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Nonsense-mediated mRNA decay (NMD) is an RNA surveillance system that        
degrades aberrant isoforms containing a premature termination codon. This 
pathway is conserved throughout eukaryotes and protects against the                 
production of harmful truncated proteins. Additionally, NMD coupled with             
alternative splicing is a mechanism of post-transcriptional gene regulation 
that a�ects the mRNA levels of hundreds of genes in human [1]. The 
canonical model of de�ning a premature termination codon in mammals is 
the 50nt rule: a termination codon more than 50 nucleotides upstream of an 
exon-exon junction is premature and triggers degradation by NMD [2]. In 
other animals, a 3’UTR intron is not required for NMD. There is also evidence 
that a longer 3'UTR triggers NMD in plants, �ies, and mammals [3]. The 
importance of each mechanism appears to vary between species, and it is 
currently unclear which is the major mechanism at work in human cells. We 
used RNA-seq analysis done on cells with inhibted NMD to determine the 
features associated with degradation in human and in �y.

APPROACH:
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CONCLUSIONS:
•  Over 1,200 alternative isoforms from over 900 genes are degraded by NMD in fly.
•  The conserved NMD targets between human and fly include many mRNA processing factors. 
•  There is strong support for the 50nt rule of NMD degradation in human cells.
 •  Support for a role for 3’UTR length in NMD is limited.
•  Coding sequences less than 35 amino acids long have diminished NMD susceptibility.
•  In fly, 60% of NMD-targeted isoforms have a longer 3’UTR than normal isoforms from the same gene.
 • A downstream exon junction may enhance NMD in fly. 
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1. NMD inhibition through knockdown of UPF1.
2. Directional and paired-end RNA-seq library preparation.
3. High throughput sequencing using Illumina machine.
4. Map reads to genome with TopHat [5] or juncBASE [7].
5. Transcript assembly and quantification with Cufflinks [6].
6. Premature termination codon prediction.
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Thousands of isoforms are degraded by NMD in human and in fly

RESULTS:

A We �nd 2,443 isoforms that are degraded by 
NMD in human HeLa cells

2,194 ortholog pairs are 
expressed in both species 

475 genes are 
NMD targets in 

human 

270 genes are 
NMD targets in 

fly 

69 genes are 
NMD targets 
both species 

A. Of 21,989 expressed transcripts, 2,443 are NMD targets, defined as being significantly 1.5x higher when NMD is 
inhibited and containing a premature termination codon according to the 50nt rule [2]. Thus, 1,960 genes (18%) 
produce NMD-targeted isoforms. 
B. Of 12,689 expressed transcripts, 1,216 are NMD targets, defined as being significantly 1.5x higher when NMD is 
inhibited and coming from genes with an isoform that does not increase. Thus, 931 genes (13%) produce NMD-targeted 
isoforms. 
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How conserved is alternative splicing coupled with 
NMD between human and �y?

What features de�ne a premature termination codon in 
the two species?

Genes involved in mRNA processing are targeted by NMD in 
human and fly cells
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B We find 1,216 isoforms that are degraded by 
NMD in fly S2 cells

1000

Of 2,194 orthologs expressed in both our human and fly data, 69 genes were NMD targets in both species. Of the five most 
enriched GO terms (uncorrected p<0.005), three involved RNA processing. Three of these genes overlap ultraconsered 
elements of the human genome (PURPLE). Orthologs from TreeFam 7.0 and collected by Gerstein, et al [8,9]

SRSF5/B52 is an NMD target conserved between human and fly
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Both the human gene SRSF5 and its fly ortholog B52 produce NMD-targeted alternative isoforms 
when the sixth exon is included. All SR genes have NMD-targeted isoforms in human and mouse [10]. 
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Length of Coding Sequence (nts)
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(bin size 200 isoforms)
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RNA processing genes targeted by NMD in both species

CLASRP  CLK4-associating serine/arginine rich protein

DHX15  DEAH (Asp-Glu-Ala-His) box polypeptide 15

PRPF38B  PRP38 pre-mRNA processing factor 38 domain containing B

RBM39  RNA binding motif protein 39

SCAF4   SR-related CTD-associated factor 4

SCAF8   SR-related CTD-associated factor 8

SUGP1   SURP and G patch domain containing 1

TARBP1  TAR RNA binding protein 1

TRMT2A  TRM2 tRNA methyltransferase 2 homolog A

U2SURP  U2 snRNP-associated SURP domain containin

HUMAN - All Isoforms 

In human cells, the fraction of 
isoforms that increase in 
abundance when NMD is 

inhibited sharply increases 
when an exon-exon junction is 

>50nts downstream of the 
termination codon

There is a less sharp correlation 
between the liklihood of 

increasing when NMD is inhibited 
and the distance between an 
exon-exon junction and the 
termination codon  for fly.

While a longer 3’UTR correlates 
with increased liklihood of higher 

abundance when NMD is 
inhibited for 3’UTRs less than 

1000nts long...

...most of the correlation is due to 
the increased liklihood of having a 
downstream exon-exon junction 
with a longer 3’UTR. Much of the 
correlation disappears when we 

only plot isoforms with 
no downstream junction.

Short coding sequence lengths 
correlate with longer 3’UTRs and 

higher liklihood of increasing 
when NMD is inhibited.

Coding sequence is less than 35 amino 
acids - downstream translation 

initiation protects against NMD?

There is a similar pattern for 
correlation of coding sequence 

length in human and in fly.

Coding sequence is less than 35 
amino acids - downstream 

translation initiation ?

In fly, absolute length of the 3’UTR 
does not correlate well with increased 

abundance when NMD is inhibited. 
However, 60% of NMD-targeted 

isoforms have a longer 3’UTR than 
normal isoforms from the same gene.

As in human, increased liklihood 
of an isoform increasing in 
abundance when NMD is 

inhibited for very long 3’UTRs 
could be mostly due to the 

increased liklihood of having a 
downstream exon junction.

HUMAN - All Isoforms HUMAN - Isoforms without downstream junction HUMAN - All Isoforms 

FLY - All Isoforms FLY - All Isoforms FLY - Isoforms without downstream junction FLY - All Isoforms 


