Supplementary Information

Figure 1. Genetic architecture of pelvic reduction in a cross between marine and Paxton benthic fish populations.

Black dots in LOD plots (a-e) correspond to the following microsatellite markers20 in order from left to right along each linkage group: 

Linkage group 1 (Fig. 1b): Stn1, Gac4170, Stn2, Stn6, Stn4, Stn7, Stn5, Stn11, Stn221 (Tbx4), Stn9, Stn8, Gac2111, Stn12, Stn13, Stn14 

Linkage group 2 (Fig. 1c): Stn18, Stn17, Stn21, Stn20, Stn16, Stn 22, Stn26, Stn24, Stn25

Linkage group 4 (Fig. 1d): Stn220 (Pitx2), Stn38, CIER62, Stn40, Stn42, Gac4174, Stn45, Stn183, Stn46, Stn47, Stn184, Stn39 

Linkage group 7 (Fig. 1a): Stn70, Stn72, Stn76, Stn71, Stn78, Stn79, Stn75, Stn81, Stn80 Stn82, Pitx1

Linkage group 10 (Fig. 1e): Stn119 Stn120, Stn124, Stn121, Stn23, Stn125

Note that markers Stn183 and Stn184 from linkage group XVIII in the Priest Lake cross20 map together with linkage group 4 markers in the larger cross. Mean phenotypic values in panels g and h are graphed as a function of the total number of benthic alleles scored at the most informative microsatellites near minor QTL on LG2 and LG4 for pelvic spine (Stn20, Gac4174) ;  and LG1, 2, and 4 for pelvic girdle (Stn7, Stn20, Gac4174).

	Supplementary Table 1: Comparison of the effect of modifier QTL in animals with different genotypes at the Pitx1 locus.

	Trait
	 
	LG
	 
	Marker
	Map
	LOD
	PVE (%)
	Phenotype Means

	
	
	
	
	
	Position
	
	
	

	
	 
	
	
	
	(cM)
	
	
	MM
	MB
	BB

	MM at Pitx1 locus
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	

	Left Pelvic Spine
	
	2
	
	Stn20
	24.4
	0.18
	1.1
	0.135±0.006
	0.129±0.006
	0.121±0.011

	
	
	4
	
	Stn38
	11.4
	8.29
	38.6
	0.138±0.014
	0.131±0.006
	0.131±0.001

	
	
	
	
	Gac4174
	32.4
	10.30
	41.3
	0.147±0.007
	0.129±0.006*
	0.126±0.005*

	
	
	
	
	Stn39
	49.1
	7.51
	32.6
	0.133±0.007
	0.143±0.004
	0.116±0.008

	
	
	
	
	
	
	
	
	
	
	

	Left Pelvic Girdle
	
	1
	
	Stn7
	45.1
	2.42
	12.3
	0.181±0.004
	0.176±0.003
	0.171±0.004

	
	
	2
	
	Stn20
	24.4
	1.83
	9.3
	0.182±0.006
	0.173±0.003
	0.167±0.005*

	
	
	4
	
	Stn38
	11.4
	3.75
	21.3
	0.176±0.006
	0.181±0.004
	0.176±0.008

	
	
	
	
	Gac4174
	32.4
	2.86
	13.8
	0.183±0.004
	0.176±0.003
	0.170±0.004*

	
	
	
	
	Stn39
	49.1
	1.14
	5.8
	0.176±0.006
	0.179±0.003
	0.170±0.005

	
	
	9^
	
	Stn108
	31.4
	1.60
	10.9
	0.174±0.004
	0.173±0.003
	0.175±0.009

	
	
	
	
	
	
	
	
	
	
	

	Left Ascending Branch
	
	4
	
	Stn38
	11.4
	2.34
	15.2
	0.106±0.006
	0.100±0.003
	0.096±0.003

	
	
	
	
	Gac4174
	32.4
	1.37
	6.9
	0.104±0.003
	0.103±0.003
	0.104±0.004

	
	
	
	
	Stn39
	49.1
	1.97
	10.4
	0.105±0.003
	0.103±0.003
	0.097±0.003

	
	
	8^
	
	Stn87
	35.7
	2.36
	12.0
	0.107±0.003
	0.100±0.004
	0.098±0.002*

	
	
	10
	
	Stn119
	0
	2.40
	11.8
	0.108±0.002
	0.102±0.003
	0.096±0.003*

	
	
	
	
	
	
	
	
	
	
	

	MB at Pitx1 locus
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	

	Left Pelvic Spine
	
	2
	
	Stn20
	24.4
	2.33
	7.0
	0.127±0.007
	0.134±0.004
	0.105±0.009*#

	
	
	4
	
	Stn38
	11.4
	4.06
	11.9
	0.131±0.007
	0.116±0.006
	0.131±0.007

	
	
	
	
	Gac4174
	32.4
	7.51
	19.1
	0.145±0.005
	0.124±0.004*
	0.111±0.005**

	
	
	
	
	Stn39
	49.1
	8.52
	21.5
	0.138±0.004
	0.121±0.004*
	0.124±0.006

	
	
	
	
	
	
	
	
	
	
	

	Left Pelvic Girdle
	
	1
	
	Stn7
	45.1
	3.00
	8.2
	0.184±0.002
	0.175±0.003
	0.164±0.005*#

	
	
	2
	
	Stn20
	24.4
	4.64
	13.4
	0.176±0.004
	0.179±0.003
	0.158±0.006*#

	
	
	4
	
	Stn38
	11.4
	1.78
	5.3
	0.175±0.004
	0.167±0.004
	0.178±0.005

	
	
	
	
	Gac4174
	32.4
	3.94
	10.5
	0.185±0.002
	0.175±0.002*
	0.164±0.004*#

	
	
	
	
	Stn39
	49.1
	5.02
	13.3
	0.182±0.003
	0.172±0.003*
	0.173±0.005

	
	
	9^
	
	Stn108
	31.4
	1.02
	3.7
	0.179±0.004
	0.173±0.002
	0.174±0.005

	
	
	
	
	
	
	
	
	
	
	

	Left Ascending Branch
	
	4
	
	Stn38
	11.4
	6.56
	20.8
	0.103±0.003
	0.095±0.004
	0.105±0.003

	
	
	
	
	Gac4174
	32.4
	4.43
	11.8
	0.110±0.003
	0.101±0.002*
	0.098±0.002*

	
	
	
	
	Stn39
	49.1
	5.76
	15.8
	0.110±0.002
	0.100±0.002*
	0.102±0.004

	
	
	8^
	
	Stn87
	35.7
	6.81
	18.0
	0.109±0.002
	0.102±0.003
	0.099±0.002*

	
	
	10
	
	Stn119
	0
	3.62
	11.1
	0.106±0.002
	0.103±0.002
	0.096±0.005*#

	
	
	
	
	
	
	
	
	
	
	

	BB at Pitx1 locus
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	
	
	

	Left Pelvic Spine
	
	2
	
	Stn20
	24.4
	2.73
	15.0
	0.101±0.011
	0.105±0.006
	0.097±0.011

	
	
	4
	
	Stn38
	11.4
	0.12
	0.8
	0.091±0.013
	0.102±0.011
	0.105±0.014

	
	
	
	
	Gac4174
	32.4
	0.42
	2.1
	0.097±0.011
	0.090±0.007
	0.084±0.010

	
	
	
	
	Stn39
	49.1
	0.42
	2.3
	0.097±0.011
	0.086±0.008
	0.086±0.009

	
	
	
	
	
	
	
	
	
	
	

	Left Pelvic Girdle
	
	1
	
	Stn7
	45.1
	2.69
	13.5
	0.166±0.006
	0.152±0.005
	0.140±0.013*

	
	
	2
	
	Stn20
	24.4
	3.29
	17.7
	0.165±0.006
	0.161±0.004
	0.150±0.008

	
	
	4
	
	Stn38
	11.4
	0.79
	5.0
	0.154±0.009
	0.161±0.007
	0.155±0.014

	
	
	
	
	Gac4174
	32.4
	1.37
	6.6
	0.157±0.007
	0.158±0.005
	0.142±0.010

	
	
	
	
	Stn39
	49.1
	0.74
	3.8
	0.152±0.007
	0.157±0.005
	0.149±0.009

	
	
	9^
	
	Stn108
	31.4
	4.97
	24.3
	0.165±0.011
	0.159±0.004
	0.139±0.010#

	
	
	
	
	
	
	
	
	
	
	

	Left Ascending Branch
	
	4
	
	Stn38
	11.4
	0.58
	3.1
	0.089±0.005
	0.096±0.005
	0.092±0.009

	
	
	
	
	Gac4174
	32.4
	0.35
	1.7
	0.091±0.005
	0.087±0.003
	0.086±0.006

	
	
	
	
	Stn39
	49.1
	0.06
	0.3
	0.082±0.006
	0.090±0.004
	0.087±0.005

	
	
	8^
	
	Stn87
	35.7
	0.45
	2.2
	0.089±0.006
	0.087±0.004
	0.084±0.005

	
	
	10
	
	Stn119
	0
	0.93
	4.6
	0.102±0.003
	0.084±0.005*
	0.081±0.004*


Three different quantitative measures of pelvic morphology were mapped separately in animals with two marine (MM), one marine and one benthic (MB), or two benthic alleles (BB) at the Pitx1 locus (N=90, 163, and 92 animals, respectively).  The linkage groups previously detected in the aggregate analysis of all F2 progeny are shown (Table 1, main text), together with the LOD, PVE, and phenotypic mean of fish with different genotypes at candidate modifier QTL. New QTL on linkage groups 8 and 9 that were not detected in the previous aggregate analysis are indicated with a ^ symbol following the linkage group.  The LOD score distribution on linkage group 4 is broad (see Fig. 1), and results are shown for three different points along the linkage group. On other linkage groups, results are shown for the most informative single microsatellite markers located near the peaks of the QTL distribution.  Note that separating animals by genotype at the major Pitx1 locus substantially reduces the total number of animals available for analysis within each category, and therefore decreases the magnitude of many LOD scores within each of the Pitx1 genotypic groups. However, the sum of LOD scores across all Pitx1 subgroups still exceeds the genome wide significance level, and every previously detected QTL still has significant effects on mean trait values in one or more of the individual Pitx1 genotypic classes. The magnitude of these effects often depends on the Pitx1 genotype, suggesting genetic interactions between the major and minor QTL affecting pelvic morphology. Multiple QTL model (MQM) mapping with MapQTL46 using all F2 progeny and Pitx1 as the initial cofactor locus also strongly supports the pelvic modifiers identified in the aggregate interval mapping analysis (pelvic spine: LG2, LOD 4.95 (Stn21); LG4, 7.29 (Gac4174); pelvic girdle: LG1, LOD 7.71 (Stn7); LG2 LOD 8.27 (Stn21); LG4, LOD 5.85 (Gac4174); ascending branch: LG10, LOD 4.5 (Stn119); and identified additional candidate QTL for pelvic spine: LG9, LOD 4.73 (Stn100) and ascending branch: LG 4, LOD 5.5 (Stn38)). * indicates a value significantly different than the MM mean for a given modifier QTL (p<0.05). # indicates a value significantly different than the MB mean for a given modifier QTL (p<0.05).










