Supplementary Figures and Tables

Also see accompanying files: Figure S5.pdf, Table S2.xIsx, File S1.txt, File S2.m

Table S1 Yeast strains used in this study

Name Genotype Reference

yJW1200 | S288C MATa his3A leu2A met15A ura3A LYS+ (Jonikas et al. 2009)
Acan1::STE2pr-spHIS5 Alyp1::STE3pr-LEU2 cyh2 | Identical to yMJ003
Aura3::UPRE-GFP-TEF2pr-RFP-MET15-URAS but provided to us as

“yJW1200”

CBO008 W303 MATa, far1A, his3, trp1, leu2, ura3 (Bashor et al. 2008)

BS004 CB008 mfa2::KanMX-pFUS1-mCherry This study

BS010 BS004 sst2::HygB This study

BS011 BS010 ste2::TRP1 This study

BS017 BS011 gpal::Gpal-Go; (DCGLF)-LEU2 This study
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Figure S1 Plasmid Map of pBS600. Custom DNA insert synthesized by GenScript,
inserted at EcoRI and Hindlll sites in pUC57-Kan. Additional cloning steps not shown on
plasmid map: Gpal-Ga: gene inserted at Aarl sites, LEU2 selection marker inserted at
Notl/Sacl sites, region homologous to the 800 bp 3’ to natural Gpa1 gene inserted at
Sacl/Kpnl sites. Cassette was linearized by digest with Pmel, then transformed into
strain BS011 to generate strain BS017.
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Figure S2 Map of the pGFP Expression Vector. Derived from p1D4-hrGFP II.
Important features include the CMV promoter, and the C-terminal hrGFPII tag.

Rhodopsin genes, or other genes of interest, can be ligated into the multiple cloning site
between the unique BamHI and EcoRl restriction sites.
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Figure S3 Functional Coupling of Constitutively Active Human Rhodopsin to the
Mating Pathway. Constitutively active rhodopsin mutant E113Q M257Y resulted in high
expression of the mCherry reporter protein, regardless of the presence of retinal,
indicating productive functional coupling between human rhodopsin and the engineered
mating pathway. Data points represent results of four individual colonies, each ina 5 mL
culture. Error bars represent standard deviation.



-~ WT 5 uM Light
-~ WT 5 uM Dark
5 - WT 10 uM Light
E\% - WT 10 uM Dark
£ o —&— WT 50 uM Light
. § WT 50 uM Dark
EQ -©- Vector 5 uM Light
g -©- Vector 5 uM Dark
- B Vector 10 uM Light
& Vector 10 uM Dark
A Vector 50 uM Light

Vector 50 uM Dark

Hours After Initial Light Bleach

Figure S4 Various Retinal Concentrations’ Effect on Light-Activated Signal
Transduction. Modulating the retinal concentration did not improve the light-dependent
activation of the mating pathway. Retinal was added only once, two hours prior to the
first light exposure, followed by hourly light exposures. Incubating with the same
concentration of retinal but keeping the culture in the dark did not result in mating
pathway activation. “WT” denotes wild-type human rhodopsin. “Vector” denotes yeast
transformed with a plasmid not containing the rhodopsin gene. Data points represent
results of two individual colonies, each in a 5 mL culture. Error bars represent standard
deviation.
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Figure S6 Signaling in Yeast in the Absence of Retinal for Rhodopsin Mutants
with Increased Dark State Signaling. The indicated rhodopsin mutants were
incubated without retinal, using an otherwise identical protocol to the “Yeast Light
Activation Assay”. “WT” denotes wild-type human rhodopsin. “Vector” denotes yeast
transformed with a plasmid not containing the rhodopsin gene. Data points for “No
Retinal” represent results of three individual colonies, each in a 5 mL culture, minus the
mCherry fluorescence of Vector, and normalized to wild-type. Data for “Dark (+Retinal)”
and “Light (+Retinal)” was reused from Figure 4. Error bars represent the 95% CI, * P <
0.05 for indicated comparison.
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Figure S7 Comparison of Rhodopsin Activity in Yeast to Published Measurements
of Rhodopsin Signaling. Yeast data points represent the mean response of nine
measurements, normalized to wild-type rhodopsin. Error bars represent 95% CI of yeast
measurement. Open circle (A292E) was found to be an outlier from the trend and was
not included in the calculation of slope nor R?. See Table S2 for complete data and

references.
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Figure S8 Representative Subcellular Localization of Rhodopsin Mutants.
Comparative subcellular localization of rhodopsin mutants in SK-N-SH. “ER merge”
indicates fluorescence of a ER specific marker, merged with GFP-tagged rhodopsin.
Scale bars are 30 pm.
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Figure S9 Representative Images of GFP-tagged Rhodopsin Expressed by Yeast. GFP was fused to the C-terminus of human
rhodopsin, and expressed using the BS017 strain transformed with the appropriate pRS316 centromere plasmid containing the strong

constitutive promoter pTDH3. Scale bars are 5 ym.



Table S3 Patient Phenotype Summary

Case 1 (V81A)

Case 2 (A164V)

Case 3 (A164E)

Onset symptoms
VA (age)

Color vision

GVF (age)

ERG amplitude (age)

10 yo

20/60 (34)
20/80 (36)
20/50 (38)

Mild defect

10 degrees (34)

5 degrees (39)

rod: ND (26)
Rod/cone: 199%

Cone: 60%

Teenage years
20/25 (63)
20/40 (67)

Normal

Paracentral scotoma
(60)

denser paracentral
scotoma (64)

Rod: LLNormal (63)

Rod/cone: Mild
decrease

10 yo
20/20 (40)
20/25 (44)
20/30 (47)
20/30 (53)
Normal

Paracentral scotoma

(47)
annular Scotoma (53)

rod: ND (45)
Rod/cone: 198%

Cone: 430%

Legend: Ref sequence NM_000539.3. VA: visual acuity, ND: response not detected, LL: lower

limit.
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Figure S10 Combined Yeast Assays of UPR Upregulation versus Light Activation.
“Inactive” refers to mutants in Figure 4 A, “Active” refers to mutants in Figure 4 B. Data
points represent the mean of nine measurements for each of the UPR and light

activation experiments.
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