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Introduction SNP Genotyping

Single Nucleotide Polymorphisms (SNPs) are the most abundant genetic marker, being Phylogenetic analysis of the SNP genotyping and SNP flanking sequence data indicate
both highly stable and reliable for high-throughput discovery and detection. They are  that the Brassicaceae grouped primarily within the proposed A, B and C lineages
predominantly applied, along with Simple Sequence Repeats (SSRs), in modern plant  (Figures 1D and 2). In the case of the SNP genotyping dendrogram (Figure 2) the Eruca
genetic analysis, genetic trait mapping, diversity and association studies, and marker sativa samples form a small outgroup due to an indel in one of the loci (as seen in Figure
assisted selection. Here we present the application of these markers for genetic 1C).

diversity analysis_ In Brassica species and yvild relatives_ fro_m an in_ter_national There is a major cluster A |
germplasm collection. An assessment of genetic and genomic diversity within these "

A[h
|

. . . . . S of the A genome
collections can be used to study the evolutionary history of wild relatives, assign lines to

. e samples, and the three
heterotic groups and help narrow the search for new alleles at loci of interest. samples from the C

genome also group.
The largest cluster

SNP Discovery, Validation and Screening seen  is  primarily c
The SNPs in this study were discovered from Brassica rapa second generation re- COmposed of B ‘ B B i v e

o b
g

D o o o o

B

N
=]

sequencing data. The SNPs were predicted to be real using alignment of short read tags ~ 9énome samples and ol
to a reference sequence in TAGdb (http://flora.acpfg.com.au/tagdb). The SNP prediction  SOME tertiary 0D, rpate
was validated using direct sequencing. Primers for five validated SNP regions were Progenitors. The B.

used for PCR amplification in wild and cultivated Brassicaceae accessions, representing deflexa consistently
28 species, obtained from an international germplasm collection. Sequence data was  9roups with  the B

BD1 Sinapis alba

BD14 Sinapis alba

BD16 Crambe abyssinica
BD17 Crambe abyssinica

age . . . . . . BD18 Crambe abyssinica

analysed to assess the transferability across the species, identify genetic diversity and 9enome  (data  not 8010 Crambe atyssinica
. . . . . . . 1 " " BD2 B. nigra

estimate phylogeny within the Brassicaceae. The five validated SNPs were also aligned Sh_OW”), |_nd|cat|ng that Genome Key P

to the B. oleracea and B. nigra tags in TAGdb to assess genome conservation. this SPECIES May have b o G0 Hraoiteiia oere

been assigned to the G - Purple A e

BD35 Sinapis alba

Incorrect lineage, which

Tertiary: Orange

will  require  further AC predicted - Black 26 Shagh doa
SNP Results investigation. S, A RS
When screened across the Brassicaceae, the SNP loci amplified best in the primary
and secondary progenitors of the cultivated Brassicas, while only a selection of the
tertiary progenitors amplified (data not shown). All loci demonstrated conservation Figure 2. Scored SNP genotypes for the five primers were compared in a phylogenetic tree, the
across the cultivated species, through PCR amplification and the identification of tags Brassicaceae samples are coloured according to the proposed A, B, C or amphidiploid lineage.

from the B and C genomes in TAGdb. Between 19 and 43 samples amplified with the 5
primer sets (mean = 70.8%). In general, PCR amplification in the secondary progenitors
was weaker than the primary progenitors and cultivated Brassicas. Direct sequencing of SSRs
these products further assessed the level of genome conservation and the suitability of
these SNP markers. The seqguence conservation varied within the SNP flanking
seqguence, identifying numerous indels and additional SNPs (Figure 1C).

Selected SSR markers, representing linkage groups across the A, B and C genomes,
were screened against 48 Brassicaceae lineages generating 562 alleles. This data Is
currently being analysed along with the SNP data to clarify the genetic relationship
between the lineages.
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name polymorphism hits tags Prediction validation BD10 G. abyssinica
SNpq  LSNPIF AAAGGTTGCTATTCATGAAGCC 0 108 Real Real ——BD11 G. abyssinica
SNPIR___| AACCTCGAGAGAATGGCAGGT GIC : _ _ _ L BD36 L. campestre
SNP2F CCCTGAGTAGATTATCCCTG ea ca — ; '
SNP2 / SNP1 _BD1_Sinapis_alba AAGCTGAGETTATATCCCCGAAGT TEATT TT CAAT -GG ——————————~ BD28 C. bursa pastoris
SNP2R TCTCAAGATCTTTACCAAAT CiG T — BD43 B. tournefortii
p— TCCOGTTACTACCAGCCAAG ) Real Real SNP1 BD14 Sinapis alba AAGGTGAGETTATATCCCCGARGT TGATT TT CAAT-GG-——————————~— : I
SNP3 0 SNP1 BD6 Sinapis alba AAGGTGAGGITATATCCCCGAAGT TGATTTT CAAT-GG———————————— BD44 B. tournefortii
SNP3R TGATGTAGCAATCAATACCTT TG SNP1 _BD35 Sinapis_alba BAGGTGAGETTATATCCCCGAAGT TEATT TTCAAT-GG-——————————~ Genome key I BD45 B. tournefortii
oNpg | SNP4F GTCGGTGTCTTTCATCTTCA 0 100 Real Real SNP1_BD9 B. carinata AAGGTGAGGPTAT--CCCCGAAGT TGAGT TTCTAT-GGATGCATA-——— A Green BD15 G. abvssini
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SNPS - heR ACTCTCTGTATGTIIGTATAA GIC SNP1_BD38 B. nigra_var. abyssi AAGGTGAQETTAT--CCCCGAAGT TGAGT TTCTAT-GGATGCATA ———— C:Red - BD14 S. alba
' SNP1_BD48 B. deflexa subsp. le AAGGTGAGETTAT--CCCCGAAGT TGATT TTTAAT-GEATGCATA- ———— BC : Purple BD29 D. tenuifolia
SNP1 BD47 B. deflexa AAGGTGAGETTAT--CCCCGARGT TGATT TTTAATAGGATGCATA- ——— - o
.. . SNP1 _BD30 Hirschfeldia incana ARGGTGAQGITAT- —CCCCAAAGT TAATT TT CAAT— GGATACATA ———— BD39 B. nigra
B S N D am DI Ifl Catl O n SNP1 BD31 Hirschfeldia_ incana AAGGTGAGGTTAT--CCCCGAAGT TAATT TT CAAT-GGATGCATA- ———— i BD32 S. erysimoides
. SNP1_BD26 B. montana AAGGTGAGOITAT--CCCCGAAGT TGATT TTCAGT-GEATGCATG-———— Tertiary: Orange 1 BD33 Sisybrium sp.
Taxon Genebank | Sample type Gene Pool SNP1 SNP2 SNP3 SNP4 SNF5 SNP1 BDZ 5_B._Ipontana AAGGTGAQCITAT-—-CCCCGAAGTTGATTTTCAGT-GEGATGCAT G————— AC predicted - Black BD35 S. alba
B barolien Spain wild secondary? Y N Iniested SNP1 BD22 B. incana AAGCTGAGCIITAT--CCCCGAAGT TAATT TTTAGT-GGATGCATG-——— - _
B carinaia Eihiooa | landrace allotetraploid Y Y Y Y SNP1_BD3 Matthiola longipetala AAGGTGAGETTAT--CCCCTTAGT TEATT TTCAGT-GEATGCATG-——— - i BD12 E. sativa
B caninat 5 k"tj and allofetraploid v v Y v SNP1_BD4 Matthiola incana AAGGTGAGETTAT--CCCCTTAGT TGATT TTCAGT-GEATGCATG-———— ™ 1 BD21 E. sativa
5 ;a;”a = Ta I:S A a_':d e secondary? Y N ™ SNP1 BD41 B. ruvo AAGGTGAGETTAT--CCCCTTAGT TGATT TT CAGT-GGATGCATG-——— - BD48 B. deflexa subsp. leptocarpa
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B. deflexa subsp. lepiocaipa | Iran wild onealy v v v —— SNP1_BD37 _B. rapa_subsp. nippo AAGGETGAQCPTAT--CCCCTTAGT TGATTTT CAGT-GEATGCAT G- ———— — - barrefiel
B.incana (94671) ltaly wild primary. - SNP1 Scaffold AAGGTGAGGITAT--CCCCTTAGTTGATT TTCAGT - GGATGCATG———— - BD 34 B. oxyrrhina
B. incana (94696) ltaly wild : plrl'":atw o v v v v v SNP1 BD28 Capsella bursa-pasto ARGGTGAQGTTAT--CCCCGARGT TGATT TT CAAT- GGACGCATG-———— BD? B. niara
B. juncea China advanced cultivar a’o'etrap ol SNP1 BD20 Crambe abyssinica AAGGTGAGGITAT--ACCCAAAGT TGAAT AT ARAC-GEATGCATG————— — | -nigra ) )
B. juncea Pakistan | breedersline allotetraploid Y Y Y Y ' SNP1 BD19 Crambe abyssinica AAGGTGAGGITAT-~ACCCARAGTTGAATATARAC-GGATGCATG— ———— : BD5 B. souliei subsp. amplexicaulis
B. maurorum Algeria weed primary_ ' N N ested N SNP1_BD17 Crambe abyssinica AAGGTCGAQGTTAT--ACCCAAAGT TGAATATAAAC-GEATGCATG-———— BD4 M. incana
B.montana ltaly wild primary Y Y Y ! ' SNP1 BD18 Crambe abyssinica AAGGTGAQGTTAT--ACCCAAAGTTGAATATARAC-GGATGCATG————— BD7 B. i
i rimary? Y Y Y N ~ - - . . juncea
B. montana France wild primary i ! ! SNP1 BD16 Crambe abyssinica AAGGTGAQGTTAT--ACCCAAAGT TGAATAT AAAC-GGATGCATG-———— BD13 B. |
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B_nigra var. abyssinica Ethiopia traditional cultivar/landrace | diploid progenitor | Y Y Y ntesfed Y SNP1 BD43 B. tournefortii RAGGTGAGTTTAT--TCCCAAAGTTGAATACARAC-GGATGCAT-——-GT 1 BD31 H. incana
B. oleracea var. gongylodes | Austria unknown diploid progenitor | Y Y Y Y Y SNP1 BD27 B. tournefortii AAGGTCGAQTITTAT--TCCCAAAGT TGAATACAAAC-GGATGCAT-———GT BD41 B. ruvo
B. oxyrmhina Australia | wild secondary’ Y N N ntested N SNP1l BD44 B. tournefortii AAGGTGAQTTTAT-—TCCCAARGT TGAATACARAC—GGATGCAT————GT -
B_rapa subsp. campestris Algeria landrace diploid progenitor | Y Y ntested SNP1_BDA5 B. tournefortii AAGGTGAQTITTAT--TCCCARAGTTGAATACARAC-GGATGCAT————GT BD16 C. abyssinica
B. rapa subsp. chinensis China traditional cultivarlandrace diploid progenitor Y Y Y ntested Y SNP1 BD4& B. barrelieri AAGGTGAQTITTAT--TCCCGAAGTTGAATATARAC-GGATGCAT————GT BD17 C. abyssinica
B. rapa subsp. nipposinica Japan traditional cultivarlandrace diploid progenitor Y Y Y ntested Y SNP1 BD34 B. oxyrrhina AAGGTGAGTI TAT--TCCCGAAGT TGAATATAARC-GGATGCAT————GT BD18 C. abvssinica
B. ruvo ltaly advanced cultivaroleraceae | primary? Y Y Y ntested Y SNP1 BDZ S_Diplotaxis_tenuifoli ARAGGTGCYATTAT-—CCTCCAAGTTATATATARAC-GCATCCATATTTGT ' y o
B. souliei subsp. amplexicaulis | Australia | unknown secondary’ Y Y Y Y Y 0 R - Rwo | BD19 C. abyss!n!ca
B. spinescens Algeria wild primary’ N intested Y BD20 C. abyssinica
B unefow pusela_{wig seconday ™ YL 1Y L oweer [ BDS B. carinata
. tournefortii rance wi ) ! =1EL ! .
B. tournefortii Spain wild secondary'? Y N Y sted | BD9 B. Carlnata N
B. tournefortii India wild secondary'”? Y N sted . . BD38 B. nigra var. abyssinica
Capsella bursa-pastoris Australia__| wild ferfiary Y sted Y ( : S N P I:I k q I BD23 B. oleracea
- a'n Ing Se uence ana ySIS i BD37 B. rapa subsp. nipposinica
L BD42 B. rapa subsp. chinesis
——— BD40 B. rapa subsp. campestris
- F‘I"rsm'fe’ﬂfa e BD27 B. tournefortii
— )31 Hirschfeldia incana . . .
N . BD3 M. longipetala subsp. bicornis
BD17 Sinapis alba .
o BD22 B. incana
D35 Sir J /b, .
B;: c.bqa"_sa,ha I BD24 B. incana
s i i BD25 B. montana
Sinapis alb
s S 1 BD26 B. montana
99 | I I I I | I I I I | I I I I | I I I I |
' I k d 0.86 029 091 054 056
— D. Flanking sequence and SNP Cosfhicient
— BD9 B. carinata
78

- === | genotyping dendrogram

Figure 3. Phylogenetic tree using 562 SSR alleles scored against 48 Brassicaceae samples.

LF s Phylogenetic analysis of the SSR alleles across the Brassicaceae showed the species
grouping together in the dendrogram (Figure 3) with some clustering according to

i s uret Genome key genome origin. The samples which do not group as expected will be investigated further
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Conclusion

BD41 B. ruvo

o We have demonstrated that SNPs and SSRs can be utilised for genetic and genomic

analysis of the Brassicaceae. With a small number of markers relationships between

Figure 1. The screening process, from SNP validation (A) and testing, (B) to amplification and the genomes can begin to be resolved. SNPs from B. rapa can be used to successfully
sequencing of the Brassicaceae (C) and phylogenetic analysis (D). The SNP flanking sequence genotype the Brassicaceae and a larger panel of markers is currently being genotyped.

variation shows samples grouping into their proposed A, B and C genome lineages.
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