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HHE: BTEIRT 5 EAERRSEEEEE SPBC776.03 R R (SPBC776.03A), 1 H. SPBC776.03 & R #7240
M E RS 224y B AR S0 B B . RS B 112 DL SPBC776.03A SAFHIEXT IR, &F % BR 840 B F RIS
Mg E TR A A MIA R . 535 Rad22-GFP DNA 185 4 (DNA repair foci)fill. A\ TR gt
EEREY . PLRLR ER PCR (QPCR). &5 : T PCR UL KERFEVEEA, RAVKIIWET DNA #
BitHAEE Rad22 R FRCHEERE BBk Rad22-GFP, AT RHETRESETF. HEETHZ
BAREREARASPHIEZ I C2) RN R, TRZEMBERXT AN, FHEXIE SPBC776.03A Eik
B R Z@AE, HARASTRAHAZANCG2)RER. H—PNHRNER BHW SPBC776.03 Z:H
HFHITHER, qPCR Wi R, SREEWUHENEFARBEEAL, SPHE S SPBC776.03 #3%/KF
T 3 1%, 1R SPBC776.03 MR AR E S BB TREMEK M MEER . 4518 B\ LIE,
& 7T ATHESERENEYILNA R —Rad22-GFP BERHRR, ZAEMBNENE, MESHT.
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Abstract

Objectives: Our previous studies have constructed SPBC776.03A strain of Schizosaccharomyces
pombe, and shown that deficiency of SPBC776.03 gene may lead to mototic chromosome missegrega-
tion during cell cycle. This work aims to establish a biomoniting system based on fission yeast to
assess the genotoxity and mutangenecity of environmental cadmium ions. Methods: Rad22-GFP DNA
repair foci examination, articifical mini-chromosome loss test, and real-time quantitative PCR. Results:
Using PCR-based techniques and homologous recombination, a yeast strain called Rad22-GFP was
constructed as an indicator of environmental genotoxic agents, in which the DNA damge associated
gene Rad22 was tagged with GFP in its chromosomal locus. Under Cd exposure, this indicator
strain displayed multiple (>2) DNA repair foci, whereas none was observed with untreated control.
As for the positive control strain SPBC776.03A, multiple (>2) DNA repair foci were observed dur-
ing cell cycle even in the absence of Cd stress. Real-time qPCR analyses have revealed that,
SPBC776.03 transcriptional levels were found to downregulate by three-fold when exposed to Cd2+,
in contrast to untreated wild-type counterparts, suggesting that SPBC776.03 would be a responsive
gene of fission yeast to the Cd stress. Conclusions: Our studies have constructed a biomointoring
system of envirommental cadmium exposure based on fluorescence-tagged Rad22 expression,
Rad22-GFP, in fission yeast, which has advantages of speediness and convenience in the assess-
ment of Cd toxicity.
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1. 51§

BEE T ALERR R, IREE5 4emdl, EE&EREAREL . BRIV EMRNERS L
SRR A BT RE, BRI 51 DNA #5605 & 8 B B R SCE, B Al A0 T, 4 e
A DA S A0 L PR R A o AR At 5 T AR 2H 2 ) 1 B e iE F FC L4 (International Agency for Research on
Cancer, IARC)IAEN | KEURA . HEEPEXTAEMREIE NEA T, El RS Kk, B 1%, &
BRI . #fil . AR rdi NAR Y, RIAEAEC /K ST 1) 2 3 0 2 0 oK IR R 1] 2]

ZAER, WA GRS METMAY . B, B RS4RI IR R, TG
W ERAE . B ABUR(GEIRN “ =807 M. Ames 58RI TV TIRE I B RN R4,
FERTINAL P 57 B SRR I J7 TG BURR . EAERI L R . KBRS R I 90% 3 R A7 A A C A 80
P, M H Ames 3058 14 R0 O A1 AEEUR AR A WS o SR Ames IIRAAEA R : B2, RllA FEZRALT)
RADJEFLE LR MR, HIR, W2 1EHT DNA. #if] DNA &l B4z T i 5o SR A HEACH T
55 H) ELRREA , ARAER) Ames BIGATII AN X LY BT R AN, )5, Ames WRIGEANE P HEAT, A0
FERA L SR SR T AR T B0 B, fR @ s T F AN S S A ik i s
R R

MGV 2 T2 DNA #3005 (Y S # A SR A, AE— 8 R VG e 75 R R MOz 0 R K R A
ATk FE TR AE VRGBS BE(Schizosaccharomyces pombe){E N FExT %, il #) % DNA 5 A &
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KK Rad22 C 3fie 98 AR08 B0 ik Rad22-GFP, DLXTHUWRIEZ BRI GFP %% S (DNA &5 1)
YENVEN &, WS R T . DUACR G 2 58 RN I H % 0% 06 s B R AE AT, 308 v W 3 45 o
T A KU o

2. MBEE®
2.1. #H

2.1.1. EFE, EMSRA

2458 % B} (Schizosaccharomyces pombe) T & PT 286 A S U6 == £ ik £ B 4= B4 (WT) B % 4K,
SPBC776.03A & SPBC776.03 F: Rl 1) SR N ARMR, A SCt s A A R (s S RY H 3 1 9%
K H YESS (Yeast extract withS supplements)$5 375 5 o/L BERHRZEU, 30 g/L F &b, 225 mg/L 722K,
225 mg/L HEFR, 225 mg/L MEIR, 225 mg/L JREEW, 225 mg/L JREENE); KIHAT &K AZ 7S DHSa B ik
T RAREAR (L) AR & AN TR Y R R B CF824 Hitk. ki pFA6a-GFP KanMX6 Hi
FEA LB KR 5Bt Phong Tran (3% I

2.1.2. R

Taq DNA polymerase. dNTPs. T4 DNA %/, PrimeScript'™ first-strand cDNA synthesis kit. DNA
marker DL2000 JJ 5 TaKara 2 & ; pfu DNA polymerase. 2xSYBR RealUniversal Premix  J5i 3 /N2 {857 &5
P BERE PR ZH 42 HGa77) & . DNA marker D15000 1 H RARA AR (AL 50) 2 7]: KOD DNA polymerase I H
RIEJI(TOYOBO CO., HA)YANF]; SIiA T A TIE(EE AR ARG JrER G418 (AR L5
). WRZREER N EAETAM TRCEE) AR A b i SRR IRA R, VAEERE Lyticase
WAL TAN TRERARAF; BEARK. BRI E Oxiod A7, CdSO, (481882)MH
Sigma-Aldrich A ] .

2.1.3. {58

SimpliAmp™ PCR 1% (ThermoFisherScientific Co., %), ABI 7500 real-time PCR {%(ABI Life Tech-
nologies, FEMH), WHEMBEMEL Olympus, HA), 4NN EHCEHENEE LIBEFERAF), £H3)
BB AR A (IR B R A IR A 7))

22. SEWAHE

2.2.1. 332 Rad22 C ifTH R AFFICHEERIER Rad22-GFP

1) T E%EEFEJE 541K GFP-kanMX6 DNA Fr B4 1 5 4k,

FEBE DNA 55 ALY B4k b C 5o eAric i Rad22 SRAB/R[3]. AHIE 7t K H [ J8 4 F5e AR e T e
o4k Rad22 FE[RI(F %) 37 |- GFP & K bR, 1 75 Rad22-GFP 7555 K 41 P 5 14 J8 8 3 i R & ik,
28 Bihler et al. J71%[4], LAFURL pFA6a-GFP (S65T)-kanMX6 4R PCR #1575 5] GFP-kanMX6 module
(E DE TR FRVEEL, 1% PCR FTAMGI Y 5 A #EEE K Rad22 HF 57 P [F] V5 & [Rad22-GFP5
KanMX-Fwd: 5' (AACAAATTCTGATCCTCAGTCGGCAATGAGGTCGCGAGAAAACTACGATGCTACG
GTGGATAAGAAAGCCAAAAAAGGA)-CGGATCCCCGGGTTAATTAA3'; Rad22-GFP5KanMX-Rev: 5'
(TAAACAAATCATTAGTCATAAAACAGAAAATACTTGGTAAAAAACAAGTTGCCAATCATCACATT
TTGCCTCATTACTT)-GAATTCGAGCTCGTTTAAAC-3', [FFEINH 7 51| 7w 15 e B Yot A I [R] [R5 471,
T RIZR AL 73 ) A2 SR pFA6a-GFP-kanM X6 ‘B 42 I FR i 14 ] VIS BamHI, Pacl UL }% EcoRI, Pmel fi 5. J751];
0.85%3xt i Hi et 1 i 1k i U [T U GFP-kanMX6 DNA F B [R1Me4lifk ) GFP-kanMX6 DNA 4 3 & &I
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500bp

Figure 1. The GFP-KanM X6 module of plasmid pFA6a-GFP (S65T)-kanMX6
1. K pFA6a-GFP (S65T)-kanMX6 I GFP-kanMX6 48 4

2) BT LR R R AL

K R S A B B2 S (B A RU B BR PT 286+ LUK SPBC776.03A), AT YESS Bifig T4,
30C, 18 hEFEKHEEZ G, HEFEET]E 100 pg/ml G418 () YESS “FAR I, 30°C4ka:is3% 2~3 K
PEHL G418 PitkFE4b T, T YESS/G418 AR : 7 4 200 rpm #R3¥% 557720 12 h, K BB R 4H 2 HiGAR
P&, Fe IR ERAE U SR U AL T R BE R ZH DNA, J#E4T colony PCR %7€ o %5 U 44643 71l -80°C
BURRAET 20% H i (v/v).

222, RARMENE DNA €54t

23 9145 F Rad22-GFP/PT286 (HF4: %)L }2 Rad22-GFP/SPBC776.03A (R4 T 5 mL YESS Wik
Rrgedkrp, 25 CHIFFE B BUZEKI . BORGIM . 250 37 BIE, B RO 4 it (i) A R /b &
YES 575 E Tk b, B2 uL Bl Fap A b, 85 E 22 mm x 22 mm 5535 H . SOL RGBT F M
~200 M4, HEE

2.2.3. SPBC776.03 B BA#¥k(SPBC776.03A) BT B e 6 {4 E 5530 iE

O G R FRATIARYE Niwa er al J7iE[SIREINCCEE: CF824 B MRS &3 AN W N T A B G (A
(Ade”, G418 HLlh) I RF B fE 1A, 2T CF824 Witk 5 Ytk i B B MM A2, Ja i T4 tafk sy
B, AR (mini-chromosome) Jo 3 4 BL B AN T4 b, 5 30— 58 T 40 o 78 B = JngEng
(Ade )] YE4S “FARTCIEIE £, AT H BLAL CpR VA o B e X AT 22 93 24 G 0 A 43 B8 S5 T AREA T DU i
B 5 o 4T ECR A ODgoo M, 4 25 N LA G R A ALY 600 A, ¥4 T YE4S (Ade ) AR,
30°CHEFR 3 do HILHIM AL TR VA 5 SR VA (1 H AR R 22 0y 24 G i 43 25 57 SR AR

2.2.4. ERTSKER PCR (qPCR)

SKH SYBR green SEI %7€ & PCR J7EMIE BFRHE Cd 585 T (1) SPBC776.03 B[R 5K, 525
A RERRRAA RS 7 CA™ IR EE 100 uM, £ 24 Cd A HR Y EEREEF A= 4k PT 286 1 55t IR o WSO B2k K3
fIEEREZNA, F TRIzol WAFREUE RNA; & RNA (3ug)i@id PrimeScript™ 45 —4% cDNA & B £
Fo IR & U B AT IR B SR A BRI, cDNA; KO6E R PCR Kl SPBC776.03 1) qPCR 514U T -
Primer-Fwd-SPBC776.03 :  5'-ACTGCCTCTGAAGCAATCGCT-3', Primer-Rev-SPBC776.03 : 5-TTTAC
GAGCGACATCCATGCC-3's LA ZK I B-actin fENANZ:, H AT qPCR M 5% : Primer-Fwd-actin:
5-GGATTCCTACGTTGGTGAAGCTC-3'; Primer-Rev-actin: 5-GGGTTCAAAGGAGCCTCAAAC-3';
X qPCR X 1 uL cDNA EN#itR, H 2xSYBR RealUniversal Premix #3720 pL RBi{AFR: 2xSYBR
RealUniversal Premix 10 pL, —XF5]4)(10 uM)% 0.6 uL, cDNA 4% 1 uL, RNase-free dd H,O 7.8 L. 7E
ABI 7500 real-time PCR { 3% UL &% 2408 47: 95 C AR 15 min, 40 {3 95°C 10 sec, 55T 20
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sec; 72°C 32 sec. SLIRZHEGXTHRAAS 4 NMEMZFFEMESR, B4 gPCR KM BFMEMED 3 MEFL. K
F Nature Protocols (2008)41& [FIAHXS Ct ¥2:(6) % e K 4 s /AP iEAT A 2 i, B i@ THEE Cd B ER (SR
M)yHEZ Cd MBEAGTRA)N 20 — ACt = 2 = (Ctramger — Clpacin) LA, SRIRTT Cd Wit st g}
SPBC776.03 ¥ 3 /K- I RN o

3. EREH
3.1. Rad22 C iniH GFP fRZERIEEBIEE(Rad22-GFP) )&

1) AT FRVJEFRELR GFP-kanMX6 Fr B3 14

PUFURL pFA6a-GFP (S65T)-kanMX6 AT PCR ¥4, 193] GFP-kanMX6 module DNA F Et; 5l
A KanMX HiERBUERIC RN T8 JE LA 7k, BONEERR, Wi RERR RN 520
i PCR 7*¥)fie 51 EE Rad22 KA 3'- K 7 41 d e [R1VE AL M SE 22 4, B GFP-kanMX6 Fr¥5eEin 2
Rad22 % C %if . iX—%F PCR 5|4 5" A#EFEE N Rad22 455 145 (1) R J5 8 (~80 bp Ko, ¥ WLSZE6 7325 1.2.1);
FRAESCHR[4], PCR 4344 Bk 6 i s A RIS 3 41 (R B S DRI 4 1 SRR B0 R Rad22 #41E% ST 1) b
NN R F) T AYE T pFA6a-GFP(S65T)-kanMX6 JF K i) GFP-kanMX6 201+ DNA, KJE4) 2.6 kb.

I DA _E VR PCR 514, SRFHE £ E ) KOD DNA B &HEHE T 1, PCR #EHSHH: 94°CT
AZ P 4 min, 30 7EFAH 98°C 15 sec, 66°C 5sec, 72°C 40 sec, fieJm 72°CIEM 10 min, PCR FP*H14: 0.85%
B W B FEL UK A5 B 25 7 S U (1] 2, ~2.6 kb), iBH A T RIS E 41 GFP-kanMX6 ZH1F DNA 44 i,
Dio 3 EFEM BN ZTAEIREIWE G 18, HT RSN .

S1 S2 S3

M/bp
15000
10000
7500

5000

2500

1000

Figure 2. Electrophoresis of GFP-KanMX6 DNA fragment that was PCR-amplified using pFA6a-GFP (S65T)-kanMX6 as
the template. The resulting PCR products were loaded on the 0.85% agarose gel. Th left lane was DNA marker D15000
(M/bp) and S1~S3 represented sample No.1~3; the GFP-KanMX6 DNA fragment was obtained by PCR amplification as
expected, which was marked by the yellow rectangle in the gel

& 2. VARRKI pFA6a-GFP(S65T)-kanMX6 J9#EAR 1 1 GFP-kanMX6 FEZAYER K&, PCR F=4_E4F 0.85%IRBEFE AR,
B2 3515 DNA marker D15000 (M/bp), S1~S3 A 1~3 S4ff; HBIENRRLY 2.6 kb K/NMEKET, FETHA,
B4 GFP-kanMX6 FE%, FIHTEEEEE1L

2) FHPEFE4LT Colony PCR %5 5E

AL SIS HTE YESS/G418 j2EI-FAR EH BRIP4, M T 2 mL YESS/G418 Wik s 7 R b 8%
7% 11 h~12 h 2 ODgo = 0.5, FARAREEER A FRRGA &, $eH R4 DNA, 250 Colony PCR %
E M IR NERE B VK Colony PCR FTHIEM 514 GFP-F: 5-GGTCCTTCTTGAGTTTGTAAC-3'. 5
GFP-kanMX6 ZH1F = GFP AHULHECL 731 ( & 3()), & 71514 Rad22-R-GFP-C-tag: 5'-CATCGTAGTTTTCTC
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GCGACC-3'. 5 Rad22 # R A b £ 1L 255 T 50 bp~30 bp 4bX} . Colony PCR 45 45 & 3(b), #
R I Ak FRLUK &5 U 740 (= 731 — 41 + 50) bp.

S
§ > > &
~ N ¢
Rad22 R _GFP_C-tag q§@~ f % S

R - | — = T -/ —

GFP F
(7117..731) ~ 500bp

(b)

Figure 3. Colony PCR verification of positive transformants (a) Schematic diagram of the genomic DNA (partial) from
Rad22-GFPKanMX transformants illustrating the 3'-terminal tagging of Rad22 coding sequences (CDS) with GFP-
KanMXcassette, achieved by homologous integration and PCR-based gene targeting. The primers used in colony PCR veri-
fication, namely GFP-F, and Rad22-R-GFP-C-tag, matched their respective chromosomal locus nucleotides, as indicated by
the arrows. The numbers in the brackets following the BamHI and GFP-F, respectively, represented their nucleotide locus on
the GFP-KanMXmodule; (b) Electrophoretic graph of colony PCR products. The left lane was DNA marker DL2000 (M/bp),
and 1~2 being the transformants 1~2. The expected band was 740 bp

Bl 3. #ALFH colony PCR ¥7E(a) Rad22-GFPKanMX ¥ ¢ FEEE Rad22 4ELFY] 3'imiBidELRELHM LI
GFPKanMX ffi & 3£ 3R 7RE &, Colony PCR FTABIIEE514) GFP-F\ [ [E3]4) Rad22-R-GFP-C-tag & B SRR (&
4B DNA)E AL E LB & kB 7R, GFP-KanMXmodule B BamHI (41)LA X514 GFP-F (711......73D)RYIEINFH =
£ & E{17E GFPKanMXmodule _t FI#ZEREIE ; (b) colony PCR F=#IfEE 5k B, £2 2381 5 DNA marker DL2000 (M/bp),

1~2 FRAARRNF 1~2 5, FHIEKTS A 740 bp

3.2. BEMBRTCSFRICH DNA (&84t

() WT (b) SPBC776.03D (c) Cd-treated

Figure 4. Microscopic examination of Rad22-GFP DNA repair foci: (a) wild type (WT); (b) SPBC776.03A (SPBC776.03 D)
strain; (a)~(b) are in unstressed conditions; (c) Cd-treated WT cells, Scale bar: 10 um

[#] 4. Rad22-GFPDNA 8 S CRA S) M EMERE: (a) BFEBEIR(WT)ZEE; (b) SPBC776.03A (SPBC776.03D)BE#k ;
(@)~(b)IRF Cd BE; (o) Cd AIBRY WT 4B, EEFIR 10 um

N T EMEEE A ¥ DNA $14), FRATTR AR Ge 0 0k ] 55 3l 1451 N 3234 Rad22-GFP RlE
HANIREREA0M[3]. DNA #i54HCHE H Rad22 254 DNA 2568, 78 A5 3 4 FE R i 2 X0 2
= u&ﬁﬁﬁ Lk DNA #RER AL 5, 7E S JHT DNA $if5 67 B ¥ i Rad22-GFPDNA & 5 k(56 )

AT T BB SR (K] 4), KIS ARZ Cd BhiE B AE BAR(WT)ARLL, 5728 55 1 19 R 1 bR A2 4
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N S M2 A2 M3t s, R AAE DNA SRS, I Esrt. SoumEms, FExt
& SPBC776.03A HHRENEAR 28R e, HARMEE 1 S VRSB I 2 AN (>2) 5t sl $Es SPBC776.03
FE R R RE IR AR A E PE T i AT 2
3.3. REFEREN

TN TR e etk A, mi ik SPBC776.03A FRDLHE 3 M e ik AR e, iR T B A 1Y
BeREbR, S9ORIIE 5 PR, LR G REE DB LR IR R ik R E

v » ; e
(a) (b)

Figure 5. Artificial mini-chromosome loss assays for SPBC776.03A (a) versus WT (b) cells. SPBC776.03A cells displayed
some frequency of mini-chromosome losses as evidenced by red colonies (marked by black arrows), Scale bar: 1 cm.

5. REAELGNSEL: B TEERBEHR®G), SPBC776.03A (RN E—ELLREMMBLEFELE
PEKPTIEMA R ER), AR 1em

FF UL DNA BE %6 AR LA K N T e o pk 5 e 25 5, S BB AE R AR LE,
SPBC776.03A rilBRARAAIL S 1] DNA (2R 11 B 5%, UiH] SPBC776.03 B:R/E 24 B DNA 242 J5
e FEh R E R . O SCERIE, W8R8 SRR B2 6], HLEITFFIN, Cd EREMS
Cd i BB ) J5 5 48 2 (mismatch repair, MMR)E 71 BR 25 DIHI 5%, SR T B AR MMR $E A5 R T
MRk SPBC776.03A HIGEARE RN E, RFHAGLHEM W) REARS BT HFESE, XEIET
SPBC776.03 HH @SR FTEU S 1 DNA E5 0 /I RE MY CL R AN e HERF 73 29 1) = 22 R A

3.4.Cd RETEE SPBC776.03 ¥#FKEH#M (qPCR)

0.2

Relative SPBC776.03 level

0.0

untreated Cd-treatde

Figure 6. Real-time fluorescence quantitative PCR (qPCR) analysis of transcriptional levels of fission yeast SPBC776.03
under cadmium exposure. The untreated WT yeast cells were set as the control. The housekeeping gene f-actin served as the
internal control

6. SERTIREE® PCR (QPCR)MTE Cd R E TEESUIAAN SPBC776.03 BEFERKT, K& Cd LIBHFFE AR
{ERIER; qPCR HRA f-actin fFARSEE

N T HE AR Cd 2 e 2 15 2 SR 9 BRI J 1A 2253 AR SCHE DK SPBC776.03 e, FRATTHEAT S
76 € 8 PCR (qPCR)MIEFH mRNA; T Nature Protocols (2008)3CHRH X} Ct ¥%(comparative Ct
method) [7]3E47 H bR 4L AR e &, B @l 7 ik B Cd B ER AL (L5 2H) 5 R & Cd A R4 (R
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) 27 —=ACt = 2" — (Ctrargert = Clpacin)» F44 transcriptional fold change = 27 — (Ctrarget = Clgactin) cd-treated / 27
— (Ctrarget = Clpactin)untreared FA T FFHT Cd BB X B BE SPBC776.03 #4355 KT ISR o SEG 45 TR B, 42 100 uM
CA™ AL FE R, SPBC776.03 FEIR S i 3 £5 (K 6), T AI4H AIE T A — L8455 T LA
il . XHEIRTLAT, SPBC776.03 BRI 1 G A2 I BEAH A 52 4 J8 5% 55 1 e 1 i J97 6 A

4. g

HERENEG R, 20E K28 L HAERR G B AR, ) L#EDTE . SCA; A TAHN WHO
o F NAR I I PR 8 7 pg/kg ARE[8]; WFFCIEIE R, #FE S SRNANTE M, ERNA
ANKEE PR IE T 20 R B AR A ) BN, B A EIE R A ) F EEIR BN R (9] SR T ST AR s
FETEVER PR I TR AEOR, JEF 2.

&4, —RIVKRHMAY) YA L5 7740 B R SR 2R e DA A Pl A4 2 bl iz =i
B Bt RmAR S, OO Ik R LR T I PR R A B A BE YT . Ames S50 B BRI
FERFIE A T7 V2, SR 52 1) T3 FH B A0 1 (V0 1) BT B ) 40 B 0 S T S AX AR W 4 i —— i[RI 2 45 4 . SRR
VAP LAY, Ames RIS AEES R B2 o FELCHFLAN Y IG TR A0M, LU an SRR T i Jed 4 i 3 04 40
Jfl AT BEXT DNA $if) S BUk el o ARy, A @fE L s A R[10]. b2 HAZAEY), fE5
fEfh. TREBIRSRRAEK, FHFESSIE XM T, HAEE I E, ARKRSERE S, Jia F1E
t ZF ¥ B} Saccharomyces cerevisiae f4/ 7 [ 55T DNA 45 % 1757 i [l RNR3 ik [ 8 B kR s 4% 23 14
VIRT[11]. ZTAMEBES 25 B BEAT 2 B2 AH 200 e AR QA 5 HH 2RI REAR EL 250 1 B 200 o) S O
5. rRNA & i PA SRR DR 204 1 45 5507 TH 5 Wi FLah P 40 e A S8 AR el e

WA, DNA B2 405 5 10 B B0 A5, 49 2 e 5 S04t M 1) P AT AR DNA B A g S 2 52,
MR KB 7 1 DR A SO AT (8]0 ANBIF 7T AR SR A5 T BF DNA $iJ #HOCEE N Rad22, St AT
B R AR W AR R——Rad22-GFP BERERR, i AEPp e i A, T (R R RS IR . O M)
GiAT, IR IR EE R 10 1845 B M T 07 s DU R 45

5. &

AT T2 E) DNA 45453 K Rad22, 2 IhEE L AE Y IR Z2——Rad22-GFP FE LMK, AI1E
RVR A5 B B I AR SR R IR R S

EHEWHE

o 5 AR R ST H (4217621 1) % 8.

&E 3k
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