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Genome sequencing of Brassicaceae

Tribe Brassiceae

Family Brassicaceae

Arabidopsis

From James, Berkeley
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Evolution of Brassica species

ACK
（n＝8）

B. rapa
(A, n=10)

B. nigra
(B, n=8)

B. oleracea
(C, n=9)

Hexapolyploidization
(O’neill and Bancroft, 2000; Rana et 

al. 2004; Lysak et al. 2005; Park et al. 
2005)

Arabidopsis 
(n=5)

B. napus
(AC, n=19)

B. carinata
(BC, n=17)

B. juncea
(AB, n=18)
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1. Number of chromosomes (n=6/7/8) ？

2. Triplicate from a common diploid ancestor？

3. Both whole genome and segmental duplication？

Argument of Brassica ancestor
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Inferring the diploid ancestor of B. rapa
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Genomic structure of Brassicaceae

Isobel Parkin, 2005, Genetics
Terezie and Lysak, 2008, Plant cell
Schranz, 2009, Trends in Plant Science

CCP, comparative chromosome 

painting：FISH based karyotype 

investigation and chromosome 

comparison among species.

A. thaliana, 
A. lyrata, C. rubella, 
B. napus
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Intervals of 24 blocks in Arabidopsis
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Main diploid karyotypes in Brassicaceae

ACK

PCK tPCK

ACK: Ancestral Crucifer
Karyotype, n=8

PCK: Proto-Calepineae
Karyotype, n=7

tPCK: translocated PCK, 
n=7

Terezie and Lysak, 2008, Plant cell
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At-Br syntenic gene determination

#At genes: 24,730; #Br genes: 38,945
18,388 At genes synteny to 30,926 Br genes

Among Br genes: 10,147 as one copy, 7,067 as two 
copies, 2,215 as three copies

ancestor

Species 1, 
diploid

Species 2, 
triplicated

Syntenic gene -- gene pair come from the same gene of 
the most recent common ancestor

SynOrths
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Plot of syntenic genes
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Triplicated 24 blocks in B. rapa

71 blocks detected,
(24×3-1), one copy of 
G lost after WGT

No segmental 
duplication observed
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Reshuffling of blocks in B. rapa

A

B

A

B

A

B

A

B

triplicate

ancestor copy 1 copy 2 copy 3

Association:
blocks A/B

A

B

A

B

A

B

A

B

triplicate

ancestor copy 1 copy 2 copy 3

Separated:
blocks A, B

1)

2)
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Conserved block associations
ACK (n=8) PCK (n=7) tPCK (n=7)

Chr a GB asso # c B. rapa Chr Chr GB assoc. # B. rapa Chr Chr GB assoc. # B. rapa Chr

AK1
A-B 2 A06, A08

1
A-B 2 A06, A08

1
A-B 2 A06, A08

B-C 2 A05, A08 B-C 2 A05, A08 B-C 2 A05, A08

AK2 D-E 0 - 2 D-E 0 -
2

N-M 3 A01, A03, A09

AK3
F-G 2 A03, A07

3
F-G 2 A03, A07 M-E 0 -

G-H 3 A03, A07, A09 G-H 3 A03, A07, A09
3

F-G 2 A03, A07

AK4 I-J 2 A03, A04 4 I-J 2 A03, A04 G-H 3 A03, A07, A09

AK5

K-L 3 A02, A06, A09
5

S-T 2 A04, A08 4 I-J 2 A03, A04

L-M 0 - T-U 3 A01, A03, A08
5

S-T 2 A04, A08

M-N 3 A01, A03, A09

6

O-P 3 A02, A03, A09 T-U 3 A01, A03, A08

AK6

O-P 3 A02, A03, A09 P-W 1 A03

6

O-P 3 A02, A03, A09

P-Q 0 - W-R 3 A02, A03, A10 P-W 1 A03

Q-R 0 -

7

N-M 3 A01, A03, A09 W-R 3 A02, A03, A10

AK7
S-T 2 A04, A08 M-V 0 -

7

D-V 1 A09

T-U 3 A01, A03, A08 V-K 3 A02, A06, A09 V-K 3 A02, A06, A09

AK8
V-W 0 - K-L 3 A02, A06, A09 K-L 3 A02, A06, A09

W-X 0 - L-Q 3 A02, A06, A09 L-Q 3 A02, A06, A09

Q-X 3 A02, A03, A09 Q-X 3 A02, A03, A09

 6 block associations in ACK not detected;
 2 block associations (D/E, M/V) in PCK not detected;
 1 block association (M/E) in tPCK not detected.
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Homologous reshuffling 
destroyed M/E association
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LF in red, MF1 in green, and MF2 in blue 

Reconstruction of three ancestral subgenomes in B. rapa
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Paleocentromere evolution in B. rapa
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Traces of paleocentromeres in B. rapa

1) 10 centromeres of B. rapa Vs. 21 centromeres of tPCK;

2) Traces of 21 paleocentromeres (tPCK) in B. rapa.

Repeat sequences of centromere for Brassica species:
CentBr (Lim et al., 2005; Koo et al., 2011)
PCRBr, TR238 (Lim et al., 2007)

Nucmer alignment
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Traces of paleocentromeres



21

21 paleocentromeres of 

tPCK:

10: centromeres of B. rapa;

8: inactivated traces;

3: totally lost without traces.
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TEs support the regions of paleocentromeres
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Common ancestor of Brassiceae
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Close relationship between S. parvula and B. rapa

B. rapa

S. parvula
tPCK

Ks = 0.3
~10.7 MY

Ks = 0.3 Ks = 0.3

591 genes were syntenic 
among the eight species, 
which were then used to 
constructed the NJ 
phylogeny tree to reveal 
their evolutionary 
relationship.



25

tPCK specific block association

GB
AK 

chromosome
Interval 

H 3 AT2G15670 AT2G20900
I 4 AT2G20920 AT2G28910
Q 6 AT5G28885 AT5G23010
R 6 AT5G23000 AT5G01010
V 8 AT5G42130 AT5G47810
W 8 AT5G47820 AT5G60800
X 8 AT5G60805 AT5G67385
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Genetic map—block associations

Other Brassicaceae
species：
white mustard S. alba, 
C. amplexicaulis
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tPCK is the common ancestor of tribe Brassiceae

Raphanus 
sativus …

The Plant Cell, 2013
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Thank you！




