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Strategy: exploitation of genetic variation
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B. rapa genome sequence: Triplicate blocks are identified
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Retention patterns of genes duplicated by polyploidy

||
°
||
® 64 (0.4%) A. thaliana genes have more than 3 orthologs in B. rapa,
® 578 (9.8%) have three syntenic orthologs.
e 5,258 (33.1%) have two syntenic orthologs
e 9,175 (56.7%) A. thaliana genes 1 syntenic ortholog in B. rapa,
||

® 56 (26%)>3: 67 (31%) 2; 66 (31%) 1; 25 (12%) 0
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Genetic diversity in Brassica rapa

Zhao et al, 2005;2010
Pino Del Carpio et al, 2011
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Turnip: genetic regulation??

* Turnip is a combination of thickened stem and root, which differs
from well studied potato tubers (stem) and sugar beet (root), but
may share quite some similarities




Diversity in turnip collection
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Genome re-sequence, transcriptome and gene targeting

QTL for turnip and flowering time in a turnip x rapid cycling cross
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RIL (recombinant inbred lines) development
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QTL mapping using VT-115 x RC—-144
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- 1,137,859 and 1,309,157)

® Reconstructed reference genomes were reannotated
e 1118, 1464 and 1090 unique genes in T, CC and RC
e 38,186 genes present in all three genomes

" The divergence date among the B. rapa morphotypes
estimated as 0.259 MYA

" much earlier than domestication (5-10.000 YA).
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Sequence variation RC-CC; T-CC
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Whole genome comparison and functional annotation

One Japanese Turnip and one Rapid Cycling was
resequenced (27x)

differences CC-RC > CC-T (
Reconstructed reference genomes were reannotated

1118, 1464 and 1090 unique genes in T, CC and RC
38,186 genes present in all three genomes



Gene loss

Rapid Cycling
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Whole genome comparison and functional annotation

One Japanese Turnip and one Rapid Cycling was
resequenced (27x)

differences CC-RC > CC-T (
Reconstructed reference genomes were reannotated

1118, 1464 and 1090 unique genes in T, CC and RC
38,186 genes present in all three genomes

The divergence date among the B. rapa morphotypes
estimated as 0.259 MYA

much earlier than domestication (5-10.000 YA).



Can we pinpoint causal genes for turnip?

" GO term enrichment analysis can visualise which GO
terms are specific to each genotype

" In turnip, the cellular component term “peroxisome”
was over enriched compared to CC and RC
(peroxidases)

" We will combine reseq data with RNA seq data of
diverse organs

" We will check whether turnip specific changes are
common to other turnips (Asia and Europe)

" We will also look at peroxidases in potato and tomato.
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Genetics of heading; Dr Wang and Dr Cheng, IVF-CAAS
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Phylogeny tree







ADZ AD3  AD4  ADS  AOGE  ADT7  AOEB A0S ALD

AO1

N ﬂfhkﬁ iﬁzr’»l*f-.. B ;_-*:.i.-ﬂﬁ..-.?J&w!l.!. 5 -f»k.- et ** P ’J~3 My 5 {'t.‘

1 .ﬁ-ﬁgﬁ[- c ﬁ‘:&iqﬁ!ittt i?f-" ;fr*.g“!""ﬁt hM"P o

mt‘ ¥ %Mm*i‘ MA& *.a'jﬁ‘!ﬂ_ﬁ_*_' -J',J;! a?:ﬁ.ﬁﬂ_ #?.-L!\_ﬁ!-ai:--M-!;l;}. ,ﬂ!_a\,,mj'_.! o
» ih!'k L3R T N S ﬁ ®am Jﬁe} }IH u-“!' fi‘l* d:-(h- % % sl M-.{'&g; !-a!&,‘.‘ﬂﬁ.a"’ﬁs!h.ﬁ;-'\dn.m

&
I..I.I i

TR L0 * ?,}!r?@ @nmﬂ?
i . .
A ﬁ.@}.ﬁ Fﬂ.jzﬂﬂnﬂ; Ay A '1 oot h;.m ,ig,.y.-'.!. ’js?,m!l}«iltﬁui?mi ¥

H?I-'Mu,fr'&a PR mﬁ'& *‘«,J,s %ﬂﬁ“ﬁ’xh L.ha ‘%ﬂii‘*ﬂk Ak f-iirﬂ#?"‘
ki .i
' -::ﬁr,‘la.#aae_;s;. ac.,-m!f_.!t..,.s'_!m,¢Es‘s!r!é-::ﬁh_ﬁ;.: p ﬂ'-f . n!, ﬁﬂm LI Ep!wfhﬂ A A
] & b i

jA A‘;J",h,#t nL -Jlf -ﬁﬂix&iwﬁ mﬁmh Jiemd ;m PuoaiT A M M Q-JJim e M*I ‘ Cagetl 1;':
&

I8 i::h%-ﬁal&m‘-lw!zm _dm,am EFM'?ﬂMﬂm T AT ! l e

,‘J‘d "’.

n
¥
- L

W

[ pHap [ pHap > alpha=0.05
Il ROD Il ROD > alpha=0.05

”‘._!._,4:.‘#;1‘_._ _ !_El ;}, .! ,ﬂh ,ﬂ':f#”", A;ﬂf’ 2. T W m% 5* 5",\.’ *.;w !'?QJ‘ !5!14#? u‘} l‘ﬂ‘# 1#,#&'*”". WUISLH ;:-“ ’1 f&k"ﬂﬁ?‘

| | | | | | | | | | | | |
2Mb & Mb 10 Mb 14 Mb 18 Mb 22 Mb 26 Mb

WAGENINGEN
For quality of life

30 Mb

34 Mb

38Mb




[ pHap
Il ROD

B30 3 i oI 1

‘!.'Q\t Iﬁ’*’&l s s ' 4 ‘\!":ﬂ“} j!_a_ﬁr.‘

T . 2t
REr A i !.us_ ’.e_ﬁ:,i_;‘mh
A i

Xy

A %-.M.lhe},ll-,u!;.. AN, 1

6 Mb 10 Mb

| WAGENINGENNEGE
A SOTEIG =

[ pHap > alpha=0.05
Il ROD > alpha=0.05

Non-heading

Heading

Non-heading




Conclusions

® Genetic distance more related to geographical origin (East
Asia vs. Europe) than to morphotypes

® Genetic variation within morphotypes larger (90%) compared
to variation between types (19%)

® Resequencing led to identification of unique and dispensable
genes in Turnip: additional experiments needed to select
geness for further studies (QTL, transcriptomics)

® Shallow re-sequencing strategy of many Chinese cabbages
and many non-Chinese cabbages led to identification of
selective sweeps harboring genes involved in heading

" Divergence morphotypes (.25MYA) preceeds domestication
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