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Figure S1. 3D single-particle averaging of toroidally distributed proteins. (A) SPBs, and therefore toroids, are randomly oriented in 3D space. To compare
the distribution of proteins, we computationally reoriented each ring so that the toroid was in cross section in the xz plane. This allowed us to create averaged
images that incorporate the likelihood of finding a pixel at each position based on all images. (B) First, a montage of single plane SIM images of Ndc1-YFP is
shown. Note how the ring lies in a single plane in some, while in others, one or two dots are seen. Next, images were realigned, making rings in individual
images more apparent, and then averaged to create a projection. From this, radial intensity profiles from the center of the SPB outward can be determined and
used to estimate diameter. Except in the case of Mps3, which shows clear asymmetry, we assumed that the ring was homogeneous for averaging purposes
despite the appearance of heterogeneity in individual images. Heterogeneity is not atypical for superresolved ring structures approaching this scale (e.g.,
Mennella et al., 2012; Szymborska et al, 2013; Gartenmann et al,, 2017), possibly due to photon statistics, reconstruction noise (including “hammerstroke”
noise; Demmerle et al., 2017), stochastic bleaching, and variation in fluorophore emission. We do not believe the heterogeneity is the result of realignment, as it
is present in unaligned rings, nor is it likely the result of actual biological heterogeneity, as illustrated by the random relationship between Ndc1 heterogeneity
and the orientation of Mps3 (shown in Fig. 2, A, H, ], and L). Other than for Mps3, we represented averaged pore images throughout the article based on random
orientation of the ring, since it is the simplest choice based on available data. Bars, 100 nm.
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Figure S2.  Mps3, mutants, and interaction with SPIN components. (A and B) Localization of Ndc1-YFP (red) and Bbpl-mT2 (green) in individual SIM
images (A) or averaged images (B) from pom344 (SLJ12300), pom344 mps2A (SLJ10936), and pom344 mps3A (SLJ11913). Number of SPBs included in average is
shown. (C) Schematic of Mps2 and Mps3 showing the position of coiled-coil and transmembrane domains. The Mps3 SUN domain is also shown. Loss-of-
function mutants in MPS2 and MPS3 (Jaspersen et al, 2006) and a schematic of mps3A2-150 are shown. (D-F) Serial section EM images and a schematic
showing SPBs and the NE from mutants in the Mps3 SUN domain. In D, the SPB is not anchored in the NE in mps3-Y502H. In E and F, the SPB from mps3-Y502H
(E) or mps3-W477A (F) has duplicated, but the new SPB cannot insert into the NE (arrow, right panels). Bars, 100 nm. (G) Acceptor photobleaching FRET
between SPIN components and with Mps3. Average FRET efficiency is listed along with SEM; the number of cells analyzed is listed. Some FRET pairs were not
examined because of protein topology (ND) or incompatibility between tagged proteins (ND*).
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Figure S3. Loss of Mps2 specifically disrupts Mps3 at the toroid. (A) SIM showing localization of YFP-Sfil (red) and Mps3-mT2 (green) in G1 cells selected
from an asynchronously growing population of wild-type (SLJ12060), pom1524 (SLJ12100), or pom152A mps2A (SLJ12101) cells. Arrows point to Mps3-mT2 that
can be seen around one YFP-Sfil focus, which is likely to be the mother SPB, in wild-type (from Fig. 2 D) and pom1524 but not pom152A mps2A cells. Localization
of Ndc1-YFP (red) and Mps3-mT2 (green) in G1 cells selected from an asynchronously growing population of wild-type (SLJ10636), pom152A (SLJ11071), and
pom152A mps2A (SLJ10535). Bar, 100 nm (left); 2 um (right). (B and C) Individual SIM (B) and averaged (C) images showing localization of Ndc1-YFP (red) and
the distribution of Mps3-mT2 (green) in pom344 (SLJ11165) and pom34A mps2A (SLJ10899). (D and E) Individual SIM (D) and averaged (E) images showing
localization of Ndc1-YFP (red) and the distribution of Mps2-mT2 (green) in pom344 (SLJ12303) and pom344 mps3A (SLJ11968). (F and G) Localization of Ndc1-
YFP (red) and Nbp1l-mT2 (green) in individual SIM images (F) and averaged images (G) from wild-type (SLJ10898), pom152A (SLJ12301), pom152A mps2A
(SLJ10863), pom152A mps3A (SLJ10864), pom34A (SLJ11970), pom34A mps2A (SLJ10900), and pom34A mps3A (SLJ11969) strains. Number of SPBs included in
average is shown. Bars, 100 nm.
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