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Introduction

Single nucleotide polymorphisms (SNPs) are the most useful markers for genetic
diversity study, fine mapping, association mapping and molecular breeding
because of their abundance in the genome and amenabillity for high throughput
genotyping. Oilseed rape (Brassica napus L., AACC, 2n = 4x = 38), an
allotetraploid formed from the diploid B. rapa (AA, 2n = 2x = 20) and B. oleracea
(CC, 2n = 2x = 18), Is one of the most important vegetable oilseed crops in the
world. However, development of SNP markers, genomics tools and resources for
molecular breeding in oilseed rape is very challenging because of the highly
duplicated nature of its genome.

Through the joint efforts of Agriculture & Agri-Food Canada (AAFC), DNA
_andMarks (DLM), Dow AgroSciences (DAS) and 11 other industrial partners
participating in the Brassica SNP Discovery Consortium, a large number of SNPs
nave been identified via in silico SNP discovery using existing B. napus expressed
seqguence tags (ESTs) (Chatel et al. 2008) or 454 sequencing of B. napus
transcripts and gene families (Sidebottom et al. 2010), and released to partners in
the Consortium. In this poster, we describe the selection of 1,536 SNPs for the
creation of an lllumina OPA, validation of these SNPs through the screening of
235 winter and spring ollseed rape lines using lllumina GoldenGate SNP assay,
and the use of informative SNPs to investigate the genetic relationships among
DAS oilseed rape lines.

Materials and Methods

More than 21,000 in silico SNPs were identified from nearly 500,000 ESTs from
DLM and AAFC, and 3,000 putative SNPs with high confidence were selected to
design a 1,536-plex lllumina OPA. The 1,536 SNPs in the OPA were validated with
235 winter and spring ollseed rape lines from DAS using the GoldenGate SNP
assay on the lllumina BeadStation.

Heterozygosities or polymorphic information content scores of SNP markers were
calculated according to Ott (1991). Pairwise genetic distances among the 235
lines were estimated using the ‘proportion of shared alleles’ estimator in MicroSat.
he UPGM trees were constructed using command ‘neighbor.exe’ in Phylip 3.69
(Felsenstein 2005) and visualized with Dendroscope (Huson et al. 2007).

Results and Conclusions

* [llumina GoldenGate chemistry is an efficient technology for high-throughput
SNP validation even In polyploid species like B. napus. More than 90% of the SNP
markers produced good SNP clustering patterns. Based on the clustering patterns
of the genotypes of inbred or double haploid lines, four types of SNPs were
identified, which included 3 types of intragenomic SNPs caused by allelic
variations and the intergenomic SNPs caused by polymorphisms between
paralogs (Fig. 1).

* The attrition rate in B. napus SNP marker development was high. Only 42% of
the 1,536 SNPs were intragenomic SNPs, which are useful for DNA fingerprinting
or genetic mapping (Fig. 2).

* The heterozygosities of the 569 polymorphic SNP markers ranged from 0.02 to
0.50 with an average of 0.36 (Fig. 3).

* The genetic distances ranged from 0.01 to 0.49 with an average of 0.31 between
spring lines, and ranged from 0.01 to 0.50 with an average of 0.28 between winter
lines (Fig. 4).

* The UPGMA (unweighted pair group method with arithmetic mean) trees showed
/ clades and 5 clades In the spring and winter lines, respectively (Fig. 4). The
genetic relationships among the inbred lines can help in the selection of cross
combinations in the hybrid breeding program in oilseed rape.

A:Spring lines
el LI e ——
LRI

Fi gure 1 Type 1 SNP Marker (Intragenomic, Genome Specific, AB/--) Type 2 SNP Marker (Intragenomic, AB/AA or AB/BB)
. G G
Categ ories of A genome i * =i Polymorphic G Monomorphic T
No hybridization A genome
S N P m ar kerS . T with lllumina probe T T T
G G
Cgenome __ "~ :* s Monomorphic & Polymorphic©
_ Rthian o0 C genome
A: Type 1 SNPs S ) T ; T T
(| ntragenom IC, DBSNP01704 DBSNP02176
e = M g . DBSNP00338 DBSNP01661
genome-specific) > ow R TT z Ty g 1ol s i
B sl T 080 > 120 -% Z 1.40 TTTT
: c ' B 1F @
2 ol O g N g § oxf TTGG § oulgTTCO
E oo GG E o2 - GG = o4l & = o4of
> 0 b 3 0 % S 020F GGGG S 028 ! —
"""" 02081t 1 ¢ 1 4 11 < < ; 2
B: Type 2 SNP A T " ot i ety e —— e L] ST
(I n t r ag en O m I C A genome-speciﬁc c gf\é?‘lr(r)n’glgggtgé?lc B Norm Intensity (A) Norm Intensity (A)
]
hemi-SNP) Type 3 SNP Marker (Intragenomic, AB/AB) Type 4 SNP Marker (Intergenomic, AA/BB)
Polymorphic © Monomorphic & MonomorphicT
A genome A genome
T Same SNP was G T
. observed in in both A
(_:' Type 3 SNP Polymorphic ¢ and C genomes. Monomorphic T Monomorphic ©
(intragenomic, = Rnans C genome
.
AB/AB) T G
DBSNP01618 ] DBSNP02021 DBSNP008S7 DBSNP00438
I —~ 040F -G ek | N
) X © 0.70
gé: @“‘\‘ 4 z: 0.30 ."({‘ “GGO‘ < & oeof @ A _} Q
D 080 <G @ < > osof = N
3 060f c© g 92 c@ 2 ouf |
D: Type 4 = oal l-:n..“ . < ol - o GGTT : TTGG
. - é g . @ E 020 s 20+
(Intergenomlc’ ’0‘20_00'20,:1(13250501'1"20'40'60;30 g ONIIOO'IZT ‘2309‘1402’[500%0 12- 1 | . (l )L
non-allelic) C tonmiensi; () orm niensiy (9 D o oty () Nown sty (40
s
)
Failed Assay Ty'ﬁ_l"of;NP E
8% °
(8%) =
Type 2 SNP 0
(26%) =
W
[T
o
]
Monomorphic Type 3 SNP 2
SNP (38%) Type 4 SNP (4%) £
(13%) =
0.0-01 0.1-0.2 0.2-03 0.3-04 04-05
Polymorphic Information Content
~igure 2. The validation and quality of Figure 3. The PIC scores for 569
the 1,536 SNP markers selected for polymorphic SNP markers genotyped on
lllumina GoldenGate assay. 235 winter and spring oilseed rape lines.
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Figure 4. UPGMA trees produced by genetic distances estimated from 569 polymorphic SNP
markers. Seven clades were observed in the spring lines (A) and 5 clades were observed In
the winter lines (B), respectively. Different colors were used to highlight individual clades.
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