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Advances in the roles and mechanisms of nonsense-mediated mRNA decay in

embryonic development
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Abstract: Nonsense-mediated mRNA decay (NMD) is originally identified as a widespread mRNA surveillance machinery in degrading
‘aberrant” mRNA species with premature termination codons (PTCs) rapidly, which protects the cells from the accumulation of trun-
cated proteins. Recent studies show that NMD can also regulate the degradation of normal gene transcripts, which execute important
cellular and physiological functions. Therefore, NMD is considered as a highly conserved post-transcriptional regulatory mechanism
in eukaryotes. NMD modulates 3% to 20% of the transcriptome from yeast to human directly or indirectly, which is essential for various
physiological processes, such as cell homeostasis, stress response, proliferation, and differentiation. NMD can regulate the level of
transcripts that involves in development, and single knockout of most NMD factors has an embryonic lethal effect. NMD plays an
important role in the self-renewal, differentiation of embryonic stem cells and is critical during embryonic development. In this
review, we summarized the latest advances in the roles and mechanisms of NMD in embryonic development, in order to provide new
ideas for the research on embryonic development and the treatment of embryonic development related diseases.

Key words: nonsense-mediated mRNA decay; premature termination codons; embryonic stem cells; self-renewal; differentiation;
embryonic development
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Fig. 1. The model of classical nonsense-mediated mRNA decay (NMD). 4: The ribosomes recognize premature termination codons
(PTC), leading to abnormal termination of translation. B: Eukaryotic translation release factor 1 (eRF1), eRF3, SMGIC, and UPF1
are recruited to form the SURF complex. The SURF complex then interacts with downstream exon-junction complex (EJC) to form
the decay-inducing complex (DECID) through interplaying with UPF2 and UPF3B. The DECID complex induces SMG1-mediated
phosphorylation of UPF1. C: SMG6, SMG5-SMG7, and SMGS5-PNRC2 bind to p-UPF1 through their 14-3-3-like domains. D: mRNA
degradation: SMG6 mediates endonucleolytic cleavage, DCPC mediates decapping (via SMG5-PNRC2 dimer), CCR4-NOT mediates
deadenylation, and XRN1 mediates 5’3’ exonucleolytic cleavage (via SMG5-SMG7 dimer). The 3°-5” exonuclease is also recruited

and mediates 3’5’ exonucleolytic decay (3’5’ exonuclease is indicated by “?” in this figure).
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{A7E E7.5 BFET: P SMG6 i8N BLTE E3.5 I 1]
1%, KZHAE ET.5~E9.5 36T, i E12.5 B4 &
FET: M, R A NMD W HITE A BT A, H
B IR T r R BRI N BRAE T 8 R AR TE IR JE T R 5
HE R AR B

F4h, Hu NMD [K-Fif B A — A K5 NMD
1B, SMGI1. UPF1. UPF2 Hl SMG6 it % 5 i
Fif4ERE. UPF1 /2 55 —Fh mRNA PRI HE ——
Staufen-1 41 5 mRNA B A% O R 7 154 R
4> NMD R 7 (19 g 438 1 11 = IR IR Bt 26, Ap
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mRNA [ R4 5 0 e 5 S 2 R 4,

3 NMD#RERR % B Fa9{E R R AL

JEBE T 41 . (embryonic stem cells, ESCs) & M -
Ui B S0 P B 23 B R ) — 2R A, A4
R =R Z R RE,  BI 2 HLAR BT A 2 B 40 i 1
RE 7. DRt ESCs 2 ff 7t T4 H A Hr . kS
WRRG R B I — AN AR A
3.1 NMDXESCs B EHEsMm

NMD *} ESCs [ &5 %7 (1) 52 W) H §7 A7 76 4+ 1.
Lou & LA UER], NMD ml (2t 4 g G1/S 31
AR BN A ST AN i | 3R R . b
A ESCs (human ESCs, hESCs) 7 i /& UPF1 B{ UP-
F3B, Lou % O %3, NMD ¥ 1 B A%, 40 JE H
i T G1 WIEH k. X R HH NMD AT DL i fie 1
G1/S 1] % 28 Sk A)E 3F hESCs () 1 F 8 . 2R 1M,
Li 25 U 78 5 B SMG6 ) /) i ESCs (mouse ESCs,
mESCs) &, &I NMD 1 4 V5 1t 80 6% 22 4 & 55
# b7}, % B SMG6 7E mESCs Hiff4% NMD f)iE
BB AL, SMG6 ki) mESCs 75 41 fg 38 5. 41
JRL R O B S 5 T S B AR B mESCs A EAE
#5 ., ik, NMD 7E ESCs [ 3% 55 h i1 ik 7
B — DA AE

A1 RS #9mRNAFE R (NMD) B -8k Fa 2 A% 5 09 2 5e 45 A
Table 1. The deficiency of nonsense-mediated mRNA decay (NMD) factors causes embryonic lethality

NMD factors Survival state of embryos Reference
SMG1 SMG1 gene-trapped mouse embryos have normal Mendelian ratios before E10.5, (3,141
but all die before E12.5
UPF1 UPF1 knockout mouse embryos are viable at E3.5, but die before E7.5; (13,37, 38]
Knockdown of UPF1 in zebrafish causes embryonic lethality
UPF2 The relative frequency of UPF2 knockout mouse embryos shows a great reduction at E3.5, B7. 391
and no UPF2 knockout embryos could be detected at E9.5; Knockdown of UPF2 in zebrafish
causes embryonic lethality
UPF3A UPF3A (an NMD repressor) knockout mice die between E4.5 and E8.5 0l
UPF3B UPF3B-mutant mice survive with behavioral and neurogenesis defects [, 421
SMGS5 Knockdown of SMGS in zebrafish causes embryonic lethality (3,37
SMG6 SMG6 knockout mouse embryos are viable at E3.5, but no viable mutant embryos 13,37
could be isolated around E12.5. Most of Smg6 knockout embryos die around E7.5-E9.5;
Knockdown of SMG6 in zebrafish causes embryonic lethality
SMG7 Knockdown of SMG7 in zebrafish causes embryonic lethality BTl
SMG8 SMG8 mutants resemble wild-type C. elegans 1
SMG9 Deficiency of SMGY, although compatible with mice embryonic viability, (4

is associated with a number of major malformations

E: embryonic stage.
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FLZ, M FEK 7 mESCs 1404k ", sir A Al
TR FE 22 ST 4N, BARDI (BRCA1 associated RING
domain 1) mRNA i# ¥ NMD H1 il § B f##, BARDI
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MAGOH. RNPSI #1 UPF3B ix 3 > NMD [A ¥ 7£ £
RETaifuhRERPE S TEZR TR, XK
B, NMD £ N L AT M rh s vk B, H
M Bt A R AT R T PR AR B
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factor-p, TGF-B) 15 5@ B 2 iE W IR JZ TR B, &
& K45 H (bone morphogenetic protein, BMP) Fl
WNT 5 53 # i 338 v iR 2 19 7 B P57 Lou %5 B
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M7 A, Lou % BV R I UPF1 6t 1] i 45 K 46 4»
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Brachyury 1 Handl 335 F 1, K4 WNT {5
I R 11 IE % R DAAM2. WNT3 fl FZD5 %53
AN, 1 UPFL i RIARS, BMP {5 5 i 1 #E I
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CCNDI1 F1 NROBI ik 1, KB NMD ] LU i3t
BMP {5 5@ %A1 WNT 15 5@ %, 35S IZE1E
w0 ROR e 2% 7k UPF3B 1143 3 5 UPF1 itk
sl R A AR A R B 2). sAh, MR IESER
A, NMD i it 8 7 a2 4 41 g A= K Bl 7 (fibroblast
growth factor, FGF) Al NOTCH {5 5 i % 52 W £ i
jizf‘é [50]o

€S9 —7 1
TGF-8 BMP WNT
Signaling Signaling Signaling
l | J |

Endoderm Mesoderm

2. & XA FHImRNAFEf#E(NMD) il & T & & A H
(BMP), WNTHIFALE K T-B (TGF-)(E 5% 2 5 Ik fif
KELRE

Fig. 2. Nonsense-mediated mRNA decay (NMD) participates in
embryonic development through bone morphogenetic protein
(BMP), WNT, and transforming growth factor-p (TGF-f) signal-
ing pathways. NMD promotes mesoderm formation by BMP and
WNT signaling pathways. Conversely, NMD suppresses the for-
mation of endoderm by inhibiting the TGF-f signaling pathway.
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