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Contains 1 figure and 3 tables
1) Figure S1. Plot of relationship between length of region and LRT.
2) Table S1. Top Results for single SNP association.
3) Table S2. Correlations between autosomal estimates of h2ps for Crystallised intelligence, Fluid intelligence and Cognitive change with the number of SNPs used to estimate GRM, the number of genes and total length of genes and heritability of autosomes.
4)  Table S3. Heritability estimates for the 22 autosomes.
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Figure S1. Scatter Plot of likelihood ratio test (LRT) statistic for fluid intelligence against physical length of region. Intensity of colour denotes density therefore regions are most likely to have an LRT of zero and approximately 500kb in length.
	
 








	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Table S1 Top Results for single SNP association
	SNP
	Chr
	P-value
	Position (bp)
	h2 region
	s.e.

	Crystallised Intelligence

	rs7782469
	7
	2.47E-07
	93761080
	0.01
	0.009

	rs2052213
	7
	4.89E-07
	93703633
	0.01
	0.009

	rs1861114
	7
	1.53E-06
	93721535
	0.01
	0.009

	rs12686467
	9
	5.19E-06
	97471458
	0.01
	0.01

	rs41542
	7
	7.16E-06
	93559972
	0.01
	0.009

	rs158281
	5
	7.85E-06
	57760549
	0.01
	0.007

	rs12461006
	19
	9.85E-06
	14922216
	0.01
	0.007

	rs2401793
	5
	1.22E-05
	13385878
	0.01
	0.006

	rs10047178
	1
	1.51E-05
	20643873
	0.01
	0.009

	rs2188505
	7
	1.55E-05
	95374205
	0.01
	0.01

	Fluid Intelligence

	rs10817343
	9
	7.54E-07
	1.14E+08
	0.01
	0.009

	rs6445137
	3
	2.52E-06
	1.75E+08
	0.02
	0.01

	rs790837
	5
	3.41E-06
	1.27E+08
	0.02
	0.009

	rs3747965
	1
	3.41E-06
	94115152
	0.01
	0.006

	rs12700284
	7
	4.09E-06
	21413414
	0.01
	0.008

	rs1902156
	2
	4.52E-06
	84431095
	0.01
	0.006

	rs9864288
	3
	9.09E-06
	1.02E+08
	0.02
	0.011

	rs10981396
	9
	1.31E-05
	1.14E+08
	0.01
	0.009

	rs11145045
	9
	1.40E-05
	78557187
	0.01
	0.007

	rs4787912
	16
	1.45E-05
	26994169
	0.01
	0.007

	Cognitive Decline

	rs1764142
	6
	2.69E-06
	956570
	0.02
	0.009

	rs7738087
	6
	2.99E-06
	939790
	0.02
	0.009

	rs845869
	6
	1.12E-05
	943062
	0.02
	0.009

	rs10520716
	15
	1.49E-05
	91292021
	0.02
	0.011

	rs7831232
	8
	1.82E-05
	1.40E+08
	0.00
	0.006

	rs1004904
	14
	2.05E-05
	1.02E+08
	0.02
	0.011

	rs4812661
	20
	2.11E-05
	41008537
	-
	-

	rs182762
	9
	2.14E-05
	1.01E+08
	0.01
	0.006

	rs10936058
	3
	2.32E-05
	1.58E+08
	0.01
	0.009

	rs4916794
	5
	2.71E-05
	89609684
	0.01
	0.008







Table S2 Correlations between autosomal estimates of h2ps for Crystallised intelligence, Fluid intelligence and Cognitive change with the number of SNPs used to estimate the GRM, the number of genes and total length of genes.
	
	Crystallised Intelligence
	Fluid Intelligence
	Cognitive change

	
	r2  h2ps   (P-val)
	r2  h2ps   (P-val)
	r2  h2ps   (P-val)

	 # of genes on chr 
	0.06 (0.26)
	0.006(0.72)
	0.0001(0.99)

	total length of genes on chr 
	0.15(0.07)
	0.02(0.54)
	0.01(0.65)

	total # of SNPs 
	0.03(0.20)
	0.02(0.43)
	0.001(0.34)

	# SNPs within Genes 
	0.04(0.19)
	0.009(0.38)
	0.03(0.57)

	 # SNPs outwith Genes
	0.02 (0.50)
	0.04(0.71)
	0.01(0.41)


Undjusted r-squared values for relationship between estimates of heritability for individual chromosomes and total number of genes on each chromosome or total length of genes on each chromosome (bp). Information source Ensembl build 37.













Table S3 Genomic Heritability estimates for Crystallised intelligence, Fluid Intelligence and Cognitive change for 22 autosomes using 547 950 SNP genotypes
	Chr
	h2 Gc
	s.e.
	h2 Gf
	s.e.
	h2 Cog change
	s.e.

	1
	0.01
	0.056
	0
	0.063
	0
	0.066

	2
	0.05
	0.056
	0.01
	0.061
	0
	0.061

	3
	0.10*
	0.052
	0.06
	0.057
	0
	0.056

	4
	0.01
	0.049
	0
	0.054
	0.08*
	0.058

	5
	0.07*
	0.052
	0
	0.054
	0
	0.055

	6
	0.01
	0.048
	0
	0.053
	0.04
	0.056

	7
	0
	0.046
	0
	0.051
	0
	0.051

	8
	0
	0.044
	0
	0.051
	0
	0.053

	9
	0
	0.042
	0.05*
	0.047
	0
	0.048

	10
	0
	0.045
	0.08*
	0.053
	0.07*
	0.055

	11
	0.05*
	0.044
	0.02
	0.048
	0
	0.048

	12
	0
	0.045
	0
	0.05
	0
	0.052

	13
	0
	0.04
	0.01
	0.043
	0.01
	0.045

	14
	0.01
	0.037
	0.02
	0.042
	0
	0.044

	15
	0.04*
	0.036
	0.01
	0.038
	0.04
	0.042

	16
	0.03
	0.04
	0.01
	0.042
	0
	0.043

	17
	0
	0.036
	0
	0.04
	0.01
	0.041

	18
	0
	0.036
	0
	0.041
	0
	0.041

	19
	0.05*
	0.034
	0.01
	0.035
	0
	0.037

	20
	0
	0.036
	0
	0.04
	0
	0.041

	21
	0.01
	0.029
	0
	0.031
	0
	0.032

	22
	0
	0.027
	0
	0.028
	0
	0.028

	Total
	0.44
	 
	0.28
	 
	0.27
	 









Appendixes
Appendix 1 Construction of cognitive phenotypes
For each of the cohorts we constructed cognitive phenotypes of fluid-type and crystallized-type intelligence. Here, to represent crystallized intelligence (gc), we used: the National Adult Reading test. 
 For fluid-type intelligence, principal components analyses (PCA) were used to derive a general intelligence factor.  In each case, the scores on a number of fluid-type cognitive tests were subjected to PCA. The tests used to form the gf factor in the LBC1921 were the Moray House Test[1,2], Raven’s Matrices[3], Logical Memory[4], and Verbal Fluency [5]. For the LBC1936 the six tests from the WAIS-IIIUK[6]were used. The ABC1936 gf factor included the Moray House Test[7,8], Raven’s Progressive Matrices[3], Digit Symbol[9], Uses of Common Objects[5], and AVLT[5].  In all cases a single component was indicated and was extracted. Thus, individuals’ scores on the first unrotated principal component were used as the indicator of general fluid-type intelligence (gf).  All of the phenotypes were corrected for age and gender and the standardized residuals were used for all subsequent analyses.

Cognitive change
The gf factors for each cohort were adjusted for prior cognitive ability using the Moray House Test scores at age 11, thus providing a quantitative measure of cognitive change from age 11 to old age. Both gf and age 11 Moray House Test scores were adjusted for age in days at time of testing prior to the creation of the cognitive change measure. These measures were extracted and standardized independently for males and females.


Appendix 2. Pathway analysis

Table A2 Genes located in top ten regions ranked by significance (LRT) for crystallised and fluid intelligence and cognitive change.
Crystallised Intelligence
	Chr
	Region start (bp)
	Region end 
(bp)
	Known genes in region

	10
	84493034
	84943238
	NRG3, U6

	5
	153024650
	153532086
	GRIA1, AC091960.1, AC091962.3.1, RP11-461L18.1.1, FAM114A2, MFAP3, AC010295.1

	10
	84323605
	84670475
	NRG3

	13
	57449351
	58113705
	RN7SKP6, PRR20A, PRR20B, PRR20C, PRR20D, PRR20E, MTCO2P3, SLC25A5P4, RPL31P53

	9
	78430995
	78767837
	PCSK5, AL359253.1

	10
	17430161
	17790975
	ST8SIA6	RP11-414K1.3.1	Y_RNA,	RP11-390B4.4.1, PTPLA, RP11-390B4.5.1, STAM, snoU40, RP11-390B4.3.1	

	11
	102565882
	102978790
	MMP27, MMP8, RP11-725K16.4.1, AP000619.5.1, AP000647.3.1, MMP10, MMP1,	AP000619.6.1, MMP3, MMP12, RP11-725K16.2.1, U7, MMP13	RP11-690D19.1.1, RP11-690D19.3.1, DCUN1D5, DYNC2H1

	14
	20640453
	21072443
	20640453, 21072443, RP11-98N22.6.1, OR11G1P, OR11G2, OR11H5P, OR11H6,  OR11H4, CTD-2292M16.2.1, TTC5, CTD-2292M16.7.1, CCNB1IP1, RP11-203M5.4.1, SNORA79, SNORD126, RPPH1.1, RPPH1, PARP2	RP11-203M5.2.1, TEP1, 5S_rRNA, KLHL33, RP11-203M5.6.1, OSGEP, RP11-203M5.7.1, APEX1, TMEM55B, PNP, RP11-203M5.8.1, RNASE10, RP11-14J7.3.1, RP11-14J7.2.1, RNASE9, RNASE11, AL163195.3.1, RP11-14J7.6.1, RNASE12.1, RNASE12 PKHD1

	6
	51858157
	52238923
	MIR206	RP11-771D21.2.1, MIR133B, IL17A, IL17F, SLC25A20P1, MCM3, PAQR8, DNAH6	

	2
	84702898
	85301342
	DUXAP1, LDHAP7, C2orf89, AC010087.1, RPL12P18, TMSB10, AC022210.2.1, KCMF1, RP11-60H5.1.1, AC078974.2.1	

	13
	100772901
	101089435
	PCCA, RPL15P18



Fluid Intelligence
	Chr
	Region start (bp)
	Region end (bp)
	Known genes in region

	5
	126711782
	127335370
	MEGF10, CTD-2195M15.1.1, HNRNPKP1, PRRC1, CTXN3, 	CTC-548H10.2.1, CTC-228N24.1.1, RP11-483H11.1.1, CTC-228N24.2.1, CTC-228N24.3.1, 

	6	
	39140691
	39378453

	KCNK5

	6		
	39236400
	39493104
	KCNK17, KCNK16, KIF6, RP1-137F1.3.1

	13
	65117143
	65633593
	LGMNP1

	6
	740414	
	1013400
	RP5-1077H22.2.1, RP5-1077H22.1.1

	11
	102565882
	102978790
	MMP27, MMP8, RP11-725K16.4.1, AP000619.5.1, AP000647.3.1, MMP10, MMP1, AP000619.6.1, MMP3, 	MMP12, RP11-725K16.2.1, U7

	11
	102824059
	103220693
	MMP13, RP11-690D19.1.1, RP11-690D19.3.1, DCUN1D5, DYNC2H1

	9
	78430995
	78767837
	PCSK5, 	AL359253.1

	3
	101162780
	101999012
	SENP7, Y_RNA, 	snoU13, FAM172BP, RG9MTD1, PCNP, RP11-234A1.1.1, RP11-454H13.1.1, U6, Y_RNA, Y_RNA, 	ZBTB11, Y_RNA, RP11-454H13.5.1. RPL24, RP11-454H13.6.1, CEP97, FAM55C, RP11-49I4.3.1, NFKBIZ, RP11-221J22.1.1, Y_RNA, RP11-221J22.2.1, ZPLD1

	5
	33703559
	34034521
	ADAMTS12, U6, RXFP3, 	SLC45A2, RP11-1084J3.1.1, AMACR, C1QTNF3, RP11-1084J3.3.1

	2
	151358558
	151655394.5
	AC104777.2.1, AC104777.3.1, AC104777.1.1, AC104777.4.1

	5
	127010643
	127650653
	CTC-228N24.1.1, RP11-483H11.1.1, CTC-228N24.2.1, CTC-228N24.3.1, KDELC1P1, SLC12A2, FBN2



Cognitive change
	Chr
	Region start (bp)
	Region end (bp)
	Known genes in region

	4
	53606097
	54158143
	ERVMER34-1, SNORA26, Y_RNA, RP11-752D24.3.1, RASL11B, SCFD2, RP11-752D24.2.1, U6 

	5
	90960003
	91404141
	IQGAP1, CRTC3, CTD-3065B20.2.1, CTD-3065B20.3.1, RP11-387D10.2.1, CTD-3065B20.1.1, RP11-387D10.3.1, BLM, SNORD18, CTD-3094K11.1.1

	6
	740414
	1013400
	RP5-1077H22.2.1, RP5-1077H22.1.1

	4
	62441864
	63300488
	LPHN3, RP11-621K7.1.1, Y_RNA, RP11-84A1.3.1, RP11-84A1.1.1, RP11-30P21.1.1, RP11-30P21.2.1 

	6
	891665
	1138987
	RP5-1077H22.2.1, RP5-1077H22.1.1, AL033381.1 

	6
	12418779
	12930959
	RPL15P3, RP11-125M16.1.1, PHACTR1, AL354680.1

	2
	237734083
	238123037
	COPS8, AC105760.3.1, AC105760.2.1, AC107079.1.1, U6

	13
	98189341
	98677491
	RP11-120E13.1.1, snoU13, RPL7AP61, IPO5, FTLP8

	14
	64270578
	64666246
	Y_RNA, SYNE2, ESR2, MIR548H1

	6
	88043140
	88678348
	C6orf162, C6orf163, RP1-102H19.6.1, C6orf164, C6orf165, RP3-382I10.2.1, RP3-382I10.3.1, ST13P16, SLC35A1, U6, RARS2, ORC3, RP3-486L4.3.1, AKIRIN2, AKIRIN2-AS1, snoU13, AL138919.2, AL138919.1, Y_RNA

	4
	148617678
	149254898
	ARHGAP10, NR3C2, RP11-76G10.1.1, RN5S165, AC093835.1


Gene names obtained from Ensembl genome build 37

For pathway analysis, lists of genes within the top regions for each trait were extracted using the BioMart tool of the Ensembl database at http://www.ensembl.org/biomart/martview/.  Ensembl gene ids were entered into the Database for Annotation, Visualization and Integrated Discovery (DAVID) software to test for significantly enriched pathways[10] using the functional annotation tool. The software did not identify any significantly enriched KEGG pathways. For fluid intelligence DAVID software did identify the Alzheimer disease-presenilin pathway defined in the Panther database www.pantherdb.org/genes as significantly enriched. This is due to six matrix metellopeptidase genes.  We stress, however, that these are only exploratory analyses. Although the most significant regions span plausible candidate genes, some of which are described below, re-sequencing data would be required to disentangle the fine scale contribution of linked genes and pathways.

Cognitive change
The window on chromosome 4 spans LPHN3 which has been linked with neurological function, in particular ADHD and response to stimulants[11]. The window on chromosome 13 spans IPO5 linked to schizophrenia[12]. The region of greatest significance for cognitive change on chromosome 15 contains the CRTC3 gene which has been associated with cognitive factors associated with processing speed[13].

Three regions on chromosome 6 are in the top ten for decline and for fluid intelligence. The chromosomal analysis is suggestive that the variation attributed to chromosome 6 is caused by factors that lie outside known genes although the window spans a large region including 5 known genes. The single SNP analysis is suggestive of significance with a P-value of 2.69E-06 associated with rs1764142 at position 956570 bp which lies within an uncharacterised gene. This region is also one of the top regions for fluid intelligence with the same SNP showing the strongest association with the trait on chromosome 6.

Fluid Intelligence
For fluid intelligence the most significant region was on chromosome 5. Within the region is the MEGF10 receptor for amyloid beta uptake[14] and CTXN3 a kidney and brain expressed protein identified in GWAS using brain imaging for schizophrenia associated brain activity linked to neurodevelopment and stress response[15].
 
Crystallised Intelligence
The most significant region for crystallised intelligence is positioned on chromosome 10 and contains neuregulin 3 (NRG3) which has been associated with developmental delay, cognitive impairment, autism, schizophrenia and neuroblast formation[16,17]. Also on chromosome 10 is PTPLA a gene associated with Alzheimer’s disease[18]. On Chromosome 14 a putative candidate is TEP1 previously associated with longevity[19].
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