Identifying the functional bases of trait variation
in Brassica napus using Associative Transcriptomics

* Brassica genome structure and evolution
» Genome framework for association genetics

 Establishing marker-trait associations
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GENOME RELATIONSHIPS BETWEEN SPECIES - "U's TRIANGLE"

B. napus

(oilseed rape/Canola, swede)
AACC 1200 Mb

/N

B. oleracea B. rapa
(broccoli, cabbage, efc.)  (turnip, Chinese cabbage, efc.)
CC 650 Mb AA 550 Mb

/ N\

B. carinata «—— B. nigra —— B. juncea

(Ethiopian mustard)  (black mustard) (brown mustard)
BBCC 1250 BB 600 Mb AABB 1150 Mb
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MULTIPLE ROUNDS OF POLYPLOIDY/DIPLOIDIZATION

Ancestral species
Genome duplication
Polyploidy A 35 mya Polyplaidy * Model system for the
Diploidisation  Ancestral Brassicaceae Diploidisation |mpGC1'S Of pOIYP|O|dY on
the structure of plant
20 mya Genome genomes
Divergence triplication
18 mya .
Polyploidy * Molecular genetic
Ancestral Brassiceae Diploidisation analyseS, par--ricular-ly
3.7 mya comparative, will be
Divergence pr'Oblema 1'iC
Brassica oleracea Brassica rapa
Hybridization
<10 kya v
Polyploidy
Brassica napus Diploidisation
Arabidopsis l
v ‘thaliana
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GENOME MICROSTRUCTURE IN "DIPLOID" BRASSICA SPECIES

Contig D Arabidopsis Chr 4 Arabidopsis Chr 5
Contig A
D.moo003 | A Contig F _/Augwmn A A | AtsgaTTTO
Atag17170 | A A | atsgareao——A| Amo0000s
F.m00002| W Atdgi7180 | W v | Atsgareso——¥ | Amovoos
g17190 | A g4 Am00002
A | asgareso——a| Amoooos
D.moooos | & £.m00003| A- 917210 | A v | Atsgares0——¥ | Amooo11
D.mo000s | ¥ F.m00008 | 'y 917215 |7 A | Atsgareso——A| AmooD12
D.moooor | & F.m00009 | A- Atdg17220 A‘\' At5gaTE3s Contig B Contig C
F.m00010 Atdg17230 A Al5g47630———4 | A m00006
F.m00013] A Atdg17240 | A At5ga7620—— | Am00o16—— | B.moo4or. €.m00002
Atdg17245|W W g4 €.m00427
D.moooos |'V Atdg17250 |' WV | At5g47580
v g4 v| A B ¥ | c.moooos
D.m00009 | ¥ ——————————————F.moooz1 |y Agi7260 | W —F | Aisgarse0——y | Amoooi7—— | B.moocos~<__¥ | c.moooon
v | Atsgarsso——F | Amooots ¥ | B.moooo: ¥ | c.moooto
D.m00063 | ¥ Atag17270 | ¢ ——¥ | Atsg47540—— W | Amoo021 v B‘mDIINT\
A | atsgarsso———4 | Amooozz. A | B.mooo11 ¥ | c.mooo11
v g4 v| A v B‘monon-_\___v €.m00014
F.m00023] A———Atag17280 | A A asgarsio——A | Amoooze: —\V €.m00015
F.mooo24| W——Atag17300 | ¥ ¥ | Atsgarsoo——wy | Amooozr 4\3 €.mooote
Atdgi7310 | A A A\ g mooot ¥ | c.moooze
F.m00034] W———Atdg17340 | V. A g4 A BmOOOl:SA €.mo0024
D.moooto| ¥ +.mo003s| ¥ -Atag17350 | ¥ A | Asgs7a7o—A| Amooozs ——4A| c.mooozs
Contig E F.mo0036| A——arag17360 A\v Atsgaraso——V | Amoooze ¥ | c.mooozs
D.m00o11| V- Atag17370 |V A | At5ga7ass——A| Am00030 A | c.moooze
E.m00604 | V—"] Atdg17380 |7 v 941 v| Amoooaz v | c.moo032
D.m00012 | A ——————————F.m00037] A———Atdg17390 l\' At5g4TA40 ¥ | c.moo033
F.m00039 Aug17at0| ¥~ ‘A | aisgar A | c.moooss
F.mooosaf A Aragi7420 A\ Asgarazo— | B.m00020
F.m00055| A Atdgi7430 | A A g4 A| Amooses A | c.mooazt
D.m00014 F.m00060 Atsge A 8.m00021
D.mo000ss |V F.m00062] P———Atdg17440 |V V| asgerzso —— V| B.mo0022
D.m00018 F.m00070) 917460 | v ——— | Atsga7370 B, €.m00036
Atdg17470 | A 7 g4 V| c.moo4za
D.mooo19 | A €.m00569 | e—— F.mooor1 A<Aug17mn A A | arsge7350 ———]) A amunns7l ©.mo04as
At4g17483 | 4 -A msyvun——:g A | B.mo0414
D.mooo20 | A €.m00588 | b —————————————Awdg17486 | 4 A A|59‘7330"_4
E.m00030 Atdg17490 S At5ga7310 A | c.moooat
iamgnmn %‘ msgarado — § Al Bmoossz____A| c.moooss
0.m00021 | A 917510 | A At5g47230 Bm0s034——-A | ©.moo0sz
D.mooo2z| W £.m00046 | W Aug17s20 ¥ N Aqsqnzzn—::' Amooosr<——,, | &mososz
D.moo023 | A £.m00047 | & Atag17530 | A ¥ | asge7210—— | Amooose: v | B.moooss
D.m00025 | A E.m00048 | A -Atdg17550 A\A At5ga7200——A | Amoooss——4A | B.m00430
E.mo004s | V- Atag17se0 |y ¥ | AtsgaT1o0 v | B.mocos?
E.m000so | & Atagi7sTo| A w| asgariso——y| Amooosz ¥ | 8.moooss
Ardgi7580 | A Al AsgaTiso——A| Amoooss
D.m00026 | W Atag17600 |y, A | Asgar1a0— A | Amoooss. A | B.moo0SS
D v Atdgi7615 '\‘ Atsga7i20— A | Amoooss. A | B.movost
D.m000ss | 7 Atdg17620 |7 V| Atsge7110——w | Amooo73——w | B.moaos2
D.mo00sa |y Atdg17e40 |y w| Atsge7100——w | Amooors. v | 8.moooss
E.m00646 | ' ——————————————Atag17650 |y A | Amoosos
E£.mooo67 | W —_Contig G _—Atdg17660 |y A msgnogn7éA Am00600
D.m00027 | A Atag17670 \v At5g47080.
D.m00029 | A .m0000s| '\_\AMMTEW :\V At5g47070——W | A.m0008E ¥ | B.mooaze
D.moo030 | 'y E.m00640 | A——6.m00008] L\\Augnsnn '\A Atsga7060—A | Amooos7
Emoosealh— Atdg17695 | A A | Asgazoso
D.mo0041 | A G, T\lmg171|ﬂ \ At5g47000
D.moooaz| 4 —— | G.mo0009) V. Aag17720| A4 | Atsgeseso
D.movoda|y — T Audgi7730 'E‘ At5g46870
Dmoooas|A——" G.moosa| i Aug17740| A w| Atsgassso
__—_________———\__‘Mgﬂﬂﬂ A Cellular comm al
Dmoo0ss |V ——" ___——G.m00017| '\Aﬂgﬂ’l&ﬂ v
D.m00052 V__________— Atag17770 |'Y Transcription
pmososs| A _ ——G.moo3sy \mgnvm
D.m00054 G.mo00zé} V\Ammnas A Other functions
D.mo00ST v%s‘mwz A§A:-91nsu
D.m000BS v/ﬁmbﬂu? \ldsﬂﬂﬂﬂ A Known gene; unclassified function
Omoset ‘%W )~y
m i " i
D.m00060 '/G 06358 vk\\m,;wun A Unknown protein
D.mooos1 | A G.m00351 V>Ar‘g178!ﬂ " .
G.moo3s2| V- Atag17860 At5g46810 &, Putativeipioteln
omooosz| ¥ G.mooos7| ¥ Augi7ern At5g46790
G.m00048 Atdgi7880 At5ge6760

Example (Brassica oleracea)
* Triplicated genome - paralogues

» Extensive collinearity between
protein-coding genes in Brassica
and Arabidopsis

» Extensive interspersed gene loss

« Evidence for transduplication of
genes/gene fragments
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COMPARATIVE ANALYSIS BETWEEN BRASSICA SPECIES

g

Fedl— B rapes A
pgel>= 5. pleracea © O

Comparison of genome microstructure
across orthologous genome segments
in B. oleracea, B. rapa and both
genomes of B. napus
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* High collinearity between protein-
coding genes in A and C genomes,
as represented in diploids and
B. napus, but some breakdown

ap

* Considerably more interspersion of
transposon-related sequences in
gene space of C genome
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POLYMORPHISM TYPES IN A POLYPLOID

Genomic sequences Called bases
Diploid B. rapa
Chiifu locus AGCTACCT AGCTRA|IC|ICT
Kenshin locus AGCTATCT AGCTA|T|ICT
simple SNP
Allotetraploid B. napus
: I ] ] ]
Tap!dorlocus AG:C:T A:c:c T aclvlr alele T
Tapidor homoeologue AGT.T A:1C.CT
A
Lo Co
. I 1 I I
ngyou?locus A G C/T ATCT aclvlr alyle T
Ningyou 7 homoeologue AGITIT AiICICT
| i I !
inter-homoeologue polymorphism hemi-SNP
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Brassica rapa:

GENOME SEQUENCING
284 Mb gene space sequenced

41,174 gene models

B RTs [1-5086 | 15.05 BN RTs 1-4598 | 14.62
Al DNA-TEs 0.17-16.717.26 A2 DNA-TEs 1-16.03 | 6.75
’v gene (introns) | 1-4197 | 19.88 = -, gene (introns) |1 - 35.96 19.99 =
= d gene (exons) |1-19.97 10.5 g gene (exons) |0.59-19.98] 10.3 e
i range avg e range avg o
[~ 5| BEEs 1 & N LTR-RT/ gypsy 0.1-49.46 |6.63 =3 TN I || L TR-RT/ gypsy 0.08 - 58.21| 6.4 =
S N R W GHE 10 0§ W W BE [TR-RT/ copia 0.74-29.05[10.23 5 IR 0 R0 )RR I L [TR-RT/ copia 0.46-26.08] 10.15 g
DNA-TE/CACTA __ [0-0.06 __ [0.0 ® I B BN BN DNA-TE/CACTA  [0-0.01 0. =
— L L Il B DNATE/MITE 0.01-0.03 [0.0 N N 1 BN DNA-TE/MITE 0.01-0.04 [0,
JEEEEL O @ BN BE B0 0 IEEEEE  genes (exons) 1-3267 [17.74 T T T L % M genes (exons) 1-2997 [16.94
oM 1nM 20M r = 10M 20M
. RTs [1-36.92 1042 | N RTs [1-26.65 [14.25
A3 DNA-TEs  1-1586 | 574 | A4 DNA-TEs  (0.5-14.48 [7.33
I'VWMMWW gene (introns) |1-40.22 | 24.24 | = Ww gene (introns) \1 3278 1822 =
gene (exons) |1-2086 1211 = E Len A gene (exons) |1-15.86 | 10.25 ]
o range | avg | E=) 1 range avg o
|1 W D N I | | TR-RT(ysy 0.16 - 29.01[ 3.07 = I . S LTR-RT/ gypsy 0.12-239 (499 | @ =
B0 J0 W DWW NS RS0 NN N W LTR-RT/ copia 0.39 - 27.83(7.39 8 W § W WD WEEE NAON ) N (TR-RT/ copia 0.49-30.25[9.7 s
NN DNA-TE/CACTA _ [0-0.05 [ 0.01 = DNA-TE CACTA 0-0.16__ [00 ®
I S S M DNA-TE/ MITE 0-003  [0.01 O O W ONA-TE/MITE -002 |00
T I T MRS I O S I genes (exons) 1-29.34 [20.83 T Jan BENINI | genes (exons) 1-2593 [ 16.
oM 10M 20M 30M m RTs 1-64.39 [ 158
W RTs 1-5566 | 16.38 AbB DNA-TEs 0.12-15.41
A5 DNA-TEs |0.23-19.48 6.86 - gene (introns) |1-43.09 ; =
| gene (introns) [1-36.53 1974 | M= gene (exons) |0.94 - 21.87| 11. g
= gene (exons) |1-21.07 10.17 b | __range e
fange avg S I | 1] LTR-RT/ gypsy 0.16 - 83.16 =
1w LTR-RT/ gypsy 0.07-68.27/835 | = = SN EEEDEEED O CR N I LTR-RT/ copia 0.88 - 23.89 g
S 0 W |0 B 10 0 BN P LTR-RT/ copia .58 - 27.08]8.79 5 ] ] ll- NA-TE/ CACTA 0-0.02 =
L Ii‘—— A- / CACTA -0.03 0 = 8 B B B | EEN DNA-TE/MITE 0-0.04
A-TE/ MITE 0.01-0.05 [00 JEE - [ 1 - I | W W genes (exons) 1-30.36
=& B ImEETw 0 8 genes (exons) 1-32.6 17.5 oM 10M 20M
il 10M 20M ‘ B RTs 1-3925 [13.91]
BN RTs [0.78-50.92] 13.07 DNA-TEs 11541 (732
A7 A g::: Eﬁsmns) H ;‘éga "’?’9024 _ ASWW gene (introns) [1-4159 | 20.84 | M-
U L i el w“\ Eis s o vl b= gene (exons) |1-2156 | 1042 @ &
|_ronge . = 10 TR-RT/ oorgng:s 36 631\’29' =
I — LR : = e LTR-RT/ gypsy s
JRRI gyosy 016857 1892 = RS 1 1§ W00 W [TR-RT/ copia 0.49-30.07[916 s
| W] e | LT 1 8.03 8 e [y 2
R E——— ONACTE] i ‘02 oo = A SR8 S DNA-TE/ MITE 0.01-0.05 [0.01
| I I DNA-TE/ MITE 0-0.03 0.0 —
] IS B F 00 S E W genes (exons) 1-33.37 (1811 w0 w NI WM ST genes (exons) 1-34.34  |17.64
oM 10M 20M — O oM T [1-4141 (1413 |
s DNA-TEs  [1-13.87 | 584
DNA-TEs A
! . gene (introns) [1-38.95 | 21.43 | =
WNW\MWW e toos) E gene (exons) [1-222 | 1245| & B
gene (exons) g range | avg | o
- T S S | B EESEI LTR-RT/ gypsy 0.12-48.87|7.52 =
TN N | . LTR-RT/ gypsy : =3 DRTT e - oy
N SR LR conn . Tl — I;i
21 - ¥ N S S W ONA-TE/MITE 0.01-0.03 [0.
H N | _- BN N DNA-TE/MITE ! l i SN IED W genes (exons] 1-3328 T10.82
[ L UL AR R R m am Il genes (exons) 1- 29 98 17.47 oM 10M
oM 10M 20M 30M

Identifying the functional bases of trait variation
in Brassica napus using Associative Transcriptomics

31st March 2014

Ian Bancroft




GENOME - SCALE COMPARATIVE ANALYSIS
Brassica rapa genome sequences aligned to A. thaliana and related to AK
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GENOME - SCALE COMPARATIVE ANALYSIS
Differential gene loss from Brassica rapa paralogous genome segments

Proportion of orthologues retained (%)
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GENOME SEQUENCING

Brassica oleracea: 540 Mb gene space sequenced

44,940 gene models
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« Genome framework for association genetics
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GENETIC VARIATION

* Genetic variation controls productivity and quality of crops

« Both gene sequence variation and gene expression variation are important

A
AG
NP AA Coding
. o o . ® A - = —p Strand
( lllllI'-lllllll A ,Illllllllllllllll DNA

Template

Coding

: \—) Strand
mMRNA
/ -\‘\\ o q Growing peplide chai
L AN~

C

.‘p.v““\
Outgoing \
empty tRNA v C\
v

Template
Strand

Altered protein ) e

(enzymes, regulators, etc.) Peptide Synthesis (enzymes, regulators, etc.) Peptide Synthesis

Identifying the functional bases of trait variation
in Brassica napus using Associative Transcriptomics

Ian Bancroft 31st March 2014




USE "FUNCTIONAL GENOTYPES” FOR MAPPING
Unigene reference sequence

CTATGTCCCGTGAARACTCAARAR ACTCTCCTGCGA)

GTGAAA
GTGAARA

GEtGAARACTCAARACAC
GTGRARACTCAARA 'ACTACTCTCCTGe:
CAAARA TACTACTCTCCTGCGA|

TCTTCAAGGGTCTCTTG C G GTGAARACTCAARARACACTACTC TCC TGLGA
mRNA é TCTTCARGGGTCTCTTG CTe CCCGTGARAACTCAARACHCTACTCTCCTGLGA
cTTe = c AACALC :

3,000,000,000 bases of
sequence per plant
(~ one complete human genome) §

Ningyou 7
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SNP DETECTION USING ILLUMINA SEQUENCING

 Established reference sequence based on the 94k unigenes
(EST assemblies) used for the community Brassica microarray

 Conducted Illumina sequencing runs on two cultivars
(Tapidor & Ningyou 7)

* Used components of M.A.Q. for sequence alignment and SNP calling

* Bioinformatics processing of data for the detection of putative SNPs
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INTEGRATED SNP DISCOVERY AND ASSAY

Transcriptome SNPs distributed throughout gene space

Can be converted to DNA-based assays for marker-assisted selection

NOT dependent upon having to first discover polymorphisms before
analysis of sequence variation

Adapted bioinformatics pipeline to simultaneously identify polymorphic loci
(positions within Brassica unigene reference sequences), assess suitability
for use as markers across panels of lines and produce scoring strings

Identifying the functional bases of trait variation
in Brassica napus using Associative Transcriptomics

Ian Bancroft 31st March 2014



UNIGENE-BASED ALIGNMENTS BASED ON BLAST SIMILARITY
Unigene:SNP coordinate

Alignment to AGI models : :
| AII}Ie scoring strings

Y v

Alignment to genome sequences
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OF ZFFiFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFRFFEF
JCVI_6069:704 AT4G34200.1 Scatteld000097 505973 814C Y B B AA UBABAUBUBAAGBIEBAAABUEBUUUBUBUBUBIUBUBAAAAAUGBATUB A
JCVI_6069:710 AT4G34200.1  ScattoldOD0097 505973 814C M B B A A U B A B A B B A ABUBUAAIBUBWUWUUBUBUBUBDBUBAAAAAUBAUB A
1CVI_34283:459 AT4G34430.1 ScatteldODO0Y7 593251 814C ¥ B B U U B B A B A BBAUUBUBAAAIBUBAUIBUBUBUBBIBAAMAAAUBAUB U
JCVI_34283:343 AT4G34430.1 Scaffold000097 593251 814R A B B A A BB AUAUBAAGBUBAAAGBUGBAAZBUZBS B GBI GBWUAAAAUBATUB U
ICVI_7890:204 AT4G34640.1 Scaftold000097 697187 814T Y B A B B A ABBAAABUBUBUBASBAAIUBAAUBUEBEAASBAUAUSBAAATUB A
ICVI_4009:345 AT4G34670.1 Scaffold000097 702318 814C M B B A A B B A B ABBAAUUBAAATZBUGBAAUBU B BUB DB UBAAUAAUBAUB A
JCVI_4009:255 AT4G34670.1 Scafteld000097 702318 814Y T B B AABBABABUBAABUBAAABUAAUBTGBUBEBTUBUBAAUAATDBATUBA
JCVI_4009:156 AT4G34670.1 Scaftold000097 702318 814C M B B B A B ABAUBAABAABASBAAAUBIUBUBAAAUBAGB GBUAAUBATUB A
JCVI_4009:669 AT4G34670.1 Scaftold000097 702318 814R A U B A A BB ABABUAATBUBAAALUBAAGBUGBUGBASBUAAAAAZEBUZUB A
JCVI_5729:517 Scaffold000097 759664 814T W B B A B B B B ABZPBDBUBUBUBUPBTGBI BAAAASBAEPBATGBU BT BUUBUGBAUBTU B A A
JCVI_5729:748 Scaffeld000097 759664 814A R B B A B B B B A BB B B BB UBUBUBAAAABAUBASBI BUAUBUGBAUBUBAA
ICVI_5729:290 Scaftold000097 759664 814T K B B UBBUBAUBTUBUBUBUBUBABUGBUBAAAABAUBASGBUGBUBAZBUGBAUBTUGB A A
JCVI_5729:750 Scattold000097 759664 814A W B B A B BB B A BBEBBEBUEBUIBZEBUAAAAEBUIBAZBIUBUEBAIBUBA AU BUBAA
JCVI_5729:326 Scatteld000097 759664 814A R B B B B B U B UB BB B BB UBBBUWUAAUBWUZBAUBUBUGBAIBAAUBUBA U
JCVI_12696:940 AT4G35090.1  ScatteldO00097 876853 814C Y A B UBAAB UBUBAADBU BUBIBAAAAUBAUBIU BUBUBUBAIBUBAIDBAUDBATGB B
JCVI_12696:1324 AT4G35090.1  ScattoldU00097 876853 814R G B B A B A ABE A BEBEAAAEBUBIEBUZEBUBEBEAAEBUBWUASB DB UBUEBUBUBAAAAAA
JCVI_28018:639 AT4G32140.1  ScattoldODO187 10821 815 R G B B A A B UABAUWUAAUBUZBAAAIBUBAAIBWUIBWU®BUUAMAAAUBAUB A
JCVI_28018:1138 AT4G32140.1 Scattold0OD0187 10821 815Y¥ C B U A A BB A UABUAAEBUZBAAAEBZBAAEBUUBUUAAAAAZBAUB A
JCVI_639:789 AT4G32150.1  Scattold000187 18324 815G K B B A A B B A B A B BAAUBUBAAAIUBUGBAAUBUGBUBUBUBUBAAAAAUBAUB A
JCVI_16397:622 AT4G32180.1  ScattoldU00187 25484 815 T Y B AB B AAUBUBAAAUBUBUGBUBAZBAAIPBAAIBUEBUBASBAAAUBUGBAAAUB A
JCVI_16397:94 AT4G32180.1  ScatteldO00187 25484 15T Y B A B B A A B B A A A BBUBUBAIUBAAIBAAUBUBUBAUDBAAAU B GBAAAUB A
EV119370:596 AT4G32180.1  ScattoldO00187 28497 815G R B B A A B B A B A BBAAUBUBAAAIBUBAAUGBUBUBUBIBUBAUAUAUBAUB A
EV119370:230 AT4G32180.1  Scattold000187 28497 815R A B B A A BB ABABUBAAGBZBAAABUGBAASBUGBUBUBIZBUBAAAAAUGBAUB A
EV119370:263 AT4G32180.1 Scattold000187 28497 815Mm C B B A A BB A B ABBAABUBAAAEBUZBAAEBUB BUB B GBAAAAAUBAUB A
EV119370:233 AT4G32180.1  Scatteld000187 28497 8158 G B UA A B B A B ABBAAUBUBAAAIBUBAAIBUGBUBUBUBUBAAAAAUBAUB A
EV119370:614 AT4G32180.1 Scatteld000187 28497 81sY € B B A A B UA B AB UAAUDBUAAAIUBUBAAT BUGBUBUBU BUAAAAAUBAUEB A
EES31667:217 AT4G32330.2 ScattoldO00187 61525 815C Y B B A A B B A B A BBAAEBSBUAAEBUBAUZBUB BUBDBDBAUAAUUBATUB A
EE531667:230 AT4G32330.2  ScattoldODO187 61525 815 Y C B A B BAAUDBUBAAAUBUBUBUBABA AAUBAAGBU BUBAIBAAUUBUBAAAUB A
JCVI_3408:264 AT4G32330.1 Scattold000187 110479 815Y T B B A A BB A B ABBAAUBUBAAAEBUBAASBUB BUB GBI BAAAAAUBAUB A
JCVI_3408:646 AT4G32330.1 Scatteld000187 110479 15A M B A B B A A BB AAAUBUBUGBUBAGBAAGBAAUBUGBUBAUBAAUUGBUGBAAATUB U
JCVI_7045:298 AT4G32470.1 Scattold000187 136533 15T Y B B A A B B A B ABBAAUBUEBAAAIBIUEBAAUBIUGBUBUBUGBUBAAAAUWUAUB A
JCVI_7045:164 AT4G32470.1  Scatteld000187 136533 815s€C §S B A B B A A BB UAWUZBUBUBUBAIUBAAIBAAUBUBUBAUAAAUBUGBA AAAUB A
JCVI_27824:419 AT4G32600.1 ScatteldODO187 176160 815A R B B A A B B A B A B B AAUBUBAAAIBUBWUWUUBUBUBUBUBUUUUUUBUBAUB A
ICVI_18068:737 AT2G25670.1  Scattold000187 179249 815C Y B B A ABBAUBAUBUBAASBIUBAAABUGBAAIB BUBUB UBUBAAAAAUDBATGB A
JCVI_18068:810 AT2G25670.1 Scattold000187 179249 815R G B A B B A A UBAAAGBUBUGBUBAGBAAEBAAUBUGBUBAIBAAAGBUGBAAAUB A
JCVI_18068:556 AT2G25670.1 Scattold000187 179249 815R A B A B B A A B B A AADBIEBUBUBAUAAEBAAEBUBUBAZBAAAUZBAAAUB A
EV091869:255 AT4G32610.1  ScatteldO00187 180476 815 Y C B A B B AAUBAAAUBUBUBABAAUAAELBUWUAZGBAAAEBUAAAWUA-A
EV091869:246 AT4G32610.1  Scatteld000187 180476 815K G B A B B A A UBAAAUUBUEBUAZBAASBAABUWUAZBAAAUBUAAAU A
ICVI_17976:182 AT4G31750.1  ScattoldOD0010 58380 81 M A B A B B AAB BAAADBUBUBUBAZBAAUAAIBUBIBAZGBA AAAIUBUBAAAUB A
JCVI_4028:284 AT4G31720.2 Scattold000010 65401 816G K B B A UBB ABAEBUBAAZBUBAAAEBZBAAEBUBIBUB GBI BAAAAAUBAUB A
JCVI_6862:987 AT4G31480.1 Scattold000010 122952 816C ™M B B B A B B B B B B BAAZBAUBUGBUBAZPBUBTGBIUBAABUBAABAAUZBATBEB
JCVI_6862:1077 AT4G31480.1 Scafttold000010 122952 g8lem C B B B A B B B B UBUBAAUBAIBTGB UBAZEBU BT BUBAAIBUGBAAUAAATGBATUB B
JCVI_6862:104 AT4G31480.1  ScatteldO00010 122952 816 A M B U B B A A B B AAUBBBUBAUBAAUBWUATUBUBUBAUBAAUUBUBAAAU B U
JCVI_6862:246 AT4G31480.1  ScatteldOD0010 122952 816e R A B A B B A A B B AAABBUBUBAIUBAAIBAAUBUBUBAIDBAAAUGBIUBAAAUB A
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LINKAGE MAP CONSTRUCTION USING mRNA-seq

TNDH linkage

map with 21,323 SNP markers

in 527 recomb

ination bins
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GENOME ANALYSIS USING mRNA-seq

Analysis of
collinearity with the
genome of
Arabidopsis thaliana
via 9,169 anchoring
unigenes
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UNMAPPED UNIGENES ORDERED BY MAPPED SEQUENCE SCAFFOLDS

1 unigene A Chr Start B. rapa scaffolds  Start AGI

! == Use BLAST to identify B. rapa and B.
oleracea genome sequence scaffolds
recaerios corresponding to linkage-mapped unigenes,

ATAG34710.1

bt assemble into preudomolecules

sEe representing the B. napus genome.
; Use BLAST to identify best match

e between sequence of every unigene and

AT4G34590.1

S the pseudomolecules representing the B.

ATAGE34520.1

T napus genome.

AT4G34510.1

I
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P
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UNMAPPED UNIGENES ORDERED BY MAPPED SEQUENCE SCAFFOLDS

1 unigene A Chr Start B. rapa scaffolds  Start AGI L
45240|EV141692 A8 9151176 || A_Scaffo 796364  AT4G34850.1 61 61 3 un'genes anc or‘e .ro A genome
45241|JCVI_15733 AE 9151537 795749 (AT4G34850.1 4
45242 CX192070 A8 9153474 T | AT4G34840.1 .
64,292 unigenes anchored to C genome
45244 A8 9177527 [
45245 A8 9182978
21 A8 | 9197232 A2 A3 A4 A5 A6 A7 A8 A9 A10 C1 C2 €3 C4 C5 C6 C7 C8 C9
45247 AE 9212467 AT4G34720.1 — — — —
45248 A8 9219387 . || B = | =
45243 A8 9218739 AT2G34710.1 | | || i =
45250 A8 9221365 AT2G34710.1 || =
45251 A8 . = = [ | I
45252 | EE470793 AE AT4G34700.1 E = - =
45253 | EXDEET13 AB AT4G34580.1 =i || .
45254 A8 AT4G34680.1 = =
45255 A8 ATAE34680.1 ;_"‘ —
45256 A8 ATAE34E670.1 =1 - jr— 1
45257 V432227 A8 AT4G34670.1 = ||
45258|JCVI_26743 AE AT4G34660.1 = i || B
45259 |JCVI_16353 AB AT4G34860.1 N | B
45260 EE542458 AE 3 AT4G34560.1 — =
45261 |ICVI_17875 A8 8 AT4G34660.1 ]
45262 |JCVI_TB20 A8 AT4G34840.1 - =
45263 | EE536108 A8 AT4G34840.1 B = ||
45264 1CVI_12520 AB AT4G34640.1 = = : E
45265 |JCVI_18216 A8 AT4G34530.1 = B
45266 ES2073 A 7 AT4G34580.1 . | E B =
45267 |ICWI_25534 A8 g - = — - F
45268|JCVI_32337 A8 g m =
45269JCVI_22797 A8 7 AT4G34520.1 [
45270|JCVI_36670 AE 7 AT4G34510.1 |
45271|EV163038 A8 7 AT4G34510.1 B |
45272 |CX271024 AR 7 - |
45273 |ICVI_15279 A8 9318289 7 AT2G32330.1
45274ICVI_21808 A8 9322039 7 AT4G34360.1 .
45275JCVI_18 AB 9322765 7 9 AT4G34380.1
45276 EE451883 AE 9324997 7 AT4G34350.1 | i
45277|EV221548 A8 9326235 7 AT4G34450.1 = = -
45278 |JCVI_31968 AR 9327663 7 1 = i
45279|EVD39315 A8 9333674 52 . | ] =
45280 EE518255 A8 9335725 81 |
45281 |ES269389 AE 37 ||
45282|JCVI_34283 AE 7 =
45283 |ES912981 A8 a7 |
45284 | ES898531 AR 7 =
45285 | EX091671 A8 a7 | ]
45286JCVI_23541 A8 7 | ]
45287 |JCVI_19991 AE 7 B
45288|EX127275 AE 7 =
45289 | EV085789 A8 7 | ]
45290 A8 7 -
45291 A8 7
45292 | EX079894 A8 7
45293 |EV106761 AE 7
45294| EX058924 AB 7
45295 | E59847 A8 7 e [ D ]
45296|ES812902 A8 7

Atlg At2zg At3g Atdg AtSg
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BEST UNIGENE SEQUENCE MATCHES TO A AND C GENOMES

Rearrangements between A and C genomes (as represented in B. napus)

48,442 unigenes “’% B e ENEXS N L / 4
collinear between " S
cs @ | P A I
genomes = - /2 R C
1 .
7 e Ny
(BLAST-mapped 1E-30 to ! T / e
both genomes, filtered to = R A
exclude those with cs S
inconsistent cross-genome n 4T
matches for both flanking . i | o B e
. = s 1 ) 8 20 7Y -
unigenes) I B / a
1N N A
c3 ! :
c2 % ER D
c1 B
m_ W TR T
N EEE T W T W .
A2 Ad A6 A8 A10
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BEST UNIGENE SEQUENCE MATCHES TO RAPESEED GENOME

Good (but not perfect) collinearity between diploid-based and B. napus-
based pseudomolecules representing the B. napus genome

A genome Cgenome
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Identifying the functional bases of trait variation
in Brassica napus using Associative Transcriptomics

« Establishing marker-trait associations
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ASSAY OF SNPs ACROSS DIVERSITY PANELS

Transcriptome SNPs identification and scoring as for mapping populations
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RELATEDNESS ANALYSIS
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POPULATION STRUCTURE ANALYSIS

STRUCTURE analysis across 83 B

. napus accessions
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ASSOCIATION GENETICS

Linkage Disequilibrium analysis

B Trait data from field samples
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VISUALISING MARKER-TRAIT ASSOCIATIONS

Genome-Wide Association Scans: "Manhattan plots”
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EXAMPLE OF ASSOCIATION GENETICS USING TRANSCRIPOME SNPs
Validation experiment: Linkage Disequilibrium analysis for erucic acid

content of seed oil (53 B. napus accessions)
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ASSOCIATION GENETICS USING TRANSCRIPOME SNPs: GLUCOSINOLATES

Trait of unknown basis: Linkage Disequilibrium analysis for glucosinolate
content of seeds (53 B. napus accessions)
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CORRELATE GENE EXPRESSION VARIATION WITH TRAIT VARIATION

Trait of unknown basis: Regression analysis for glucosinolate content of
seeds (53 B. napus accessions)
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IDENTIFICATION OF CANDIDATE GENES
» Association analyses provide molecular markers to support breeding

« Associative Transcriptomics often identifies causative gene variants
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TRAIT PREDICTION
Markers associated with variation are predictive of quantitative trait values

SNP-based prediction of seed glucosinolate content GEM-based prediction of seed glucosinolate content
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