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rRNA gene clusters, when active, give rise to the nucleolus. 
They are thus known as nucleolus organizer regions (NORs)
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• A. thaliana has two NORs

• The NORs mapped to the very tops of 
chromosomes 2 and 4. We named them
NOR2 and NOR4.

• Telomere repeats cap the most distal 
rRNA genes of both NORs. We named 
the telomere loci TEL2N and TEL4N

• We estimated that the NORs consisted
 of ~375 rRNA genes and were each 
~3.7-4 Mbp long (in accessions Ler-0 
and Col-0).

Back in 1995-’96:
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A. rRNA Variable Region PCR of A. thaliana Accessions 

B. Sequencing of rRNA Variable Region for  A. thaliana Accessions: Col-0, Bur-0, Sha, Ler

PCR Primer PCR PrimerrRNA Variable Region

c2_00028_sha, c2_00028_bur-0 
c2_00074_bur-0 c2_00069_ler, c2_00069_sha 

c2_00593_sha/bur-0* 
c2_02365_bur-0* 

27.9 
73.7 

592.6 
2365 

Kb (from NOR)Marker

78.3 c2_00078_ler/sha 

c2_NOR2_ler* c4_NOR4_ler* 
Marker

0.0 0.0 

641.4 
2133 

c4_00641_bur-0* 
c4_02133_bur-0* 

c4_00012_sha* 11.7 
69.2 

92.6 c4_00093_bur-0 
48.8 c4_00049_sha 

c4_00086_sha 
c4_00090_sha, bur-0 90.0 86.0 

NOR2 NOR4

Bur-0xCol-0 RILs
To Map: VAR2 & VAR3

ShaxCol-0 RILs
To Map: VAR2 & VAR

LerxCol-0 RILs
To Map: 

E. Markers used to distinguish Parental Accesssion in RILsD. Three RILs used and the variant classes that will 
be mapped in each

Figure 2

Chr 2 Chr 4

N
O
R2

N
O
R4

TEL2N TEL4N



3’ ETS25S

5.8SITS1 ITS2

18S5’ ETS

gene
promoter

spacer
promoter

(SP)

Sal 
repeat
cluster

B.

A.

IGS VLEs

VARA
VARB
VARC
VARD

C1 C2
C1
C1 C2 C3
C1 C2 C3 C4

5’ ETS VLEs

NORChromosomes 2 and 4:

45S rRNA gene repeats

270 bp
deletion

334 bp
deletion

Tel

45S primary transcript (pre-rRNA) 
Intergenic spacer 

(IGS)

I-Ppo I site

1 Sal Cluster, 0 SPs (10 variations)
2 Sal Clusters, 1 SP  (26 variations)
3 Sal Clusters, 2 SPs (4 variations)
4 Sal Clusters, 3 SPs (2 variations)
5 Sal Clusters, 4 SPs (1 variation)

VAR1.1

consensus

VAR2.1

VAR3.1

VAR4
VAR5

R1 R2 R3 R4 VAR 1,2,6 D1 D2

VAR6
3’ ETS VLEs

VAR1.2

VAR2.2

VAR3.2

* ** *

* *
*
*

*

*

*
*

*
*

*

**
*

*

*
*
*
** *

*

(43 variations) (4 variations)
(9 variations)

A. thaliana rRNA genes are nearly identical in ‘sequence complexity’,
but there is variation

Variation in the accession (strain) Col-0





B. Computational NOR assembly

A. Visual assembly by dot-plot puzzle fitting

C. Reads aligned based on VLE content

Landmark A

Landmark B

ONT reads analyzed 
for VLE content

Unique VLE landmarks 
found and connected

Consensus sequence built 
from all reads containing 
the unique patterns 

E. VLE pattern similarity matrices

D. NOR2 and NOR4 assemblies, VLE tracks
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B. NOR4 methylation

A. NOR2 methylation
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• The NOR sequences fill the last remaining gaps in the A. thaliana Col-0 reference 
genome, adding ~ 9.4 million basepairs of sequence and positional information for  
~900 rRNA genes of 74 subtypes

• The dominant NOR, NOR4 is not uniformly active: a central,  ~2 Mbp region 
accounts for most rRNA synthesis (during vegetative growth). 

• NOR2 is mostly, but not entirely, silenced. This involves histone deacetylation and 
cytosine methylation.

• Enables the first whole-NOR analyses of selective rRNA gene activity, the 
epigenetic phenomenon known as nucleolar dominance
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