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Figure S1. Sas-6- and Ana2-GFP are expressed at similar levels as their endogenous proteins, and Sas-6-, Ana2-, and Plk4-GFP can at least partially
rescue the uncoordinated phenotype of their respective adult mutant flies. (A) Western blots show the protein levels of Sas-6-GFP (left) and Ana2-GFP
(right; arrowheads) in transgenic embryos compared with their endogenous proteins in WT embryos (arrows). Cnn is shown as a loading control, and prom-
inent nonspecific bands are indicated (*). (B) Similar blots were probed with anti-GFP antibodies to confirm that the GFP-fusion proteins were correctly
identified. Cnn is shown as a loading control. Representative blots are shown from three technical repeats. (C-E) Graphs show the quantification of standard
negative gravitaxis assays (Ma and Jarman, 2011; Pratt et al., 2016). In brief, three technical repeats of 1-4-d-old adult male flies (n = 15 for each technical
repeat) were sharply tapped to the bottom of a cylinder, and the maximum distance climbed by individual flies within the first 10 s after tapping was mea-
sured. Note that mutant flies were not scored in this assay, as it is difficult to keep them alive long enough to age them for the assay (as they are uncoordi-
nated and have to be individually fed by hand to keep them alive). 100% of the mutant flies, however, were completely unable to climb (see Videos 1, 2, 4, and
6), so we show this bar as zero—marked with not/applicable (NA)—to give a reference of comparison for estimating the level of rescue for each transgene.
Thus, although the Ana2-GFP and Plk4-GFP transgenes do not rescue the climbing activity of the mutant flies to the same level as WT flies, the level of rescue
is appreciable. Data are presented as mean + SD.
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*Reference data set: Cycle 12 in Figure 3

Figure S2. The models tested in the regression analysis of Sas-6-GFP incorporation into the daughter centriole. The Sas-6-GFP incorporation data for
each individual embryo (see Fig. S3) was assessed using the nonlinear regression (curve fit) analysis function in GraphPad Prism 7. Growth curves in S-phase
and mitosis were modeled discontinuously, as we reasoned that these two phases of the cell cycle are two separate entities. However, we also modeled the
data continuously and found that there was no statistically significant difference between the two ways of modeling (not depicted). For S-phase, the data
were initially fitted against three different functions (illustrated schematically in the graphs) to assess the most suitable model: linearity (or linear growth
followed by a plateau), one-phase association (parabola), and sigmoid. Among these models, linear growth followed by a plateau was clearly the most pref-
erable, and so all the data were fitted and analyzed with this model (as illustrated in Fig. S3). R? and absolute sum-of-squares values are used as a measure
for goodness-of-fit. Sample size for modeling is indicated on the figure and in the legend of Fig. 3, from which the reference dataset (cycle 12) was obtained.

A.U., arbitrary units.
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Figure S3.  Modeling Sas-6-GFP centriolar incorporation during nuclear cycle 12. Graphs show the Sas-6-GFP incorporation profile from 15 different
embryos at nuclear cycle 12. A regression analysis was performed independently on the S-phase (green line) and mitosis (blue line) data in each embryo using
the model that best fit the overall data (linear growth followed by plateau, as described in Fig. S2). The R? value of the S-phase data is indicated in each graph.
The full datasets for cycles 11 and 13 are not depicted. Note that, in a small number of embryos, Sas-6-GFP levels start to decrease as the embryos enter
mitosis. We speculate that this is because in these embryos, some “excess” Sas-6-GFP might have been recruited to centrioles but is ultimately not incorpo-
rated into the cartwheel and then disperses back into the cytoplasm as the embryos enter mitosis. This finding is consistent with previous observations of
SAS-6 dynamics in Caenorhabditis elegans embryos (Dammermann et al., 2008). A.U., arbitrary units. Data are presented as mean = SD.
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Figure S4. Subtly altering the gene dosage or kinase activity of Plk4 does not detectably perturb embryo development. Graph quantifies the hatch-
ing frequency of embryos laid by females of the indicated genotypes (which were all mated with WT males). The experimental lines expressed Sas-6-GFP (so
we could measure the parameters of daughter centriole growth) and halved the genetic dose of Plk4 (Plk4"?), doubled the dose of Plk4 (Plk4?), or expressed
a form of Plk4 with reduced kinase activity in an otherwise WT background (PIk4%%*). None of these relatively subtle genetic changes detectably perturbed
embryo development, as assessed by the hatching rate of the embryos. Data are represented as mean + SD. Statistical significance was assessed using either
an unpaired t test with Welch'’s correction (for Gaussian-distributed data) or an unpaired Mann-Whitney test, and is shown above each bar on the chart.
n = 6 technical repeats for each group; per repeat n = 70 embryos in WT; n = 143 in Sas-6-GFP; n = 205 in Sas-6-GFP Plk4/% n = 261 in Sas-6-GFP Plk4?;
n =193 in Sas-6-GFP Plk4RKA,
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Figure S5.  Mother centrioles are preferentially oriented end-on to the embryo cortex. (A) Micrographs show 3D-SIM images that illustrate how the
majority of mother centrioles in fixed embryos are oriented end-on to the embryo cortex, so that they appear as hollow rings. The mother centrioles here
were recognized with either anti-Asl (Roque et al., 2012) or anti-PLP (Martinez-Campos et al., 2004) antibodies. (B) Graph quantifies the percentage of cen-
trioles that were clearly recognizable/not recognizable as rings with each antibody. Note that we believe this analysis of fixed embryos probably underesti-
mates the percentage of centrioles that are orientated end-on to the cortex, because the antibody staining varied somewhat between embryos: in embryos
that were not as brightly stained, the reduced signal/noise ratio made the SIM reconstructions less reliable, and so fewer centrioles could be unambiguously
scored as rings. n = 31 and 28 embryos, respectively, for anti-Asl and anti-PLP staining; n > 70 centrioles (mean) per embryo. Statistical significance was as-
sessed using a paired t test (****, P < 0.0001).

Video 1. Sas-6 mutant flies are uncoordinated, and this phenotype is rescued by the expression of Sas-6-GFP. This mon-
tage shows short video clips of flies of the following genotypes: WT; Sas-6 mutant (Sas-67/-); Sas-6 mutant rescued by Sas-6-GFP
flies (Sas-6-GFP; Sas-67"). Like all flies that lack centrioles, the Sas-6 mutant is strongly uncoordinated because of the lack of cilia
in its sensory neurons (Basto et al., 2006); this uncoordinated phenotype is strongly rescued by the expression of Sas-6-GFP.
See also Fig. S1C.

Video 2. Ana2 mutant flies are uncoordinated, and this phenotype is rescued by the expression of Ana2-GFP. This video
montage is similar to the one shown in Video 1 but shows the behavior of Ana2 mutant flies and the rescue by Ana2-GFP.
See also Fig. S1D.

Video 3. Monitoring Sas-6-GFP dynamics in early D. melanogaster embryos. The first part of this video shows Sas-6-GFP foci
followed through S-phase of nuclear cycle 12. The second part illustrates the dynamic tracking of Sas-6-GFP foci over time using
the Image) plugin TrackMate. Note that TrackMate was set to generate “tracks” only for centriole pairs that were successfully
monitored through every image of the S-phase period.
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Video 4. Acomparison of the uncoordinated phenotype of the original PIk4<°4)2 mutant flies compared with the stronger
Plk4%97* mutant flies we generate here. This video montage shows short clips of flies of the following genotypes: the original
Plk4<0%612 mutation transheterozygous with a Plk4 deficiency (Plk4 hypomorph/Df); the stronger Plk4#2* allele we generate in this
study (Plk4~/-); or the Plk4"#7* mutant rescued by Plk4-GFP (Plk4-GFP; Plk4™/-).

Video 5. Mother centrioles are preferentially oriented end-on to the embryo cortex. This short time-lapse video shows the
behavior of the mother centriole marker Asl-GFP at two mother centrioles in mid-S-phase observed by 3D-SIM. Time in seconds is
indicated. The centrioles are rapidly bleached over the 80-s time course of this video (with an image acquired every 10 s), so the
images gradually degrade in quality as the movie proceeds; nevertheless, it can be seen that both centrioles maintain their end-on
orientation relative to the embryo cortex.

Video 6. Plk4 mutant flies are uncoordinated, and this phenotype is rescued by the expression of Plk4-GFP. This video
montage is similar to the one in Video 1 but shows the behavior of Plk4 mutant flies and the rescue by Plk4-GFP. See also Fig. S1E.
Note that the video clip of the Plk4 mutant and the mutant rescued by Plk4-GFP are the same as those shown in Video 4.

. 00:00 5,

Video7. Centriolar Plk4-GFP levels fluctuate during the nuclear cycle. This time-lapse video shows the behavior of Plk4-GFP
(green) and Jupiter-mCherry (red), a marker of the microtubules, from early S-phase to late mitosis of nuclear cycle 12. The video
was acquired on a spinning-disk confocal system.
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Table S1.  D. melanogaster strains used in this study

Allele? Source ID
Sas-6-GFP This paper NA
Sas-602901 Peel et al,, 2007 FlyBase ID: FBal0162156
Ana2-GFP This paper NA
ana216? Wang et al,, 2011 FlyBase ID: Fbal0269126
ana2’1? Wang et al,, 2011 FlyBase ID: Fbal0269127
Asl-mCherry Conduit et al., 2015 NA
Ubg-GFP-CG3980 (GFP-Cep97) Dobbelaere et al., 2008 NA
CycB? Jacobs etal., 1998 FlyBase ID: Fbal0094855
grpfsAt Sibon etal.,, 1997 FlyBase ID: Fbal0062815
Plkgha74 This paper NA
Plk4 This paper NA
Plk4RKA This paper NA
Asl-GFP Blachon et al., 2008 FlyBase ID: FBtp0040947
as|B46 Baumbach et al., 2015 NA
YFP-Asl Varmark et al., 2007 FlyBase ID: FBtp0039668
Plk4-GFP This paper NA
Jupiter-mCherry Callanetal,, 2010 NA
PLk4c06612 (Hypomorph) Bettencourt-Dias et al., 2005 FlyBase ID: FBal0159857
Plk40f(3LPe-2q (p|k40f) Russell et al., 1996 FlyBase ID: FBab0022367
Ubg-GFP-Plk4 Basto et al., 2008 FlyBase ID: FBal0282567
Ubq-GFP-PACT Martinez-Campos et al., 2004 FlyBase ID: FBal0190641

NA, not applicable.

aThese alleles were expressed under their endogenous promoters unless ubiquitin expression is specified with the prefix Ubg.
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Table S2.  D. melanogaster strains generated and/or used in this study

Strain genotype Tissue used Experiment (figure, video)
Sas-6-GFP/Sas-6-GFP; Sas-602901/Sas-602901 Embryo Figs. 1A, 2 (B-D), 3,4 (Aand B), S1 (A-C), S2,and S3
Ana2-GFP, ana2169/Ana2-GFP, ana2719 Embryo Figs. 1 Band S1 (A, B, and D)
Sas-6-GFP/Cyo Embryo Figs. 4 (Cand D), 6, and S4
Sas-6-GFP/+; Plk4ha74/+ Embryo Figs. 6 (Aand B) and S4
Sas-6-GFP/Plk4; Plk4/+ Embryo Figs. 6 (Cand D) and S4
Sas-6-GFP/+; PLk4RKA/ 4+ Embryo Figs. 6 (E and F) and S4
Asl-GFP/Asl-GFP; as|846/as|B46 Embryo Fig. 7 A

YFP-Asl/YFP-Asl Embryo Video 5

GFP-Cep97/+ Embryo; late pupal testis Fig. 7 (B-D)

GFP-Cep97/+; Plk4*a74/+ Embryo Fig. 7D

Oregon-R (Wild-type)

Embryos; fly itself; third instar larval brain

Figs. 5 (B, D, and E), S1, S4, and S5; Videos 1, 2, 4, and 6

Asl-mCherry/Sas6-GFP Embryo Fig. 8 (Aand B)
GFP-Cep97/+; Asl-mCherry/+ Embryo Fig. 8 (Cand D)
Plk4-GFP/+; Plk4Aa74/plk4ha74 Adult fly Fig. S1E; Videos 4 and 6
Plk4-GFP/+; Plk4%274, Jupiter-mCherry/Plk44a74 Embryo Fig. 9; Video 7
Sas-602901/555.602901 Adult fly Fig. S1 C; Video 1
ana21%%/ana2’1® Adult fly Fig. S1 D; Video 2

Plkaa74/plkatars

Adult fly; third instar larval brain

Figs. 5 (B, C, and E) and S1 E; Videos 4 and 6

Asl-mCherry/Sas-6-GFP; Sas-602%01/Sas- 602901 Embryo Fig.1C
Ana2-GFP, ana216%/Ana2-GFP, ana2’1%; Embryo Fig. 1D
Asl-mCherry/+

Sas-6-GFP/CycB? Embryo Fig. 4 (Cand D)
Sas-6-GFP/grpfA* Embryo Fig. 4 (Cand D)

plk4c06612/p[k4c06612

Adult fly; third instar larval brain

Fig.5(Cand E)

Plk4<06612/pk40f

Adult fly

Video 4

Ubg-GFP-Plk4/+; Plka#274/P|kaAa74

Adult fly; third instar larval brain

Fig.5(Cand E)

GFP-PACT/+

third instar larval brain

Fig.5D

GFP-PACT/+; Plk4"a74/+

third instar larval brain

Fig. 5D
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Table S3.  Oligonucleotides used in this study

Oligonucleotide name

Sequence

Source

Primer for endogenous Plk4 (for GFP construct)

Forward: GCAGGCTTCAGACGACCTTTGGAGAACTGATTA

Thermo Fisher Scientific

Primer for endogenous Plk4 (for GFP construct)

Reverse: AGCTGGGTCAAGAAGCATGCGATTATAATAAGG

Thermo Fisher Scientific

Primer for endogenous Sas-6

Forward: GCAGGCTTCCTGTTTGATAACCACACAAAGCTTCGAAG

Thermo Fisher Scientific

Primer for endogenous Sas-6

Reverse: AGCTGGGTCTCGCCGATTTTCTTTGCCCGTG

Thermo Fisher Scientific

Primer for endogenous Ana2

Forward: GCAGGCTTCCTTTGTACAGGCTTCCCCATACGG

Thermo Fisher Scientific

Primer for endogenous Ana2

Reverse: AGCTGGGTCCAACAGCTTCGGCTGGTTCCTG

Thermo Fisher Scientific

Primer for Plk4#274

Forward: TTGAAGTTCCGTTGGGTTGG

Thermo Fisher Scientific

Primer for Plk4”274

Reverse: GCGAAAGTTCCAGGAAGTGG

Thermo Fisher Scientific

Primer to introduce stop codon into Plk4 pDONR
by mutagenesis

Forward: CGCCTTATTATAATCGCATGCTTCTTTAAGACCCAGCTTTCTTGT
ACAAAGTTGGC

Thermo Fisher Scientific

Primer to introduce stop codon into Plk4 pDONR
by mutagenesis

Reverse: GCCAACTTTGTACAAGAAAGCTGGGTCTTAAAGAAGCATGCGATT
ATAATAAGGCG

Thermo Fisher Scientific

Primer for Plk4RKA

Forward: CAGCTCGAGCACCCCATACACATAGTTGGCGTCCTGAAAG

Thermo Fisher Scientific

Primer for Plk4RKA

Reverse: CTTTCAGGACGCCAACTATGTGTATGGGGTGCTCGAGCTG

Thermo Fisher Scientific
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