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Abstract: Reproduction is the basis of all forms of life, and same-sex reproduction exists in nature as a
specific form of reproduction. Same-sex reproduction consists of both parthenogenesis and androgenesis and
has not yet been discovered in mammals. The presence of epigenetic mechanisms such as imprinted genes
hinders the development of same-sex reproductive embryos. The paternally expressed imprinted genes
promote embryonic growth, while maternally expressed imprinted genes inhibit embryonic growth, and
same-sex reproduction expresses only one side of the imprinted gene, resulting in overgrown or undeveloped
embryos. The knockout of some of the imprinted genes using embryonic stem cell technology has been
successful in producing bimaternal and bipaternal mice, and single maternal mice using methylation
modifications. This paper reviews the technology and history of mammalian same-sex reproduction,
summarizes its potential applications and directions, and analyses its possible advantages in animal husbandry
research, genetics research, and disease model construction and treatment.
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() e A B, M A T A IO A T . DI
AR IR R AT IR, SRS A TE
ANE, JOHEATE I R B R AEAERZAG O,
IR 25, (NEMEFRKE NG

(Ramachandran et al. 2018). ZFhf S, P
BNYFIICAT B4 LAAIME A= 5 (10 T8 UK S AR,
— SO AR LT AR EE A I B RS AE S
WA AT DLE A R B A AT IO AR (Neaves
etal. 2011), TMIAEM LA AAFAEMEAE T,
M A AN A IR 32K B DR B 41 i K TR

(Wei et al. 2022). X2 RE ALY,
A BN AR B — SRR R 2 305, BESRAN
AL SR PR 2H PR~ Ao 1 1 R AR BlOIG L AR TS 7Y
AKEERAEEEMH (Haig et al. 20100, XFh
FERIPE RO ENTC LR ERTCEELR 40 1gf2, Pegl
Peg3. Rasgrfl, DIkl &5 BA(EREIR R A K 11
Fl, lgf2r. Gna, CDKNIc. H19. Grbl0 %%
FEA KA K 1E A (Barlow et al. 2014, Li
et al. 2018). TEAUMERRAG T, HI TR BEA
B VEEC I SRS, SEUT XA ATRT
i (Lampert et al. 2008). SHUHEATEIRLL, H
SRF R M AEAENUREA S, (R I AN e AR P e
Bl RE ARG, IHEAEG S M RE. —
P WEVE = AR TEAX IO, 320G I R iG MUHERC
KB s 55— U R AEYE 2 8] TR 2 R B
{HEVEIERIH 9 JH B%  (Schwander et al. 2016).
[FEIRERT, AIVHEA: T AR AL s b I F A AFAE . BE
EHMIE T4 B AR A& (Kaufman et al.
1983, Testa et al. 2005, Segers etal. 2017), .
AW FCIRZR W AL P IR E AE B 1Y AT RE I e i
HHJEA (Liet al. 2018, Wang et al. 2018).
ARICGRIR T LB b R A TR BRI T DA
FRG R RE, FF X [F A 5E 1B T s A T

gt

nEH o

1 FAEFEKTRRE

11 ETEEERIRI
B3 PR 5 — ol o T 2R AR S PRI 38 A I
AR AR I AR T B A SR SRR A R

IR AELS] . 75 20 T4 80 FFARHAT
11— R HE L (McGrath et al. 1983,
1984, Surani et al. 1984) i€ T —f5ARMERZ IR
A B AR B A IR G /N B (Mus musculus
domesticus) JFANREAFI, XUEH] 1>k B ACEER)
PAREDIRE FHAMSE, HEERMZ RIS
AR HE MG K B % M. Cattanach &5
(1985) KB Tt — 20 R A B 5 A AN 2200
G RS /DN BRI E T RBUXMSEARL
NEEIFEARSCBE A DR 20, T A i R e A (X
W, BEEXRZRRIEMEKIEREILR 192
(DeChiara et al. 1991, Ferguson-Smith et al.
1991) FlBE 2 3Rk 1 4B K i 38 L R 1gfr
(Barlow etal. 1991) /& H19 (Bartolomei et al.
1991) (AR IIENIE T B3 PR R A7 72 AH 0T R
ek ERBMEEMEN. XF LRI
RRIA, Ut EIC AL PR & — PR is & (Tucci
et al. 2019). HATEFRM I (Moore et al.
1991, Haig et al. 2004), E[IICHEB 1977 42 &
T BE R FNAL Z R ) 5L R A 2 [A] Y D R i 5%
MK E e E S TR T LREIL
P EE I R B IR ie A, T B R FIA B
SRR K . BEE Sl EOR I K
TR, WP EREERM, EFXF RMEAE 10T 7L
WARH| TR, KREWHECEER &I HA &
IX—W 5 (Kaneko-Ishino et al. 2022).
A B 17 SR PR BT I R e |, ok H REAREAL
A PR S5 R R 2 53 JE Bl A IR R e % 12
TP, S EOCE AN S A BE R AR AL R IE I,
Bilan H19 JE K S 215 Jl Bl X35 00 e 1 s e 12
DNA FH B AL Hh1) 7 AC & &5 A B DR 1) %
(Barlotomei et al. 1993). HHF7TKH, Lk
Epic 5 i Gabl, Sfmbt2 1 Sc38ad (1R IAA
fK#i DNA HEEALHIFLE] (Okae et al. 2014,
Kobayashi et al. 2022), 5KER B 5T (Inoue
etal. 2017a, b) i€ BHl & H 2 1fi H3K27me3
—FdE DNA FEAEDICHLE] . T IXLehl
HAEAE, [P TE R IG & B 1 3 ZERH ARG 2
BB e 28 Rl Rk 5] 2 ) ( Bartolomei et al.
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202000 PRIk, R8BSR A 0 S 30 A (R 1 A B ) R
T R R RIENTF
12 JERGTFAMEARNMA T F A5
EG R REE 2% K B M FEME ARG,
0 B C IR R T R . 58 A A5 AR i
AHEG, G SRS A A A 4 i 2 B2 B of B 2
[RLEAT S o VR 2L Sh 420 1) B A 2 AN PR -1
T EAVRMELE AR M B 557 DL 58 st AL 454 F
(Shuai et al. 2014). [AlH, HILIHFL B0 545
PR4H Mo 2 T R 2R B AT T B EEANME .
1981 45, MAKRSME TR/ ERZEIE 73 B8 B IR g
T4Hffl (embryonic stem cell, ESCs) (Evans
etal. 1981), N HAEAR LG T4 i Chaploid
embryonic stem cells, haESCs) BiEAt. 7E
JE SR U, T8I X 52 R B E AT R AR A
(Tarkowski et al. 1976), B X 55 — IRIEEL
SR B BEAH A (metaphase 1T oocytes,
MID FERGE (Modlinski et al. 1975), =4
(1 7N B A R i A5 /) BRUERL A5 4 IR I 4 i
(haESCs) HA 7 BRI, JR1, nfer4fE
RN RS IG T 400 (haESCs) L5 14
PE—E &M (Kaufman et al. 1983), H.
B 2011 A5, 38 SO0 O A M 4k 1) 7
(Elling et al. 2011, Leeb etal. 2011) M X

A 24 SRR BELE A (MID FIME SO 1) /)N
B AR IR R Th 3R AT T /0N B AIOME R £ A IR i T
ZHHfd (parthenogenetic haploid embryonic stem
cells, PG-haESCs), HIRHF T 5eBEM B A5 R I
RIZH, AP MLk, 752012 4, d@idixs
R B 32 K5 O BN B T ME SR AR K ik, 72
TN AR RN, $RAT T /N BR AR A
RG99 (androgenetic haploid embryonic
stem cells, AG-haESCs) (Yang etal. 2012), F/
TR T4 (ESCs) —FF, /NRERAEA
JWEAGT-20H (haBESCs) RJ LATEARSN b BT A
AHMIZETY,  FRAEVES NS 7010 B & A IR
i (Leeb et al. 2012), i CRISPR &M AR
2H. 2 % K YHE VO BT BR B A5 4R VRIS T A i

(haESCs) [FJEMICE K ZH (Syding et al. 2020),
AJ DU R A B XURE RO RIRIARIAL, 4R
%A VAR T R A] REdE

2 FEAEFEKH IR

MR 7L B ) R PR A BRI TE AN 2004 SE 45
BAEHAT, AR RN BRI R AT
SR/ (B Do SRAFRITEA SN B R 7
FEAPIR . Mol AR K IR AN S A
AR O B A s — A I A/ AT £

S H19-Ig2 K IR %45 H19-DMRAIIG-DMR X 15} i Ig2-H19FIDIK]-GH2[X 1
Edit H19-Igf2 region Edit H19-DMR and IG-DMR regions Edit Igf2-H19 and D1k1-Gt/2 regions
@ @ @
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B RS/ REERAM XUBEZR /N U T LR =
The first bimaternalmice born XUEEZR /N BURR AR EL B4 Bimaternalmice had an
The proportion of bimaternalmouse embryos  increased chance of survival = Eﬂgg R
SHBH19, G2, developed to full term was increased Y IG-DMRFIgf2-H19X I, ® P E:?/J\DE&
Igf2r. Snrpn. Kenglotl, Edit IG-DMR and [gf2-H19 regions| |, ducing /r;pro ducible
Nespas, PeglOFflRasgrf1[X38, Y Nespas, Grbl0, Igfor, 4WIG-DMR, Ig2-H19 b
A offspring bimaternal
Edit H19, G112, Snrpn. Kcngl, Peg3FiGnasX 5, FlRasgrf1 X1, mice

Igf2r, Snrpn, Kenglotl,

Edit Nespas, Grb10, Igflr,
Nespas, Pegl10 and Rasgrf1 regions Snrpn, Kcngl, Peg3 and Gnas regions
L

Edit IG-DMR, Igf2-H19
and Rasgrf1 regions

< L
2022 2018 2018
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Producing the first singlematernal Producing the first bipaternalmice WEEZR/NER

mice
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Fig. 1 Research history of same-sex reproduction in mammals
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A IR i T 5 (R i o S A . I B R AE
FEIRRANAE /N R PR T, v AR IER K E
BHAIREE R /N R BB RAIAFIE 48 h W
RPN

21 JUHEARE

— AN YR REL A AE AT P R R T
NEKEERE, XM ETE YRR AU
A2 B R LB 1) B BE A L RT DATE AR A S
TR I ALAUAE B2 S IS HORS 75 5 5 P 4 L A 45
BRI E5MAE KA (Brevini et al.
2012),

Kono & (2004) Rk 7 A E—H
RUEEZR /N o RN EDIC 2 R 33U R AT
FERFIXAERFYIER (Surani et al. 2001), L
MERRIEABER B2 H (Brevini et al. 2008)
Kono %5 (2004) FIWFAAE—EFEE Foa il 70
MERR A RE R B 22 H i@, EDIC R R H19
F1gf2 o BIAFAE T HEMEREME RS T+, H19 7
SRRFA L ERIL, 1gf2 TERS 7R R IA (Edwards
et al. 2007). [k, HEIEAKE T 10f2 FIRIE
DAEFFREIN R B 2R EE . fATH 1gf2 HisifE
Pr AR AN KA K RIS R AZ B e 4
A2 K (1) O REAN M A% Rl JF E R O REA . (&
2a), ZJa NTIAE T 598 ANAb F 5t () 5R 440 g
) 457 A, Horb, 371 ANTEAL OB A A
B KX LRI B 26 24K, AT
10 JyGARF 9 RAET-IERER AR, Hd 1 B
NRKE BB FEH O ERAERZ G,
Wu & (2006) i#id4m% H19-DMR F1 IG-DMR
X3R5 /N B G 1gf2 F1 H19 IERIE, KILK
B 22 BIAG EE BRI 0, kB BHIX A
FH S A FH A B4 1) DX R 4 1 B 10 25 (R 2 R
1ERUEE F /N RV G 1E 4 K & 28 2 H iE— B g
(Kawahara et al. 2007a, b). Kawahara 2%
(2012) ot 7R E WU R/ANRIEA, R
7E 1gf2-H19 Al DIK1-Gtl2 [X 453k 17 3 [ 4
REEZ /N R BOE LR R 7 HEm, Ha e
FEK

Li %5 (2016) @id i 28 — R 2

HHONREAR A (MID 74 (MK FF 3540 PG-haESCs
AN ENE X 38 IG-DMR Al Igf2-H19 J& , %
FLE S 20 EF AR 2 MO O B b, = AR ] A
JEARIIRE RN (B 2b), R S [ 0UEE
FNRAEREIBLE .. [T AR S, H2Z
X TGV FAE A& A LA [F) 1 A B A it 1 3
P o 7E 2018 4F, I S — e, AhAT]
ELAE T RURE 2 /0N SRR B8 /N BR B s 4,
N Rasgrfl AT RESEONEE R /N R INAT AT,
T 2% H CRISPR-Cas9 ZwfH | PG-haESCs
[FJENHC X 45 IG-DMR. 1gf2-H19 Al Rasgrfl,
HATA RS 58595, 76 210 NN RAEG A7
T 29 FURNRL (49 14%), HAFER/NRES
HIEE/NREREKKE R (B 2¢). 2022
HE, Wei %5 (2022) SER T RA —AMEWEE
SIS R ATME AR A ATT I8 T R A A i T AN
se LK EiRR, JEid dCas9-Dnmt3a BN
A AT S X H19 A1 G2 FiE il
dCpf1-Tetl &4 5 A>BEAH AL BRI X
Igf2r. Sarpn. Kenglotl. Nespas 1 Pegl0, 7=
AT HRENR, HRBEEIRSG. MEEKE
iR T Rasgrfl XIf, 1937 iR HAEIER %
A JE AR BB/ ER
22 IEARE

WHFER I, 5 EA AN M 5 A% 6 R B A
bb, B PSR R AZ 0 I AG & T8 B8 gz
1% (Barton et al. 1984), iX 15 HHAE 3Z S H IR,
BNV HE AR 5 75 EE i IR B 2 A . Li 5%
(2012) ARG TN SLINREGHA A,
3L T/NE AG-haBSCs 4iiffi %2, H AG-haESCs
REME A E S AR KR A5 30 24K, TEIR ST RE
1 =R 2 Ak, TEAR N NFEIR S T AR R
ARG . XTI TR N 1 IR A AR 1
REZReME, ¥ NORIEAT B IHE A FE B 515
R it

2018 4, EE—HANEEAE S /N BREA: (Li
et al. 2018). Li%: (2018) HILEFE T 6 ™
HWMAG . R LG R AE K ENIC Xk, 43
W4 Nespas. Grb10. Igf2r. Sarpn. Kengl 1
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with full-grown oocytes in non-growing oocytes

ek T Gy

AR RN
Implantatlon into female
mice for breeding

XUEER /N

Bimaternal mice a

R

DIGHE B A5 A T 40 A FEHENME R RIS ATFIEME AR X i g MILEF R4 V5% SUEEZR /ML
Parthenogenetic haploid Culture of imprinted genetically  Editing of different MII oocyte injection Bimaternal mice
embryonic stem cells imprinted cells imprinted gene regions b

( I IG-DMR ——> {4 /53T Death after birth
+
( D H19-Ig2 —> K BHiIRZE Delayed development
+
( | ) Rasgrfl —> 1E# & Normal growth c

B2 PUMEAETE/DRE AT R E RS E G EPRES

Fig.2 Common research methods of parthenogenetic mice and survival status after gene editing

a. ARAEKH BRI AL 5 58 A KA 0 BRI R & 35 & WBE R /NR T b R ENICEE R B B 0B R /NR T oo WBER/NREEEREIIC

BRI X AN RS -

a. Generation of bimaternal mice by ungrown oocytes fusing with fully grown oocytes; b. Generation of bimaternal mice by editing imprinted

gene regions; c. Edit imprinted gene regions and bimaternal mice status.

Peg3 JMHFR, ¥#153IH AG-haESCs #A 6
KO-ahESCs, 57— MK+ —[FEANEZINEE
it SRIMIEARERIER RE . MEABRK
W&, A1 i 3LVE S 6 KO-ahESCs AL (5% Y
T APRC IR = AR EEZ ARG, T
IREL SR HERZ R G T-41 B (ESCs) (RN 6
KO-adESCs), i#id PU £ A B AN 77 2077 A XL
AR (K 3a). 781023 MREIGFA 12 AME
ek BZREH, SRMAEE PRI R/ BRI H
RN ALK KN RS, BEHAE
AAJEHT . SEAERUNRAML, XHt 6 KO-
WA Z2 /N R T Gnas BT IX A FE L4k
Gnas 5 Nespas {7 T [F] — 3 [l Ji ( Weinstein et
al. 2004) . AT = MIBR T 6 KO-ahESCs )
Gnas Flic Xk 4b BT 1A, 7247 7
KO-adESCs. 7 477 A 7 KO-fEfgd 74 12 K

REZNR, BEERICRIRSE, 2 REAK

HEFE@ 7 KO- &R /NRAFIEHE L 48 h (& 3b).
RAEIMEATER S FIEAR AR, KGN

WEARTE —FE, AR LR R R4 F R

A Z /N, BB TS FAEH], B RAE
B PR B0 0 22 BR A% 38 A2 5 B T
2.3 [EH A FE T I Pk AR

FE R A B8 A, A A T R AR RN B

S 2% R RS G T4 M (Yang et al.
2013), {HIL A FH I Fe R F b AT (R AR
W XN S, BT RAER D,
ToVE R B DR i 4 5 DIORE /)N BR T RE AR E R
B PG ) R A S G A B X T 2
W PR AR RN RIEA AT,

i LA 2 TR B PR g v i P AR A 1 )
[ I} i 715 4 3 A o S R AINHEAE B ) T %, )
WREERG T4 A 7 AEARSKRI R A 5H
R, —J7 75 20 B0 3 R 45 R WAL L
il PR iE — A AT 9T R D [R) 1 AR BV IR R A )
T, 5 —J7 T EY R R, % Hofd
W LB AT R A A 22k 3k — 2D F 4R
O EAC BE PR Bl AL BRI X, A RE AR
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( | ) Snrpn
( D Kengl
[' ) P — RIS, AFIE48 h
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Fig. 3 Research methods of androgenesis mice and survival status after gene editing

a. PUREAR EANE B XU RANRITIE: b, XS FR /D BRI R B 2 ] DX 380 B 2R /N BOIR A o

a. Generation of bipaternal mice by tetraploid complementation; b. Edit imprinted gene regions and bipaternal mice status.

e (R M A B P AR o R m BB PR ik — 2 Al Ak
%1t FH % & Dnmt3a/31 (Stepper et al. 2017)
Bl dCas9-SunTag RG0H %21~ DNMT3A fif
PR S EE R H AR A7 2 LAZw % DNA AL
(Pflueger et al. 2018), AJ DAY 58 g 5 25 26 FE 42
e [E PR AR R A AR

3 RMAEHEKE X

31 BB

W FLEN ) AV ARSI T SRR R T
M, SR AR RIRRG T AR AR, EATE
RSN s A D S A AR IR AR
T2 A M AR WA S AR A A RAR, AEREAT

WAETRE T, W] LUK SR (1) B A4 VR G 48
A I B PN B A VR G 200 B S i RS i
35 B 51K 7 (Shuai et al. 2014), X A4
LR BB AR TR SR .

[F) 1 A B A R 78 O A ot 4 7 A 1A 1)
BB R M R RS R EE s R T
AT B B 2 AL R BB LRI AME, AT
BT E S R ARSI, HAg Rk
B EARSERER T RA R K B DM, R
WS EN R AR 7R K . B R
AR AT TT, A4S [F) 1 AR 5 1 5 AR RE 8 1R
WREEE, XM E TS5
B MERR
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32 BB, RRREWESHRIT

IR RN R NG e e O W AR RN
JVR I3 T4 L RE 0% R S ST RS PR IR 5 3 A
BRI A RBIETT, /I B A AR R T2
2y T - SE R D RERT U AR R B o, X
X WA AT AR NS B AR A T 40 L 5 AT A
KT RATHIIN . CHHERH TR, Bk
PR G T2 A 18 A% U e 5 0 o A AR A S 05 T

FFEHE(Luo et al. 1998, Zou et al. 2009, Wang et al.

2013). XX T2 iRL e T A A FE .
FERE L [R] P AR B ok B e ik R 45 3 WL is A%
PLEI TR 7 ff, NAH SR M B AL 0 1R
ST BLE AR . BICEE R I i 5 NSRRI
o S AH OG0 D g L - A B AR A A
(Brioude et al. 2018) /MR ZRAAE (Butler
et al. 2019). ZHI/R 255 1E (Bonello et al.
2017) %5, ¥JRERicREREhE S8 @it iEE
S R EDE B, AT REAE VR IT IX BE 5 1)
BFBL, HIUHE/IN BRI /)N BRABE B 44 2 A
BRAHOCENICIE R, 75/ BRGE 215 m, 1 B
R B IR R AT Rt RS B B — R B
AL, ATRAR A RE R B 22 H KN
IR BR JEAT A I I 7S 59697 . AR PR IR E
2003 4K ATE CNRIG T4 At F i 2 4s & R
MY Z7S%, FIFRINZERE . RS
PR R BOR B AAE IR I IR, AR
B FRIHIR B Sk Bz S T G A3 14 d.
TEL I AC TR T2 X L 22 B b AT 256
HA, RS E S, wRUE A SO iG
HATHEE . N AMER G 5 30 1) S50 sh P is
RUAHAEL, FERFREE S, HoE 73t i
S5 AR ELEE A A o N R BB ST e &,
/NG A6 T AT RE 2 Tl R .

4 FRMEAEERRKEER

XS LA R R R AR TR 7T, R T 5
GBI A FFATREN T AR REARE
Fov PIRIRIT 0. A FIRT I 23R
BRI RENRATDRSC RN, HIE B

MR T IS T HA AL 3. 1T H A
AT/ BB AR 20%, WAL F /N R A BERF
WAEMREIFEF R AN T Bk E
LB R ST A IR K — B . W
I 07753 A 3 5 B A R A 40 SR AT ) 12k
AEBE IR TT, i B A A T 400 A s e 4
hEEAE, RS AR E SISO T
2 A

T BT 7C Bl S ] $i iy [ 1 A 58 /) B
GRS B KB ROLEEAT,  H R S
Do BEE W TT B HTRN LR EE L R 2 1
WHFCIANWT 53, AR AL B R 1k AR S 7T 5
T, AL 5 A FIPE AR/ SR
R, IR B HAE WL . AT SO
i, R 2 HHCEE AR m R VE AR TN B A
B AR R LA £ R g 4R T iR 2
BETAE & B2 FIPE A E T SR R R T 7)o [
V2B B B TN IS SRR T B B AR 1R
J&, ARAE RT CAHES IR 7L 30 (R 1 A 58 RO AT 7T
R S A O RV AR B IR R R B T, JFRE
KEVEEE R A, AEH O &S R
SR B A AT TS )
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