. Hara et Chihara,
C. marina var. antiqua (Hada) Demura et Kawachi, C.
marina var. ovata (Y. Hara et Chihara) Demura et Kawachi
BAFEBMWWIMZ 7 4 Figfilic)E 3 2N 77 7 b
TH b, REMIEICK > TRIEZIZRL, i TEL Dt
¥gEEGI SR I L& (M 1997), 3 EfEIZHsL L 7
3ffie L Cfibinnsd 2 L H 25D, 4, Demura et al. (2009)
I & > UERER & CIGBEBNE R OFM 2 @ Tbn,
e LGRS Nz, 1970 484%, 80 I B T~
WgH3 C. marina \Z & 2 FRWBEEHE O HLTH - 7253, 2000
FEDARR IR, BB &SI E O LB AT
LT (OREETHE e S50 2009, KEET Ll
WEESFE SRR 2010, HA - Wil 2012)

I T C. marina 3 EEONABHATHER I N TE L
DI, ZMEMEOIRRIETH - = (T 5 1997), L
L, EH I K> THEEEAEM 2008 8 Ho HE 8 A 18
HEOK DR GEAKF D 6, Z0Z 14 300 cells/L & 4 cells/

L ® C. marina var. marina O 5EMIE A9 0 THER S 417:
(Demura et al. 2014), %7z, 2008 4 12 AXD>5 2009 4 1
22 THEE T B T C. marina var. marina O 7]
3P L EEAIC I E R 5 2 7 (A EKER 2 v 5 —
HIRBREEES 2009),

HEETIE N E T30 FEICb e o TTIERBZE ¢
vE—, MEINEOKERM L Y ¥ —I12 ko> THEB2EE 2
N=F L8777 BB TONTE R, $/, %
C DEFMNFES LI NTE (BIZIXEH 1998, Nakane
2008), L 2> L, C.marina var. marina % & ¥ C. marina
3EMMBEFEI NI L d ok, bbb, HEED
C. marina var. marina $£MIZEFER S - AR E O,
Demura et al. (2014) 2317 - 7= H KR 5 @ C. marina var.
marina BB >4 7ad 754 be—Ah—%flio%k
LRGBS A IRHTC L, A C. marina var. marina $£:51%,
RSN LBENERBIRNE L Z LTz T, HAR
FROEND & 3 I N b0 LB A OG- % 6f
FHOZ L2 EMHBIL T3, Demura et al. (2014) 133
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Tokai area
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Estimated cell numbers by Real-Time PCR/kg(wet weight)
O Not detected
@ Detected (<667)

@ Detected (667<)

Suruga Bay

Fig. 1. Study area and detected DNA amount equivalent to cell number of Chattonella marina in 2010 in Mikawa Bay.

WD C. marina var. marina £ ORI O WT, Bl
X B EIREED s DEMOB A AT, SHED S OfffiaN
FA MK ERPAEL LIEBADOTBEZ L TV 5,

C. marina var. marina \ZEJEELD 1 DDA T =Y L LT
RERAIIE (A R) L2 2 L2VHIAL T3 (5 - JHi
1986), > A Mi&, ARH#E 721k 7V — L oKW/
S ENS Z LBEINTE Y (Nakamura & Umemori
1991, 535 1993), Yamaguchi & Imai (1994) (% BEf# G
MG & 2% DNA BORIER RS2 5, & R O H]
HThHsZtrz®E L TW»5b, —J, Nakamura et al. (1990)
& Demura et al. (2012) T, HMHO/NEIMITESEET 2 2
ETHME RS> T A MET ATMREED RSN T B, £
Demura et al. (2012) Ti%, #EHO/NEMIEOELE S RE X
n<TkEh, BEEEFITICNIMIEL Y A M MUT 2 ATRE R
BXTw3, C.marina var. marina ®E3EHIZO 0TI,
SHBBICHE DN TH 505, BFIRFETIES A FOBHE L
<, HHEBHOM RS hiF2 EHWiTE S,

> A MZER 25-35 pm OFERI CEHEER ORI O
WAELTED, YA FOFEL LI C. marina 3 ZfEDX
A2 72> (Imai & Itoh 1988), 43 (1990) 7% & it
JEBRMER & D 7 IE BT EOE, WEERHEREY 2 R LINBLL %
SEMEED & R EZHEE T 2 ik (MPN L) ZREL

Tw3, 1970 £ & C. marina SHER I N T W BT A
YEFR SR CIIHEREY | em® B2 DR 723 > 2 b, IR
BRI | ecm® H7: DK 653 & A b & ol B
X 2WMEDDH B (5 1990), & A MEEFORKMD VD
3 Tty IXHis7:0, FHKkERBESTbE=Y ) v
ZToTED, YA FOREERDEICHBLL 7 =M D%
WKHHBEDSH 2 & T 2% b H 25 (KIS 2006), T4bb,
B O A+ OFRCHAERZIER T2 LT, W
R BT % C. marina OEERIL LM ORI % #EE T
LT EDNARICR S LEZ NS,

22T, BRAFEBIZBT S C. marina DEREE & Z
DORFENEBZHEE T2 E2HNE LT, EEFEICHE-ST
L - HEEW T D C. marina ® > A P FAERREE 2 A
7o BIROESHOCEMEE E BT S S, v A
F DIFEEE IR L T v ERBIBHEETH 2, £
MPN 3L IE R > A P 25T 2 L cHMAFET
H B, WHELEPHEREY OWNHE - (REEE, 2L T A b
DIFADEAVEIZ k> TE, FEERBRIFICHREL 2V 2
FEFHCE VLIRS H B, I TAPZETIE, VTV
% 4 2 PCR fBHTIC & - CTHIEHEREYI P D C. marina DNA &=
ZHASHICL, A FEEHEEL 72,

U 7V % 4 A PCR GBS DR Y O T B % A R
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VRN DNA v — A —IC k> THMIMT 3 FETHD, Z
NETHMBEHICB W COREPOFAERD ERLICEH
BTHDIENHEPDENT WS (#21F Delaney et al.
2011, Srivastava et al. 2012), C. marina 3 2% R E T
% DNA v —7—Dhi¥E, BRICEITMETHRESIN TV 2
(Bowers et al. 2006, Kamikawa et al. 2006), L 2> L, F
{985 < Bowers et al. (2006) & Kamikawa et al. (2006)
® DNA ~—h —%#&Wk (C. marina var. marina 5 ¥, C.
marina var. antiqgua 5 %) (RN U CEAT L7228, ALK
JEEER Y 7L 4 L PCR RHTAEEDSE 9 72 O B> RITF 515
W o Neh -7, % T4 IE, C. marina var. marina, C.
marina var. antiqua, C. marina var. ovata O 3 75812 38 H
AJREZ Y 7V F 4 L PCR HEBGRDHi 7 lfisiz HIg L 72,

mRlEAE
BERMEEY OREL, DNA it

Bt o IR HERE Y 1%, 2008 4 8 H i2 9 His, 2010 4 8
H2 6 9HIZ» T34 a, 2011 E8 H2 5 9HIIH T
T334, 20124E8 H25 9 HIZ T T4l Hiric kB T,
fili A ERIE A (BRECERY 40 ml, iR 3 cm, & 26 cm, #92.8
kg : BT ERERS cat. No. 5191-A L FAISE) 2 HWT
ks XRS5 7 (Figs 1,2), 2 ORIBHRIZERS
I D AR DB AL A IR > TE Y, HIEEFRO A
PERITRECH 5, 2010 4F 1 Hici, =3E 4 sl (34° 44
20” N 137°08 54” E, 34°46’ 20” N 137°13’ 23” E, 34°
44’ 39” N 137° 14’ 55” E, 34°41’ 50” N 137°10’ 52” E),
B2 4 HiS (FfIRTIR 34°36° 277 N 138°13° 27 E, K
¥ 34°36° 27”7 N 138° 13’ 277 E, 1E/K#E34°36’ 27" N
138° 13’ 27 E, HF D 34°36" 27" N 138° 13’ 27” E),
FHREE 2 M e COK%9 35°18° 25” N 139°19° 04” E, Bk
Hark 35° 18 24” N 139°29° 32”7 E), $hr#s2Himi (AHIIA
#35°18 24” N 139°29’ 32” E, R&EW#E35°41" 577 N
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140° 50" 46” E) 2%\ T HHENE & [AARIOBERHERTY) 2 PRI
U7z, BRIL 72 HERIIIORIR S v 7 IS A, 72725 IC SRR
Fodm D, DNA i FEEE % T 15°CIET CTRA L 72,

R & N5 24O DNA itz DUN o Ak chhit
Lz, £7, #EWZ 15 mLF2—7ice ), HERLMET
#73,000 rpm, 1 min D& 0% TE 3 7210 K EZHUD B 7z,
S, MERICHEAE S 2 WRETED & 2 KEMIES Z Wi h %
TELMVMORL 0 TH B, ZORiMHERZHME L7 (K
500 mg), HEREYIH IR % 422 @ DNA #iit 13 ISOIL
for Beads Beating (=v X v ¥ —v) 27w b a)LicfiE-
T o 7o, mikiY7% DNA fhiHiid 100 uL ThH 5, Z Dl
v MIHERYPICAER T 2EY O DNA Sl o 7 DIkl
pAFE S il v FTH B,

U751 L PCR &7
V78 A4 LPCRENTICHER L 72 DNA < —A —I1Z L
Tk H52FE#H Lz, %3 Demura et al. (2009) 12 & -
THLAI PR E & 7o I(RNA BB FHITS iRk ic > w T, C.
marina 32518 &SGR O R % 17 > 72, R C. marina 3
RO A S ORLFH 5 2> 5 DNA < — 4 — RT-ChamoF:
5’ -CCCTTGTTCCTTCGGGAAG-3’ , RT-ChamoR: 5’
-CTCAACGGTTGTTATCTCG-3" % 1{ER L 72,
DNA ~—»—DOR8EMEE, 77 4 VMo C. marina 3%
fii & C. subsalsa Biecheler, Heterosigma akashiwo (Hada)
Hada ex Y. Hara et Chihara %2 £ D 4 fi2 &8 27Tk, I 51
HRBTEET 2 2 L D% B L BEED 7 10 ¥z H
WTHRHE L 72 (Table 1), Z N Z NLOR5EED> 5 DNA fliHi % »
I (DNeasy Plant Mini Kit, QIAGEN) #% {\>C DNA % fil
MU, HEWD» OB L7ZDNA LRI LI 7Ly A4
D RIS IE TR L 72,
U T7IVE A NREFTEEIC B T BT, 16T 2— 725
L H7:9, SYBR Premix Ex Taq II (TaKaRa) 12.5 uL., RT-

Estimated cell numbers by Real-Time PCR/kg(wet weight)
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Fig. 2. DNA amount equivalent to cell number of Chattonella marina from 2008 to 2012 in Tokyo Bay.
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ChamoF 77 4 =— (10 uM) 1 uL, RT-ChamoR 77 A v—
(10 M) 1 uL, DNA fiiHie% 1 uL, WiEK95 ul % e
L7:b DT o7, ¥4 7 )VIK)EE Dice Real Time System
TP800 (TaKaRa) % Fi\>, 95°C T 30 sec D%, 95°CT 5 sec
&£ 60°CT30sec % 3594 7 VEEL 7%,

C. marina 3ZMMOMBOEEREZ ERT 570, XOF
JECHEEZER L 72, £, C.marina var. marina 3550k
(DEM-127) % H\C, #7100,000 fifassa s 558y v 7
V% 3 OfEL DNA it ¥ v b (DNeasy Plant Mini Kit) %
HVTDNA v 70 % 3 D L 7z, RICDNA Y 7Lz
FNEFN6BBEICHRL 729 v 7 vE T 78 A4 LT
E TN L, ¥V 7 b =7 Thermal Cycler Dice Real Time
System Software ver. 2.10 (TaKaRa) 12 & > CTHE#tZ f7 (Y
= 23229 log (X) + 27.37,R2 = 0990) (Fig. 3), WEECHERE
D oHH L2 DNA S Y 71ic 2w Ty, 2 oMM % A
L, MEHERERER 1 kg b icE T 2z HH L
7zo BHERY) DNA 12D W3 [HD Y 78 4 4 PCR K%
ROy LR EZ BB L, Aok E 512, RHERTH 2
YA EHOTHREREERT 20855 5, L L WEGE
RIS RO A ZRT E o720, C. marina
var. marina DREMETRAL 2, Thbb, HRIRLE
BB, HERYh oL ik (AP Z20b o, HifEE
W%, Wikl 727 ., DNA%) IcHkd %5 DNADKRE%
Y78 A L PCR & o 72 @i & SR a5 L 7= i

351

Ct value (cycles)

1 10 100 1000 10000 100000

Cell number (cells)

Fig. 3. The standard curve of our Real-Time PCR assay. The bar indicate the
standard deviations.

(estimated cell numbers by Real-Time PCR) & \»9 Z &%k 5,
Hifiz & LT, HEEMIC E-cells/kg (wet weight) 29 2 &2
T %, 500 mg DENTHERY) S >~ 7 s e 2 F a3 1 DFHE
T2 L, WIEHEREYIRER 1 kgb 2D 2000 > A FEk2,
3EDY 78 A4 L PCRIGZT ) 7o, “FHH Tl RHERE
VRER1kgH7D 667> A L) HfE ({0+0+2,000} /3

Table 1. Specificities of designed primer sets (RT-Chamo F & R) in this study. '+' and '-' indicate positive and negative results by PCR, respectively.

Tested speceis and strains® RT-Chamo
F&R
Raphidophyceae

Chattonella marina (Subrahmanyan) Y. Hara et Chihara var. antiqua (Hada) Demura et Kawachi +
NIES-1, NIES-84, NIES-86, NIES-2510, NIES-2509

Chattonella marina (Subrahmanyan) Y. Hara et Chihara var. marina 4
NIES-3, NIES-14, NIES-115, NIES-121, NIES-559

Chattonella marina (Subrahmanyan) Y. Hara et Chihara var. ovata (Y. Hara et Chihara) Demura et Kawachi 4

Chattonella subsalsa Biecheler

Heterosigma akashiwo (Hada) Hada ex Y. Hara et Chihara
Fibrocapsa japonica Toriumi et Takano

Haramonas dimorpha Horiguchi

Bacillariophyceae
Cylindrotheca closterium (Ehrenberg) Reimann et Lewin

Pseudo-nitzschia sp.

Skeletonema dohrnii Sarno et Kooistra
Skeletonema japonicum Zingone et Sarno
Skeletonema tropicum Cleve

Dinophyceae

Prorocentrum dentatum Stein

Prorocentrum minimum (Pavillard) Schiller

NIES-603, NIES-671, NIES-849, NIES-1980, NIES-1981

NIES-2633, NIES-2634

NIES-5, NIES-6, NIES-9, NIES-10, NIES-561, DEM-51

NIES-136, NIES-560, NIES-605

NIES-761

NIES-1045

DEM-22

NIES-2533, NIES-2534
NIES-2535, NIES-2536

NIES-2537

NIES-682, DEM-1

NIES-237

*'NIES' strains were provided from Microbial Culture Collection at National Institute for Environmental Studies. 'DEM’ strains were established by M. Demura.



194 iR 5

= 667) YA MRETORELZMETE 2R/ANEHEE L S,
ZOMELL T OHE, T 7 VIcE T ol Mial i
TH WMDY, C. marina DDV REEZR R T &£
9 R T Fig. 2 ICBWL T L TERR L 7,

BER

T4 D% L7 C. marina 3 IR RN DNA v — A —
T& % RT-ChamoF ¢ RT-ChamoR ® DNA < — 74 — I3, 1%
% & 9 % C. marina var. marina % 13 U % C. marina 3 2
TOAERIFHER SN, FrEEIMO TE W EAVHBHL 72
(Table 1), [d DNA ~—74—% C. marina DEE BRI N
T3 =R EHERE Y ok DNA iR Ic#H 32 2 &
T, 2 TORBD S ERNIC C. marina Z BT 2 2 LITHK
YL# (Fig. 1),

HGOEHEREY 12D\ T 2008 4 5 2012 £ DFER % Fig. 2
IZRY, #H T C. marina var. marina O SEMTEAHFK P>
5 ¥R X 47 2008 fEICERIL L 72 HERE M o i L 72 C
marina DNA 7> 5 #7E L 7. fillja= 1%, EHtrho 8 H 18 HiC
BN L 72 MR 12 B\ T 333266 E-cells/kg TH o7, D
3K & REMEDUIER I N HE T H 5, 2010
FEOFATIZ, 30 ML DOHEREY Z T L /558, s R
34 & T 478+71 E-cells/kg , 736199 E-cells/kg, 1,174+
484 E-cells/kg 2 Sz, F7z, WEAGEDOTEEERM 1 Hb
M5 2,841+2,098 E-cells/kg DI 235 - 7z, HGE TH
HI 7 4 s o3 1,307 E-cells’kg TH > 7z, 2011 4
DOFETIE, 26 HiSOHEREY) % N7 L 72 F5 58, B 2 Hi
T 70+5 E-cells/kg, 236+152 E-cells/kg, T 7K T2 1A
1 Hu 52 236197 E-cells/kg 23 S L7z, W S 47z 3 1
RO 136 E-cells/kg TH o7z, 2012 ZEDOFETIE, 41
W OHERE DT & 1 ki A, EHIHOFEHIT 11423
E-cells/kg 23 S 7z,

AR TUE, 19774 2 A 9 S #k Bt 1912 C. marina var.
marina % C. marina var. antiqgua DEBDERINTE DY (I
5 1997), EEDBHL.I N EEZ SN T3, 2010 i
BRI 4172 4 M OHERETY) D 4T ¢ C. marina ’HH S 7,
e KT 8,818+882 E-cells/kg (23 L 7= (Fig. 1), 4 i)
1% 3,553 E-cells/kg TH o7z, 2010 FIERI S 1172 B2,
FHEGE, Z LTk SoMERmIcBIL Tk, wihoiRkEr s
b C.marina DNA 3 Nz o iz,

ER

T4 DML L 720 7V A LWEFTIC X - T, 2008 4EIC B
LTk, AHTH > 72 EE D C. marina FHI DB L Ik
MIHERS 2 HEET 2 2 LS TE T,

C. marina D3] & THEE TR S 1172 2008 D 8 H DfiF
Brcld, MpTHbA g BB JERIC A <, o2 R
HEE X TE o728, C. marina EFIG A ERT
2 X9 KR ENITIE o EHEZEETE 3, Demura et
al. (2014) iz X % 2008 4 8 H D C. marina var. marina

LM ORISR T, BIREESZ DA oEEDEN
PHEBEROERE LTHEIZONTVS, Thbb, 2008
RIS BICEHBOENDHFEBIRA L LI LD, 20
PIHi2> S C. marina var. marina DRI ETED, 2008 4E
27> CTHEEAL L 22 TREMED B B R 6 B,

2010 1%, 2008 I S 7> o 7B E O E B
o bRIE N, WIS T L 7 FORTIIRAE Rot,
C. marina var. marina DHERHIELL 2008 2> 5 2010 4RI
FTHIRR L T R3S 5, 2011 LD IR, B
HEE BIIEAICIEL, 2012 4EIC2 % &M 1 HIRi D AT
H o7z, C. marina var. marina DL, 2010 LI,
2011 4, 2012 2T THRA KN L 72 b o L I 5,

AT, 1970 4R 5 C. marina ® BRD5ED S5
Tw3 (s 1997), RPFZETHEE L7 =B I BT 3
C. marina FAEREIZ, HEBIIB T 3R AKOBEETH >
722010 FE L R 3 fETH o 72, HEED C. marina var.
marina FEEIZ =ML KL T, NSRBI TH S LH
A5,

Demura et al. (2014) 1%, B EE? S Hulic X 3 Kb
MBI DO AIRELEIC DWW THEZE L T 5, BREBER LD
FigEe2 R TBEE BRI N Z L, ZED S HAE
OFHEDEEICE W T C. marina $EH I N o722 &,
Z L CHEBEBOOREE T, BMICERT 2y vy a%28
UL BT O BDHEI N TS (FAE
Veron 1992, M 1993) Z &b Z 0¥l LF T 5, i
bR 7z & 912 Demura et al. (2014) 13, HEBOERICE
WD HARDEMIZIZEED & 1Lk WIBIE FRIN S BT R S
Nz £ s, NEO C. marina var. marina £R DR A D
AIREME D FERT L T 2, BEUEICIE S B0 EIBR LR O KB
MDA D LT3 2 Ed 6, HEED Chattonella 823
9 LERBMM DN 7 A S KICHKT 2 AJREIE D Z 2 51
%, WHED C. marina var. marina 3 E 206> TE X
DOhEWHSITT B2, ZEDEHOBICE T 2 kN 72
FEE, HWHEAKRMAI NS 2 P KO ESEBLEE LR B,
AWSE ChA%E & 117z Chattonella £ - R 2% 7 DNA < —
=&, THLIHABECENGTFRLELR S ENHFTE 3,
2008 > 5 2012 FI2 o T oM S AT & RS D
HEZ L2 IcB T, 5%, HEED Chattonella %
Mz wIEIRT 2 TREE b H 2 605, Lo L Chattonella
DY A Mg, RIRFRERRIED & FF OMEIR BB CHRIRIRBE 1
%% 2 EDEBEERPSHOIZINTYS (5H£1990),
HH o OEBTH, WHNET 2005 4E 5 HIZHRILL T 15°C
WEATCHTE L A HEREIC D W T, 3ERICERIZE T\ C
marina var. antiqua DFEMMEOFESF 2R L 72 (I - &
¥IKT—%), ZTDX I Chattonella D> A 1%, FEIHHE
PIRFE L2 A% L 3EORMICH T DY hCE
HFTBIEDS, PRDOTZ s HOKRMIEAE S
SNBAEEIC OV TH BRI RETH S, £, HEBIC
B 2EMNZE=%5) v 7i#ETIE, 20124 L 2013 4
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12 S ¥EKFED 5 C. marinag DEBEMBEBBZE I N TV 3
(R & 2013), SEMDSHE/IMEIICH 5 LIFF A, TIEHE
Chattonella FTN~DFENHEE Z A 5,

KRG TIT> 72U 7L ¥ 4 & PCR @bk, #KiEHC
DWTHHEHAARETH 5, HHEE C. marina var. marina %
MoOBEIZOWTIE, YR FOBIFEEHFAEL & b, Hikd
DEBEMILC O VT H ERNICIEE L T BERH 2, #
DREOEE, KEOHKEEZ 7 4Ly —JE#HL T, BHD
ToF ) VTR TE R L) REEE OSSO K
HIZHbFATRETH b, HEBED X I R EE T OHEK
hodEfilao T =) v ZIC b EHRERE R Tk L &
52 EMHRETE 2,

U 7% A L PCR N, ZOREMELEEEDS,
=YY v RiT) LT, ARG FRE R EEZON
308, RFEOTFERICOWTIITHBLTE S0,
AR T, BEEEROARZY Y 7Y v 7T B FEREZH
W7z b, DNA filiHE;, HEREY) & [FIREIC BRI 47z HE7K % filk
TS L7 $ 52 L TREMBOM R DIRAZ B2,
SeEMIEH R OB (DNA) DSHER IG5 TReE I,
SERIIFEEL ENTVLRY, S8, ¥R MEHCEbNR
XN AL OWEEFAL, DNA T HERY o >~
7 iZ, DNAase % v CTHREEMMEW A2 2 H RO
DNA % 2R3 2 %179 L H 3,

F 7, AWHLTRNT L 2 HERE, Yo 7Y v TR D
WK RonboTh s, MIEELED, BOELED C.
marina EH DO A VEERERIBET 2401, Xh%LD
PR, Y TVBCHE AR BT 2T Z L D EETH 5,

AR D—FiL, ESIBREETTIRAT OSETYE, BREE Bk
BUEIERAHHER (D-4, D-72) 12k ->TiTbh, #Hi
BHEICH > T, THEEKEREMN T& XA, BEE
DA DTH I Wk, B L BT 3,

51F3CHER
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