Supplemental Tables and Figures.  Yuri V. Sergeev, Susan Vitale, Paul A. Sieving, Ajoy Vincent, Antony G. Robson, Antony T. Moore,  Andrew R. Webster, Graham E. Holder. Molecular modeling indicates two classes of missense variants with mild and severe XLRS phenotypes

Table S1. Summary of findings: Change in ERG parameter per unit change in age; change in ERG parameter per unit change in CI.
	
	If there is no interaction between age and CI (i.e., if the relationship with CI is similar for all ages):
	If there is interaction between age and CI, stratify by age to describe the CI effect:

	
	
	Age <15
	Age 15 - <30
	Age 30 - <45
	Age 45+

	ERG parameter
	Slope: change in ERG parameter per unit change in age (p-value)

[slope for age2, if applicable]
	Slope: change in ERG parameter per unit change in CI (p-value)


	Slope: change in ERG parameter per unit change in CI (p-value)

[slope for CI2, if applicable]
	Slope: change in ERG parameter per unit change in CI (p-value)

[slope for CI2, if applicable]
	Slope: change in ERG parameter per unit change in CI (p-value)

[slope for CI2, if applicable]
	Slope: change in ERG parameter per unit change in CI (p-value)

[slope for CI2, if applicable]

	Photopic

response

	Log_a-wave_amplitude
	 -0.003 (.02)


	 -0.056 (.53)
	n/a

	a-wave_timing
	  0.026 (.04)


	  1.536 (.12)
	

	Log_b-wave_amplitude
	-0.001 (.52)


	-0.284 (.05)
	

	b-wave_timing
	-0.213 (.02)


	 0.004 (.005)
	

	b/a-wave ratio
	
	-19.53 (<.001)

[17.83 (<.001)]
	-20.13 (.009)

[15.22 (.013)]
	-17.64 (<.001)

[13.65 (<.001)]
	  3.65 (.17)

[-4.25 (.09)]

	Scotopic

response

	Log_a-wave_amplitude
	 0.024 (.0009)

[-0.0003 (.004)]
	 0.096 (.44)
	n/a

	a-wave_timing
	
	-2.59 (.13)
	-0.60 (.76)
	  0.33 (.77)
	 3.00 (.002)

	Log_b-wave_amplitude
	 0.025 (.009)

[-0.0003 (.025)]
	-0.007 (.96)
	n/a

	b-wave_timing
	 0.017 (.85)


	-9.405 (.27)
	

	b/a-wave ratio
	-0.003 (.046)


	-0.213 (.053)
	


*In parentheses: p-value from z-test based on GEE estimation. Each row represents a separate generalized linear model with the ERG parameter in the 1st column as the dependent (“y”) variable.  All models used all eyes and adjusted for correlation between eyes of an individual person.  For each ERG parameter, three separate preliminary models were fit:  1) ERG parameter = age + age2, to test for non-linearity of the ERG parameter’s relationship with age; 2) ERG parameter = CI + CI2, to test for non-linearity of the ERG parameter’s relationship with CI; and 3) ERG parameter = age + CI + age*CI, to test for interaction of age and CI.  If no interaction of age with CI was found, the results of the basic model ERG parameter = age + CI are shown in columns 2 and 3.  If the age*CI interaction was significant, a separate model (ERG parameter = CI) was fitted for each age category (columns 4 through 7). 
Table S2. Summary of findings: differences in ERG parameter between CI categories, by age group
	
	Age <15
	Age 15 - <30
	Age 30 - <45
	Age 45+

	ERG parameter
	CI: Severe minus mild (p-value)
	CI: Moderate minus mild (p-value)
	CI: Severe minus mild (p-value)
	CI: Moderate minus mild (p-value)
	CI: Severe minus mild (p-value)
	CI: Moderate minus mild (p-value)
	CI: Severe minus mild (p-value)
	CI: Moderate minus mild (p-value)

	Photopic response

	Log_a-wave amplitude
	-0.12 (.12)
	-0.003 (.98)
	 0.05 (.42)
	-0.12 (.03)
	 0.03 (.53)
	 0.02 (.77)
	 0.14 (.06)
	 0.05 (.14)

	a-wave timing
	-1.05 (.04)
	-0.38 (.40)
	Same as <15


	Same as <15

 
	Same as <15



	Log_b-wave amplitude
	-0.10 (.08)
	-0.04 (.81)
	 0.23 (.01)
	 0.16 (.20)
	 0.38 (.002)
	 0.18 (.16)
	 0.24 (.01)
	 0.11 (.10)

	b-wave timing
	-1.68 (.13)
	 0.48 (.74)
	-1.50 (.30)
	-1.75 (.18)
	-2.81 (.02)
	-0.26 (.85)
	-2.46 (.01)
	-2.96 (.05)



	b/a-wave ratio
	 0.05 (.91)
	-0.16 (.72)
	 0.99 (.0002)
	 1.82 (.02)
	 2.32 (<.001)
	 0.93 (.09)
	 0.44 (.04)


	-0.27 (.27)

	Scotopic response

	Log_a-wave amplitude
	 0.05 (.67)
	-0.09 (.59)
	 0.11 (.009)
	-0.007 (.85)
	 0.003 (.95)
	 0.03 (.65)
	 0.03 (.50)
	 0.003 (.94)

	a-wave timing
	1.07 (.009)
	 0.86 (.36)
	 0.80 (.08)
	-0.70 (.52)
	-1.33 (<.001)
	-0.29 (.64)


	-0.92 (.15)
	-1.36 (.03)

	Log_b-wave amplitude
	 0.07 (.70)
	-0.07 (.69)
	 0.32 (<.001)
	  0.18 (.006)
	 0.04 (.55)
	 0.01 (.90)
	  0.15 (.11)
	 0.02 (.80)

	b-wave timing
	13.93 (<.001)
	-3.54 (.54)
	21.30 (<.001)
	25.55 (.002)
	-17.96 (.004)
	-0.96 (.89)
	 8.32 (.24)
	 7.32 (.008)



	b/a-wave ratio
	 0.04 (.73)
	 0.05 (.40)
	 0.47 (<.0001)
	 0.42 (<.001)
	 0.06 (.43)
	-0.02 (.82)
	 0.20 (.08)
	 0.02 (.84)




*Severity of missense mutations was expressed by using CI category as follows: computed impact (CI) <0.32: mild; CI 0.32-<0.4: moderate; and CI >=0.4: severe.  Each row in the table represents a separate generalized linear model with the ERG parameter in the 1st column as the dependent (“y”) variable. All models used all eyes and adjusted for correlation between eyes of an individual person.  Age and CI were used as categorical variables in the analyses.  For each ERG parameter, a preliminary model was fit:  ERG parameter = age + CI + age*CI, to test for interaction of age and CI.  If no interaction of age with CI was found, the results of the basic model ERG parameter = age + CI are shown.  (Only photopic a-wave timing did not show a significant interaction between age and CI category.  For photopic a-wave timing, the age effects, versus age 45+, were -1.20 (p=.06) for age <15; -1.23 (p=.02) for age 15 - <30; and -1.15 (p=.05) for age 30 - <45.  All other ERG parameters had a significant interaction between age and CI; that is, the magnitude of the differences among CI categories differed by age category.)   
If the interaction between age and CI was significant, a separate model (ERG parameter = CI) was fitted for each age category.  For each of these age-stratified models, we estimated the mean difference in ERG parameter between the severe and mild groups and between the moderate and mild groups.  The p-values represent a test of whether the difference between the means was zero (i.e., whether the two categories had the same mean value for the ERG parameter). 
Table S3. ERGs b/a-wave ratios associated with missense mutation severity and patient age.

	
	Computed impact


	Age, 

years old
	<a-wave>

±SE
	<b-wave>

±SE
	<b/a-wave ratio>
±SE
	EYE

	ERGs’
	Effect of mutation
	Group average 
	Age
	Group average 
	
	
	
	

	Scotopic


	Mild

Mild

Severe

Severe
	0.31

0.31

0.39

0.39
	Younger

Older

Younger

Older
	9

24

9

24
	257.5±96.9

282.6±70.9

250.0±49.2

243.3±44.8
	242.8±141.0

333.0±136.0

190.8±48.4

210.8±44.2
	0.94±0.19

1.18±0.18

0.76±0.04

0.87±0.02
	RE

RE

RE

RE

	
	Mild

Mild

Severe

Severe
	0.31

0.31

0.39

0.39
	Younger

Older

Younger

Older
	9

24

9

24
	238.8±94.4

292.2±68.3

273.3±39.6

254.8±25.9
	226.0±133.2

335.4±126.4

211.0±42.4

224.8±41.8
	0.94±0.18

1.15±0.16

0.77±0.04

0.88±0.07
	LE

LE

LE

LE

	Photopic
	Mild

Mild

Severe

Severe
	0.32

0.32

0.48

0.48
	Younger

Older

Younger

Older
	19

47

18

41
	34.3±12.9

28.1±14.2

39.3±3.5

28.3±12.6
	89.7±46.1

74.4±36.5

66.7±6.1

55.0±21.1
	2.62±0.35

2.65±0.04

1.69±0.00

1.94±0.12
	RE

RE

RE

RE

	
	Mild

Mild

Severe

Severe
	0.32

0.32

0.48

0.48
	Younger

Older

Younger

Older
	19

47

18

41
	33.9±12.0

30.2±8.1

43.0±4.6

23.0±10.4
	86.0±36.8

77.5±24.0

62.7±17.1

52.7±19.8
	2.54±0.18

2.57±0.10

1.46±0.24

2.29±0.18
	LE

LE

LE

LE


†In first and second groups of four rows, data are presented for right (RE) and left (LE) eyes of 34 patients from Moorfields Eye Hospital. The b/a-wave ratio was calculated as the ratio of the amplitudes of the b-waves to a-waves, both averaged within of each group obtained by clustering by age (age 33 and 23 years old cutoffs for a younger age) and by the computed impact score (0.40 cutoff for a weak/severe impact). <.> is a group average.

Table S4. Missense mutations sorted in different age groups for mild, moderate or severe change in the disease phenotype.

	Phenotype
	<15 y/o
	15-<30 y/o
	30-<45 y/o
	>45 y/o

	Mild
	R102W, D168H
	R102W, R213W
	E72K, G140E, T185K
	E72K, G140E, P203L

	Moderate
	L69P, R102E, G109R, P192S, L216P
	P192S
	R102E, R191P, P192S, R197H
	L69P, P192S

	Severe
	C110Y, R141C, R200C
	G109W, C110Y, R200C
	R200C
	G109W


Table S5. Hotspot missense changes (number of patients).
	Hot spot mutations
	Severe (CI >=0.4)
	Moderate (CI 0.32 - <0.4)
	Mild (CI <0.32)

	Moorfields Eye Hospital
	C110Y(2), R141C(1), R200C(3)
	R102E (7), G109R (2), P192S(4), L216P (1)
	E72K(3), R102W(1), G140E(2)

	Leuden database
	C59S/G/Y, I81D/N, W96C/R, L103F/R,

C110Y/R,C142R/W, R197C/H/P, R200C/H/S, C219W/R/G/S, C223R/S/Y
	G70A/D/S/R, R102W/E/Q, G109A/R/W/E,G140E/R, R141C/G/H, P192A/L/R/S/T,  P193L/S, R209C/H/L/G/P, E215K/Q/V
	E72A/G/K/D/Q, S73P/L, E146D/K, H207D/Q, A211F/T,  R213Q/W, E215K/Q/V


Figure captions:

Figure 1S. Age-average ERGs b/a-wave ratios are associated with missense mutations severity predicted by molecular modeling.

Figure 2S. Higher frequencies of pathogenic missense changes at positions of protein sequence suggest hotspot mutations. Open black squares and red circles correspond to the reported previously dataset of 110 missense changes (see Figure 6 caption) and the group of 18 missense variants, respectively. Residues involved in the hotspot area at the protein surface are numbered.
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Figure 1S.

[image: image2.jpg]€2z W
61z m —
—
2610 Letl [T [ ——
9v1 :
_ YT ”
8 :
£ m
(7)) '
”m !
01T ”
ol 60Tl O=—
I [{1)4m :
* 96 3
(0] H
G - B=
% ,m _Ulﬂlﬂ_”
w O L ,
S= =
0o
1 1 1 1 1
n < ™ o~

suoljejnuw Jo Jaquin

N

100 120 140 160 180 200 220 240
d pos

Am

80

40

iaon

INO acCl




Figure 2S.

