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Abstract: The abnormal modification of histone is an important factor restricting development of porcine cloned
embryos. Overexpression of histone H3K9me3 demethylase KDM4 family can effectively improve the developmental
efficiency of cloned embryos. In order to explore the effects of overexpression of H3K9me3 demethylase on the
development of porcine cloned embryos, KDM4A mRNA and KDM4D mRNA were injected respectively into
porcine cloned embryos at the 1-cell stage and 2-cell stage to detect the blastocyst rate; 2-cell stage cloned embryos
injected with KDM4A mRNA and embryo injection water (the control group) at the 1-cell stage were collected to
detect the expression level of H3K9me3, and 4-cell stage cloned embryos were collected for single cell transcriptome
sequencing, then the sequencing data was analyzed with KEGG and GO. The results showed that the blastocyst rate of
porcine cloned embryos injected with KDM4A mRNA at 1-cell stage was significantly higher than that of the control
group (25.32 + 0.74% vs 14.78 + 0.87%), while cloned embryos injected with KDM4D mRNA had a similar blastocyst
rate with cloned embryos in control group (16.27 + 0.77% vs 14.78 + 0.87%). Porcine cloned embryos injected with
KDM4A mRNA and KDM4D mRNA at 2-cell stage had a similar blastocyst rate with cloned embryos in control group
(32.18 £ 1.67%, 30.04 £ 0.91% vs 31.22 + 1.40%). The expression level of H3K9me3 in cloned embryos injected with
KDM4A mRNA at 1-cell stage was lower than that in control group. There were 133 differentially expressed genes
detected by transcriptome sequencing, including 52 up-regulated genes and 81 down-regulated genes. Pathways
enriched by GO analyses were mainly related to protein localization. Pathways enriched by KEGG analyses were
related to cellular senescence and acute myeloid leukemia. These results suggest that overexpression of histone

H3K9me3 demethylase KDMA4A can significantly improve the developmental efficiency of porcine cloned embryos.
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Fig. 1 Construction of KDM4A and KDM4D overexpression vectors and in vitro transcription results
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PcDNA(+)-P2A-eGFP-KDM4A XU UI (W HL Uk 4571 5 20 AREATREVIM TR ; 3: pcDNA(+)-P2A-eGFP-KDM4D MUGY) LIk 5547 5 4: K
HEATREVIH BRI, C: KDM4A mRNA Fil KDM4D mRNA {451 54558 . M1 FIl MIT: 5K DNA Marker; 1: KDM4A (4N SR ™) 5
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£ 1 1-ZHAEHIEE KDM4A mRNA 1 KDM4D mRNA X155 52 [ BE A & B SR M 20
Table 1 Effects of injecting KDM4A mRNA and KDM4D mRNA at 1-cell stage on the developmental efficiency of
porcine cloned embryos

4151 iR () B TR E i T4 (%) BN P (%) 9 20 %
KDM4A 308(8) 228 74.03 £0.95 78 25.32 + 0.74* 42.11+2.39
KDM4D 295(8) 217 73.45 + 0.92 48 16.27 £ 0.77°® 43.79 + 2.70
KDM4A+KDM4D 216(7) 155 71.76 £ 0.93 41 18.98 + 1.01%48 38.590 + 2.8

JVSJie K O ) 345(9) 250 72.46 + 0.65 51 14.78 + 0.87" 40.27 £2.22

n IR S0 T A A SRR A =2 IR B v M IR I BB R R DR 5 B R 22 SR IR 3 (P<0.01) , A ) 9 /N5 5 Bk 2R 22 5 B8 % (P<0.05)

£ 2 2-ZHAEHAEET KDM4A mRNA 1 KDM4D mRNA X155 52 [ BRA & B LR M 220
Table 2 Effects of injecting KDM4A mRNA and KDM4D mRNA at 2-cell stage on the developmental efficiency of
porcine cloned embryos

415 JHE % (n) HEAREL A (%) PR AN N Ek

KDM4A 202(6) 65 32.18 + 1.67 35.18 + 1.73%
KDM4D 243(7) 73 30.04 +0.91 32.47 +1.75
KDM4A+KDM4D 88(3) 26 29.55 + 1.95 40.33 + 4.00°
JVS Ji S 7K (% ) 221(6) 69 31.22 £ 1.40 35.44 + 2.05®

n R LI TE L M= A 2- A0 Y s BE IR G BB SR /NG TR R R 22 57 i 3 (P<0.05)
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Fig. 3 Differential expression of KDM4A
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Fig. 4 Transcriptome analysis of KDM4A overexpression on porcine cloned embryos
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BT H T A AR, A FRECCEMRIGRL
RALF . Hk, AU MG 1-20 i 2%
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Supplementary Table 1  Differentially expressed genes information

K log,(fold change) g-value SER 2 FR

KLF8 1.997811 0.000355 Kruppel like factor 8

DNMT3B 1.473665 0.000659 DNA methyltransferase 3 beta

PTPRF 2.130052 0.003008 protein tyrosine phosphatase receptor type F
TRAF4 1.927727 0.004178 TNF receptor associated factor 4

TRAF4 1.927727 0.004178 TNF receptor associated factor 4

DPH1 1.563425 0.004902 diphthamide biosynthesis 1

CCDC97 2.146315 0.007649 coiled-coil domain containing 97

RRAS 2.128313 0.007649 RAS related

ZFAND2A 1.35894 0.009931 zinc finger AN1-type containing 2A
EEF1AKMT4 5.96823 0.010173 endothelin converting enzyme 2

CSF1R 5.41609 0.011293 colony stimulating factor 1 receptor

CSF1R 5.41609 0.011293 colony stimulating factor 1 receptor

TACC3 1.1706 0.018806 transforming acidic coiled-coil containing protein 3
LOC100517161 6.346102 0.02264 zinc finger protein 84-like

LZTS3 2.470845 0.024996 leucine zipper tumor suppressor family member 3
WDR45 1.426172 0.024996 WD repeat domain 45

HSD11B1L 1.771295 0.025865 hydroxysteroid 11-beta dehydrogenase 1 like
IL12RB2 2.234814 0.027892 interleukin 12 receptor subunit beta 2

ARHGEF7 1.475472 0.027892 Rho guanine nucleotide exchange factor 7
PRRT1B 1.514937 0.02821 proline rich transmembrane protein 1B

ZNF384 1.669346 0.030105 zinc finger protein 384

CUX2 1.287183 0.030105 cut like homeobox 2

RBM15B 1.124991 0.030105 RNA binding motif protein 15B

ZNF672 3.250366 0.030105 zinc finger protein 672

JMJID6 1.103369 0.031022 jumonji domain containing 6arginine demethylase and lysine hydroxylase
LRRC47 1.296819 0.031022 leucine rich repeat containing 47

C9orf131 5.301555 0.03108 chromosome 1 C9 or f131 homolog

BCKDK 1.004491 0.032355 branched chain keto acid dehydrogenase kinase
PER1 1.502214 0.035736 period circadian regulator 1

NCOR2 2.296356 0.035901 nuclear receptor corepressor 2

TULP2 2.752729 0.036941 TUB like protein 2

TMEM201 1.402187 0.036941 transmembrane protein 201

NR2C2AP 1.553903 0.036941 nuclear receptor 2C2 associated protein
FAM241B 1.153835 0.038544 family with sequence similarity 241 member B
TIGD3 6.184582 0.038697 tigger transposable element derived 3

PPM1N 1.32515 0.040641 protein phosphatase, Mg2+/Mn2+ dependent 1N (putative)
RGS16 1.328882 0.043015 regulator of G protein signaling 16

APOA4 6.063794 0.043015 apolipoprotein A4

RPL8 1.341393 0.045651 ribosomal protein L8

EIF4EBP1 1.056223 0.046982 eukaryotic translation initiation factor 4E binding protein 1
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HH log,(fold change) g-value FLH 2R
MAP7 -1.01647 0.043015 microtubule associated protein 7
RBM7 -1.09526 0.049147 RNA binding motif protein 7
ART3 -1.18316 0.02821 ADP-ribosyltransferase 3
SCOC -1.1983 0.01475 short coiled-coil protein
SPRY1 -1.2183 0.0036 sprouty RTK signaling antagonist 1
GCG -1.29965 0.043015 glucagon
PCDH17 -1.31635 0.011002 protocadherin 17
GEN1 -1.55485 0.024996 GEN1 Holliday junction 5' flap endonuclease
DISP1 -1.60972 0.013646 dispatched RND transporter family member 1
TGFBR1 -1.64664 0.016093 transforming growth factor beta receptor 1
CALB1 -1.76425 0.046817 calbindin 1
ZNF169 -1.77106 0.024996 zinc finger protein 169
CLUL1 -1.88808 0.017345 clusterin like 1
ZNF883 -1.98158 0.000322 zinc finger protein 883
STX17 —-2.03357 0.000584 syntaxin 17
STK17B —2.14307 0.006393 serine/threonine kinase 17b
HMGA2 -2.16743 0.002167 high mobility group AT-hook 2
TYRP1 —-2.18668 0.046982 tyrosinase related protein 1
BHLHEA41 —2.28545 0.030105 basic helix-loop-helix family member e41
KCNJ13 —2.29227 0.000368 potassium inwardly rectifying channel subfamily J member 13
GABRA2 -2.31172 0.02264 gamma-aminobutyric acid type A receptor subunit alpha2
B3GNT5 —-2.32781 0.000106 UDP-GIcNAc:betaGal beta-1, 3-N-acetylglucosaminyltransferase 5
TWSG1 —-2.35874 0.014833 twisted gastrulation BMP signaling modulator 1
LGALSL —-2.41885 0.006393 galectin like
MEOX2 —2.45842 0.018806 mesenchyme homeobox 2
VEGFC —2.49785 0.036941 vascular endothelial growth factor C
TMEM269 -2.532 0.038601 transmembrane protein 269
LRCH1 —2.57745 0.024996 leucine rich repeats and calponin homology domain containing 1
PDIK1L -3.03761 0.008081 PDLIM1 interacting kinase 1 like
ZIC4 -3.32435 0.031875 Zic family member 4
PROKR1 -3.38365 0.045054 prokineticin receptor 1
NEFL -3.69491 0.005516 neurofilament light
ANKRD29 -3.75671 0.005516 ankyrin repeat domain 29
MECOM -3.88929 0.048823 MDS1 and EVI1 complex locus
SERPINA11 -3.95704 0.036941 serpin family A member 11
CBLN4 —4.05442 0.024996 cerebellin 4 precursor
SLC17A8 —4.29634 0.011487 solute carrier family 17 member 8
ADAMTS20 —4.45725 0.034726 ADAM metallopeptidase with thrombospondin type 1 motif 20
GPRC6A —4.46843 0.024996 G protein-coupled receptor class C group 6 member A
LRRC9 —-4.55004 3.94E-05 leucine-rich repeat-containing protein 9




i ff Hereditas (Beijing) 2023 55 45 %

S
A log,(fold change) g-value L 2 FR
KLHL6 -4.61095 8.44E-05 kelch like family member 6
CSN2 -4.63826 0.027892 casein beta
LIPG -5.28891 5.13E-09 lipase G, endothelial type
HCLS1 —5.48452 0.046817 hematopoietic cell-specific Lyn substrate 1
CREG2 -5.95678 0.038601 cellular repressor of E1A stimulated genes 2
FAM111B —6.19037 0.001094 family with sequence similarity 111 member B
PRSS35 —6.5115 0.046817 serine protease 35
CTLA4 —-6.68741 0.020276 cytotoxic T-lymphocyte associated protein 4

FIFRALIE 88 N ZE AL, Hirp 40 D BIHIEN, 48 AT IREEN; 22 REENPIEA 45 AN (BIH 124>, TIH 334> ) BoA ZEN A TR,

RILABF
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