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266071;
201306; )

HE AH T 100~300 pg &7 AL A 45 57 5k 3£ B 5 F A1 48 8 7K K & A (Green fluorescent protein,
GFP)# [A Yy 2 41 iU kr (smyd1 : gfp) 2 40 4t 2| & % 47 (Scophthalmus maximus) % 4% 91 3 49 7% 24 e, o

BRACET, RABUHEEH 120 B, R EFR, BHAEHEAZHREEFEEN 4.8%.
FIH KN B FWE K Z SR BAT &, AT 4T smydd : ofp JFURr 8 iR g BT 2 89 BIL A o K 3R 4%
BK N, WL —F PCRY RN, XK ZSEE LT L DNA ¥ ¥ H 7T GFP #7 F &,
K/NA Ty 340bp, HARKY, RARKRNE LT KEFBHMEFEAR, THAXZFEEG AR

AL E A A,
4R KES, SHM, EHEH: GFP

hESES S962 TEFRIRAS A

ULAEK, T EFRA | B ) FI4E S5 R K 52
M), AH EIRZK A28, ME/K IR 5 fh s A5 o R A oT ki
G218 B AR R OR B 22 TR K SR 0 288 4 B DR ZEL I I 1) 5
i (Chen et al, 2014; Shao et al, 2016), £ 5EEL
T RAH S 0 B R R 75 e B T e B BT,
3 2 I O S A T R B B DRI R 2 dm i B R B &
TEIR K SR 5 #0205 35t 4% 5 0 35 DR ) e A 5 & Sl )
Z M FHCRIEF 4, 1999; Dunham, 2009; Li et al, 2013;
Qin et al, 2016), {HIRE7K FE5H 0 A AH M 57 Hz 18 K 4
TR ST I K R A 0 2R IO ) S A S AR
FER K,

A B S B AR R — ol o I AR R A A A ) B
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B R R AN L A0 A A I A B 32 Ak R
AR E R AR (P ESE, 2005), S AR HA N
Iz . arsEdesm . BORE YRR 2 (Rembold et al,
2006; Grabher et al, 2008). i #3 4 5 £ R 7E a3 i )
IO A R L, B JH 4 (1963) R Ae it sy T 24 A%
MR RIS AR . 20 et 80 4R, Zhu 45(1985)
W B ARA TR A 1 B MA, H
HI, B SHEAR Tz N FIRK a2, K
BRI ZRGONE TIF RS, ORI SN IERG , A5 #0%
(XIVESE, 2004), WfbRE B RMESGSE, Bk, @ Bk
TSR ARMERE AR . (UL 4L 7 (Lateol abrax japonicus)
(XIVESE, 2004) . ELH(Pagrus major) (Kato et al, 2007).
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K- i 8 43 4G 7 (Thunnus orientalis) (Otani et al,
2008) A 1 It £71 (Nibea mitsukurii) (Yoji et al, 2011).,
9 75 5 (Cynoglossus semilaevis) (Cui et al, 2017)%:
A R HRIE .

KZE ¥ (Scophthal mus maximus) & T-6F£(Bothidae) .
St (Scophthalmus), [1 1992 4F 1 k51 LUK, BAL
RHEEN T EENFEMARZ —(FFERE,
2003), FTAEAR, KEE 0T 7 G I I SR 1k i A
R, JCEMEAN A HEHEE AR 20%~60% ., ASHF
FELL GFP PR Rt B P, Aty RS2 0 Ip (R v S
AR ARy R EE PP e MU . B 55 DR S R
P SFOT R B T HORIERN, W F & oK a2
K T 6 A7 At A% 5 FIFF 5T

1 #FREFE
1.1 ##

111 459 KEEHTSEA T 201745 4 A 18 HHL
A AR 5 38 K= A BRA R SR A F R4
AN N S f, S frME £ 285 S Ak Bk I R
AR, AT T AR = K iR T AR 1 N T8¢
W, R TEENR, KOs IS, PRtz
K OB GIERIERR . 5 BDVE N B 3 0 SE 5 A4k
1.1.2 smydl:gfp % Hh K 7 B A 5 B B
T 7K =W 5E T K = A M R 5 5 AL AIE 5T = AR A 1)
smyd1 : gfp Bk & 5.3 kb IILAEES IS 3 F smydl 5
GFP N E A Y (Du et al, 2006), ¥ HE#LZE K
[T 1 (Escherichia coli) TOP 10 #kkd ¥ KiE %, il
FH R4 U] & (Omega) BEBUT R . T 1.5%35 15 b
R g HEL VKRS Bk, I NanoVue plus #8 fif e 48 41-
AT LG4 66 BE T 5 SR vk B, Bk B TR R
50 ng/ul, —20°CIRFF# .

113 BHEH4A AR 27 21 W Bl Bl
HEFHAR(Cui et al, 2017), i Sutter 24 F 7K F-Fr st
ASCT] B e S RS2 B AR i FH B 3 e e v S (B 1) il
FHESEHA TS TS BUET R o il A — AN A7 TR (1M1l
P 0.95 mm=0.05 mm, HRE A 1.00 mm=+0.05 mm)
(VR A 2% I B IE A - Al (T 2) 0

KRBT SH4

Turbot needle

BEL e ST 4T
Zebrafish needle

1 mm

P 1 RER P FIBE S £ IR G S IO S R 1 L A
Fig.1 Comparison of turbot and zebrafish
needles used in microinjection
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Fig.2 The microinjection plate for turbot zygote

1.2 ERAH*E

121 AR R R K ICGEEEZE I A 13°C~
14°C (R K FEA TR, SR 5 B A [ 3 (%) TG BT V7K
TR Y 2 h, k3] 1 40T (R SR AR A, 2003) 1 4 i
AT WS, RV AT A 1k o 98] R i BR
SHERYFEN .
122 S#MEH Hb i 520K DN AE fife 39 B B WLEE
BRI ZAE NS L ST, FF IR v 5 AT S A
5P, TESNER RN 11C~16C, MRBTEFRR 1~V
21 6 30 %) 32 O % 00 I 5 HE 5 A B R IR A )
LI 7 B N 5 ) O Y e - L A
T2 R AT 32 K5 B0 A A P [T L | e 2 A2 0 O A s
e b o A B SR BB AN B 22, AR RAE R
JE SR, 3RE 32 G B IS [ B 25 9 /K O 7K 32 5% - 3
e

{5 /] Eppendorf F) s i _F SRR smydl @ ofp Bk
PN FER T, ESHEN ] WP AW 1) PV820 &
TS L, T R 5 A A 2 45058 100~300 pg
(1) smyd1 : gfp FRLIH A SZAE IR A sh il , o sk G 3 455
i T A M T G, AR SR PR R R R
0.1~3 psi (Pounds per square inch), 7§11 145245 ORI 7E
[Tt R 455 B I IRD S B G 4 min, ARG ZAS BRAE L
B B2 A U o A, 56 RS B T K R
1.2.3 ZHIP ey A smydl:gfp BRI SZ
5 B A VE B2 KRG IR 4 1000 B2, A BIASER 13°C~
14°C FTCHRIREZK 1) 500 ml Bedr b1 T8 3%, TR0 2 4%
2RO TS 1 SRpREE 3%, Btk , IR
R 13°C o [ JG B VK oI A B L B A, BE 100 ml
TCR KA 2 ul 100008 1% H 30 50 . 45
B 3~5 h # 1 URBEAR A HY 32 35 VA T 170 G TR VA
K, I BRUTEIFRIR ABEDN . FERERR RG22 108 h
I, BERRE RS BTN 30~50 L f4 3% 385 4K /K 1 v %
F&, KA KRN 20~30 L, KIEN 13°C~14C.
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124 HE#H B 24 h Goit SRR A T R
MFETE R, A AR,

1715 # (Survival rate, SR, %) = G G

g
125 GFP &#ME  MZHE 60 h TG Z IR
RS 24 hoR ok BUREIREE 75 Nikon 285 i i (Nikon
Eclipse 80i) T, f#i f#E (A ygt ., WML GFP Rk
FraEid % .
1.2.6 f&f5 DNA #3425 WG % & 2L 3 A
(ZHEIE 2 65 hHUEE, AR 10 )8, JE34]; Hi24h
J&, B3 RBA GFP Otmfrfa, H 95%LBERE .
g sh 3R 4 DNA BRI & (KR A bR
PEHUIE R 4] DNA,
1.2.7 PCR #nl H P smyd1 : gfp ki GFP 3
KPR 7 5 149 . L3519 5'-TTAATTTTATT-
TGCACTACTGG-3'; TFilf514¥k 5'-TTCTTTGGTTT-
GTCTCCC-3', Ty % i Bt ol 346 bpo KWK R : 25 pl,
Jim1 ul DNA (=50 ng/ul) YE AR, 3 ul 10x Buffer
(MgCI*), 2 ul dNTPs, 025 pl Tag DNA %4 il
(TaKaRa), 5#14% 0.75 ul (10 umol/L), 18.25 ul ddH,0.
KW : 95 CHiAEE 5 min; FAMEFF 95°C 30,
60°C 305s,72°C 30s,3L 25 MEER;72°CHE{H 10 min,
WP R 1.5% BB IR M EE S FL UK, Gel-100 BEE AL R
4t (Bio-rad) R o DI Fe FH BRI [mT sfic i) & (R M 22
F, $RJ55 pMD-18T #k{Ak(TaKaRa)i% 4%, #41L%]
Top 10 B2 A0, T HE Rk b S, IR I
MBHEFEEAR N FII R, 45 RS smydl : gfp Bk
)? %) FH BioEdit Sequence Alignment Editor {4 Fb X

2 RS9

21 BRUESMERBRERRNZN

AHWFFEHG smydl : ofp JFokE i o G 2 RS20 326G
22 h G T~V SZ A5 B0 B, g 1 2 4it,
FHHEZY 1250 7 K2 2500 R A0E S IR RE AT 1000
B ESRIG A3 908CE] 13°C~14°C 1Y J6 T i K i
b, 5 24 h IR AATE (8 3). NEI3 ATLLE
BEE IR AT , A RKEMRIGIET:, 48 h BfSET-F ik
S 19.0%ZE G MES IS, Z G R%
M R, ZHGIE 120 h 247, REEHEIEL e, 1
S BT AETE R 4.8%(2 120 ), 1M1 XF BRZH 1)
IRRGAFTE R BEE & B R TR BT FRAg a3,
H B GE RS N 19.0% 2454 (2 190 J).

2.2 GFP RiZrI#Ein
ZAEE ) 60 h, 1E9CRAUEE T WELE] GFP &

100 —e—  VESHEHR Injected embryos
—a— RFHHEHR Uninjected embryos

X

o 60
@- S
=S
ng 40 +

20t
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B} [B] Time/h

B3 SRR A0 A £ A £ 35 1 2k

Fig.3 Survival of turbot embryos and larvae

KEGEIRIG T AR A (K 4A), MiE K E WittT, £
KRBT (B 4B, K 4G), B TR EASRI R ,
AR 24 h WS FRIB AT TS5 (K 4G). GFP 3R
IKEHBEREYE, JFH BB AL b RIL,
IR HIWEATE I 2 B, K2 56%(28/50) AT fa 76 1 H
L AT ZE 5] GFP 2155 (8] 4), W] GFP B
ZAEAT LA R 258, DT 156 BH RS2 B 32 85 51 119t 7k
TS AR E LRI T,
2.3 PCR F=#t&ml

SR BU IR AT i 2L 4 DNA, #E1T PCR
Pa . BERCHURES R R, TEST GFP Bk i SC 0 21 40
%) 340 bp 1) PCR ¥i5 B, xS MRAL A M
Be(# 5). M T 10 RGP AFTE IR ik GFP BN,
It HMRRG AT A i it /b, P iy GFP &/, i
DL PCR ¥ 85, HERLR L R IIGH PCR 445 1L
FrA 55K 5). PCR 45 7= F s Bl 45 R s
PCR "4 Jr Betf Wi Bokc i) GFP B (81 6)

3 itig

AR B i B0 S R R A 9S4 Ty 1k R
LB . REBE D (Danio rerio), T (Oryzias
latipes) M — S6 iR 7K BER} 0 25 1Y 52 K5 B9 0 S S e R
B IR R i (Hwang et al, 2013; Ansai et al,
2014; Li et al, 2013), I H# KA MEy T 0
oA B R R EE4E, 2004; Kato et al, 2007; Otani et al,
2008; Yoji et al, 2011), X Tk BFaE 6 24k U, 528
B9 b A S M B T R R PR R Mg K B A B T ELAT
T 7K A0 2 KE ON AT B RE S =2 A0, i HAT (1) B BEAR A
TRMERF AN FL DNA . mRNA 585 (A 5 i i 5 %)
ZAGIR SN ; ) EAA ARSI RE L, TR ST
JEAFFET R, W TR AT R Rty
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RERE AR, BIVEER A AZ RS 00 0 S S B AR SR A E0E
A BHES R, WRMERE KK A, HIL,
A 5 g 7K BT BRI S R B R AR WF 9T s 4 1 N AMUL
LB (Cui et al, 2017), XA Ay BIR i 2 PR 241 Z
F AR A g K B B £71 2 L PR ) B 43 A R0 3k TR s 28 A
B R TR A AR T Rk, B ST KSR
FE A R R, 1 5 SR SR B A2 K DN 0 A S
AR,

241 4.8% 1) K EZ B I R e 2 WAk i e, L Eb A5
CFAREGIENG . o7 RE MY PR 046 7R S, 40 e 2 31
MBI . FMIE DNA X IR AG 04 55 1 A0 5 7] 8 55
A 1Y S T B A AS AL RE 08 45 X5 R i ) ML 8 4 e
AR, 1M HIA RSP SR ERCR . A, ARYE

VK BT B2 AZ RGO I RE A, AL Sutter 23 B 17K
FHASGHI A BB I T, 5 1 I #(Cui et al,
2017) B ARARL T 56 7 2R B 39 10 22 /0 i 4 B
) JUR G A7 05 R S PR A R ) 3 (2R 4, 1998),
VA A5 (2017) 43 M T 2 55 RS A i ) 1 23 500 2 X6 X
(Gallus gallus domesticus) i fifi i £k F1 % Jik P AL 1
s, AR R, SRR L E W R e T A
TR/, TLRESF(2013)%F TALEN BRI R,
mRNA [7E SR, TALEN B/ERISc s, B
B RR IR R bt L T:, MR e T
AHFGEARIE Y T i AR BT ) SR
it (Cui et al, 2017; XIFHESE, 2004; Du e al, 2006)i%5E K
SE T SR SR BE R 50 ng/pl 3 SRR 100~300 pg.

Kl 4 HMIEIEIN GFP 75 R 22 6F 5% KL AR R L DY Hh ) Rk

Fig.4 The transient expression of GFP in the muscle of turbot transgenic embryo

A~B: ZH5J5 61 h (IR)if; C~D: A~B IRIGRIBCRIRA ;. E~F: #IE(Ffh; G~H: RS 24 h pfffh;
A, C, E: BEIEEHMBCTES GFP MR MF4; B, D, F: WAMEGCH DG T RN GFP MIRIG S i
G: WAL R TS GFP MfFfi; H: @O0 T RS GFP iff
A~B: 61 h post-fertilization embryos; C~D: Larger magnification of A and B; E~F: Newly hatched fry;
G~H: 24h post-hatching fry; A, C, E: Embryos and fries injected with GFP in blue filter and white-light;
B, D, F: Embryos and fries uninjected with GFP in blue filter and white-light; G: Fry injected with GFP in blue filter;
H: Fry uninjected with GFP in blue filter
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Sarl Sar2 Lar2 Lar3 Conl Con2

K5 REEFEIRAG AT L K 20 DNA PCR 7= ¥ #6:0

Fig.5 Electrophoresis of PCR of turbot embryo and larva genome

Sar: SZEAHWUTIIAIEAG; Lar: S04 H RS 24 h (9475 Conl: X FRL ALY 1109 IEHG 5

Con2: XJHE4H HK)S 24 h £ ; DL2000 Marker: 2 kb 43T & ARME

Sar: Somite stage embryos of experimental group; Lar: 24 h post-hatching fries of experimental group; Conl: Somite stage
embryos of control group; Con2: 24 h post-hatching fries of control group; DL2000 Marker: 2 kb DNA marker
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Fig.6  Sequence alignment of GFP fragment
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HMJE DNA TE9E RS AR 19 & B i #2 v LA Z R
KAETE, BRAFF 5 (1989) FIXIFESE(2004) 57 & BE, 4b
J5 DNA 5323 HA NRICHITF RS, 1 HAeigbt
B3Rk o AWESE RS TR A 3 R LA R 53 s+
smydl, HAELA HE R 3R ok (Du et al, 2006), K,
TENUTT BT tn il o YRR G 0L . BlE &8 Wik T,
0P R PR 18 % T 6 T 408 9% i i 25 19 SR DNAL R
WG A, JiEES SN DNA FE7E ) T B MEAR
/N, LA MR, PCR §" BG4 R4S 24 SR A0 A B,
FHE R GFP Rk b E & B i T Ok Z
FfFans, PLRHLA PP K TG, Mmvia]
AMNRIER LA 3] T RZEEEIE R

FEAMEIEN . T mRNA S A 232 {4k
B vk B WSS . ke KSR . BRIk
AlE . W SRR P AEOE N S EHORTER, 1999),
FEL K i S 1 O VR R AR SRS I IR A A T D, G
TLAE A5 B L DK P A HLRE AR DNA . RNA sl 8 H 5%
KGOS o XA TR ERAET B, AT W] A b R
K2 kG0, (H2BORRIRORIET &, 1999;
Heather et al, 2003) ., A #5745 75 15 X 3205 B A 257 4
MUBBAR 15, F e B2 F ik v Ak B, X e 3 B 452475 o
IS, KT 2RI S, HRACRNRIR
RCRIETAE, 1999), W A0E ST H AR T BEAE 47 F
YA AT b ol AR SEXF SRR . BAR, X SE IR
B AR AL A —E 2R, HiZd R H
HI 32 0 T A a2 A A e Sk

AW FEAE M K TR 0 K ZEBF g T 0 i 5
HoAR , it smyd1 @ gfp BURLAE R 22 G- 1 UL PR ZH 218
vk, R K fa 23 R A A i R B I O B e
fitlh, X 22 5 PR 1) RE R is A% B Fh A5 T B9 F 0 A
TR B SCRN A E

2 £ X #
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Establishment of a Microinjection Technique in Zygote of Turbot
(Scophthalmus maximus)

CUI Zhongkai'?, WANG Qian', LIU Xinfu', MENG Zhen', CHEN Songlin'"

(1. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National
Laboratory for Marine Science and Technology (Qingdao), Key Laboratory of Sustainable Development of Marine
Fisheries, Ministry of Agriculture and Rural Affairs, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Qingdao  266071; 2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306; )

Abstract

Genome editing in fish has many potential applications in aquaculture and is important for

gene functional analyses and genetic engineering breeding. Furthermore, genome editing in aquaculture

animals is useful for cultivating new varieties and researching disease resistance and aquaculture growth.

However, the difficulty of microinjection and cultivation in mariculture fish embryos seriously hampers
the application of genome editing technology. Many methods are used to introduce DNA, RNA, and
protein to fish genomes, such as pulsed electric, retroviral transfection, and laser-mediated technologies.
Microinjection is the most widely used method. Turbot (Scophthalmus maximus) is one of the most
important mariculture fish in Chinese aquaculture. To our knowledge, there have been no reports on the
success of the microinjection technique in turbots. In this study, the smydl : gfp plasmid (50 ng/pl) with
green fluorescent protein (GFP) expression by a 5.3 kb muscle-specific Smydl promoter fragment was

successfully microinjected and expressed in the cytoplasm of newly zygote of turbot at the 1~4 cell stage.

The effects of microinjection on the survival rate of turbot embryos were studied. The survival rate of

microinjected embryos was lower than that of uninjected embryos. Overall, 120 microinjected fishes
(4.8%) survived and 190 (19.0%) uninjected survived. The GFP expression in the embryos and larvae was
observed using a fluorescence microscope (Nikon Eclipse 80i). In total, 56% (28/50) of microinjected
fishes expressed GFP. A specific GFP-encoding segment (346 bp) was amplified from the DNA of
microinjected embryos and larvae by polymerase chain reaction, showing that the GFP gene had been

introduced into the turbot embryos and confirming successful microinjection technique of turbot.
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