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TILLING (Targeting induced local lesions in genomes) # K#= CELL 5 #4749 A KR fu LI AAZ, 4FI1542BABE
ZFN (Zinc finger nuclease) & TALEN (Transcription activator-like effector nuclease). CRISPR/Cas9 & & 3 F %
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Genetic manipulation in zebrafish
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Abstract: The increasing number of genetic manipulation approaches and high-resolution live imaging technique applied
in zebrafish have propelled the rise of this organism as a mainstream model for developmental biology and human diseases
studies. Zebrafish has many advantages for functional genomics analysis, allowing for easy, cheap and fast functional
characterization of novel genes in the vertebrate genome. Here we provide an overview of the principles of genetic
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manipulation in zebrafish, such as Ethylnitrosourea (ENU) mutagenesis, insertional mutagenesis, gene trapping
mutagenesis, Morpholino mediated gene knockdown, targeting induced local lesions in genomes (TILLING), genome
editing with engineered nucleases ZFN (Zinc finger nuclease), TALEN (Transcription activator-like effector nuclease) and

CRISPR/Cas9 system, and transgenic methods used in zebrafish.

Keywords: zebrafish, genetic manipulation, mutation, transgenic, transposon, gene editing
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RN 2 A A YL A R L T LT 58 A ]
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SN ek 5 {57 (Chromosomal translocation)
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R FET B AR AR, (BE TR e 2 3R
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e, A ENU AP g A g As P4
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21 ENUIEZT

2R 735 i 18 AE - 00 %o HE Bl B D fa A S A
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BOR T R I 2R e T 2 R LA S Bk
RELE AR ERAS, BAERAAELE FL AR
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BEIF—ft. R RBE DA ENU KHUBAE
TR T WAL E, —4~ZA T Tubingen
f) Christiane Niisslein-Volhard %62, % —4>
#&=1; T Boston/Freiburg ) Wolfgang Driever £ 4
=, MATE S RS, I T R SR
JERG e, Hod F3ARH T 4l & iy Bl S A1
LA 5Y 45 5 % 3 T 1996 4F Development!?®27-281
AR 0 Ui AR TR AR R N 1A 1 s . ENU AR PR
A T 1P BRE I £ 1Y A= UM A 52 (Out-cross),
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Fig. 1 Classical ENU three-generation screen for
recessive mutants. In the GO generation, germline
mutations are generated in males, which are
out-crossed to generate F1 families. This F1 generation
can be screened for nonlethal dominant mutations. F1
fish are out-crossed again to generate F2 families,
whose members are in-crossed to generate F3 progeny.
F3 embryos will then show recessive phenotypes.
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221 WEHERIREN FHHARLE
AL ] LLAI FH AN DNA PR 785
M4 A DNA J B AT DUE R 73 5 48 ok %5 0 58
AL A ARSI T AR RS R FOR A
OIS, AT LU 2RO R R A A i,

(A) Exon insertional mutagenesis

>

e A 7 {14 — > S B 1] R AR 28728 7 A A ML
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19%-2%7: 472, 4 AL IR 4 1) B R ) 2
A B R 3k B 7= Wy B AT AT AT 5 I, s R i)
R TCie kM b4, DNA BEPLIH A KK
IR B F B LR & . AR AV REA
ZREIN, BAnAE AR ST A T &R %
T, PR L, B0E RIE RNA K531
RNA A3 18 ENU KRS 25 5 vk 1 J5 R
A, MIT iy Nancy H Hopkins 7EBE thfa b 38 T
WO SRR R O AR e, IOk B SRR SR S
1 DNA F B BEHLIE A, BESRSE R 1 1E & ik
(P 2)B4350 3o ol 5 0 g ) S B R A £

Insert sequence

el H e H e b-Tem} +
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el
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Trucated protein

Insert sequence
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Fig. 2 Mechanisms of retroviral-based insertional mutagenesis. (A) Integration of DNA into a coding exon can
mutate the locus, resulting in a truncated gene product. (B) Retroviral insertional mutagenesis alters the tagged locus
using multiple methods, including the loss of the encoding transcript. Transcriptional start sites are shown as an

arrow above each diagram.
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FARFE ] LU AT PCR R4, W s fila
JEIXA R B DNA i A 5878 I 880 I i I 1
ENU 555 00 s 58748 o 4l A 98 A8 i 1 i) I 72
ENU 5728 (AR AL, L0 vk Ji AR S 45 4 h
(Kl 3). 7EBREhfENNG 1-2 Ak BB, BiE:
SFAMIE DNA VRS8R FO MR, il FO R
Z A AT, A5E R ey FL AR, FL
FRH T 4 A B DB i 2 1, R4 —
AR . 2 TR BTRESLT ENU 5742,
{HXFRE 5 ENU 528 AH H 2 3R TR
222 HEFHFHERHRED
FEH R R AR (Gene-trap mutagenesis), Ef
3 2o B AL AR A A i 2 R 30 5 DR A e A o R T
AN RE AN IE o XAy A N T3 5 T,
C 2 NI AE /N B S AR RS & B B A G EE
D, 35 TR s 70N, HEshd b Sleeping
Beauty (SB) il Tol2 % 81 & B0 AR FF 4R &
T AN DNA #5451 5L K 21 g R V2430 e i
fiff (Transposase) fFfEMITEAL T, SB Al Tol2
AT DASE 2o < B 07 R0l 0 AL 1) R 5 380 kTR 4
(B AP —RAEBL TNl . SB I Tol2 4
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Fig. 3  Overview of screen for retroviral-based
insertional mutagenesis. Pseudotyped virus is injected
into 1 000-cell stage embryos to create a population of
founders for subsequent breeding and mutant analysis.
These F2 families are screened as in ENU-based
mutagenesis.

Conservation transposition
(cut and paste)

[ ]

lCut

[ ]

\ Integration into /
target DNA
] —L_
I \ I \
B4 #HEFNSHINEDNA FEBANAEMHAR
Fig. 4 Mechanisms of transposition and general organization of class I and class II transposable elements. Replicative
transposition involves amplification of the element by copying through transcription followed by reverse transcription.

The newly synthesized copy is inserted elsewhere in the genome, but the donor element does not move. During
conservative transposition, the element is excised from the donor DNA (blue), and integrates into a new target DNA (red).
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— A SR SEAS KA 3 AR R X PO
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i Tnnt2 i 58 ARIK , HLali & 3 E £0 1R GO0 U 45
Bk MM AR T — RV BRI, B4
RS R T RN . JULIA £ 4 A e B,

3 RmEfe¥

S [R]85 S8 AR T 1E M s AE 24 S B,
TEEL I DNA P2 LRt |, it DNA F4 .
SEHGRAR A A e 25T (2 T B by T 58
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AR I Y S AR M LA R AL, AT 5 R TR 1
I, R AT B G R T,
3.1 Morpholino /S &JEE T %0 microRNA
T

H T, RNAI ZEBE D a1 5 A fEit— 4
WF7E, 2011 4EFEAE YA s &R (Xenopus) -
FER BRI Ago2 B FITEPE, REREIIHI RNAI FI
miRNA A£G L, WE/R RNAI 7EBE 8 1
(T B, R A A B S 8 AT
Ty o— B omk R OME MR R XS BT R
(Morpholino, MO) 43 i 3 IR 8 7 i ZE AR D
Wy (Xenopus) FIEE S A5 3] T AR 45 1) L
FH o MO [ 42 s R AR B, T A% A IR i 1B 4
EP MO T IR R 2 k5 A R R AR
— b 1 5 G A X R 25 BRI Y 5 T AR
B X A BHE, O —FlR LA A N S
B Y) %45 (Splice junctions) B BT (7

ulatory elem

El MH 2 HE }--{Em |} ~

—>

El H E2

DNA latory clemes

l

RNA | El H E2

l

Protein | Trucated protein

El5 #HETHNSHEERMKRE

7 O o - R R

Fig. 5 Gene-trap mutagenesis using transposons. Based on 3’ exon or poly(A) trapping methods, this approach uses
two components: a transcriptional termination cassette to truncate the integrated locus and a separate 3' exon trap
gene finding cassette. The schematized endogenous locus is represented by exons (E) and an endogenous regulatory
element. Transcriptional start sites are shown as an arrow above each diagram. pA: polyadenlyation signal; SA: splice
acceptor; SD: splice donor; UP: ubiquitous promoter.
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J5 (Splice regulatory site) H #MECXT A FH 1 mRNA
AR (Pre-mRNA) (IEREY YT, af LS sl oh b
FER. NS FEHANS TR EETY)
PR (] 6). RS ZE AR mRNA 1 i %)
25 . MO T 2 PR ) 283 T DASE S A6 I 2R 1 Y
FBACFREE, X TEM mRNA FIA5T Y]
(¥ 77 A 7T LLIE 1 RT-PCR k32 3E % (7 6).
Btz 4h, MO 0] LLFHKAME microRNA
(MIRNA) LR S Hh REP2 . MO BE AT LA
1 MIRNA [ Hif (A 2 Gl i B AMIC XS 7E Dicer 50
Drosha HYBY PN LB Iz & AUE, FHIE miRNA
HIARRBTY] (K 7); 77 L5 miRNA Fl mRNA
E FH 0 #0450 3 2o B 5 B A X 25 G, Bk

(A) Translation blocking
AUG

A

[RIAAATNR]
MO

(B) Splice blocking

%

1
—

3
4 I
S, ———

B 6 Morpholino M SHERTFEEAMIER
Fig. 6 Morpholino can modify splicing or block
translation. (A) Morpholino can interfere with
progression of the ribosomal initiation complex from
the 5’ cap to the start codon, and block translation. (B)
Morpholino can interfere with pre-mRNA processing
steps, and cause modified splicing, commonly
excluding exons from the mature mRNA. Targeting
some splice targets results in intron inclusions, while
activation of cryptic splice sites can lead to partial
inclusions or exclusions.

http://journals.im.ac.cn/cjbcn

miRNA XJ H# > 7 i #k 7). B2, MO
I WAV Z R BRYE, T IRERREN T
SO Rl R B, BT DL ERCRIR A
FoE, T H4ERRay R e o 38 o S Ao o 3
BES AR B MO, — A HEEZERF 3d &2
A i MO PR Y BE Tt B R £
S RO 15 R, MO [ R i
SEBRZHENT R LA MR, L
8 ep AT LS 2ok 3 5 p53 1189 MO ke 3 1 53k A )
(SRR

A
5.,
3/ o
B
pri-miRNA structure
© Guide
Star
. Stop codon
D Coding sequence
+p/\

MO

7 Morpholino ##%] microRNA B4 & M R HE
Ihae

Fig. 7 Morpholinos block microRNA biogenesis and
function. (A, B) Structure of pri-miRNA. (C)
Morpholinos usually target to one of these sites,
including guide Drosha (1), guide Dicer (2), star
Drosha (3), and star Dicer (4). (D) Morpholinos can
target to the site on an mRNA where a miRNA binds,
and block the activity of miRNA.



S FHMDEEEREHE 1681

3.2 DNA/RNA BHESE
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20 B BE R R BR AT DA, ¥ — iRk H
EA. EFZENT T RN R KT,
WO R S S R R A A,
S tE N (GFP) dsmaE N . Y
mMRNA — &7 Z 455 4-5 h JFih ik, 2-4d 5
TFUR KRR, DRLRT DL ADR B 58 MR iR & 8 1 1
BBt . DNA el 7 B2 i B B e S 1 IR s 200 i
B, 5 mRNA SN E, DNA 55 5 7 A ik
BRI TE Tol2 B i R G Ae W5 LT Al LR

i DNA 3 45 J eikgor ),
A
The genome of PCR WT
heterozygous —>
mutant ———— Mutant

Denaturation l Annealing

/\

- - N\
lCELl

E 8 CEL1%#7#1 TILLING LIEi#E

Heteroduplex DNA

3.3 TILLING

JCit & Morpholino i£ & mRNA 73 {4 51 #F
Tk s T —, AT G RRAE,
FEN7 T —Fh TILLING (Targeting induced local
lesions in genomes) ¥ JZ il igtfL 24 AR08 5
FOTEFIA CELL 2 Al ENU 355 287
A= B FLAMAK DNA HEZR S REPLRZE (K 8A).
CEL1 N YIJFRE U8 4 S 1k 5Y DI 78 B AE B A0 58 A8
T Z 55 DNA RUsE Ff S B AE IE 1 3000, A
A PR PP L UE N 41 DNA {124 PCR AR K
Pryhre Sy B B AR AU DNA FIZEAE ) DNA
#hos NG FIEA PSR, PCR Y
B3 o 7 1 AN 2 08 IR OB e 58 1 WU ol
CEL1 WNUIEEARYIEIL, DNA F B AT LUFE I e
A TE, N E SR AL (B 8AY), Hif ik
mEmT (1 BB) 7E ENU 5572819 F1 A 75 5]

K FIRAAE, @it CELL /M A I 3k
Cryopreserve
ENU treatment gb = sperm
378? -
Isolate DNA
CELI Assay

‘7+g/;+ - Recovery of gwtant form the
cryopreserved sperm
+/— Vf?
F2

Fig. 8 Overview of CEL1 assay and TILLING workflow. (A) In the most common implementation, mutations are
detected by denaturation and annealing of pooled PCR products from the genome of heterozygous, followed by
digestion with the mismatch-specific endonuclease CEL I, which cleaves heteroduplex DNA. (B) F1 males from the
ENU-mutagenesis protocol are sacrificed, where samples of cryopreserved sperm and genomic DNA from each
individual are archived. Genomic DNA from these animals is screened in a high-throughput method for individuals
bearing lesions in the desired gene. Sperm from each identified carrier is used to generate F2 animals through in-vitro
fertilization, and heterozygous carriers are then identified by genotyping.
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P, SR 5 AT L MRS 7K 52 T 75 169 A Nz 28 AR 14
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ESC) L# v ryBLRITHISE RS (Gene targeting
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SEVERRTAT ZERE T A0 BRI T ES
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AT AU, R ol i DR T 5 e
F A AT N B B L A b AR 3 DR e R B
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P35 (0 21 G5k AT AAE DNA 401 (95 2 #EA 1
77 WU T %L (Double strand break, DSB)B%8H
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end-joining, NHEJ) FI[FJEE &L (Homologous
recombination repair, HRR), M5 A/ZNAgHEH
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BT, B BER B ST BB 5 R S )
g4 35 577 1 DNA Pk | 3 434 S i Bl Jk
Ab (E9) M 5E 3y g 1A, il
%] DNA XUk i—XF ZFN B3R BI07 s A IR AE 6
3| 8 MREEZ N (K’ 9), P4 ZFN AR
PUIHEG (Fokl) 25 HiIe i 5 — BB 1k e
EEVITIRE , 15 %) DNA E [ BF YT ACR BR T ZFN
2N, SRS N TR BRRE (Transcription
activator-like effector nuclease, TALEN) t/&—
Tl R Bl 0 FH B0V 22 W Fh B 67 R e S P I AR R
), TALEN ML Z5HA ZFN 250,
Fh AR 5 HEAZ R N VT 45 #4350 Fok! #1 DNA 37
mIgER R TALENE®, TALEN i DNA 5145
Fd TALEN S H TAH %) 09 300 B2 M o
Xanthomonas!®”!, ZFN fi 45— GG 5] 3 4>
HEL AL, T TALEN RSB 1 ANfd
(K 9), 7EBE Tt |-, ZFN FI TALEN i@ i &4k
B SEAT N B mRNA J5 TS 31 B 40 i B B 7 528 B
ISR R G IR Y SR ARR . 2011 4,

b BT R A K 2% | R TALEN $RTEBE D,
60 R SR AT R A B R DR A A e e
2013 4F X AE LAl |, I TALEN i 5 DNA
MFEWT R, KoR$Em TR EARE, NIfifE
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ZFN

TALEN

Zinc finger binding motifs ~ TALE subunites  Active Fokl catalytic subunit heterodimer

()
© Yy +f+§&

ZFN and TALEN mRNA microjection FO

9 TALEN f1 ZFN W I{ETER

Fig. 9 The working models of TALEN and ZFN. The ZFN DNA binding domain is composed of subdomain each
recognizing three nucleotides. The FOK I endonuclease domain of ZFN actives after dimerization, and introduces
the double-strand breaks (DSB). And the TALEN DNA binding domain is composed of subdomains each recognizing
a single nucleotide. Similarly to ZFN a pair of TALENS is required to introduce a Fok I -mediated DSB. mRNAs
encoding pairs of ZFN and TALEN are prepared and then injected into one-cell embryos. Putative founder FO from
these injections are raised to adulthood and out-crossed to generate an F1 population, and F1 are identified and then
in-crossed to provide homozygous mutant embryos.

55 3L RNA /A5 ) B K g 4R HOAR , SR T
20 R R ol 40 R P AR e RGP Lk Y
JRiH . crRNA (CRISPR-derived RNA) 5
tracrRNA (Trans-activating RNA) 54 7TE i
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o H AT, ZFN 1 TALEN £ K £ #f CRISPR/Cas9
ARG BRI

3.5 CRISPR/Cas9
CRISPR/Cas9 Z4% ZFN #1 TALEN ZJ5 )
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CrRNA X (14 7 S AL s A 59 U XS DNA, JE
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A
racrRN
Csa9
I c'RNA
/ Target site” N\
PAM
T

10 CRISPR/Cas9 TErEHE

Csa9 SgRNA
/ Target site’ N\
PAM

Fig. 10 Working model of CRISPR/Cas9 system. (A) Cas9 is guided by a two-RNA structure formed by
trans-activating tracrRNA (blue) and targeting crRNA (green) to cleave site-specifically—targeted DNA. (B) The Cas9
nuclease (in grey) is targeted to genomic DNA by an sgRNA (crRNA and tracrRNA), in which the guide sequence
pairs with the DNA target, directly upstream of a PAM motif (red). Cas9 mediates cleavage upstream of the PAM.

YEFI ) sgRNA (Single guide RNA), 5|5 Cas9
X DNA HJE s b1, 5TUIAL 8T sgRNA H.
#MF 3 R iF PAM X (Protospacer adjacent motif,
PAM) (i, L NGG B fidE (N AATEmK
)P sgRNA BeHfRIBE, KR 20 ML,

I FL7E 31t i 46 NGG 741, 78 2013 4 1 A,
5K SR A I 58 /N BT IR UESE CRISPR/Cas9 %
G5 BE % 1 EUAZ AN o R 4 L N g /e Y. 7
KEhtarh, CRISPR/Cas9 T4 ilk B vl 77 A= 2 [H]
B, Joung SE 56 % 1 R A CRISPR/Cas9 R4t
TE BE Tt b ST B R [N A g L B TR R S
SgRNA F1 Cas9 mRNA H: [ 4 i 2 BT 1 41 fifg
HHSZHRE O Hh 7 AR 2 DR i A 0 ) ek gk
G IO N I il D [y N 3 =8
B3 WA T CRISPR/Cas9 48 7 KT 1 4 th ik
TR E RN EEBR  (Knockout, KO) Y5 ¥, Rt
B M4 R B ARG LA etsrp, RILTASIKINE %
HRW, SOAALEIEAR L 1 5 AR AR
— 569 B4 CRISPR/Cas9 % 48 iy Jkhit -
FIA MBS PR TR, X REBE A% 1 BRIt
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RS S B b Sl A Beffi A, SBR[
TN S E e o il w32 SN R o2 A i
Bl 58 Bk AR A CRISPR/Cas9 %
GV R M T — M LU A 1 O B B i IR RA
(Knockin, KI) 75k, ¥ msEyotEn
EGFP #J DNA J¥ Il {fi A #| B & 1 Tyrosine
hydroxylase (th) & FIAMNEF N, Fric WM
HE % CRISPR/Cas9 ZLUMIHHIs ., WA
iR . hil s il PREES RO, AR
AL 2 0 Q0TS 20 T2 N
3.6 NgAgo-gDNA

LB R 2 F W L g = il 1 —Floky
9 DNA 4 A9 5L A 4 48 22 5t NgAgo-gDNA
(Natronobacterium gregoryi Argonaute, NgAgo),
H1 %R N V)T NgAgo FLEA S /YR 554k 5-
BERR AL 5A5% DNA (Single-stranded guide DNA,
gDNA) 41, NgAgo %54 4k gDNA, 3300
DNA &AW HHAT NgAgo-gDNA R 4:
FEFE— 03, HUBA 15 il — g0,
FATHH NgAgo-gDNA TEHE H i b ST T 3L A
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& (Knock down, KD), #%1%f5f 4 fabplla
FEIR, BT fabplla O 2 FI%RH 3 NAME T
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MRNA kK TR, i ol [ 57 1 R K2
Jin-Soo Kim ifIZH7E BioRxiv & % T fI1AY
WESE, 8 AR S AE AL 525, & K NgAgo HAT DNA
M) RNA BiE T, I HAA T4 A2 35 NgAgo
#2541 DNA (Guide oligodeoxyribonucleotides,
gODNs) ¥4 A% 5 RNA Sl HAN, ik X
DNA (Sense DNA) JF5IIIARES] T NgAgo V]
HH RNA,

4 #ER

DA S 0 S Sy JEE A 1 P 5 DR B AR 2 ) B
Ot A YR AT ) T B e LR AR
Prrp, AMEIER B G B0 E ERE A, £
REGE L. HRETA ZF 5] LIRS 5L
BEfn, Forh Ry ik st R ) B £0 52 ORg B
FEASME DNA, B3R = aifn, SRJ5 i e i
AT AMEILF MR 5 R . XR O ERRER
AN, AHJE DR R B S R R e 45 5, LA
R HCR . —Bokul, B0k SHMEPE DNA
(BT T vh oK 2 5% AMEIE A, XX iR
A XA 24 5% AT LUK MR R RIE B R — 1K
ARG TIF 2R, AN RIB
IR ZEH) . DNA AR DL RBRIEE ERE . B
B DR B Tt SR o TR R 54 KL . R B O e mT
IR FHZSCE T (B0 GFP) MIRIAREE, t
AIAETR %S PCR SRYEE . @ A B DNA {H 4
TS e SR A 2 H IR HR
HeFs 01, 298 DUEL LR ] U425 H 19 56 [ 3 5k
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BOR, (HABARYE B0 HZERE A i
AF SR 2 I T R 48 Tol2YV A Sleeping
Beauty™®, AT LASZHLBAFE DU A, AR LL R B 00
B SCRR SR Z . $EE B SR 5 DG
KA AT DA A% BRI 1 -Sce 11fe szt
HEAR AN 11 Fros .

R FE 27 B DR AR AF 9 S R T BB A — A L
i) R Ak e SE R T RE S S 1) MR BORE, Tok
SERRE I BE L 2R o MR A [R) B R
ZFp, AL SRR > R 5 (Binary
systems), R 52 PR /> B ] i 2R A A2 T SEE 3
gk FE Rk (8 12C. D), HEEIFESRAK
FRIEHE A - DEER BT A T IR AEA

11 A I-Scel k4 ERENTS &

Fig. 11 Establishment of transgenic zebrafish by the
meganuclease I -Sce I . The transgenic vectors flanked
by two I -Sce I recognition sites are co-injected with
the I -Sce I meganuclease into one-cell stage embryos.
The I -Sce I enzyme cleaves the genomic DNA at
specific sites, and exogenous DNA fragment containing
the two I -Sce I sites integrates into the genomic DNA.
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(A) Standard transgenic

(C) GAL4/UAS

e ETrsTe

—

(E) CreER/loxP

| pA |

12 HERRERE

(B) Inducible transgenic

[ PA |
(D) Cre/loxP
| PA |
[pA |

Fig. 12 Transgenic expression systems. (A) A transgene contains an enhancer/promoter (typically tissue-specific)
driving expression of a cDNA of interest, including a polyadenylation signal. (B) Inducible transgenics contain a
single transgene with a promoter that is activated in response to a stimulus. (C) In the GAL4/UAS system, two
different transgenic lines are used. When the two transgenics combined, GAL4 produced by one transgene will
activate expression of the target gene. (D) In the Cre/loxP system, more than one transgenic lines are utilized. (E) The
CreER/loxP system. Cre recombinase is activated through binding of the 4-OH-Tamoxifen and causes recombination
between loxP sites on a second transgene. In the end, cDNA2 expression is directed by promoter 2.

BEIEIR, YAE— S AN DR 2R T XA A
JahZeik . filtn, 28.5 °CHfHE K T 1
HSP70 W sh FIERTA HLUh (B T iRk
SR A AR A5 P18 Hsp70 f 2 ik AT LA
T IR L B 37 CHULEFRARAG 1 h AT Hsp70
TP o 38 a2 AR O R 0 A T vk A el
LAiF T Hsp70 7 Rk to ., 55 Sl At Bz Joi 2k

http://journals.im.ac.cn/cjbcn

I P T L S BRRE T £ DR i e i D0
2 4 Z2 0 ) FH A ST 18 7 35 PR R 19 S8 B O
WP IEIR Rk . 76 GALA/UAS R4, FEIEH
B It 72 20 SURE S 1 3 1 R T SRk bR
SEEF GALA, 75— MAMEFEEIN i & UAS T
SN E sh FUk8h, E AR S R T &
UUERAY, 124 GAL4 5] UAS JR 3T, JHshsh



S FHMDEEEREHE 1687
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