ELECTRONIC SUPPLEMENTARY MATERIALS

Materials and Methods

Animals
Fish used in this study were adult one-year old males collected from a freshwater population of sticklebacks in Balvormie pond in Western Scotland in March 2009 (55857N, 3836W). They were maintained in the laboratory in 104L tanks under 8:16h light/dark photoperiod for three months prior to the experiment. The water was filtered through particulate, UV, biological and charcoal filters (for more description of the laboratory conditions, see [1]). The adult fish were fed ad libitum with a mixture of bloodworms, brine shrimp and mysis shrimp. 
To induce breeding conditions, we changed the photoperiod to 16:8h light/dark and increased the temperature to 18˚C.  Male sticklebacks (n=15) were placed individually in 26L tanks and provided with nest building material (algae and sand) with visual access to neighbours.

Fish brain dissection
Four brain regions (telencephalon, diencephalon, cerebellum and brain stem) were macroscopically dissected from experimental and control males on dry ice. In teleost fish the telencephalon contains structures that are homologous to the hippocampus and the amygdala in mammals, brain regions known to be associated with aggression in other vertebrates (see review [2]). Structures co-dissected with the diencephalon included the thalamus, the hypothalamus, the pituitary and the pineal gland, all of which have been implicated with aggression [3]. The teleost cerebellum is essential in discrete motor responses, however recent studies have shown that this region of the brain is involved in other functions such as sexual and feeding behaviours [4].  The brain stem represents the lower extension of the brain where it connects to the spinal cord. It includes the medulla oblongata, the midbrain and the pons, structures that primarily control autonomic functions [3]. 

Microarray oligo design
 	The microarray probes were designed using the Agilent eArray 4.6 software (Agilent Technologies, Palo Alto, CA, USA). As input sequences, we used all 27,623 known stickleback transcripts from Ensembl Stickleback Assembly Broad S1, database version 52.1 http:// www.ensembl.org/Gasterosteus_aculeatus/index.html and included 5,000 stickleback genescan predictions chosen based on their differential expression in a previous experiment [1]. Unique probes per transcript were designed using the base composition methodology and the 3’ bias option. The former method selects probes based upon empirical base composition profile and the latter directs the software to choose probe near the 3’ end for increased specificity. The oligonucleotides were printed on an Agilent 4x 44K platform. This platform consists of four arrays per slide with 43,803 spots available to the customer of the total 45,220 features. The remaining spots were filled with Agilent positive and negative controls. On the array, 2,803 transcripts were replicated three times, 15,000 were in duplicates and 1,185 transcripts were unique. 

Microarray sample labelling and hybridization
Total RNA from each sample was reverse transcribed into complementary DNA (cDNA) using T7-promoter primer and MMLV reverse transcriptase. The cDNA was subsequently transcribed into complementary RNA (cRNA), during which it was fluorescently labelled by incorporation of cyanine (Cy)-3-CTP (Cy3) or cyanine (Cy)-5-CTP (Cy5). The labelled cRNA was purified using an RNeasy® Mini Kit (Qiagen).  The dye incorporation success and RNA amplification yield were determined using a NanoDrop® ND-1000 Spectrophotometer. Samples representing individual brain regions were labelled using either Cy3 or Cy5 dyes and competitively hybridized to the arrays. The microarray slides were scanned on an Axon 4000B scanner (Molecular Devices Corporation, Sunnyvale, CA, USA) and expression feature were extracted using GenePix Pro 6.0 software (Molecular Devices).
The microarray data were deposited in GEO under accession numbers GSE32961 and GPL14730. 

Microarray data analysis
 Microarray data were analysed using several packages in R Bioconductor (R Development Core Team, 2009). As preprocessing methods of gene expression intensities, we used within-array loess normalization without background correction. For the between-array normalization, we used the Aquantile method. Since the Aquantile method does not take into account weighted values, we manually replaced the A values with NA (non available) for zero weights. The quality of the arrays was assessed by examining the boxplots and the density plots of the log2-transformed intensity values of the probes.  Hierarchical clustering was performed using the function hclust in the package stats in R Bioconductor by employing the complete linkage method as the agglomeration procedure. Differential expression in the four brain regions between the experimental and the control fish was assessed after normalization using package Rank Product [5]. Duplicates were not averaged and were left in the model resulting in some genes duplicates being differentially expressed. However, during gene functional annotation, only unique transcripts were selecting and R was directed to select the first transcript in a list of duplicates. This did not substantially affect the results because the expression of the duplicates was similar as assessed by the function duplicate correlation in the LIMMA package (data not shown). In addition, due to reliability of technical replicates, Agilent does not require the use of technical replicate probes. The function topGenes was used to select genes that passed the FDR≤0.05 cutoff. Transcripts with the same gene IDs in the list of differentially expressed genes are transcript variants. We used the package Neatmap [6] to generate a heat map of the top differentially expressed genes in the four brain regions. 
Individual level gene expression data from diencephalon of the experimental fish were extracted from the normalized, background corrected expression dataset using R Bioconductor after log2 transformation of the red and green channel intensity values. The ensembl gene IDs of the top 20 DE genes (determined using Rank Product) were then used to extract the intensity values of these genes from the normalized data. 

Microarray validation
As internal control, we used the housekeeping gene glyceraldehyde 3-phosphate dehydrogenase (GAPDH), because this gene showed little expression in the brain following a challenge in sticklebacks [7]. In addition, GAPDH was not significantly differentially expressed between experimental and control fish (Table S8). Total RNA from each sample was reverse transcribed using the SuperScript® III First-Strand Synthesis System (Invitrogen). Primers for top gene validation were designed from each gene transcript using the Primer Express® Software v1.0  (Applied Biosystems). Primers were redesigned when amplification across samples was not consistent. The genes selected for validation and their respective primers are listed in Table S2. Each reaction was run in triplicate and a dissociation curve was used to assess a single amplicon. No template controls (NTC) were included in the reaction to ensure the specificity of amplification. Primers were redesigned whenever primer dimmers were observed in the dissociation curve. A standard curve was computed using a 10x serial dilutions of samples made by pooling equal quantity of all samples, including both the control and experimental samples. A standard curve was run for each gene separately.  
The q-PCR data were analysed using the Relative expression software tool (REST©) [8]. The mathematical model used is based on the correction for exact PCR efficiencies and the mean crossing point deviation between sample group(s) and control group(s). The primers’ efficiency is determined using the best fit for the standard curve and is used in the randomization process calculated using the equation E=10^(-1/slope)-1.

Results

Comparison of gene expression in response to a territorial intrusion across brain regions
Of the four differentially expressed genes in response to a territorial intrusion that were shared between the four brain regions, two transcripts (ribosomal protein L4 (RPL4), thioredoxin domain containing 15 (TXNDC15) were consistently downregulated in all four brain regions while carnosine dipeptidase 1 (CNDP1_1, CNDP1_2) was consistently upregulated in diencephalon, cerebellum and brain stem. Among the differentially expressed (DE) transcripts shared between the diencephalon and the cerebellum, 12 transcripts were upregulated in diencephalon and were downregulated in the cerebellum. In contrast, four transcripts were downregulated in the diencephalon and were upregulated in the cerebellum.

Identification of brain region-specific enriched gene ontology processes 
	Similar to the diencephalon, the most overrepresented biological gene ontology (GO) terms in the cerebellum involved immune processes and behaviour. While processes enriched in the brain stem were associated with lipid and steroid synthesis, reproductive process, peptide hormone synthesis, processes in the telencephalon were dominated by behaviour, including social behaviour and homeostasis (Figure S3). 
	Although there were many biological processes that were unique to each brain region, some processes were shared among brain regions. For example, mitochondrial energy uptake (GO:0090201, GO:0010821), metabolic processes and oxygen consumption (GO:0080010), growth processes (GO:0032232, GO:0070842), neurotransmission (GO:0051583), response to external stimulus (GO:0001964) and homeostasis through ubiquitination (GO: 0042787) were overrepresented in all four regions. 

Gene functional annotation
	Telencephalon. Among the most downregulated transcripts in the telencephalon were RPL4 and CNDP1 (Table S4). While RPL4 was downregulated in all four brain regions, CNDP1 was upregulated in the diencephalon, the cerebellum and the brain stem, further highlighting the differential regulation of genes in different parts of the brain. 
Brain Stem. There were more downregulated than upregulated genes in the brain stem (Table S7). Genes encoding for the glycoprotein hormones CGA and LH were downregulated as were many novel transcripts (e.g., ENSGACT00000004606, ENSGACT00000009174). Also significantly downregulated were genes involved in the synthesis of hormones and hormone receptors (FDPS and HMGCS1). 

Microarray validation
All the genes selected for validation based on differential expression in the microarray analysis were significantly DE by qPCR in the diencephalon at p≤0.05 (Figure S2). In the cerebellum, all but one gene (CARTPT) were significantly DE between control and experimental males, however this gene was expressed in the same direction (upregulated) in microarray and in qPCR. In the brain stem, two genes (CYP2J2 and GGCX) out of six were not significantly DE at p≤0.05, but were expressed in the same direction as in the microarray analysis. In the telencephalon, GRM2 was expressed in the same direction as in the microarray analysis, but the expression of ANTXR2 was in the opposite direction as in the microarray analysis. It should be noted that the fold change of these two genes was low (Table S4). 

Detection of cis-regulatory elements 
For the brain stem, cerebellum, diencephalon, and telencephalon, the gene set sizes were 561/550, 696/641, 843/719, 447/453 (up regulated/down regulated) genes, respectively. These eight gene sets were examined for an enrichment with the computationally predicted gene targets of 661 vertebrate motifs.  The position weight matrices (PWMs) of 104 motifs were downloaded from the JASPAR [9] database and 557 motifs from the TRANSFAC [10] database.  For each motif, Stubb, a motif scanning algorithm developed by the Sinha Lab [11], was used to score every 500 bp genomic window with 250 bp shifts.  All of the 500 bp genomic windows were mapped into one of 50 equal-sized (by number of windows) bins by their G/C content.  The motif scores of Stubb then were converted to empirical p-values by comparing all scores for the same motif and C/G bin.  

Metalysis
For every motif, its motif target set was defined as the genes that contain within their promoter at least one window with an empirical p-value (as calculated above) less than 0.001. An estimated false discovery rate (FDR) statistic, “eFDR” was calculated to access the significance of the meta p-values.  A practical interpretation of the FDR is the expected proportion of false positives for a set of significant tests.  To estimate this proportion, the cis-Metalysis program was run 50 times on motif target sets defined from shuffling the matching of genes to their promoters.  For each true result with a meta p-value (call it p0), the number of cases with meta p-value less than p0 in each of the 50 shuffled results was counted.  The eFDR is the quotient of the mean of those shuffled counts and the number of true results with a meta p-value less than or equal to p0.  
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SUPPLEMENTARY FIGURE LEGENDS
Video S1: Aggressive behaviour of territorial breeding stickleback male toward an intruder. Note that the resident fish attacked the intruder and made frequent trips to the nest. 
Figure S1. Overlap of transcripts differentially expressed between four brain regions of male stickleback at FDR=0.05. Numbers outside the overlap areas represent the total number of DE transcripts in each brain region. Numbers within the overlapping regions indicate the number of transcripts that were shared between brain regions. Note that these numbers may be redundant. For example, the n=4 DE transcripts that are shared between all brain regions are also included in the transcripts shared between two (e.g., diencephalon and telencephalon) or three brain regions (e.g. diencephalon, cerebellum and brain stem).
Figure S2. qPCR validation of top differentially expressed genes in four brain regions of male stickleback brain following territorial intrusion. Distinct genes were differentially expressed in each brain region. Stars indicate statistical significant expression in qPCR at p<0.05.
Figure S3. Top GO biological processes enriched in genes differentially expressed in male stickleback brain regions in response to a territorial intrusion. The x axis represents the Fisher exact t-test value of the probability of overrepresentation of the GO terms (on y axis) of DE genes at FDR≤0.05. The number of genes enriched in each category is listed at the end of each bar. 
Figure S4.  Top GO cellular components enriched in genes differentially expressed in the four brain regions of male stickleback in response to territorial intrusion by a conspecific male. Figure labels are as in Figure S3. 
Figure S5. Top GO molecular processes enriched in genes differentially expressed in the four brain regions of male stickleback in response to territorial intrusion by a conspecific male. Figure labels are as in Figure S3.
Figure S6. Top GO biological processes enriched in genes that were DE in both diencephalon and cerebellum. Figure labels are as in Figure S3.
 	Figure S7. Top transcription factor motif pairs enriched in genes differentially expressed in four regions of stickleback brain following territorial intrusion encounter as revealed by motif pair cis-Metalysis. Each motif pair is listed with its estimated false discovery rate (eFDR).  Orange cells indicate motif associations with upregulated gene sets and blue cells indicate associations with downregulated genes. The intensity of the cell indicates the restrictiveness of the motif combinatorial logic that defines the associated motif target set (i.e., lightest cells indicate single motif target gene sets while darkest cells indicate the target sets defined by the AND of the motif pair).  T: telencephalon, D: diencephalon, C: cerebellum, BS: brain stem. 
	Figure S8. Genes of the meta-association involving the motif CAP.  The top panel indicates for each brain region the strongest association between the CAP motif target gene sets (green cells in the first row) and the up(down)-regulated gene sets (green (red) cells in the second row).  The blue cells indicate that a gene had both a strong presence of the CAP motif in its promoter and it was differentially expressed in the specified direction.  The central panel shows all genes that meet both criteria for more than one of the four brain regions. The genes that meet the specified motif and DE criteria but are unique to one brain region are compressed in the bottom panel to conserve space.  The numbers listed at the bottom of each brain region are the total number of genes highlighted in the two panels for that region along with the number of those genes that are unique to that region in parentheses. To the right of this panel are the last 5 digits of each gene’s ENSGACG number followed by the number of regions in which it appears (Example 01019:3 = ENSGACG00000001019). These genes’ annotations are as follows. ..01019:3, Novel; ..09004:3 ferric-chelate reductase 1-like (FRRS1L); ..12678:3 eukaryotic translation initiation factor 2, subunit 3 (EIF2S3); ..12769:3 Novel; ..12799:3 Novel; ..00309:2 guanine nucleotide binding protein-like 3 (GNL3); ..00836:2 family with sequence similarity 212, member A (FAM212A); ..01945:2 von Hippel-Lindau binding protein 1 (VBP1); ..04729:2 reticulocalbin 3, EF-hand calcium binding domain (RCN3); ..07298:2 Novel; ..07591:2 calcium binding protein 5 (CABP5); ..012047:2 (partner of NOB1 homolog (PNO1).
	Figure S9. The expression of many of the top differentially expressed genes in the diencephalon was correlated with individual differences in behaviour. a-b show representative correlations with Latency to orient to the intruder; c-d show representative correlations with Number of chases. 


Table S1: Microarray experimental design. Microarray hybridization was conducted within brain regions between treatments using a balanced design. There were four arrays per slide. To control for dye effects, dye swapping was performed on biological replicates. For example, a brain stem from an experimental male was labelled with cy3 and competitively hybridized with a brain stem from a control male labelled with cy5, and vice versa. Within each slide, the locations of the arrays were randomized.
	 
	
	dye
	
	

	sample pair
	brain region
	Cy3
	Cy5
	array 
	slide 

	1
	BS
	exp
	ctrl
	16
	1

	2
	BS
	ctrl
	exp
	17
	2

	3
	BS
	exp
	ctrl
	18
	3

	4
	BS
	ctrl
	exp
	19
	4

	5
	BS
	exp
	ctrl
	20
	5

	1
	C
	exp
	ctrl
	11
	5

	2
	C
	ctrl
	exp
	12
	1

	3
	C
	exp
	ctrl
	13
	2

	4
	C
	ctrl
	exp
	14
	3

	5
	C
	exp
	ctrl
	15
	4

	1
	D
	exp
	ctrl
	6
	5

	2
	D
	exp
	ctrl
	7
	4

	3
	D
	exp
	ctrl
	8
	1

	4
	D
	ctrl
	exp
	9
	2

	5
	D
	exp
	ctrl
	10
	3

	1
	T
	exp
	ctrl
	1
	3

	2
	T
	ctrl
	exp
	2
	4

	3
	T
	exp
	ctrl
	3
	5

	4
	T
	ctrl
	exp
	4
	1

	5
	T
	exp
	ctrl
	5
	2





20

60

Table S2. List of primers used in qPCR validation of microarray data in four brain regions of male sticklebacks after territorial intrusion by conspecific males. The efficiency of the primers was calculated using the formula E= 10^(-1/slope). The slope was calculated by the SDS software, which also computed the expression values. Primers with “*” had poor amplification.
	transcript id
	name
	forward sequence
	reverse sequence
	product size
	efficiency

	ENSGACT00000007860
	GAPDH
	CAAACCGTTGGTGACAGTATTTG
	GCACTGAGCATAAGGACACATCTAA
	69
	1.95

	Telencephalon
	
	
	
	
	

	ENSGACT00000000769
	AGAP2
	TTCGCTCTCTAGACCTCGATGAT
	TGCCGATGGCACTCAGAA
	63
	2.10

	ENSGACT00000000200
	MHCIa
	GGATGAAGTTGAGTTTAGTCACTATGACA
	ACTGAGGATCATCCTCTGTGACTCT
	95
	2.13

	ENSGACT00000000218
	TXNDC15
	CTTCACTGTGCAGGTCCTCAAC
	CGCTGCCGTTTGCATTC
	65
	2.19

	ENSGACT00000000277
	ANTXR2
	GCAGAAGAGGCGAGGAAATTC
	TGCTCGTCGAAGTCCTTGATG
	65
	2.19

	ENSGACT00000001166
	GRM2* 
	GCACGGTCTACGCCTTCAA
	CCAATGAACTTGGCCTCGTT
	62
	2.28

	Diencephalon
	
	
	
	
	

	ENSGACT00000001175
	PARP3
	GCCCTCGGCAAAGAATTCA
	CTGCCGGAGCCTCTTTGA
	63
	2.00

	ENSGACT00000012123
	CGA
	CAAAGTCGAGCTACGAGGTACAAG
	GGCACTCGGTGTGGTTTTTC
	72
	1.91

	ENSGACT00000007006
	TSHB
	TGCGATCAACACGACCATCT
	GATGGCCCTCACGTTGCT
	64
	2.36

	ENSGACT00000015224
	LH
	CCTGCCAGCTCATCAACCA
	TGGTCTCCACTGCGTGACA
	72
	1.87

	ENSGACT00000006262
	EIF5
	CCATGGGCCCCCTCAT
	TTGATCTGGTCGCGGATGT
	61
	1.96

	ENSGACT00000006657
	RPL4
	ACGGCACCTGGCGTAAAC       
	CTTGTGCATTGGCAGGTTGT
	59
	1.98




	
	
	
	
	
	

	transcript id
	name
	forward sequence
	reverse sequence
	product size
	efficiency

	Cerebellum
	
	
	
	
	

	ENSGACT00000012933
	CARTPT
	ACGCGCTCGTTGGATTTC
	CCTCTTGCAACGCGTCAA
	67
	2.98

	ENSGACT00000012576
	POMC
	TGTATCCTGCGTGGCTATTGG
	TGGATGTTCCCAGCACAGACT
	80
	1.97

	ENSGACT00000007952
	CRHBP 
	GAACGTCGCCATGGTCTTCT
	TCGGACAGCGAGGGTGAA
	64
	2.11

	ENSGACT00000006262
	EIF5
	GGATACCGCGGCATGCT
	TGCTCTCTGGTGGGTTTTTGA
	70
	1.96

	Brain Stem
	
	
	
	
	

	ENSGACT00000018402
	FGF12
	CGAGCCCCCCAAAAAGAAT
	TCGTTGCGACACCCTGTTT
	63
	2.02

	ENSGACT00000015627
	CYP2J2 
	AATCCCAAGAAACAAACCATTGG
	GCGGTATCCACAGGCCTTAC
	61
	1.96

	ENSGACT00000017540
	Transc_540
	GGGCTCTGCGGATGCA
	AGCAGCCCTCCTCCATCTG
	68
	2.09

	ENSGACT00000010849
	FRZB
	AGAATGTGGGCGGATGGA
	ACATTAGTTGTTTCTGTGACACATTGAG
	70
	2.16

	ENSGACT00000022751
	GGCX*
	CCCTGCCTCTCGCCATT
	TGCTGATGGTGCCTCTTCCT
	74
	1.96

	ENSGACT00000004596
	CAT
	CCAAAAACGCATGGTTGAGA
	GGTCTGAACCCGGTTTCCATA
	64
	2.09


(GAPDH was used as internal control and the mean expression of this gene was used to normalize the expression of the target genes (targets) in each brain region. The annotation of the genes can be found in Tables S4, S5, S6, S7).


Table S3. Test of statistical significance of the overlap between pairs of brain regions for genes differentially expressed between control males and experimental males responding to a territorial intrusion. 
	
	telencephalon
	diencephalon
	cerebellum
	brain stem

	telencephalon
	40
	18
	22
	7

	diencephalon
	1.39E-22
	197
	65
	26

	cerebellum
	2.13E-31
	6.73E-73
	172
	18

	brain stem
	5.72E-07
	5.45E-32
	1.52E-20
	61


(The number of differentially expressed genes that were shared between brain regions is listed above the diagonal and the Fisher’s exact p-values of overrepresentation are listed below the diagonal. The numbers on the diagonal represent the total number DE genes in each brain region at FDR=0.05).

Table S4. Genes differentially expressed in the telencephalon of male sticklebacks in response to intrusion of a conspecific male into his territory. The gene list is sorted by FDR.
	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000009174
	101.3
	-2.4
	0
	Novel
	ref|XP_002161711.1|

	ENSGACT00000009179
	116.8
	-2.3
	0
	Novel
	ref|XP_002161711.1|

	ENSGACT00000009184
	100.5
	-2.3
	0
	Novel
	ref|XP_002161711.1|

	ENSGACT00000016640
	105.6
	-2.2
	0
	Novel
	ref|NP_998215.1|

	ENSGACT00000004606
	93.1
	-2.8
	0
	Novel
	gb|ACI33913.1|

	ENSGACT00000001644
	108.8
	5.5
	0
	Novel
	dbj|BAA36622.1|

	ENSGACT00000018402
	101.3
	-2.3
	0
	FGF12 (1 of 2)
	fibroblast growth factor 12

	ENSGACT00000004977
	144.1
	-2.4
	0.0011
	Novel
	ref|NP_001117824.1|

	ENSGACT00000006634
	227.8
	-2
	0.0036
	RPL4
	ribosomal protein L4 

	ENSGACT00000024612
	214.5
	-2.5
	0.004
	HMGCS1
	3-hydroxy-3-methylglutaryl-Coenzyme A synthase 1 

	ENSGACT00000004634
	211
	3.2
	0.0043
	NFASC (2 of 2)
	neurofascin homolog (chicken)

	ENSGACT00000020442
	224.8
	3.2
	0.0062
	NMNAT3
	nicotinamide nucleotide adenylyltransferase 3 

	ENSGACT00000016620
	276.4
	-1.8
	0.0067
	Novel
	gb|AAC63307.1|

	ENSGACT00000015718
	294.3
	-1.8
	0.0071
	ATL1
	atlastin GTPase 1 

	ENSGACT00000003469
	339
	-1.7
	0.0078
	EPCAM
	epithelial cell adhesion molecule

	ENSGACT00000023706
	331.5
	-2.6
	0.0082
	Novel
	emb|CAF91491.1|

	ENSGACT00000004624
	359.2
	2.3
	0.0094
	NFASC (2 of 2)
	neurofascin homolog (chicken)

	ENSGACT00000005146
	358.8
	3.6
	0.01
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family)

	ENSGACT00000016629
	403.4
	-1.5
	0.0113
	Novel
	gb|AAC63307.1|

	ENSGACT00000019789
	386.8
	-1.8
	0.0114
	TUBA1 (2 of 2)
	tubulin, alpha 4a 

	ENSGACT00000006213
	370.7
	-1.8
	0.0115
	Novel
	dbj|BAE79275.1|

	ENSGACT00000005191
	432.4
	3.9
	0.0115
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family)

	ENSGACT00000010277
	429.4
	2.5
	0.0116
	ALDOA (1 of 2)
	aldolase A, fructose-bisphosphate 

	ENSGACT00000005204
	442.8
	3.7
	0.0129
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family)




	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000000704
	418.9
	-1.6
	0.0132
	Novel
	gb|AAP58737.1|

	ENSGACT00000022306
	491.1
	2.4
	0.0172
	FGG
	fibrinogen gamma chain

	ENSGACT00000010289
	534.3
	2.3
	0.0203
	ALDOA (1 of 2)
	aldolase A, fructose-bisphosphate

	ENSGACT00000017116
	525.7
	3
	0.0207
	ELANE
	elastase, neutrophil expressed 

	ENSGACT00000000206
	538
	2.2
	0.0209
	C3 (8 of 8)
	complement component 3 

	ENSGACT00000020438
	534.3
	2.6
	0.021
	NMNAT3
	nicotinamide nucleotide adenylyltransferase 3

	ENSGACT00000004715
	518.1
	-1.4
	0.021
	TRIM35 
	tripartite motif-containing 35 

	ENSGACT00000023427
	513.7
	-1.6
	0.0213
	NEFL (1 of 2)
	neurofilament, light polypeptide 

	ENSGACT00000012123
	507.2
	-1.7
	0.0214
	CGA
	glycoprotein hormones, alpha polypeptide 

	ENSGACT00000023969
	534.6
	-1.7
	0.0224
	Novel
	ref|NP_001117825.1|

	ENSGACT00000004803
	532.5
	-1.9
	0.0225
	Novel
	gb|AAB22943.1|

	ENSGACT00000015210
	546
	-1.8
	0.0241
	Q8AWC4
	Lutenizing hormone beta subunit precursor

	ENSGACT00000007902
	559
	-1.5
	0.0269
	GAPDHS
	glyceraldehyde-3-phosphate dehydrogenase, spermatogenic

	ENSGACT00000004447
	585.4
	1.6
	0.0279
	COL1A1 (2 of 2)
	collagen, type I, alpha 1 

	ENSGACT00000019302
	580.9
	-1.6
	0.0284
	C5orf22
	UPF0489 protein C5orf22  

	ENSGACT00000021366
	596.3
	1.9
	0.0288
	RPL9
	ribosomal protein L9 

	ENSGACT00000015784
	596.1
	-1.7
	0.029
	FDPS
	farnesyl diphosphate synthase 

	ENSGACT00000016904
	580.1
	-1.2
	0.0292
	Novel
	gb|AAD37510.1|AF138958_1

	ENSGACT00000004453
	604.3
	1.6
	0.03
	COL1A1 (2 of 2)
	collagen, type I, alpha 1

	ENSGACT00000000205
	610.6
	2.1
	0.0306
	C3 (8 of 8)
	complement component 3 

	ENSGACT00000013481
	633.1
	-1.5
	0.0338
	VAMP1
	vesicle-associated membrane protein 1 (synaptobrevin 1)

	ENSGACT00000001175
	664.5
	-1.9
	0.04
	PARP3
	poly (ADP-ribose) polymerase family, member 3

	ENSGACT00000023422
	679.2
	-1.5
	0.0416
	NEFL (1 of 2)
	neurofilament, light polypeptide 

	ENSGACT00000013411
	693
	-1.7
	0.0438
	Novel
	emb|CAG07883.1|

	ENSGACT00000006210
	697.6
	-1.6
	0.0439
	Novel
	dbj|BAE79274.1|

	ENSGACT00000023708
	709.1
	-2.2
	0.044
	Novel
	gb|ABL75896.1|

	ENSGACT00000008179
	707.3
	-1.3
	0.0447
	Novel
	ref|XP_001102093.1|




	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000009899
	726
	-1.5
	0.0465
	Novel
	ref|XP_690785.3|

	ENSGACT00000009897
	786.5
	-1.5
	0.047
	Novel
	ref|XP_682842.1|

	ENSGACT00000002233
	772.9
	-1.5
	0.047
	SH3BP5
	SH3-domain binding protein 5 

	ENSGACT00000000218
	755.1
	-1.6
	0.0475
	TXNDC15
	thioredoxin domain containing 15 

	ENSGACT00000022675
	765.2
	-1.4
	0.0476
	ATP6V1H
	ATPase, H+ transporting, lysosomal 50/57kDa

	ENSGACT00000004242
	785.5
	-1.4
	0.0478
	TMEM145
	transmembrane protein 145 

	ENSGACT00000023968
	772.4
	-1.6
	0.0479
	Novel
	ref|NP_001117825.1|

	ENSGACT00000009684
	796.3
	-1.5
	0.0479
	SLC6A1  
	neurotransmitter transporter (GABA), member 1 

	ENSGACT00000014769
	751.6
	-1.3
	0.0483
	DHCR24
	24-dehydrocholesterol reductase 

	ENSGACT00000019220
	748.1
	-1.6
	0.0486
	Novel
	emb|CAF98207.1|


 (Listed are genes that were DE at FDR=0.05. RP.Rsum: computed rank product or rank sum for each gene; FC: Fold change, FDR=False discovery rate).

Table S5. Genes differentially expressed in the diencephalon of male sticklebacks in response to intrusion of a conspecific male into his territory.  The gene list was sorted by FDR.
	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000001694
	170.4683
	-2.7
	0
	ABHD14B
	abhydrolase domain containing 14B

	ENSGACT00000008758
	14.1203
	11.6
	0
	Novel
	sp|P45640.1|SOML_CYCLU

	ENSGACT00000016620
	333.8948
	-2
	0
	Novel
	gb|AAC63307.1|

	ENSGACT00000008232
	292.8613
	2.7
	0
	Novel
	ref|XP_688470.1|

	ENSGACT00000009198
	133.4264
	2.7
	0
	Novel
	ref|ZP_03636781.1|

	ENSGACT00000010319
	354.1815
	-2.1
	0
	Novel
	ref|XP_001333660.2|

	ENSGACT00000009881
	168.1992
	3.8
	0
	Novel
	dbj|BAF76144.1|

	ENSGACT00000009932
	318.9371
	3.3
	0
	Novel
	dbj|BAF76144.1|

	ENSGACT00000000704
	107.0287
	-3.1
	0
	Novel
	gb|AAP58737.1|

	ENSGACT00000001644
	234.6585
	3
	0
	Novel
	dbj|BAA36622.1|

	ENSGACT00000001121
	136.8244
	3.3
	0
	Novel
	gb|ACQ58279.1|

	ENSGACT00000001122
	99.6447
	4.1
	0
	Novel
	gb|ACQ58279.1|

	ENSGACT00000001124
	183.3393
	3.9
	0
	Novel
	gb|ACQ58279.1|

	ENSGACT00000001126
	33.486
	6
	0
	Novel
	gb|ACQ58279.1|

	ENSGACT00000001460
	43.403
	5.6
	0
	Novel
	gb|ACQ58279.1|

	ENSGACT00000012123
	2.1689
	43.9
	0
	CGA
	glycoprotein hormones, alpha polypeptide 

	Name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000014769
	249.476
	-2.2
	0
	DHCR24
	24-dehydrocholesterol reductase 

	ENSGACT00000014759
	249.6019
	-2.1
	0
	DHCR24
	24-dehydrocholesterol reductase 

	ENSGACT00000006262
	87.4668
	3.4
	0
	EIF5
	eukaryotic translation initiation factor 5 

	ENSGACT00000007021
	148.7221
	7.6
	0
	ENY2
	enhancer of yellow 2 homolog (Drosophila)

	ENSGACT00000003469
	197.4428
	2.9
	0
	EPCAM
	epithelial cell adhesion molecule 

	ENSGACT00000013964
	385.1078
	-1.9
	0
	HSD17B10
	[Source:HGNC Symbol;Acc:4800]

	ENSGACT00000004624
	292.6058
	1.6
	0
	NFASC (2 of 2)
	neurofascin homolog (chicken)

	ENSGACT00000004634
	137.8007
	2.1
	0
	NFASC (2 of 2)
	neurofascin homolog (chicken) 

	ENSGACT00000001175
	55.3973
	-4.7
	0
	PARP3
	poly (ADP-ribose) polymerase family, member 3

	ENSGACT00000012576
	55.0692
	4.9
	0
	POMC (1 of 2)
	proopiomelanocortin 

	ENSGACT00000008740
	6.8986
	20.4
	0
	PRL
	prolactin 

	ENSGACT00000015224
	23.9393
	7.8
	0
	Q8AWC4_GASAC
	Luteinizing hormone beta subunit precursor

	ENSGACT00000015210
	14.18
	11.7
	0
	Q8AWC4_GASAC
	Luteinizing hormone beta subunit precursor

	ENSGACT00000006634
	91.3648
	-3.9
	0
	RPL4
	ribosomal protein L4 




	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000006657
	241.5606
	-2.1
	0
	RPL4
	ribosomal protein L4 

	ENSGACT00000008042
	53.7973
	-8.5
	0
	RSL24D1
	ribosomal L24 domain containing 1

	ENSGACT00000001989
	51.3053
	5.3
	0
	SLC4A2  (2 of 3)
	solute carrier family 4, anion exchanger, member 2

	ENSGACT00000008304
	337.0863
	2.3
	0
	SQRDL
	sulfide quinone reductase-like (yeast)

	ENSGACT00000007001
	63.4271
	5.6
	0
	TSHB (1 of 2)
	thyroid stimulating hormone, beta 

	ENSGACT00000007006
	32.537
	7.7
	0
	TSHB (1 of 2)
	thyroid stimulating hormone, beta 

	ENSGACT00000000218
	172.4726
	-2.8
	0
	TXNDC15
	thioredoxin domain containing 15 

	ENSGACT00000012844
	449.2974
	-2
	9.00E-04
	Novel
	ref|XP_690266.2|

	ENSGACT00000012837
	494.8005
	-1.9
	0.0011
	Novel
	ref|XP_690266.2|

	ENSGACT00000001718
	492.6402
	-2
	0.0011
	Novel
	gb|AAP20189.1|

	ENSGACT00000000499
	482.7393
	-1.9
	0.0011
	Novel
	gb|AAP58737.1|

	ENSGACT00000003647
	515.0688
	2
	0.0012
	KCTD6 (1 of 2)
	potassium channel tetramerisation domain containing 6

	ENSGACT00000016288
	467.5212
	2
	0.0014
	Novel
	dbj|BAC05810.1|

	ENSGACT00000003515
	544.3227
	-1.8
	0.0014
	Novel
	emb|CAF98003.1|

	ENSGACT00000001476
	532.9392
	-1.9
	0.0015
	CYB5D1
	cytochrome b5 domain containing 1

	ENSGACT00000005231
	568.1094
	-1.5
	0.0016
	B3GAT2
	beta-1,3-glucuronyltransferase 2 (glucuronosyltransferase S) 

	ENSGACT00000004231
	590.8658
	-1.9
	0.002
	Novel
	gb|AAH59704.1|

	ENSGACT00000000703
	637.5967
	-1.7
	0.0022
	TIMELESS
	timeless homolog (Drosophila) 

	ENSGACT00000002868
	608.5824
	-1.5
	0.0023
	Novel
	gb|ACQ58332.1|

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000005872
	667.3414
	-1.6
	0.0029
	FAM105B
	family with sequence similarity 105, member B

	ENSGACT00000011059
	681.7905
	1.7
	0.0033
	RNGTT (2 of 2)
	RNA guanylyltransferase and 5'-phosphatase

	ENSGACT00000005802
	709.6967
	2.2
	0.0034
	Novel
	gb|ACQ58302.1|

	ENSGACT00000002677
	696.1612
	1.9
	0.0034
	Novel
	ref|NP_001108035.1|

	ENSGACT00000008310
	679.5832
	1.8
	0.0034
	SQRDL
	sulfide quinone reductase-like (yeast)

	ENSGACT00000001119
	719.0045
	2
	0.0037
	Novel
	gb|ACQ58279.1|

	ENSGACT00000009899
	709.3654
	-1.6
	0.0041
	Novel
	ref|XP_690785.3|

	ENSGACT00000008016
	732.8405
	-1.7
	0.0042
	Novel
	emb|CAF95840.1|

	ENSGACT00000009984
	700.8177
	-1.6
	0.0042
	Novel
	ref|XP_691926.3|

	ENSGACT00000015784
	729.5335
	-1.6
	0.0043
	FDPS
	farnesyl diphosphate synthase

	ENSGACT00000008522
	730.5142
	-1.7
	0.0043
	Q4A1L2_GASAC
	Beclin 1

	ENSGACT00000006267
	749.0989
	1.7
	0.0043
	SCRIB
	scribbled homolog (Drosophila) 

	ENSGACT00000005565
	752.0872
	1.9
	0.0044
	Novel
	gb|AAI55582.1|

	ENSGACT00000010922
	751.8545
	2.6
	0.0044
	Novel
	gb|AAT71892.1|

	ENSGACT00000009179
	794.3734
	1.5
	0.0059
	Novel
	ref|XP_002161711.1|

	ENSGACT00000012741
	782.2068
	-1.9
	0.0061
	SLC4A1 (2 of 2)
	solute carrier family 4, anion exchanger, member 1

	ENSGACT00000011732
	806.3817
	1.9
	0.0063
	STEAP4 (1 of 2)
	STEAP family member 4

	ENSGACT00000000439
	821.9216
	1.8
	0.0068
	Q68GB9_GASAC
	MHC class IIA antigen

	ENSGACT00000009880
	835.1189
	2.5
	0.0073
	Novel
	dbj|BAF76144.1|

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000010874
	834.1123
	2.3
	0.0073
	KIAA1324
	KIAA1324 

	ENSGACT00000009174
	871.8902
	1.4
	0.0081
	Novel
	ref|XP_002161711.1|

	ENSGACT00000001538
	878.8175
	1.6
	0.0081
	SLC25A20
	solute carrier family 25 (carnitine/acylcarnitine translocase)

	ENSGACT00000008455
	878.2033
	1.8
	0.0081
	SPINT1 (1 of 2)
	serine peptidase inhibitor, Kunitz type 1 

	ENSGACT00000014306
	864.1237
	2
	0.0082
	SIX2
	SIX homeobox 2 

	ENSGACT00000011741
	865.1761
	1.7
	0.0083
	STEAP4 (1 of 2)
	STEAP family member 4

	ENSGACT00000009335
	886.6161
	2.8
	0.0085
	SLC4A1 (1 of 2)
	solute carrier family 4, anion exchanger, member 1

	ENSGACT00000008165
	894.4504
	1.8
	0.0086
	SLMO1
	slowmo homolog 1 (Drosophila)

	ENSGACT00000005220
	896.7955
	2.5
	0.0087
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family) 

	ENSGACT00000000343
	822.3811
	-1.6
	0.009
	PTPN7
	protein tyrosine phosphatase, non-receptor type 7 

	ENSGACT00000005522
	918.7968
	1.9
	0.0097
	Novel
	gb|AAI55582.1|

	ENSGACT00000012933
	855.1079
	-1.6
	0.0103
	CARTPT
	CART prepropeptide 

	ENSGACT00000001531
	873.7147
	-1.6
	0.0104
	Novel
	ref|XP_691926.3|

	ENSGACT00000012744
	871.8701
	-1.9
	0.0104
	SLC4A1 (2 of 2)
	solute carrier family 4, anion exchanger, member 1

	ENSGACT00000016640
	936.3783
	1.5
	0.0106
	Novel
	ref|NP_998215.1|

	ENSGACT00000001576
	877.737
	-1.7
	0.0106
	PURB (1 of 2)
	purine-rich element binding protein B

	ENSGACT00000014450
	939.5947
	1.8
	0.0107
	Novel
	ref|XP_002612690.1|

	ENSGACT00000000115
	894.8686
	-1.5
	0.0108
	F3 (1 of 2)
	coagulation factor III (thromboplastin, tissue factor)

	ENSGACT00000008867
	958.4419
	2.2
	0.0113
	Novel
	gb|ABB90892.1|

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000002268
	990.5883
	1.6
	0.0123
	GAS8 (3 of 3)
	growth arrest and DNA-damage-inducible, gamma

	ENSGACT00000000442
	982.2263
	1.8
	0.0123
	Q68GB9_GASAC
	MHC class IIA antigen

	ENSGACT00000005550
	980.5187
	1.7
	0.0124
	Novel
	gb|AAI55582.1|

	ENSGACT00000000706
	938.7801
	-1.6
	0.0128
	TIMELESS
	timeless homolog (Drosophila) 

	ENSGACT00000003475
	1012.3366
	1.8
	0.0131
	EPCAM
	epithelial cell adhesion molecule 

	ENSGACT00000009897
	961.1722
	-1.6
	0.0135
	Novel
	ref|XP_682842.1|

	ENSGACT00000014736
	975.1469
	-1.5
	0.0136
	CDKN2C
	cyclin-dependent kinase inhibitor 2C (p18, inhibits CDK4)

	ENSGACT00000000426
	1037.0698
	1.7
	0.0137
	PSMA5
	proteasome (prosome, macropain) subunit, alpha type, 5 

	ENSGACT00000016395
	1070.0209
	1.6
	0.0138
	CAMTA1
	calmodulin binding transcription activator 1

	ENSGACT00000008571
	1040.6387
	2
	0.0138
	RAB3D (1 of 2)
	RAB3D, member RAS oncogene family 

	ENSGACT00000009184
	1057.5311
	1.4
	0.0139
	Novel
	ref|XP_002161711.1|

	ENSGACT00000008564
	1066.0724
	1.9
	0.0139
	RAB3D (1 of 2)
	RAB3D, member RAS oncogene family 

	ENSGACT00000015118
	988.0442
	-1.2
	0.014
	Novel
	ref|XP_001509019.1|

	ENSGACT00000015612
	1046.5788
	1.8
	0.014
	CNIH
	cornichon homolog (Drosophila) 

	ENSGACT00000015789
	978.2928
	-1.6
	0.014
	FDPS
	farnesyl diphosphate synthase

	ENSGACT00000015757
	989.2175
	-1.6
	0.014
	FDPS
	farnesyl diphosphate synthase

	ENSGACT00000008316
	1074.7913
	1.6
	0.0141
	SQRDL
	sulfide quinone reductase-like (yeast)

	ENSGACT00000013325
	1080.5126
	1.7
	0.0145
	HSP90B1
	heat shock protein 90kDa beta (Grp94), member 1

	ENSGACT00000006605
	1012.6246
	-1.5
	0.0153
	Novel
	gb|ACO40442.1|

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000015509
	1109.927
	2
	0.0156
	Novel
	ref|XP_001333773.2|

	ENSGACT00000000119
	1031.3377
	-1.5
	0.0162
	F3 (1 of 2)
	coagulation factor III (thromboplastin, tissue factor)

	ENSGACT00000012083
	1125.1396
	1.6
	0.0168
	EIF3I
	eukaryotic translation initiation factor 3, subunit I

	ENSGACT00000016192
	1052.9117
	-1.5
	0.0171
	CACNG1 (1 of 2)
	calcium channel, voltage-dependent, gamma subunit 1

	ENSGACT00000007720
	1048.3423
	-1.6
	0.0171
	Novel
	emb|CAG09324.1|

	ENSGACT00000005204
	1138.0829
	2.2
	0.0174
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family) 

	ENSGACT00000006054
	1140.5656
	1.6
	0.0174
	MAD2L1BP
	MAD2L1 binding protein 

	ENSGACT00000008494
	1063.7875
	-1.5
	0.0176
	NDUFA4L2 (1 of 2)
	NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 4-like 2

	ENSGACT00000007952
	1155.1961
	1.7
	0.018
	CRHBP (2 of 2)
	corticotropin releasing hormone binding protein

	ENSGACT00000000205
	1166.3402
	1.6
	0.0185
	C3 (8 of 8)
	complement component 3 

	ENSGACT00000005191
	1161.6883
	2.5
	0.0185
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family) 

	ENSGACT00000005146
	1181.9278
	2.6
	0.0191
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family) 

	ENSGACT00000000118
	1091.163
	-1.5
	0.0192
	F3 (1 of 2)
	coagulation factor III (thromboplastin, tissue factor)

	ENSGACT00000001797
	1186.3538
	1.6
	0.0193
	Novel
	emb|CAG02122.1|

	ENSGACT00000009040
	1091.0656
	-1.8
	0.0194
	GADD45G (1 of 3)
	growth arrest and DNA-damage-inducible, gamma

	ENSGACT00000014012
	1197.2728
	1.6
	0.02
	COPE
	coatomer protein complex, subunit epsilon 

	ENSGACT00000010280
	1230.9371
	2.1
	0.0216
	GNAT2
	guanine nucleotide binding protein (G protein), alpha

	ENSGACT00000000921
	1245.1258
	1.8
	0.0221
	Novel
	ref|XP_001921732.1|

	ENSGACT00000016132
	1241.9336
	1.6
	0.0222
	Novel
	gb|AAR25684.1|

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000010268
	1122.9468
	-1.5
	0.0226
	C14orf129
	GSK3-beta interaction protein (GSKIP)

	ENSGACT00000010198
	1262.562
	1.7
	0.0229
	SFRP5
	secreted frizzled-related protein 5 

	ENSGACT00000002267
	1263.8469
	1.6
	0.023
	Novel
	emb|CAF95354.1|

	ENSGACT00000004971
	1270.5079
	1.7
	0.0231
	GTF2H2
	general transcription factor IIH, polypeptide 2

	ENSGACT00000011170
	1271.3132
	1.8
	0.0232
	SIX1
	SIX homeobox 1

	ENSGACT00000003201
	1276.0239
	1.7
	0.0235
	Novel
	ref|XP_001919211.1|

	ENSGACT00000005079
	1286.8275
	1.7
	0.0239
	GPR143
	G protein-coupled receptor 143

	ENSGACT00000015776
	1145.7409
	-1.5
	0.0242
	FDPS
	farnesyl diphosphate synthase

	ENSGACT00000002625
	1160.8757
	-1.5
	0.0244
	CACNG8 (1 of 2)
	microRNA 935

	ENSGACT00000006147
	1308.7665
	1.5
	0.0252
	Novel
	gb|ACQ91144.1|

	ENSGACT00000009384
	1312.4246
	1.5
	0.0254
	RLBP1 (1 of 2)
	retinaldehyde binding protein 1 

	ENSGACT00000006110
	1326.5639
	1.6
	0.026
	BOK
	BCL2-related ovarian killer

	ENSGACT00000002506
	1321.0356
	1.6
	0.0261
	N6AMT2
	N-6 adenine-specific DNA methyltransferase 2 (putative) 

	ENSGACT00000010399
	1325.3309
	1.9
	0.0261
	PRSS8
	protease, serine, 8 

	ENSGACT00000010186
	1333.9393
	1.6
	0.0263
	SFRP5
	secreted frizzled-related protein 5 

	ENSGACT00000007834
	1343.264
	1.6
	0.0268
	DUSP2
	dual specificity phosphatase 2

	ENSGACT00000011018
	1194.8612
	-1.6
	0.0271
	ATP6V0C (1 of 2)
	ATPase, H+ transporting, lysosomal 16kDa, V0 subunit c 

	ENSGACT00000012569
	1205.2049
	-1.9
	0.0273
	Novel
	gb|AAP33505.1|

	ENSGACT00000004767
	1354.7288
	1.5
	0.0273
	CYC1
	cytochrome c-1 

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000001082
	1372.8518
	1.7
	0.0283
	C3orf54 (2 of 2)
	Uncharacterized protein C3orf54  

	ENSGACT00000000918
	1367.947
	1.8
	0.0284
	Novel
	ref|XP_001921732.1|

	ENSGACT00000009911
	1379.0224
	2.1
	0.0288
	Novel
	dbj|BAF76144.1|

	ENSGACT00000003615
	1396.4776
	1.5
	0.0295
	Novel
	ref|XP_696736.2|

	ENSGACT00000011772
	1398.6958
	1.6
	0.0295
	NR5A2
	nuclear receptor subfamily 5, group A, member 2 

	ENSGACT00000016517
	1398.1671
	1.6
	0.0296
	Novel
	gb|ABY84843.1|

	ENSGACT00000012846
	1401.147
	1.6
	0.0296
	CSRP1 (1 of 2)
	cysteine and glycine-rich protein 1 

	ENSGACT00000014024
	1406.9625
	1.5
	0.0298
	COPE
	coatomer protein complex, subunit epsilon 

	ENSGACT00000000454
	1434.0162
	1.7
	0.0319
	Q9GJP3_GASAC
	MHC class II B antigen (Fragment). 

	ENSGACT00000008896
	1439.8919
	1.5
	0.0323
	Novel
	ref|XP_002261594.1|

	ENSGACT00000009604
	1459.8734
	1.5
	0.0334
	GPN2
	GPN-loop GTPase 2 

	ENSGACT00000009395
	1462.6698
	1.5
	0.0335
	RLBP1 (1 of 2)
	retinaldehyde binding protein 1

	ENSGACT00000003253
	1457.29
	1.5
	0.0336
	DKK3 (1 of 2)
	dickkopf homolog 3 (Xenopus laevis) 

	ENSGACT00000012497
	1478.7646
	1.9
	0.0342
	GNB3  (2 of 2)
	guanine nucleotide binding protein (G protein), alpha

	ENSGACT00000012378
	1492.7695
	1.5
	0.0353
	Novel
	dbj|BAH72990.1|

	ENSGACT00000008906
	1308.1218
	-1.4
	0.0364
	RBP4
	retinol binding protein 4, plasma 

	ENSGACT00000010345
	1312.866
	-1.5
	0.0366
	SHMT1
	serine hydroxymethyltransferase 1 (soluble)

	ENSGACT00000006738
	1315.0027
	-1.4
	0.0367
	CSRP1 (2 of 2)
	cysteine and glycine-rich protein 1 

	ENSGACT00000000197
	1514.8211
	1.3
	0.0371
	Q27IB4_GASAC
	MHC class I antigen alpha1 (Fragment)

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000012607
	1519.6283
	1.8
	0.0374
	Novel
	ref|XP_001752059.1|

	ENSGACT00000003590
	1526.2751
	2
	0.0378
	GDAP1
	ganglioside-induced differentiation-associated protein 1 

	ENSGACT00000010308
	1529.0477
	1.5
	0.0379
	GSTZ1
	glutathione transferase zeta 1

	ENSGACT00000002529
	1347.721
	-1.4
	0.039
	RNASEK (1 of 2)
	ribonuclease, RNase K 

	ENSGACT00000002352
	1362.4104
	-1.5
	0.0395
	Novel
	gb|ACQ58137.1|

	ENSGACT00000015747
	1571.8084
	1.5
	0.041
	HPD
	4-hydroxyphenylpyruvate dioxygenase 

	ENSGACT00000015433
	1381.1421
	-1.5
	0.0415
	PKLR
	pyruvate kinase, liver and RBC

	ENSGACT00000002142
	1379.5064
	-1.4
	0.0415
	SAMHD1 (1 of 3)
	SAM domain and HD domain 1 

	ENSGACT00000015139
	1377.3642
	-1.5
	0.0416
	Novel
	ref|XP_001509135.1|

	ENSGACT00000016398
	1589.3908
	1.5
	0.0418
	PARK2
	Parkinson disease (autosomal recessive, juvenile) 2

	ENSGACT00000013996
	1599.2284
	1.4
	0.0423
	SLC22A14
	solute carrier family 22, member 14 

	ENSGACT00000014118
	1606.6101
	1.5
	0.0425
	Novel
	gb|ABV04343.1|

	ENSGACT00000012558
	1619.7695
	1.4
	0.0438
	Novel
	emb|CAG12631.1|

	ENSGACT00000002505
	1633.2252
	1.4
	0.0446
	DBNL (2 of 2)
	drebrin-like 

	ENSGACT00000014535
	1643.8121
	1.1
	0.0454
	Novel
	emb|CAF97054.1|

	ENSGACT00000001607
	1436.7048
	-1.5
	0.046
	Novel
	ref|XP_001923977.1|

	ENSGACT00000016531
	1421.4433
	-1.5
	0.046
	NEFL (2 of 2)
	neurofilament, light polypeptide 

	ENSGACT00000001521
	1430.0177
	-1.5
	0.0462
	HMGB2 (2 of 2)
	high-mobility group box 2 

	ENSGACT00000001600
	1435.3013
	-1.5
	0.0465
	Novel
	ref|XP_001715326.1|

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000003472
	1655.2095
	1.7
	0.0466
	EPCAM
	epithelial cell adhesion molecule 

	ENSGACT00000003238
	1662.0498
	1.6
	0.0467
	LCN15 (2 of 3)
	lipocalin 15 

	ENSGACT00000008343
	1661.6813
	1.4
	0.0469
	CP
	ceruloplasmin (ferroxidase) 

	ENSGACT00000004037
	1660.5258
	1.6
	0.0471
	Novel
	gb|AAQ19852.1|

	ENSGACT00000009343
	1668.4293
	2.2
	0.0472
	SLC4A1 (1 of 2)
	solute carrier family 4, anion exchanger, member 1

	ENSGACT00000002233
	1462.313
	-1.4
	0.0481
	SH3BP5
	SH3-domain binding protein 5 (BTK-associated)

	ENSGACT00000015718
	1480.9605
	-1.5
	0.0488
	ATL1
	atlastin GTPase 1 

	ENSGACT00000010534
	1480.5843
	-1.6
	0.0491
	Novel
	ref|NP_001108034.1|

	ENSGACT00000000303
	1484.4513
	-1.5
	0.0491
	DHRS12 (2 of 2)
	dehydrogenase/reductase (SDR family) member 12 

	ENSGACT00000011256
	1474.8666
	-1.4
	0.0492
	NDUFA10
	NADH dehydrogenase1 alpha subcomplex, 10, 42kDa

	ENSGACT00000015743
	1701.0801
	1.6
	0.0498
	HPD
	4-hydroxyphenylpyruvate dioxygenase 

	ENSGACT00000003697
	1704.4785
	1.5
	0.0498
	Q30IZ8_GASAC
	Histone H3 (Fragment)

	ENSGACT00000009754
	1693.3162
	1.6
	0.0499
	Novel
	ref|NP_001098285.1|

	ENSGACT00000004054
	1698.8378
	1.7
	0.0499
	Novel
	gb|AAH65621.1|

	ENSGACT00000010834
	1700.995
	1.4
	0.05
	ATF4 (2 of 2)
	activating transcription factor 4 


(Listed are genes that were DE at FDR=0.05, RP.Rsum: computed rank product or rank sum for each gene; FC: Fold change, FDR=False discovery rate).

Table S6. Genes differentially expressed in the cerebellum of male sticklebacks in response to intrusion of a conspecific male into his territory. The gene list was sorted by FDR.
	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000012844
	342.9
	-2
	0
	Novel
	ref|XP_690266.2|

	ENSGACT00000016620
	161.2
	3
	0
	Novel
	gb|AAC63307.1|

	ENSGACT00000016629
	257.9
	2.4
	0
	Novel
	gb|AAC63307.1|

	ENSGACT00000009198
	100.3
	2.6
	0
	Novel
	ref|ZP_03636781.1|

	ENSGACT00000005901
	170.1
	-2.6
	0
	Novel
	gb|ACQ57849.1|

	ENSGACT00000000074
	211.1
	-2.7
	0
	Novel
	gb|ACQ57849.1|

	ENSGACT00000001644
	231.3
	2.6
	0
	Novel
	dbj|BAA36622.1|

	ENSGACT00000012123
	124.4
	-9.9
	0
	CGA
	glycoprotein hormones, alpha polypeptide 

	ENSGACT00000005220
	228
	4
	0
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family)

	ENSGACT00000005146
	161.2
	4.4
	0
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family)

	ENSGACT00000005204
	114.5
	4.8
	0
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family)

	ENSGACT00000005191
	126.9
	4.9
	0
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family)

	ENSGACT00000007952
	182.4
	-4.2
	0
	CRHBP (2 of 2)
	corticotropin releasing hormone binding protein 

	ENSGACT00000006262
	71.9
	2.7
	0
	EIF5
	eukaryotic translation initiation factor 5 

	ENSGACT00000008292
	211.2
	1.4
	0
	GNGT1
	guanine nucleotide binding protein (G protein)

	ENSGACT00000001175
	333.4
	-2.4
	0
	PARP3
	poly (ADP-ribose) polymerase family, member 3 

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000012576
	83.7
	-4.1
	0
	POMC (1 of 2)
	proopiomelanocortin 

	ENSGACT00000008740
	419.4
	-2.8
	0
	PRL
	prolactin 

	ENSGACT00000008571
	411.7
	-1.9
	0
	RAB3D (1 of 2)
	RAB3D, member RAS oncogene family 

	ENSGACT00000006634
	135.7
	-2.7
	0
	RPL4
	ribosomal protein L4 

	ENSGACT00000007006
	278
	-3.3
	0
	TSHB (1 of 2)
	thyroid stimulating hormone, beta 

	ENSGACT00000007001
	321.4
	-3
	0
	TSHB (1 of 2)
	thyroid stimulating hormone, beta 

	ENSGACT00000005977
	463.2
	-1.2
	3.00E-04
	CFD
	complement factor D (adipsin) 

	ENSGACT00000001126
	329.4
	2.2
	7.00E-04
	Novel
	gb|ACQ58279.1|

	ENSGACT00000010936
	406.4
	-1.1
	0.0014
	Novel
	gb|AAT71892.1|

	ENSGACT00000001908
	521.4
	-1.6
	0.0014
	FKBP5
	FK506 binding protein 5

	ENSGACT00000001119
	523.2
	1.9
	0.0015
	Novel
	gb|ACQ58279.1|

	ENSGACT00000006770
	509.7
	1.5
	0.0016
	CPXM1
	carboxypeptidase X (M14 family), member 1 

	ENSGACT00000008564
	525.9
	-1.8
	0.0016
	RAB3D (1 of 2)
	RAB3D, member RAS oncogene family 

	ENSGACT00000016638
	486.5
	1.7
	0.0017
	Novel
	gb|AAC63307.1|

	ENSGACT00000001124
	497.4
	2
	0.0017
	Novel
	gb|ACQ58279.1|




	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000010922
	450.4
	2.3
	0.0019
	Novel
	gb|AAT71892.1|

	ENSGACT00000007482
	560.7
	-1.8
	0.0021
	PRAF2
	PRA1 domain family, member 2

	ENSGACT00000016288
	555.4
	1.7
	0.0022
	Novel
	dbj|BAC05810.1|

	ENSGACT00000003119
	564.3
	-1.5
	0.0022
	DHRS7C (2 of 2)
	dehydrogenase/reductase (SDR family) member 7C 

	ENSGACT00000013964
	572.2
	-1.7
	0.0022
	HSD17B10
	hydroxysteroid (17-beta) dehydrogenase 10

	ENSGACT00000001989
	586.1
	-2.9
	0.0023
	SLC4A2 (2 of 3)
	solute carrier family 4, anion exchanger, member 2 

	ENSGACT00000011256
	625.1
	-1.4
	0.0024
	NDUFA10
	NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 10, 42kDa 

	ENSGACT00000003590
	576.3
	1.7
	0.0026
	GDAP1
	ganglioside-induced differentiation-associated protein 1 

	ENSGACT00000010924
	625.4
	-1.2
	0.0033
	Novel
	gb|AAT71892.1|

	ENSGACT00000008896
	642.1
	1.5
	0.0033
	Novel
	ref|XP_002261594.1|

	ENSGACT00000003602
	641.6
	1.7
	0.0033
	GDAP1
	ganglioside-induced differentiation-associated protein 1

	ENSGACT00000010932
	623.5
	-1.2
	0.0034
	Novel
	gb|AAT71892.1|

	ENSGACT00000009860
	659.3
	1.6
	0.0036
	CRABP1
	cellular retinoic acid binding protein 1

	ENSGACT00000001694
	670.9
	-1.4
	0.0038
	ABHD14B
	abhydrolase domain containing 14B

	ENSGACT00000006320
	692.8
	-1.5
	0.0046
	RCN3
	reticulocalbin 3, EF-hand calcium binding domain 

	ENSGACT00000003293
	702.5
	-1.6
	0.0048
	PDIA4
	protein disulfide isomerase family A, member 4

	ENSGACT00000004634
	712.5
	-1.3
	0.0058
	NFASC (2 of 2)
	neurofascin homolog (chicken)

	ENSGACT00000011082
	707.7
	1.6
	0.0059
	Novel
	ref|XP_001337239.1|

	ENSGACT00000016651
	737.5
	1.6
	0.0068
	COL6A2 (1 of 2)
	collagen, type I, alpha 1

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000015128
	746.6
	1.1
	0.0069
	C21orf33
	ES1 protein homolog, mitochondrial Precursor 

	ENSGACT00000016623
	732.2
	2.1
	0.007
	Novel
	gb|AAC63307.1|

	ENSGACT00000019076
	745.1
	1.1
	0.007
	PDE6G
	phosphodiesterase 6G, cGMP-specific, rod, gamma 

	ENSGACT00000010874
	747.1
	-1.6
	0.0071
	KIAA1324
	KIAA1324 

	ENSGACT00000015149
	778.3
	1.1
	0.0073
	C21orf33
	ES1 protein homolog, mitochondrial Precursor 

	ENSGACT00000004475
	776.4
	1.6
	0.0074
	DNAJC12
	DnaJ (Hsp40) homolog, subfamily C, member 12 

	ENSGACT00000007264
	758.4
	-1.6
	0.0078
	Novel
	ref|NP_001071508.1|

	ENSGACT00000007931
	797.5
	1.2
	0.008
	CKMT2 (1 of 2)
	creatine kinase, mitochondrial 2 (sarcomeric) 

	ENSGACT00000011943
	807.1
	2
	0.0082
	Novel
	sp|O73811.1|GON2_MORSA

	ENSGACT00000009915
	796.2
	1.5
	0.0082
	MARCKSL1
	MARCKS-like 1 

	ENSGACT00000002170
	793.6
	-1.7
	0.0087
	CYP2J2 (4 of 6)
	cytochrome P450, family 2, subfamily J, polypeptide 2 

	ENSGACT00000008316
	834.1
	1.5
	0.009
	SQRDL
	sulfide quinone reductase-like (yeast)

	ENSGACT00000008232
	827.4
	1.8
	0.0091
	Novel
	ref|XP_688470.1|

	ENSGACT00000008310
	830.6
	1.5
	0.0091
	SQRDL
	sulfide quinone reductase-like (yeast)

	ENSGACT00000007291
	807.3
	-1.5
	0.0094
	Novel
	ref|NP_001071508.1|

	ENSGACT00000008304
	858.2
	1.5
	0.01
	SQRDL
	sulfide quinone reductase-like (yeast) 

	ENSGACT00000007169
	863.7
	-1.5
	0.0106
	C11orf10
	UPF0197 transmembrane protein C11orf10  

	ENSGACT00000006920
	862.3
	-1.6
	0.0106
	COL1A1 (1 of 2)
	collagen, type I, alpha 1

	ENSGACT00000006937
	869.9
	-1.6
	0.0106
	COL1A1 (1 of 2)
	collagen, type I, alpha 1

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000000621
	876.9
	-1.5
	0.0107
	RFC2
	replication factor C (activator 1) 2, 40kDa

	ENSGACT00000006657
	891.6
	-1.4
	0.0108
	RPL4
	ribosomal protein L4 

	ENSGACT00000000555
	912.9
	-1.6
	0.0117
	Novel
	emb|CAF96840.1|

	ENSGACT00000015396
	896.4
	2.3
	0.0121
	STXBP5 (2 of 2)
	syntaxin binding protein 5 (tomosyn)

	ENSGACT00000008758
	956.3
	-3.4
	0.0131
	Novel
	sp|P45640.1|SOML_CYCLU

	ENSGACT00000018390
	912.7
	1.6
	0.0132
	MECR
	mitochondrial trans-2-enoyl-CoA reductase 

	ENSGACT00000005106
	908.7
	1.5
	0.0134
	HAUS2
	HAUS augmin-like complex, subunit 2 

	ENSGACT00000007227
	963.3
	-1.5
	0.0136
	FADS2 (2 of 3)
	fatty acid desaturase 2 

	ENSGACT00000012497
	944.1
	1.2
	0.0139
	GNB3 (2 of 2)
	guanine nucleotide binding protein, beta polypeptide 3 

	ENSGACT00000014024
	940.7
	1.6
	0.0142
	COPE
	coatomer protein complex, subunit epsilon

	ENSGACT00000005936
	999.9
	1.5
	0.0157
	Novel
	ref|NP_001008599.1|

	ENSGACT00000009874
	1002.7
	1.9
	0.0158
	STXBP5L
	syntaxin binding protein 5-like 

	ENSGACT00000010198
	1007.6
	1.4
	0.016
	SFRP5
	secreted frizzled-related protein 5

	ENSGACT00000002952
	1017.8
	1.6
	0.0165
	FEN1
	flap structure-specific endonuclease 1 

	ENSGACT00000013510
	1030
	-1.5
	0.0168
	Novel
	emb|CAF91666.1|

	ENSGACT00000006817
	1042.5
	-1.6
	0.0172
	Novel
	gb|ACI68118.1|

	ENSGACT00000000218
	1060
	-1.7
	0.0172
	TXNDC15
	thioredoxin domain containing 15

	ENSGACT00000014306
	1053
	-1.5
	0.0173
	SIX2
	SIX homeobox 2

	ENSGACT00000011415
	1059.3
	-1.4
	0.0173
	STAT3
	signal transducer and activator of transcription 3 

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000007172
	1066.5
	-1.5
	0.0175
	CYBASC3 (2 of 2)
	cytochrome b, ascorbate dependent 3

	ENSGACT00000012933
	1056
	2.9
	0.0186
	CARTPT
	CART prepropeptide 

	ENSGACT00000001538
	1051.5
	1.4
	0.0188
	SLC25A20
	solute carrier family 25 (carnitine/acylcarnitine translocase), member 20

	ENSGACT00000000205
	1065.1
	1.5
	0.0192
	C3 (8 of 8)
	complement component 3 

	ENSGACT00000001623
	1067.7
	1.3
	0.0195
	ASZ1 (1 of 2)
	ankyrin repeat, SAM and basic leucine zipper domain containing 1 

	ENSGACT00000004923
	1117.3
	-1.5
	0.0206
	Novel
	emb|CAF91854.1|

	ENSGACT00000003927
	1117.1
	-2
	0.0208
	Q6QUR8_GASAC
	Myosin heavy chain (Fragment). 

	ENSGACT00000009884
	1133.3
	-1.4
	0.021
	EMP3 (2 of 2)
	epithelial membrane protein 3

	ENSGACT00000004756
	1129.7
	-1.3
	0.021
	GYG1(1 of 2)
	glycogenin 1 

	ENSGACT00000013968
	1115.2
	-1.6
	0.0212
	UBA7
	ubiquitin-like modifier activating enzyme 7 

	ENSGACT00000007631
	1129.4
	1.5
	0.0233
	PTP4A2 (2 of 2)
	protein tyrosine phosphatase type IVA, member 2 

	ENSGACT00000010169
	1182.2
	-1.5
	0.0234
	CRYBA2
	crystallin, beta A2 

	ENSGACT00000000446
	1177.6
	-1.4
	0.0236
	Novel
	dbj|BAA89429.1|

	ENSGACT00000001476
	1170.4
	-1.4
	0.0239
	CYB5D1
	cytochrome b5 domain containing 1

	ENSGACT00000003310
	1175
	-1.4
	0.0241
	C7orf11
	TTD non-photosensitive 1 protein  

	ENSGACT00000011677
	1199.8
	-1.4
	0.0245
	Novel
	gb|ACF39459.1|

	ENSGACT00000009179
	1171.7
	1.2
	0.0263
	Novel
	ref|XP_002161711.1|

	ENSGACT00000001858
	1223.8
	-1.4
	0.0267
	Novel
	ref|YP_546387.1|

	ENSGACT00000003309
	1244.1
	-1.5
	0.0272
	CYP27A1
	cytochrome P450, family 27, subfamily A, polypeptide 1 

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000003299
	1248.5
	-1.5
	0.0272
	PDIA4
	protein disulfide isomerase family A, member 4

	ENSGACT00000000315
	1240.9
	-1.4
	0.0273
	TRIM14 
	tripartite motif-containing 14

	ENSGACT00000003937
	1240.8
	-2
	0.0275
	Q6QUR8_GASAC
	Myosin heavy chain (Fragment). 

	ENSGACT00000015143
	1200.5
	-1
	0.0276
	C21orf33
	ES1 protein homolog, mitochondrial Precursor 

	ENSGACT00000012293
	1266.1
	-1.5
	0.0277
	ATPIF1 (2 of 2)
	ATPase inhibitory factor 1

	ENSGACT00000012536
	1290.7
	-1.6
	0.0289
	Novel
	gb|AAP33505.1|

	ENSGACT00000003391
	1227.6
	1.6
	0.0294
	Novel
	gb|EFB21599.1|

	ENSGACT00000014012
	1237.6
	1.5
	0.0306
	COPE
	coatomer protein complex, subunit epsilon 

	ENSGACT00000003582
	1243.4
	1.5
	0.0308
	HIST1H4L (2 of 2)
	histone cluster 1, H4l

	ENSGACT00000004624
	1251.8
	-1.1
	0.0309
	NFASC (2 of 2)
	neurofascin homolog (chicken)

	ENSGACT00000015818
	1249.4
	1.4
	0.031
	ZFYVE16
	zinc finger, FYVE domain containing 16

	ENSGACT00000002491
	1256.3
	1
	0.0312
	Novel
	gb|ABN14357.1|

	ENSGACT00000008904
	1318.1
	-1.4
	0.0316
	Novel
	ref|XP_001755227.1|

	ENSGACT00000006738
	1336.2
	-1.5
	0.0316
	CSRP1 (2 of 2)
	cysteine and glycine-rich protein 1 

	ENSGACT00000001521
	1322.3
	-1.4
	0.0316
	HMGB2  (2 of 2)
	high-mobility group box 2

	ENSGACT00000007720
	1327
	-1.5
	0.0318
	Novel
	emb|CAG09324.1|

	ENSGACT00000000704
	1336
	-1.4
	0.0319
	Novel
	gb|AAP58737.1|

	ENSGACT00000006821
	1351.8
	-1.4
	0.033
	Novel
	gb|ACI68118.1|

	ENSGACT00000014324
	1356
	-1.4
	0.0331
	CD74 (2 of 2)
	CD74 molecule, major histocompatibility complex, II

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000003841
	1373.1
	-1.4
	0.0336
	CREG2
	cellular repressor of E1A-stimulated genes 2 

	ENSGACT00000014535
	1277.4
	1
	0.0337
	Novel
	emb|CAF97054.1|

	ENSGACT00000012368
	1304.3
	1.1
	0.0348
	Novel
	dbj|BAH72990.1|

	ENSGACT00000000426
	1295.2
	1.4
	0.0348
	PSMA5
	proteasome (prosome, macropain) subunit, alpha type, 5 

	ENSGACT00000005452
	1419.2
	-1.4
	0.0384
	DNAJB9 (1 of 2)
	DnaJ (Hsp40) homolog, subfamily B, member 9

	ENSGACT00000003305
	1433.4
	-1.4
	0.0392
	CYP27A1
	cytochrome P450, family 27, subfamily A, polypeptide 1 

	ENSGACT00000001718
	1348.8
	1.8
	0.0395
	Novel
	gb|AAP20189.1|

	ENSGACT00000002607
	1457.8
	-1.3
	0.0402
	NDUFS5
	NADH dehydrogenase (ubiquinone) Fe-S protein 5, 15kDa 

	ENSGACT00000008295
	1456.8
	-1.4
	0.0404
	NDUFA4L2 (2 of 2)
	NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 4-like 2

	ENSGACT00000004760
	1456.3
	-1.3
	0.0406
	GYG1 (1 of 2)
	glycogenin 1 

	ENSGACT00000011488
	1451.2
	-1.4
	0.0406
	SLC5A5
	solute carrier family 5 (sodium iodide symporter), member 5

	ENSGACT00000006104
	1365.9
	1.4
	0.0411
	SNAP25 (1 of 2)
	synaptosomal-associated protein, 25kDa 

	ENSGACT00000001551
	1467.9
	-1.3
	0.0415
	ANXA3 (1 of 2)
	annexin A3

	ENSGACT00000012083
	1380.4
	1.5
	0.0415
	EIF3I
	eukaryotic translation initiation factor 3, subunit I

	ENSGACT00000009174
	1380.4
	1.1
	0.0418
	Novel
	ref|XP_002161711.1|

	ENSGACT00000010898
	1380
	1.3
	0.042
	ANGPTL4 (2 of 2)
	angiopoietin-like 4 

	ENSGACT00000014858
	1471.8
	-1.4
	0.042
	TRIM14            
	tripartite motif-containing 14

	ENSGACT00000002268
	1379
	1.4
	0.0423
	GAS8 (3 of 3)
	growth arrest-specific 8

	ENSGACT00000000556
	1479.4
	-1.5
	0.0424
	Novel
	emb|CAF96840.1|

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000002870
	1487.5
	-1.4
	0.0428
	TRIM14 (5 of 80)
	tripartite motif-containing 14

	ENSGACT00000000393
	1501.2
	-1.4
	0.0431
	GNL3
	small nucleolar RNA, C/D box 19B 

	ENSGACT00000003297
	1499.7
	-1.4
	0.0432
	PDIA4
	protein disulfide isomerase family A, member 4

	ENSGACT00000000870
	1499.3
	-1.4
	0.0433
	TRIM14                
	tripartite motif-containing 14 

	ENSGACT00000012681
	1527.5
	-1.3
	0.0445
	PDIA6
	protein disulfide isomerase family A, member 6 

	ENSGACT00000002539
	1529.9
	-1.4
	0.0445
	RPS20
	ribosomal protein S20 

	ENSGACT00000011152
	1540.7
	-1.8
	0.0445
	TNNT3 (1 of 2)
	troponin T type 3 (skeletal, fast)

	ENSGACT00000004261
	1548.5
	-1.3
	0.0448
	Novel
	emb|CAG04046.1|

	ENSGACT00000012837
	1547.9
	-1.3
	0.045
	Novel
	ref|XP_690266.2|

	ENSGACT00000004921
	1546.5
	-1.4
	0.0451
	CASQ2 (1 of 2)
	calsequestrin 2 (cardiac muscle) 

	ENSGACT00000003705
	1453.7
	1.7
	0.0453
	Novel
	gb|EFB21599.1|

	ENSGACT00000015389
	1450.8
	1.6
	0.0454
	STXBP5 (2 of 2)
	syntaxin binding protein 5 (tomosyn)

	ENSGACT00000002272
	1443.6
	1.9
	0.0455
	Novel
	gb|AAA92556.1|

	ENSGACT00000018402
	1467.5
	1.4
	0.0455
	FGF12 (1 of 2)
	fibroblast growth factor 12

	ENSGACT00000003588
	1450.3
	1.5
	0.0455
	HIST1H4C
	histone cluster 1, H4c

	ENSGACT00000003919
	1423
	1.4
	0.0455
	PIK3R4
	phosphoinositide-3-kinase, regulatory subunit 4 

	ENSGACT00000013471
	1458.3
	1.3
	0.0455
	VAMP1
	vesicle-associated membrane protein 1 (synaptobrevin 1)

	ENSGACT00000007810
	1438.6
	1.7
	0.0457
	Novel
	gb|AAA92556.1|

	ENSGACT00000014769
	1448.7
	1.3
	0.0457
	DHCR24
	24-dehydrocholesterol reductase 

	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000011059
	1432.8
	1.4
	0.0457
	RNGTT (2 of 2)
	RNA guanylyltransferase and 5'-phosphatase 

	ENSGACT00000018409
	1467.4
	1.6
	0.0458
	Novel
	gb|EFB21599.1|

	ENSGACT00000017923
	1474.6
	1.4
	0.0463
	FNBP4
	formin binding protein 4 

	ENSGACT00000018417
	1481.8
	1.6
	0.0465
	Novel
	gb|EFB21599.1|

	ENSGACT00000008900
	1484.4
	1.4
	0.0468
	Novel
	ref|XP_001381617.1|

	ENSGACT00000009384
	1494.8
	1.1
	0.0474
	RLBP1 (1 of 2)
	retinaldehyde binding protein 1 

	ENSGACT00000008867
	1502.4
	-1
	0.0482
	Novel
	gb|ABB90892.1|


(Listed are genes that were DE at FDR=0.05. RP.Rsum: computed rank product or rank sum for each gene; FC: Fold change, FDR=False discovery rate).


Table S7. Genes differentially expressed in the brain stem of male sticklebacks in response to intrusion of a conspecific male into his territory. The gene list was sorted by FDR.
	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000009174
	101.3
	-2.4
	0
	Novel
	ref|XP_002161711.1|

	ENSGACT00000009179
	116.8
	-2.3
	0
	Novel
	ref|XP_002161711.1|

	ENSGACT00000009184
	100.5
	-2.3
	0
	Novel
	ref|XP_002161711.1|

	ENSGACT00000016640
	105.6
	-2.2
	0
	Novel
	ref|NP_998215.1|

	ENSGACT00000004606
	93.1
	-2.8
	0
	Novel
	gb|ACI33913.1|

	ENSGACT00000001644
	108.8
	5.5
	0
	Novel
	dbj|BAA36622.1|

	ENSGACT00000018402
	101.3
	-2.3
	0
	FGF12 (1 of 2)
	fibroblast growth factor 12

	ENSGACT00000004977
	144.1
	-2.4
	0.0011
	Novel
	ref|NP_001117824.1|

	ENSGACT00000006634
	227.8
	-2
	0.0036
	RPL4
	ribosomal protein L4 

	ENSGACT00000024612
	214.5
	-2.5
	0.004
	HMGCS1
	3-hydroxy-3-methylglutaryl-Coenzyme A synthase 1 

	ENSGACT00000004634
	211
	3.2
	0.0043
	NFASC (2 of 2)
	neurofascin homolog (chicken)

	ENSGACT00000020442
	224.8
	3.2
	0.0062
	NMNAT3
	nicotinamide nucleotide adenylyltransferase 3 

	ENSGACT00000016620
	276.4
	-1.8
	0.0067
	Novel
	gb|AAC63307.1|

	ENSGACT00000015718
	294.3
	-1.8
	0.0071
	ATL1
	atlastin GTPase 1 




	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000003469
	339
	-1.7
	0.0078
	EPCAM
	epithelial cell adhesion molecule

	ENSGACT00000023706
	331.5
	-2.6
	0.0082
	Novel
	emb|CAF91491.1|

	ENSGACT00000004624
	359.2
	2.3
	0.0094
	NFASC (2 of 2)
	neurofascin homolog (chicken)

	ENSGACT00000005146
	358.8
	3.6
	0.01
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family)

	ENSGACT00000016629
	403.4
	-1.5
	0.0113
	Novel
	gb|AAC63307.1|

	ENSGACT00000019789
	386.8
	-1.8
	0.0114
	TUBA1 (2 of 2)
	tubulin, alpha 4a 

	ENSGACT00000006213
	370.7
	-1.8
	0.0115
	Novel
	dbj|BAE79275.1|

	ENSGACT00000005191
	432.4
	3.9
	0.0115
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family)

	ENSGACT00000010277
	429.4
	2.5
	0.0116
	ALDOA (1 of 2)
	aldolase A, fructose-bisphosphate 

	ENSGACT00000005204
	442.8
	3.7
	0.0129
	CNDP1
	carnosine dipeptidase 1 (metallopeptidase M20 family)

	ENSGACT00000000704
	418.9
	-1.6
	0.0132
	Novel
	gb|AAP58737.1|

	ENSGACT00000022306
	491.1
	2.4
	0.0172
	FGG
	fibrinogen gamma chain

	ENSGACT00000010289
	534.3
	2.3
	0.0203
	ALDOA (1 of 2)
	aldolase A, fructose-bisphosphate

	ENSGACT00000017116
	525.7
	3
	0.0207
	ELANE
	elastase, neutrophil expressed 

	ENSGACT00000000206
	538
	2.2
	0.0209
	C3 (8 of 8)
	complement component 3 

	ENSGACT00000020438
	534.3
	2.6
	0.021
	NMNAT3
	nicotinamide nucleotide adenylyltransferase 3

	ENSGACT00000004715
	518.1
	-1.4
	0.021
	TRIM35 
	tripartite motif-containing 35 




	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000023427
	513.7
	-1.6
	0.0213
	NEFL (1 of 2)
	neurofilament, light polypeptide 

	ENSGACT00000012123
	507.2
	-1.7
	0.0214
	CGA
	glycoprotein hormones, alpha polypeptide 

	ENSGACT00000023969
	534.6
	-1.7
	0.0224
	Novel
	ref|NP_001117825.1|

	ENSGACT00000004803
	532.5
	-1.9
	0.0225
	Novel
	gb|AAB22943.1|

	ENSGACT00000015210
	546
	-1.8
	0.0241
	Q8AWC4
	Lutenizing hormone beta subunit precursor

	ENSGACT00000007902
	559
	-1.5
	0.0269
	GAPDHS
	glyceraldehyde-3-phosphate dehydrogenase, spermatogenic

	ENSGACT00000004447
	585.4
	1.6
	0.0279
	COL1A1 (2 of 2)
	collagen, type I, alpha 1 

	ENSGACT00000019302
	580.9
	-1.6
	0.0284
	C5orf22
	UPF0489 protein C5orf22  

	ENSGACT00000021366
	596.3
	1.9
	0.0288
	RPL9
	ribosomal protein L9 

	ENSGACT00000015784
	596.1
	-1.7
	0.029
	FDPS
	farnesyl diphosphate synthase 

	ENSGACT00000016904
	580.1
	-1.2
	0.0292
	Novel
	gb|AAD37510.1|AF138958_1

	ENSGACT00000004453
	604.3
	1.6
	0.03
	COL1A1 (2 of 2)
	collagen, type I, alpha 1

	ENSGACT00000000205
	610.6
	2.1
	0.0306
	C3 (8 of 8)
	complement component 3 

	ENSGACT00000013481
	633.1
	-1.5
	0.0338
	VAMP1
	vesicle-associated membrane protein 1 (synaptobrevin 1)

	ENSGACT00000001175
	664.5
	-1.9
	0.04
	PARP3
	poly (ADP-ribose) polymerase family, member 3

	ENSGACT00000023422
	679.2
	-1.5
	0.0416
	NEFL (1 of 2)
	neurofilament, light polypeptide 

	ENSGACT00000013411
	693
	-1.7
	0.0438
	Novel
	emb|CAG07883.1|




	name
	RP.Rsum
	FC
	FDR
	gene name
	description

	ENSGACT00000006210
	697.6
	-1.6
	0.0439
	Novel
	dbj|BAE79274.1|

	ENSGACT00000023708
	709.1
	-2.2
	0.044
	Novel
	gb|ABL75896.1|

	ENSGACT00000008179
	707.3
	-1.3
	0.0447
	Novel
	ref|XP_001102093.1|

	ENSGACT00000009899
	726
	-1.5
	0.0465
	Novel
	ref|XP_690785.3|

	ENSGACT00000009897
	786.5
	-1.5
	0.047
	Novel
	ref|XP_682842.1|

	ENSGACT00000002233
	772.9
	-1.5
	0.047
	SH3BP5
	SH3-domain binding protein 5 

	ENSGACT00000000218
	755.1
	-1.6
	0.0475
	TXNDC15
	thioredoxin domain containing 15 

	ENSGACT00000022675
	765.2
	-1.4
	0.0476
	ATP6V1H
	ATPase, H+ transporting, lysosomal 50/57kDa

	ENSGACT00000004242
	785.5
	-1.4
	0.0478
	ATP6V1H
	ATPase, H+ transporting, lysosomal 50/57kDa

	ENSGACT00000022675
	765.2
	-1.4
	0.0476
	ATP6V1H
	ATPase, H+ transporting, lysosomal 50/57kDa

	ENSGACT00000023968
	772.4
	-1.6
	0.0479
	Novel
	ref|NP_001117825.1|

	ENSGACT00000009684
	796.3
	-1.5
	0.0479
	SLC6A1  
	neurotransmitter transporter (GABA), member 1 

	ENSGACT00000014769
	751.6
	-1.3
	0.0483
	DHCR24
	24-dehydrocholesterol reductase 

	ENSGACT00000019220
	748.1
	-1.6
	0.0486
	Novel
	emb|CAF98207.1|

	ENSGACT00000009174
	101.3
	-2.4
	0
	Novel
	ref|XP_002161711.1|

	ENSGACT00000009179
	116.8
	-2.3
	0
	Novel
	ref|XP_002161711.1|

	ENSGACT00000009184
	100.5
	-2.3
	0
	Novel
	ref|XP_002161711.1|


(Listed are genes that were DE at FDR=0.05. RP.Rsum: computed rank product or rank sum for each gene; FC: Fold change, FDR=False discovery rate).

Table S8. Fluorescence intensity (gene expression) ratios of GAPDH in four brain regions between experimental and control male stickleback following a territorial intrusion.

	
	 
	 
	replicate
	 
	 

	brain part
	1
	2
	3
	4
	5

	Telencephalon
	0.050
	0.018
	0.043
	0.336
	-0.096

	Diencephalon
	-0.633
	-0.597
	0.369
	0.115
	-0.279

	Cerebellum
	-0.225
	0.322
	0.108
	0.389
	-0.247

	Brain Stem
	-0.326
	-0.863
	-0.383
	NA
	-0.067





Table S9. Many of the top 20 DE genes in the diencephalon were correlated with individual differences in aggressive behaviour among experimental males. ‘Rank’ refers to the rank order of differential gene expression. ‘Spearman’s r’ refers to the correlation between individual differences in the behaviour and individual differences in gene expression of the transcript. All of these transcripts were upregulated in experimental males compared to control males. For illustration, correlations marked with ‡ are shown in Figure S9.

	rank
	behaviour
	Spearman's r
	transcript
	annotation

	1
	Time chasing
	0.9
	ENSGACT00000001121
	Novel

	2
	Number of chases
	0.9
	ENSGACT00000001122
	Novel

	2
	Time chasing
	1.0
	ENSGACT00000001122
	Novel

	3
	Latency
	-0.9
	ENSGACT00000001124
	Novel

	3
	Bites
	1.0
	ENSGACT00000001124
	Novel

	4
	Number of chases
	0.9
	ENSGACT00000001126
	Novel

	4
	Time chasing
	1.0
	ENSGACT00000001126
	Novel

	5
	Latency
	-0.9
	ENSGACT00000001460
	Novel

	5
	Time chasing
	0.9
	ENSGACT00000001460
	Novel

	6
	Bites
	0.9
	ENSGACT00000001644
	Novel

	7
	Latency‡
	-1.0
	ENSGACT00000001989
	SLC4A2

	7
	Bites
	0.9
	ENSGACT00000001989
	SLC4A2

	8
	Time chasing
	0.9
	ENSGACT00000003469
	EPCAM

	9
	Number of chases
	1.0
	ENSGACT00000004634
	NFASC

	9
	Time chasing
	0.9
	ENSGACT00000004634
	NFASC

	11
	Time chasing
	-0.9
	ENSGACT00000006262
	EIF5

	11
	Number of chases‡
	-1.0
	ENSGACT00000006262
	EIF5

	14
	Bites
	0.9
	ENSGACT00000007021
	ENY2

	16
	Latency‡
	-1.0
	ENSGACT00000008304
	SQRDL

	16
	Bites
	0.9
	ENSGACT00000008304
	SQRDL

	17
	Number of chases‡
	-1.0
	ENSGACT00000008740
	PRL

	17
	Time chasing
	-0.9
	ENSGACT00000008740
	PRL

	20
	Number of orients
	0.975
	ENSGACT00000009881
	Novel

	20
	Number of chases
	0.9
	ENSGACT00000009881
	Novel





Table S10. Aggressive behaviour was more tightly correlated with the top 20 differentially expressed genes in each brain region than with genes in the rest of the genome. Shown are the mean Spearman correlation coefficients between the top 20 genes in each region and each behaviour, as well as the lower and upper 95% confidence intervals surrounding the expected correlation based on the mean correlation coefficients of 100,000 random samples of 20 genes from throughout the genome. In telencephalon, there were 19 genes that passed the FDR, therefore the randomization test was performed on random samples of 19 genes from throughout the genome. N=5 individuals in each region except in brain stem, where n= 4 individuals.

	
	ave. r top 20
	lower 95% CI
	upper 95% CI
	p-value

	Telencephalon
	
	
	
	

	Latency 
	0.69
	0.33
	0.58
	<0.01

	Number of bites
	0.62
	0.30
	0.55
	<0.01

	Number of orients
	0.31
	0.30
	0.54
	0.06

	Time spent orienting
	0.44
	0.33
	0.57
	1.00

	Number of chases
	0.44
	0.29
	0.53
	0.60

	Time spent chasing
	0.49
	0.29
	0.54
	0.24

	
Diencephalon
	
	
	
	

	Latency 
	0.65
	0.42
	0.66
	0.09

	Number of bites
	0.66
	0.42
	0.66
	0.07

	Number of orients
	0.59
	0.35
	0.58
	0.04

	Time spent orienting
	0.32
	0.26
	0.47
	0.48

	Number of chases
	0.68
	0.40
	0.65
	0.02

	Time spent chasing
	0.72
	0.38
	0.63
	<0.01

	Time spent chasing
	0.50
	0.28
	0.51
	0.08

	
	
	
	
	

	Cerebellum
	
	
	
	

	Latency 
	0.45
	0.31
	0.55
	0.67

	Number of bites
	0.41
	0.29
	0.52
	0.86

	Number of orients
	0.45
	0.32
	0.53
	0.60

	Time spent orienting
	0.31
	0.33
	0.58
	0.03

	Number of chases
	0.67
	0.29
	0.52
	<0.01

	Time spent chasing
	0.50
	0.28
	0.51
	0.08

	Brain Stem
	
	
	
	

	Latency 
	0.67
	0.41
	0.66
	0.03

	Number of bites
	0.61
	0.37
	0.62
	0.08

	Number of orients
	0.46
	0.43
	0.62
	0.34

	Time spent orienting
	0.56
	0.40
	0.65
	0.66

	Number of chases
	0.63
	0.40
	0.66
	0.14

	Time spent chasing
	0.63
	0.40
	0.66
	0.14
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