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Cis-regulatory elements (CREs) and their highly dynamic activity

(Schmitz et al., 2022)

(Bilas et al., 2016)
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Mapping of the CREs architecture in Brassica napus

B.napus
AACC, 2n = 4x = 38

‚Express 617‘ (WOR)

assembled 925 Mb

~90k genes

37.5% repetitive regions
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Mapping of the CREs architecture in Brassica napus
Ex

pe
rim

en
ta

l s
et

up

sampling of
5 tissues/growth

stages

(Buenrostro et al., 2015)

(1) ATAC-seq

(Lloyd et al., 2022)

(2) WGBS

(Stark et al., 2019)

(3) mRNA-seq
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(Buenrostro et al., 2015).
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ATACseq – Open Chromatin Regions identification

Seedlings 2
Leaves 2

Seedlings 1
FANS- Roots 1
FANS- Roots 2

Leaves 3
Roots 2
Roots 1

Leaves 1
Seedlings 3

Siliques 1 
Siliques 2

Flower buds 1
Flower buds 2

FANS- Flower buds 1
FANS- Flower buds 2

FANS- Siliques 1
FANS- Siliques 2

Se
ed

lin
gs

2
Le

av
es

2
Se

ed
lin

gs
1

FA
N

S-
R

oo
ts

 1
FA

N
S-

R
oo

ts
 2

Le
av

es
3

R
oo

ts
 2

R
oo

ts
 1

Le
av

es
1

Se
ed

lin
gs

3
Si

liq
ue

s
1 

Si
liq

ue
s

2
Fl

ow
er

 b
ud

s
1

Fl
ow

er
 b

ud
s

2
FA

N
S-

Fl
ow

er
 b

ud
s

1
FA

N
S-

Fl
ow

er
 b

ud
s

2
FA

N
S-

Si
liq

ue
s

1
FA

N
S-

Si
liq

ue
s

2

17,000-50,000 
OCRs per 

sample type



2 October, 2023 Silvia Zanini, Agrobioinformatics Group, Justus Liebig 
University, International Rapeseed Conference 6

AT
AC

-s
eq

 -
O

C
R

s
ATACseq – OCRs features and conservation

OCRs overlap between samplesOCRs annotationOCRs TF annotation - HOMER
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Sample 
types

Total # 
UMRs

Total UMR 
space 

Percent of 
genome 

UMR

Total # 
OCRs

Total OCR 
space

Percent of 
genome 

OCR

Leaves 169,483 285 Mb 37% 20,901 19 Mb 1.9%

Roots 167,494 285 Mb 37% 17,030 13 Mb 1.3%

Siliques 164,458 280 Mb 37% 55,034 37 Mb 3.7%

WGBS - UMRs identification and conservation

UMRs overlap between samplesTiles defined as “UMR” if CG, CHG and CHH <10%

Leaves Roots Siliques

Vanessa 
Putland
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mRNA and OCRs

genome-wide
near OCRs

Label

Sample types Total High 
expression

Total Medium 
expression

Total Low to No 
expression

Leaves 10.2% 26.9% 62.9%

Roots 14.4% 31.2% 54.4%

Siliques 13.3% 30.4% 56.3%

Seedlings 14.4% 31.4% 54.2%

Flower Buds 13.3% 33.2% 53.5%
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(Lloyd et al., 2022)

(   ) WGBS

(Stark et al., 2019)

(   ) mRNA-seq

(1) Accessible/Open

(2) Unmethylated

(3) Regulating/ed

Map of the cis-regulatory architecture in Brassica napus

(Buenrostro et al., 2015)

(   ) ATAC-seq
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eQTLs and OCR/CREs – functional (non) coding structural variants

Short-reads (n:57)
(Illumina sequencing)

Single nucleotide 
polymorphism (SNPs)

OCR/CRE-interacting 
eQTLs

Gözde Yildiz

RNAseq-reads (n:57)
(Illumina sequencing)

Long reads (n:57)
(ONT sequencing)

SNPs SVs (deletion) SVs 
(insertion)

Structural variations 
(SVs) 

eQTL analysis

map of 
active ORC/CREs  

(leaves)
• 298 OCR/CRE-interacting cis-eQTL

(294 SNPs, 4 SVs) 

• 66 OCR/CRE-interacting trans-eQTL
(66 SNPs)

57 Brassica napus
genotypes (WOR)
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OCR-interacting cis-eQTL

C08p048370.1_BnaEXP
elongation factor 
MtEF1A1 – salt stress 
tolerance in Atn=24

n=31
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CRE-interacting trans-eQTL

A09p003280.1_BnaEXP
FRIGIDA-like 3 –
required for winter 
flowering habit

n=2

n=26

n=29
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