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Summary of genome-wide SNP discovery in sweet orange (Citrus sinensis L.)
(1) Sweet orange (Citrus sinensis L.) is one of the most important fruit crops in the world. 
(2) Citrus breeding by conventional means, in general, is hampered by a long generation time, high heterozygosity, inability to produce inbred lines, and apomixis in many important cultivars. Thus, diversity within Citrus sinensis is quite limited as all known cultivars have originated by mutation, not by sexual hybridization. 
(3) Sweet orange is a diploid species, with 9 pairs of chromosomes and a small genome size (382 Mb). 
(4) Sweet orange is considered an introgression of a natural hybrid of mandarin and pummelo.
Materials and Methods
1. Sweet orange cultivar “Ridge Pineapple” was sequenced with the Roche 454 sequencing platform from shotgun libraries and a 3kb paired library and a8kb paired end libraries. The 454 sequences were first filtered to obtain high quality sequences by removing sequences with an average quality score less than 20 or 3 % N presence in a read (Dr. Chunxian Chen performed filtering). The sequences used for SNP discovery after sequence filtering are as follows:
	Library
	Number of pairs/reads
	Sequence length (Mb)
	Average read/pair length (bp)

	3kb paired
	8,904,169
	2,536.87
	284.9

	8kb paired
	6,243,911
	1,834.09
	293.7

	Shotgun 1
	12,016,608
	2,712.00
	225.7

	Shotgun 2
	6,773,235
	2,060.31
	304.2


2. The citrus genome sequence assembly (v.1) using the same set of Roche 454 sequences are available at http://www.phytozome.net/citrus.php. This version (v.1) of the assembly is 319 Mb spread over 12,574 scaffolds. Half the genome is accounted for by 236 scaffolds 251 kb or longer. The gene annotation and repeat masking for this assembly is also available. A total of 25,376 protein-coding loci have been predicted, each with a primary transcript. An additional 20,771 alternative transcripts have been predicted, generating a total of 46,147 transcripts. 16,318 primary transcripts have EST support over at least 50% of their length. Two-fifths of the primary transcripts (10,813) have EST support over 100% of their length. (The information was directly copied from the web page http://www.phytozome.net/citrus.php). 

3. BAC end sequences: The BAC libraries of the sweet orange cultivar “Ridge Pineapple” were sequenced with the Sanger technology. A total of 8, 817 BACs have 16,344 high-quality BAC end sequences with a size of 11.65 Mb, and an average read length of 713.3 bp (most of them have a paired BAC end sequences). 
4. Contig map (2010/09 version): A total of 24,442 BAC clones; 24, 021 clones in 393 contigs, and 421 singleton clones. 
5. Genome-wide SNP discovery was performed using the modified AGSNP pipeline, which has been customized for the heterozygous sequence population (You et al. 2010).  Because the same set of sequences with SNP discovery were used for genome assembly, the 12,574 scaffolds in the assembly (v.1) were used as a genome reference sequences, which make it possible to perform genome-wide SNP discovery  and to identify all putative SNPs in the citrus genome. According to masked genome sequence by RepeatMask, all SNPs located in repeat regions (including SNPs on short tandem repeats of gene regions) were removed. The maximum depth was estimated as 23.71 (mean) + 2 * 20.39 (standard deviation) = 65. The minimum mapping depth was set to a higher value 5 because of high sequencing coverage of Roche 454 sequencing.
6.  BAC end sequences were mapped to the citrus assembly (v.1) using BALST search.

7. All gene annotation in the assembly (v.1) was integrated into the identified putative SNPs. 

Results
Genome-wide SNP discovery
1. Mapping:  Roche 454 reads were mapped to a total of 12,571 reference scaffolds out of 12,574 scaffolds. Only 3 short scaffolds (scaffold10044/2,286 bp, scaffold11957/2,048 bp, scaffold12574/2,002 bp) have no any mapping reads.
2. SNP discovery:
Table 1. Summary of all putative SNPs identified from the sweet orange “cultivar “Ridge Pineapple”

	Location
	Length (bp)
	Number of SNPs
	Percentage (%)
	SNP frequency (a SNP/bases)

	Gene
	66,768,710
	368474
	
	181.20

	mRNA
	66,311,122
	365864
	
	181.25

	5'-UTR
	2,152,498
	12347
	1.37
	174.33

	3'-UTR
	3,965,754
	24600
	2.77
	161.21

	CDS
	28,882,002
	139444
	15.70
	207.12

	Intron
	31,768,456
	192,083
	21.63
	165.39

	Non gene
	167,214,181
	519,533
	58.51
	321.85

	Total
	233,982,891
	888,007
	100.00
	263.49


*Number of SNPs in non-repeat regions.
A total of 21,573 genes out of 25,376 predicted genes have SNPs discovered. SNP frequency and gene diversity have large variations among genes (Figure 1).
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Figure 1: Distribution of gene SNP frequency and gene diversity. Data from a total of 21,573 genes were used to draw histograms.

Table 2: Distribution of mapping depth (number of reads) in identified SNPs
	Number of reads
	SNPs
	SNPs %

	<=5
	0
	0

	6-10
	21,491
	2.42

	11-15
	100,586
	11.33

	16-20
	181,884
	20.48

	21-25
	193,924
	21.84

	26-30
	152,462
	17.17

	31-35
	97,250
	10.95

	36-40
	56,695
	6.38

	41-45
	33,454
	3.77

	46-50
	20,658
	2.33

	51-55
	13,211
	1.49

	56-60
	9,024
	1.02

	61-65
	7,368
	0.83

	Total
	888,007
	100


Table 3: SNP summary based on SNP types

	Type
	Infinium type
	Mutation type
	SNPs
	SNPs %
	Ref seqs

	T/A
	I
	Transversion
	42,834
	4.82
	3,462

	A/T
	I
	Transversion
	44,090
	4.97
	3,535

	G/C
	I
	Transversion
	36,213
	4.08
	3,289

	C/G
	I
	Transversion
	36,331
	4.09
	3,269

	G/T
	II
	Transversion
	45,987
	5.18
	3,718

	T/G
	II
	Transversion
	40,671
	4.58
	3,476

	C/A
	II
	Transversion
	46,416
	5.23
	3,730

	A/C
	II
	Transversion
	40,643
	4.58
	3,483

	A/G
	II
	Transition
	133,417
	15.02
	5,822

	G/A
	II
	Transition
	143,994
	16.22
	5,905

	T/C
	II
	Transition
	134,297
	15.12
	5,890

	C/T
	II
	Transition
	143,114
	16.12
	5,908

	Total
	
	
	888,007
	100
	


A total of 728,359 (82%) putative SNPs are Infinium II SNPs which have higher genotyping efficiency.

For Illumina Genotyping assays, two criteria are applied to SNP selection: (1) between two SNPs, at least 60 bases are required. (2)  Infinium II type of SNPs have higher genotyping asay efficiency (one SNP needs one probe) than Infinium I type (one SNP needs two probes). If those two criteria are applied to SNP selection, we identified a total of 318,607 putative SNPs from the genome which can be used for potential SNP markers (Table 4)

Table 4. Putative SNPs identified from the sweet orange “cultivar “Ridge Pineapple” for Illumina GoldenGate/Infinium genotyping assay

	Region
	Length
	Number of SNPs
	SNP frequency (a SNP/bases)

	Gene
	66,768,710
	147,497
	452.7

	mRNA
	66,311,122
	146,501
	452.6

	5'-UTR
	2,152,498
	4,841
	444.6

	3'-UTR
	3,965,754
	9,324
	425.3

	CDS
	28,882,002
	58,490
	493.8

	Intron
	31,768,456
	74,842
	424.5

	Non- gene
	
	171,110
	

	Total
	
	318,607
	


Integration of BAC contigs into the citrus assembly:

Total high quality BES: 16,344
Total unique BACs: 8,817

Total BACs with blast hit:        8,096
Total BAC end sequences with blast hits: 13,784
Total BACs with single end sequences:       2,409

Total BACs with paired end sequences:       5,687

Total BACs with paired BACs on the same scaffolds: 1,907

Contig map information has been integrated into the putative SNPs (see attached SNP file).
Selection of SNPs for genotyping and genetic map construction
(1) Choose SNPs which meet criteria of GoldenGate/Infinnium assay, in gene regions and with contig map information for Illumina design score evaluation. A total of 24,073 putative SNPs were chosen. Those SNPs cover 7171 scaffolds of the genome assembly and 335 contigs of the physical map.
(2) SNP score evaluation results: 
a. 10.35% of SNPs failed because of too short flanking sequences or low scoring warning.

b. Score ≥ 0.9: 10,310 SNPs

c. Score ≥ 0.8: 6,182 SNPs

d. Score ≥ 0.7: 3,116 SNPs

A total of 19, 608 (≥ 0.7) SNPs will be used for selection.
(3) A total of 1536 SNPs have been selected according to design scores (> 0.7) and distribution of SNPs in genome and contig map. 
a. The SNPs are located on 1163 BACs in 289 contigs out of 393 contigs and 754 scaffolds in the sequence assembly. 
b. All SNPs are picked from gene regions: 622 SNPs in intron, 800 SNPs in CDS, 81 in 3’ UTR and 33 in 5’ UTR.
c. Each gene has at most one SNP. All SNPs are located in 1536 genes.
(4) SNP validations: 96 pairs of SNP flanking primers were designed from randomly chosen 96 SNPs for SNP validation. 
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