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Figure S1.  Atg27 accumulates on the endosome in retromer mutants. (A) Atg27-GFP localization in apm3A cells after 1 h of rapamycin treatment. (B)
Atg27-GFP localization after 1 h of rapamycin treatment. (C) Atg27-GFP localization in vps29A cells after 1 h of rapamycin treatment. (D) Vph1-GFP localiza-
tion after 1 h of rapamycin treatment. (E) Atg27-GFP colocalization in vps35A cells with Nhx1-2XmCherry after 1 h of rapamycin treatment. (F) Atg27-GFP
colocalization in vps35A cells with Sec7-mCherry after 1 h of rapamycin treatment. (G) Manders’ overlap coefficient of Atg27-GFP with the endosome marker
(Nhx1-2XmCherry from E) or the Golgi marker (Sec7-mCherry from F). (H) Atg27-GFP localization after shift to 37°C with rapamycin for 90 min. For all quan-
tification shown in this figure, at least 100 cells were measured, and the data from three independent experiments were used for statistical analysis. Error
bars represent SD; two-tailed Student’s t test. Bars, 2 um.
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Figure S2. The Snx4 complex mediates Atg27 vacuole-to-endosome retrograde transport. (A) Atg27-GFP localization after 1 h of rapamycin treatment.
(B) Atg27-GFP colocalization in vps35A snx4A cells with Nhx1-2XmCherry after 1 h of rapamycin treatment. Arrowheads show Atg27-GFP colocalized with
the endosome marker (Nhx1-2XmCherry). (C) Atg27-GFP localization in vps35ts SNX4 cells after shift to 37°C with rapamycin for 90 min. (D) Atg27 localiza-
tion in snx4A cells after 1 h of rapamycin treatment. (E) Atg27-GFP expressing snx41A snx42A cells were treated with rapamycin for 1 h, Atg27-GFP immuno-
precipitated, and indicating Snx4-3XHA detected by immunoblot. (F) Atg27-GFP localization in vps35A snx4A cells expressing Snx4, Snx44PX (residues
186-423), or Snx4%BAR (residues 2-185) after 1 h of rapamycin treatment. (G) Snx4-GFP colocalization with FM 4-64 without rapamycin treatment. Arrow-
heads indicate Snx4-GFP punctate structures. (H) Snx4-GFP localization in vps34ts mutants after shift to 37°C with rapamycin for 90 min. (1) Snx4-GFP co-
localizationwith Nhx1-2XmCherry without rapamycin treatment. Open arrowheads show Snx4-GFPthatare colocalized with the endosome (Nhx1-2XmCherry).
(J) Western blotting analysis of purified vacuole membrane fraction (Vac.) compared with the total lysate (TL). IP, immunoprecipitation. Bars, 2 um.
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Figure S3. The cytoplasmic tail of Atg27 is required for its vacuole-to-endosome retrograde transport. (A) Schematic diagram of Atg27. (B) Atg27-diL-
GFP localization in vps35A cells after 1 h of rapamycin treatment. (C) Atg27-diL-GFP mutant localization in vps35A cells after 1 h of rapamycin treatment. (D)
Atg27-diL-GFP mutant localization in vps35A cells after 1 h of rapamycin treatment. (E) Comparison of amino acid sequence between Atg27, Sncl, Ste6, and
Sft2. (F) Schematic diagram of yeast Snx4 (ScSnx4), human Snx4 (HsSnx4), yeast Snx41 (ScSnx41), human Snx7 (HsSnx7), yeast Snx42 (ScSnx42), and
human Snx30 (HsSnx30). (G) The Cvt pathway in Atg27-GFP-expressing cells. GFP-Apel transportation was monitored by Western blotting analysis. GFP’

indicates processed GFP from GFP-Apel. Bars, 2 um.
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Table S1.  Yeast strains used in this study

Strain Genotype Source
SEY6210 MATa ura3-52 his3-200 leu2-3,112 trp1-901 lys2-801 suc2-9 Robinson et al., 1988
SSY219 SEY6210, VPHI-GFP::TRP1 This study
SSY222 SEY6210, VPHI-GFP::TRP1 vps35A::HIS3 This study
SSY223 SEY6210, ATG27-GFP:LEU2 This study
SSY228 SEY6210, ATG27-GFP::LEU2 apm3A::HIS3 This study
SSY230 SEY6210, ATG27-GFP:LEU2 snx4A:: TRP1 This study
SSY234 SEY6210, ATG27-GFP::LEU2 vps35A::HIS3 This study
SSY235 SEY6210, ATG27-GFP::LEU2 vps35ts This study
SSY279 SEY6210, ATG27-GFP::LEU2 vps35A::KanMX6 ypt35A::TRP1 This study
SSY280 SEY6210, ATG27-GFP::LEU2 vps35A::KanMX6 ypr097wA::TRP1 This study
SSY288 SEY6210, ATG27-GFP::LEU2 vps35A::KanMX6 snx3A::TRP1 This study
SSY290 SEY6210, ATG27-GFP::LEU2 vps35A::TRP1 ykr078wA::HIS3 This study
SSY291 SEY6210, ATG27-GFP::LEU2 vps35A::KanMX6 snx4A::TRP1 This study
SSY292 SEY6210, ATG27-GFP::LEU2 vps35A::KanMX6 mvp1A::TRP1 This study
SSY294 SEY6210, ATG27-GFP::LEU2 SEC7-mCherry::hphNT1 vps35A::KanMX1 This study
SSY308 SEY6210, ATG27-GFP::LEU2 vps35ts snx4A::KanMX6 This study
SSY315 SEY6210, ATG27-GFP::LEU2 vps35A::TRP1 snx42A::KanMX6 This study
SSY317 SEY6210, ATG27-GFP::LEU2 vps35A::TRPI snx41A::KanMX6 This study
SSY329 SEY6210, atg27A::KanMX6 This study
SSY330 SEY6210, pep4A::KanMX6 SNX4-3XHA::TRP This study
SSY337 SEY6210, ATG27-GFP::LEU2 vps29A::HIS3 This study
SSY341 SEY6210, pep4A::KanMX6 SNX4-3XHA::TRPATG27-GFP::LEU2 This study
SSY346 SEY6210, ATG27-GFP::LEU2 vps35A::KanMX6 vps34A::TRP1 pRS416 [VPS34ts] This study
SSY350 SEY6210, ATG27-GFP::LEU2 vps35A::TRP1 snx4A::HIS3 snx41A::HIS3 snx42A::HIS3 This study
SSY380 SEY6210, ATG27-GFP::LEU2 vps35A::KanMX6 snx4A::-TRP1 SNX4::URA3 This study
SSY381 SEY6210, ATG27-GFP::LEU2 vps35A::KanMX6 snx4h::TRP1 SNX4(APX)::URA3 This study
SSY382 SEY6210, ATG27-GFP::LEU2 vps35A::KanMX6 snx4A::TRP1 SNX4(ABAR)::URA3 This study
SSY397 SEY6210, ATG27-GFP::LEU2 vps35A::TRP1 fablts This study
SSY399 SEY6210, ATG27-GFP::LEU2 NHX1-2xmCherry::hphNT1 vps35A::HIS3 This study
SSY452 SEY6210, ATG27-GFP::LEU2 vps35A::TRP1 snx4A::TRP1 snx41A::HIS3 snx42A::HIS3 SNX4::URA3 This study
SSY471 SEY6210, SNX4-GFP::URA3 This study
SSY486 SEY6210, SNX4-GFP::URA3 pepl2A::HIS3 This study
SSY478 SEY6210, SNX4-GFP::URA3 VPHI-mCherry::Kan vps45A::TRP1 This study
SSY563 SEY6210, ATG27-diL-GFP::LEU2 This study
SSY564 SEY6210, atg27A::KanMX6 ATG27-diL-GFP::LEU2 vps35A::TRP1 This study
SSY565 SEY6210, atg27A::KanMX6 vps350:TRP1 ATG27(222-226A)-diL-GFP::LEU2 This study
SSY566 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(227-231A)-diL-GFP::LEU2 This study
SSY567 SEY6210, atg27A::KanMX6 vps350:TRP1 ATG27(232-236A)-diL-GFP::LEU2 This study
SSY568 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(237-241A)-diL-GFP::LEU2 This study
SSY569 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(242-246A)-diL-GFP-:LEU2 This study
SSY570 SEY6210, atg27A::KanMX6 vps350:TRP1 ATG27(247-251A)-diL-GFP::LEU2 This study
SSY571 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(252-256A)-diL-GFP::LEU2 This study
SSY572 SEY6210, atg27A::KanMX6 vps35A::TRP1 ATG27(257-261A)-diL-GFP::LEU2 This study
SSY573 SEY6210, atg27A::KanMX6 vps350:TRP1 ATG27(262-266A)-diL-GFP::LEU2 This study
SSY574 SEY6210, atg27A::KanMX6 vps35A::TRP1 ATG27(267-271A)-diL-GFP::LEU2 This study
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Strain Genotype Source

SSY575 SEY6210, atg27A::KanMX6 ATG27(AC)-diL-GFP::LEU2 This study
SSY576 SEY6210, atg27A::KanMX6 ATG27(AC)-diL-GFP::LEU2 vps35A:: TRP1 This study
SSY628 SEY6210, SNX4-GFP::URA3 NHX1-2xmCherry::hphNT1 This study
SSY633 SEY6210, atg27A::KanMX6 vps35A::TRP1 ATG27(N222A)-diL-GFP:LEU2 This study
SSY634 SEY6210, atg27A::KanMX6 vps35A::TRP1 ATG27(T223A)-diL-GFP:LEU2 This study
SSY635 SEY6210, atg27A::KanMX6 vps35A::TRP1 ATG27(R224A)-diL-GFP::LEU2 This study
SSY636 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(G225A)-diL-GFP::LEU2 This study
SSY637 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(S227A)-diL-GFP::LEU2 This study
SSY638 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(F228A)-diL-GFP::LEU2 This study
SSY639 SEY6210, atg27A::KanMX6 vps35A::TRP1 ATG27(Q229A)-diL-GFP::LEU2 This study
SSY640 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(D230A)-diL-GFP::LEU2 This study
SSY641 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(F231A)-diL-GFP::LEU2 This study
SSY642 SEY6210, atg27A::KanMX6 vps35A::TRP1 ATG27(R232A)-diL-GFP:LEU2 This study
SSY643 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(E234A)-diL-GFP::LEU2 This study
SSY644 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(F235A)-diL-GFP::LEU2 This study
SSY645 SEY6210, atg27A::KanMX6 vps35A:TRP1 ATG27(1236A)-diL-GFP::LEU2 This study
SSY666 SEY6210, atg27A::KanMX6 ATG27-diL-GFP::LEU2 vps35A:: TRP1 snx4A::hphNT1 This study
SSY701 SEY6210, SNX4-GFP::KanMX6 vps34A::TRP1 pRS416 [VPS34ts] This study
SSY835 SEY6210, ATG27-GFP:LEU2 NHX1-2XmCherry::hphNT1 vps35A:KanMX6 snx4A::TRP1 This study
SSY843 SEY6210, pep4A::KanMX6 atg27A::hphNT1 ADHpr-GFP::URA3 SNX4-3XHA::TRP1 This study
SSY844 SEY6210, pep4A::KanMX6 atg27A::hphNT1 ATG27-diL-GFP::URA3 SNX4-3XHA::TRP1 This study
SSY845 SEY6210, pep4A::KanMX6 atg27A::hphNT1 ATG27(R224A)-diL-GFP::LEU2 SNX4-3XHA:TRP1 This study
SSY846 SEY6210, pep4A::KanMX6 atg27A::hphNT1 ATG27(S227A)-diL-GFP::LEU2 SNX4-3XHA::TRP1 This study
SSY847 SEY6210, pep4A::KanMX6 atg27A::hphNT1 ATG27(F231A)-diL-GFP:LEU2 SNX4-3XHA::TRP1 This study
SSY848 SEY6210, pep4A::KanMX6 atg27A::hphNT1 ATG27(1236A)-diL-GFP::LEU2 SNX4-3XHA::TRP1 This study
SSY851 SEY6210, ATG27-GFP:LEU2 SNX4-DsRed::TRP1 This study
SSY853 SEY6210, pep4A::KanMX6 ATG27-GFP::LEU2 SNX4-3XHA::-TRP1 snx41A::HIS3 snx42A::hphNT1 This study

Table S2.  Plasmids used in this study

Genotype Source

pRS314 [vec]

CEN TRP1 Sikorski and Hieter, 1989

pRS314 [GFP-Apel]

pRS314-GFP-APEI Lab stock
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