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Methods used for gene manipulation in mammal female germ cells and early embryos
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Abstract: For sexual reproduction, oocytes are mammalian female germ cells that provide the majority of maternal genetic material
for early stage embryo production and development. Early stage embryos begin the process of multicellular organism formation
through cell differentiation. Studies on mammalian female germ cells (oocytes) not only reveal its unique physiological characteristics,
but also help understand the mechanism involved in cell differentiation of other cell types. However, because it is difficult to culture in
vitro, our understanding of the function of oocytes and early stage embryos remains very limited. Gene editing or manipulation is one
of the most commonly used method, which is also useful in the field of gametes study. In this review, we summarized the principles,
advantages and disadvantages of techniques, which include conditional knockout, RNA interference, Morpholino, Trim-Away and
antibody-mediated inhibition of protein function, currently used for gene manipulation in oocytes and early stage embryos. We also
discuss the issues the investigators need to consider. Finally, we highlight the future directions for gene manipulation or editing in

female germ cells and early stage embryos.
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WY 7L, 50 A2 P T SR A A R T A S 1t T TR AT 1
YIRS . A 9 LB R ) B R IR A 2R R
—, G RRAH A B ORI IR IR R B TR,
FLOR By 02 25 SR G0 i A= ) 24 BF 50 ) 40 i R
B HZES, NIRRT R A 800 98 BE4H H A4 41
Bl &Y WEAR, XSFBCZRTHRMHE, RE
TE A4 M A ogE AT 1 25 D5 ) REIF 90 S S RETE B B 48
M A R, [FIn, BRI AG R B kR R
S i DR 14 2025 FAE 1052 3004 ) A 5l () PR o R )
REMT 70 i FH IR SR 2 T IR LR () 1E 3 3Rk, A
7£ DNA 7K~V EEAT R R AR, 78 mRNA /KF E K
B2 B L R E 2R 1 KCF B RS HER bR . X Tl LA
TERAMEARRI AT S, IXLLT R ok,
TEGAT, BRMIRE. (HXFAREERINIEIT1E
REGFRHI IR BELR M 5, X LT VA TE SEbr b A R
FERR IO R RN R R B 25 R, AT LB
1] I 3 2 D] T i %) o B8 s 93K 5 S S L 30 470 B
I RS o R R 2 Ak e AR SCES SR
TE AU & 1) TAE LA K oAt 3B 43 A6 ST 78 SCHR
MR R, AR SR Y YA T
XS T L2500 47 0 R 200 e R 3 U i 35 R e ok e ek
EHATHER,  FEEH R S ARTE Rk 5 B 1 7
2

1 FHEEERER

1.1 [FIBETR

B DRT it o 779k T LAE [ 5 0 i A 1 2 A
B8, B ARr  Jik DR E W 2130 P i 1 A 5 4
T TheEIR g T A IR TF B Y. R, IR IR
()4 S VER bR 2 R BEVAERIY BUE B AT, X
5 B R AT ok R A O BEAH i Th Be A T b B
—EMRIR M. B Cre-LoxP Z 4 LI 2644 M
F% (conditional knockout, cKO) W F - it B4 2 o
B (L) BuksE KB BN P, Fik, T
BEAE SR cKO FOARME 2 b H 7E UF BE4H i 55 R T B
ot 7 B,

I F Cre-LoxP Z 4t cKO Bl 1) 5 A 2 25
T NPT 7 - WA Cre FE IR ) B[4 5))
AR A LoxP JF 50 H BRI RZBZNY) . %
TS T PR R Cre BRI K. Cre H
HERE SRy I S AN LoxP J7 31 Z 1A A7 5
RAEBHRN Y, LoxP FHHPA 13 bp RIAIEE
FEZIAN A TE] 8 bp HITAIRE FEHI4LE & 4 #4> LoxP
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JFH 77 M AHEEE,  Cre AR TIBR IS LoxP [F51
[ ) DNA Jr B A AR B — A LoxP A7 1 41 2%
RURS S 1% 5 31 T DUy S R 4% Cre BZH BRI R,
MM 8 Cre-LoxP x4t T BiF 5 2k DR 7 R 5 4H 24 B¢
kAR e

7E U BEZH B RE S 00 BE DR R Bt e by, i FH )
Ja 3l T iE W 3 (Zona pellucida 3, Zp3) 804K 45
LR F 9 (growth differentiation factor 9, Gdf9). ZP3
A1 GDF9 75 4] 2% 5P B} 40 ffg b e S 1 320k . Zp3-Cre
AL Cre B LEA] 2% U611 51 BF 40 o vh T 46
Lk, FEAEK OIS U0 BEAH M b Rk Bk UEAE, 1E
SEAAE KU BRIk A P, X A1 Zp3-
Cre {3& F T EH 2 ORI R & B B rhoxt 51 B 20 g
AT RS SRR R e Gdf9-Cre B ER B h Cre
FIBEET Zp3-Cre ¥R )W), £ 746 506 ) G
BN b T a2 1Y
1.2 BINMANE

S 1 e TR Rl o 1) 7 4 2 A P T O R4 i %
sy S HL g i e P B T . AT FH 2%
YRR TR TT T AR AR A M et A 43 B i R Ok
FECBAER LR E H, 45 Cohesin &Y. 4
FEURZA BRI . BRAHSCEE B 5, FEON BRI rh
X AR o BRI D RE . i, Kudo %8 A H
Zp3-Cre fo % 1 O BEZH M o o5 33 P R BR Separase (1)
IR, R B Separase i RECS M 4t 44 B #5 B
AT AT 5130 R R SR A R
SmeS/6 /N, RILT Sme5/6 %t YIRS [7) P 4
ks BRI A B R I 0 . Wang 256 AR
H Gdf9-Cre 1338 1 51 BE4H A 45 72 P i B N-WASP
MNE,  RBLBRE N-WASP B AN 5200 51 RF 40 55—
URREL 7 2L AR A AU R 73 28, (HFEAS 128 =X
WRE RGP, SRR R M. Sk
[FJISE,  NATT 9 30 O B 20 i A5y e % R B Ppp2rla 3
FUEE IR oy 22 vh ) (metaphase 11, MIT) 45 4 44
KREESE AN A SR G e AR B o o B, R BB
IR AR R IR RG K 7 kb R A B e 1 R R

Brubz Ah, B &R T B, AT 5T
G REZH g 25 BR 1) B8 0 R IR TR R K B B RS
A5 40 2% AL B I B 48 i v %) Mivlke ] 5 DR 5 SSOME 1
INRAE B REJI™E TR ; MLCK Sk S ES T
JE AR B I IEIR M B SRR T, AT
R —LFERNT AR F R )AL B RELEN, Fl,
/IN B ONBF A B e Star3 B[R] 1) St 2 0 E 4 /N BRI AR
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B IR R, 3K B R O B 20 R 52 R OF
STAT3 & A I FRIEXT XL L B M B R T 1,
HAl, #F5EEF A cKO AR5 7 HAhir %
FERFE N B K B TR D RE, BN APC2. Bubl .
Dnmt3a. Gjal. Hsp90bl. Mgatl %%, iXY63L K7
Jeti iRk B, MARHEH . ENic K DNA F Ak,
7O R HE P S o R R Ok P EAE A U
(£ Do
1.3 AR ERS
H # Cre-LoxP % 4t & ¥ 22 5P B4 i ¢KO )4
BRI, BOREHE I, FREsR PY. Ko
sEfE DNA 7K~V EXT IR AT i, BRIk cKO (145

WE <7230 A0 M P = B 20 L . 7 ST s K DA o o Rt ok 14 5 95 33

CKO H A A5 75 5 8 15 8] b 45 5 o i 5
K], 9 ELTT DA PR T I A SCE 1 5 A 15 5 R o
WRETI T, B Cre-LoxP A4 B FI T 07 1 40
e — S s LR OB, (Lt S 6 i —
B, U 5D RRAI KO ShH A B . FEI K.
5 0b e A A B PR SRR S A,
MTHE L IR AR, TS IR, i
RS WG B, B WL 1 R DL 2. 534k,
Cre B T FLE0 10 99 BRI Mok i J2— b A
YR, BB,
14 RAEEER

e BB IR 357 R LoxP J 9119 i B AN

FARXT N SE RS o 54 SRR Rl SRsh WA LE

Jila, AL [E

R FAFHIR B BRI 52 A R A

Table 1. Cases of gene conditional knockout

— 2% DNA 8§ &, H.J7 7 A [F i,

Gene Species  Cre driver ~ Phenotype References

APC2 Mouse Zp3-Cre Premature chiasmata resolution does not occur; SAC controls the timing of [22]
APC/C and separase activation in oocytes

Bubl Mouse Zp3-Cre Accelerates resolution of chiasmata and extrusion of polar bodies, chromo- [22]
some missegregation at meiosis I, loss of cohesion precociously between
sister centromeres

Dnmt3a Mouse Zp3-Cre Death in utero of offspring from mutant females, hypomethylation of [18]
imprinted genes

Gjal Mouse Zp3-Cre No histological abnormalities were detected in the ovaries, reduced rate of [19]
parturition and a substantial decrease in litter size

Hsp90b1 Mouse Zp3-Cre Reduction of the zona pellucida thickness but no obvious anomalies in [21]
follicular growth, meiotic maturation or fertilization, mutant zygotes were
unable to reach the 2-cell stage

Mgatl Mouse Zp3-Cre The ovulation rate was decreased due to aberrant development of preovulatory [20]
follicles, mutant ovaries weighed less and more atretic or abnormal follicles

Mpsl Mouse  Zp3-Cre Severely impairs chromosome segregation in oocyte meiosis I and fertility [23]
in mice

Mylkl Mouse Gdf9-Cre Severe subfertility; delayed morula-to-blastocyst transition [16]

N-WASP Mouse Gdf9-Cre  No effect on the process of oocyte maturation, caused failure of cytokinesis [14]
completion during second meiosis

Ppp2ria Mouse Gdf9-Cre  Facilitated germinal vesicle breakdown, causing elongation of the MII spindle [15]
and precocious separation of sister chromatids; high risk of aneuploidy;
defective embryonic development and thus subfertility

Separase Mouse Zp3-Cre Led to the arrest of oocyte development in the NSN configuration, follicular [12]
atresia, premature ovarian failure, and female sterility

SMC5/6 Mouse Zp3-Cre Females infertility, increased incidence of oocyte aneuploidy and sponta- [13]
neous abortion in aging females

Stat3 Mouse Zp3-Cre No effect on fertility [17]

SAC: spindle assembly checkpoint; NSN: non-surrounded nucleolus.
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HH B2 A% B R F 51D R4 Cre EEZH B DIRR , AU AE 3°
5 BN A LoxP s 45 AT [A— 2% DNA % L,
7 A, )2 5] A LoxP A7 ki 18] (4% 5 R
JFH) s AT P26 ANF ) DNA BEak e tafk |, Cre
5 A1 B 23 /5 DNA B 1 38 #e 5 e €A 5 £ 177,
B BT eT DR IEAS R FCH (1), B R T
IR TT e b, FTHEEAR R JE R BT 4T 38
FE AR K, AR E RS AR KR R
Bt B0 R Sy Bk IR o 2k A (1 TR A P 1
4kb LA b, LL5~8 kb Z[AANHE, LUMEF]ZIT Cre
-SRI AN E ] LoxP A7 /5 % A B4 P,
1.5 RFEIZE AT LABGHER 75 [5)

Hul, i iRniE cKO sk 43 48K A%
45 1 W JIG T 41 . (embryonic stem cell, ESC) T $£
AR PY, FEFR IR EE A ESC 4UM e b 5, ¥R IE
i AL ) 5 A %) o 0 S BB DL AR R
B, M Cre RSN B, RHIEDN
BEAA i cKO BN AT 42 2610 R A% S 7 5
A Cre ZERIRYF BRI Zh Y, HHXT 2RI 2% 0y i
B4R H % 1) CRISPR/Cas9 AT LUK K iy it
SEN IR . CRISPR/Cas9 £ e T 41 1 #t
[F14% 2455, H Cas9 4 1) . CRISPR RNA (crRNA)
F transactivating crRNA (tracRNA) =#7r4%, %
FER T4 Ry 8 FH I v 250 DR B R N e R T
B, R SRIRsh AT R AR s Y AT
Bt 4 B B Cre-LoxP 1 CRISPR/Cas9 i A, &y
BT RTS8 B IS R R RN R B B
N AT CRISPR/Cas9 R4tk | AN 7 fiL 5 [ e v
il Cre B K R AR P N T Bt re M 2R
SN R KO $A, # Cre-LoxP £ AFil CRISPR/
Cas9 %5 UL R i HoR S G, Aefg S0 = A
1) e M P 2 B 4 B R0 L IR I <K O B B 5 4b
51NN Dre-rox F Flp-fit % HABAL s s 7V EAH R 5t
KA Cre HAHMGFRIER 7, tHERK Cre-LoxP
ARG TR G R B B,

2 RNAF3E(RNA interference, RNAi)IE A

RNAI f& — Fift A= 4 F v 3 3 A7 A 1) P DR 415480 b
SR R RG24 DR~ AL P RN 2 H
WUHE RNA il 5 () 5% 5% Jm ZE I UER AL, DRV A i
e PUE. AR R R R, R TR
FE A 2 S R R T R . RNA
BORAE G BRAR L 24T B R D) BE RS, - o)
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Z W24 & /T3 RNA (small interfering RNA, siRNA)
T A1 45 & & RNA (short hairpin RNA, shRNA)
T

2.1 [REBNT4E

siRNA 8 N5 T3 RNA (short interfering RNA)
o TER RNA (silencing RNA), & —45H 20~25 M
R4 R W% RNA (double-stranded RNA, dsRNA).
shRNA HEHNME I R A B P 5, Hia R -— 2558
A BRI R e k) . shRNA A i % 53z 5|
YL, 28 Dicer B BT VI Ak siRNA, M & 1%
X 3 R T AR ¥ —ANfRT B shRNA R ik &
it dE RNA RA I8 sh 15 $EIE R 74
4~10 /ML A1) Loop IR 45 4 Je 5 48 3L K]y 51 H
AMEFEFIRT 4~6 A T VE & IE T

RNAi (EFALEIAN T - 5%, dsRNA RN
1) B (Dicer) ¥4 & . Dicer /& RNA i I11 5 J& ik 71,
BE 0% 5 57 11 ) X% RNA ™. 7 Dicer (I 1E T,
dsRNA [&fif i 21~23 nt ff) siRNA. RJ5, 2 siRNA
TEN T — M EPE R 2 &k RNA B S U E &
) (RNA-induced silencing complex, RISC) f] 5] §%%,
i RISC £ 5 4] E48 mRNA 4> 7 1 5 siRNA Jx X
Bl RN IR X8, O A BT P IR R A 1 T
RISC 7E siRNA 5| 5 F, — A TH{# mRNA 7E RNA
Wi () 1E R 2485, 55— 5T BA siRNA 5[4, DA
mRNA AR, 7E RNA ZE4 8 EH T & B mRNA
ff) %M % . mRNA Ji & dsRNA J5, 7F Dicer fiff ff)
VEFH N g 22 AR % siRNA . # 42 B siRNA 1 B A
7R RNAL [IhRE. i bR A BsE U v, 40
FL P siRNA 3900, 2 25 38 % 1 %k 55 R Rk (1 4
K BEM 21~23 nt f] siRNA F|JLEHAME R dsSRNA
BIn] % & RNAL RUR,  IF H K dsRNA X 3 [A]
L LRI 0 258 S 42 3% 58 T 46 ) dsRNA B,

RNAI & % 53¢ J5 K (1 36 U TER AL, B
EIRE R, HX R R IE s scR K, bR
17 dsRNA it AT 14 1) A8 R A 1 E T o
2.2 BoMANTE

AT SR A RNAL X I 7L 30147 51 BEGH B3k AT
VEPERE TN AR Z, I BR BB ESER .
IRZHEREEHRTE T XTI R g R Ak - Jetathk B &
R RE B 78 7 T 1 40, AHIF 55 4R FH R S
SIRNA Xif /I 6 U1 B 41 i v Clee 3 4T o g Rl ek 7,
S5 R K] CLTC HHERILTFE T 50%, JFFid s —
WRAAHETBUE T B S e ko AR B & R S — R 51
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AN RN V5 a ek TN P A SR Tl W NS A S
R 7 1 sIRNA X /)N B 5 BEAH L 1 Rbbp7 13E47 T R
W, 4 SRR 1% DR D) RE IR P g o AR R
HeF, B RLGCE B 5 2k 0 S 97 4 A 20 256 Aar W R
(spindle assembly checkpoint, SAC) ThRgHf; Y,
HWEFRR, N siRNA AR XS /N & 0N Bk A
MAD2 Tjfg 47 T4k, ERHEOREETFHE T
81%~92.9%, [FIIi& kS 7 R i d A 7, Ak
W% (germinal vesicle breakdown, GVBD) 3 | [,
S 3 T 18

FESE TR R ATHE AR SiG TR R siRNA 7 5718 1
Pt EZH2 B[R )RE, S5 R EBRHT RN 73.79%,
7 5 R T R AR AT A A T RE A B e
SRRFZNAR A, RIS siRNA ST SGOT #EAT3E A
DigeTHu)E, P BRI oy R . R E T
B IERA R B R B,

B bz Ak, B 983 A siRNA FHE 5 A B 5T
T RRE R R 0T O BEAH M OR B ORI AR, AL

WE <7230 A0 M P = B 20 L . 7 ST s K DA o o Rt ok 14 5 95 35

HMAD2, HIFOO. TET3 %P4 ix e SR 78 Hz 4
HEH . Yot thy B fE vh R I HEMEA, 1A
FHs 7V siRNA X IR S R () I8 AT T30, &
YRG0 9 A o 2 A R R AR I O 3 BRAN [ R
FEIgm (3R 2).

1 FHl ShRNA i I 7L 3 420 O B 41 ffg 35 [X] 2 it
AT, 24k sIRNA PSR S — Rl A 20,
FERE U 5% O BEAR I WTT R 1E I RLRINE, 4 o 5
shRNA J:5F B U0 MF ,  H R R X KT EE T
B, HNFTIEAG R B 2% 5835 BRAC, FEAR 40 A 5 0
PR T B N IR R R Herp 5 571
shRNA T4 WT1 Dif6)a, RIERETFHET 60%, Hf
W WIS, s 1 HAE S BE G 40
e B S Ah, AR xR s ) UR BE4H i
XIST. Myostatin [ VP2/3/4 3L R shaemtscd, [A)
FEHR A T shRNA #4735 K B e T 7k B,
FEAMUERA T shRNA 721 L 4 51 541 fif 5 [8] 2h g
R A R (3 3).

R2. SIRNAASF- 89 K B o) 68 F K20 20 5L ) 2 4

Table 2. Cases of siRNA-mediated gene function interference

Gene Species Import method  Knockdown effectiveness Phenotype References

Cltc Mouse  Micro-injection Downregulated by 50% Decreased first polar body extrusion rate, [47]
extensive spindle formation and chromo-
some congression defects

DNMTI Bovine Micro-injection Downregulated by 63% Downregulation of DNMT1 protein and [48]
global DNA methylation levels

EZH?2 Porcine Micro-injection Downregulated by 73.79% Reduced the capacity of cells in the blasto-  [50]
cysts to resist apoptosis

HIFOO Bovine Micro-injection Downregulated by 70% Bovine oocyte maturation impaired [53]

HMAD2 Human Micro-injection Downregulated by 85%-92%  Failure of meiosis I arrest [52]

MAD2 Mouse  Micro-injection Downregulated by 81%-92.9% Meiotic spindle abnormality, decreased [49]
GVBD rate, increased apoptosis

Rbbp7 Mouse  Micro-injection Lower mRNA expression level ~Severe chromosome misalignment, improper — [48]
kinetochore-microtubule attachments,
impaired SAC function, cytokinesis defects,
and increased incidence of aneuploidy at
metaphase 11

SGO1I Bovine Micro-injection Lower mRNA expression level Decreased the embryonic development rate  [51]
and quality, arrest of cell division in meiosis
and mitosis

TET3 Bovine Micro-injection Lower mRNA expression level Inhibited oocyte development, maturation, [54]

fertilization, decreased cleavage and blasto-

cyst rates

GVBD: germinal vesicle breakdown; SAC: spindle assembly checkpoint.
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&3. shRNAASF- 09 2L B 2 e F 30 0 52 A 41

Table 3. Cases of shRNA-mediated gene function interference

Gene Species Import method  Knockdown effectiveness Phenotype References

Herp Mouse  Micro-injection Downregulated by 60% Arrested granulosa cells at the S phase of [56]
the cell cycle; significantly upregulated
the concentration of estradiol in the cul-
ture supernatants

Mpyostatin  Bovine  Micro-injection Lower mRNA expression level A less amount of myostatin mRNA, less [58]
myotube formation

VP2/3/4  Bovine Micro-injection Downregulated by 91% to 98% Prevent primary epithelium cells of trans- [59]
genic bovine fetus from FMDV infection

wT1 Porcine Micro-injection Lower mRNA expression level Decreased preimplantation embryonic [55]
development and increased apoptosis in
blastocysts

XIST Porcine Micro-injection Lower mRNA expression level Increased total blastocyst cell number [57]

FMDYV: foot-and-mouth disease virus.

2.3 BAREIMBRA

RNAi £ AN L F Dy Re ) FH A PdE . &k
Gy ERVESEAR p ), SR TR s R IR Th B A X7 i
FANTEEXS A R R R M A F Rk #idk, BA
FE B S P SR AL A Y AR AN S A A AR
SRR BT B ACE ST BN SRR . HAT, XT
T AT DRSS AR T R % S I siRNA
I FE L ARG 2 3R 1) O 0k Lz i Bl A ey s
SR ER B E N R T NG R T R 2 A, (H
I BE AR AT AR P AR R RE B I S I B, IR
sl RN AR, HUE. SR, MR
A 8] 45 R0 ZE P2 S5 bR X T A 1 AR TR 4
MR, AR R A G, S P S BE A B
IR R ., X ORI s R R S, W
HERESERAFA T . EFALES, Y
BefE 251 RNA F#fE, I SECTF P8R N %,
24 HAEEEmM

Hi T~ siRNA B shRNA #E A4l 5 4 g 5 mRNA
(R B R AT, R L e R 5 N4 A2
KEED IR, £ SLI0 A — 8 v B8 5 RNA B (1)
T e O RIS VETER, R Y e R HERR AR
VRIS, AN, RNAIL K ¥E/EH & ZE 8N
A e B MR 9 VR E mRNA. R, &k on BE 4 i 1
RNAi 75 2244 51 BE4H i 400 1) 75 45 22 1 248 B s 33 [ 5]
4 % 0 (germinal vesicle, GV) B Bt Bk #4324 vp
1Y, A TA] R 4 i S0 40 ) 2 PRGN B2 e S
LR BIRE. a7 R PUCRIE Nz

FIFH RT-PCR SR 56 1IE X0 45 S5 4 5 DR 1) -0 3 2 s
F Western blot KA 56 8% H R IA L, HfRELT
PR RS 1 5 P EAT J5 225556 .
2.5 RFIZFEARTABHR S E

TR siRNA B shRNA B, N yF 2 kAT
A T B 5 B HFORAE 5 DNA 7 51 B %t i 1E i
P, PRUEH T HRLE . HIRH T siRNA 57 shRNA
SEAEHEN G BRI 5 A RE R FEDRE, Bt LA ] = 2
HKs siRNA B shRNA 5\ G0 BEGH A, 2 3 R 4 i
AR ) G . 1 2 Yy 51 REZH Mg 5300 H 2R AT Bl
OSSR, S BRI BEGH L 1) siRNA
o shRNA [ BE /R EUR AT e — 35, DAGRIESS R
5E T

3 Morpholino (MO)

3.1 FBENE

MO & —Ff e LHEZ R . 5 DNA & RNA 5
A RAHE, MO AN EBEA N, BN 2
MO #f. XFhAEfE43 MO 7] 5 DNA & RNA 4T
BRSE X, [ A SR A% BRI R AE
MO [I/EHHLH] 5 RNAT 280, #E @ 45 & 597
F, gE i A A R TR . MO — M T sk
J& mRNA 12K, HufHK MO EZHMWH . —
Fh MO AR N & T AAMNE 7, IXFER MO 5ok
B mRNA 254, [ mRNA IERGETY) R, M
T IA B ok 8 AR IA R H B BA—F MO 5
B mRNA 256, BHMSEIEM T, WaEss i 2
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BYSHNT 5 E
3.2 MANANE

MO HIRT 2000 4RI,  FEREA BN H T K
BEMZEH R ST BRI RERE, MO "L
J5 T 1 BELRS S 9 TCME S i A0 B 2 £ mp e s A 1) 3R
ik ¥ B-CATENIN 5 5 1 MO 33 5 21 45 9 JTCafs 5
WG, KL B-CATENIN w AR5 518 17 A F
R 2- M 4- 4 B P B S MO 2 5 8 4E i
JTUME 75 Sh T R, 7E 8- 41 Y BUAE B MO J5
S S BB TR B, T 32- 40 B Y B v S MO ) &
FORE TR T8 B S, @t MO Bl SR R 9T
DRl D RE (9 5 V2 AR AR A 2 T A AT, FER A T A4
M2 MER, W/ Ckla. Ckap5. Mos. Octd.
Z207. Daaml %5 "7, S5 KDM5B, CD47 %517,
4] CDC20. GFRAI. CCL24 %™ (3% 4),

TR0 7L 2010 99 B 240 P R 2 R0 R AR i R I
Wi, OB R IR B A 22 oy BN I S R 2
FRHEZEN . DNA Sl 5 K 4 1 G Ok 5 8 1 Y5
HEARERATES], TR CR B RS A0 R G ) 1
WRE o AW TS HIR A RE R MO /N B 5 B

WE <7230 A0 M P = B 20 L . 7 ST s K DA o o Rt ok 14 5 95 37

MR Ckla J Ckaps #AT @0k, #IRAG TIREFH
ROV RIS 7 AT 7 4R R AR S MO X /)N R
B ) KIFIB 3 AT W, BT Hli 5  HE
IR IE A AL el i B8 . ARREASERE I,
SRR ARG R G SZBH, (R I 5 0 2 644 1 1
oA, FHE ATP K . 2 faXtEZIAE T KIFIB
HEATROR, 45K KIFIB B EHRIE NE T 74.1%,
i IR R K B R BRAR. 9 R 2 25 R0 e o A HE
F) S8 S — R AR IR G A A B
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MO ket B4 7 hoe. KIAEME. 1K
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fA] B fif, o 9% 4% DNase B¢ RNase i iR 5, [ 9k
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Table 4. Cases of Morpholino-mediated gene function interference

Gene Species  Import method Knockdown Phenotype References
effectiveness
CCL24 Bovine Micro-injection  Reduced Decreased the percent of GATA6" cells in the [79]
outside of the ICM
CD47 Porcine By Endo-Porter ~ Reduced Enhanced survival of random tissue flaps [78]
cultured in vitro
CDC20 Bovine Micro-injection  Downregulated by 80%  MI arrested with abnormal spindles [81]
Ckla Mouse  Micro-injection  Distinctly reduced Failure of PB1 extrusion, chromosome misalign- [76]
ment and MII plate incrassation
Ckap5  Mouse  Micro-injection  Significantly reduced Failure of PB1 extrusion, serious defects in spindle [75]
assembly, and failure of chromosome alignment
Daaml  Mouse  Micro-injection  Significantly reduced Failure of PB1 extrusion [74]
GFRAI Bovine Micro-injection  Downregulated by 50%  Failure of bovine oocyte maturation and early [80]
embryo development
KDM5B Porcine Micro-injection  Notably reduced Upregulated the histone demethylase KDM6A [77]
Mos Mouse  Micro-injection ~ Reduced Formation of abnormally large polar body [72]
Oct4 Mouse By Endo-Porter ~ Downregulated by 50%  Disappearance of the inner cell mass in the [73]
cultured in vitro outgrowths of blastocysts
Zfp207  Mouse  Micro-injection ~ Reduced Impaired spindle organization and misaligned [71]

chromosomes

ICM: inner cell mass; PB1: first polar body.
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&S5, Trim-Away /569 & & 2 86T K305 52 ) 1)
Table 5. Cases of Trim-Away-mediated protein function interference
Protein Species Cell type Phenotype References
CHC17 Mouse Oocyte  LISD assembly was disrupted upon depletion of CHC17, which binds to  [100]
microtubules together with TACC3
Ddx19B Zebrafish  Embryo  All TRIM21/anti-Ddx19B-injected zebrafish had small eyes, about 10% [101]
had a curved body axis, consistent with the findings in homozygous
ddx19b-mutant zebrafish
Eg5 (kif11/ trip5) Mouse Oocyte The formation of monopolar spindles; the phenotype expected if Eg5 is [95]
degraded and identical to oocytes treated with the Eg5 inhibitor monastrol
GTSE1 Mouse Oocyte  Depletion of GTSE1 had only a minor effect on LISD assembly [100]
Rec8 Mouse Oocyte  Microinjection of Rec8 antibody into MII oocyte overexpressing TRIM21 [95]
caused premature separation of sister chromatids
SNAP23 Mouse Oocyte  Degradation of SNAP23 by Trim-Away causes premature meiotic resump- [99]
tion in follicle-enclosed oocytes
TACC3 Mouse Oocyte Specific depletion of endogenous TACC3 by Trim-Away fully disassem- [100]

bled the domain, leading to complete dispersion of multiple LISD-associ-

ated proteins

LISD: liquid-like meiotic spindle domain.
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Table 6. Cases of antibody-mediated inhibition of protein function

Protein Species  Import method Knockdown effectiveness Phenotype Reference
Arl2 Mouse  Peptide nanoparticle- Downregulated by over 90% Failure of spindles organizing, [106]
mediated antibody significantly delayed meiosis
transfection progression
GRIM-19 Mouse  Micro-injection Similar with siRNA micro-injection ~ The degeneration rate was higher, [111]
blastocyst formation rates were
significantly lower
KIF1B Mouse  Micro-injection Similar with MO Spindle assembly, chromosome [82]
micro-injection segregation were disturbed
Strumpellin - Mouse  Micro-injection Similar with MO Failed to extrude a PB1, several [107]
micro-injection oocytes underwent symmetric
division
SUMO-1 Mouse  Micro-injection Similar with siRNA micro-injection ~PB1 extrusion was significantly [109]
inhibited
TFIIB Mouse  Micro-injection Similar with siRNA micro-injection  Irregular configuration of spin- [108]
dles with altered chromosome
alignment
UCHLSIP  Mouse  Micro-injection Similar with MO Spindle and chromosome defects [110]

micro-injection
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