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 Haploid cell is a powerful tool for genetic studies.

Haploid cells have been largely utilized for mutational screens on a 
genome-wide scale, as a recessive mutation should result in an
unambiguous phenotype due to the absence of a second gene copy.
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Life cycle of yeast

 Haploid cells exist in lower organisms.

Yeast has been used as an 
important tool for genetic studies. 



Meisheng et al., Nat Protoc 2010

Meisheng et al., Science 2009
Feng et al., Science 2010

 Question: how to derive haploid cells from other organisms?

Medaka Fish Haploid ESCs Gametes are haploid cells in 
mammalian organisms
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Haploid BlastocystFertilized oocyte

 Question: can haploid cells be derived from mammalian
gametes?
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Repeated sorting is essential to establishing and
maintaining haploid ESCs.

 Generation of mouse haploid ESCs from parthenogeneitc
embryos.



Yang et al., Cell, 2012 In Collaboration with Dr. Guoliang Xu’s lab

Generation of culturable “spermatid cells”

Androgenetic
haploid ESCs
(AG-haESCs)

Semi-cloned
mice
(SC mice)



However, AG-haESCs can not be used as a tool to quickly make
gene-modified mice due to the low efficiency of SC mice generation.

Intracytoplasmic AG-haESC injection (ICAHCI) technology



Question：

How to stabilize the “fertilization” ability
of AG-haESCs?



 AG-haESCs carrying H19-DMR and IG-DMR deletions can
efficiently produce SC pups.

ICAHCI analysis

58 DKO-AG-haESC lines

2% 2%WT



Question：

How to use DKO-AG-haESCs?



 Application 1: multiple gene mutations in DKO-AG-haESCs.

CRISPR-Cas9-
mediated gene

mutation



 Application 2: multiple gene knockins in DKO-AG-haESCs.

CRISPR-Cas9-
mediated gene

knockin



 Application 3: one-step generation heterozygous mutant mice
by DKO-AG-haESCs carrying CRISPR-Cas9 library.

Koike-Yusa et al., Nat Biotechnol 2013

Mice carrying “barcode”
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A sequence target to
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 Application 4: one-step generation biallelic mutant mice by
DKO-AG-haESCs carrying CRISPR-Cas9 library.



Zhong et al., Cell Stem Cell, 2015

A new genetic tool enabling genetic screening in mice

In Collaboration with Dr. Li Yang’s lab



Question：

Can oocyte-derived haploid cells be used 
as a sperm replacement? 



 Oocyte-originated haploid cells carrying H19-DMR and IG-
DMR deletions can efficiently produce SC pups.



Zhong et al. Cell Res (2015) Nov 17th

Generation of “spermatid-like” haploid cells from oocytes



Question：

Can haploid ESCs be generated from non-
human primates? 



 Diploid and haploid ESC lines from Macaca Fascicularis.

MPH1

MPH
2

Treatment Blastocyst Establishe
d Lines

Established Lines 
with haploid cells

Ionomycin/ 
CHX 70 10 2

ICSI 23 4 /



Yang et al., Cell Res, 2013  In Collaboration with Dr. Qiang Sun and Dr. Ying Jin’s lab

Generation of haploid cells from primates



Following questions：

Can monkey androgenetic haploid ESCs be
generated?

Can human haploid ESCs be generated?
How to stably maintain haploidy in vitro?
What is the underlying mechanisms of high-
efficient generation of SC mice by DKO-AG-
haESCs?
……….
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