Text S13: SNP Analysis
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Because multiple (three) males were used to sequence the A. cephalotes genome, it was possible to detect DNA single nucleotide polymorphisms (SNPs). Furthermore, since the material was only from males, analysis of SNPs could provide useful markers for determining patrilines in wild colonies.  We used the Roche gsMapper V2.3 to map the reads generated in our genome sequencing back to the assembly and identified 176,979 total SNPs supported by at least two reads.  We analyzed the 86,673 SNPs supported by at least three reads. The overall rate of SNPs found (0.03%) is lower than that values reported for other ant genomes [1]. The rate of DNA transition mutations (81%, C<>T, A<>G) exceeded the rate of transverions (19%, C<>A, C<>G,T<>A,T<>G) by a factor of four, as has been observed in other species [2].

Of these SNPs, the vast majority (88%, 76,004) were located in intergenic regions, with 65% of SNPs (49,732) being in repetitive DNA. Overall, 12% of the SNPs were localized within genes, with 2,984 SNPs found in coding exons and 7,623 within introns. A total of 3,321 (20%) genes have at least one overlapping read indicating a SNP. We determined the number of SNPs per Kbp for the annotated genes in OGS1.0.  We describe the 77 genes with at least 10 SNPs/Kbp (Table 1).  Although many of these highly polymorphic genes have unknown functions, several of the top ranking genes are involved in olfaction and synthesis of hydrocarbons which may be used in nestmate recognition. Strikingly, some major royal jelly proteins and a methyltransferase appear in the genes with the highest SNP density. Other notably SNP rich genes include a gene for peptidoglycan recognition, which may play a role in the unique symbiotic relationships Atta maintains with its cultivar and associated pathogens. Interestingly, although our domain analysis suggests that peptidase activities are reduced relative to other insects, many such genes show high SNP polymorphism.  
To determine whether signatures of DNA methylation in the SNP datasets were discernable, we looked for all CG<>TG SNPs in comparison to other possible mutations at these dinucleotides. We found 10,577 sites where a CG<>TG SNP was supported by two or more reads.  Overall CG<>TG SNPs were present 5-10 fold more often than any other transition or transition at these dinucleotides (Table 2). Given that DNA was obtained from four haploid males, these CG<>TG SNPs may reflect methylated sites that are paternally imprinted and polymorphic in the population. While in vivo verification of predicted methylation SNP data remains to be performed, these predictions provide testable models for confirmation and may speed up discovery of genes that undergo differential imprinting between patrilines.
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Table 1. Single Nucleotide Polymorphisms (SNPs) in the A. cephalotes genome with at least 10 SNPs/kb.
	Gene Name
	No. SNPs
	Total Exon Length (bp)
	SNP/Kb
	Interproscan or Gene Ontology Function

	ACEP_00014891
	14
	194
	72
	Unknown

	ACEP_00011927
	32
	548
	58
	Beta-ketoacyl synthase

	ACEP_00001686
	64
	1133
	56
	Actin-like ATPase domain

	ACEP_00016822
	13
	242
	54
	Unknown

	ACEP_00016823
	19
	388
	49
	Unknown

	ACEP_00011513
	30
	755
	40
	Spliceosome

	ACEP_00013139
	19
	505
	38
	Peptidoglycan recognition protein, metazoa/bacteria

	ACEP_00001685
	8
	217
	37
	Actin-like ATPase domain

	ACEP_00002850
	28
	769
	36
	Metalloendopeptidase activity

	ACEP_00016568
	11
	307
	36
	Unknown

	ACEP_00014135
	10
	287
	35
	Unknown

	ACEP_00016607
	12
	362
	33
	Unknown

	ACEP_00001293
	35
	1057
	33
	Olfactory receptor activity 

	ACEP_00011840
	8
	242
	33
	Beta-ketoacyl synthase

	ACEP_00015573
	23
	712
	32
	Glucose-methanol-choline oxidoreductase

	ACEP_00011822
	19
	589
	32
	Unknown

	ACEP_00014386
	10
	315
	32
	Unknown

	ACEP_00010777
	6
	227
	26
	Unknown

	ACEP_00003028
	15
	575
	26
	Olfactory receptor activity 

	ACEP_00003407
	14
	556
	25
	Unknown

	ACEP_00016689
	25
	996
	25
	Major royal jelly protein

	ACEP_00016610
	7
	287
	24
	Cytochrome c oxidase

	ACEP_00013330
	6
	256
	23
	Unknown

	ACEP_00002396
	6
	265
	23
	General Transcription Factore 2-related Zinc Finger Protein

	ACEP_00003010
	26
	1188
	22
	Major royal jelly protein

	ACEP_00010359
	13
	601
	22
	Unknown

	ACEP_00012636
	6
	281
	21
	Immunoglobulin-like

	ACEP_00015092
	26
	1266
	21
	MFS general substrate transporter

	ACEP_00002997
	31
	1515
	20
	Beta-ketoacyl synthase

	ACEP_00015616
	9
	444
	20
	Cytochrome c oxidase

	ACEP_03384377
	67
	3346
	20
	Unknown

	ACEP_00002832
	14
	700
	20
	Methyltransferase

	ACEP_00016463
	6
	305
	20
	Cytochrome P450

	ACEP_00014387
	10
	513
	19
	Unknown

	ACEP_00006933
	38
	1952
	19
	Very Long-Chain Acyl-CoA Synthetase-related

	ACEP_00011598
	11
	576
	19
	Unknown

	ACEP_00013708
	8
	420
	19
	Unknown

	ACEP_00016606
	3
	160
	19
	Unknown

	ACEP_00005859
	14
	792
	18
	Unknown

	ACEP_00002834
	17
	969
	18
	Unknown

	ACEP_00001179
	18
	1028
	18
	Peptidase M1, membrane alanine aminopeptidase

	ACEP_00016017
	4
	235
	17
	Peptidase C19, ubiquitin carboxyl-terminal hydrolase 2

	ACEP_00005860
	20
	1182
	17
	Protein tyrosine kinase 

	ACEP_03381456
	22
	1314
	17
	Unknown

	ACEP_00016790
	7
	442
	16
	Unknown

	ACEP_00016598
	4
	255
	16
	Cytochrome c oxidase

	ACEP_00012107
	4
	256
	16
	Unknown

	ACEP_00011931
	6
	398
	15
	Beta-ketoacyl synthase

	ACEP_00000763
	7
	471
	15
	Membrane-associated, eicosanoid and glutathione metabolism

	ACEP_00005750
	19
	1411
	13
	Na+ channel, amiloride-sensitive

	ACEP_00001153
	28
	2098
	13
	Terpenoid synthases

	ACEP_00015654
	11
	863
	13
	Olfactory receptor activity 

	ACEP_00015143
	4
	316
	13
	G-protein Coupled Receptor

	ACEP_00012619
	9
	727
	12
	Alpha/beta-Hydrolases

	ACEP_00016597
	3
	243
	12
	Cytochrome c oxidase

	ACEP_00016344
	5
	418
	12
	Unknown

	ACEP_00007491
	37
	3115
	12
	Chitin binding protein, peritrophin-A

	ACEP_00011514
	3
	254
	12
	Unknown

	ACEP_00010778
	16
	1392
	11
	Oxidoreductase

	ACEP_00005867
	5
	437
	11
	Protein tyrosine kinase 

	ACEP_00011859
	9
	793
	11
	RNA Polymerase

	ACEP_00001002
	3
	266
	11
	Alpha/beta-Hydrolases

	ACEP_00016651
	4
	357
	11
	Unknown

	ACEP_00009380
	5
	453
	11
	MFS general substrate transporter

	ACEP_00014983
	4
	367
	11
	Unknown

	ACEP_00005858
	14
	1293
	11
	Protein tyrosine kinase 

	ACEP_00000915
	8
	756
	11
	Unknown

	ACEP_00005869
	9
	852
	11
	Unknown

	ACEP_00005032
	3
	287
	10
	Unknown

	ACEP_00016302
	7
	670
	10
	Trypsin-like serine proteases

	ACEP_00016798
	4
	383
	10
	WD40 repeat-like

	ACEP_00009545
	10
	979
	10
	NUDIX Hydrolase

	ACEP_00016715
	23
	2308
	10
	Glutamyl/glutaminyl-tRNA synthetase

	ACEP_00006274
	9
	913
	10
	Tryptophan synthase beta subunit-like PLP-dependent enzymes

	ACEP_00016791
	7
	715
	10
	Unknown

	ACEP_00015950
	3
	311
	10
	Unknown

	ACEP_00008465
	2
	209
	10
	Unknown


Table 2. Total dinucleotide mutations found within SNPs in the A. cephalotes genome.
	Mutation
	# Found

	CG>TG
	5558

	CG>AG
	433

	CG>GG
	162

	TG>CG
	5019

	AG>CG
	370

	GG>CG
	744

	TG>GG
	216

	TG>AG
	630

	GG>TG
	924

	AG>TG
	588


