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Progress in Research on Histone Variants and Histone Modifications during

Mammalian Gametogenesis and Preimplantation Embryonic Development
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(State Key Laboratory of Reproductive Regulation and Breeding of Grassland Livestock, School of Life Sciences,
Inner Mongolia University State, Hohhot 010070, China)

Abstract Epigenetic regulation with specific emphasis on the modes of histone variants and post-transla-
tional modifications are involved in mammalian gametogenesis and preimplantation embryonic development. De-
position or replacement of various histone variants, such as H2A.Z, H3.3 and CENP-A, regulate gene expression by
fine-tuning nucleosome or local chromatin structure. Writing, reading and erasing of histone modifications are me-
diated by distinct enzymes, and activate or inhibit gene expression by regulating recruitment of transcriptional regu-
lators in chromatin. Recent years saw great progress in low-input or single-cell genome wide epigenomic profiling
techniques, shedding more light on the role of histone variants and histone modifications during gametogenesis and
embryogenesis. This review provides an overview of recent findings and discusses potential mechanisms that shape

the current paradigms regarding the roles of histone variants and histone modifications during mammalian gameto-
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genesis and preimplantation embryonic development.
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Table 1 Main histone variants and functions of mammals

HE AR paxiil Thie 273k

Histone variants Tissue distribution Function References

HI1 family

HIFOO Oocyte Specific Oocyte maturation and sperm chromatin remodeling after fertilization [31-32]

H2A family

H2A.Z Global Chromatin remodelling and embryonic development, abscence of H2A.Z leads to [30,33]
embryonic lethality

H2A.Bbd Testes and brain Formation and maintenance of active chromatin structure [34]

MacroH2A Global Represses transcription and participates in stable X chromosome inactivation [35-36]

H2A.X Global DNA damage response and chromatin remodelling [37]

H3 family

H3.3 Global Oocyte reprogramming and embryonic development, transcriptional activation [9,17]

CENP-A Global Epigenetic markers of centromere, chromosome segregation [25-26]

H3.X Testes and brain Not known [38]

H3.Y Testes and brain Transcriptional activation [38]

H2B family

H2BFWT Testes Not known [39]

TH2B Testes Histone-to-protamine transition [40]
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Table 2 Role of histone modifications in mammalian gametogenesis and early embryonic development

A E A M zN]] i) ke PRyt EE BN
Modification Examples Cell Functions Conservation References
Methylation H3K4me2 Sperm Transcriptional activation Non-conservative [84]
H3K9me2 Oocyte, embryo Gene silencing Conservative [85]
H3K4me3 Sperm, oocyte, embryo  Transcriptional activation Conservative [3,48,86]
H3K9me3 Oocyte, embryo Gene silencing Conservative [87]
H3K27me3 Oocyte, embryo Transcription suppression Conservative [49,54]
H3K36me3 Sperm, oocyte, embryo  Marker of transcribing gene bodies Conservative [88]
Acetylation H3K9%ac Oocyte, embryo Transcriptional activation Conservative [89]
H3K27ac Embryo Transcriptional activation Conservative [68]
H3K56ac Oocyte, embryo Transcriptional activation Non-conservative [70]
H3K64ac Oocyte, embryo Transcriptional activation Non-conservative [70]
H3K122ac Oocyte Enhancer function Conservative [70]
H4KSac Oocyte, embryo Zygotic genome activation Conservative [67]
H4K8ac Oocyte, embryo Zygotic genome activation Conservative [67]
H4K12ac Oocyte, embryo Zygotic genome activation Conservative [67]
Ubiquitination H2AK119ubl Embryo Gene silencing Non-conservative [90]
H4K91ub Embryo DNA protection Conservative [91]
Crotonylation H4K77cr ESC Endoderm differentiation Not known [92]
H4KO91cr ESC Endoderm differentiation Not known
Citrullination H3Cit2 Embryo Transcriptional activation Not known [93]
HA4Cit3 Embryo Transcriptional activation Not known
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A A RAKE TP, 3278 ubH2A S 5 R
FRAESE. M5 A HAKZ ZAL £ DNA R
Z0T, dEFEIR IR AR E Y. PRCIA T
H2AK119ub15 H3K27me324LL, 7E 00T H R 1 3k
Z M H2AK119ub13K, 25 597 4r H3K27me3
ENiC ) #S7 P, H2AK119ubl B2k S5 ZGAR FE
R FEEE RBEOE, IRIE K E K ABLA P ubH2A
7 BEREZN Mg AURE 7 5 H3K27me3 5 KB4 S,
{RAERE TR B i #2 Hok 2 £ ubH2 A Z5 F 3 AN A
AEH3K27me3 & 4%, PRC1ATubH2AE i #1#i 5
B S R ) Rk 4R R ESCIIZ REE . R4l A
H2A %12 2L EE Uspl16)5, ubH2AS S R FF 7%
R P, ESCIE L. Bk, H2A Xz 212
ESCHk [ F 15 F 7340 1) OB T 95 ko ko,
ubH2 Al LR S 5K 1 K K ZGASE S
e, HFAEESCHI 2 REME4ERF b R EEAEH .
24 HiBAEREIREER

b5 BIE AN TR N, 2 B 1 40 R (A A
K. Gk (crotonylation) & —Ff 5 I i 4 AL AH
S E AR, EE R S AR EFA LR
fit, BT B RAR AR AR TR, B
il A2 2R R B SR AL A R 7 TR AL DA R
1. BRI R, BB N IRE 7
AAH DG FE R JE 37 X 38 B 4R, (R {FESCIal A
R 2 o A3 2) . 4H B R fh(citrullination) &
H—F ST K B AL R A E A
1B . 2H AR I TVRER Ak A 7K Al REKs 485 1 1 AL fir 1)
PR A R NE IR, S8 457 IR Ay, AT
U R R S5 R Thie Kooy 1 1) A B4R P
JoR T 22 6 &0 IR i IV, = % (peptidylarginine deiminase,
PADNZ 55 240 & R R 1L, #H|PADI1 2 55
4 K FAHACIt3 FTH3Cit2 . H3Cit8. H3Cit1 77K F-F#A,
s i VEBRAI, 8K 2 B G 7E4-20 B Bk 2B R
B

3 HESRE
HEAZFHERSHAEABH —ELEN
WAL A O A R . LR AR S A R S Y 0 T
PEAR B 5 28 A TR et b, e R
Mgt FUIRTS, MIE RN R, 2 5iER TR e
AEARTIRIG A 2 P E BT, IR A e
WEIR AR A B R R 2 ) 2 L . BRER AT 2,

AUE R R B RS, STk, B S i El b
A A I R AR WLE A% 7 T BOR IR R, R
AR S S AL B P I B AR A S R A WL
i B, (RLVE 22 4L F R (R A (5 B A
FIIRE SR R — B0 . REFAEE
ZEA R B MARARRE? HEAZRRE
BARTTIILHGRA A7 B )n Y R E5 i R A
PR ? AT LM BE PRI IA T 2 H 1 A e By
FIVERT? L EARPURR A ? XX LR} a1
NI FERAT B TR x i FLah I BE 1 A A NI
AR B I RE R B, O DR AR SRR S i PR
TG SR ER S5 .
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