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Nuclear receptors are
  - a family of transcription factors, regulating a
     group of diverse and crucial biological functions,
     such as metabolism, homeostasis, development,
     and reproduction.
  - structually similar and evolutionarily related.
  - important pharmacological targets.
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Human  TYMFKGIISFAKVISYFRDLPIEDQISLLKGAAFELCQLRFNTVFNAETGTWECGRLSYCLEDTAGGFQQLLLEPMLKFHYMLKKLQLH 89  
Mouse  TYMFKGVINFAKVISYFRDLPIEDQISLLKGATFEMCILRFNTMFDTETGTWECGRLAYCFEDPNGGFQKLLLDPLMKFHCMLKKLQLH 89  
Rat    TYMFKGVINFAKVISHFRELPIEDQISLLKGATFEMCILRFNTMFDTETGTWECGRLAYCFEDPNGGFQKLLLDPLMKFHCMLKKLQLR 89  

 

 
Human  EEEYVLMQAISLFSPDRPGVLQHRVVDQLQEQFAITLKSYIECNRPQPAHRFLFLKIMAMLTELRSINAQHTQRLLRIQDIHPFATPLMQELF 182  
Mouse  KEEYVLMQAISLFSPDRPGVVQRSVVDQLQERFALTLKAYIECSRPYPAHRFLFLKIMAVLTELRSINAQQTQQLLRIQDSHPFATPLMQELF 182  
Rat    EEEYVLMQAISLFSPDRPGVVQRSVVDQLQERFALTLKAYIECSRPYPAHRFLFLKIMAVLTELRSINAQQTQQLLRIQDTHPFATPLMQELF 182  
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NR gene counts at a glance

NR Nomenclature To 
Common Gene Name 
Index

Subfamily 0:
NR0B1 DAX-1
NR0B2 SHP

Subfamily 1:
NR1A1 TRα
NR1A2 TRβ

NR1B1 RARα
NR1B2 RARβ
NR1B3 RARγ
NR1C1 PPARα
NR1C2 PPARβ
NR1C3 PPARγ
NR1D1 Rev-erbα
NR1D2 Rev-erbβ
NR1F1 RORα
NR1F2 RORβ
NR1F3 RORγ

NR1H2 LXRβ
NR1H3 LXRα
NR1H4 FXR
NR1H5 FXRβ
NR1I1 VDR
NR1I2 PXR
NR1I3 CAR

Subfamily 2:
NR2A1 HNF4α
NR2A2 HNF4γ

NR2B1 RXRα
NR2B2 RXRβ
NR2B3 RXRγ
NR2C1 TR2
NR2C2 TR4
NR2E1 TLX
NR2E3 PNR
NR2F1 COUP-TFI
NR2F2 COUP-TFII
NR2F6 EAR2

Subfamily 3:
NR3A1 ERα
NR3A2 ERβ
NR3B1 ERRα
NR3B2 ERRβ
NR3B3 ERRγ
NR3C1 GR
NR3C2 MR
NR3C3 PR
NR3C4 AR

Subfamily 4:
NR4A1 NGFIB
NR4A2 NURR1
NR4A3 NOR1

Subfamily 5:
NR5A1 SF1
NR5A2 LRH1

Subfamily 6:
NR6A1 GCNF1
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Chromosomal landscape of rat NR genes

This study
  - provided a global inventory of nuclear receptors
     in human, mouse, and rat.
  - identified eleven syntenic NR gene blocks and
     three small NR gene clusters.
  - revealed the gene structures of the DNA-binding
    domain and the ligand-binding domain of the
     NR genes.
  - furnished separate accounts of the evolutionary
     attributes of the DBD and LBD.

Summary

Two of three NR gene clusters

KA and KS in the LBDs
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Variable sites in the LBD of PXR
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 r.10+.TRα
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 h.3-.TRβ
 m.14+.TRβ
 r.15-.TRβ

 h.17+.RARα
 r.10+.RARα

 m.11+.RARα
 m.14-.RARβ
 h.3+.RARβ
 r.15r+.RARβ

 m.15-.RARγ
 h.12-.RARγ
 r.7-.RARγ

 h.22+.PPARα
 m.15+.PPARα
 r.7+.PPARα

 h.6+.PPARβ
 m.17+.PPARβ
 r.20+.PPARβ

 h.3+.PPARγ
 m.6+.PPARγ
 r.4+.PPARγ

 h.17-.Rev-erbα
 m.11-.Rev-erbα
 r.10-.Rev-erbα

 h.3+.Rev-erbβ
 m.14-.Rev-erbβ

 h.15-.RORα
 r.8+.RORα
 m.9+.RORα

 h.9+.RORβ
 m.19-.RORβ
 r.1-.RORβ
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 r.3-.LXRα
 m.2-.LXRα
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 r.1-.LXRβ

 h.12+.FXR
 m.10-.FXR
 r.7-.FXR
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 h.9+.RXRα
 m.2+.RXRα
 r.3+.RXRα

 h.6-.RXRβ
 m.17+.RXRβ
 r.20-.RXRβ

 h.1-.RXRγ
 m.1+.RXRγ
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Gene structure of the DBD and LBD

Motif  I consensus sequence

Motif II consensus sequence

LxxxVE[WF]AKxIPGFxxLxxxDQxxLLKxxWxELxxLxxAxR

EFxxxLxxLxLDxxExALLKAIxLFSDRxGLxxxxxVExLQExxxxALxxY

α5α4α3 α3'

α9α8α7
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splicing junction

LBD

DBD

Motif I Motif II
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MMIII.XIIz

Nucleotide substitution analysis reveals the synonymous 
rates in the sequences encoding the LBDs of CAR and 
PXR are average whereas the nonsynonymous rates, 6.4 
and 3.7 times higher than the average, have been 
substantially elevated. PXR and CAR, in group NR1I, 
share some ligands and regulate overlapping but distinct 
sets of genes involved in xenobiotic detoxification.

The most remarkable feature in this figure is the overlap 
of the 3'-most exons of one of the variants of TRα and 
Rev-erbα in the first cluster. The third cluster, not shown 
in this figure, is composed of NR5A1 and NR6A1. The 
current NR gene clusters, whose structures may be 
preserved by selective advantage, are probably the 
vestiges of an ancient large NR gene cluster.

The conserved splice junction in the LBD was likely to 
have originated early in the family and have been 
subsequently conserved in evolution.  It can serve as 
another signature of the NRs, in addition to the DBD 
and LBD, on the DNA level. 

Our mapping of the 33 variable sites to the tertiary 
structure of the LBD of the human PXR categorized 
them into three groups: seven sites line the inner 
surface of the ligand-binding pocket, and are so 
positioned that they could possibly form direct contacts 
with the bound ligand; eight variable sites were found 
to be almost evenly distributed in the α-helix 9 with 
their side chains protruding toward the surface; the 
remaining sites are distributed throughout the LBD.

Three groups of the NRs 
are significantly more 
divergent among the 
three species.

ligand-binding pocketLBD of PXR α-helix 9

Domain organization

* This work was supported by grants 5 U54 HG02051 (Human/MB) 
from NHGRI and 5 U54 HG02345 (Rat) from NHGRI/NHLBI to R.A.G.
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