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Study of Mouse Androgenetic Haploid Embryonic Stem Cells on
Proliferation Ability
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("The Third Hospital Affiliated of Guangzhou Medical University, Key Laboratory for Major Obstetric Diseases of Guangdong
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2School of Life Science and Technology, Tongji University, Shanghai 200092, China; *State Key Laboratory of Stem Cell and
Reproductive Biology, Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, China)

Abstract Androgenetic haploid embryonic stem cells (AG-haESCs), which are derived from mouse hap-
loid embryos with only a set of chromosomes from the spermatozoa, show small colony morphologies and hypo-
proliferation properties during passages. Here, we compared AG-haESCs with the normal embryonic stem cells (R1)
and diploidized AG-haESCs (DAG-haESCs) so as to uncover the mechanism. The result indicated that, although
mouse AG-haESCs present colony-like morphologies with smooth and clear edge as normal ESCs, these colonies
show smaller sizes as compared to R1. Moreover, the proliferation rates of AG-haESCs are dramatically down-

regulated. Meanwhile, DAG-haESCs show a higher proliferation rate comparing to AG-haESCs, but which is still
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lower than R1. Importantly, RT-qPCR analysis demonstrated that both mouse AG-haESCs and DAG-haESCs pos-

sess abnormal cell cycle related networks, suggesting that it is the transcriptional disorder by haploid chromosomes,

but not the colony size or diploidization, plays a critical role in the proliferation regulation of these cells. Thus, our

work provides a unique platform to further analyze the regulation of cell cycle regulation by AG-haESCs.

Keywords

loidization

G141 /Y (embryonic stem cells, ESCs) & —Ffok
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R MREEHEXER YL EEPCRSHFT
Table 1 RT-qPCR primer sequence of genes related to cell cycle regulation

S HI(5'—3")
LA Primer sequence (5'—3')
Gene EF 5149 AR EIEY

Forward primer Reverse primer
CDK1 ACA CAC GAG GTA GTG ACGC TCT GAG TCG CCG TGG AAA AG
CDK2 CTG GGA CTG CCG TGC TC TTC AGT CTC AGT GTC GAG CC
CDK4 TCG ATA TGA ACC CGT GGC TG CAC AGA CAT CCA TCA GCC GTA
CDK6 CGC CTATGG GAA GGT GTT CA GCA CAC ATC AAACAACCT GACC
Cdc25b GCC CCT GACTTG ATG TGT CT AAT GAG GTT CTC CAT GCC CG
Cdc25¢ TGA CGT CTA TAG CCC CAC CT ATT TTG GGG TTC CTC CCG AC
Cdc20 GCC CAC CAAAAA GGA GCATC GAT TTC GGG GGC ATC AAG GA
Cdc45 TCT AAG TAT GCC AGG GTC AGA CTG ATT GGT TCC TTG TTG CCG
Weel ATT GGC TGG CTC TGT TGA TGA CAG CTAAAC TCC CAC CAT TAC A
E2F5 TCT CAAAGC GGC TGC AGATA TTA CAG CCA GCA CCTACA CC
Cendl TCAAGT GTG ACC CGGACTG GCT CCT TCC TCT TTG CGG G
CHEK2 GTC TCA CGC GGT CGG ATA GCAACT GAG AAG GAG TGC CT
Ceng?2 CGA CAC GAT GAA GGATTT GGG AGC CTC CAT CAA GAT CAG CC
Cenbl ATA ATC CCT CTC CAA GCC CGA TAA CTG ACT GCT CTT CCT CCA G
Bub3 CTT AGG CGG ACA GGA GAT GAC AGT GTG CTG GTA CTT GAG CC

Bublb GCA GGC TGT TCA GCAAGAAG

ACT GGAACC TTTAGAATCAGG C
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Ex Taq™ II(TIiRNaseH Plus)i 7!/ &, Fi 20 pLik &,
J8 117500 Fast Real-time PCR System{¥ %% i/f 17 RT-
qPCRA I 4H it & W1 AH S35 BRT () ST 1 100
111 St o R

S A R E L G 3IR, Fiih g R ) 2 S d A
Graphpad Prism 51One-Way ANOVA Yy % 43 #T, 45
B Y BEARAE 25 (mean+S.D.) K R . P<0.054 % 5
W, P<0.01 8 2 et H 2% .

2 HR
2.1 AG-haESCsBY% i1

FI A A O ok 2 A% R RS Sk Tk, 3k
F3333M /0N B AIHE B35 44 R IR I, 22 0d4.5~5.5 dIT)
iR, SRAG T 4TRCIICHE P45 A4 R FE IR (BT TA), B IR
FH141%. F AT M 5, — 6~10 dH I
outgrowth(¥1B), 1% A5 il D15 2 T 64K AN . £
RESAH i 7, 200 i 40 AR 73 2 ' B B3P /) B
AG-haESCs(K1C). /N FlAG-haESCs 5R1—Ff i £
TR, SRV LSO . i Hoechst 33342
T4 G DNA, 200 i A4l AR 7 1E Gy G I AG-
haESCs, DAf§ 7 A< 1 55 7% i 2 RF 40 Mo 1) S0 65 4k 1

Jio G5B, PAAEARLE InfO A7 B IR i B 4R, R
HAE2nMan )7 & FA & £ (EIIDFIEILE). &5
Mr &t IR oK, #57 MAG-haESCs 4l i 5 4 (A 44 420
%, UEW /£haESCs(E 1F).
2.2 AG-haESCsBEIIMN R 75

R IR R, /N FAG-haESCs 5 1F # i 14
ESCs(R1)—#f RAEVEFEA K, 1T 6HT 5 T, B4l
MHES 2%, KR s (2A) . HE, BATT AL
AHIFI 40 M J5, 7EAR A (55 9% 16 R] 21, AG-haESCs
() v [ b 2 /I TR v B (EI2A R [E12B). 5 41 il
AL R N A )5, WY %% 1) AG-haESCs ) H 42 B f /)N
TRIFI40 H(E2CHIE2D).
2.3 AG-haESCs. DAG-haESCskl & R14H ffl 1&
TE 2 518 5E IR X

BATVBER T AU MR (2 B, I 124U 4
Fili5> 104 M 162 46 12 55 T/ [RAG-haESCs 5 i
PAESCsHB LA IE B o FEMhE B K, ES e bz &) 40 4k;
PeAh s LN, EST b A KoK 2218 . Bl 5 483t T 41
JE ) 14 5 iR 2, o A A M B S 1RI24 48, 72 h
AN AL, AR LA B, A il 40 v B OR Ze vk
MR, 45 R BN, 765 I BEAG-haESCs

0 Ok

0 50K 100K 150K 200K 250K
Indo-1 (Violet)-A

T T T T T
0 50K 100K 150K 200K 250K
Indo-1 (Violet)-A

A IVHE AT AAFENE; B: AIUHE A PR outgrowth; C: HIVHE AR AR if 40 il D: AG-haESCsFii N4 i 53 B7; E: R1MHZ 3 HT; F: AG-haESCs(HH%

TG Hr o

A: androgenetic haploid blastocyst; B: androgenetic haploid outgrowth; C: AG-haESCs; D: analysis of AG-haESCs by FACs; E: FACS of R1; F:

karyotype analysis of AG-haESCs.

Bl Al A RRRRR TR R
Fig.1 ESCs derivation of androgenetic haploid embryo
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1 40 B 25 5 v B KN BAIE T RI(BI3FN El4A), JF
LB A 55 7% 0 [0 %) 348 0 40 i 50t ) 22 S5 o
Ko FRATTHE— 224081 T 40 o 14 i 3 4 (1514B), AG-
haESCs 1) 4 5 K W] BAC TR B 0% . Bl
0 ) 5 T T TR 0, RUAE S5 390 HA 0 T 39 G 2
B 5:; AG-haESCs [ 1ij S I H 5O Tt

T ATk i 2 4 oy 3k, REL T Ak S 1)

AG-haESCs, H# 4L 72340 G #EAT 451, 45 RN,
DAG-haESCs 1) 14 5 [Hf1 25 15 4% 5 3 = A w6 151 T AG-
haESCs, {HA38% B E K TR1(E4).
24 ‘HAEEEAERE R RIES

P/ fLAG-haESCs. DAG-haESCsPL &R 144 Jifg
[FIcDNA M BAR, P T 164 4M i J& A I R AT
SEI SO E FEPCR. S5 R BoR, 165K 7845

A: AG-haESCsAI il 50 % B: RI4NIE 5 FE; C: i AL B P41 i ) AG-haESCs; D: AL AT IR 1 -
A: cell clone of AG-haESCs; B: cell clone of R1; C: single cell of AG-haESCs; D: single cell of R1.
E2 AG-haESCs5RIBISMNARE
Fig.2 Cell morphology of AG-haESCs and R1

24h

R1

AG-haESCs

200 um

48 h 72h

200 pm

200 um 2

A~C: 73 B ER 24, 48, 72 h RUANBIIETEERS; D~F: 73 BIhHeRl 524, 48, 72 h AG-haBSCs4ll (¥ 851 45 «
A-C: proliferating morphology of R1 after 24, 48, 72 h; D-F: proliferating morphology of AG-haESCs after 24, 48, 72 h.
B3 AG-haESCsFNRI14AAEHE5E RIS bLAS
Fig.3 Cell proliferating morphology of AG-haESCs and R1
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o 100 ok k
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5 57
]
.8 44 # #
«é * P Kk
& 34
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A: ESCsHH g 119 489 5 1 £8; 7535 7748 )5, AG-haESCsMIDAG-haESCs# i 2 HuIC TR14H g H(**P<0.01); 7EH; 7772 hJ5, AG-haESCsHIDAG-
haESCsHl fit # MG T-R 141 AU £ (***P<0.000 1), ]I}, DAG-haESCs4H il %5 1 3 1 1 i7 T AG-haESCs(*P<0.01). B: ESCs4l A () BEFE MK ; 7ERT 77
24, 48. 72 hit}, AG-haESCsHIDAG-haESCs[F# 58 2 43 B 2 25 HifIK TR 1(**P<0.01); DAG-haESCs}i 414 % 1. 2 15 AG-haESCs(*P<0.05).

A: proliferation curves of ESCs. After 72 h of cell culture, cell popultion of AG-haESCs and DAG-haESCs, which were significantly lower than that of
R1 when cells were cultured for 48 h (**P<0.01), were decreased more obviously than that of R1 (***P<0.000 1) and cell popultion of DAG-haESCs
was higher than that of AG-haESCs (*P<0.01). B: proliferation rates of ESCs. Proliferation rates of AG-haESCs and DAG-haESCs were reduced more
remarkablely than those of R1 (**P<0.01) after 24, 48 and 72 h of cell culture respectively, while the proliferation rate of DAG-haESCs was higher

than that of AG-haESCs (*P<0.05).
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Fig.4 Proliferation curve and proliferation rates of DAG-haESCs
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Fig.5 Expression level of genes related to cell cycle regulation
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