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Modified nucleosides in eukaryotic messenger RNAs and their
roles in developmental regulation

Xue Liu, Tao Zhang, Xiaogi Zhou, Lun Guan, and Peng Chen
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Abstract: Epigenetic nucleoside modifications are critical for the stability and translational efficiency of messenger RNA.
Depending on the organism, developmental stage, and tissue/organ investigated, the location and abundance of these
nucleoside modifications may differ, which in turn influence the splicing event, half-life time of mature mRNA, as well as
translation efficiency. Among the approximately 170 RNA nucleoside modifications, only a handful are found in mRNAs. The
low abundance and high organ specificity make it a challenging work to study the role of each specific mMRNA nucleoside
modification. However, with the technical advances in recent years, including meRIP, great progress has been achieved,
especially on the function of m°A and m°C epigenetic markers in eukaryotes. This review summarizes recent progress on
nucleoside modifications of messenger RNAs, on their distribution on transcripts and their role in regulating growth and
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development. We also discuss the technical bottleneck and key issues for future investigation.
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&1 mRNA EREHZER S ML

Table 1 Distribution and function of modified nucleosides commonly found on mMRNA

Modification Distribution Abundance Proteins involved Pr.oFem_ Biological roles Reference
classification
\} CDS 0.2%-0.4% PUSs Synthetase Affect the sensitivity of yeast to [23,25-26]
3-UTR antibiotics;
Related to congenital islet
dysfunction, ribosome synthesis
disorder and cancer in mammal
m'G 5'Cap 0.01%— RNMT Synthetase Affects the synthesis of proteins; [2,33-34]
0.05% elF4E, Binding protein  Responses to environmental stress
CBP20/CBP80
méA CDS 0.4%— METTLS3, méA Affect the budding and meiosis of yeast; [4,41,54—
3-UTR 1.50% METTL14, methyltransferase Affecting head and brain development 55,58-64]
WTAP, and fertility of zebrafish;
KIAA1429, Affects the reproduction, flight skill,
HAKAI, RBM15, neurodevelopment and sex
ZC3H13 determination of fruit fly;
FTO, ALKBH5 m°®A demethylase Inhibiting differentiation of embryonic
YTH meA reader stem cells and prolonging the
biological clock cycle of human;
Abnormal organs, no apical
dominance and changed growth
pattern in Arabidopsis
m'A 5-UTR 0.015%-— TRMT6/TRMTG61A, Synthetase Regulates translation stability and [100,145]
CDS 0.16% TRMT61B, protein synthesis
3-UTR TRMT10C
ALKBH3 m'A demethylase
m°C CDS TRM4, NSUN2 Methyltransferase Affecting the body size development [123-129]
3-UTR ~0.43% Tet Demethylase and embryonic stem cell
differentiation in mouse and human;
Affects memory in fruit fly and human;
Affects body size, retina, liver and
brain development of zebrafish;
Affects root development and
oxidative stress in Arabidopsis
hm°C CDS 0.000 1%— Tet Demethylase Affects the brain development in human [10,133]

0.000 44%
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fZR8 S e 2S) TBEThfa bk DNMT2 il 1k
BF, AMARRRIAR N, RGBS L AR i
K H B,

WP m°C IARSCIREAR D fE R R T L A
TRM4A Fl TRM4B Wi/ ] P R 120131 o trmab
A mRNA 8 m°C & HiKE R R, MR e,
X FAEALE AU, tRNA B PR 2]

6 hm°C

hm°C J& m°C (i mEnEER 5 v F 3L 2k SR AL
B, ¥ H 25K OH JG R4, %R &
Wi T 1978 4E IR M/INE LT 19 rRNA Fh 2k B0,
B2 B 3 A TA7E mRNA s3] hm°C 1%
H i i fE e 2014 45 3% R IR Tet AL AT
PLf# DNA JERL hm°C &4, Wl fifk RNA F=4:
AT B, B R MeRIP-seq 4 A 76 g
PEATRIWFSE R B, RNA Hf hm°C &4 401
7E CDS X, H7E UC & & iy Xl 4 010 i
GO 43Hr & B, mRNA F Y hm°C &4 {7 15 7 5 ik
ok AR S Y 3 DR A R O N mRNA
hm°C ZFF B il RES S IR IR & & o BIE
B mRNA &4 8210 hm®C 46N, i i
M hm°C il fE 2 SRR Kk . B> Tet
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AR, RNA BRI EA KRR, HORBEAIR
Wi % 7 S AR O AR T I R AR, 3R]
XFF hmPC B A A AR R AR A T A
P, AEAEYI R R AT 5T mRNA (1 hm°C &1 i1
E{F SIS

7 mRNA ZH BRI A

FEE BT R PES, mRNA A& B9 A6 47
AW AE PR L . FH mRNA B 5 bR
T AR TIOR3 (T B b, (R X
Sk A, AR R B, BRI TR
R R VK T VA=W SRR U I (VA Tt 5 3 N
(LC-MS/MS, Liquid chromatography-tandem mass
spectrometry) 14t 1A G % B il ik (Dot-blotting)
] STBUE AL 9 T (R R R R
FENABMIA & o S fEDIVETS (Immunoprecipitation,
IP) 5 AR 4K (Next generation sequencing,
NGS) 45 G JE i IP-seq 2 R, N K Z A
ChIP-seq™® | PAR-CLIP™M* %1 MeRIP-seq™!,
AR A F A6 DNA/RNA 58 455,
ANREAMCE T3 AT, KT 57 5 A 2 45 B 74K
TR BB A IR X BL, MeRIP-seq Al LI
1 3o A R RS BE R R E B A A, H T
ST B RNA ZKF BB K, B
5 ORI B2 52 B 0 A i o e 9 o A g
FPIREESE RIS R . 5 MeRIP-seq AHZE L
(1 55— mPA B A I 7 1 mPA-seqClaT
I mRNA R, 7B 200 nt ity o
miCLIP  (m®A  individual-nucleotide-resolution
cross-linking and  immunoprecipitation)™*?

SCARLET!® | pA-mPA-seq (Photo-crosslinking-
assisted m®A sequencing strategy)™ 1455 A AT ik
AR PR, RRMEAES . miCLIP Xk
(9 4% 311 %5 5 SCARLET G 5 52 BH 5 ol i
PA-m°A-seq T 5| A 4-BifLIRTT (4-thiouridine,
4SV), i FHFsh P4l S8
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8 RE&EHRE

PS4, RNA SR L2415 5] T ok i1z
F ST, BT R FB A LR RN T RNA &
T PRI 58 2 R o (HL 2 B RIS AT T2 RNA B4 dike/b
EEA SR T B, FLYE G S AR 2 T A ARG I R
FEAT T3 0 BT 19 170 45FP RNA &4 1, mRNA
B 18 Fl, AT AYRFST 3 B R EETEB MG 4
) 56 7 AV B A 1 R B 0B o RO B R I Bk AR
e8RS S B SR L, IR MIRIZIR
8 7 B 118 A0 7 A 5 ) 5 PR F B P 7 8k RN 4
L A A e 7R

mRNA _E3MEMRTE, Blin m°A Fl m°C
WA A ABR, SRR, X RSl A R 7
INE SRR R RPN E REGE. WILlshy+
&F mRNA BT mRNA T, foetk.
BIPR R psem , DL A s m i oAk . IEAR
RE W AR R R RS, O
RZWFERUR , EAEY) h A SR IR IR A TR,
FE R IOR AN T ILT- R WARGE . ALY
W AR BY T FRAT mRNA A& 1 X B A%
AR A R B RS T A T A
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