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[ Abstract] Marmosets, a kind of small non-human primates, are very suitable for research by gene modification
because of their lower feeding cost and higher efficiency, shorter time of sexual maturation than macaques. Any model
established by gene modification cannot be produced without assisted reproduction technology ( ART) consisting of semen
collection, superovulation, oocyte retrieval, in vitro maturation, in vitro fertilization, and embryo transplantation. At
present, the research of these techniques is relatively comprehensive, but there are still details that need improvement.
Recently, studies of gene-modified marmosets based on ART have gradually become a research focus with the development
of gene editing technology. In 2009, the first report of transgenic marmosets was published by Japanese scientists, whereas
related reports have not been published by Chinese scientists. This article reviews the recent progress of marmoset ART and
their gene-modified models.
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Table 1 Comparison of fertilization between fresh and cryopreserved sperm by washing the vagina

SRR PR2g i SR E
Number of fertilizations Number of pregnancies Number of delivered offspring
S ek
BefA 6 6 16
Fresh sperm
4 3
G} 6 4

Cryopreserved sperm
VR (I )
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6

(1 B 1 miscarriage)

1 3




110 T LR R 247 2018 4E 7 H 4528 5457 1 Chin J Comp Med, July 2018, Vol. 28. No. 7

JINFG B ST ST, PR 25 24 34 A 34 S IR AE 3B B 48 T
Hh R E R S Borel 250N X7 9 HUp M ELME 2F ) 7
W DR B i 3 5 4301 B miR-SOD1 ) rAAV rh10
TR, I LA GFP 1 Xt IA4H 4524523 d J5 &K,
TERA B BEAL S HE SOD1 LI PTER . 2016 4, Park
EWFITE Y RIRIE 8 L RE 2 A X 4 1 4
B 48R ( GECIs ) 1 5% JE U A | 7 AN [m] 1) 2H 21
Hh S B B S R R RO AR TR I R HEVE T, AR
SEISARER R FH 1] SZAF IR g 7 GFP Rl GECL &
TR )18 B 2 A 1Y AR A B DR A2 A B0, O3 ik
G DA 5 PR AR () B0 v GECT 9 33k 58 1% 7 T
SEELAN FR AR [ s S B AR S G R 220 B Y fig
PESCF G . IZBEIE & A48 | BB R A DG 7 5
P T T 1 7 i PR 7 e AN AN 32 BIR 9 75 1) 2
Bf ] 1T HLA T 75 RO B 1 Vg SR PR T R L T S o
PIRJE Bl F B R4 A 22 o0 Y S I R Tk, T AR
OIT] 5T 2 e L AR N R A Sy B R B Oy T
WS AT #2014 4F | Liv %6 5@ i+ TALEN 4
Tl X PRI MECP2 SEH kAR,
Az I A B AR AT AR 255 I 1 A R PRI ) A AR
T, [) s ARG T 380 J36 L 5 A8 L JIERH TALEN 4511
BRI ASRE NS BN VR4 NP AR A R K26
SRR A S T B, AR, 4 B i
CRISPR/ Cas9 J5 % 4R45 5 A 2 ] i o £ B Ak, i 5%
TR T o0 S5 P AU R G0 R RGP
S YIRS NrOb1  PPAR-y FlI Ragl J:IH | 15 Al
DIZ R 44. 6% , %t P R 4l e itk 47 % 5 J I35 2R PR
P WIAEIESE T ) TALEN il CRISPR/Cas9 R 5%
HATAE N RSB kA 7 B RUE A AT A 71

3 RE

F1 AT [RGB 7K P (98 T s o 4R N R
FIEN S E AR 2L, e DO I A=
Py Rt AR IR AR | B B AR A T T Y A E L A
N BURNETT NIB B R JEBEE T KA LAl
YR AFAEE AR ZAL 5 — RO B 2R B 4
AR BIARZ A1 ATS AN BGER, n BT B 240 i 2 VR I #) 4R A7
ST WRNIR B4 1A B1 55 35 TR A8 A0 S, (A AT
TEARFH I RE RO i i ZAR 22 0 SR 32 485, TC
TEAINR T SEH0 A, 0 T R B A AR A B 5 O
JEERIRK: K 0 X JBE , FR i) 1 5 DAL A i A 1) 0T 5 A
JE, ST HATO R SR R B H AR
0 287 TR %, 5 A X 8 A JFL 2 2 5 DR AR P B 547

ACAERI A B B AR Z WS BRI IEAT 7 it — 2L B
WEAEER, OF o TARE R iE T, =, T AA
A= FELRE 7 IR i 1 48 JHE R 20 A RS AL i R Iz
BEAEAR N RASIE S b, 30 1) e 2 R B AR AT S
FRAEAS R T 17 35 b SMIERE IR B BE AL A
AEMARAS _F ik IS o 3 DR A 35R | 23k — 2t
FERSEE IR VB T ik, 25 0, 3 LAAE I 4 5, 9K
TSGR IR AL ZR I F AR i3 0 2420 TR I BN pe
f ART AR A TRt — B s M i, R4S
IR B DRBBB A IR A7 AE R R AS 2 | AR5 B K
N T B A AR AR R B A W58 3, — O T RO
TGO S A B R B4R T, 55— I, BOR AR
FRIANIBITAIE AL , AL BE AR T 88 R 38 A 14 552 6 ol JH 5
IR, AR Bl A 22 3R A SR R R 2 1)
N B0 IR R DR B A 5k g 5 1 P A O L, B
P Z SR AR N R B N B R
W TCEEXS A R T 2 A AR W) B o 1 SR 0
e LE K,

S 300k

[ 1] Orsi A, Rees D, Andreini I, et al. Overview of the marmoset as
a model in nonclinical development of pharmaceutical products
[J]. Regul Toxicol Pharmacol, 2011, 59(1) . 19 -27.

[ 2] Mansfield K. Marmoset models commonly used in biomedical
research [ J]. Comp Med, 2003, 53(4): 383 —392.

[ 3] Smith D, Trennery P, Farningham D, et al. The selection of
marmoset monkeys ( Callithrix jacchus ) in pharmaceutical
toxicology [ J]. Lab Anim, 2001, 35(2) . 117 - 130.

[ 4] Sasaki E, Hanazawa K, Kurita R, et al. Establishment of novel
embryonic stem cell lines derived from the common marmoset
( Callithrix jacchus) [J]. Stem Cells, 2005, 23 (9). 1304
-1313.

[ 5] Miiller T, Fleischmann G, Eildermann K, et al. A novel
embryonic stem cell line derived from the common marmoset
monkey ( Callithrix  jacchus ) exhibiting germ cell-like
characteristics [ J]. Hum Reprod, 2009, 24(6) ; 1359 - 1372.

[6] Omatsu T, Moi ML, Hirayama T, et al. Common marmoset
( Callithrix  jacchus ) as a primate model of dengue virus
infection: development of high levels of viraemia and
demonstration of protective immunity [ J]. J Gen Virol, 2011,
92(Pt 10) . 2272 -2280.

[ 71 Nishijima K, Saitoh R, Tanaka S, et al. Life span of common
marmoset ( Callithrix jacchus) at CLEA Japan breeding colony
[J]. Biogerontology, 2012, 13(4) . 439 —443.

[ 8] Agamaite JA, Chang CJ, Osmanski MS, et al. A quantitative
acoustic analysis of the vocal repertoire of the common marmoset
( Callithrix jacchus) [J]. J Acoust Soc Am, 2015, 138(5):
2906 -2928.



P LA B A 2 2018 4 7 A28 58 7 1 Chin J Comp Med, July 2018, Vol. 28. No. 7 111

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[20]

[21]

[22]

[23]

Poole TB, Evans RG. Reproduction, infant survival and
productivity of a colony of common marmosets ( Callithrix jacchus
jacchus) [J]. Lab Anim, 1982, 16(1) . 88 -97.

Rothe H, Darms K, Koenig A. Sex ratio and mortality in a
laboratory colony of the common marmoset ( Callithrix jacchus)
[J]. Lab Anim, 1992, 26(2) : 88 —99.
Harlow CR, Gems S, Hodges JK, et al. The relationship
between plasma progesterone and the timing of ovulation and early
embryonic development in the marmoset monkey ( Callithrix
Jacchus) [J]. J Zool, 1983, 201(2) ; 273 -282.

Cui KH, Matthews CD. Anatomy of adult female common
marmoset ( Callithrix jacchus) reproductive system [ J]. J Anat,
1994, 185(Pt 3) : 481 —486.

Cui KH, Flaherty SP, Newble CD, et al. Collection and analysis
of semen from the common marmoset ( Callithrix jacchus) [J]. ]
Androl, 1991, 12(3): 214 -220.
Morrell JM, Kiiderling I, Hodges JK. Influence of semen
collection method on ejaculate characteristics in the common
marmoset, Callithrix jacchus [J]. J Androl, 1996, 17(2) : 164
-172.

Morrell JM, Nowshari M, Rosenbusch J, et al. Birth of offspring
following artificial insemination in the common marmoset,
Callithrix jacchus [J]. Am J Primatol, 1997, 41(1); 37 -43.
Kuederling I, Schneiders A, Sgnksen J, et al. Non-invasive
collection of ejaculates from the common marmoset ( Callithrix
Jjacchus) using penile vibrostimulation [ J]. Am J Primatol,
2000, 52(3): 149 - 154.
Schneiders A, Sonksen J, Hodges JK. Penile vibratory
stimulation in the marmoset monkey: a practical alternative to
electro-ejaculation, yielding ejaculates of enhanced quality [ J].
J Med Primatol, 2004, 33(2) : 98 —104.

Summers PM, Wennink CJ, Hodges JK. Cloprostenol-induced
luteolysis in the marmoset monkey ( Callithrix jacchus) [J]. J
Reprod Fertil, 1985, 73(1) . 133 —138.

Gilchrist RB, Wicherek M, Heistermann M, et al. Changes in
follicle-stimulating hormone and follicle populations during the
ovarian cycle of the common marmoset [ J]. Biol Reprod, 2001,
64(1): 127 —135.

Marshall VS, Browne MA, Knowles L, et al. Ovarian stimulation
of marmoset monkeys ( Callithrix jacchus) using recombinant
human follicle stimulating hormone [ J]. J Med Primatol, 2003,
32(1) .57 -66.

Wilton LJ, Marshall VS, Piercy EC, et al. In witro fertilization
and embryo development in the marmoset monkey ( Callithrix
jacchus) [J]. ] Reprod Fertil, 1993, 97(2) . 481 —486.
Gilchrist RB, Nayudu PL, Hodges JK. Maturation, fertilization,
and development of marmoset monkey oocytes in vitro [ J]. Biol
Reprod, 1997, 56(1) . 238 —246.

Tkachenko OY, Delimitreva S, Isachenko E, et al. Epidermal
growth factor effects on marmoset monkey ( Callithrix jacchus)

oocyte in vitro maturation, IVF and embryo development are

altered by gonadotrophin concentration during oocyte maturation

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[J]. Hum Reprod, 2010, 25(8) : 2047 —2058.

Tkachenko OY, Delimitreva S, Heistermann M, et al. Critical
estradiol dose optimization for oocyte in wvitro maturation in the
common marmoset [ J]. Theriogenology, 2015, 83 (8) . 1254
- 1263.

Thomson JA, Kalishman J, Hearn JP. Nonsurgical uterine stage
preimplantation embryo collection from the common marmoset
[J]. J Med Primatol, 1994, 23(6) : 333 -336.
Ishibashi H, Motohashi HH, Kumon M, et al. Ultrasound-
guided non-surgical embryo collection in the common marmoset
[J]. Reprod Biol, 2013, 13(2): 139 - 144.

Sasaki E, Suemizu H, Shimada A, et al. Generation of
transgenic non-human primates with germline transmission [ J].
Nature,, 2009, 459 (7246) . 523 - 527.

Grupen CG, Gilchrist RB, Nayudu PL, et al. Effects of ovarian
stimulation , with and without human chorionic gonadotrophin, on
oocyte meiotic and developmental competence in the marmoset
monkey ( Callithrix jacchus) [J]. Theriogenology, 2007, 68
(6): 861 —872.

Tomioka I, Takahashi T, Shimada A, et al. Birth of common
marmoset ( Callithrix jacchus) offspring derived from in witro-
matured oocytes in chemically defined medium [ J ].
Theriogenology, 2012, 78(7) . 1487 —1493.

Takahashi T, Hanazawa K, Inoue T, et al. Birth of healthy
offspring following ICSI in in vitro-matured common marmoset
( Callithrix  jacchus ) [J]. PLoS One, 2014, 9
(4): €95560.

Morrell JM, Nubbemeyer R, Heistermann M, et al. Artificial

oocytes

insemination in Callithrix jacchus using fresh or cryopreserved
sperm [ J]. Anim Reprod Sci, 1998, 52(2): 165 —174.

Valle RR, Nayudu PL, Leal CL, et al. Sperm head morphometry
in ejaculates of adult marmosets ( Callithrix jacchus) ; a model for
studying sperm subpopulations and among-donor variations [ J].
Theriogenology, 2012, 78(5) : 1152 —1165.

LS, RRL, S, 5. EARRES YIRS K-
BAE(IVE-ET) PR @B ARG (1], P E R
74, 2014, 24(5): 72 -75.

Marshall VS, Kalishman J, Thomson JA. Nonsurgical embryo
transfer in the common marmoset monkey [J]. J Med Primatol,
1997, 26(5) : 241 -247.

Hanazawa K, Mueller T, Becker T, et al. Minimally invasive
transabdominal collection of preimplantation embryos from the
marmoset monkey ( Callithrix jacchus ) [ ] ].
Theriogenology, 2012, 78(4) . 811 -816.

Ishibashi H, Motohashi HH, Kumon M, et al. Efficient embryo

common

transfer in the common marmoset monkey ( Callithrix jacchus)
with a reduced transfer volume: a non-surgical approach with
cryopreserved late-stage embryos [ J]. Biol Reprod, 2013, 88
(5): 115.

Kishi N, Sato K, Sasaki E, et al. Common marmoset as a new
model animal for neuroscience research and genome editing

technology [ J]. Dev Growth Differ, 2014, 56(1) ; 53 —62.



112

hE A R AR

2018 4F7 HE5 28 5 7  Chin J Comp Med, July 2018, Vol. 28. No. 7

[38]

[39]

[40]

[41]

Olsson IA, Sandge P. “ What’ s wrong with my monkey?”
Ethical perspectives on germline transgenesis in marmosets [ J].
Transgenic Res, 2010, 19(2) . 181 —186.

Matsuzaki Y, Konno A, Mukai R, et al. Transduction profile of
the marmoset central nervous system using adeno-associated virus
serotype 9 vectors [ J]. Mol Neurobiol, 2017, 54 (3) . 1745
-1758.

Borel F, Gernoux G, Cardozo B, et al. Therapeutic TAAVrh10
mediated SOD1 silencing in adult SOD1%*** mice and nonhuman

Hum Gene Ther, 2016, 27(1); 19 -31.
Park JE, Zhang XF, Choi SH, et al. Generation of transgenic

primates [ J].

[42]

[43]

marmosets expressing genetically encoded calcium indicators
[J]. Sci Rep, 2016, 6. 34931.
Liu H, Chen Y, Niu Y, TALEN-mediated gene

Cell Stem

et al.
mutagenesis in rhesus and cynomolgus monkeys [ J].
Cell, 2014, 14(3): 323 —328.

PR RSN K R i B fi—idiz A CRISPR/
Cas9 TEARGAGHL I 5 0] bR Bk [1]. danplas, 2014,
26(4): 325 -328.

(4B BHEA)2017 -07 - 03

(E#% 101 ®)

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[49]

in the mouse retina [ J]. J Neurosci, 2013, 33 (27): 10972
-10985.

Schneider FM, Mohr F, Behrendt M, et al.
functions of TRPMI channels in the dendritic tips of retinal ON-
bipolar cells [ J]. Eur J Cell Biol, 2015, 94(7 -9) ; 420 —427.
Puller C, Arbogast P, Keeley PW, et al. Dendritic stratification

Properties and

differs among retinal OFF bipolar cell types in the absence of rod
photoreceptors [ J]. PLoS One, 2017, 12(3) ; e0173455.
Migdale K, Herr S, Klug K, et al. Two ribbon synaptic units in
rod photoreceptors of macaque, human, and cat [ J]. J Comp
Neurol, 2003, 455(1): 100 - 112.

Mangel SC. Spiking dopaminergic amacrine cells strongly
modulate ON-cone bipolar cell surrounds and direct signaling from
horizontal cells to ON-cone bipolar cells [ J].
Vis Sci, 2017, 58(8) : 2225.

Anderson JR, Jones BW, Watt CB, et al. Exploring the retinal

connectome [ J]. Mol Vis, 2011, 17 355 -379.

Invest Ophthalmol

Chaya T, Matsumoto A, Sugita Y, et al. Versatile functional roles
of horizontal cells in the retinal circuit [ J]. Sei Rep, 2017, 7
(1) : 5540.

Kothmann WW, Trexler EB, Whitaker CM, et al. Nonsynaptic
NMDA receptors mediate activity-dependent plasticity of gap
junctional coupling in the AIl amacrine cell network [ J]. J
Neurosci, 2012, 32(20) ; 6747 - 6759.

Tsukamoto Y, Omi N. Classification of mouse retinal bipolar
cells: type-specific connectivity with special reference to rod-
driven AIl amacrine pathways [ J]. Front Neuroanat, 2017,
11:92.

Waissle H. Parallel processing in the mammalian retina [ J]. Nat
Rev Neurosci, 2004, 5(10) ;. 747 -757.

Wu SM. Synaptic organization of the vertebrate retina: general
principles and species-specific variations: the Friedenwald lecture
[J]. Invest Ophthalmol Vis Sci, 2010, 51(3): 1263 - 1274.
Morgan JL, Soto F, Wong RO, et al. Development of cell type-

specific connectivity patterns of converging excitatory axons in the

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

retina [ J]. Neuron, 2011, 71(6); 1014 - 1021.

Lin B, Masland RH. Synaptic contacts between an identified type
of ON cone bipolar cell and ganglion cells in the mouse retina
[J]. Eur J Neurosci, 2005, 21(5) : 1257 —1270.

Neumann S, Haverkamp S. Characterization of small-field
bistratified amacrine cells in macaque retina labeled by antibodies
against synaptotagmin2 [ J]. J Comp Neurol, 2013, 521(3):
709 -724.

Kaneko A, Pinto LH, Tachibana M. Transient calcium current of
retinal bipolar cells of the mouse [ J]. J Physiol, 1989, 410 613
-629.

Ohkuma M, Kawai F, Horiguchi M, et al. Patch-clamp recording
of human retinal photoreceptors and bipolar cells [ J]. Photochem
Photobiol, 2007, 83(2) : 317 -322.

Walston ST, Chow RH, Weiland JD. Direct measurement of
bipolar cell responses to electrical stimulation in wholemount
mouse retina [ J]. J Neural Eng, 2018, 15(4) ; 046003.

W 2w, AR IR S ON A ) B R AT
(J]. P B, 2012, 22(7) : 32 -35.

Dunn FA, Wong RO. Diverse strategies engaged in establishing
stereotypic wiring patterns among neurons sharing a common input
at the visual system’ s first synapse [ J]. J Neurosci, 2012, 32
(30): 10306 - 10317.

Cao Y, Sarria I, Fehlhaber KE, et al. Mechanism for selective
synaptic wiring of rod photoreceptors into the retinal circuitry and
Neuron, 2015, 87(6) : 1248 —1260.

Beier C, Hovhannisyan A, Weiser S, et al. Deafferented adult

its role in vision [ J].

rod bipolar cells create new synapses with photoreceptors to restore
vision [ J]. J Neurosci, 2017, 37(17) : 4635 —4644.

Wensel TG, Zhang 7, Anastassov 1A, et al. Structural and
molecular bases of rod photoreceptor morphogenesis and disease

[J]. Prog Retin Eye Res, 2016, 55 32 -51.

(YcFs HHA)2018 02 - 10



